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It’s new...1t’s strange. .. It’s filled with promise for you.

It’s time to meet titanium

TITANIUM METAL promises to be one of the outstand-
ing developments of our time. It is already in jet planes
and airliners, combining strength and lightness with an
amazing resistance to heat and corrosion. Its future
seems unlimited.

TITANIUM METAL IS RARE even though production
has skyrocketed from three tons in 1948 to over 5,000
tons last year. And the Government is encouraging in-
dustry to produce still more.

AFTER YEARS OF RESEARCH, Union Carbide has
developed a new production process and is building a
plant with an annual capacity of 7,500 tons of crystal-
line titanium sponge. This product will then go to proc-
essors to be melted and formed into sheets, plates, and
bars suitable for use by manufacturers.

ELECTROMET Alloys and Metals
HAYNES STELLITE Alloys
Un1on Carbide

NATIONAL Carbons
PREST-O-LITE Acetylene
EVEREADY Flashlights and Batteries

UCC’s Trade-marked Products include

PYROFAX Gas
LINDE Oxygen

PRODUCING TITANIUM is a natural for the people
of Union Carbide. For over 50 years, one of their many
important jobs has been extracting rare and useful
metals from nature’s ores. Now their goal is to improve
and speed the production of this exciting metal, tita-
nium, so that it can fulfill its promise.

FREE: For the story of the everyday miracles made possible by
metals such as titanium, vanadium, and chromium, write for the
tllustrated booklet, “Hot-Metal Magic.” Ask for booklet MD.

UntoNn CARBIDE

AND CARBON CORPORATION
30 EAST 42ND STREET IUCL] NEW YORK 17, N. Y.
In Canada: UN10N CARBIDE CANADA LIMITED

AcHESON Electrodes SYNTHETIC ORGANIC CHEMICALS
PRESTONE Anti-Freeze Dynel Textile Fibers

BAKELITE, VINYLITE, and KRENE Plastics LINDE Silicones
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Power aplenty ’til the pond ran dry

That was the complaint in the days of water-wheel day-to-day savings with in-plant power: eliminate
power—and still is today. power factor penalties, add to current capacity as load
In every season, water shortages force large areas to  increases, reduce peak demand values for lower pur-
curtail power usage . . . storms tear up vast power net-  chased power rates, and often lower insurance rates.
works . . . solid fuel shortages bring with We’ll gladly send you more information
them power rationing. - = or survey your plant’s power require-
In many cases, a single power failure AN _ ments without obligation. Why not find
can cost you more than the installed price AT L out about In-Plant power generation
of a dependable Fairbanks-Morse Diesel e L today— before power fails you?
Generating Set! In addition, there are = = Fairbanks, Morse & Co., Chicago 5, Ill.

F. M. Diesel Generaling sets [ from 3 kw. to 1700 kw. capacity

=

@ FAIRBANKS-MORSE
c a name worth remembering when you want the best

DIESEL AND DUAL FUEL ENGINES + DIESEL LOCOMOTIVES * RAIL CARS « ELECTRICAL MACHINERY ¢ PUMPS + SCALES « HOME WATER SERVICE EQUIPMENT + MOWERS + MAGNETOS
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MEASURE IT
WITH A
GIANNINI
ACCELEROMETER

Magnetically and hydrau-
lically damped units avail-
able. High outputs can be
used to actuate recording,
indicating or telemetering
devices directly without
amplification. Precious
metal potentiometer coil
and brushes used for long
life and low noise. Unaf-
fected by altitude or hu-
midity. Will operate under
conditions of high vibra-
tion. Write for information.
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MODEL

»
2a117P {‘

Small, compact, lightweight. 0Qil
damped, pressurized Ranges
256 to 20G Resist-
ances 2000 ohms
and 5000
ohms

Ranges 1G to 30G. Resistances
1000 ohms to 20,000 ohms.
Inert gas filled or oil
filled, single or dual
outpuls, linear or
functional,

Giannini

G. M. GIANNINI & CO. INC.

Airborne Instrument Division

PASADENA 1, CALIFORNIA

LETTERS

Your April article by John G. Kemeny
about men and machines—Turing, von
Neumann and otherwise—sent me back
to the late A. M. Turing’s own paper on
the man-machine question which ap-
peared in the British quarterly Mind in
1950. Onrereading it I was struck afresh
by the boldness of his approach and the
wit and charm of his expression. It oc-
curred to me that other readers of your
magazine might be interested in making
firsthand acquaintance of this original
and brilliant thinker.

It is impossible in a letter to follow
Turing’s argument in detail but perhaps
at least something of its unique flavor
can be conveyed by some brief quota-
tions from his article.

He outlines his approach to the prob-
lem as follows:

“I propose to consider the uestion,
‘Can Machines Think? This should be-
gin with definitions of the meaning of
the terms ‘machine’ and ‘think.” The defi-
nitions might be framed so as to reflect
so far as possible the normal use of the
words, but this attitude is dangerous. If
the meaning of the words ‘machine’ and
‘think’ are to be found by examining how
they are commonly used, it is difficult to
escape the conclusion that the meaning
and the answers to the question, ‘Can
machines think?, are to be sought in a
statistical survey such as a Gallup poll.
But this is absurd. Instead of attempting
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such a definition I shall replace the ques-
tion by another, which is closely related
to it and is expressed in relatively un-
ambiguous words.

“The new form of the problem can be
described in terms of a game which we
call the ‘imitation game.” It is played
with three people, a man (A), a woman
(B), and an interrogator (C) who may
be of either sex. The interrogator stays
in a room apart from the other two. The
object of the game for the interrogator is
to determine which of the other two is
the man and which is the woman. He
knows them by labels X and Y, and at
the end of the game he says either X is A
and Y is B’ or ‘X is B and Y is A.” The
interrogator is allowed to put questions
to A and B thus:

“C: ‘Will X please tell me the length
of his or her hair® Now suppose X is
actually A, then he must answer. It is A’s
object in the game to try and cause C to
make the wrong identification. His an-
swer might therefore be ‘My hair is
shingled and the longest strands are
about nine inches long.” In order that
tones of voice might not help the inter-
rogator the answer should be written or,
better still, typewritten. The ideal ar-
rangement is to have a teleprinter com-
municating between the two rooms. Al-
ternatively the questions and answers
can be repeated by an intermediary. The
object of the game for the third player
(B) is to help the interrogator. The best
strategy for her is probably to give truth-
ful answers. She can add such things as,
‘I am the woman, don’t listen to him,” to
her answers, but it will avail nothing, as
the man can make similar remarks.

“We now ask the question, ‘What will
happen when a machine takes the part
of A in this game? Will the interrogator
decide wrongly as often when the game
is played between a man and a woman?
This question replaces our original, ‘Can
machines think?’

“As well as asking, ‘What is the answer
to this new form of question,” one may
ask, ‘Is this new question a worthy one
to investigate? This latter uestion we
investigate without further ado, thereby
cutting short an infinite regress.

“The new problem has the advantage
of drawing a fairly sharp line between
the physical and intellectual capacities
of a man. No engineer or chemist claims
to be able to produce a material which
is indistinguishable from human skin. It
is possible that at some time this might
be done, but even supposing this inven-
tion available, we would feel there was
little point in trying to make a thinking
machine more human by dressing it up
with such artificial flesh. The form in
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If you produce these or related compounds. ..

SUN TOLUENE WILL GIVE YOU
HIGHER YIELDS... MINIMUM IMPURITIES

The increased use of toluene as a chemical raw material created
the demand for a purer product. Sun met this demand last year
when it built its new aromatics plant.

Since then, industries using new high purity Sun Toluene have

TYPICAL TESTS

0.59% nparaffins...well below the ASTM maximum of 1.5%. As a
matter of fact, by the ASTM Test, Sun Toluene normally contains
no paraffins whatsoever.

been reporting increased plant efficiency...better quality in their & Paraffins. . . . .- N | B
finished products...increased life of many of their catalysts. . Bromine Index (""sat"rateS) -+ Negligible =
. . « Acid Wash Color, ASTM . . . . 1 .

Sun Toluene has a purity (mol. percent.) of 99.9. The bromine ¢ Distillation Range . . .  06Cincl. *
index test, a most sensitive measure of olefins, typically shows 0 T 1106c .
negligible results. Typical results from the isatin test show that ¢ Sulphur, Wt. %. . . . . . . 0.001 :
Sun Toluene is thiophene-free. e MoL%Purity . . . . . . . 999 .
In addition, Sun Toluene is guaranteed to contain less than < Thiophene(Isatim . . . . . . Negative ]

For complete specifications and more information about Sun Toluene see your Sun representative...
or write for Technical Bulletin #27. Address SUN OIL COMPANY, Philadelphia 3, Pa., Dept. SA-7.

INDUSTRIAL PRODUCTS DEPARTMENT

/\
SUN OIL COMPANY < =K
#S@ﬂ/ﬂl

PHILADELPHIA 3, PA.
In Canada: Sun Oil Company, Ltd., Toronto and Montreal
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for clearesf
filtration

use SOLKA-FLOC®
Filter Aid

SOLKA-FLOC is the
filter aid for you if you want all
these things in your filtration:

. Clarity...economical volume
T of clarified filtrate...adsorption of ° .
impurities...stable pre-coat...no “bleeding” of * -«
filter aid...no loss of cake due to pressure £
drop...no abrasion of pumps or valves...very
little retention of filtrate in filter cake. .

99.5%, chemically pure cellulose, SOLKA-FLOC
comes in a wide range of grades to meet

your specific needs. For samples and more
information write Dept. FN-7, our Boston office,
and one of our representatives will call on you.

COMPANY,

Berlin, New Hampshire

BROWN

General Sales Office: ’ﬁ
150 Causeway Street, Boston 14, Mass.
SOLKA PULPS ¢ SOLKA-FLOC ¢ NIBROC PAPERS ¢ NIBROC TOWELS & “'
NIBROC KOWTOWLS ¢ NIBROC TOILET TISSUE « BERMICO SEWER ‘
PIPE AND CONDUIT ¢« ONCO INSOLES ¢« CHEMICALS M
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which we have set the problem reflects
this fact as does the condition which
prevents the interrogator from seeing or
touching the other competitors or hear-
ing their voices. Some other advantages
of the proposed criterion might be shown
up by specimen questions and answers:

“Q: Please write me a sonnet on the
subject of the Forth Bridge.

“A: Count me out on this one. I never
could write poetry.

“Q: Add 34,957 to 70,764.

“A: (Pause about 30 seconds and then
give as answer) 105,721,

“Q: Do you play chess?

“A: Yes.

“Q: I have K at my K1 and no other
pieces. You have only K at K6 and R at
R1. It is your move. What do you play?

“A: (After a pause of 15 seconds)
R-R8 mate.”

Turing’s answer to his revised ques-
tion is the following: “I believe that in
about 50 years’ time it will be possible
to program computers, with a storage
capacity of about 109, to make them play
the imitation game so well that an aver-
age interrogator will not have more than
a 70 per cent chance of making a right
identification after about five minutes of
questioning. The original question, ‘Can
machines think? I believe to be too
meaningless to deserve discussion. Nev-
ertheless I believe that at the end of the
century the use of words and general
educated opinion will have altered so
much that one will be able to speak of
machines thinking without expecting to
be contradicted. I believe further that no
useful purpose is served by concealing
these beliefs.”

He then considers, and rejects, a num-
ber of possible objections to this view.
Among them is the idea, which had been
expressed by the prominent British
neurosurgeon, G. Jefferson, that “Not un-
til a machine can write a sonnet or com-
pose a concerto because of thoughts and
emotions felt, and not by the chance fall
of symbols, could we agree that machine
equals brain—that is, not only write it
but know that it had written it.” Turing
answers with the following dialogue:

“Q: In the first line of your sonnet
which reads, ‘Shall I compare thee to a
summer’s day,” would not ‘a spring day’
do as well or better?

“A: It wouldn’t scan.

“Q: How about ‘a winter’s day?” That
would scan all right.

“A: Yes, but nobody wants to be com-
pared to a winter’s day.

“Q: Would you say that Mr. Pickwick
reminded you of Christmas?

“A: In a way.

“Q: Yet Christmas is a winter’s day



Number one of a series on man's continuing efforts to control his environment

THE MEASU

M AN

Primitive Man took the first step to control his physical
environment when he used his own footprints to measure a field
and plan a shelter from the storm. The human body
provided the first units of measurement; the foot, the thumb,
the hand spread out, the arms extended. It is a long step
from the measured footprints to the automatic controls
designed to meet today’s need for accurate measurement of
pressure, level, temperature and flow. The ability to
measure is a measure of Man’s progress. The invention of
more delicate and complex automatic controls points

the way to measureless future possibilities.



SQUARE ROO

Nothing could be simpler
—thanks to Friden

Features and abilities of the fully auto-
matic Friden Square Root Calculator
(Model SRW) are described in detail by
this Information Sheet. Write for your
copy to FRIDEN CALCULATING MACHINE
CO., INC., Dept. SA-5, San Leandro, Calif.

I apprTion to providing all basic features which enable
the fully automatic Friden Calculator to perform more kinds
of figure-work without operator decisions than any other cal-
culating machine ever developed...

Friden Calculator model SRW
extracts square root automatically
e at a touch
of one key
...for the first
time on any
desk
calculator

Can you afford
to be without this

remarkable FIl d GH

THE THINKING MACHINE
OF AMERICAN BUSINESS

FRIDEN makes Automatic Calculators in a range of prices
and sizes meeting all figuring needs; also the Natural Way
Adding Machine, the Computyper and the Add-Punch
Machine. Friden sales, instruction and service available
throughout the U.S. and the world.
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and I do not think Mr. Pickwick would
mind the comparison.

“A: I don’t think you are serious. By a
winter’s day one means a typical winter’s
day rather than a special one like Christ-
mas.”

“And so on. What would Professor
Jefferson say if the machine was able to
answer like this? . . . I do not wish to give
the impression that I think there is no
mystery about consciousness . . . but I do
not think these mysteries necessarily
need to be solved before we can answer
the question with which we are con-
cerned in this paper.”

Finally Turing lays out a research pro-
gram for a serious investigation of the
question. He suggests that, given the
necessary engineering advances, it
should be possible to build a “child ma-
chine” which could then be educated to
the point where it could play the imita-
tion game successtully.

“An important feature of a learning
machine is that its teacher will often be
ignorant of (uite what is going on inside,
although he may still be able to some
extent to predict his pupil’s behavior.
This is in clear contrast with normal pro-
cedure in using a machine to do compu-
tations: one’s object is then to have a
clear mental picture of the state of the
machine at each moment in the compu-
tation. This object can only be achieved
with a struggle. The view that ‘the ma-
chine can only do what we order it to do’
appears strange in the face of this. . . .
Intelligent behavior presumably consists
in a departure from the purely disci-
plined behavior involved in computa-
tion, but a rather slight one.”

The conclusion of Turing’s article
seems worth quoting in full:

“We may hope that machines will
eventually compete with man in all pure-
ly intellectual fields. But which are the
best ones to start with? Even this is a
difficult decision. Many people think a
very abstract activity, like the playing of
chess, would be best. It can also be main-
tained that it is best to provide the ma-
chine with the best sense organs that
money can buy, and then teach it to
understand and speak English. This
process could follow the normal teach-
ing of a child. Things will be pointed out
and named, etc. Again I do not know
what the right answer is, but I think
both approaches should be tried.

“We can see only a short distance
ahead, but we can see plenty there that
needs to be done.”

SaMmueL A. Ross

New Haven, Conn.



Progress toward better transistors

Dr. F. Hubbard Horn, A.B., Oberlin (1937),
Ph.D. in Chemistry, Johns Hopkins
(1942), came to the General Electric
Research Laboratory in 1946. With the
equipment shown, he has been able to
extend the range of density measure-
ment to a new order of precision. Dr.
Horn’s work includes pioneering stud-
ies of crystals and their imperfections.

i B

Dr. F. Hubbard Horn seeks more uniform semiconductor
crystals at the General Electric Research Laboratory

Recent work by Dr. F. Hubbard Horn has been
likened to “measuring and weighing haystacks to
find needles in them.” The haystacks are erystals of
extremely pure silicon. The needles are the impurities
and imperfections left in silicon after the crystals
have been “zone-melted” and grown in a process
developed by Dr. Horn and his associates at the
General Electric Research Laboratory.

Dr. Horn has adapted and developed a density-
measurement method — involving free suspension of
crystalsin a liquid column of varying density—which
is sensitive to variations of a millionth of a gram
per cubic centimeter. These measurements, combined

with x-ray techniques, make it possible not only to
ascertain the presence of impurities, but actually to
locate where they are in the crystal. This General
Electric research will mean greater uniformity in
transistors and other silicon semiconductor devices
that can operate at high temperatures. It opens the
way to wider basic knowledge and important progress
in a new field of electronics.

Progress /s Qur Most Important Product

GENERAL @3 ELECTRIC
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CELESTIAL NAVIGATION —Link Aviation's high-speed, high altitude celestial navigation trainer; only such trainer capable of

simulating trans-Polar flight. Trains navigators in techniques of guiding planes by the stars.

VYital
Controls

The controls on the world’s fastest submarine; the most
advanced airborne navigation system known to exist; other
similarly advanced military systems and equally advanced
industrial equipment and control systems are outstanding
examples of the work of the producing companies of Gen-
eral Precision Equipment Corporation. More than a dozen
major industries are served by instrumentation and sys-
tems designed, developed and produced by GPE Com-
panies.

Ten of the companies in the GPE Group — notably
Askania, Kearfott, Librascope and Link Aviation—devote
substantial resources to the development and manufacture
of instruments, servos and controls. These are used in
equipment and systems developed by these companies
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PROCESS CONTROL —-Askania controls
regulate speed of the ten turbines which
develop compression to maintain gas suc-
tion pressure in Creole Petroleum Corpora-
tion's giant, pile-supported oil drilling
operation on Lake Maracaibo, Venezuela.

llmlf“'

SUBMARINE OPERATION — Controls developed and
produced by Askania Regulator Company are utilized to
govern operation of U. S. Navy's modern Guppy type
submarines.

@ Manufacturing

MISSILE GUIDANCE —One of the many guided missiles
equipped with Kearfott basic gyro reference systems, the B-61
Matador—U. S. Air Force's first successful ground-to-ground
tactical weapon.

@@ Manufacturing and nmﬂuc( developmenl CDO Pilot
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themselves, as well as in systems and equipment developed
and produced by other manufacturers of advanced techno-
logical equipment.

All GPE Producing Companies work in the advanced
areas of highly specialized fields and are engaged in the
design, development, manufacture and sale of equipment
which is closely related from a technical point of view. It
is all precision equipment; it derives from similar fields of
technical competence; it saveslabor, increases productivity
or achieves results which cannot be achieved with even
limited use of on-the-spot manpower. The chart here shows
the specialized fields in which the key GPE Producing
Companies work.

In addition to specialization in its particular products

and fields of technical competence, each of these companies
has at its command, as required, the facilities and special-
ized techniques of the other GPE Companies in their re-
spective fields. Interrelation of their resources is achieved
through GPE’s basic operating policy, GPE Coordinated
Precision Technology. In all areas in which GPE Compa-
nies work, this coordination has been responsible for a wide
variety of precision equipment of superior design and per-
formance, embodying new, advanced principles.

A brochure relative to the work of the GPE Companies
and GPE Coordinated Precision Technology is available.
Address your request, or specific inquiries, to: GENERAL
PrecisioN EqQuipMENT CoORPORATION — 92 Gold Street,
New York 38, N. Y

© 1955 SCIENTIFIC AMERICAN, INC




rd

ENGINEERS

i

N

,}

5+ Y vty
YT

e ol
i

Creative

Opportunities
with

Republic Aviation

Aerodynamicist

Man with ability to combine theoretical and practical
aerodynamics to determine aerodynamic load distri-
butions and to work in the field of aeroelastic anal-
ysis. A background knowledge of compressible and
incompressible flow of perfect fluids and an under-
standing of basic engineering mathematics is de-
sirable. This position offers an exceptional oppor-
tunity for professional development in fundamental
aerodynamic analysis.

Senior Aerodynamicist

Airflow specialists experienced in interpretation of
high speed flow phenomena. Analytic background.
To do work on the control of high speed aircraft.

Aerodynamicist

An aerodynamics engineer (3-4 years experience)
experienced in analysis of aerodynamic data and sta-
bility problems. To investigate stability and control
problems under supervision. Extremely interesting
work in advanced problems.

Dynamics Engineer

A broad program involving analytical and experi-
mental investigations of the complex dynamics prob-
lems associated with supersonic aircraft offers a real
opportunity for young engineers with ability. You
will gain invaluable experience under competent
supervision to develop a professional background in
such areas as servo-mechanisms, analogue com-
puters, control system dynamics, non-linear me-
chanics and hydraulic system analysis. A program
of laboratory investigations on actual systems in
conjunction with analytical work, as well as a coor-
dinated lecture program, offers an outstanding en-
vironment for rapid professional development. A de-
gree in ME, AE or Physics with good Math back-
ground is preferred.

Senior Flight Test Engineer

Experienced in power plant and performance work.
Aeronautical plus thermodynamics education pre-
ferred. Turbo-jet experience necessary. Unusual op-
portunity to fill a specific responsible vacancy.

Please address complete resume,
outlining details of
your technical background, to:

Assistant Chief Engineer
Administration

Mr. R. L. Bortner

TS EIETANEE AVIATION

FARMINGDALE, LONG ISLAND, NEW YORK
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20 AND 100
YEARS AG(

! B .'"i }_:

JULY, 1905. “The start of the ninth
journey of Commander Peary to the Far
North is marked by the quiet determina-
tion that is characteristic of explorers
who attempt the perilous quest of the
North Pole. In the course of an inter-
view on board the Roosevelt, Com-
mander Peary outlined the plan of cam-
paign by which he hopes to reach the
North Pole in the spring of 1906. He
will start early this month from New
York and sail to Cape Breton, where the
present ship’s complement will leave her
and the crew which will take her into
the Arctic regions will be shipped. From
Cape Breton he will steam at reduced
speed, in order to economize coal, direct
for the northern coast of Greenland, the
scene of his former explorations. The
large amount of ice that has been com-
ing down from the North this year en-
courages the belief that more than the
usual open water will be found.”

“When the long distance wire now be-
ing laid between Denver, Omaha and
Kansas City has been completed, there
will be a direct telephone communica-
tion between New York and San Fran-
cisco, which are nearly 4,000 miles
apart.”

“During the past hundred years there
has been an area of agricultural develop-
ment on the western border of our de-
veloped country, and this has been able
to compete at an economical advantage
with the older area farther east. The
price of land has fallen in the East, while
it has risen in the West. From 1870 to
1900 we practically doubled our popula-
tion and doubled our agricultural area.
Aside from the geometrical increase in
the population, this development has
been due to a fertile, level prairie which
was practically treeless. Hitherto the
woodsman has hewn his way tree by
tree. The development of the area west
of the Mississippi River is probably the
most remarkable in the history of the
world. A second cause for this develop-
ment is the consolidation of railroads
into transcontinental lines; another is the
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He’s “fingerprinting”
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a relay contact
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Bell Laboratories microchemists have per-
fected an ingenious new technique for “finger-
printing” relay contacts, the tiny switches on
which a dial telephone system critically depends.

- .

Using a portable test set, a chemist makes a
plastic print of a contact. On-the-spot examina-
tion of the print with a microscope and chemical
reagents quickly reveals the effects, if any, of
arcing, friction, dust or corrosive vapors. While
the chemist studies the print, urgently needed con-
tacts continue in service. Findings point the way
to improve relay performance.

g Above, Bell Il.abor:?toriesdmicro- This is another example of how Bell Tele-
chemist applies plastic disc in .
heated clamp to relay contact. phone Laboratories research helps to keep your
; ; > Imprint reveals contours of sur- telephone system the world’s best.

face and picks up contaminants,
if any. Part of portable test set is shown on

table. Contacts, shown in small sketches, are of
precious metal fused to base metal.

Preparing disc for microscopic examination. On- A microscopic look at disc often provides lead to Here the plastic disc has picked up microscopic
the-spot examination may reveal acid, alkali, sul- nature of trouble. Unlike actual contact, print lint that insulates contact, stops current. (Picture
fur, soot or other polluting agents peculiar to can be examined with transmitted light and enlarged 200 times.) Traces of contaminants are
an area. high magnification. identified in microgram quantities. Inert plastic

resists test chemicals that would damage contact.

Bell Telephone Laboratories

Improving telephone service for America provides careers
for creative men in scientific and technical fields
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MAGNETIC TAPE RECORDING

helps produce better designs faster

At Avro Canada, all test data transmitted by
radio telemetry is permanently — completely
—and accurately — recorded on magnetic
tape. This involves 67 separate items of infor-
mation per second — items such as tempera-
ture, pressure, revolutions, acceleration, yaw
and roll. The data is “magnified” on play-
back at slow speed, permitting Avro engi-
neers and aerodynamists to critically study
each gas turbine and airframe parameter.

Inside this mobile ground station, test
flights of the Avro Canada CF-100, RCAF
all-weather interceptor for continental
defense, are ‘'seen'’ and ‘‘heard’’ with
magnetic tape recorders.

AVRO USES AMPEX

The Aircraft Division of Avro Canada, Malton, On-
tario is one of the many diversified users of Ampex
magnetic tape equipment for data recording.

It is widely preferred for special installations requir-
ing broad frequency response, precise timing, ex-
treme stability of tape motion, high shock resistance
and reliable accuracy.

Ampex 306 Recorder,
0 to 5,000 cps.

Let Ampex Evaluate Your Needs

Because *‘live memory"” techniques can now be
applied in so many ways (test cycling, machine con-
trol, process regulation, etc.) why not investigate
the possibilities for your operation — or ask for our
16-page illustrated bulletin. Contact your nearest
Ampex representative, or write-wire Dept. O-1892.

CORPORATION 934 Charter Street, Redwood City, California

BRANCH OFFICES: New York; Chicago; Atlanta; San Francisco; Dayton; College Park,
Maryland (Washington, D.C. area).

DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern
Engineering & Equipment, Dallas and Houston; Canadian General Electric Company, Canada.
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improvement of labor-saving machinery,
of which the self-binding harvester is the
most conspicuous example.”

“For ascertaining the depth of the sea
without the use of the sounding lead or
other devices, the Norwegian engineer
Berggraf has invented a unique method.
He sends sound waves perpendicularly
into the water, and measures the time
they require to return to the surface after
having been reflected from the bottom of
the sea. The speed of sound in water be-
ing known, the length of the space
passed through is immediately deter-
mined; one half of it is the depth of the
water. A period of four seconds, for in-
stance, between the departure and re-
turn of the sound corresponds to a depth
of 2,400 meters.”

“The total eclipse of August 30 will be
extensively utilized for special electric
and magnetic observations. J. Elster and
H. Geitel suggest that an attempt should
be made to determine the ionization of
the atmosphere during and immediately
after the eclipse. The cone of the moon’s
shadow will intercept the ultra-violet
rays, which are mainly effective in pro-
ducing ionization. Their efficacy does not
as a rule perceptibly affect the sea-level
atmosphere owing to the opacity of air
for ultra-violet rays. But some effect
might be perceived, especially if the
station is at a high level.”

“In a current issue of the Comptes
Rendus of the Paris Academy of Sci-
ences, P. Langevin shows that Lorentz’s

| hypothesis of a contraction of all matter

in the direction of motion completely ac-
counts for the negative results of Trouton
and Noble’s condenser experiment of
1903. According to Trouton and Noble,
a charged condenser suspended by a
fiber should turn its plates parallel to the
direction of the earth’s motion. Now, ac-
cording to Larmor, the difference be-
tween the electric and magnetic energies
of a system must be a maximum or
minimum in a state of equilibrium.
When the system is in motion this equi-
librium is disturbed, but not if there is
the contraction of Lorentz’s hypothesis.
There is, therefore, no couple tending to
turn the condenser. Hence Trouton and
Noble’s experiment must give a negative
result.”

“A general restatement of physical
science is now due. The extensive re-
searches in the higher phases and states
of matter, beginning with Crookes, and
extending to the present, have so enor-
mously expanded all conceptions of



from moraine:

METAL POWDER PARTS

OFFER PRACTICAL SOLUTIONS TO DIFFICULT PROBLEMS

OAATOVMM bhé%Wf@ come 10 us with.
compler, difficubcto-puoduce. designs
like these. . . that. we diffioubie Ao make.
by cowsertional, wethods. But we make
Yo —wing the motal powdec procese, by
dhawing o owe engineening and_
o actuning expoionce iepowdecmetallungy
By deweloping practionl solutions for
diffiendt problorms, we ane whually able. o
improve, product, perdoumance at o lowec
umit cost o, our cutomens. More
andl more, imdusthies axe,
Learning 10 take, advarctage. of) owe
wnicellec. skills with metal powder, ard.
of) owr abilityto deliwer_

Typical examples from the
wide range of metal powder
parts Moraine makes for

— - the automotive, appliance,
@ and other industries.

moraine
products

DIVISION OF GENERAL MOTORS, DAYTON, OHIO

Other Moraine products include:
Moraine-400 bearings, toughest automotive
engine bearings ever made—M-100 engine
bearings and Moraine conventional bi-metal
engine bearings—Self-lubricating bearings—
Moraine friction materials—Moraine porous
metal parts—Moraine rolled bronze and
bi-metal bushings—Moraine power brakes—
Delco brake assemblies, master

cylinders, wheel cylinders and parts.
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nature, that a vast work like Newton’s
Principia is urgently needed. The new
book would be basic, fundamental, and
epoch-making. For when gravitation was
discovered and its phenomena reduced
to rigid law, all men at once saw that it
was part of the base of the existing order
of things. But Crookes’s first vacuum
tube made us aware of the existence of
phenomena equally important.”

TWO spectrographs in ONE...

hotographs two spectra at once!
photograp p B

;\M_E[ﬁ'“-

;‘ -
N.&

-

JULY, 1885. “A patent has been
granted to Linus Yale, of Newport,
Herkimer Co., N. Y., for an improvement
in locks for fire proof safes, bank vaults,
and other doors. The nature of the in-
| vention consists in the employment of a
sliding plate and frame, constructed, ar-
ranged and operated in connection with
— - pins or rods, and a key of peculiar con-

S = struction. The advantages of the lock are
BAUSCH & LOMB that it cannot be picked and that there is

no opportunity for a burglar to take im-
pressions in wax to form a key.”
Grating
SPECTROGRAPH

FASTER, EASIER! DOUBLE DATA!
MORE DEPENDABLE DETERMINATIONS!
LOWER OPERATING COST!

“It has been publicly announced that
the recent failure of the late treasurer
of the Eastern Railroad Co., Mass., to
meet his liabilities—amounting to $207,-
000—is in a measure attributable to the
money he advanced in order to obtain
from Congress, in 1852 and 1853, a large
appropriation for Dr. Morton, of Boston,
as the discoverer of etherization. We

® 100% use of 20" spectra; ample
resolution for critical edge-to-
edge study.

® Unique flexibility! Photographs
two different spectral regions in
one exposure on 4”x10"” plate
or two 2”x10" plates. Two in-
dependent gratings provide
2000A and 1000A coverage. First order

ranges: 1850A-24000A and 1850A-
12000A.

Certified-Precision Replica Gratings—
equal or superior to original; can be re-
aluminized. Ample dispersion for criti-
cal study. Grating A: 8A/mm, first order;
4A|mm, second order. Grating B:
4A|mm, first order; 2A/mm, second or-
der.

Exclusive Step-Variable Slit provides in-
stant choice of four different slit aper-
tures, all reproducible to *.5 micron!

Compact—only 2’x7’...less than half
the size of any other spectrograph of
similar dispersion and resolution.

Attractive modern styling...smooth 2-
tone baked enamel finish...enhances
laboratory appearance.

P
NEW! FREE! /-

ANALYTICAL  [\C
PLANNING SERVICE

Whether you now use spectrography
or not, let us survey your present and
future analytical problems...both
wet and dry. We'll recommend effi-
cient spectrographic methods and
equipment to assure you best results
for today @nd tomorrow!

WRITE TODAY for your copy of
DUAL Grating Data Booklet D-272,
Free ANALYTICAL PLANNING SERV-
ICE, too, is yours on request...

Bausch & Lomb Optical Co., 78143
St. Paul St., Rochester 2, New York.

friends

have here some inkling of the large sum
that was expended by Dr. Morton’s
in order to operate upon
Congress in furtherance of his claims,
which ended in a vote to grant $100,000
to C. T. Jackson, M.D., or W. T. G.
Morton, or the heirs of H. Wells, upon
fair judicial proof of original discovery.
Dr. Morton went to Washington and
petitioned for remuneration, as being the

original discoverer of etherization. He
employed counsel, got up testimony in

support of his claims, and succeeded in
getting committees appointed in both
houses on his case. Perhaps he would
have been successful in obtaining a large
grant, but for the contesting of his claims

by Dr. Jackson, and the friends of Dr.
Wells, and the prominence given to the
subject by the Boston Medical and
Surgical Journal and SCIENTIFIC AMERI-
can, We contended that no grant should
be made by Congress but upon such
judicial proof as would, mn the eye of the
law, fairly establish the just claims of the
original discoverer.”

SEE SAMPLE SPECTROGRAMS IN
NEW DATA BOOKLET!

¥ind out how easily and efficiently you can
handle the widest range of wet and dry
analyses with the B&L DUAL Grating Spec-
trograph...newest addition to the most
complete, the world’s finest spectrographic
line,

BAUSCH & LOMB

WWW

America’s only complete optical source. .
from glass to finished product.
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THREE ELECTRON GUNS

ELECTRON BEAMS

PHOSPHOR DOT SCREEN ——»

PROGRESS THROUGH ANACONDA METALS

Photograph courtesy of RCA

The Alloy that helped make color TV possible

THE PROBLEM: 10 make colors be-
have in TV tubes. Behind the face of
a color tube is a shadow mask. This
is a paper-thin metal sheet with
hundreds of thousands of holes. Each
is 1/100th of an inch in diameter.

Each hole guides the tube’s three
electron beams so that each beam
focuses on the right phosphor dot (red,
green or blue) on the color screen.

The pioneers of color TV could find
no metal that was suitable for etching
all the tiny holes on the shadow mask.
So they came to Anaconda.

THE soLuUTION: Anaconda Metal-
lurgists developed a brand new alloy
— 6% Cupro Nickel. The American
Brass Company — an Anaconda sub-
sidiary — now makes sheets of this
new metal that are perfect for 21"
color-tube masks. The fantastic prob-
lem of etching 400,000 perfect holes
in a 21” TV mask was solved. A brand
new form of entertainment came into
the American living room to be en-
joyed by all. The riotous colors of
the rainbow were at last harnessed
to enchant millions of fascinated TV
viewers.

© 1955 SCIENTIFIC AMERICAN, INC

THE FUTURE: Controlling the aim of
electrons is just one way Anaconda
helps industry. Research at Anaconda
is solving many other metal problems
—some of which may affect your in-
dustry. Why not talk to the Man from
Anaconda today? He brings to your
problem metallurgical and techno-
logical experience that can save you
time and money. Anaconda, 25
Broadway, New York 4, N. Y. s5221

ANACONDA




One moment airborne . .. !I'H:e ext moment V\/H OM p I

HERE are few things so agile and responsive as

an airborne airplane or so dead-weighty and ox-
like the split second it loses flying speed and whomps
onto the runway. Yet you have to treat multimillion
dollar bombers and airliners like a basket of priceless
eggs. For one thing, they carry precious lives and pre-
cision gear that could get out of whack if the landing
gear didn’t pillow the load. Other parts of the airframe
would also suffer undue stress and strain.

Bendix builds complete landing gear systems for
many kinds of aircraft. This includes massive shock-
absorbing struts, giant wheels and the quickest stopping
brakes in the business. From the time we patented the
first airplane brakes, stopping heavy planes has gotten
tougher and tougher. When these big ships come roaring

N, ot R

7])/9‘/ Landing Gear pillows

in for a landing it’s like stopping 150 passenger cars
going 60 miles per hour. Ordinary brakes and lining
can’t do it. So we have developed an extra-powerful
segmented rotor brake and a special lining called
Cerametallicf—and they do the job!

We also make power-steered nose wheels that make
taxiing as easy as power-steering a car . . . and hydraulic
systems that retract and lower the entire gear, open
and close bomb-bay doors and perform other important
tasks. We believe the Bendix hydraulic cylinder for
retracting the landing gear on the 200-ton B-36 bomber
is the largest ever built.

If you direct or influence the purchase of aviation
components, the fact that Bendix offers so many com-
plete systems simplifies your job. Landing gear, radio
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175-ton bomber...and stops it!

communications, blind landing systems, navigation equipment, fuel
metering, direct injection carburetion, ground and airborne radar, auto
pilots, flight instruments and ignition systems are some of the complete
packages you can buy.

Unlike other manufacturers, we make both X-band and C-band types
of storm-detecting radar for military, commercial and business aircraft.

For the complete story of Bendix, we’ll
send the brochure ‘“Bendix and Your
Business’’ on request.

ENGINEERS: Study the brochure
“Bendix and Your Future” which tells
what America’s most diverse operation has
to offer.

BENDIX AVIATION CORPORATION
Fisher Building ¢ Detroit 2, Michigan

AVIATION
CORPORATION

PRINCIPAL DIVISIONS AND BASIC PRODUCTS

BENDIX PrODUCTS, SOUTH BEND, IND.

automotive brakes, carburetors, power steering:
aviation brakes, landing gear, fuel metering;
guided missiles.

EcLIPSE MACHINE, ELMIRA, N. Y.
bicycle coaster brakes, Stromberg* carburetors,
electric fuel pumps, starter drives; jet engine nozzles;
textile bobbin holders.
PIONEER-CENTRAL, DAVENPORT, IowaA
aviation components: oxygen equipment;
ultrasonic cleaners.

PacirFic, NorTH HoLLywooD, CALIF.
telemetering equipment; hydraulic and electric
actuators; depth recorders; boat steerers.
EcLIPSE-PIONEER, TETERBORO, N. J.
aviation instruments and components; foundry.

ScCINTILLA, SIDNEY, N. Y.
aviation ignition systems; industrial engine
magnetos; diesel fuel injection; electrical
connectors; ignition analyzers.

RED BANK, EATONTOWN, N. J.
electron tubes; dynamotors; inverters;
AC-DC generators.

BENDIX RaADIO, TOWSON, MD.
radar; auto, railroad, mobile and aviation radio;
television.

Kansas City, Kansas City, Mo.
operated for the Atomic Energy Commission.

RESEARCH LABORATORIES Di1vIsION, DETROIT, MICH.

engineering research.

ZENITH CARBURETOR, DETROIT, MICH.
automotive, marine and small engine carburetors.

BENDIX-SKINNER, DETROIT, MICH.
micronic filters.
BENDIX FRIEZ, TOWSON, MD.

meteorological instruments, precision instruments
and recorders.

MARSHALL-EcLIPSE, TROY, N. Y.
brake blocks, brake lining, synthetic resins.

CINCINNATI, CINCINNATI, OHIO
automatic viscosity regulators, nuclear products.
BENDIX COMPUTER, LOos ANGELES, CALIF.
digital computers.

HawmiLTON, HAMILTON, OHIO
Jjet engine controls and aircraft pumps.
LAKESHORE, ST. JOSEPH, MICH.
power steering and automotive devices.

UrTica, Utica, N. Y.

aviation components.

MONTROSE, SOUTH MONTROSE, PA.
aviation components.

YORK, YORK, PA.
electronic devices; test equipment.
BENDIX-ECLIPSE OF CANADA, LTD.
Windsor, Ont.

BENDIX INTERNATIONAL
New York City

AIRCRAFT ProDUCTS D1v., TORONTO, ONT., CAN.

- aviationcomponents; radar; electro and
hydro-mechanical servo mechanismes.

*REG. U.S. PAT. OFF.
TREG. TRADE-MARK
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Solves Chemical Puzzles...

No instrument offers greater advantages for advanced study of chemical
systems than Varian's V-4300B High Resolution n.m.r (nuclear magnetic
resonance) Spectrometer. This “nuclear detective” is now being used by

scientists in many well known universities and research centers for determin-
ing molecular structures, analyzing functional groups and monitoring
chemical reactions. In all these applications it provides non-destructive
observation of undisturbed chemical systems, requires a minimum of sample

preparation time.

Here are some advanced features
of the V-4300B High Resolution n-m-.r Spectrometer:

stability and homogeneity.

Exclusive Varian sample spinner permits fine separation of closely spaced resonances.
Complete Varian magnet system available to provide unsurpassed field

@ New console mounting puts all controls within easy reach of operator.

DATA )
- Cholesterol and .

Sam‘eséholesteml acetate in CS2
Volume: 0.3 cc.

Signals observed: H

Frequency: 30 mc.

Field: 7050 gauss

Sweep rate: 15 milligauss/sec.
Zero of reference: H.0

T1C RESONANC
NUCLEAR MAGNE(PARTS PER MILLION): (H-He)/He

THIS IS N*M-R AT WORK
W' SPECTRA OF STEROIDS

|NTERPRETA‘|‘ION‘ e
ectra below illustrate the appllcat(ll?]r[\‘ds e
T es to high molecular weight <:omé>ids b5 of ot
‘gmm%llj scomplexity, such as the ster s T dble-
e, ect um shows clearly the protog e doon at
hanon ¢ (hon at about —0.4, the hy ‘ro:(hy rl!)\olecular
298%6%:;{“ o S andhgw g:!ms’;gcllr:u;show_s the
et i. The right-han  the
skelefon near - hydroxyl group and appear:
difsaa ?\pila?;; Ergwﬁ? +y3.4 due hto thepgf]entg;axg:\eosf‘;t:f
ongina Both compouncs.

i \ sample. estud.
ongine Cs':ﬂm?g?\"éf 30 milligrams of Stemlt?e";&gire“d of
‘gg asQ?:amities of a few milligrams can

2.
suitable solvents.
E SHIFT RELATIVE TO REFERENCE

FOR COMPLETE INFORMATION...

On the Varian V-4300B High Resolution n:m-r Spectrometer and
associated Magnet System, write the Special Products Division for:

THE
MARK OF (

® Technical Bulletins
* Data Sheets
* n'm-r Table

LEADERSHIP

CALIFORNILA

(@ x{‘oRA!ﬁI:I associates

MICROWAVE TUBES—SPECIAL PRODUCTS
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THE AUTHORS

SEYMOUR MELMAN (“Industrial
Productivity”) is assistant professor of
industrial engineering at Columbia Uni-
versity. He graduated from the College
of the City of New York in 1939 and
acquired his Ph.D. in economics at Co-
lumbia 10 years later. In the meantime
he had already begun his studies in the
subject of his article. He has pursued his
investigation of productivity in England
and the U. S. for the last 15 years.

HENRY W. MENARD (“Fractures in
the Pacific Floor”) is an oceanographer
at the U. S. Navy Electronics Laboratory
in San Diego, Calif. His interest in
oceanography was nurtured by sea duty
in the western Pacific during World War
II. At that time he already had a B.S. in
geology from the California Institute of
Technology. After the war he went on
to the Woods Hole Oceanographic Insti-
tution and to Harvard University, where
he took his Ph.D. in 1949. Since his re-
turn to the West Coast, he notes that “I
have spent about a year at sea on many
of the expeditions mentioned in my ar-
ticle and, counting my wartime visits,
have managed to glimpse most of the
archipelagoes of the Pacific from Tahiti
to Kodiak.” As a sideline he has taken
to mapping underwater geology for oil
companies. During the past 18 months
he has made more than 300 dives with
an aqualung. Of this he says: “Personally
I am a track man and have never held
much of a brief for swimming, except
perhaps in the tropics, but the work oc-
casionally has some element of interest.”

SETON LLOYD (“A Forgotten Na-
tion in Turkey”) is the director of Ingiliz
Arkeoloji Enstitiisii (British Institute of
Archaeology) in Ankara, Turkey. He
was originally an architect, having fol-
lowed a six-year course of study at the
London Architectural Association. In the
middle 1920’s he was assistant to Sir
Edwin Lutyens in the building of New
Delhi. His first excursion into archaeolo-
gy came in 1928, when he joined the late
Henri Frankfort as architectural adviser
on an expedition to Egypt. During the
1930’s he assisted Frankfort in excava-
tions in Mesopotamia for the Oriental
Institute of the University of Chicago
and under Frankfort’s tuition gradually
became a field archaeologist. In the
1940’s Lloyd led half a dozen excavating
parties to Sumerian and to prehistoric

sites for the government of Iraq. He likes



to be licensed i Britain!

First American gas turbine engine

Edmund T. Price, Solar president and general manager (left), and W T. Mattock, chairman and man-
aging director of William Sugg ¢> Co Ltd , confer on facilities for British manufacture of Solar turbines

Amazng Solar “Mars” makes more hustory

SOLAR’'S SMALL GAS TURBINE ENGINES
have received a unique tribute. The
Mars 50 hp engine becomes the first
American gas turbine design to be
licensed in Britain. Solar manage-
ment considers this new develop-
ment a fine compliment.

In the past, the traffic has all been
in the other direction, with Ameri-
can firms using British designs. With
William Sugg & Co. Ltd., pioneer
British gas engineers and manufac-

ENGINEERS WANTED. Unlimited opportu-
nities in Solar's expanding gas turbine pro-
gram! Write today, giving your experience

turers, a new company has been set
up to be known as Sugg Solar Ltd

In a new British factory, Sugg
Solar will build the Mars for its
various present applications —in aw-
borne auxiliary generator sets, port-
able fire pumps, and ground power
units for aircraft. Sugg Solar is
licensed also ta manufacture new
versions of the Mars as they are
developed.

The Mars is a remarkable engine.
It weighs less than 100 1b, is smaller
than a two-foot cube, and operates
at a speed of 40,000 rpm on natural

e

.
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gas, diesel oil, jet engine fuel, or
high octane gasoline. Simple, easily
maintained, light and compact, gas
turbines are of growing interest to
forward-looking industrialists. Write
today for further information to
Solar Aircraft Company, Dept. B-32,
San Diego 12, California.

SOLAR

AIRCRAFTYT COMPANY

SAN O1EGO
0ES MOINES

OESIGNERS DEVELOPERS AND MAN UFACTURERS OF METAL ALLOY PRODUCTS  GAS FURBINES
BELLOWS  CONTROLS  HIGH TEMPERATURE COATINGS  AIRCRAFT COMPONENTS
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ELecTRONIC YHERAS HEEEE RN
ENCINEERS: 4 X

READ WHAT HAPPENED WHEN
WE PUT OURSELVES IN THE
"ENVIRONMENTAL TEST CHAMBER"

Both the Electronics and the Air Arm Divisions of the West-
inghouse Electric Corporation are expanding. We need experi-
enced electronic engineers for advanced design and development
wortk . . . so we put ourselves in the ‘‘environmental test
chamber” to see just what we have to offer the people we need.

We found that we have a professional atmosphere that is
ideal for the engineer. We offer advanced study at company
expense and merit promotions that assure a good future.

Our income and benefit advantages scored high on this test,
too. Finally, there were many “extras,” like the Westinghouse
Patent Award Program, that make investigation of the current
openings worthwhile for all electronic engineers.

Openings exist in the fields of—
COMMUNICATIONS BOMBER DEFENSE

APPLY NOW-

(Microwave) MISSILE GUIDANCE
FIRE CONTROL FIELD ENGINEERING
RADAR TECHNICAL WRITING
COMPUTERS

Send resume outlining education and experience to:

Technical Director
To lPPLV' Dept. 187
Westinghouse Electric Corporation
2519 Wilkens Avenue
Baltimore 3, Md.

ILLUSTRATED BROCHURE
WILL BE SENT TO
ALL APPLICANTS.
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to write about his work, his more popular
books growing out of “a conviction that
the subject of field archaeology has edu-
cational value and a tremendous appeal
to the general public, from which the
specialist has no right to withhold him-
self on the grounds of scientific preoccu-
pation.”

LAWRENCE P. LESSING (“Coal”),
a former member of the editorial board
of Fortune and later of ScienTIFIC
AMERICAN, is a frequent contributor to
this magazine. His most recent article,
“Helicopters,” appeared in its January
issue. Lessing is currently preparing a
book on the late pioneer in electronics
Edwin H. Armstrong, to whom he de-
voted an article in SCIENTIFIC AMERICAN
for April, 1954.

I. BERNARD COHEN (“An Inter-
view with Einstein”) is the editor of Isis,
the history of science journal, and is as-
sociate professor of the history of science
and of general education at Harvard
University. His most recent appearance
in SCIENTIFIC AMERICAN was as author
of “Pioneers in the Theory of Heat” in
the issue of September, 1954. Aside from
the books he has written himself, Cohen
has also prepared a modern edition of
Newton’s Opticks, incorporating a rather
famous short foreword by Einstein be-
ginning: “Fortunate Newton, happy
childhood of science! . . .”

C. A. KNIGHT and DEAN FRASER
(“The Mutation of Viruses”) are bio-
chemists at the Virus Laboratory of
the University of California. Fraser, a
graduate of Phillips Exeter Academy
and Harvard College, has a Ph.D. in
organic chemistry from the University of
linois. During World War II he worked
for the Monsanto Chemical Company
on the development of sulfa drugs and
DDT, becoming, in his words, “more and
more vexed with the facility with which
bacteria, milkweeds and other lowly

| creatures  outsmarted the synthetic

organic chemists. My increasing fascina-
tion with biological chemistry led me to
turn toward simpler systems and, finally,
to bacterial viruses.” At the Virus Lab-
oratory, where he has been since 1948,
he is studying viruses with the electron
microscope and investigating the struc-
tural chemistry of virus strains. Knight
is a graduate of Alma College in Michi-
gan, where the influence of Lloyd C.
Douglas’ Magnificent Obsession led him
to enroll in a premedical course. Unable
to afford a medical education, he turned
to biochemistry, taking his doctorate at
the Pennsylvania State University with a



BUSINESS IN MOTION
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It is a characteristic of American companies that
they constantly seek to improve their products; this
is in part responsible for the amazing strides made
by industry. Revere is glad to aid in this endeavor
through its Technical Advisory Service, and its Re-
search Department, particularly for firms whose
need for research is not such as to warrant purchas-
ing costly laboratory equipment. A recent problem
presented to us came from a

test. Each gear was run at 430 r.p.m. and at 100
r.p.m., at zero tension on the line, and at 1, 2, 3, and
4 pounds tension. After each run the gears were
removed, cleaned, examined, measured and photo-
graphed. The reels were then reassembled, lubricated,

and the next run started.
The results were impressive. After the gears had
gone through 186,727 revolutions it was felt unneces-
sary to proceed further. Both

maker of fishing reels. He had
been cutting gears out of free-
cutting brass, in order to achieve
the machining economies such
material offers.

This brass is widely and suc-
cessfully used in gears for
clocks, meters, and similar in-

struments. However, experience

proved that a fishing reel, which

is operated at various speeds
and loads, presents a quite dif-
ferent service. Revere was asked to suggest a metal
that would be more suitable in this application.
The Technical Advisory Service at once reported
that either naval brass or aluminum silicon bronze
would last longer. However, in order to determine the
relative merits of the two, the Revere Research De-
partment was asked to make tests. Gears of both
metals were installed in reels, and a motor-driven
machine was rigged to provide an accelerated wear

reels were still fully usable. The
naval brass was somewhat more
worn than the aluminum sili-
con bronze, however, it cer-
tainly was evident that naval
brass would be satisfactory. The
reel maker was determined to
offer the best he knew how to
make, and selected the more

expensive aluminum silicon
bronze. He knows conclusively
now that his reels will give long
service, enduring satisfaction, and will protect his
reputation and help his business grow.

If you have questions as to the best material or
materials for your product, no matter what it is, and
do not have a modern research laboratory, why not
ask your suppliers for help? Some may have an
immediate answer; some may wish to test alterna-
tives. You will benefit either way, and make faster

and surer progress in your search for improvement.

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
Executive Offices: 230 Park Avenue, New York 17, N. Y.
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Here’s your opportunity to work in an organ-
ization_where your own ideas can be put into
working reality. All American Engineering’s
progressive management has provided an ideal
environment where engineers work individually
and in groups . . . constantly searching for solu-
tions to the stimulating problems facing the
aviation industry today!

If the opportunity of working for a small,
sound, vital company — with plenty of room for
creative engineering — sounds like what you've
been searching for, investigate an ALL
AMERICAN career today!

put your
ideas

to work_
o

All American

All American Engineering Company offers an
unusually flexible design and engineering service
to the aviation industry and the military. Among
the many important developments of this
dynamic organization are the famous hydro-ski,
tow-target and air-sea rescue winches, in-flight
refueling systems, ejection seat trainers, experi-
mental impellers, portable mooring mast for
airships, many types of arresting gear, catapult
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ENGINEERING
COMPANY

devices, air pick-up equipment and the solutions
to various problems of energy absorption.

The unique and important talent of All
American’s engineers to research and design
right to the vital issues of each problem means
a minimum of lost time and wasted activity.
This, of course, results in maximum satisfac-
tion and savings to the company’s numerous
clients in both industry and government.

THIS IS ALL AMERICAN

TN

The All American light

weight Model 63 winch is
used for airborne hoisting
and in-flight re-manning.

AAE!

This 75 foot winch test
tower is capable of simulat-
ing flight conditions and
loads up to 30,000 Ibs.

I

This laboratory at the foot
of the tower is used to test
winches with both hydraulic
and electrical drives.

RESEARCH + DESIGN e« MANUFACTURE

AU Aneerteare

Cé’)?f(}z&’ﬂ}y %ﬂ;ﬂmy

DUPONT AIRPORT * WILMINGTON, DELAWARE
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thesis on “Utilization and Excretion of
Ascorbic Acid by the Dairy Cow.” From
1940 to 1948 he worked with Wendell
M. Stanley in the Rockefeller Institute
for Medical Research on virus mutation
and on the development of an influenza
vaccine. He has since continued his
work with Stanley in the Virus Labora-
tory at Berkeley.

FRANK B. CUFF, JR., and L. McD.
SCHETKY (“Dislocations in Metals™)
are both metallurgists at the Massachu-
setts Institute of Technology. Disloca-
tions of a geographical sort played an
important part in the youth of both men.
Cuff, whose father was with the mining
division of the Aluminum Company of
America, received his early education at
various stops in the U. S. and South
America. Schetky, the son of a Navy
officer, was born in the Philippines and
went to school both in the U. S. and
Europe. After graduating from the
Rensselaer Polytechnic Institute, where
he majored in metallurgy, Cuff went to
M.LT., where he is taking his Ph.D. this
year. Schetky, also an R.P.I. graduate,
took his Ph.D. there in 1953. Cuff is
presently studying the creep and defor-
mation of alloys at high temperatures.
Schetky is working on powder metallur-
gy and molybdenum.

TALBOT H. WATERMAN (“Polar-
ized Light and Animal Navigation”) is
associate professor of zoology at Yale
University. He was educated at Harvard
University, where he was a Junior Fel-
low from 1938 to 1940. In 1941 he
joined the team of investigators from
several disciplines that made up the
Psychoacoustic Laboratory, with head-
quarters in the basement of Harvard’s
Memorial Hall. He took his Ph.D. in
zoology in 1943, then spent two years
on the staff of the Radiation Laboratory
at the Massachusetts Institute of Tech-
nology. He has been at Yale since 1946.
His interest in the sensitivity of animals
to polarized light dates from a lecture
given at Yale by the German naturalist
Karl von Frisch, who had recently dis-
covered the ability of the honeybee to
orient itself by reference to the blue sky.
Waterman writes: “As I had just been
demonstrating the electrical activity of
the Limulus eye to students, I began
work in this field by using these horse-
shoe crab organs as experimental ma-
terial. Since the initial observations of
underwater polarization in Bermuda, I
have been collecting further data in deep
water near Barbados in the British West
Indies, and in shallow water by aqua-
Junging in the Virgin Islands.”



Is atomic energy -
~1n yout /
company’s plannmg o

If so, your plans must include
. © x-ray inspection — proved an
absolute necessity in
/' atomic construction

General Electric is presently supplying more x-ray
equipment to atomic energy programs than to any
other single industry — with good reason. Here,
where failure cannot be tolerated, x-ray inspection
is the 072/y method which provides visible proof of
the soundness of components and materials used in
nuclear construction.

With the industry’s widest experience in high-
voltage x-ray — with more than one hundred super-
voltage installations — General Electric is a natural
choice whenever x-ray equipment is specified in
this fast-growing field.

At the very start of your atomic energy planning,
consult General Electric for both needed apparatus
and necessary application experience. Our repre-
sentatives are fully prepared to help you work with

the atom.
[ ) L] L]

High-voltage x-ray inspection for quality control
is just one of the ways G.E. applies x-ray and re-
lated radiation to industry. If you have a non-de-
structive testing or inspection problem, contact your
nearest G-E x-ray representative or write X-Ray

This 2,000,000-volt Resotron 2000 is typical of General Elec- Dep alttment., General Electric Company, Milwaukee
tric x-ray units now serving the atomic industry. 1, Wisconsin, for Pub. TT74.

Pogress s Our Most Important Product

GENERAL @3 ELECTRIC
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In the physics department of the
‘ Armstrong Research and Devel-
; opment Center, intensity and
y duration of noise are measured
and charted by sensitive elec-

[ tronic equipment. Graphs pro-
i duced are similar to those shown
in the diagram on facing page.

IN THIS PHOTOMICROGRAPH, light-colored = NARROW BAND in this photomicrograph
band is blur caused by movement of a thin  shows greatly reduced vibration after as-
line drawn on edge of untreated vibrating  phalt-saturated felt paper is bonded to panel
metal panel. Width of this band indicates  surface. Part of vibrational energy is
how much panel moves during vibration.  turned to heat as felt flexes with the panel.
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sound into heat

helps make metal products quiet

Noise can be a real problem when metal panels
are used in a product. Take the sheet metal roof
of your car, for instance. It would produce
enough noise to make your ears ring . . . would,
that is, if science had not found a way to convert
noisy vibration into harmless heat.

This quieting is done most often by bonding
soft, fibrous materials, such as asphalt-saturated
felt paper, to the underside of the car roof.

To understand how these materials work,
think first of what happens when you rapidly
bend a piece of wire back and forth. It gets hot.
Some of the energy you put into bending it is
converted to heat as tiny particles in the metal
are forced to rub against each other.

The same sort of thing takes place in a sheet
of saturated felt paper bonded to a vibrating
metal panel. As the felt flexes back and forth in
unison with the panel, the felt fibers rub against
each other. The friction developed by these
rubbing fibers soaks up a large part of the panel’s
vibrational energy, turning it into heat. Since

the vibration is deadened or damped, much less
noise is produced.

Fortunately, you can suppress a lot of noise
and make only a little bit of heat. It has been
estimated, for instance, that the heat generated
in an hour by the felt on a typical, continuously
vibrating panel would not be enough to raise the
temperature of a teaspoon of water 2° F. Yet
the amount of sound eliminated in such a case
could make the difference between an automo-
bile ride you would enjoy and one you wouldn’t.

The principle of vibration damping is simple and work-
able. It quiets . .. and makes products seem more sub-
stantial, less “tinny.” And it’s adaptable to all sorts of
products . . . household appliances, metal furniture and
cabinets, automobiles, and many others. Of course, the
specific variables involved must be properly evaluated
before top efficiency can be achieved in any particular
case. That’s why the many years of Armstrong experi-
ence and research in vibration damping and related
sound control problems can be so valuable to manufac-
turers. For suggestions about your vibration damping
problems, write to Armstrong Cork Company, Industrial
Division, 8207 Inland Road, Lancaster, Pennsylvania.

@'mstrong INDUSTRIAL PRODUCTS

e o « USED WHEREVER PERFORMANCE COUNTS

adhesives . . . cork compositions . . . cork-and-rubber . . . felt papers . . . friction materials

[ TTTIII

NOISE LEVEL

I

VIBRATION
DAMPING
MATERIAL

DURATION OF NOISE IN SECONDS

TO DEMONSTRATE how flexing of felt changes
vibrational energy to frictional heat, inter-
lock fingers, then move wrists down.
Tangled felt fibers rub against each other
developing friction just as your fingers do.

CURVE AT LEFT shows what happens when an
untreated metal panel is “shock-excited” as
by a hammer blow. Noise rises to instanta-
neous peak, then diminishes slowly as vibra-
tion continues for relatively long period.

© 1955 SCIENTIFIC AMERICAN, INC

WITH IDENTICAL SHOCK, level of noise
created by the panel after being treated with
vibration damping felt is lower at peak and
dies out faster (curve at right). Both ampli-
tude and duration of vibration are reduced.
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LOOK HOW

4

silicones
cut building maintenance

Dl :
R

Silicone water repellents

| are now guarding our
achools, homes, institu-
tons, factories, against
damage from rain seep-
age and frost.

LOOK AT the reasons why

Years of use in many climates have proved that above-grade
masonry water repellents made with LINDE Silicones reduce dam-
age and cut maintenance costs, both outside and in.

They're easily applied. One coat does the job. Tests show
they’ll last up to ten years, and even 100-mile-an-hour rains can’t
penetrate. Spalling and cracking from water absorption and freez-

ing are no longer a problem; nor are efflorescence, streaking, and
unsightly soiling. And the elimination of seepage ends costly
damage to interior plaster, paint, and woodwork.

Waxes, polishes, cosmetics, asbestos siding shingles are other
outstanding examples of “protective” products now made even
more so—by the right LINDE Silicones.

Why not let the combined experience of LINDE and the other
divisions of UNION CARBIDE that are serving many industries,
help show you how LINDE Silicones can improve your products
or simplify production. Write Dept. R-7.

LOOK TO _Z oecle
for silicones

A DIVISION OF

eredle

AIR PRODUCTS:
COMPANY

30 East 42nd Street, New York 17, N. Y.

In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited

The term “‘LiNDE’’ is a registered trade-mark of Union Carbide and Carbon Corporation.
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THE COVER

The woodcut on the cover symbolizes
a recent trend in the utilization of
coal (see page 58). The design is
patterned after the new coal hydro-
genation plant built at Institute,
W. Va,, by the Carbide & Carbon
Chemicals Co. In this plant coal is
used primarily not as a fuel but a
raw material for chemical products.

UNION CARBIDE
AND CARBON CORPORATION
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Cover woodcut by
Antonio Frasconi
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Boeing engineers have vital and rewarding

This is the Boeing B-52 —mightiest of the
world’s jet bombers. The “wraps” are off
it now. Some of the engineers—electri-
cal, mechanical, civil and aeronautical —
who designed it are now at work on the
B-52’s further development. Many others
have gone to work on other “years-ahead”
airplanes and guided missiles. But these
new Boeing aircraft are classified, and
cannot be shown here.

Engineers at Boeing have the satisfac-
tion of vital jobs, where only endless
experimentation can keep up with exact-
ing demands. They stand at the top of
their profession —thanks in part to highly
advanced equipment like electronic com-
puters, superb laboratories and research
facilities, and the multi-million-dollar
new Flight Test Center.

Boeing engineers can point with pride
to recent developments like the B-47 and
B-52 jet bombers, the KC-135— Amer-
ica’s first jet tanker, and the IM-99
Bomarc pilotless interceptor. These
Boeing engineers are now at work on
widely diversified projects: rocket, ram
jet and nuclear propulsion, supersonic
flight, research in new materials, and
many more. The result will be planes
and missiles that will fly even faster,
farther, and higher, and deliver an even
greater punch.

These are evidences of Boeing’s con-
tinuing growth —a growth made possible
by uncompromising insistence on engi-
neering excellence. Boeing employs twice
as many engineers now than at the peak
of World War II. But even more engi-

© 1955 SCIENTIFIC AMERICAN, INC

jobs

neers are needed for Boeing’s research,
design and production teams.

If you want the satisfaction of doing
an important job—if you want individual
recognition and regular merit reviews—
if you want to work with the finest equip-
ment and the pick of the nation’s engi-
neers— then it will pay you to investigate
career opportunities at Boeing.

* JOHN C. SANDERS, Staff Engineer— Personnel
< Boeing Airplane Co., Dept. B-41, Seattle 14, Wash.
o Please send further information for my analysis.
e | am interested in the advantages of a career
e with Boeing.

.

o Name

* University or

® college(s) _ Degree(s) Year(s)____
.

® Address —

.

o City Zone___State

BOEEING

Aviation leadership since 1916

SEATTLE, WASHINGTON WICHITA, KANSAS
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Life

on the
Chemical
Newsfront

WAXES AND POLISHES which contain Cyanamid’s Cationic SP Antistatic
Agent have proved effective in reducing dust and lint pickup. Desired gloss on
polished surfaces usually is brought out by rubbing or buffing. Static charges
generated by such treatment strongly attract lint and dust. However, CaTIioNIC
SP in amounts of 1% to 5% in wax pastes or emulsions reduces such pickup
markedly. (No. 1)

NEW LINE OF ACCOSPERSE*
PIGMENT DISPERSIONS gives a
variety of deep shades and me-
dium to light tints for popular
rubber latex interior architec-
tural finishes. ACCOSPERSE pig-
ment dispersions are standard-
ized in color, strength, consist-
ency and bulking value. They
contain alkali-resistant pigments
in a high degree of dispersion.
They eliminate grinding and sim-
plify paint formulation because
they provide:

1) high color concentration

2) wide compatibility

8) easy handling and mixing

4) good stability

5) resistance to migration and

flushing
6) freedom from efflorescing
salts. (No. 2)
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ROUND-THE-WORLD LUGGAGE comes back good as new. Made
of glass fiber and Cyanamid’s LamMinac® Polyester Resin, these
cases withstand the rough handling that usually breaks, dents or
scars ordinary luggage. They are available in a range of attractive
colors which are molded in so the color can’t chip or peel. And
their handsome finish, with glass fibers contributing an interesting
random pattern, will not stain or absorb dirt or moisture. (No. 3)

News Briefs

AEROCARB® S AND R CARBURIZING COMPOUNDS offer
two cost-reducing factors: high penetration rates for faster
case hardening, and wide temperature range in the bath for
greater versatility. Simple variation in R to S ratio gives close
chemical control. Bath gives light or deep case in minimum
time, while finished parts are cleaned easily, are scale free,
and unusually bright. (No. 5)

AMMONIA SYNTHESIS proceeds at peak efficiency with
AEerO* Specialty Catalysts. High activity and long-term sta-
bility of these catalysts are time-proved properties. Specific
AEero Catalysts are available for each commercial process:
hydrogen production by methane-steam reaction or water-gas
shift reaction, or direct ammonia synthesis from nitrogen and
hydrogen. A new bulletin on Aero Specialty Catalysts will be
sent on request. (No. 6)

MEGASUL® NITROPHENIDE, safest, most effective drug for
preventing coccidiosis in chickens, now is offered to feed man-
ufacturers in a free-flowing, non-bridging, dust-free form.
This assures even distribution of nitrophenide throughout
every bag of feed. In addition to preventing outbreaks of
coccidiosis, continuous feeding of MEGASUL to birds results in
faster, more uniform growth, more efficient feed utilization,
and improved well-being. (No. 7)

CYPEL* PAPER RESIN EMULSION, now available, produces
excellent grease-resistant coatings with heat-sealing proper-
ties on paper and paperboard. CyreL blends with starch,
casein, soya proteins, and synthetic water-dispersible polymers
to give toughness and non-blocking qualities to grease-proof
paper coatings. (No. 8) *Trade-mark

FLEXIBLE VINYL WALL TILE stays supple and durable for years,
thanks to phthalate plasticizers made with Aero* Phthalic An-
hydride. Available in high purity, and in either flake or molten
form, Aero Phthalic Anhydride imparts no unwanted color char-
acteristics to plasticizers for vinyl compounds. Low volatility of
these plasticizers assures retention of flexibility. Yet, for all its
qualities, AEro Phthalic Anhydride is low in cost. (No. 4)

S.A.

S E N D more information on the following items mentioned
in the July, 1955 issue of LIFE on the Chemical Newsfront:

No.1,2,3,4,5,86,1,8.

Name

Company.
Address.
City.

Zone. State.
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Through IBM research, tomorrow's thinking TODAY . . .

Magnetic cores are intricately v
swired frames to b
verful IBM electronic d
machines such as the new IBM 705,

Memory ... in the making

Magnetic cores, each one actually little larger
than the head of a pin, are shown here dra-
matically magnified by the microcamera as
they are takenfrom a heat-treating kiln. Their
ultimate function: to store or “remember” in-
formation fed into IBM electronic data proc-
essing machines for business.

They also illustrate IBM’s leading role in ap-
plying the latest electronics advances to data
processing. Out of this continuing leadership
by IBM has come today’s “quiet revolution”
in American business methods.

© 1955 SCIENTIFIC AMERICAN, INC

In almost every field of activity, from funda-
mental research and engineering calculations
to everyday business accounting, IBM data
processing is rapidly narrowing the critical gap
between problems and decisions.

International Business Machines Corp., N. Y. 22,

DATA
PROCESSING

World’s largest producer
of data processing machines
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Bond plastic laminates with
assembly-line speed and economy

For fast, positive assembly-line bonding of high-
pressure plastic laminates, use the adhesive that’s
designed for this tough job—Armstrong D-253.
D-253 has unusually high dead load strength,
bonds plastic laminate firmly, permanently—and
instantly. The tough, flexible D-253 bond also
has high shear strength, excellent resistance to
moisture, and good resistance to heat.
Armstrong D-2583 is ideally suited to assembly-
line use. Applied by spray gun to core and skin

sheets, it dries in less than a minute under infra-
red heat. After assembly, one run through a
pinch roll completes the lamination, D-253’s high
immediate strength makes it possible to fabricate
panels—or ship them—minutes after bonding.
Write today for your copy of our 1955 Ad-
hesives Manual, free to industrial users. Arm-
strong Cork Company, 8007 Inland Road, Lan-
caster, Pa. In Canada, Armstrong Cork Canada
Ltd., 6911 Decarie Boulevard, Montreal, Quebec.

@mstrong

ADHESIVES ¢ COATINGS e SEALERS

. used wherever performance counts

© 1955 SCIENTIFIC AMERICAN, INC



JULY, 1955

SCIENTIFIC
AMERICAN

VOL. 193, NO. 1

Industrial Productivity

IWhat determines how much a worker can produce in different periods

and in different countries? The answer is found in the study of a

sensitive ratio between the cost of labor and the cost of machinery

l I S. industrial workers now pro-
duce about four times as much
per man-hour as they did in

1900. Their productivity is far greater

than that of workers in other countries.

Indeed, output per man-hour in the

U. S. is currently two and three times

that in the industrialized countries of

Europe.

The same knowledge and skills are
readily available in both the U. S. and
Europe. Some important manufacturing
plants in England, for example, are
owned by parent firms in the U. S. The
productivity of these plants is nonethe-
less more characteristic of British indus-
try than of their American counterparts.
Clearly the availability of technical in-
formation does not determine differences
in productivity.

How, then, can we account for these
differences? What causes changes in
productivity? The importance of these
two questions lies in the fact that indus-
trial productivity sets an upper limit on
the ability of a population to produce
goods. Productivity has become a major
concern wherever men seek to raise the
level of living by means of industrializa-
tion.

My investigations in this area began
in 1950. At the outset it was established
that major variations in industrial pro-
ductivity have little to do with the physi-
cal effort of the worker. They are deter-
mined by differences in production tech-
nique. It is improved methods of organi-
zation and the increased use of ma-
chinery that principally account for the
increase in productivity.

by Seymour Melman

This points to the heart of the prob-
lem. How do industrial managements de-
cide upon production methods? Man-
agements do not choose alternative
methods on the basis of productivity.
Profitability and the growth of the firm
are the criteria of success in a business.
Therefore it is the cost in money of a
production method that determines its
selection.

The major elements of cost in a pro-
duction method are the cost of labor
and the cost of machinery. We proceed-
ed on the assumption (later verified)
that the ratio of the cost of labor to the
cost of machinery would be the most use-
ful expression of the cost factors that reg-
ulate the choice of a production method.
Moreover, we established that the influ-
ence of these cost considerations has far
outweighed the effects of other factors
that vary among countries. Historical
and cultural factors, for example, have
not lessened the force of a high or low
ratio of labor to machinery cost in caus-
ing an appropriate degree of mechaniza-
tion in industry. But exactly how does
this ratio of labor to machinery cost oper-
ate in changing productivity?

The procedure of the investigation
was first to establish the variations in
productivity, production methods, ma-
chinery cost and labor cost. This was
done for different countries and for dif-
ferent times. The variations in produc-
tivity were already available in the con-
siderable literature on the measurement
of productivity. The information on pro-
duction methods and costs was gathered
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by observations in industrial plants, es-
pecially in the automobile and allied
industries of the U. S. and England.

The variation in production methods
may be illustrated by the following ex-
ample. Anindustrialmanagement is con-
fronted with the simple problem of mov-
ing steel barrels from one place to an-
other. It has a choice of three methods:
moving the barrels with a two-wheeled
hand truck, moving them with a four-
wheeled hand truck incorporating a
hydraulic lift, or moving them with a
motor-driven fork-lift truck. A man with
the hand truck can move 17 barrels an
hour; a man with the hydraulic-lift
truck, 53 barrels; a man with the fork-
lift truck, 120 barrels. The cost of the
hand truck per hour is negligible, that of
the hydraulic-lift truck is $1.60 and that
of the fork-lift truck is $7.

At this point the management can re-
late these costs to the cost of labor. This
can be done by means of a chart such as
the one at the bottom of the next page.
It may be seen from the chart that the
cost of moving barrels by hand truck re-
mains constant with the number of bar-
rels moved. This is because the main
component of the cost is the hourly
wage, which does not vary with the num-
ber of hours worked. In contrast the cost
of moving barrels by fork-lift truck
rapidly decreases with the number of
barrels. This is due to the fact that a
large part of the cost of mechanized work
is the charge of using the machine per
day, which does not vary with the
amount of work. Thus as more work is
done per day the fixed charges are spread
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COST OF MACHINERY is considered in terms of the number of steel barrels that may be
moved by three alternative methods: a two-wheeled hand truck (top), a hand-drawn truck
with four wheels and a hydraulic lift (middle) and a motor-driven fork-lift truck (bottom).
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over more units of output and the cost
per barrel is decreased.

Now from 1940 to 1950 the average
hourly earnings of production workers in
American industry increased by 121 per
cent (from $.66 to $1.46). In the same
time the average cost per hour of using
a motor-driven truck in this kind of work
increased by only 18 per cent. This dif-
ferential growth is plotted on the chart.
The gap between the costs of these man-
ual and mechanized methods had in-
creased threefold at the midpoint of 400
barrels moved. Moreover, the volume at
which machine methods were cheaper
than manual had fallen. These cost
changes in the U. S. depict the condi-
tions that led industrial managements to
mechanize such operations.

The same kind of cost chart can be
drawn for British industry. The differ-
ences in the curves are traceable to the
differences between U. S. and British
labor and machinery costs. Thus in 1950
the cost of manual methods in England
exceeded the mechanized cost by 137
per cent (at the 400-barrel mark), and
in the U. S. the figure was 239 per cent.

he contrasts between the U. S. and

England are most clearly revealed in
the ratio of labor to machinery cost. In
both countries the relative cost of labor
to machinery has increased. The most
striking feature of the comparison is the
similarity between the labor-machinery
ratio (.93) in the U. S. during 1940 and
that of England (.99) for 1950. This
similarity is made significant by the fact
that the kinds of changes in industrial
production methods being introduced in
England about 1950 were the American
innovations of about 1940.

How is it that in all countries the cost
of labor rises faster than the cost of ma-
chinery? The trend is explained by the
fact that the managements of firms which
produce industrial machinery are them-
selves pressed by rising labor costs. In
response they have introduced labor-
saving work methods, with the result that
comparable machines may be produced
with fewer high-cost man-hours. Thus
the increase in the price of the machines
is not so great as the increase in the cost
of man-hours. The relationship also holds
among countries. In 1950 U. S. industrial
workers were paid about four times as
much as British workers. At the same
time the prices of a sampled group of
U. S.-made machines were not more than
60 per cent higher than the prices of
comparable British machines.

Exactly how much of the variation in
productivity can be explained by the ra-



tio between labor and machinery costs?
With statistical techniques developed by
the British economist Colin Clark it was
possible to estimate the industrial output
per man-hour in various industrial coun-
tries at various times. The ratio between
labor and machinery costs was estimated
for the same countries. The figures for
productivity and cost ratio were then
compared for manufacturing industries
in the U. S., England, Canada, Sweden,
Norway, the U.S.S.R., Germany, Japan
and France. The coefficient of correlation
between the two sets of figures is .88.
This indicates that about 78 per cent of
the variation in productivity is explained
by the variation in the cost ratio between
labor and machinery.

The countries analyzed account for 75
to 80 per cent of the world’s industrial
output. They differ widely in whether
their industries are controlled by private
industry or government. Evidently the
seat of top management is less important
in the determination of productivity than
the rules operating at the plant level.

t should not be overlooked that factors
other than the relative cost of labor
and machinery affect productivity. Some
of these, like the availability of power
and raw materials, are expressed in labor
and machinery costs. The effect of other
factors is reflected by the 22 per cent of
the variability in productivity not ac-
counted for by the labor-machinery ratio.
Up to this point we have used the ra-
tio to explain differences in productivity
between similar industries in different
countries. Plants within a single industry
have also been analyzed. Here it was
found that, machinery prices being simi-
lar for the managements of all the plants,
productivity was a direct function of the
average hourly earnings of production
workers. The managements pressed by
the highest wage rates have countered
with the most vigorous moves in the use
of labor-saving equipment and organiza-
tion methods.

In the course of productivity studies
it has been observed that a group of
firms comprising a manufacturing indus-
try requires about five years to alter a
production technique extensively. With-
in this period the firms of an industry are
ranged mainly according to the intensity
of cost pressure to which the manage-
ments must respond. This factor alone,
however, does not account for the varia-
tion in the speed of managerial response
to cost changes. It must be appreciated
that major revisions in industrial produc-
tion methods also entail dramatic
changes for the managerial occupations
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PRODUCTIVITY OF NINE COUNTRIES which account for 75 to 80 per cent of the
world’s industrial production is related for different times to the ratio between the cost
of labor and the cost of machinery. The points on the chart tend to fall on the same band.

themselves. Like people in other occupa-
tions, managers are reluctant to make
their occupational skills obsolete. The
varying resistance of the managerial oc-
cupations to the change in their work
affects the relative speed of change in
production methods from firm to firm.
This is at least as important as the more
widely discussed reluctance of industrial
workers to being rendered occupational-
ly obsolete.

’lWhese studies of industrial productivity

disclose that productivity levels are
not the conscious goal of either manage-
ment or labor. Productivity levels are not
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unilaterally determined by any one
group in industry. Management and la-
bor each attempt to deal with their own
problems. The impact of their respective
pressures compels each to find solutions
for the problems that are caused by the
other. Industrial workers try to improve
their standard of living by pressing for
a higher wage. This gives rise to cost
problems for management. These cost
problems compel management to revise
the design of production methods. Thus
productivity is primarily the derived ef-
fect of the wage pressure of labor and
the cost-minimizing countermoves of
management.
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FRACTURES IN THE PACIFIC FLOOR

The bottom off northern California is broken by a chiff a mile high

and more than 1,000 miles long. It 1s one of four immense fractures

apparently due to the same massive deformation of the earth’s crust

o island, rock, reef, or shoal rises

\- above the abyssal waters be-

tween the Hawaiian Islands and
the Continental U. S. When we travel
over these featureless waters we tend to
assume that the bottom is an equally
smooth plain. Until relatively few years
ago, in fact, geographers and geologists
had such a picture. Their only informa-
tion about this large chunk of the earth’s
solid surface came from a few soundings
made with a heavy weight at the end of
a wire. Today oceanographers on a re-
search vessel plumb the depths by
bouncing sound waves from the bottom,
and it is possible to make millions of
observations while the ship proceeds at
full speed.

Into this well-traveled but little-
known region the Scripps Institution of
Oceanography and the U. S. Navy Elec-
tronics Laboratory have during the past
six years pushed eight major expeditions
and many shorter scientific voyages.
They have discovered submarine moun-
tains and cliffs which in size and extent
are not matched anywhere else on earth.
An interesting feature of these discover-
ies is that almost all of them were pre-
dicted before the exploring vessel left
the dock.

Under favorable circumstances even
geographical exploration can be at-
tacked by the normal scientific method
of hypothesis confronted by experiment.
The approach was notably successful in
the discovery of the Mid-Pacific Moun-
tains during the Mid-Pacific Expedition
in 1950. In the northeastern Pacific the
scale of the discoveries has been even
more impressive. The general nature of
the topography at a point in the middle
of an unsounded area 1,400 miles across
was predicted and subsequently con-
firmed. This is roughly equivalent to pre-
dicting the Atlantic shore line at Norfolk
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when it has been explored only at Miami
and Boston.

Beneath the waters off Cape Men-
docino in northern California lies a long
cliff a mile high. Called the Gorda Es-
carpment, it runs due east and west. As
early as 1941 this impressive topographi-
cal feature had been traced for 70 miles
from the shore. F. P. Shepard and K. O.
Emery of the Scripps Institution had
predicted that a similar escarpment ex-
tended at least 400 miles. By 1950 ex-
plorations of the U. S. Coast and Geo-
detic Survey had confirmed the existence
of an escarpment for 300 miles. Al-
though this was not known when the
Mid-Pacific Expedition put to sea, it
seemed that of all the northeastern
Pacific the area due west of Cape Men-
docino would be the most fruitful for
exploration. Thus, on its way from the
Marshall Islands to San Diego, the
Scripps research vessel Horizon de-
toured far to the north to cross the region
in four places. The crossings showed that
the escarpment off Cape Mendocino ex-
tended due west for at least 1,000 miles.
The steeper south side of the escarpment
had an average height of about a mile.
It was now named the Mendocino Es-
carpment.

During the Northern Holiday Expedi-
tion of 1951 the Horizon crossed and
recrossed the Mendocino Escarpment 18
times. (“Holiday” is a nautical term re-
ferring not to a vacation but to a blank
or unexplored area.) This voyage re-
vealed a mountainous ridge at least
1,400 miles long and from 3,300 to
10,500 feet high on its steep south side.
Its western end has still not been found.
Although features of this scale do not
exist on dry land, we can visualize the
Mendocino Escarpment in terms of the
Sierra Nevada in California. Imagine
that the whole Sierra Nevada is lifted
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bodily, turned so that its steep side is on
the south, and submerged two miles.
Multiply its length by four and you have
the Mendocino Escarpment. South of
the Escarpment are parallel ridges and
troughs resembling the Panamint Range
and Death Valley on the east side of the
Sierra Nevada. North of the great sub-
marine ridge the sea floor for hundreds
of thousands of square miles is about

MENDOCINO ESCARPMENT is traced for
1,200 miles by this topographic map of the



half a mile higher than the floor to the
south. There is an analogous difference
in the elevation east and west of the
Sierra Nevada.

he fact that the Mendocino Escarp-

ment runs east and west was of spe-
cial interest to geologists who have
studied the topography of southern Cali-
fornia. Most California mountain ranges
run northwest and southeast, but the
Transverse Ranges (including the Santa
Monica and San Gabriel mountains of
the Los Angeles area) are oriented east
and west. This exception to the pattern
of the California ranges has long puzzled
geologists. Now they wondered: Could
the Santa Monica and San Gabriel
ranges mark the end of submarine moun-
tains running parallel to the Mendocino
Escarpment?

During the concluding stages of the
Northern Holiday Expedition the Hori-
zon zigzagged 10 times across the waters
off southern California. The vessel traced
a range of mountains with one main es-
carpment for 1,200 miles. On a Mercator
projection of the earth the Mendocino
Escarpment follows a straight line for

1,200 miles; the new range ran in a gen-
tle curve. However, the western 200
miles of the Mendocino Escarpment
bends to the south, and here the two
features were parallel.

The new range was called the Murray
Fracture Zone, because its main escarp-
ment represents a sharp break in the
earth’s crust. The Mendocino Escarp-
ment may also be regarded as such a
fracture. One of the most interesting
characteristics of the two fracture zones
was discovered quite by accident. In
order to meet a critical arrival date dur-
ing the Capricorn Expedition of 1952-
53, the Horizon and the Baird had to
make a quick voyage between San Diego
and the Marshall Islands. The shortest
course between the two points follows a
“great circle,” which is a straight line on
the spherical surface of the earth. For the
convenience of navigators the U. S.
Hydrographic Office issues charts on
which great circles are plotted as
straight lines. In order to use their
shortened voyage most effectively, the
planners of the expedition plotted prom-
inent underwater features of the north-
eastern Pacific on such a chart. To their

surprise they found that the Murray
Fracture Zone itself followed a great
circle between San Diego and the
Marshall Islands! The apparent curve of
the Zone was caused by the distortion of
a Mercator map. On the earth’s surface
the Zone followed a straight line.

Only a few extra hours of sailing time
were needed to make 17 new crossings
of the main escarpment and the sur-
rounding mountains. The total of 27
crossings now showed that the Murray
Fracture Zone follows a great circle for
1,900 nautical miles across the deep-sea
floor and into southern California. The
Murray Escarpment is as high as 7,000
feet and at least 1,000 miles long. It re-
sembles the Mendocino Escarpment ex-
cept that its great cliff faces north rather
than south. Farther to the west the Mur-
ray Fracture Zone forms a vast gash in
the earth’s crust. Thirty miles wide, the
gash separates two great mountain
ranges. It is a landscape resembling the
famous rift valleys of central Africa, in
which long, thin clefts filled with lakes
are in many places bordered by ridges.
One of these is the Ruwenzori Moun-
tains, the mysterious range which
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bottom off Cape Mendocino in northern California. The Escarp-
ment is represented by the narrow band of contours running from

© 1955 SCIENTIFIC AMERICAN, INC

left to right near the bottom of the map. The contours are numbered
in fathoms below the surface of the sea. One fathom is six feet.
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UNDERWATER PHOTOGRAPHS of Fieberling Seamount, a submarine volcano in the
Murray Fracture Zone, were made at a depth of 1,650 feet. The top photograph shows the
dark rock of the volcano. The bottom photograph shows white sand lying in depressions.
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Ptolemy called the “Mountains of the
Moon.” The Murray Fracture Zone re-
sembles the African rift zone in another
way: it contains majestic volcanoes. The
volcanic peaks of central Africa are so
high that, although they lie on the
Equator, they are capped with snow.
The volcanoes of the Murray Fracture
Zone are drowned by the sea, but they
are just as high. Concealed in the black
abyssal depths, they might be called the
“Moonless Mountains.”

One of these submarine volcanoes

called Fieberling Seamount has
been photographed at a depth of 1,650
feet with a Navy Electronics Laboratory
deep-sea camera. The photographs show
the scarred lavas of the volcano and
some white patches of sand. Some of the
patches are covered with ripple marks,
proving that water movements capable
of disturbing sediment occur deep in the
sea. The ripple marks support much
other evidence which indicates that the
floor of the ocean is not the eternally
calm place imagined by 19th-century
oceanographers.

At least some of the “Moonless Moun-
tains,” which are now 1,000 to 5,000
feet below sea level, were once islands
dotting the surface of the northeastern
Pacific. Two of the peaks have flat tops
rather than the pointed silhouettes of
ordinary volcanoes. Most geologists ac-
cept the notion that peaks with this form
are ancient islands which were planed
flat by the surf. Rounded stones dredged
from Fieberling Seamount comprise a
gravel which appears to have been made
on an ancient beach. There is no other
direct evidence that any of the “Moon-
less Mountains” were once islands. But
conclusive information is found in an-
other area, the Mid-Pacific Mountains
west of Hawaii. There the remains of
shallow-water corals and other fauna
have been dredged from flat-topped sea-
mounts almost a mile deep. Fossils have
also been dredged from Erben Seamount
in the Murray Fracture Zone, but they
do not indicate the depth at which they
lived. They do show that by the middle
of the Tertiary Period, perhaps 30 mil-
lion years ago, Erben Seamount ceased
to exist as an island. At present it is not
clear whether the island sank or the sea
level rose. Samples dredged from sea-
mounts or removed from borings on
atolls seem to show that the older islands
and seamounts are deeper, which sug-
gests that the sea level rose gradually.
On the other hand, flat-topped sea-
mounts of the same age or in the same
group are not necessarily at the same



FOUR FRACTURE ZONES are plotted on this Mercator projec-
tion of the northeastern Pacific and North America. At the eastern

depth, suggesting they may have sunk.
This intriguing problem cannot be
solved without more facts.

n 1949 the U.S.S. Serrano, on a Pacific
cruise for the Navy Electronics
Laboratory, sounded a relatively small
depression a few miles wide and about
2,000 feet deep. No similar feature was
known in the Pacific; indeed, local de-
pressions are uncommon on the sea floor
because they become filled with sedi-
ment. Two more depressions, one about
5,000 feet deep, were discovered 1,000
miles apart by the Mid-Pacific Expedi-
tion of 1950. All three of the depressions
lie along a great circle almost parallel to
the Murray Fracture Zone. They are
about twice as far south of the Murray
Zone as the Murray Zone is south of the
Mendocino. Were these widely sepa-
rated depressions part of one long, thin,
straight trough? In this case it was possi-
ble to confirm the continuity of the
trough by plotting old spot soundings on
a great-circle chart. Almost all of the ap-
parently inaccurate deep soundings in
the area lie on the same line as the three
deep depressions.
The trough now appears to be merely

the westernmost section of a fracture
zone 3,000 miles long. Long, narrow
mountain ranges flank the trough, and in
most particulars the western part of this
fracture zone resembles the western part
of the Mendocino and Murray fracture
zones. The trough is at least 1,350 miles
long and as deep as 5,400 feet below the
crests of the adjacent ridges, or 3,300
feet below the average depth of the sea
floor in the area. If we project the trough
to the east, it is interrupted by submarine
volcanoes and possibly by relatively flat
portions of the sea floor. If these inter-
rupted troughs are added to the con-
tinuous trough to the west, the total
length of the trough is 1,700 miles. In
that distance the path of the fracture
zone deviates from a straight line on the
earth’s surface by no more than 15
miles—which is about the magnitude of
the sounding and mapping error. Just
east of the intermittent troughs and sub-
marine volcanoes and along the same
straight line lie the Revilla Gigedo
Islands, a group of four volcanoes which
have risen from the deep-sea floor. The
third fracture zone bears the name of
Clarion Island in this group. The great
volcanoes of central Mexico lie to the
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end of the two northern zones is the San Andreas Fault. The Fault
is extended to the north and south by evidence from earthquakes.

east of the Revilla Gigedo Islands along
the same straight line. The gradual east-
ward trend from a continuous trough to
a trough interrupted by submarine vol-
canoes to a line of volcanic islands to a
line of continental volcanoes leaves little
doubt that all lie on the Clarion Fracture
Zone. Like the Transverse Ranges of Cali-
fornia, the Revilla Gigedo Islands and
the volcanoes of central Mexico run east
and west, violating the symmetry of
other features in the region. The
anomaly is readily explained if we as-
sume that the island and continental
volcanoes are a part of a submarine
fracture zone and that the other moun-
tains of central Mexico reflect a process
of continental geology.

A fourth fracture zone lies along a
straight line parallel to the Murray and
Clarion fracture zones. It is about as far
south of the Clarion Fracture Zone as the
distance between the Mendocino and
Murray zones. The fourth zone was dis-
covered by the Horizon during the Shell-
back Expedition of 1952. Its existence
was confirmed by widely separated
soundings during the Shuttle Expedition
of 1952 and the Capricorn Expedition of
1952-53. Were it not for its relation to
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the other fracture zones, the existence of
this zone—named Clipperton after Clip-
perton Island—would be in doubt be-
cause the relief of its mountains and
troughs is only 1,000 to 2,000 feet. To
date the zone has been traced for 3,300
miles along a great circle.

here is little doubt that these four

huge fracture zones resulted from
some massive deformation of the earth’s
crust. We find evidence for this pre-
sumption both in the crust itself and in
the laboratory. When we compress a
brittle material in a laboratory machine,
we find that the material tends to shear
along a network of lines at an angle
to the direction of compression. The
angle between the axis of compression
and the shear plane never exceeds 45
degrees. When the earth’s crust is sub-
jected to a local stress, it appears to be-
have like a brittle material. Where we
know that the crust has been compressed
in a certain direction, we often find sym-
metrical fractures (faults) at angles of
less than 45 degrees to this direction. On
the other hand, recent studies by the
Dutch geophysicists P. P. Bijlaard and
F. A. Vening Meinesz indicate that if the
crust is stressed over a large area and in
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depth, its deformation is not brittle but
plastic. If the material in the laboratory
is confined under high pressure and then
compressed by a slightly greater pres-
sure on one side, the material will not
fracture but will flow like putty. Some
materials are initially deformed in a net-
work of lines that mark narrow bands in
which plastic yielding is localized rather
than spread throughout the whole piece
of material. If the stress is continued,
shear planes may develop along one or
more lines of the network. Shear planes
produced in this way are symmetrical,
but the angle between shear plane and
stress may greatly exceed 45 degrees.
Usually it is about 55 degrees.

Neither the whole pattern of the frac-
ture zones in the northeastern Pacific nor
the details of their topography indicate
whether they were produced by brittle
or by plastic deformation. The pattern
would give such an indication if comple-
mentary shear planes could be found.
Then the angle between the fracture
zones and the complementary shear
planes would provide a clue as to the
type of deformation. Because no com-
plementary shear zone has been located
in the northeastern Pacific, one was
sought on the adjoining land.

The San Andreas Fault is the only tea-
ture on the west coast of North America
that resembles a fracture zone. This
famous fault has been mapped only in
California. However, it is associated
with frequent earthquakes, and these oc-
cur along a line that continues out to sea
to the northwest and southeast. If we
include these submarine sections, the
San Andreas Fault extends for about
2,000 miles from west of Oregon through
California to the southern tip of the Gulf
of California. It is remarkably straight
except for one bend which occurs where
it crosses the Murray Fracture Zone. It
crosses the Coast Ranges of California
with an apparent disregard for the
stresses that formed them. The San
Andreas Fault appears to be a fracture
zone resembling the submarine zones of
the northeastern Pacific but with a com-
plementary orientation.

We may now venture the statement
that plastic rather than brittle deforma-
tion produced the fracture zones. We
must assume that the fracture zones and
the San Andreas Fault were produced by
the same stresses. We know that during
earthquakes the crust on the west side
of the fault slips northward along the
east side. This movement requires a
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CROSS SECTIONS of the Sierra Nevada, the Murray Escarpment
and the Mendocino Escarpment are compared. The vertical scale is
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each section is indicated by the letters at the left and the right.



horizontal compression of the crust in a
northerly or northeasterly direction. We
can now fix the direction of compression
more accurately because in northern
California it bisects the angle between
the San Andreas Fault and the Men-
docino Fracture Zone, and in south-
ern California it bisects the angle be-
tween the San Andreas Fault and the
Murray Fracture Zone. In both areas the
orientation of the compression deter-
mined in this way is from 25 to 30 de-
grees east of north. The angle between
the line of compression and any one of
the fracture zones is approximately 60
degrees. Consequently the deformation
cannot have been brittle.

rl1 his brings us to the most interesting

+ question raised by the discovery of
the fracture zones. What produced the
mighty stress which deformed an area of
eight million square miles, or about 5
per cent of the earth’s surface? At present
we have two plausible hypotheses, but
there are doubtless many others. Vening
Meinesz has proposed that not long after
its formation the earth’s crust migrated
over the underlying mantle. (This has
nothing to do with the hypothesis that
the continents “drifted” in comparative-
ly recent geological time.) He finds that
the great linear features of the crust are
statistically correlated with the shear
planes that would have been produced
by plastic deformation if the North Pole
had moved from near Calcutta to its
present position. The shear planes
plotted by Vening Meinesz closely corre-
spond to the Mendocino and Murray
fracture zones and the San Andreas
Fault. They do not correspond to the
Clarion and Clipperton fracture zones at
all. However, only a slight deviation in
the path of the polar migration proposed
by Vening Meinesz would be needed to
account for the last two fracture zones
by a second deformation of the crust. We
may conclude that the fracture zones
may just possibly be due to the migra-
tion of the earth’s crust over the mantle
two to three billion years ago.

A second hypothesis is that the frac-
ture zones may have been formed in
more recent geological times by huge
convection currents beneath the crust.
Such currents might occur if hot mate-
rial deep in the earth slowly rose, and
cooler material nearer the surface sank.
There are many reasons to believe that
these convection currents exist, but they
have never been confirmed in the mantle
by direct evidence. If they do exist, they
might exert a drag on the underside of
the crust that would cause fractures.

ONE HYPOTHESIS on the origin of the stresses that caused the fracture zones is that the
North Pole migrated to its present position (top) from a point near Calcutta (right). This
might in turn have caused the crust of the earth to migrate over the underlying mantle.

ANOTHER HYPOTHESIS is that convection currents (arrows) in the mantle exerted a
drag on the bottom of the crust (top). The buckling of the crust is greatly exaggerated.
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A Forgotten Nation in Turkey

Three thousand years ago the Hittites pushed south to invade Syria

and Mesopotamia. They were unable to subdue their powerful western

neighbor Arzawa, the remains of which are only now being excavated

or 1,000 years the major part of
FTurkey that lies in Asia has been
called Anatolia. This bridge of land
that connects Asia to Europe consists of
a high central plateau that breaks down
on three sides into deep valleys and mild
climates. To the east of the plateau the
sickle-shaped curve of the River Halys
embraces a wide province. Here, half a
century ago, a dramatic event took place
that marks an epoch in archaeology.
In this province, near the little Turk-
ish village of Boghazkdy, lies an impres-

MOUND OF BEYCESULTAN in southwestern Turkey was excavated in the search for the remains
of an Arzawan city. In the foreground is the foundation of the large palace described in this article.
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by Seton Lloyd

sive ruin of fortress walls and sculptured
gateways. It had long been recognized
that these were the remains of a very
large ancient city, but it was not until
1906 that the German archaeologist
Hugo Winckler sought a clue to the
identity of its builders. Winckler’s exca-
vations met with almost instantaneous
success. In a high citadel overlooking a
wide panorama of ruins he unearthed
long, parallel storerooms packed with
cuneiform tablets. These were the royal
archives of a dynasty ruling a consider-
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able empire during the two centuries be-
tween 1400 and 1200 B.C. It was thus
that the Hittite kingdom of eastern
Anatolia became a historical reality. The
Akkadian script in which the tablets
were written was already familiar to
philologists, and when, soon afterward,
the actual language of the Hittites was
deciphered, a wealth of information was
obtained from these official records.
During the years that followed much
more was learned from the excavation of
temples, shrines and private houses in

ROOM OF PALACE is surveyed. The
palace dates back to about 1400 B. C.



other parts of the city. The sites of other
cities within the Hittite dominion were
discovered. The Hittite kings had left
monuments sculptured on rocks in re-
mote parts of their realm, and these too
were studied. The sequence of dis-
coveries initiated by Winckler at Bo-
ghazkoy has led today to a large body of
knowledge about this ancient and re-
markable people; about their origins,
their everyday life, their laws, their re-
ligion, their art and architecture. In the
final analysis, however, this great work
may have lent the Hittites a significance
out of proportion to their actual role-in
the contemporary history of the Middle
East.

In the Hittite kings” own record of their

political and military history one fact
is abundantly clear: they never suc-
ceeded in gaining permanent control of
more than the eastern half of Anatolia.
From there the Hittite armies thrust
southward into Syria, where they found
themselves in conflict with Egypt, or
marched into Mesopotamia, where they
briefly held Babylon. To the West, Hit-
tite efforts at expansion were continually
thwarted by neighboring powers. It is
these non-Hittite states with which the
archaeology of Anatolia is now most

It was destroyed by a fire so intense that some of
its foundations were calcined into a white powder.

deeply concerned. One such state is
Assuwa, which occupies the whole of
northwestern Anatolia and presumably
included Troy of the Homeric legends.
Another is Arzawa in southwestern
Anatolia, a nation which appears to have
been the military equal of the Hittites
and may well have exceeded them in
cultural attainments.

The freak of archaeological fortune
that has thrown such brilliant light on
the Hittites has left Assuwa and Arzawa
in utter darkness. Nothing is known of
them save what can be learned from
patronizing and tendentious references
in the records of their Hittite enemies.
Until recently the only major excavation
undertaken in Assuwan territorv was
on the site of Troy. This enterprise, first
taken up by the famous German archae-
ologist Heinrich Schliemann and later
continued by the American Carl W.
Blegen, primarily revealed that the re-
mains of the Homeric city had been re-
moved by the Romans to make the
foundation of a colossal temple. Our
archaeological knowledge of Arzawa
was confined to a single village exca-
vated in the 1930s by an English woman
scholar, W. Lamb. Now, 20 years later,
it is once more an English expedition
that has taken up the search. Its objec-
tive is an all-out attempt to extract from
the soil of western Turkey some tangible
evidence giving substance to the phan-
tom of Arzawa.

At the British Institute of Archaeology
in Ankara we were fortunately in no
doubt as to the best line of attack. Until
now all attempts to reconstruct the geog-
raphy of the Arzawan frontiers had de-
pended upon the sometimes rather con-
fused accounts of military campaigns
conducted by the Hittite kings. The re-
sults were indecisive or contradictory; it
was clearly time that they should be
checked against the actual remains of
antiquity. At this point we found in-
valuable some reconnaissances that had
already been carried out by our own
students. One of them, James Mellaart,
had spent many months in a one-man
archaeological survey covering almost
the whole southwestern quarter of
Anatolia. Traveling on foot from village
to village, Mellaart had located many of
the mounds that in this country mark the
remains of ancient settlements, and he
had studied the pottery and small ob-
jects with which the mounds were lit-
tered. Such evidence enables the archae-
ologist to fix the historical periods during
which a settlement has been occupied;
one result of the survey was a series of
maps showing the distribution of towns
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POTTERY OF BEYCESULTAN has charae-
teristic “champagne-glass” (first and third
from the top) and “fruit-stand” (fifth and
sixth) shapes. Second and fourth from the
top are other vessels from the excavations.
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FIVE NATIONS of Hittite times are roughly outlined on this map.
In addition to the Hittite homeland they are Gasgas, Izzuwadna,

Assuwa and Arzawa. Arzawa proper lay between Beycesultan and
Lake Egridir. On Rhodes and nearby islands were Mycenaean set-

and villages during successive periods in
history.

Most interesting to us was the map of
the area during the Hittite period. From
this map emerged a thickly populated
and prosperous province extending from
the longitude of Lake Egridir westward
to the Aegean Sea. For the moment its
most characteristic archaeological fea-
tures were graceful “champagne-glass”
drinking cups and “fruit-stand” vases,
and these could only be reconstructed
from broken fragments. But the province
distinguished by their use closely cor-
responded to the location assigned to
Arzawa by scholars who had studied the
written evidence. For wus, at least,
Arzawa it provisionally became.

The next problem was to decide which
of the many mounds in the Arzawan
area offered the greatest promise to the
excavator. On Mellaart’s map the
mounds seemed to be concentrated in
the Civril Valley, an upland irrigated by
the headwaters of the River Meander.
In the center of the valley, where an age-
old trade route must have crossed the
river by bridge or ford, Mellaart’s field
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notebook described an enormous mound
called Beycesultan. Estimating its di-
ameter at more than 1,000 yards, he had
noted innumerable fragments of “Arza-
wan” pottery lying among the grass and
spring flowers. He had inferred that the
site had not been occupied later than the
13th century B.C. On the summit of the
mound he had found a few blocks of
masonry; these reminded him of Hittite
structures at Boghazkdy. A reconnais-
sance from the Institute in Ankara
settled the matter. The mound represent-
ed at least a provincial capital of the
Arzawan state, and we decided to ex-
cavate immediately.

Our decision was made in 1953, but
the work could not begin until the
winter rains were at an end in the spring
of the following year. I arrived at the site
alone in the first days of May, and by
the time the main expedition joined me
a week later I had already done some ex-
ploratory digging. The prospect was not
reassuring. The mound had two sum-
mits, and I had chosen the westernmost
for a first trench. We dug to a depth of
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about four feet without encountering
anything more interesting than the re-
mains of buildings dating from the
Byzantine period, 2,000 years later than
the presumed disappearance of Arzawa
from Anatolian history. I could not know
then, as we do now, that for a short
time in about the 11th century A.D. this
part of the hill had been occupied by a
miniature Christian oity.

Our luck turned within a few hours of
my colleagues’ arrival. Digging through
the Byzantine buildings, we came upon
a terrace of little houses dating from the
13th century B.C. They had clearly been
destroyed in some great conflagration:
buried beneath the fallen roofs were
household goods abandoned by the flee-
ing inhabitants. To our great excitement
these goods included many “champagne
glasses” and “fruit stands,” fragments of
which had until now been our most
precious clue to the Arzawan culture.
Here they were intact and unbroken,
testifying to the taste and craftsmanship
of the Arzawan people. We had attained
our first objective.

The walls of the houses had been built



tlements. Ancient sites are indicated by tri-
angles; modern cities and towns, by dots.

of brick and timber on a stone founda-
tion, and had had small wood-columned
porticoes opening onto courtyards.
Among the tangle of fallen beams and
broken household goods were the
charred skeletons of at least two indi-
viduals who had been unable to escape
from the burning buildings. We now
know that the conflagration destroyed
the whole settlement in about 1230 B.C.

We were conscious that all we had
discovered so far were the modest dwell-
ings of private individuals. Some major
public building must next be sought, so
during the second week a gang of work-
men was detached to investigate the
eastern part of the mound. One of our
first trenches, cutting into the flank of
the hill, struck an enormous mass of
calcined limestone and burned brick-
work, which for the moment we mistook
for the remains of some sort of kiln. It
soon became clear that these were the
ruins, again destroyed by fire, of a pal-
ace. The plan of this very large structure
began to take shape as chamber after
chamber was cleared of ashes and
debris. Their excavation was no easy

task, because the roof beams and wood-
en framework of the walls had burned
with tremendous intensity. Some of the
limestone foundations had even been
calcined by the heat into piles of white
powder. We nonetheless uncovered dur-
ing the next few weeks an area about
100 feet square, and gradually we began
to understand the plan of this very in-
teresting building. To our surprise it
seemed to share many features in com-
mon, not with the architecture of the
Hittites, but with the Minoan palaces
discovered by Sir Arthur Evans and
others on the island of Crete. Evidence
later uncovered suggested that it might
have been built late in the 15th century
B.C., at about the time that the Cretan
city of Knossos was destroyed by the
Mycenaeans and its inhabitants dis-
persed. We wondered whether some
Cretan architect, eventually reaching the
mainland of Anatolia, had been em-
ployed to design it.

At one entrance to this building was
a sunken “lustral area,” where visitors
made formal ablutions on arrival; it was
surrounded by tall “pithos” jars for
water. Then there were rooms with
traces of frescoes on the walls; long, paral-
lel storage chambers with cobblestone
floors; emplacements for huge circular
metal cisterns; and elaborate staircases
once leading to upper floors. One of the
strangest features of the structure was
that the principal chambers had floors
raised about a yard above the ground
level; beneath the floors were small
passages extending all around the rooms.
The passages in various rooms were also
connected beneath the thresholds of the
doors. Since these passages were not
high enough for a man to stand up in
them, it was hard to understand their
purpose. If the building had been put up
1,000 years later, we would immediately
have concluded that they were air ducts
for heating purposes.

The part of the palace so far excavated

was clearly only a single wing of a
much larger building; trenches made
later revealed that it must cover the
whole summit of the hill. But meanwhile
we had encountered a characteristic
archaeological setback. Our excavation
of the burned palace had so far proceed-
ed easily, owing to the fact that there
were no remains of later buildings. Now,
as we cut into the hillside, we suddenly
reached the outer wall of a smaller pal-
ace, built over the burned ruins of the
older one at a later date. This structure
was contemporary with the private
houses that had been our first discovery
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on the western hill. What remained of
our excavating season had therefore to
be spent in clearing and recording the
minor building, and the excavation of its
predecessor was reluctantly postponed
until 1955.

But now came the equally characteris-
tic compensation. The old palace had
quite evidently been burned only after
it had been thoroughly looted. During
its excavation we had thus discovered
very few objects of any interest. With
the smaller palace the case proved to be
quite otherwise. The architecture of the
building, with its well-preserved wood-
en doorframes and columned porticoes,
proved interesting enough in itself; but
separated from the palace by a paved
street we were pleasantly surprised to
find a row of shops.

One of these had a little terrace and
was evidently a wineshop, since it con-
tained the remains of a remarkably mod-
ern-looking bar. Behind the bar were
two sunken terra-cotta winevats and a
pile of “champagne-glass” drinking cups.
There was also a heap of 77 knuckle-
bones of the sort used immemorially in
eastern countries for a game of chance,
and a score or so of the crescent-shaped
clay tokens for the same game. But the
greater part of the space outside the bar
was occupied by eight human skeletons.
One of them was that of a woman who
had been struck on the head, and we
could imagine that, during some mili-
tary violence, the party had taken refuge
in the tavern where they had eventually
met their death.

Next door was some sort of food shop,
surrounded by huge terra-cotta storage
vessels still full of various grains. Stand-
ing as high as a man’s shoulder, they
must have been filled and emptied from
a wooden gallery above, for we found
the little staircase leading up to it. There
was also the charred remains of a wood-
en grain bin, and, hardly displaced
from its position on the bin’s closed lid,
a great basin containing a complete “din-
ner service”: wine jugs and “fruit stands”
with a dozen bowls nested inside each
other. The room contained more than 60
pottery vessels of every kind, and pro-
vided us with at least one example of
every domestic utensil used at the time.

All this pottery had a particularly
striking and unusual character, owing to
the color and quality of its finished sur-
face. Almost all the vessels from the wine-
shop were a deep orange-red; those from
the food shop were black. But when we
examined the vessels more closely, we
saw that “black” and “red” inadequately
described them. The clay “slip” which
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gave the vessels their final finish had
been mixed with some metallic ingre-
dient that produced a lustrous effect.
Thus the red vessels were a very good
imitation of bronze, while the black
wares, which had been darkened by the
destructive fire, still held the gleam of
tarnished silver.

In the street between the little palace
and the shops we came upon a few frag-
mentary sherds of Aegean painted pot-
tery of the type known as Mycenaean
IIIB. With these this whole period in the
history of the Beycesultan city could be
dated approximately 1230 B.C. Thus
our upper-level buildings—the Little
Palace, the shops and the private houses
—were destroyed by fire in some military
campaign about a generation earlier
than the Trojan wars. At this time the
sea power of Mycenae, the civilization
which preceded that of classical Greece,
was at its height in the Aegean. Yet here
in Arzawa no imported Mycenaean
goods appeared to be in use. The only
links with the Aegean which we dis-
covered were a number of rather beauti-
ful Mycenaean weapons, which, since
they had clearly been broken or discard-
ed in battle, might have belonged either
to the attackers or the attacked. This is
perhaps partly explained by Mellaart’s
map of the settlements of this period. We
WINESHOP was found adjacent to a smaller palace built atop the large one. At the right  see that, while the islands off the Aegean
are wine cups. At the left are the skeletons of people who died when the shop was burned.

coast are packed with Mycenaean towns
and villages, the mainland coast (with
the exception of a single Mycenaean
colony at Miletus) is completely blank.
Could this not be an indication of a state
of war between Anatolian Arzawa and
the seagoing peoples of the Aegean?

h/lany historical speculations of this
sort arise from the results of our
first season’s excavations at Beycesultan.
But at this early stage in our work most
of them must remain speculations: they
can only be changed into historical cer-
tainties by the discovery of actual writ-
ten documents bearing on political and
military events. This is by no means an
exaggerated hope. The possibility that
the Arzawans were illiterate is already
ruled out by the copies that have sur-
vived of their correspondence with Hit-
tite kings and even with an Egyptian
pharaoh. They spoke Luvian, a tongue
slightly earlier in the Indo-European
series than Hittite (Nesian). An archive
of Luvian documents would now be a
most welcome discovery. We have every
hope that a royal palace covering several
acres is a likely place to find such an
archive. We look forward to the resump-
FOOD SHOP was also adjacent to the smaller palace. Here a worker shovels carbonized tion of our excavations at Beycesultan
grain from a large vessel. The grain was burned in the same fire that destroyed the wineshop.  this year.
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wax from gas ... an heir that can earn his own way

Modern-day myricyl

Here’s a razzle-dazzle play in the
game of ‘“polyethylene,” which is
now providing so much fun for the
chemical industry.

We’ve made a wax out of it. Now
we’re in the wax business.

The familiar polyethylene plastic,
after all, is nothing but hydrocarbon
chains, a thousand or two carbon
atoms long, arrayed into some crys-
tallographic orderliness. Produce
shorter chains, oxidize a trifle, and
compare with esters like myricyl
cerotate (Cstsl(‘:OCuHea, the prom-

0
inent constituent of carnauba wax),
myricyl palmitate (ClﬁHal(i:'OC:ﬂHes,
|

which is what beeswax largely con-
sists of), or the cetyl palmitate
(C1:Has1COC\6Hs;) of spermaceti. The

I

(0]
resemblance turns out to be more
than coincidental. And it is more up
to date to get your raw materials
out of a hole in the ground than
from the fronds of some faraway
palm tree or the head of a sperm
whale.

So it comes to pass that along-
side such scriptural-sounding cargos
from distant ports as ouricury and
candelilla, we plunk down the trade-
mark “Epolene.” It sounds less ex-

pensive, and it is. It looks (left)
easier to handle and melt down
than old-fashioned waxes, and it is.
It is compatible with all of them—
animal, vegetable, and mineral, ex-
cept that the all-hydrocarbon, non-
emulsifying (no hydrophilic car-
boxyls) type designated ‘“Epolene-
N” is incompatible with certain
components of candelilla and ou-
ricury.

It upgrades paraffin in flexibility,
dielectric properties, hardness, high-
er melting point, higher blocking
temperatures. The ‘“Epolene-N”
gives polishes better gloss, hardness,
and scuff resistance than some cost-
lier waxes. It stiffens candles, bodies
printing inks, flats lacquers. In rub-
ber compounding, it is an effective
calender release agent for the mill-
ing operation. The emulsifying type
“Epolene-E,” can provide, effec-
tively, 1009 of the solids for self-
polishing waxes.

It’s the fellow who works out an idea
with Epolene Polyethylene Wax that
others hadn’t thought of who may wax
the wealthiest. For samples, data sheet,
prices, or well-mannered salesmanship,
write Eastman Chemical Products, Inc.,
Kingsport, Tenn. (Subsidiary of East-
man Kodak Company).

K’s grandson

Were you around in 19307 Statisti-
cally, “no” isn’t too improbable an
answer, sophisticated as you now
are to be reading this periodical.
Somewhat more likely, you were a
rather young party at the time but
old enough to be held in thrall by a
certain wonder-world to which 15¢
admitted you on occasional Satur-
day afternoons. It is just possible
that by 1930 you had progressed
enough in years and goods to make
your own Hollywood with the new
Cine-Kodak Model K Camera.
Growing economic unease or not, a
lot of amateur moviemakers saw
fit to invest in that untoylike 16mm
movie camera. When you consider
how many of those original Model
K’s are still making happy movies
this very summer, it doesn’t seem to
have been so foolish an investment.
How many other personal hard
goods of the period are still so
treasured?

Before more mist clouds our eye,
let us reveal the brand-new model.
This heirloom-to-be is designated
the Cine-Kodak K-100 Camera. Be-
ing a product of the fifties instead of
the thirties, it looks better suited to
flying through the air with the great-
est of ease. Functionally as well, 25
years have wrought improvements.

As in the long ago, the K-100
takes its film from a roll to line it
up precisely with the lens axis, but
lenses like the Kodak Cine Ektar IT
25mm f]1.9 Lens, the Cine Ektar

Kodak reports to laboratories on:

25mm f]1.4, and other Cine Ektar
Lenses from the 15mm wide-angle
te the 6 X telephoto could not have
been made betore Kodak rare-ele-
ment glass was invented. Also, there

has been progress in spring motors:
one winding of the K-100 can pull
40 feet of film. All manner of cine-
matic changes can be rung—slow
motion up to 64 frames per second,
one frame at a time for animation,
up to two feet of reversed travel by
hand crank (as an extra). The finder
is a genuine focusing telescope that
shows adjacent areas as well as field
coverage. Gears are of quiet, long-
wearing nylon, driven on ball-bear-
ing mounted shafts. Film gate pres-
sure adjusts automatically to cam-
era speed. The ball-mounted pull-
down mechanism can accommo-
date single-perforated film for sound
recording.

There is good economic reason
for these and many other such re-
finements in the K-100, aside from
the not unworthy one of giving the
amateur cinematographer all that
his heart could desire. Unlike its
1930 ancestor, the K-100 has to earn
its way at functions more serious
than garden parties. The factory
time-and-motion-study man must
be able to regard it as reliable pro-
fessional equipment. So must the
athletic coach, the TV news camera-
man, the audio-visual educator, the
industrial or medical photographer,
the insurance investigator, the scien-
tist or engineer who uses its elec-
tric-motor-drive provision to get a
time-lapse study of corrosion or
the fleeting tale told by a cathode-
ray oscillograph.

All this for 3269 with f/1.9 Ektar

Lens. Your Kodak dealer awaits your
call.

Price quoted includes Federal Tax
and is subject to change
without notice.

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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PLASTICS
and ATOMIC
RADIATION

The U. S. Navy Bureau of Ships was
aiming for accuracy when it developed
the “dosimeter reader,” an instrument
that measures the amount of atomic
radiation to which people have been
exposed. Easy portability and economy
were important factors, too.

The way in which all these are
furthered by this 5-piece positioning
system of molded Durez phenolic is of
importance to manufacturers, engineers,
designers, and others in industry.

In operation, the positioning system must
be light-proof, since it is used for inserting
lockets of activated mineral in the reader.
The Durez plastic is molded with close-fitting
grooves, yet its dimensional accuracy is such
that a door needed to shut out light when die
cast metal was used is eliminated. Durez also
requires no finishing to prevent reflection of
internal light.

To these cost advantages are added savings
of almost 50% in mold costs, while the
change to Durez reduced the overall weight
of the instrument.

Durez phenolics are making thousands of
other products more efficient in service and
many of them less costly to manufacture. For
information, consult your molder or write us.

DUREZ PLASTICS DIVISION
HOOKER ELECTROCHEMICAL COMPANY
807 Walck Road, North Tonawanda, New York

Export Agents: Omni Products Corporation,
464 Fourth Avenue, New York 16, N. Y.

PHENOLIC PLASTICS
THAT FIT THE JOB
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Reactors

he much-heralded atomic age has

I acquired new substance in recent
weeks with the announcement of
major plans by government and industry.

The Atomic Energy Commission re-
ported that it is expanding and accelerat-
ing its five-year reactor development
program begun last year [see “Power Re-
actors,” by Alvin M. Weinberg; Sciex-
TIFIC AMERICAN, December, 1954].
Work is going forward on the five re-
actor types originally contemplated
(pressurized water, sodium-graphite,
boiling water, fast breeder and homo-
geneous), and now the Commission pro-
poses to test two more. One is the so-
called liquid-metal-fueled reactor, in
which uranium or other fuel is dissolved
in a molten metal. This design, which
was developed at the Brookhaven Na-
tional Laboratory, is said to combine the
advantages of homogeneous and liquid-
metal-cooled reactors: chemical process-
ing of the fuel is simplified, and the sys-
tem can achieve high temperatures at
low pressure. The Babcock & Wilcox
Company is studying the technical feasi-
bility of the design.

The second new concept is a reactor
using organic compounds as moderator
and coolant. These compounds have
high boiling points, do not become very
radioactive and cause little corrosion of
metal parts. Problems still to be settled
are their heat-transfer properties and
their tendency to polymerize or decom-
pose under radiation.

Industrial proposals now before the
AEC call for some 650,000 kilowatts of
nuclear-power capacity. The Consoli-
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SGIENGE AND

dated Edison Company intends to build
a pressurized-water reactor to supply up
to 200,000 kilowatts of electricity. The
Nuclear Power Group, Inc., a combina-
tion of several electric utilities, has pro-
posed a 180,000-kilowatt boiling-water
design. Both projects are to be financed
privately. Three other industrial groups
have filed plans under the Commission’s
demonstration program, in which the
government is to provide free fuel for
seven years and to pay certain of the re-
search and development costs. Atomic
Power Development Associates have de-
cided on a 100,000-kilowatt fast breeder;
Yankee Atomic Electric Company, on a
100,000-kilowatt pressurized-water re-
actor; Consumers Public Power District
of Columbus, on a 75,000-kilowatt sodi-
um-graphite reactor.

An indication of the present economic
prospects of nuclear power is given by
the Nuclear Power Group plan. It is es-
timated that the reactor will cost
$45 million. The Commonwealth Edison
Company will pay $30 million of this
and take all the power produced. The
other participants will pay $15 million
for the technical information and ex-
perience to be gained on the project.
Commonwealth Edison estimates that
under this arrangement the power will
cost it about as much as that from its
conventional plants.

In addition to these large power units
there are in prospect a number of smaller
reactors for research. A recent survey in
Nucleonics listed 15 reactors, nine of
them to be owned privately by universi-
ties or industrial laboratories and six by
government agencies. The largest are
two materials-testing reactors. One has
been proposed by the Westinghouse
Electric Corporation; the other, to be
used largely by the AEC, will also be
privately built and owned if the Com-
mission finds a company willing to un-
dertake the project.

With the quickening of reactor devel-
opment some of the snags which the
atomic energy industry will face have be-
gun to appear. One of the biggest, says
the AEC, is “the critical shortage of
well-trained, experienced scientific and
engineering manpower.” (According to
Business Week, a “leading research and
development firm” estimates that there
are only about 50 men in the U. S. who
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“know how to build a reactor from start
to finish.”) The Commission is studying
ways to train more people.

A technical area which needs basic ex- |
ploration is high-temperature chemistry |
and metallurgy. Willard F. Libby, chem-
ist and member of the AEC, says: “The
underlying physical theory . . . is so far
ahead of our knowledge of the basic
chemistry of processes and materials at
high temperatures that it is easier to cal-
culate with some certainty the physics of
power reactors than to predict with any
certainty whether reactors can be built
of actual materials and can be expected
to operate satisfactorily.” The Commis-
sion is now preparing to sponsor a broad
program of unclassified high tempera-
ture research.

Other problems that may soon be
pressing include:

Waste disposal. According to Glenn T.
Seaborg, professor of chemistry at the
University of California, the ability to
dispose of radioactive waste may even-
tually be the limiting factor in the use
of nuclear power.

Insurance. No private underwriters
have yet indicated that they will insure
a nuclear power plant.

with a '‘STICKER’?

Dow Corning

Silicone Release Agents

have solved sticking problems
in many industries

It’s old as the hills—the problem of products
sticking to the molds or containers in which
they’re made. But today, the silicone release
agents developed by Dow Corning can solve
this problem for you just as they have in
many other industries.

What's more, besides licking the sticking
problem and speeding production, silicone
release agents cut scrap to a minimum;
improve surface finish; slash maintenance
costs as much as 90% by keeping molds,
pans and packaging equipment clean and
ready for re-use; set new standards of clean-
liness and sanitation. So, if you have a
sticky release problem, it will pay you to
try one of the many Dow Corning silicone
release agents.

Today, SILICONES offer the best solution to
many design, production and maintenance
problems—and DOW CORNING oﬂers you
the best in silicones. o

Wide-open Game?

he international conference on the

peaceful uses of atomic energy, to be
held from August 8 to 20 in Geneva, is
generating a good deal of excitement.
It may “blow the lid off” secrecy in the
field, according to Senator Clinton P.
Anderson, chairman of the Joint Con-
gressional Committee on Atomic Energy.
This feeling appears to be shared by in-
terested scientists who are talking hope- |
fully about a substantial exchange of in-
formation.

Determination to make a good show-
ing is responsible for some very energetic
preparations by U. S. officials (and also
for considerable coyness about the de- Producte
tails of U. S. Plans)~ Senator Anderson DOW CORNING [] “What's a Silicone?” is answered quickly in 32
remarked: “It could be like a poker game CORPORATION illustrated pages

FOOD PACKAGING ||

FIRST IN

SILICONES DOW CORNING CORPORATION, Dept. 9807, Midland, Michigan

Please send me:
0O 1955 Reference Guide to Dow Corning Silicone

in which neither side is willing to put up Name
any money, but I believe it will be wide i Address
open. We certainly are going to try to
MIDLAND, MICHIGAN City —  Zone — State

show the world what can be accom-

plished. . . . I'm sure the Russians will | .~ = -7 = T T 0 T o T o T T
turn up with something » | ATLANTA « CHICAGO « CLEVELAND o DALLAS « DETROIT « LOS ANGELES « NEW YORK « WASHINGTON, D. C.

The program will consist largely of | In Canada: DOW CORNING SILICONES LTD., TORONTO o In Great Britain: MIDLAND SILICONES LTD., LONDON « In France: ST. GOBAIN, PARIS
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ildea-provoking
thoughts about
KENNAMETAL*

An idea can start almost anywhere, any time.
It can, for example, be inspired by a need . . .
a recognized need for a new product or for
an improvement of an old one. It can be
brought into being by a desire to do some-
thing in a given field in a manner similar to
that being done in another field more effi-
ciently, more economically, or at a greater
rate of speed.

But no matter where an idea starts or
what it is, what counts today is where it
winds up or what happens to it. Too many
ideas are just passing fancies. Others die on
the drawing board for the lack of some mate-
trial that could translate them into produc-
tion . . . and profit.

If your idea calls for a material that has
greater resistance than any other material to
deflection, chatter, torque and vibration, ero-
sion, cavitation, corrosion, annealing and
oxidation and so on, then you will be inter-
ested in studying Kennametal, its character-
istics and its performance in many fields of
endeavor.

Kennametal has an extremely high Young’s
Modulus of Elasticity . . . 90,000,000 psi as
compared with steel’s 30,000,000. Some grades
of Kennametal have a density almost twice
that of heat-treated steel (14.8 against steel’s
7.73). The Knoop hardness test gives Kenna-
metal 2100 (K100) and steel 800 (K100).
Kentanium, our titanium carbide metal, has
two-thirds the density of steel and 48,000,000
YME—609, greater than steel.

Kennametal’s hardness and strength, its
resistance to abrasion, to corrosion, and to
high heat, make Kennametal stand uniquely
alone—offering the right solution to many
problems heretofore unsolved. That is why
Kennametal has come to play so important
apart in solving somany production problems.

Why not send for additional information
about Kennametal. Perhaps one or a com-
bination of its characteristics can be the
means to get YOUR idea off the drawing
board into production. Write to KENNAMETAL
INc., Dept SA, Latrobe, Pennsylvania.

*Kennametal is the registered trademark of a series of

hard carbide alloys of tungsten, tungsten-titanium
and tantalum. 5543
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in Progress

technical papers, the more important
ones to be read and the others to be in-
cluded in the printed proceedings. The
meetings are to be divided into five sec-
tions dealing with reactors, reactor phys-
ics, reactor chemistry and metallurgy,
biological and medical aspects, and ap-
plications of radioisotopes in industry
and research. In the evenings leading
scientists will give lectures on various
aspects of nuclear energy.

Supplementing the formal program
will be a series of exhibits arranged by
the participating countries. The high-
light of the U. S. exhibit is to be a work-
ing research reactor of the “swimming
pool” design, which is now being built
at Oak Ridge National Laboratory. It
will be equipped with dual control and
instrument panels so that conference
delegates can actually operate it.

All member nations of the United Na-
tions or of its specialized agencies, a
total of 84, were invited to the confer-
ence. At the end of last month 53, includ-
ing all the larger countries, had accept-
ed the invitation.

The conference is under the general
direction of Dag Hammarskjold, Secre-
tary-General of the UN. He has appoint-
ed Homi J. Bhabha, chairman of the
Indian Atomic Energy Commission, as
president of the conference, and Walter
G. Whitman, professor of chemical en-
gineering at the Massachusetts Institute
of Technology, as conference secretary-
general. There are five vice presidents,
including representatives of Brazil,
Canada, the U.S.S.R., the United King-
dom and the U. S. Assisting Whitman are
17 scientific secretaries from 10 coun-
tries. Robert A. Charpie, assistant direc-
tor of research at Oak Ridge National
Laboratory, and Frederic de Hoffmann,
a vice president of the General Dynamics
Corporation, are the U. S. members of
the group.

Each nation’s official delegation is to
consist of five members, but there may
also be an unlimited number of advisers.

‘One of the U. S. delegates will be L I

Rabi, who is also a conference vice pres-
ident. The AEC’s preparations for the
meeting are in charge of George Weil,
formerly assistant director of reactor de-
velopment for the Commission.

Fission-Fusion-Fission

Recent speculation in the daily press

about a new type of nuclear weapon
—the so-called uranium bomb—has now
been carried further by the British physi-
cist J. Rotblat. In an article in the Eng-
lish Atomic Scientists Journal (reprinted
by Bulletin of the Atomic Scientists) he
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discussed the evidence for such a device
and its probable effects.

From the Atomic Energy Commis-
sion’s description of fallout after the
thermonuclear test of March 1, 1954,
Rotblat calculated that the total radio-
activity released in the explosion was
about 400 billion curies. Japanese
measurements showed that almost all the
radioactivity came from fission products
rather than from materials irradiated by
neutrons in a fusion reaction. The most
powerful modern atomic bomb should
release no more than 10 billion curies.
Assuming that such a bomb was used to
trigger a fusion reaction, this reaction
must in turn have triggered more fission.

The commonest species of uranium
(U-288) is not split by slow neutrons,
but it is easily disrupted by faster ones
with energies of several million electron
volts. A fusion reaction liberates neu-
trons in this energy range. Rotblat sug-
gests that the Bikini device consisted of
a plutonium core, a shell of lithium deu-
teride for the fusion reaction and an
outer shell of U-238.

If this is the case, the radioactive con-
tamination from an “H-bomb” explosion
must be very much greater than had
been supposed. (Fission products emit
more radiation, and for a longer period,
than the materials in which a fusion re-
action incidentally induces radioactivi-
ty.) The AEC has stated that all bomb
tests to date have exposed each individ-
ual to no more radiation than he would
receive from a single chest X-ray. Says
Rotblat: “Most of this radiation must
have come from the very few hydrogen
bombs tested less than a year ago. This
means that one year of H-bomb tests at
the present scale about doubles the natu-
ral background. ... If our guess is cor-
rect, the hydrogen-uranium bomb is a
kind of cobalt bomb; in fact, in some re-
spects, it is even worse.”

101

For a few days early this year there
was something new under the sun,
but not much of it. Chemists at the Uni-
versity of California had made 17 atoms
of element 101. The substance, named
mendelevium (abbreviated Mv) after
the father of the periodic table, was pro-
duced by bombarding element 99 with
energetic alpha particles from a cyclo-
tron. The isotope obtained, the atomic
weight of which is 256, decays by spon-
taneous fission with a half-life some-
where between half an hour and several
hours. It resembles the rare earth thu-
lium in its chemical properties.
Experimenting with such scarce and



Carboloy Trends and Developments

for Design Engineers...

e How Hevimet dampens gun-sight vibration
® How carbides cut costs in automated plant
¢ Advantages of precast magnet assemblies

Hevimet provides most
weight in least space

In military planes, vibration from
engines, armament, and anti-air-
craft fire causes severe visual distor-
tion on gun-sight scanning units.

Balanced metal counterweights
can effectively dampen vibration of
these small, delicate components —
but most metals are too bulky for
use as aircraft vibration dampeners.
Eastman Kodak has found an answer
in Carboloy® Hevimet — a tungsten-
nickel - copper alloy almost 50%
heavier than lead. With it, they
licked backlash and gear chatter,
greatly reduced vibration.

Hevimet’s density is about 17
grams/cc . . . so it requires far less
bulk. It is easily machinable . .. so
it can be held to required tolerances.
It is dimensionally stable . . . so it
maintains concentricity and balance.

MECHANICAL AND PHYSICAL
PROPERTIES:
Tensile Strength (p.s.i.) ...._95,000 Min.
Hardness (Rockwell “C") . 20—-30
Modulus of Elasticity (p.s.i.)_...50 x 10-6
Modulus of Rupture (p.s.i.) -.....200,000
Yield Strength (0.2% offset)

(p.s.i.) 75,000
Elongation (% in 2 inches) . 2% Min.
Proportional Elastic Limit (p.s.i.). 27,000
Magnetic Permeability .. nonmagnetic

These properties make Hevimet
ideal for counterbalances, high ro-
tating inertia applications, radio-
active screening jobs — wherever you
need most weight in least space.

Write today, for more details and
design assistance.

Carbides’ abrasion resistance
boosts pottery production rate

Pottery clay is a most deceptive
material. It looks soft and it feels
soft — yet one of its principal con-
stituents is hydrated aluminum oxide
which, in its anhydrous form, is the
abrasive used on many grinding
wheels.

On the automated production lines
at Scio Pottery Co., the clay’s abra-
sive oxides and silicates gouged out
and wore down steel shaping tools

as if they were wood. They required
regrinding every 8 hours. When Scio
switched to Carboloy cemented car-
bide shaping tools, life per grind
increased to between 3 and 8 weeks.
Savings were even more impressive.
Steel tools had to be scrapped every
3 months; Carboloy carbide tools
are still in use after 4 years.

It’s not often that a designer needs
to worry about abrasives like alumi-
num oxide in his machines. But he
is usually concerned with wear in
one form or another, and carbides’
contribution at Scio can be directly
equated with time, money, and labor
savings on almost any application
where wear is a critical factor.

Because carbides are so hard —
about 85-93 Rockwell “A)’ com-
pared to 70 Rockwell “A” for SAE
1095 heat-treated carbon steel—they
far outwear conventional materials.
They reduce part replacement and
maintenance costs, prevent prema-
ture machine and part obsolescence.
They can virtually eliminate down-
time, permitting increased produc-
tion and production rates— with
finer finishes and less scrap.

In addition, Carboloy cemented
carbides have other physical prop-
erties which make them ideal wear-
proofing materials? corrosion, ero-
sion, friction and impact resistance;
great compressive and tensile
strengths; high moduli of elasticity.
For information on physical prop-
erties and methods of application to
aid you in designing carbide parts,
write today, describing the job you
have in mind.

New die-casting machine
makes alclad assemblies

There is nothing extraordinary about
the relay drag magnet assembly
shown in the next column.

An aluminum disc revolves in the
air gap between the “C”-shaped
magnet and the steel return path.
The induced eddy currents estab-

]

lished by the disc moving through
the air gap flux, cause a counter
torque, or drag, on the disc. It’s a
principle commonly used on many
meters and instruments.

What is unusual, though, is that
the entire unit—from magnet to
aluminum sheath —was assembled
for the manufacturer by Carboloy.

Making magnetic subassemblies
is a relatively new Carboloy service
. .. but one that promises big divi-
dends to many manufacturers.

Primarily, it means that responsi-
bility for the entire unit is centered
on a single source — permitting com-
plete control over all variables af-
fecting air gap flux. The complete
magnetic circuit can be supplied
premagnetized and pretested. And
a time-consuming assembly job is
eliminated for the manufacturer,
freeing men and equipment for more
important work.

Behind this new service is the
new 400-ton die-casting machine. It
casts aluminum sheaths to almost
any configuration . . . yet holds tol-
erances to thousandths.

Naturally, this method is limited
to certain types of jobs, but where
it is applicable, the advantages can
be spectacular. To get the whole
story, write today, outlining your
problem.

And for other applications, check
into the design advantages of other
Carboloy Created-Metals: chrome
carbides for combating wear; Ther-
mistors for the detection, measure-
ment, and control of minute temper-
ature changes; and vacuum-melted
metals.

“Carboloy” is the trademark for products of the Carboloy Department of General Electric Company

CARBOLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY
11199 E. 8 Mile Road, Detroit 32, Michigan

CARBOLOY CREATED-METALS FOR
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BALL & DISC
INTEGRATORS

Low torque speed changers for
smooth and stepless generation
of variable reversible speeds.

® Input 0 — 750 rpm.
Output 0 — twice input rpm.
Output torque to 4 oz. in.
Less than 0.5% error.
Weight 16 ounces.
Long service life.
Standard models
for panel or base mounting.

VARIOUS
CONTROL RODS
AVAILABLE

A feature of the Reflectone Ball & Disc
Integrators is the availability of various
types of control rods, as shown below.
Special lengths and configurations can be
manvufactured to customer specifications.

VERNIER

e

%ﬂlﬂll]IIIIHIIIIIIIlllllIIIIIII]IIIIIIIIIIIIIIIIII||||IIIIIIIII|||lllllIIlIIIIIIIIIIIIIIIIIIFm

Write for full information

THE REFLECTONE CORPORATION

STAMFORD, CONNECTICUT

ephemeral materials, the California sci-
entists had to work fast. The artificial
element 99 is itself obtainable only in
tiny quantities and decays quite rapidly
(half-life 20 days). About a billion atoms
of 99 were electroplated on a thin gold
film and exposed to the alpha-particle
beam. The atoms that were hit flew off
and collected on a second gold plate.
This second foil was then quickly dis-
solved, the gold and other impurities re-
moved and the solution separated into
three fractions containing elements 99,
100 and 101, if any.

The researchers had expected to make

| Mv-255, which according to theoretical

predictions should decay, by emitting an
alpha particle, with a half-life of about
five minutes. They found no evidence
for this reaction but instead discovered
a much more energetic nuclear explosion
that could only represent the fission of
an atom of Mv-256. They still expect to

| make Mv-255 in further experiments.

Collaborating in the discovery were
Albert Ghiorso, Bernard G. Harvey, S.
G. Thompson and Glenn T. Seaborg.

Mental Health Research Funds

he Ford Foundation announced last

month that it has allocated $15 mil-
lion to be spent on research in mental
health over the next five to 10 years.
Grants to qualified investigators will be
given for work on social and community
aspects of the problem, children’s dis-
orders, biological and physiological
problems in mental illness, personality
development and therapy. Some of the

| funds will also be devoted to training

scientists for research in the field. The
total current U. S. outlay for mental
health research is estimated at less than
$10 million per year.

| Astronomical Merger

I_Iarvard University and the Smithsoni-
an Institution are coordinating their

: research in solar physics. The Smith-

sonian’s astrophysical observatory will

| move from Washington to Cambridge on

July 1, and Fred L. Whipple, professor
of astronomy at Harvard, will take over
as director. Whipple will also remain on
the Harvard faculty. Several other joint
appointments are contemplated. The
Smithsonian’s observing stations in Chile
and California will be maintained.

New Transistor

A long-familiar electrical property of
semiconductors is being applied for

the first time to make a new and in some
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respects superior kind of transistor. It
was while investigating this property,
called the field effect, that J. Bardeen
and W. H. Brattain invented the original
point-contact device. Now physicists at
the Bell Telephone Laboratories have
built field-effect transistors which they
expect will perform satisfactorily at
higher frequencies than the point con-
tact or junction types.

A field-effect transistor is a slab of
n-type germanium (in which current is
conducted by loose electrons) sand-
wiched between two smaller p-type
plates (which conduct by means of posi-
tive “holes”). When a negative charge is
applied to the outside plates, the cur-
rent-carrying electrons in the center slab
are pushed out of the regions near the
p-n junctions. Thus the portion of the
center slab available to conduct elec-
tricity is reduced. If a steady voltage is
applied to this slab, the amount of cur-
rent flowing through it decreases as the
negative charge on the outside plates is
increased. In other words the outside
plates act like the grid of a vacuum tube,
controlling the flow of current through
the device.

In junction transistors the current car-
riers move from place to place by dif-
fusion; in the field-effect type they are
impelled by electric fields. This means
that they move faster in the field-effect
transistor, which makes it possible for
them to respond to faster fluctuations,
i.e., higher frequencies.

Frustration and Rootie Kazootie

Why do some children watch televi-
sion for hours? Is it because the fan-
tasy they find there distracts them from
the pressures of their real lives or pro-
vides an outlet for forbidden impulses?
If so, the children of strict parents would
presumably spend more time at the tele-
vision set than those whose parents are
more permissive.

To find out if this is so Eleanor E.
Maccoby, a social psychologist at Har-
vard University, interviewed 379 moth-
ers of kindergarten children, inquiring
about their child-rearing methods and
their children’s television habits. About
half the women were upper middle-class
and half were upper lower-class (chief-
ly the wives of skilled laborers).

In the high-status group the results
were as expected: frustrated children—
whose sex behavior was repressed, who
were punished for aggression against
their parents, who were expected to obey
orders at once, who were held to strin-
gent standards of behavior, who were
spanked often, whose mothers showed
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ELECTRONIC DATA PROCESSING
GUIDED MISSILE ELECTRONICS
AVIATION ELECTRONICS
ELECTRON TUBES

You, too, can find your future, in one of these fields:

*Plus hundreds of recent engineering
graduates, field service engineers,
and other categories of engineers.
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Take 8 FRESH
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ZIRCONIUM

CHEMICAL

NEW advantages in a growing list of com-
mercial applications focus closer attention
upon soluble zirconium compounds. TAM
is your one source for all.

ZIRCONIUM OXYCHLORIDE
A precipitant for acid and basic dyestuffs in
preparation of lakes and toners. Active ingre-
dientin wax emulsion type water repellents for
textiles and leather. Source material for other
zirconium compounds.

ZIRCONIUM TETRACHLORIDE
Raw material for preparation of zirconium
metal, zirconium alloys, and organic-zirconium
complexes. Catalyst for Friedel-Crafts and other
organic syntheses.

ZIRCONIUM ACETATE SOLUTION
Active ingredient in better wax-emulsion type
water repellents for textiles. A catalyst £r
methyl silanes in silicone repellent treatments
of leather and textiles. A precipitant for many
proteinic materials in finishing of textiles,
leather, etc.

AMMONIUM ZIRCONYL CARBONATE SOLUTION
Used as an active ingredient in basic water
repellents. Improves scrub resistance of latex
emulsion paints.

HYDROUS ZIRCONIA (Carbonated)

A strong chelating and coordinating reagent.
Useful in treatment of poison ivy, as a deodor-
ant in cosmetic creams, and as an absorbent
for various ions.

ZIRCONIUM SULPHATE
A source for zirconia for the impregnation of
catalysts. As a tanning agent...processing
white leather. Raw material for preparation
of organic-zirconium compounds.
ZIRCONIUM LACTATES AND GLYCOLATES
Being used more and more in pharmaceuticals
and personal deodorant preparations.

TAM* is experienced and
equipped to produce any
zirconium compound.
We will work with you
in supplying those which

est suit your problem or
operation. Address corre-
spondence to our New
York City offices.

IF YOU DON'T
SEE IT LISTED..,

WRITE

*TAM is a registered trademark

TAM
PRODUCTS

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY

Executive and Sales Offices
111 Broodwoy, New York City

General OHices, Works and Research Laboralories
Niogora Falls, New York
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| little affection for them—spent signifi-

cantly more time (up to 50 per cent)
at the television set than their less rigor-
ously raised classmates.

In the lower-class families there was
no such correlation (except in the cases
of sexually repressed and much-spanked
children). In fact, in some instances the
children of strict parents spent less time
watching television.

In Public Opinion Quarterly Maccoby
suggests that the difference may be ex-
plained by the viewing habits of the
parents themselves. Upper-class adults
spend comparatively little time watching
television. Where the relationship with
his parents is close, a child tends to
imitate them; where it is distant, he es-
capes to television. Lower-class adults
are more likely to be television enthusi-
asts, so their children are impelled in
the same direction by both imitation and
escape.

Pattern for Proteins

How does a living organism assemble
amino acids into the elaborate and
specific sequences typical of its own pro-
teins? Some biochemists have recently
suggested that the job is done on a nu-
cleic acid template—i.e., that the nucleic
acids in the cells furnish a pattern by
which proteins are strung together. Last
month the first direct experimental evi-

dence for this theory was announced in |
Nature by Ernest F. Gale and Joan P. l

Folkes of the University of Cambridge.

The British investigators had pre- |

viously learned that ruptured Staphylo-
coccus cells can synthesize protein out of
amino acids as long as the cellular ribo-
nucleic acid (RNA) is present. In their
latest experiments the biochemists split
staphylococcal RNA into smaller frag-
ments with an enzyme. Then they tried
adding each fragment separately, along
with a single amino acid, to cells from
which whole RNA had been removed.
It turned out that different nucleic acid
fragments promote the exchange of dif-
ferent amino acids. Gale and Folkes sug-

gest that the various fragments exist in |
the same form in whole RNA and that |

their order in the molecule determines
how proteins are put together.

Bring ’Em Back Alive

Millot, director of the Institut de

* Recherche Scientifique de Madagas-
car, has probably seen more coelacanths
than any other man. Since 1938 Mada-
gascar fishermen have brought him eight
of these survivors from the 300-million-

year-old past. He still finds each new |
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Engineers

Join this
winning team!

e At DOUGLAS you’ll bn
associated with top engineers
who have designed the key
airplanes and missiles on the
American scene today. For
example:

@

DC-7‘SEVEN SEAS’ America’s
finest, fastest airliner

==

F4D *“SKYRAY" Only carrier
plane to hold world’s speed record

World’s largest production transport

%:.ﬂb- '

NIKE Supersonic missile selected to
protect our cities

b

““SKYROCKET" First airplane
to fly twice the speed of sound

A3D ““SKYWARRIOR" Largest
carrier-based bomber

R

A4D “SKYHAWK"' Smallest,

lightest atom bomb carrier

B

B-66 Speedy, versatile jet bomber

With its airplanes bracketing I
the field from the largest per-
sonnel and cargo transports
to the smallest combat types,
and a broad variety of mis-
siles, Douglas offers the engi-
neer and scientist unequalled
job security, and the greatest
opportunity for advancement.

For further information relative
to employment opportunities at
the Santa Monica, El Segundo
and Long Beach, California, divi-
stons and the Tulsa, Oklahoma,
division, write today to:

DOUGLAS AIRCRAFT COMPANY, Inc.

C. C.LaVene, Employment Mgr.
Engineering General Office

3000 Ocean Park Blvd.

Santa Monica, California



New mussile

strikes ground targets without warning

— needs no

guidance system

—the U. S. Army’s

Douglas-designed HONEST JOHN

Add to the U. S. Army’s ever-growing
arsenal of rocket weapons a new ground-
to-ground missile . . . the Douglas-
designed Honest John.

Developed in co-operation with Army
Ordnance—and already being delivered
to troop units—Honest John is a free
flight rocket without complicated guid-

ance system, and designed to supple-
ment artillery in the medium to heavy
range. Honest John is extremely mobile,
moves quickly into position on a special
truck which also serves as transport and
launcher. Highly accurate, this rocket
can handle either an atomic warhead, or
a single high explosive round equalling

the explosive force of hundreds of rounds
of artillery shells.

Design of Honest John and other
missiles is further evidence of Douglas
leadership in its field. Now that the time
to produce missiles in quantity is come,
Douglas manufacturing skill isready and
able for the job.
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CYCLONOME

A device which converts electrical cycles into shaft
positions, or, a stepping motor. You could also quite accurately
say it’s a very synchronous motor that works in jerks.

It has one moving part, a toothed wheel, that makes no contact with any-
thing else except ball bearings. The ratchet and stepping effects are accom-
plished magnetically in air gaps. Like a synchronous motor, it operates on
reversals of a magnetic field.

® 0 0 0 0.0 0000 0000000000 000000000 000000000 e s 00000008

If energized with the following signal:

It will rotate (in jerks) as follows, advancing and
stopping for a spell, for each half cycle

ONE REVOLUTION

Note that each full cycle produces 2 jerks, and that 10 full cycles produce 1 revolution.

20 jerks per revolution is below par for a Banana Republic, but works out
handily for decade style counting, and cycles are nice and binary if you look at them with an
alternately biased viewpoint.

These gadgets are useful for all sorts of counting®, stepping and positioning, and can be used
as high-torque instant-start synchronous motors. We’re experimenting with printed-circuit 10—
and 20-throw wafer switches with up to 4 decks or poles, by means of which schemes like
telephone dialing can be done very fast and quietly.

We don’t understand about computers and bigits and ring circuits any more than we do about
automation, so yowll have to settle for what we know about the Cyclonome — if you can use it, fine.
*As in Sigma Cyclonome Pulse Counter.

© 0.0 0.0 00000 00 0000000 000000000 0000000000 0000000000

TECHNICAL SPECIFICATIONS

TYPE 12A | TYPE 13A
SIZE. ..o oeeeeeeeeeeeres e r ettt 1-7/8" x1-7/8" x 2-3/8" [ 1.7/8" x 2-5/8" x 2-3/8"
Torque..... e, 1.3 inch/oz. | 2.6 inch/oz.
Inertia ... .6 gram/cm? | 1.2 gram /cm?

(Equal loads will reduce max. speed 70%)

Max. speed, stepping 150 cps (15 r.p.s.)

600 cps (60 r.p.s.)

Max. speed, synchronous

For ELECTRICAL INPUT REQUIREMENTS, see bulletin for which please write.

g maogne

SIGMA INSTRUMENTS INC., 40 PEARL STREET. SO. BRAINTREE, BOSTON 85, MASS.
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catch exciting. The most recent one, says
Millot in a report to Nature, was the “fin-
est yet.” It was the largest (90 pounds,
four and a half feet long), it was the
first female ever reported and it was
alive.

Formerly every fisherman who pulled
up a coelacanth promptly clubbed or
knifed it to death and hauled it into his
boat so that it would not be stolen by
sharks or barracuda. As an inducement
to stop this “deplorable behavior,” Millot
offered a double bounty for a live speci-
men. Last fall Zema ben Said Mohamed
was fishing off one of the Comoro Islands
between Madagascar and the African
coast. He had let his line down more than
800 feet when he got a strike. Zema, “an
excellent fisherman,” suspected he had
a coelacanth from the way it took the
bait. He hauled it up and confirmed his
suspicion. Being only about 1,000 yards
offshore, he decided to try for the big
prize. By means of a line through its
mouth and gill opening the fish was
made fast and towed to the harbor of
Matsamudu, “though sometimes it was
the fish that towed the pirogue.”

In accordance with Millot’s standing
instructions the fish was put into a
whaleboat, which was then covered over
with a net and sunk in a few feet of
water. Throughout the night, which the
townspeople spent singing and dancing
to celebrate the occasion, local officials
watched over the animal. The fish itself
passed a quiet night, showing no dis-
position to escape from its enclosure and
“swimming slowly by curious rotating
movements of its pectoral fins.” After
daybreak, however, the light and heat of
the sun began to cause the deep-sea
dweller acute distress. By early after-
noon, just after Millot arrived by air
from Madagascar, it turned up its belly
and expired. It was immediately covered
with a sheet and removed to the town
hospital for dissection.

Two principal findings emerged from
this short observation of the first living
coelacanth: (1) its extreme photopho-
bia—“the light seemed literally to hurt
it”; (2) the exceptional mobility of its
“pedunculate” fins (attached to a mus-
cular stem). They can move in “almost
any direction” and can assume “prac-
tically every conceivable position.” It is
believed that relatives of the coelacanth
developed into land animals and that
their mobile fins were the precursors of
legs.

To preserve future catches, Millot is
designing a large submersible cage. The
fish will be kept at depths of 500 feet or
more and hauled up only for short peri-
ods of observation.



Magnesium

Magic
from
Sea Water

The ocean is rich in magnesium, containing
more than 4,000,000 tons to the cubic mile, but
many years were required to perfect a practical
process for large-scale recovery of magnesium
from this source.

Merck, through its Marine Magnesium Prod-
ucts Division, now extracts magnesium salts
from sea water on the Pacific Coast. Merck thus
occupies a leading position as a manufacturer
of special grades of magnesium compounds. For
example, Merck magnesium oxide, under the
name Maglite, is extensively used as a high
temperature reinforcing agent, acid acceptor,
and catalyst in the compounding and curing of

Ask Merck how its
Research Program
can help you

If the problem you face involves chemis-
try, an excellent starting point is to con-
sult Merck. The results of the Merck re-
search program have proved so valuable
to manufacturers in numerous fields that
you, too, may find them helpful. A letter
places you under no obligation. Please
write to: Director, Scientific Administra-
tion, Merck & Co., Inc. Dept. S-7.

synthetic rubbers. Merck magnesium hydroxide
(H ydro-Magma) serves the electronics industry
for insulating small parts; this product is pre-
ferred not only for its high purity but also be-
cause of its uniform extreme fineness and ease
of application.

Merck magnesium compounds also are used
extensively in many other industries—as ingre-
dients of antacids, cosmetics, dentifrices
and perfumes—in table salt to prevent caking
—in making paint,varnish

and ink—as filler in insec-

ticides and fertilizers—in

fluorescent lighting and

electrical heaters—and in

metal enameling.

The results of the Merck
research program are of “f¥r i
potential value to almost = f |
every industry—in im-
proving products or re-
ducing production costs.

MERCK & CO., INc.

Research and Production ] _,
.Lf-mu_f.u turing Chemists
for the Nation’s Progress

RAHWAY, NEW JERSEY
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COAL

It 1s by far the largest store of fossil organic substance, but its

utilization lags. Scientific and technological advances suggest that

1t might best be used not as a fuel but as a chemical raw material

oal, which powered most of the in-
C dustrial revolution, is in trouble

over most of the world. The U. S.
learned in 1953 that for the first time in
its history coal had dropped from a lead-
ing place as a source of energy to a posi-
tion behind oil. Coal supplied only 34
per cent of the nation’s total B.T.U.’s
(British thermal units) as against 39.4
per cent for crude oil, 22.5 per cent for
natural gas and 4.1 per cent for water
power. This historic fall occurred during
a year in which U. S. industrial activity
was at an all-time high. This fact, plus
coal’s continuing depression, leads some
to believe that coal will never again re-
gain its pre-eminence. Coal, indeed, is
one of the foremost technological prob-
lems of our time.

Coal is still a big and vital element in
the operations of an industrial society.
Some 400 million tons of coal, the
amount annually being consumed in this
country, is not a trifling quantity. It ac-
counts, through conversion in steam
power plants, for over three fourths of
all U. S. electrical energy. It is indis-
pensable, in the form of some 100 million
tons of metallurgical coke, for the pro-
duction of iron and steel. In addition,
coal tar residues from these coking plants
provide the essential raw materials for
nearly a third of the whole U. S. organic
chemical industry. In a dozen lesser ways
coal is woven through all the basic strata
of industry.

The major fact about coal, however, is
that all the coal so far mined is as nothing
to the store remaining underground.
Some seven trillion tons runs the esti-
mate; the quantity is so vast that no one
really knows. This is by far the biggest
reserve of all known organic mineral sub-
stances, which are alike in that all are
preponderantly the hydrocarbon remains
of former terrestrial life. In carbon con-
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by Lawrence P. Lessing

tent alone, mineable coal reserves rep-
resent 12 X 10'2 tons of carbon against
.04 X 102 tons in the world’s estimated
reserves of oil. Since carbon is the back-
bone of all life and commerce—carbon
compounds in one form or another mak-
ing up some 90 per cent by value and 95
per cent by weight of all the products of
human labor—this represents a great
treasure. Long after the last reserves of
oil and natural gas are exhausted, at a
date not too far distant by most esti-
mates, there will be coal. Even at the
most pessimistic estimates, with proper
conservation and development of other
sources of energy there should be coal
for some centuries to come.

Naturally such a massive deposit must
be widely though unevenly distributed
in the earth’s crust. The tropics are fairly
thin in coal. Africa has relatively little.
Most major deposits seem to lie in the
temperate zones but some are found
even in polar regions. The U.S.S.R. is
mining coal in the Arctic, and there are
known deposits in the Antarctic. Eu-
rope’s deep and dwindling mines stretch
in a wide arc from Great Britain through
the Lowlands, France and the Ruhr to
the Ukraine. Asia has about a third of
the world’s coal, most of it in China,
where the first coal was mined about
1100 B.C., but where, because of a lag
in industrialization, most of it remains
to be exploited. The Hopi Indians mined
coal in Arizona two centuries before
Columbus, and North and South Amer-
ica together have over half of the world’s
reserves. The U. S. alone has nearly half
of all the bituminous and subbituminous,
the most valuable of all coals.

Yet the U. S. coal industry today looks
like anything but the administrator of so
vast a treasure. For over 40 years it has
been prosperous only during wars.
Though the U. S. economy has expanded
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enormously, and the coal industry with
it, coal in that half-century has had its
biggest, most lucrative markets cut from
under it by more convenient or more
efficient fuels—oil and natural gas for
heating, Diesel fuels for ships and rail-
roads. Now it is faced with the emer-
gence of atomic power and of methods
for tapping directly the immense free
stores of energy in the sun. Both of these
developments are moving more rapidly
than is generally realized. Both develop-
ments, as the century runs out, may well
begin to cut into all of coal’s remaining
markets except steel.

An intricate shifting of the technologi-
cal base of industry is in progress. For
coal the handwriting has been on the
wall for many years. Part of the trouble
is that the coal industry came out of the
19th century with grimy, backward
tenets of mining deep in its system. It
was slow to modernize and mechanize,
going steadily down in efficiency and up
in costs. It persisted in regarding coal
primarily as a fuel, in spite of the nudge

The Continuous Miner, made by the Joy



given it by the early development of
chemicals from coal tar wastes. While
the petroleum industry began early to
do heavy research on its basic raw ma-
terial, the coal industry apparently knew
little of its product beyond the fact that
it burned. What is known about coal to-
day—and most precise knowledge of it is
recent—is almost wholly derived from
the inquisitive chemical industry and
from independent investigators.

Fossil Origins

If a lump of coal is closely examined,
a regular cellular pattern may often be
seen, denoting its plant origin. Coal was
laid down, according to the geological
evidence, by the debris of giant tree
ferns and other rank vegetation flourish-
ing in the hot delta bottoms of the late
Paleozoic Era, some 300 million years
ago. With the slow rhythm of sub-
sidence, sedimentation and uplift, the
great swamps were intermittently inun-
dated by the sea, which flattened and
covered the vegetation with thick layers
of alluvial mud. The weight of these sed-
iments, translated into rock and often
folded, exerted those pressures and
temperatures basic to all chemical proc-
esses, which slowly converted the vege-
table matter to coal.

The enormous variety of its vegetable
origins and the variables of geological
processes make coal one of the world’s
most complex substances. Not only do
coals vary widely in various regions, but
also they vary in the same coal seam.
Bounded by layers of shale, a coal seam
shows an uneven but definite progression
from a soft, peaty bottom, suggesting
leaf mold, through a bright middle sec-
tion, with recognizable fragments of de-
cayed plants, bark and spores, to a hard

upper layer of massive woody remains.

Four broad classes of coal are recog-
nized: peat, a spongy, water-soaked sub-
stance of low heat (or carbon) content,
generally regarded as the first stage of
coal formation; lignite, a less watery
form of peat also known as brown coal,
which marks the transition to true coal;
bituminous, still soft, but with a larger
concentration of carbon and a smaller
proportion of oxygen; and anthracite or
hard coal, in which both oxygen and
hydrogen have been nearly squeezed
out, leaving almost solid carbon. (An-
thracite is so preponderantly carbon that
it is relatively inactive chemically and
used only as a fuel.) This ranking of coal
has no strict chronological order, for
different coals were produced by various
conditions at widely different times. Be-
tween the main classes are many grada-
tions of type, which makes coal classifi-
cation extremely difficult.

The constituents of coal have been
known for a long time. They are mainly
carbon, hydrogen, oxygen, nitrogen, sul-
fur and mineral ash. What long remained
a mystery, however, were the processes
by which the weight of carbon was pro-
gressively concentrated from 60 per cent
in peat to 96 per cent in anthracite, while
oxygen dropped from 6 to 3 per cent and
hydrogen was maintained almost con-
stant (except in anthracite) around a
mean value of 5.5 per cent. This is the
exact opposite of what happens in the
normal decomposition of vegetable ma-
terial above ground, where most of a
dead plant’s carbon is lost to the air via
carbon dioxide, leaving behind humus.

In peat bogs, however, which may still
be studied in many parts of the world, a
different transformation takes place.
Here plant material drops to the swamp
floor and is soon covered by water, muck

and other debris, which exclude air. Un-
der these conditions only partial decom-
position takes place. Most of the plant
carbon is retained, while most of its
oxygen is lost as water. If this is coal’s
first stage, then a number of chemical
routes can be mapped by which woody
material with a composition by weight of
50 per cent carbon, 6 per cent hydro-
gen, 42.75 per cent oxygen and 1.25 per
cent ash loses 27 per cent of its volume as
water and 16.5 per cent as carbon di-
oxide. This leaves a material containing
80.5 per cent carbon, 5.3 per cent hydro-
gen, 12 per cent oxygen and 2.2 per cent
ash, which roughly corresponds to bitu-
minous coal.

The whole process of coal formation
has been partly confirmed by laboratory
experiment. The late German fuel chem-
ist Ernst Berl, working at Carnegie In-
stitute of Technology in the late 1930s,
succeeded in making synthetic coal.
Compressing woody vegetable matter
under pressures and temperatures anal-
ogous to those exerted by rocks in the
Carbonaceous Period, he produced pel-
lets of a material closely akin to brown
coal. Since then coals ranging up
through bituminous have been artificial-
ly made. Of course this process has no
immediate practical significance; more
energy is required to make the coal than
could be regained by burning it. The
process may nonetheless be useful as a
means of converting vegetable matter
directly into needed hydrocarbons.

Though most of coal consists of hydro-
carbons, the lesser constituents, mainly
in the ash, are astonishing in number.
Recently a close analysis of West Vir-
ginia bituminous coals showed that the
ash, produced in that state alone at the
rate of 10 million tons a year, contains
36 different chemical elements. In con-

Manufacturing Company, chews into a seam and delivers coal to the rear
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centrations over 1 per cent are sodium,
potassium, calcium, aluminum, silicon,
iron and titanium. In concentrations
down to .01 per cent are 26 metals, in-
cluding lithium, rubidium, chromium,
cobalt, copper, gallium, germanium,
lanthanum, nickel, tungsten and zir-
conium. Many of these are in amounts
perhaps someday sufficient for economic
recovery. Germanium, the new elec-
tronic metal, is the most immediately
interesting. It is found largely concen-
trated in the bottom three inches of a
coal seam. If this bottom is carefully
separated by gravitational means, it
yields coal with an ash containing 3 per
cent germanium dioxide, worth $57.50
per ton as an ore and $900 per ton as
finished product.

Altogether, including other elements
only in trace amounts or occasional oc-
currence, coal is a compendium of no
less than 72 items in the periodic table
of elements. Thus coal, through the bio-
chemical activity of plants that flour-
ished in a different world eons ago, is
not merely a store of carbon energy but
a compact bundle of the most varied
chemicals.

The Chemical Pattern

The analysis of coal into its elemental
constituents, however, tells us almost
nothing about it as a chemical substance.
For this we must know the chemical
structure of coal, the way in which its
atoms are linked to form molecules. Un-
til recently the exact chemical structure
of coal, due to its great complexity and
variability, was almost totally unknown.

Some clues to structure were con-
tained in the discovery and development
of coal tar chemistry just a century ago.
In 1856 Sir William Perkin hit upon his
historic synthesis of the textile dye
mauve from a constituent (aniline) in
the tarry messes that accumulated in the
flues of gasworks and coke ovens. These
tars yielded by fractional distillation a
whole series of basic hydrocarbon com-
pounds ranging from benzene, the light-
est fraction, to anthracene, the heaviest.
From anthracene a few years later two
German chemists named Graebe and
Liebermann synthesized the red dye
alizarin, which theretofore had been ob-
tained only from plant roots. Thus it
was apparent that in its vegetable origins
coal contained basic organic compounds
which could be reconjugated into ap-
parently natural substances by chemical
means.

As the derivatives from coal were
studied, their molecular structure fell in-
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to two wonderfully geometric divisions.
From coal tars came a series of com-
pounds, called aromatic because of their
pungent odor, whose structure took the
form of ring-shaped molecules. The basic
unit was benzene (C¢Hg), consisting of
a central hexagon of six carbon atoms
with six hydrogen atoms attached. On
this ring all the rest of the compounds
in the series were built by the simple ad-
dition of one carbon atom at a time; e.g.,
C;H; for toluene, the next compound in
the series, CgH, o for xylene and so on. As
the number of carbon atoms in the mole-
cule reached 10, two benzene rings were
fused, sharing two of the carbon atoms
between them to form naphthalene.
Three fused rings formed anthracene
(Cy4H,p), which is the largest molecule
in the series.

From coal gas and the like came an-
other series of carbon compounds, called
aliphatic because of their fatty or oily
character, whose distinguishing form
was a linear or chainlike molecule. The
basic unit in this series is methane, the
simplest of hydrocarbons, consisting of
a single carbon atom surrounded by
four attached hydrogen atoms. From
methane the series builds up, again by
the increment of one carbon atom per
molecule, into progressively longer and
longer carbon chains—CyH; (ethane),
C,H;, (butane), C,,Hs, (decane) and
so on. These chain compounds and
others were later found to be more
abundant in natural gas and petroleum,
fossil hydrocarbons whose origin differs
from that of coal. Whereas coal derives
entirely from land plants, petroleum is
now generally believed to have origin-
ated in the decomposing remains of ma-
rine organisms.

These two broad structural forms—
ring and chain, aromatic and aliphatic—
proved to be the cornerstones of syn-
thetic organic chemistry. With the sim-
pler coal derivatives as starting points,
molecules could be built up, linked and
rearranged by various reactions adding
or substituting other elements—such as
oxygen, nitrogen, sulphur or chlorine—to
form a vast variety of compounds with
different properties. Though their num-
ber does not begin to approach the
enormous variety and complexity of car-
bon compounds in nature, no fewer than
500,000 compounds have been synthe-
sized. These compounds embrace the
whole range of dyes, drugs, perfumes,
plastics, fibers, rubbers, explosives, ad-
hesives, detergents, solvents, insecticides
and other products that constitute the
modern organic chemical industry.

Throughout this development the ex-
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THREE BASIC PROCESSES for extracting various

substances from coal are illustrated in this diagram.

act molecular structure of coal remained
a mystery. It was thought that the basic
benzene and methane series secured
from coal tars and coal gas were not
representative of the composition of
coal itself but were secondary products
formed in the partial combustion or de-
structive distillation of coal by the heat
of gas or coke ovens. Exactly how coal
was put together was a matter difficult
to ascertain. To begin with, coal was a
highly variable mixture of complex
plant substances—cellulose, lignin, res-
ins, proteins and the like—converted
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In carbonization coal is heated primarily to produce metallurgical

a modern version of the reaction oxygen is fed into the reactor. In
coke. Partial combustion is based on the old “water gas” reaction. In

by the coal-forming process into other
complex substances, all bound together
in the solid state. Any attempt to break
the complex coal molecules apart by the
usual combustion methods so drastically
altered them that the resulting fragments
could not be confidently identified as
bearing any relation to the structure of
the starting materials.

Was there a characteristic structure of
coal molecules that might be found to
hold, with variations, through the vari-
ous ranks of coal? Was this structure
small or large, taking as a scale the

macromolecules of plastics and many
natural products? Finally, was coal made
up of only one, a few, or many different
kinds of molecules? These basic ques-
tions had to wait upon refined means of
disentangling the molecules from coal,
and upon research interest.

Coal research has suffered some of the
vicissitudes of its industry. In the early
epoch of organic chemistry there was no
urgent need for precise knowledge of
coal structure. Research centered on
derivatives. Then came the spectacular
development of petroleum chemistry.
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hydrogenation coal is heated to 800 degrees F. at high pressure.

0Oil and natural gas offered a much more
easily manipulated range of hydrocar-
bons than coal, and the industrial em-
phasis shifted to the aliphatics, which
came to account for nearly two thirds of
all organic-chemical production. Re-
search emphasis likewise shifted, as il-
lustrated last year by the publication of
the definitive treatise Hydrocarbons from
Petroleum, representing 25 years of in-
vestigation and over $500,000 in grants
by the U. S. oil industry. No such treatise
exists on coal.

The need for basic research on coal is
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steadily rising as the organic chemical
industry faces the next big step in its
development. In the last 10 years a
mounting attack on the problems of coal,
both here and abroad, has begun to
clarify the chemical structure of coal.
Techniques for coming to grips with this
structure are multiplying. They include
X-ray diffraction and infrared spectros-
copy; solvent techniques for extracting
the molecular constituents of coal; mild
oxidation reactions at temperatures from
200 to 500 degrees Fahrenheit to sepa-
rate the constituents, and thermal de-
composition in a vacuum at temperatures
not exceeding 975 degrees F. Recently
Irving Wender of the U. S. Bureau of
Mines, which has an active coal research
program, developed a new reduction
method employing a metal (lithium)
and an amine in a cleavage reaction in
order to break out the skeletal molecules
of coal.

The sum of the investigations by these
techniques is that the basic molecular
skeleton of coal is now generally agreed
to be a ring-shaped structure whose nu-
cleus is the six-carbon ring of the aro-
matic compounds. H. C. Howard of
Carnegie Institute of Technology’s Coal
Research Laboratory, one of the pioneer
agencies in this field, has shown that all
the products of bituminous coal, ob-
tained by whatever techniques and in all
the temperature ranges, are predomi-
nantly of the benzene-ring type. There
was no correlation between the tempera-
tures used and the amounts of such
products secured. Thus the evidence is
strong that the ring structures are not
formed in the heat of the experimental
reactions, but are present in the basic
molecule of coal itself.

The total molecule is by no means as
simple as benzene. Recent investiga-
tions have begun to piece together some
of its details. The broadest attack on the
problem was launched in 1951 by the
British Coal Utilization Research Asso-
ciation, which set out to analyze by all
available means a series of vitrinites—
bright black coal particles—from typical
coals. These studies have yielded a
working model of the basic molecule of
coal,

The skeletal ring of carbon atoms is
surrounded by hydrogen atoms and a
variety of atomic groups which may re-
place them. These are hydroxyl units
(OH), short aliphatic side chains, ether
linkages and other appendages. The car-
bon ring may also be fused with other
rings into discrete nuclear groups or
clusters. These cluster units, divisible
only by chemical means, probably form
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the basic molecules of coal. They range
in size from about four fused rings in the
low-ranking coals to five to 10 in bitumi-
nous and up to 30 in anthracite. The
clusters are homogeneous for a given
coal; i.e., all belong to the same skeletal
species, though varying in size, shape
and properties according to the different
peripheral groups attached to them. The
clusters form rather flat molecules which,
infrared studies indicate, are stacked so
tightly that there may be some chemical
bonds between the layers.

It is estimated that about 75 per cent
of the carbon in coal is in the form of
such condensed-ring clusters. The clus-
ters are extended in a fairly orderly pat-
tern, which has been visualized as a kind
of chicken-wire structure formed by the
hexagonal rings of the cluster nuclei.
The pattern is broken, however, by
smaller components such as phenol and
quinone groups. In addition there are
stray atoms of nitrogen, sulfur and
metallic compounds within the rings or
between clusters. Thus coal remains a
complex mixture, behaving in a manner
unlike that of any other class of chemi-
cal materials, with its molecular structure
still not fully understood.

The effort to understand the structure
of coal is worthwhile because the more
that is known about how coal is put to-
gether, the more precisely can it be taken
apart to yield desirable chemical sub-
stances. These studies will lead to the
improvement of established chemical
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processes manipulating coal, as well as
to the possible development of new ones.
Already one improved process has made
from coal over 200 basic chemicals, some
entirely new or in quantities never before
achieved. It is this fact that leads chem-
ists and conservationists to conclude that
the most wasteful thing to do with coal
is merely to burn it.

Five Chemical Routes

There are five basic processes for ex-
tracting the hidden wealth of materials
from coal. Most of them were originally
devised in Germany, where, because pe-
troleum was lacking, research centered
on this alternative source of basic hydro-
carbons. The processes range from
methods for reducing the chemical parts
of coal to the simplest gaseous molecules,
then rebuilding them into desired
products, to methods for extracting
chemicals directly from coal in mixed
groups, then separating them. In these
coal processes, as well as in the more ad-
vanced ones of the oil industry, the old
distinction between aromatic and alipha-
tic sources is largely lost. Oil products
may now be made nearly as readily from
coal as from petroleum; petroleum is al-
ready supplying by special processes
such aromatics as benzene and toluene.
Organic chemistry thus moves toward
blending the two fields into one continu-
ous spectrum of hydrocarbons.

This is the range of coal processes, in
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AROMATIC COMPOUNDS derived from coal tar are characterized by the ring-shaped
molecule of benzene (C4Hg). This structure is commonly represented by the hexagon at
the upper left. At each corner of the hexagon is a carbon atom from which projects a hydro-
gen atom. The double lines in each of the hexagons indicate double chemical bonds.
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increasing order of complexity or spe-
cialization:

Carbonization. This is the oldest
process, embodied in the by-product
coke oven, where charges of bituminous
are roasted in a controlled atmosphere at
2,000 degrees F. to burn out part of the
carbon, drive off volatile substances and
give three main product groups: metal-
lurgical coke, coal tar and gases. The
principal gas is carbon monoxide (with
some methane and nitrogen), used as
fuel gas and to make ammonia, methanol
and other chemicals. This carbonization
process, whose leading chemical expo-
nents in this country are the Allied
Chemical & Dye Corp. and the Koppers
Co., Inc., is still capable of further de-
velopment. Only about a third of the tar
finds its way into useful chemicals, and
nearly half of the coal tar chemicals re-
main commercially undeveloped. Low-
or medium-temperature carbonization
processes, with closer control of condi-
tions and catalytic assistance, could now
yield more of the desired or unexplored
chemicals without lowering the quality
of the coke.

Partial combustion. This also is based
on an old process, the “water gas” reac-
tion invented in the U. S. in 1873 but
hardly changed until recently. A jet of
steam is blown over an incandescent bed
of coal or coke in a closed chamber to
produce large quantities of mixed carbon
monoxide and hydrogen, the base of
domestic fuel gas. Since the steam cools

CH,
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BASIC MOLECULAR STRUCTURE of coal is also characterized
by the benzene ring. In coal, however, the rings are assembled in
larger structures called cluster units. Depicted here are three
typical cluster units. The long bonds that do not end in atoms or

the coals, which then have to be brought
back to 3,000 degrees F. by a blast of air,
the process is inefficiently intermittent
and has lost ground steadily to higher-
B.T.U. natural gas. However, this sim-
ple, important process is the first cheap
method for adding reactive hydrogen
(from water) to coal to get a synthesis
gas that can be manipulated into many
chemicals. Germany made two advances
in the process. In one it is made continu-
ous by substituting pure oxygen for air
and feeding the oxygen and steam stead-
ily to the reaction. In the other the pres-
sure is raised to 300 pounds per square
inch to cause part of the carbon to com-
bine with the hydrogen to form methane,
thus enriching the gas. The efficiency of
these developments is now being in-
creased to produce synthesis gas of great
chemical promise.

Fischer-Tropsch. If synthesis gas or
the residual gas from coal carbonization
are now fed across a cobalt or iron cat-
alyst at low heat and pressure, a magical
stream of products results: petroleum-
like products ranging from gasoline to
lubricating oil, plus a range of alcohols
beginning with methanol and ethanol,
the synthetic forms respectively of wood
and grain alcohol. Heat, pressure and
catalyst force the small gas molecules to
link up into the short-chain molecules of
the aliphatic series. By varying the con-
trols, the preponderance of oil or chemi-
cal products may be altered. This process
is the creation, dated 1933, of the Ger-
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man chemists Franz Fischer and the late
Hans Tropsch. U. S. investigators, using
fluid-bed catalysts and other techniques,
are speeding up and refining the process.

Hydrogenation. This process, another
product of German ingenuity developed
by Friedrich Bergius in 1910, is the first
chemical process to work directly from
coal. A blast of pure hydrogen (sepa-
rated from synthesis gas) is shot into a
paste of pulverized coal and catalyst at
medium temperature (850 degrees F.)
and high pressure (3,000 pounds per
square inch) literally to explode the coal
molecules and attach hydrogen to their
dismembered chains and rings. This,
with its massive additions of hydrogen,
produces the widest range of coal chemi-
cals: gasoline, Diesel and heavy oils,
benzene, phenols and the range of coal
tar chemicals, aniline and a swath of ni-
trogen compounds, plus a small amount
of hydrocarbon gas and high-grade coke.
Depending on the catalyst and controls,
oil products or other chemicals may be
the major yield. Germany used this
process for the bulk of its wartime gaso-
line, with Fischer-Tropsch supplying the
rest. It is a process capable of many
variations and refinements.

Solvent extraction. A great range of
solvents has now been explored for se-
lectively dissolving specific chemicals
out of coal paste. None has yet reached
commercial status. Solvents are expen-
sive to handle, being merely temporary
vehicles in the process. But with the in-

atomic groups are presumed to be connected to carbon or oxygen
atoms in other cluster units. The flat cluster units are tightly
stacked in layers that may be joined by chemical bonds. This gives
coal a basic structure rather like contiguous layers of chicken wire.
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PEAT is revealed in the first of this series of micrographs made by
the U. S. Bureau of Mines. It has the cellular structure of wood.
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BITUMINOUS COAL from Kentucky has bands of coarse material
(bottom) and fine (top). The coarse band has a woody structure.
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LIGNITE from North Dakota is streaked with dark bands of resin-
ous material. All sections on this page are enlarged 200 diameters.

CANNEL COAL is typical of unbanded coals. It has the pattern
of finely divided plant remains such as resins, humus and spores.
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creasing efficiency of solvent recovery,
chemical extraction by this means may
prove attractive. It is low in heat cost and
is the least destructive method of obtain-
ing certain compounds.

Toward Carbochemicals

Economic factors have retarded the

application of most of these processes in
the U. S. So long as oil and chemical
products can be secured easily and di-
rectly from petroleum and natural gas,
there is no strong incentive to take the
more difficult, roundabout routes from
coal. Nearly all involve net deficits in
energy. Moreover, coal as a solid pre-
sents inescapable problems of physical
handling and ash disposal, even in chem-
ical processes. The multiplicity of chemi-
cals from coal, which have unequal
value, present other problems. One large
hydrogenation plant, it has been esti-
mated, could pour out enough phenol to
supply nearly the whole U. S. require-
ment at present. But with increasing
limitations in the price and availability
of natural gas, and with the time ap-
proaching when petroleum will not be so
freely plentiful, the chemical industry is
making a start toward carbochemicals.
Two experimental plants are under way.
Both are located in the dark, narrow
valley of the Kanawha River, flowing
between West Virginia’s bituminous
mountains.

The first and broadest of these experi-
ments is a great, black coal hydrogena-
tion plant at Institute, W. Va., built at a
cost of $11 million by the Carbide &
Carbon Chemicals Co., a division of
Union Carbide & Carbon Corp. This
plant, as distinct from the German prac-
tice, is designed primarily to produce
chemicals. It embodies a number of en-
gineering advances, chiefly in the direc-
tion of economy. It cuts the reaction time
from about 45 minutes to three minutes.
A 300-ton-a-day stream of coal paste is
almost continuously piped to two big
steel reactors, heavy as naval guns, from
which debouch a stream of sludgy mixed
products. Through several separation
stages, heavy oils, coke and ash are
drawn off to one side and hydrocarbon
gases to the other. This frees the main
stream of liquid chemicals: volatile aro-
matics beginning with naphthalene in
one group, phenolics in another, nitrogen
compounds in a third. Early last year the
Institute plant shipped its first tank car
of high-boiling phenols. Since then it has
supplied six other bulk chemicals and
a dozen more in experimental amounts.

Altogether Carbide spent over 15
years, interrupted by the war, studying

rocket launching systems
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coal in all its chemical aspects. Natural
gas, around which it had built its big
chemical plant at Charleston, W. Va,,
had a foreseeable end in that area. Coal
hydrogenation, as worked out by its
chemists, had three attractions. It sup-
plied certain chemicals such as benzene,
the demand for which was outrunning
the supply of the coke ovens. It provided
still other chemicals which were either
wholly destroyed or reduced to barely
recoverable amounts in the heat of the
coke ovens. Thus it gave promise of de-
veloping a base for new products and
markets which would permit a gradual
shift from natural gas to coal. Some of
the products already evolving are new
types of phenolic plastics, new pharma-
ceuticals based on quinoline (nicotinic
acid) and on picoline (tuberculosis
drugs), and new rocket fuels.

Carbide continues its basic coal stu-
dies. It has investigated the underground
gasification or burning of coal in situ in
the earth, concluding that the process is
still too uncontrolled and variable in the
production of synthesis gas to allow a
continuous chemical operation. It is stud-
ying other gasification schemes and va-
riations on the Fischer-Tropsch. As natu-
ral gas dwindles, some such process will
have to supply the large volumes of gas
and intermediates needed for synthesis.
It is not neglecting the more mundane
aspects of coal mining and transporta-
tion, which account for over 80 per cent
of coal’s high costs. Its engineers have
developed an experimental robot miner,
controlled entirely from above ground,
which chews its way 1,000 feet into a
coal seam, throwing out a stream of fine
coal by means of a flexible conveyor car-
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ried behind. It mines up to two tons a
minute, with only three outside oper-
ators. Carbide’s engineers are also look-
ing into the long-distance transportation
of pulverized coal by pipeline.

In the next round of expansion, as
Carbide scales up to a full-sized 1,000-
to 5,000-ton-a-day hydrogenation plant,
its engineers envision a continuous-flow
operation characteristic of the chemical
industry. A never-ending stream of coal
from the mines will be processed and
sent by pipeline to the chemical plant,
which 24 hours a day will split the black
mass into nearly 100 sparkling streams
of chemicals.

The second big experiment in carbo-
chemicals is taking place a few miles up
river at Belle, W. Va. Here for a quarter
of a century E. I. du Pont de Nemours &
Co. has had one of its basic plants. It has
operated on the old water gas reaction,
synthesizing from the gas such chemicals
as ammonia, urea and other nitrogen
products (for fertilizers, plastics, explo-
sives), methanol and other carbon com-
pounds (for solvents, antifreeze, inter-
mediates). The first raw materials for
nylon (adipic acid and hexamethylene
diamine) were derived here. But any
process unchanged for 25 years is sus-
pect to chemists, and the water gas pro-
cess is not only discontinuous but dirty,
throwing out clouds of partially burned
coke particles as the steam and air al-
ternately play over the glowing coke.
Thus nine years ago du Pont’s Poly-
chemicals Department began working on
a cleaner, more efficient means of coal
gasification. Later the help of the Bab-
cock & Wilcox Company was enlisted in
the design of a plant.
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The new plant at Belle, which went
into operation early this year, is an ad-
vanced model of the partial combustion
of coal. A jet of oxygen and superheated
steam meets a stream of pulverized coal
being shot through a burner nozzle into
a great tubular furnace. Synthesis gas is
tapped off continuously at the top of the
furnace, ash and molten slag is continu-
ously washed out at the bottom. From
this gas du Pont will make the same
products as before except methanol,
which is now more cheaply derived from
petrochemical sources. The new unit will
supply about a third of Belle’s gas re-
quirements. If it works out well—and
operation thus far indicates that it has
marked economic and control advan-
tages over water gas—the process will
supplant all of du Pont’s remaining wa-
ter gas units.

Du Pont long weighed the alternative
of switching completely away from coal
to natural gas, which is now the most ec-
onomic source of both methanol and syn-
thetic ammonia. But all its newer plants
are based on petrochemistry, and du Pont
decided that it had better experiment on
coal as insurance against the future. Coal
partial combustion may some day be
called upon to supply the synthesis gas
which, with the addition of Fischer-
Tropsch-type processes, can be turned
into both organic chemicals and liquid
fuels. The search for a cheap source of
synthesis gas is in flux in many labora-
tories. The oil industry has done much
work on coal gasification as insurance
against a decline in petroleum supplies.
One of the latest schemes is a process for
the underground gasification of Western
lignites and other subbituminous coals.
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AROMATIC STRUCTURES

in a bituminous coal from Pittsburgh, Pa. Kaolinite is an inor-
ganic constituent. The aromatie structures are single and multiple.



For a time during one of the recurrent
oil-shortage scares it was thought that
the oil industry would lead the way to-
ward making chemicals from coal. But
shifting reserve estimates, regional re-
source patterns and the even more shifty
economics of hydrocarbon sources make
prediction dangerous. The development
of carbochemicals will probably follow
the pattern of the so-called petrochemi-
cals. The chemical industry will explore
and establish markets. The oil industry
will come in later, as it is pressed to make
synthetic fuels, to supply by-product raw
materials in huge quantity for the future
carbochemical industry.

The Future of Coal

The absence of the coal industry
proper in all these endeavors is most

noticeable. There has been a certain |

amount of awakening recently. A few

coal companies, such as the Pittsburgh |

Consolidation Coal Co., have undertaken
research programs looking toward coal
as a basic carbonaceous chemical mate-

rial. A few producers have come to sup- |

port the cooperative Bituminous Coal
Research, Inc., which last year raised
near Columbus, Ohio, the first general
laboratory in the industry in an attempt
to catch up on the research so signally
lacking in coal for a century. But re-
search funds are meager compared with

those in the oil and chemical industries. |

What funds are available might better
be turned to the fundamental study of

coal chemistry, for it is within the mole- |
cule of coal that the future of the indus- |

try lies. Such fundamental studies would
promote the balanced development of

coal both as a source of new chemicals |

and of new energy, for these aspects of
coal cannot be separated if this great
natural resource is to be most efficiently
utilized.

No one can exactly predict the pattern

of the new coal age. Eugene Ayres, an |

authority on energy sources, thinks that
low-temperature carbonization will come
to the fore on the basis of its low cost
and high thermal yields to supply char
for electric steam generating stations at
the same time that it supplies gas and tar
for chemicals and synthetic liquid fuels.
Others foresee great coal gasification
plants close to the mines simultaneously
turning out gases for chemical and
liquid-fuel synthesis and by-product gas
for heating. Still others see a range of
coal-hydrogenation plants to supply a
large group of organic chemicals, plus

some oil products, some synthesis gas |
and vital amounts of metallurgical coke |

for the steel industry.

X-Crepe" versus Fabric
for Forming

Simple curve sink top

Molded or drawn
compound curve

Spherical cap

Unlike fabric, X-Crepe contains readily available potential energy. Any
part of an X-Crepe sheet can release this energy when it is molded or
formed. Thus, simple or compound curves can be built into X-Crepe
permanently. There is no ‘*spring'’, no tendency to return to original
shape - as there is with cloth.

X-Crepe has no interstices which, in cloth, soak up unnecessary quan-
tities of expensive saturant. Yet X-Crepe receives coating or saturant
readily. And, X-Crepe almost always costs less than fabric.

As a result, all leading manufacturers of post-forming grade plastic
sheets use X-Crepe as a saturating base. For example, the new post-
formed sink and vanitory tops contain X-Crepe. Cloth would be more
expensive, harder to work with.

Because X-Crepe can be formed in three dimensions, it can be combined
with phenolics, polyesters and other saturants —then molded or drawn
into shapes containing compound or spherical curves. Ordinarily, cloth
cannot be formed into compound curves of any appreciable depth.

In many cases, X-Crepe's own tendency to hold its formed shape is
sufficient. No saturant is necessary. One manufacturer uses plain
X-Crepe to make a spherical cap for use in electronic equipment. Another
makes the bottom of a formed bicycle seat of waterproofed X-Crepe.

If you use, or plan to use, fabric as an engineering material, you will
profit from knowing all about X-Crepe. Our Research and Development
Staff will work with your personnel on any feasible project you may sug-
gest. Write today for our portfolio of samples.

Cincinnati Industries Inc.
378 Carthage Avenue

Reg. U.5 Pal. O,

© 1955 SCIENTIFIC AMERICAN, INC

Cincinnati 15, (Lockland) Ohio

67



Einstein’s home at 112 Mercer Street in Princeton, N. J.
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An Interview with Einstein

Two weeks before Einstein died he was visited by a historian

of science. They sat in Einstein’s study and discussed some

of his illustrious predecessors in the evolution of physics

n a Sunday morning in April, two

O weeks before the death of Albert

Einstein, I sat and talked with

him about the history of scientific

thought and great men in the physics of
the past.

I had arrived at the Einstein home, a
small frame house with green shutters,
at 10 o’clock in the morning and was
greeted by Helen Dukas, Einstein’s sec-
retary and housekeeper. She conducted
me to a cheerful room on the second floor
at the back of the house. This was Ein-
stein’s study. It was lined on two walls
with books from floor to ceiling and con-
tained a large low table laden with pads
of paper, pencils, trinkets, books and a
collection of well-worn pipes. There was
a phonograph and records. Dominating
the room was a large window with a
pleasant green view. On the remaining
wall were portraits of the two founders
of the electromagnetic theory—Michael
Faraday and James Clerk Maxwell.

After a few moments Einstein entered
the room and Miss Dukas introduced us.
He greeted me with a warm smile, went
into the adjacent bedroom and returned
with his pipe filled with tobacco. He
wore an open shirt, a blue sweat shirt,
gray flannel trousers and leather slippers.
There was a touch of chill in the air, and
he tucked a blanket around his feet. His
face was contemplatively tragic and
deeply lined, and yet his sparkling eyes
made him seem ageless. His eyes
watered almost continually; even in mo-
ments of laughter he would wipe away
a tear with the back of his hand. He
spoke softly and clearly; his command
of English was remarkable, though
marked by a German accent. The con-
trast between his soft speech and his
ringing laughter was enormous. He en-
joyed making jokes; every time he made
a point that he liked, or heard something

by I Bernard Cohen

that appealed to him, he would burst
into booming laughter that echoed from
the walls.

We sat side by side at the table, facing

the window and the view. He ap-
preciated that it was difficult for me to
begin a conversation with him; after a
few moments he turned to me as if an-
swering my unasked questions, and said:
“There are so many unsolved problems
in physics. There is so much that we do
not know; our theories are far from ade-
quate.” Our talk veered at once to the
problem of how often in the history of
science great questions seem to be re-
solved, only to reappear in new form.
Einstein expressed the view that per-
haps this was a characteristic of physics,
and suggested that some of the funda-
mental problems might always be with
us.

Einstein remarked that when he was a
young man the philosophy of science was
considered a luxury, and most scien-
tists paid no attention to it. He assumed
that the situation was much the same
with respect to the history of science.
The two subjects must be similar, he said,
because both deal with scientific thought.
He wanted to know about my train-
ing in science and in history, and how
I had become interested in Newton. I
told him that one of the aspects of my
research was the origin of scientific con-
cepts and the relation between experi-
ment and the creation of theory; what
had always impressed me about New-
ton was his dual genius—in pure mathe-
matics and mathematical physics and in
experimental science. Einstein said that
he had always admired Newton. As he
explained this, I remembered those
striking words in his autobiographical
statement following a critique of New-
tonian concepts—“Newton, forgive me.”
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Einstein was particularly interested in
the various aspects of Newton’s person-
ality and we discussed Newton’s con-
troversy with Hooke in the matter of
priority in the inverse-square law of
gravitation. Hooke wanted only “some
mention” in the preface to Newton’s
Principia, a little acknowledgment of his
efforts, but Newton refused to make the
gesture. Newton wrote to Halley, who
was supervising the publication of the
great Principia, that he would not give
Hooke any credit; he would rather sup-
press the crowning glory of the treatise,
the third and final “book” dealing with
the system of the world. Einstein said:
“That, alas, is vanity. You find it in so
many scientists. You know, it has always
hurt me to think that Galilei did not ac-
knowledge the work of Kepler.”

We then spoke of Newton’s contro-
versy with Leibniz over the invention of
the calculus, and how Newton had at-
tempted to prove that his German con-
temporary was a plagiarist. There was
set up a supposed international commit-
tee of inquiry, composed of Englishmen
and two foreigners; today we know that
Newton anonymously directed the com-
mittee’s activities. Einstein said that he
was shocked by such conduct. He did
not appear too much impressed when I
asserted that it was the nature of the age
to have violent controversies, that the
standards of scientific behavior had
changed greatly since Newton’s day.
Einstein felt that whatever the temper of
the time there is a quality of human dig-
nity that should enable a man to rise
above the passions of his age.

hen we talked about Franklin, whose
conduct as a scientist I had always
admired, especially because he had not
entered into such controversy. Franklin
was proud that he had never written a
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polemic in defense of his experiments or
his ideas. He believed that experiments
can be tested only in the laboratory, and
that concepts and theories must make
their own way by proving their validity.
Einstein only partly agreed. It was well
to avoid personal fights, he said, but it
was also important for a man to stand
up for his own ideas. He should not sim-
ply let them go by default, as if he did
not really believe in them.

Einstein, who knew of my interest in
Franklin, wanted to know more about
him: Had he done more in science than
invent the lightning rod? Had he really
done anything of importance? I replied
that in my opinion the greatest thing to
come out of Franklin’s research was the
principle of the conservation of charge.
Yes, said Einstein, that was a great con-
tribution. Then he thought to himself for
a moment or two and, with a smile, asked
me how Franklin could have proved it.
Of course, I conceded, Franklin was only
able to adduce some experimental ex-
amples of equal positive and negative
electrification, and to show the applica-
bility of the principle in explaining a
variety of phenomena. Einstein shook
his head once or twice, and admitted
that until then he had not appreciated
that Franklin deserved a place of honor
in the history of physics.

The subject of controversies over sci-
entific work led Einstein to take up the
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subject of unorthodox ideas. He men-
tioned a fairly recent and controversial
book, of which he had found the non-
scientific part—dealing with comparative
mythology and folklore—interesting.
“You know,” he said to me, “it is not a
bad book. No, it really isn’t a bad book.
The only trouble with it is, it is crazy.”
This was followed by a loud burst of
laughter. He then went on to explain
what he meant by this distinction. The
author had thought he was basing some
of his ideas upon modern science, but
found the scientists did not agree with
him at all. In order to defend his idea of
what he conceived modern science to be,
so as to maintain his theories, he had to
turn around and attack the scientists. I
replied that the historian often encoun-
tered this problem: Can a scientist’s con-
temporaries tell whether he is a crank or
a genius when the only evident fact is
his unorthodoxy? A radical like Kepler,
for example, challenged accepted ideas;
it must have been difficult for his con-
temporaries to tell whether he was a
genius or a crank. “There is no objective
test,” replied Einstein.

Einstein was sorry that scientists in
the U. S. had protested to publishers
about the publication of such a book. He
thought that bringing pressure to bear
on a publisher to suppress a book was an
evil thing to do. Such a book really could
not do any harm, and was therefore not
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really bad. Left to itself, it would have
its moment, public interest would die
away and that would be the end of it.
The author of such a book might be
“crazy” but not “bad,” just as the book
was not “bad.” Einstein expressed him-
self on this point with great passion.

‘L’\/'[uch of the time we spent together

4 was devoted to the history of sci-
ence, a subject that had long been of
interest to Einstein. He had written many
articles about Newton, prefaces to his-
torical works and also biographical
sketches of his contemporaries and the
great men of science of the past. Think-
ing aloud about the nature of the his-
torian’s job, he compared history to
science. Certainly, he said, history is less
objective than science. For example, he
explained, if two men were to study
the same subject in history, each would
stress the particular part of the subject
which interested him or appealed to him
the most. As Einstein saw it, there is an
inner or intuitional history and an ex-
ternal or documentary history. The latter
is more objective, but the former is more
interesting. The use of intuition is dan-
gerous but necessary in all kinds of his-
torical work, especially when the at-
tempt is made to reconstruct the thought
processes of someone who is no longer
alive. This kind of history, Einstein felt,
is very illuminating despite its riskiness.



It is important to know, he went on, what
Newton thought and why he did certain
things. We agreed that the challenge of
such a problem should be the major mo-
tivation of a good scientific historian. For
instance, how and why had Newton de-
veloped his concept of the aether? De-
spite the success of Newton’s gravitation
theory, he was not satisfied by the con-
cept of the gravitational force. Einstein
believed that what Newton most strong-
ly objected to was the idea of a force
being able to transmit itself through
empty space. Newton hoped by means
of an aether to reduce action at a dis-
tance to a force of contact. Here is a
statement of great interest about New-
ton’s process of thought, Einstein de-
clared, but the question arises as to
whether—or perhaps to what extent—one
can document such intuition. Einstein
said most emphatically that he thought
the worst person to document any ideas
about how discoveries are made is the
discoverer. Many people, he went on,
had asked him how he had come to think
of this or how he had come to think of
that. He had alwaysfound himself a very
poor source of information concerning
the genesis of his own ideas. Einstein be-
lieved that the historian is likely to have
a better insight into the thought process-
es of a scientist than the scientist him-
self.

Einstein’s interest in Newton had al-

ways been centered on his ideas, which
are to be found in every textbook of
physics. He had never made a systematic
examination of all Newton’s writings, in
the manner of a thorough historian of
science, but of course he had an appre-
ciation of Newtonian science that could
come only from a scientific peer of New-
ton. Yet Einstein was keenly interested
in the results of scholarship in the history
of science, such as the development of
some of Newton’s fundamental opinions
in his successive revisions of his major
works, the Opticks and the Principia. In
our correspondence on this subject, the
question had arisen as to whether there
was any sense in which Einstein might
have “revived” a Newtonian concept of
light in his paper on photons in 1905.
Had he ever read Newton’s writings on
light before that year? He told me: “As
far as I can remember I had not studied,
or at least not studied profoundly, the
original before I had to write the little
foreword for the Opticks. The reason is,
of course, that everything that Newton
ever wrote is alive in the later works in
physical science.” Furthermore, “young-
er people are very little historically
minded.” Einstein’s main concern had
been his own scientific work; he had
known of Newton primarily as the
author of many of the fundamental con-
cepts in classical physics. But he had en-
countered Newton’s “utterances of a
philosophical character”; these were
cited again and again.

In 1905 Einstein knew that Newton
had espoused a corpuscular theory of
light, a fact which he must have found
in Drude’s famous book on light, but he
had evidently not known untilmany dec-
ades later about Newton’s attempts to
blend a corpuscular and wave theory.
Einstein knew of my interest in the Op-
ticks, especially in the influence of this
book on the later course of experimental
physics. When I remarked on the great-
ness of Newton’s intuition about the
study of light being the key to exact
knowledge of the corpuscles of matter,
Einstein misunderstood what I had said.
He replied that we must not take too
seriously the historical accident that
Newton’s corpuscular view of light with
wave aspects sounds something like
modern statements. I explained what I
had meant: Newton had attempted to
infer from what we call interference or
diffraction phenomena the size of the
corpuscles of matter. These intuitions
might be very profound, Einstein agreed,
but not necessarily fruitful. For exam-
ple, he said, Newton’s thoughts on this
subject did not lead anywhere; he could
not prove his point nor derive precise in-
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formation about the structure of matter.
Einstein was actually more interested
in the Principia and in Newton’s views
on hypotheses. He greatly esteemed the
Opticks, but primarily for the analysis of
color and the magnificent experiments.
Of this book he had written that “it alone
can afford us the enjoyment of a look at
the personal activity of this unique man.”
Looking back over all of Newton’s ideas,
Einstein said, he thought that Newton’s
greatest achievement was his recognition
of the role of privileged systems. He re-
peated this statement several times and
with great emphasis. This is rather puz-
zling, I thought to myself, because today
we believe that there are no privileged
systems, only inertial systems; there is
no privileged frame—not even our solar
system—which we can say is privileged
in the sense of being fixed in space, or
having special physical properties not
possible in other systems. Due to Ein-
stein’s own work we no longer believe
(as Newton did) in concepts of absolute
space and absolute time, nor in a privi-
leged system at rest or in motion with
respect to absolute space. Newton’s so-
lution appeared to Einstein ingenious
and necessary in his day. I was reminded
of Einstein’s statement: “Newton, . . .
you found the only way which, in your
age, was just about possible for a man of
highest thought and creative power.”

I remarked that Newton’s genius was

displayed in his adopting as a “hy-
pothesis” in the Principia the statement
about the “center of the system of the
world” being fixed, immobile in space;
that a lesser man than Newton might
have thought he could prove such an as-
sertion, either by mathematics or by ex-
periment. Einstein replied that Newton
probably did not fool himself. He was
apt to know what could be proved and
what could not; this was a sign of his
genius.

Einstein then said that the biographi-
cal aspects of scientists had always in-
terested him as much as their ideas. He
liked to learn the lives of the men who
had created the great theories and per-
formed the major experiments, what kind
of men they were, how they worked and
how they treated their fellow men. Re-
verting to an earlier topic of our conver-
sation, Einstein observed how many
scientists seemed to have suffered from
vanity. He pointed out that vanity may
appear in many different forms. Often a
man would say that he had no vanity,
but this too was a kind of vanity because
he took such special pride in the fact.
“It is like childishness,” he said. Then he
turned to me and his booming laugh
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Along this street Einstein walked to the Institute

filled the room. “Many of us are childish;
some of us more childish than others. But
if a man knows that he is childish, then
that knowledge cun be a mitigating fac-
tor.”

The conversation then turned to New-
ton’s life and his private speculations: his
investigations of theology. I mentioned
to Einstein that Newton had essayed a
linguistic analysis of theology, in an at-
tempt to find the corruptions that had
been introduced into Christianity. New-
ton was not an orthodox Trinitarian. He
believed his own views were hidden
away in Scripture, but that the revealed
documents had been corrupted by later
writers who had introduced new con-
cepts and even new words. So Newton
sought by linguistic analysis to find the
truth. Einstein remarked that for him
this was a “weakness” in Newton. He did
not see why Newton, finding his own
ideas and the orthodox ones at variance,
did not simply reject the established
views and assert his own. For instance,
if Newton could not agree with the ac-
cepted interpretations of Scripture, why
did he believe that Scripture must
nevertheless be true? Was it only be-
cause the common point of view was
that fundamental truths are contained
in the Bible? It did not seem to Einstein
that in theology Newton showed the
same great quality of mind as in physics.
Einstein apparently had little feeling for
the way in which a man’s mind is im-
prisoned by his culture and the character
of his thoughts are molded by his intel-
lectual environment. I did not press the
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point, but I was struck by the fact that
in physics Einstein could see Newton as
a man of the 17th century, but that in
the other realms of thought and action
he viewed each man as a timeless, free-
ly acting individual to be judged as if he
were a contemporary of ours.

Einstein seemed particularly im-
pressed by the fact that Newton had not
been entirely satisfied with his theologi-
cal writings, and had sealed them all up
in a box. This seemed to indicate to Ein-
stein that Newton was aware of the im-
perfect quality of his theological conclu-
sions and would not present to public
view any writings that did not measure
up to his own high standards. Since New-
ton obviously did not wish to publish his
speculations on theology, Einstein as-
serted with some passion that he per-
sonally hoped no one else would publish
them. Einstein said a man has a right to
privacy, even after his death. He praised
the Royal Society for having resisted all
pressure to edit and print writings of
Newton which their author had not
wanted to publish. He believed that
Newton’s correspondence could justly be
published, because a letter written and
sent was intended to be read, but he
added that even in correspondence there
might be some personal things which
should not be published.

M hen he spoke briefly about two great

A physicists whom he had known well:
Max Planck and H. A. Lorentz. Einstein
told me how he had come to know
Lorentz in Leiden through Paul Ehren-
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fest. He remarked that he had admired
and loved Lorentz perhaps more than
anyone else he had ever known, and not
only as a scientist. Lorentz had been ac-
tive in the movement for “international
cooperation,” and had always been inter-
ested in the welfare of his fellow men.
He had worked on many technical prob-
lems for his own country, an activity
which was not generally known. This
was part of Lorentz’ character, Einstein
explained, a kind of nobility which made
him work for the well-being of others,
preferably in anonymity. Einstein also
expressed great affection for Max Planck.
Planck was a religious man, he said, and
always sought to reintroduce the abso-
lutes—even on the basis of relativity
theory. I asked Einstein whether Planck
had ever fully accepted the “theory of
photons,” or whether he had continued
to restrict his interest to the absorption
or emission of light without regard to its
transmission. Einstein stared at me for a
moment or two in silence. Then he
smiled and said: “No, not a theory. Not a
theory of photons,” and again his deep
laughter enveloped us both—and the
question was never answered. I remem-
bered that Einstein’s 1905 paper, for
which (nominally) he had been award-
ed the Nobel prize, did not contain the
word “theory” in the title, but referred
instead to considerations from a “heuris-
tic viewpoint.”

There are fashions in science, Einstein
said. When he had studied physics as a
young man, one of the major questions
being discussed was: Do molecules
exist? He remembered how important
scientists, men like Wilhelm Ostwald
and Ernst Mach, had been explicit in
stating that they did not really believe
in atoms and molecules. One of the
greatest differences between physics
then and now, Einstein observed, was
that today nobody bothers to ask this
particular question any more. Although
Einstein did not agree with the radical
position adopted by Mach, he told me
he admired Mach’s writings, which had
had a great influence on him. He had
visited Mach, he said, in 1913, and had
raised a question in order to test him.
He asked Mach what his position would
be if it proved possible to predict a prop-
erty of a gas by assuming the existence
of atoms—some property that could not
be predicted without the assumption of
atoms and yet one that could be ob-
served. Einstein said he had always be-
lieved that the invention of scientific
concepts and the building of theories
upon them was one of the great creative
properties of the human mind. His own
view was thus opposed to Mach’s, be-



cause Mach assumed that the laws of
science were only an economical way of
describing a large collection of facts.
Could Mach accept the hypothesis of
atoms under the circumstances Einstein
had stated, even if it meant very compli-
cated computations? Einstein told me
how delighted he was when Mach re-
plied affirmatively. If an atomic hypoth-
esis would make it possible to connect
by logic some observable properties
which would remain unconnected with-
out this hypothesis, then, Mach said, he
would have to accept it. Under these
circumstances it would be “economical”
to assume that atoms may exist because
then one could derive relations between
observations. Einstein had been satis-
fied; indeed more than a little pleased.
With a serious expression on his face, he
told me the story all over again to be
sure that I understood it fully. Wholly
apart from the philosophical victory over
what Einstein had conceived Mach’s
philosophy to have been, he had been
gratified because Mach admitted that
there might, after all, be some use to the
atomistic philosophy to which Einstein
had been so strongly committed.

Einstein said that at the beginning of

the century only a few scientists had
been philosophically minded, but today
physicists are almost all philosophers,
although “they are apt to be bad philoso-
phers.” He pointed as an example to
logical positivism, which he felt was a
kind of philosophy that came out of
physics.

Now it was time to leave. I was horri-
fied to realize it was a quarter to 12.
Knowing that Einstein tired easily, I
had meant to stay only half an hour. Yet
every time I had gotten up to depart he
had said, “No, no, don’t go yet. You have
come to see me about your work and
there is still more to talk about.” Yet at
last I was taking my leave. Miss Dukas
joined us as we walked toward the front
of the house. As I neared the stairs, I
turned to thank Einstein, missed a step
and almost fell. When I had recovered
my balance, Einstein smiled and said,
“You must be careful here, the geometry
is complicated. You see,” he continued,
“negotiating stairs is not really a physical
problem, but a problem in applied
geometry.” He chuckled and then
laughed out loud. I started down the
stairs and Einstein began to walk down
the corridor toward the study. Suddenly
he turned and called: “Wait. Wait., I
must show you my birthday present.”

As I returned to the study Miss Dukas
explained to me that Eric Rogers, who
teaches physics at Princeton, had made

a gadget for Einstein as a present for his |
76th birthday, and that Professor Ein- |
stein had been delighted with it. Back
in the study, I saw Einstein take from |
the corner of the room what looked like
a curtain rod five feet tall, at the top of
which was a plastic sphere about four
inches in diameter. Coming up from the
rod into the sphere was a small plastic
tube about two inches long, terminating
in the center of the sphere. Out of this
tube there came a string with a little ball
at the end. “You see,” said Einstein,
“this is designed as a model to illustrate
the equivalence principle. The little ball
is attached to a string, which goes into
the little tube in the center and is at-
tached to a spring. The spring pulls on
the ball, but it cannot pull the ball up
and into the little tube because the
spring is not strong enough to overcome
the gravitational force which pulls down
on the ball.” A big grin spread across his
face and his eyes twinkled with delight
as he said: “And now the equivalence
principle.” Grasping the gadget in the
middle of the long brass curtain rod, he
thrust it upward until the sphere touched
the ceiling. “Now I will let it drop,” he
said, “and according to the equivalence
principle there will be no gravitational
force. So the spring will now be strong
enough to bring the little ball into the
plastic tube.” With that he suddenly let
the gadget fall freely and vertically,
guiding it with his hand, until the bottom
reached the floor. The plastic sphere at |
the top was now at eye level. Sure
enough, the ball nestled in the tube.
With the demonstration of the birth-
day present our meeting was at an end.
As I walked out to the street, I thought
to myself that of course I had known that
Einstein was a great man and a great
scientist, but I had had no idea of the
warmth of his friendly personality, his
kindness and his rich sense of humor.
There had been, during that visit, no
sense of the imminence of death. Ein-
stein’s mind was alert, his wit was keen
and he had seemed very gay. On the
Saturday following my visit, a week be-
fore Einstein was taken to the hospital,
a Princeton friend of long standing and
intimacy went with Einstein to the hos-
pital to see Einstein’s daughter, who was
ill with sciatica. This friend writes that
after he and Einstein left the hospital
that Saturday, “we went for a long walk.
Strange to say, we talked about our atti-
tudes toward death. I mentioned a quo-
tation from James Frazer in which he
said that fear of death was the basis of
primitive religion, and that to me death
was both a fact and a mystery. Einstein
added, ‘And also a relief.” ” |
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THE MUTATION OF VIRUSES

Viruses provide a simple example of the basic process of biological

change. Some recent experiments suggest that it may soon be possible

to alter their mmborn characteristics predictably by chemical means

centuries as a distressing but seldom

fatal disease, suddenly turned virulent
and swept across the world in the great-
est epidemic of modern times. Then, just
as suddenly, the fatal form of influenza
disappeared, leaving some 25 million
dead. Where had this scourge come
from and where had it gone? At the time
there was no accepted answer. We now
know that influenza is a virus disease,
and we believe that the 1918-1919 pan-
demic was simply a catastrophic exam-
ple of biological mutation. The study of
virus mutation has been vigorously pur-
sued with the aim of understanding these
changes and acquiring knowledge that
will enable us to prevent another world-
wide disaster. The mutation of viruses is
also studied because mutation is the
process of hereditary change that links

In 1918 and 1919 influenza, known for

by C. A. Knight and Dean Fraser

men to all other living things and to their
primordial ancestors.

Reproduction is one of the two essen-
tial features of life. Mutation is the other.
The discovery that viruses share this
property with all other living things has
opened a new field of scientific investi-
gation: the chemistry and physics of
genetics. This field is only about 10 years
old, but the information that it has
brought to light has already revolution-
ized our ideas of life processes.

Why are viruses the key to the chemis-
try and physics of heredity? It has long
been known that heredity is determined
by the chromosomes, the threadlike bod-
ies in the nucleus of the cell, and by
their subunits the genes. The problem of
how the genetic material produces its
hereditary effects is fundamentally the
problem of its chemistry. In most living

things the study of this problem is virtu-
ally hopeless. In many-celled organisms
it takes a specialist just to find the chro-
mosomes. The genetic material in such
organisms is so intimately involved with
other cellular constituents that it is most
difficult to separate it. What we need is
a simpler creature. It would be best, in
fact, to have an organism that is com-
posed solely of genes and has only the
function of reproducing them. Viruses
come close to having such characteristics.

Viruses live not only in men and other

animals but also in plants and bacte-
ria. It is possible to raise plant and bac-
terial viruses in huge numbers. A virus
can be selected for a specific property,
such as the ability to attack a certain host
or to cause a certain disease symptom. A
genetically pure sample of virus can then

TOBACCO MOSAIC VIRUS is the subject of many mutation stud-
ies. These three tobacco plants show the effect of J14D1, a “killer”
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strain of the virus. In the first plant the infection is local; in the
second plant it is systemic. The infection has killed the third plant.



be isolated, and a million billion progeny
grown within a few days. The techniques
are quite similar for both plant and bac-
terial viruses. The essence is to mix a
small number of virus particles with a
large excess of host cells. In plants this
is done by spreading a thin solution of
virus on a leaf; in bacteria, by adding
perhaps 100 virus particles to a million
cells immobilized on the surface of a
nutrient medium in a glass dish. Where
a cell has been attacked by a virus, the
progeny of the virus spread to neighbor-
ing cells until a “lesion” of infected cells
is produced on the leaf or in the carpet
of bacteria. Since there were so few virus
particles and so many host cells, we can
be sure that each infection was caused
by a single virus particle, and that each
area of dead cells contains the progeny
of this single original particle. By remov-
ing a bit of such a lesion and repeating
the process of infection we can very
quickly obtain a strain of virus that is
genetically more than 99 per cent pure.

Once we have obtained this pure
strain of virus, we can set about looking
for mutants. To do this we need only
place a sample of the pure colony in a
slightly different environment in which
the parent strain will not grow. Under
these conditions only a very few lesions
will appear—perhaps one per million
virus particles. These lesions represent
the progeny of mutants that are capable
of living in the new host cell.

What chemical events occur when a
virus mutates? To answer this question
we must briefly review some other things
we know about viruses. All known vi-
ruses have two chemical constituents:
protein and nucleic acid. Like other pro-
teins, virus proteins are very large mole-
cules composed of much smaller units,
the amino acids. The protein can easily
be broken down into these units, and it
is found that there are only some 20 dif-
ferent amino acids in even the most com-
plex protein. Nucleic acids, found in all
living cells, are also huge molecules.
They can similarly be broken down into
a few simple components: inorganic
phosphate, two sugars and five organic
bases. To the best of our present knowl-
edge, these simple constituents of pro-
teins and nucleic acids (with a few ex-
ceptional derivatives and close relatives)
are the building blocks both of all viruses
and of the chromosomes of all living
things.

Now we can ask another question: If

the biological properties of a virus
differ from those of its parent, is this
difference reflected in the make-up of its

protein? This question was investigated
with the famous virus that causes the
mosaic disease of the tobacco plant. The
original strain of the tobacco mosaic vi-
rus, purified and crystallized in 1935 by
the Nobel prize winner Wendell M.
Stanley, has descendants which vary in
their virulence. Six of these variants were
chosen for study; each had a distinctive
effect on the Turkish tobacco plant. One
strain, for example, caused a mosaic pat-
tern, another caused extensive yellowing,
a third caused thin white rings or lines.
Each strain had been carefully segre-
gated and was believed to be genetically
pure. In order to obtain enough material
for chemical analysis, 600 tobacco plants
were infected with each strain by rub-
bing a little infectious juice on their
leaves. After about three weeks the fully
infected plants were frozen and ground
in a meat chopper; juice was then ex-
tracted from the thawed pulp. Now virus
was removed from the juice. This was
done by whirling the juice in a centrifuge
which was first run at low speed to sepa-
rate the larger impurities, and then at a
higher speed, developing a force 60,000
times gravity. Under these conditions the
virus separates from smaller impurities in
the juice. After repeated centrifuge runs
the pure virus was isolated as a white
powder. This could now be subjected to
chemical analysis.

The results were immediately encour-
aging. The six virus strains were ana-
lyzed for their content of three amino
acids: tyrosine, tryptophan and phenyl-
alanine. It was discovered that the strain
which caused the white rings contained
relatively more tyrosine and less trypto-
phan.

At this point the arrival of a new ana-
lytical technique made it possible to
analyze, not three amino acids in a virus
strain, but all of the 20-odd amino acids.
Called microbiological assay, the tech-
nique is based on the fact that certain
strains of bacteria will grow only if spe-
cific amino acids are added to their nu-
trient. To analyze a protein by this tech-
nique, it is broken down into amino acids
and added to the nutrient of a bacte-
rial strain. The bacteria then select the
amino acid they need and grow in pro-
portion to its amount. One advantage of
the method for virus research is that very
little protein is needed. About a thou-
sandth of an ounce is enough for a tripli-
cate analysis.

Thirteen strains of the tobacco mosaic
virus were now analyzed for their amino
acid content. Eleven differed from the
original tobacco mosaic strain. The dif-
ferences were mainly in the proportion
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MANY LESIONS occur on the surface of a
tobacco leaf when a dilute solution of the
tobacco mosaic virus is spread over it.

ONE LESION on the surface of a leaf in-
dicates a colony descended from the spon-
taneous mutation of a tobacco mosaic virus.
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CHARACTERISTIC SYMPTOM of the
tobacco leaf is produced by each of four
strains of the tobacco mosaic virus. Top: the
original strain. Second from top: strain
M. Third: strain J14D1. Bottom: strain HR.
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of amino acids, but one strain possessed
two amino acids entirely lacking in the
other strains. In general the strains that
were most closely related in their bio-
logical effects were most similar in their
protein composition. One strain called
M apparently did not differ chemically
from the original strain. Whether this is
due to the limitations of the analysis or
to subtle structural differences that are
not detectable by present chemical
means is not clear.

One of the most interesting results
came out of the comparison of the orig-
inal tobacco mosaic strain and a “killer”
strain called J14D1. Young Turkish
tobacco plants infected with the original
strain suffer a characteristic mottling of
the leaves accompanied by a certain
amount of blistering, distortion and
stunting. However, the plants continue
to grow, reach maturity, flower and bear
viable seed. Identical young plants in-
fected with J14D1 are rapidlyv killed. Yet
the killer strain differed from the original
one only in its proportion of two amino
acids: glutamic acid and lysine. Even in
this proportion it differed from the orig-
inal strain only by 10 to 20 per cent. In
all other respects the two strains seem
identical. This is a striking illustration of
how small the chemical difference be-
tween a mild strain of virus and a killer
may be.

It is tempting to suppose that the sud-
den conversion of a mild strain of the
influenza virus to a disastrous lethal
strain may have involved just such a mi-
nute alteration. It would be interesting to
test this idea experimentally, and to de-
termine whether differences such as
those found in the tobacco mosaic virus
exist between the mild and lethal forms
of the influenza virus. Unfortunately in
1919 it was not even known that influ-
enza was a virus disease, and the lethal
strain has not been preserved. However,
two major types of currently epidemic
influenza virus have been analyzed.
Their proteins are remarkably alike, but
their content of five amino acids is dis-
tinctly different. This suggests that the
changes which accompany mutation in
plant viruses are also found in influenza
and other animal viruses.

A difficulty which limits the usefulness
of plant and animal viruses in mutation
studies is that at present we cannot be
sure of the precise genetic relationships
among strains. To put it another way, we
cannot demonstrate the number of mu-
tational steps involved in going from one
strain to another. Thus we cannot relate
chemical findings to specific mutational
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steps. This suggests that we turn to the
bacterial virus called T2, which infects
the bacterium Escherichia coli. Exact
genetic relationships have been deter-
mined among several mutants of T2.

A few years ago it would have been
impossible to analyze the chemical con-
stituents of a bacterial virus. Where we
can isolate as much as a pound of some
plant viruses, with bacterial viruses we
must frequently work with amounts
1,000 times smaller. This difficulty was
overcome by improved methods of cul-
ture and isolation, and by the develop-
ment of chromatography, the technique
that sensitively fractionates mixtures of
things which are very much alike [see
“Chromatography,” by William H. Stein
and Stanford Moore; SCIENTIFIC AMERI-
cax, March, 1951]. With chromatogra-
phy it is possible to analyze the complete
amino acid content of two or three milli-
grams of virus protein.

Chromatography is now used to ana-
lyze the proteins in the T2 virus and
others that attack E. coli. Preliminary
results show that two unrelated E. coli
viruses have proteins quite different in
composition. Two closely related viruses
are chemically so much alike that it is
difficult, even with the accuracy of chro-
matographic analysis, to be sure that
they differ at all. These results, then,
parallel the much more extensive evi-
dence from plant viruses.

The problem of different strains of ap-
parently identical composition may not
be unsolved much longer. Techniques
currently under development hold the
promise of indicating not only the
quantity of each amino acid, but also
of the sequence of amino acids in the
protein chain. These methods hold the
key to the complete solution of the re-
lationships of protein structure in the
virus strains.

So far we have discussed the protein

component of viruses. What about
the nucleic acid component? It has been
demonstrated that, when a T2 virus
infects a bacterium, the nucleic acid of
the virus enters the bacterial cell and
the bulk of the viral protein remains out-
side. This indicates that the nucleic acid
initiates the production of new virus
particles and determines their charac-
teristics. Because nucleic acids, like pro-
teins, are made of relatively few sub-
units, hereditary variations in their
composition can also be sought. Using
chromatographic and spectrophotomet-
ric methods Roy Markham and J. D.
Smith at the University of Cambridge
have analyzed the nucleic acids in four



strains of the tobacco mosaic virus and
in four other plant viruses. The results
indicate that the nucleic acids of unre-
lated viruses differ in chemical compo-
sition, and that the nucleic acids of the
tobacco mosaic strains are very much
alike. One of the authors and his col-
laborators in the Virus Laboratory at the
University of California continued this
investigation. They extended the anal-
yses to many more strains of the tobacco
mosaic virus and to other plant viruses.
The results were essentially the same as
those obtained by Markham and Smith.

These viruses all contain ribose nucleic
acid (RNA). What is the situation
among viruses containing deoxyribose
nucleic acid (DNA)? The studies of S. S.
Cohen of the Children’s Hospital of
Philadelphia and G. R. Wyatt of the
Laboratory of Insect Pathology in Can-
ada suggest that the same relationships
apply to DNA-containing viruses. The
nucleic acids of diverse insect viruses
and of unrelated bacterial viruses were
found to differ in composition; the nu-
cleic acids of three related strains of bac-
terial virus were indistinguishable in
composition, even to containing the
unique base hydroxymethylcytosine.

Despite the difficulty in demonstrating
chemical differences between closely re-
lated viruses, it seems more than likely
from the present picture that the differ-
ences exist. If this is the case, can we
cause these chemical changes artificial-
ly? That is, can we change one virus into
another?

An answer to this question is sug-
gested by the behavior of certain bacte-
rial viruses. It is known that the protein
of a bacterial virus forms a sort of coat
around the nucleic acid. It is also known
that the protein coat determines the spe-
cificity of the virus, i.e., whether or not
it will attack a certain bacterium. Now
when the similar bacterial viruses T2
and T4 are added to a culture of E. coli,
viruses of both kinds may simultaneously
attack a single bacterium. Sometimes this
causes a biochemical mix-up in which
the viral progeny have T4 protein coats
and T2 nucleic acid. Such a virus will
attack a bacterium which is normally in-
fected only by the T4 strain. The prog-
eny of this infection, however, are only
of the T2 strain. This suggests that we
might at least be able to modify the pro-
tein coat of a virus so that it would attack
a new host. Although this has not actu-
ally been done, certain experiments lead
in that direction.

Some years ago Wendell M. Stanley
and G. L. Miller tried to modify tobacco
mosaic virus by treating it with various
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AMINO ACID AND NUCLEIC ACID COMPOSITION of four strains are compared. The
original strain (TMV) is arbitrarily represented as a straight vertical bar. The differences
in the other strains are shown by peaks and notches indicating more or less of a particular
component. The peaks and notches are of equal size and have no relationship to quantitative
differences. The masked strain (M) shows no differences. The killer strain J14D1 has less
glutamic acid and more lysine. The Homes ribgrass strain (HR) shows many differences.
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T4 VIRUS made these plaques in a bacterial culture prepared by A. H. Doermann of the
University of Rochester. Each plaque pattern is made by a different mutant of the virus.

organic compounds which were known
to react with amino acids. They found
that in this way it was possible to make
thousands of structural alterations in a
single virus particle. The remarkable
thing is that these alterations did not
change the behavior of the virus. More-
over, the progeny of such a virus were
normal. Most of the structural changes
made by Stanley and Miller were alien
to living material; it is possible that the
plant cells reversed them. Today we are
able to make changes that are more char-
acteristic of normal protein molecules. H.
Fraenkel-Conrat of the Virus Laboratory
has shown that by suitable chemical
treatment he can attach to the protein of
each virus particle 4,000 more molecules
of the amino acid leucine than they nor-
mally have. The change in leucine con-
tent is about 10 per cent—more than
some of the differences between mutants
of quite perceptibly different properties.
Yet the properties of the virus are un-
changed, and, again, the progeny of in-
fection with the modified virus are nor-
mal virus without extra leucine.

One of the authors has tried making
changes in the opposite direction. Work-
ing with J. I. Harris of the University
of California, he has subjected tobacco
mosaic virus to digestion with the en-
zyme carboxypeptidase. This enzyme
removes amino acids from the ends of
protein chains. To our surprise only one
amino acid—threonine—was removed.
Its amount was reduced about 8 per cent.
Yet again the altered virus acted like
normal tobacco mosaic virus, and the
progeny of the infection were normal.

We might also try to modify the nu-

cleic acid of viruses. This becomes more

likely as we learn more about the chemis-
try of nucleic acid. In viruses, however,
nucleic acid is apparently protected from
chemical attack by the protein coat.
Another approach to the chemical
modification of viruses is to induce the
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virus to incorporate alien subunits in the
course of reproduction. Attempts to
modify tobacco mosaic virus in this way
have been made by R. E. F. Matthews in
England and by R. Jeener and J. Rosseels
in Belgium. The technique used is to in-
fect plants with tobacco mosaic virus and
then to apply an alien subunit analogous
to one normally found in the virus. The
hope was that the plant would find it
more convenient to use the alien com-
pound than to make the normal one. This
was possible to some extent, but the pro-
cess reduced the infectivity of the virus,
and it was impossible to tell whether the
particles that were still infective con-
tained the alien analogue. Recently D. B.
Dunn and J. D. Smith of the Molteno In-
stitute in Cambridge, England, succeed-
ed in replacing almost completely an-
other of the nucleic acid subunits in some
of the bacterial viruses. Again the result-
ing viruses are apparently noninfectious.

These experiments would seem to in-
dicate that it is indeed possible to trick
the metabolic apparatus of the infected
cell into incorporating unusual sub-
stances into the nucleic acid of the re-
producing virus, but that our change-
lings are not cleverly enough disguised
to fool another cell. That the unusual
compounds are incorporated at all raises
great hopes for this method.

Whether the immediate future holds
the prospect of making artificial changes
in the genetic material of living viruses
cannot, of course, be certainly predicted.
It is obvious that techniques which are
being currently developed in the chem-
istry of both protein and nucleic acid
justify a prediction of great progress in
the near future toward understanding
the detailed chemical-structural basis of
heredity. The possibility of being able to
alter the heredity of living organisms by
deliberate chemical modification does
not seem nearly as visionary as it did
only a few years ago.
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DISLOCATIONS IN METALS

Many important properties of metals are now understood to result from

a kind of imperfection mn crystal lattices that 1s called a dislocation.

The theory 18 helping to transform metallurgy from an art to a science.

by Frank B. Cuff, Jr., and L. McD. Schetky

he word “crystal” conjures up a

I picture of infinite orderliness—

billions upon billions of identical
atoms stacked in perfect array. Actually,
of course, nothing is perfect. In a real
metal or other crystalline substance the
order is marred by a missing atom here,
a foreign particle there and other de-
partures from regularity. However, these
imperfections are rare, and one might
suppose that they could be disregarded
in calculating the properties of the ma-
terial.

For a long time they were. On the as-
sumption of a perfectly filled crystal lat-
tice, metallurgists were able to make a
number of accurate predictions about
metallic behavior. They also got answers
that were entirely wrong. One of the
most annoying failures came in trying to
account for the strength—or rather the
weakness—of metals. For example, the
theory said that a stress of some two mil-
lion pounds per square inch would be
required to deform pure iron plastically,
that is, beyond the limit of elastic re-

covery. In fact it takes only 30,000
pounds per square inch.

This discrepancy, and others even
bigger, remained wholly unresolved un-
til about 20 years ago. Then it was sug-
gested that resistance to plastic deforma-
tion depends not on the average proper-
ties of the almost perfect lattice, but on
the individual properties of a previously
unknown kind of imperfection. This
weakest link, known as a dislocation, was
proposed independently in 1934 by G. I.
Taylor in England and E. Orowan, then
in Germany and now at the Massachu-
setts Institute of Technology. Since then
the hypothesis has become the basis for
an entirely new and promising theory of
the plastic behavior of metals. A large
group of properties which previously
could be studied only in an empirical
way are now beginning to yield to ra-
tional analysis.

The dislocation idea is most readily
visualized in terms of the deformation it
was invented to explain. The simplest
type of plastic deformation in a crystal

//_.___._

layers of a crystal, the slip direction (arrows) being perpendicular to the boundary line.
Colored vertical plane (left) represents the extra row of atoms appearing above the dislo-
cation line when the vertical layers are subject to distortion shown in the second drawing.
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may be likened to the distortion pro-
duced when a perfectly stacked deck of
cards is pushed askew. The planes of
atoms, like the cards, slip over one an-
other. In the old theory the stress neces-
sary to produce this deformation was
calculated as the force required to slide
whole planes of atoms over each other.
Now suppose that the planes do not ac-
tually move as rigid units. Imagine that
a slip can occur in part of a plane, as
shown in the first diagram below. The
next diagram shows what would happen
at the atomic level. Here the upper
right portion of a crystal has been
moved one atom spacing to the left with
respect to the lower right portion, while
the left half of the crystal has remained
undisturbed. Except near the boundary
of the slip, the lattice arrangement is un-
impaired, and the atoms are in register.
In the boundary region, however, the ar-
rangement must be upset—dislocated.
Obviously there must be one more verti-
cal plane of atoms above the slip surface
than below. The imperfection which oc-

SCREW DISLOCATION occurs when the
slip direction (arrow) is parallel to the slip
boundary. Like the edge dislocation, it is
a region of distortion and high energy.



curs along the bottom of this extra row
of atoms is called an edge dislocation. A
model of this kind of atomic derange-
ment is provided by the layer of bubbles
in the photograph at the right.

The bubbles show what could happen

in an array of atoms, but they do not
prove that it does happen. For some
years after Taylor and Orowan pub-
lished their conjecture a number of
authorities doubted the existence of dis-
locations. Now, as we shall see, the
weight of favorable evidence has become
so great as to leave no room for uncer-
tainty. Dislocations exist, and they play
a central role in determining many
properties of metals. To appreciate their
effect on metallic behavior we need to
know a bit more about the properties of
the imperfections themselves.

We think of a dislocation as a line run-
ning through a crystal (although it is
really a region of small but finite cross
section). Around such a line is a region
of energy higher than in the rest of the
crystal. This is because the lattice is
crowded, or compressed, in the neigh-
borhood of the extra atom plane, and
pulled out, or in tension, on the opposite
side. Both conditions represent an in-
crease in potential energy over the un-
distorted region of the lattice. Because
of nature’s universal preference for the
lowest possible energy states, a disloca-
tion line acts like a stretched elastic
string.-It tends to be as short as possible
since this makes the high-energy region
as small as possible. Thus a dislocation
line resists being bent or curved.

The line of an edge dislocation is per-
pendicular to the direction of slip. As
the diagram at the right on the opposite
page shows, this is not the only possibili-
ty. The slip may be parallel to the
boundary of the slipped area (the dis-
location line), in which case a screw
dislocation is produced. This type of dis-
location was discussed in detail by R. L.
Fullman in his article on crystal growth
[SciEnTIFIC AMERICAN, March]. For
our present purpose it is sufficient to
note that screw dislocations are also
regions of distortion and hence of high
energy, and that their effects on crystal
properties are the same as for edge dis-
locations.

What are these effects? First of all, as
Taylor and Orowan originally pointed
out, dislocations make metals weak. It is
not hard to see why this should be so.
As the diagrams at the top of the next
two pages indicate, pushing one dislo-
cation entirely across a slip plane has
the effect of shifting the adjacent layers

~
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SOAP BUBBLES floating on liquid provide a two-dimensional model of the arrangement
of atoms in a crystal. The slanting colored line runs through an extra row of bubbles in the
left-hand half of the picture. At the end of this row is an edge dislocation. An inch or two
below the line and roughly parallel with it can be seen the bubble counterpart of a grain
boundary. The bubble method was invented by W. L. Bragg and J. F. Nye. This example of
the technique was prepared by Marsbed Hablanian, Massachusetts Institute of Technology.
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SHEARING ACTION, in which a pair of crystal layers slip over each

other by the amount of one atom spacing, is the result of moving a single

dislocation through the crystal. The effect on the lattice is the same as if
one whole horizontal plane of atoms had moved over the other. After

by one atom spacing. But at any moment
the only atoms actually in motion are
those in the region of the dislocation
itself. Obviously it should be much
easier to move these few particles than
to push one whole plane of atoms across
the other. Moving entire planes would
be like dragging one sheet of corrugated
iron across another; each row of atoms
would have to climb a hump to drop
into its new position. In a dislocation the
climbing is restricted to a few rows at a
time. As a matter of fact, a detailed cal-
culation of the force necessary to move
a dislocation showed that if it were the
controlling factor in plastic behavior,
metals would be a great deal weaker
than they are. The dislocation hypothesis
seemed to have done its work too well.

The explanation of this new problem
is that crystals contain many dislocations
which interact with each other. For ex-
ample, consider what would happen if
one dislocation were pushed toward an-
other whose extra plane of atoms lay on
the same side of the slip plane. (Such a
pair of dislocations are said to have the
same sign.) The two overcrowded re-
gions would move closer together, thus

DISLOCATION SOURCE which can give rise to unlimited amount of
slip is diagrammed above. The light arrow represents the direction of
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aggravating their compression, and the
stretched regions would similarly be un-
der greater tension. Obviously there
would be resistance to such a motion.
Dislocations of like sign repel each other.
On the other hand, if the extra atoms lie
on opposite sides of the slip plane (dis-
locations of unlike sign) the overcrowded
region of one dislocation “fits into” the
stretched region of the cther. These dis-
locations attract each other. Therefore,
regardless of sign, interacting disloca-
tions tend to immobilize themselves.

lnteracting dislocations provide the first

rational explanation for the effect of
work hardening, i.e., strengthening a
metal by subjecting it to some form of
plastic deformation. Imagine a series of
dislocations, all of the same sign and all
lying on the same slip plane, moving in
response to an applied force. If the lead-
ing dislocation encounters a disturbance
such as a flaw in the lattice or a foreign
atom, it may be unable to move past this
barrier. If the dislocation is stopped, its
repulsive force will block the dislocation
behind it. The dislocations will pile up
like automobiles at a red light. Now no
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further slipping can occur unless the
force is made large enough to dislodge
the first dislocation. In other words, the
metal is stronger.

Strengthening also results when two
dislocations of opposite sign come to-
gether on the same plane. The two can-
cel each other, their extra atom planes
combining to form a regular layer in the
crystal lattice. When dislocations disap-
pear, the path of easy deformation is
lost and the metal is strengthened. Work
hardening can more than treble the
strength of a material. It is the basis of
such standard metallurgical processes as
rolling, swaging, forging and drawing.

We have seen that in the process of
deformation, dislocations move to the
edge of a crystal and disappear. It might
be supposed that eventually all the dis-
locations in a metal would be lost, and
that it would acquire the strength of a
perfect crystal. This never happens. Ap-
parently there is some continuing source
of dislocations in every crystal. The na-
ture of the source was a great puzzle
until F. C. Frank of the University of
Bristol and W. T. Read of Bell Telephone
Laboratories proposed the ingenious

the applied force; the heavy arrow, the direction of motion of the hori-
zontal dislocation line. The left end of the line has encountered a barrier



the deformation the rows of atoms on opposite sides
of the slip plane are again in register (last diagram).

mechanism illustrated below. If a mov-
ing dislocation line meets an obstruc-
tion that stops it at an end point, the
rest of the line may continue to move
by pivoting around the fixed point. The
diagrams show how such a line will form
a spiral, which sweeps repeatedly over
the slip plane, producing a slip of one
atom spacing for each revolution. Thus
the dislocation is never “used up.” A
similar sequence results if both ends of
the dislocation are anchored, except that
the successive waves of dislocations have
the form of closed loops rather than
spirals.

Because of their distortion of the lat-
tice, dislocations tend to attract the for-
eign atoms in a crystal, such as the car-
bon atoms in steel. A foreign atom that
is larger than the lattice atoms will tend
to move to the tension side of a disloca-
tion, where there is more room between
neighbors. Similarly a smaller foreign
atom will tend to migrate to the com-
pression side of a dislocation. This effect
was first pointed out by the British metal-
lurgist A. H. Cottrell; the concentration
of foreign atoms is called a Cottrell at-
mosphere. It explains for the first time

which arrests its motion. The dislocation pivots
around this barrier point in a never-ending spiral.
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the phenomenon in metals known as the
yield point. When a distorting force is
applied to a metal, the deformation
grows steadily greater as the force in-
creases until the yield point is reached.
Then the metal suddenly gives way, and
the deformation continues to increase
even if the force is reduced. The yield
point marks the transition from elastic
to plastic behavior. The theory is that in
the elastic range the forces are not large
enough to pull the dislocations loose
from the Cottrell atmospheres. At a cer-
tain critical value the dislocations are
torn from their anchor, and may then be
kept in motion by a smaller force.
Metals without abrupt yield points are
now being made simply by purifying
them enough to eliminate the Cottrell
atmosphere from all but a few of their
dislocations.

GRAIN BOUNDARY between contiguous particles of a polycrystalline metal is shown

schematically at left. The structure is equivalent to an array of edge dislocations as at right. X important method for strengthening

certain alloys, especially light ones
such as Duralumin, is known as age
hardening or precipitation hardening. In
this process the metal is made very hot
and suddenly quenched. Then it is held
at a moderate temperature for an ex-
tended period. The result is that small
particles of a second structure precipi-
tate out of the lattice of the parent metal.
Why this should strengthen the material
was not clear until the advent of disloca-
tion theory. Then it was pointed out that
the precipitated particles do not fit ex-
actly into the lattice, and so produce a
region of stress around themselves.
When a moving dislocation encounters
such an assemblage of particles it finds
that some of the stress fields oppose its
passage while others tend to aid it. Be-
fore aging, the particles are very fine and
closely spaced. Hence along every small
section of its length the dislocation en-
counters about as many helping stresses
as hindering stresses [see first diagram
on the opposite page]. The effect of
aging is to consolidate the precipitated
particles into larger units farther apart
[second diagram]. In such a region a dis-
location would take on a wavy form
bending around the centers that oppose
its motion. But, as we have seen, a dislo-
cation resists bending, so that now it is
harder to move and the material is
strengthened. Overly long heat treat-
ment usually results in the state depicted
in the third diagram, where the particles
have conglomerated and separated so far
that the long lengths of dislocation be-
tween them can bend comparatively
easily and pass along, leaving dislocation
loops surrounding each particle. Now the
ACID ETCH PITS, which occur at dislocations, outline a boundary between grains of a material is said to be overaged, and it has
polyerystalline metal. The spacing between pits depends on the angle between the grains.  lost its hardness.
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AGE HARDENING takes place when fine,
closely spaced particles of a second structure
(top) coalesce into larger particles as the
result of aging (middle). If the process goes
too far (bottom) the material is overaged.

Thus the dislocation theory has pro-
vided the first reasonable explanation for
a number of time-honored but purely
empirical metallurgical methods. But
these successes are not the only evidence
for the hypothesis. In the past few years
more direct evidence for believing in dis-
locations has been uncovered.

In the first place the theory implies
that a crystal without dislocations should
be very strong. However, no one could
figure out how to make such a crystal.
Then Conyers Herring and J. K. Galt of
Bell Laboratories found one in a faulty
piece of telephone equipment. The tin in
a certain capacitor was discovered to
have grown tiny whiskers, about a fifty-
thousandth of an inch in diameter, as the
result of corrosion. These tin whiskers
ruined the capacitor, but as Herring and
Galt realized, they were worth far more
than their weight in gold as research ma-
terial. Within their tiny diameter there
was no room for dislocations. When their
strength was measured, they turned out
to be nearly as strong as perfect crystals
are supposed to be.

Another striking corroboration for dis-
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location theory concerns the boundary ‘
between adjacent crystal grains in a
metal. Almost any piece of metal large
enough to handle consists not of a single
crystal, but of a large number of sepa- |
rate crystalline grains. The boundaries |
between these units are regions of misfit
[see boundary in bubble photograph on
page 81]. When the angle between
grains is small, say less than 10 degrees,
the boundary may be regarded as an ar-
ray of edge dislocations, as shown in the
diagram on page 84. Now it has been es-
tablished that when a metal is treated

| with an acid, the rate of etching is higher

in regions of higher energy. Therefore
dislocation should be attacked more
strongly than surrounding parts of the
lattice. When a polished polycrystalline
metal sample was treated with acid, the
grain boundaries revealed a row of dis- |
crete etch pits or pips, each representing
a single dislocation [see photograph on
page 84].

The most convincing experiment thus
far was performed in 1952 by E. R.
Parker and J. Washburn of the Univer-
sity of California. Calculations indicated
that when a metal is subjected to a
shearing force, the rows of dislocations at
grain boundaries should move in a di-
rection perpendicular to the force. An
ordinary polycrystalline sample is too
complicated to analyze. Parker and
Washburn grew two zinc crystals in a
carefully controlled manner so as to pro-
duce a single low-angle grain boundary.
This boundary behaved exactly as the
theory predicted when a force was ap-
plied to the crystal pair.

Under some conditions the individual
grains of a polycrystalline metal have
been found to develop a fine network of
subgrains. This state, called polygoniza-
tion, usually results when a cold-worked
metal is partially annealed (held at a
moderately high temperature for a short

L [N

FEFH

BOUNDARY between a pair of large single
crystals should move horizontally if a ver-
tical shearing force (arrow) is applied as

shown. Actual crystal boundaries have now

been proved to behave as the theory predicts. |

© 1955 SCIENTIFIC AMERICAN, INC

Scientific Enclosures
Quickly Assemhbled!

Widney DORLEC
CABINET
COMPONENTS

Uted in Many
Government
Approved

installations

The Widney-Dorlec
Cabinet System,
consisting of a series

of pre-fabricated, dural
die-cast corners, extruded
dural sections and other
special components, now
makes il possible to build
modern, fully-radiused
cabinets to any sel of
dimensions without special
tools!

For Free Catalog & Price List, Write to Dept. SA7-5

BRITISH INDUSTRIES CORPORATION
164 Duane Street New York 13, N.Y.

BALL

o All Materials

Tungsten Carbides Magnesium
Chromium Carbides Pyrex Glass
Synthetic Sapphire Silver
Stainless Steels Teflon

High Speed Steels Carbon
Titanium Nylon
Zirconium Ceramics
Aluminum Cast Iron

..and any other workable material

o All Sizes—

Standard and Special

from 1/32” to 6” or larger.

® Any Quantity

from 10 balls to millions.

eHigh Precision—

to .000010" on size and sphericity.

eEngineering Service

On request, our Engineering Depart-
ment will assist in selecting the ma-
terial and other characteristics required
for best service on specific applications.

WRITE FOR quotation and descriptive bulletin.

INDUSTRIAL

TECTONICS, Inc.

Ann Arbor 5, Michigan




e it ——
£ IS, LY [
S N E W [ %
au L et
\ A /

POLYGONIZATION means the formation
of tiny subgrains within each grain of a poly-
crystalline metal. It occurs when randomly
spaced dislocations line up to give an ar-
rangement of minimum strain in the lattice.

time).
metal.

The mechanism behind this phenome-
non can be seen in the diagram above.
The first picture shows a metal lattice
which contains a random distribution of
dislocations. When such a metal is heat-
ed and deformed into an arc, the thermal
agitation of the atoms makes the dislo-
cations more mobile and they move to
the more stable positions shown in the
second picture. These positions are pre-
ferred because they involve the least dis-
tortion in the crystal. The process resem-
bles what takes place when a thin, flex-
ible steel ruler is bent. As the curvature
increases, the ruler will suddenly spring
into two straight sections forming a sharp
angle—a more stable configuration under
the imposed stresses. Since the poly-
gonized structure represents a more sta-
ble position for the dislocations, they will
now be harder to move. Hence the metal
is stronger.

Metallurgy, one of the oldest arts, is
only now coming into its own as a sci-
ence. The dislocation idea is proving one
of the most powerful tools of this new
discipline. As yet its usefulness is chiefly
theoretical, although the theory is al-
ready being applied in a few instances.
For example, polygonization is a new
method for strengthening certain metals.
In general, however, it is beyond our
powers to predict the actual behavior of
the enormous number of interacting dis-

Its effect is to strengthen the

locations in a real metal. But as the |

theory develops we approach ever closer
to the goal of a true understanding of
metals and alloys.
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Polarized Light

and Animal Navigation

A number of land-dwelling animals can guide themselves by means

of polarized light from the sky. Underwater light is polarized also,

and some aquatic organisms may use it as an aid to navigation

sense of direction is an important
A asset to any animal. Without it, in
fact, effective movement or loco-
motion is scarcely possible. It is small
wonder that the development of sensory
and behavioral mechanisms concerned
with orientation has been a crucial as-
pect of animal evolution. The resource-
ful and sometimes astonishing means by
which animals find their way about are a
fascinating field of study for the com-
parative physiologist and psychologist.
The most spectacular examples of
such adaptations are perhaps the long
breeding migrations of animals like the
common eels of northeastern America
and western Europe or the golden plover
of the Pacific. Here the performance of
the animal rivals that of a skilled human
navigator. Obviously the fishes and birds
do not have the compass, chronometer
and sextant ordinarily required by man
for navigation. In the absence of such

HORSESHOE CRAB is an underwater animal whose compound eyes are sensitive to polar-
ized light. The small, kidney-shaped outline below the center of the shell is one of the eyes.
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by Talbot . Waterman

instruments the animal’s sense organs
must provide the necessary information
by somehow detecting environmental
cues that show the way.

Although man has relied for centuries
on the magnetic compass, he can rough-
ly determine direction on the earth’s sur-
face by referring to the sky. With ex-
perience, but without instruments, he
can interpret the position of the sun, the
moon and the constellations in terms of
azimuth, or compass direction. We now
know that many animals have an equal
or superior ability to use such a celestial
compass. With its aid a number of crea-
tures can steer a fixed terrestrial course
by reference to the moving sun [see “The
Sun Navigation of Animals,” by Hans
Kalmus; Scientiric AMERICAN, October,
1954]. Some of them can do so even
when the sun is invisible. The author’s
research has for several years centered
on this latter faculty.
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Sun navigation was first observed in
1911 by the Swiss zoologist F. Santschi.
He proved that some species of ants use
the sun as a reference point in walking
a straight path along the ground. Sant-
schi also noticed that certain desert ants
seemed to depend on the sky for main-
taining their direction even after the
sun had set. To check this implausible
observation, Santschi tried cutting off
the ants’ view of the sky immediately
overhead. When he did this, the insects
became disoriented. Yet a screen which
cut off their view of the sky near the
horizon (as well as any possible local
landmarks) had no effect on their sense
of direction.

Santschi’s explanation was that the
insects could navigate by stars in the
twilight sky that were invisible to man.
This seemed so unlikely that other sci-
entists remained unconvinced, and little
further attention was paid to the matter.
We now know that Santschi’s observa-
tions were quite correct, but that his in-
terpretation of them in terms of stellar
navigation was wrong.

Twenty-five years passed before the
right answer came from the brilliant
work of the German zoologist Karl von
Frisch. Working in Austria in the years
immediately after World War II, he
found that honeybees could sense com-
pass direction when the sun could not be
seen. As long as there was a small patch
of blue sky visible, the insects could navi-
gate about as well as ever. Von Frisch
reasoned that some optical or other
physical property of the sky was respon-
sible for this.

By the ingenious use of screens and



mirrors von Frisch showed that, what-
ever this clue was, it was different in
various parts of the sky and could be
influenced by inserting a light-polarizing
filter between the eye of the bee and the
sky. When the filter was rotated, the in-
sect’s sense of direction was affected in
a systematic way. Von Frisch concluded
that the polarized light produced by the
filter must be perceived as such by the
honeybee. He also proved that under
certain circumstances the natural polar-
ized light of the sky provides an ade-
(uate clue for the orientation of the in-
sect.

To appreciate how the polarization

pattern of the sky can give direction-
al clues, we must understand clearly
what polarized light is, and how sky
light is polarized. For this purpose we
may view light as a wave phenomenon
and ignore its particle-like properties
treated in quantum theory. We know
that light consists of electromagnetic
waves emitted by atoms and molecules.
The waves are transverse, which means
that their oscillations are at right angles
to the direction in which the light travels.
In this respect light waves resemble wa-
ter waves, in which the water moves up
and down while the wave travels hori-
zontally toward the shore.

In the case of unpolarized light the
electromagnetic waves oscillate in every
possible direction perpendicular to the
beam’s path. Polarized light, in contrast,
consists of wave trains all or most of
which are oscillating in one of these di-
rections. If the oscillations are entirely
restricted to one direction, the light is
completely polarized; if they are mainly
but not entirely so, the light is partly
polarized.

Now direct sunlight is unpolarized,
but the reflected sunlight that we ob-
serve in the blue sky is partly polarized.
This polarization arises from the scatter-
ing of light by the molecules of the air.
When unpolarized sunlight passes
through the earth’s atmosphere, it causes
the air molecules to vibrate. Any partic-
ular molecule vibrates in the same direc-
tion as the light wave which forces it to
move. Thusmolecules in the atmosphere
are set into vibration by sunlight in all
directions within a plane at right angles
to the sun’s rays. Then these molecules
scatter some of the light energy which
set them in motion. In so doing they act
like minute antennas radiating light of
different intensity in every direction. The
direction of vibration of each scattered
wave train and the consequent polariza-
tion of this light depends on the vibra-
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SKY POLARIZATION depends on the angle between the sun’s rays to a particular point in
the sky and an observer’s line of sight to that point. Arrows at bottom represent the ob-
server’s view of vibrations in the light waves scattered by air molecules at various points.

tion of the particular air molecule which
radiated it.

The complex light pattern resulting
from this process may be visualized with
the help of the diagram on this page.
Here the transverse oscillations of air
molecules in a beam of sunlight are rep-
resented by two-headed arrows. If we
look directly along a sunbeam, the ar-
rows appear to have the same length in
all directions and their ends lie on a
circle. This illustrates the fact that equal
numbers of air molecules are oscillating
in all directions within the transverse
plane because the wave trains of sunlight
are oscillating similarly. As a conse-
quence the scattered light observed in
this direction is unpolarized.

When we see a beam from an angle
instead of head-on, the circle formed by
the ends of the arrows appears as an
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ellipse. This means that there is a pre-
ponderance of waves oscillating in the
direction of the long axis of the ellipse.
The scattered light then appears partly
polarized from this direction. The greater
the angle of the beam to a line between
the observer and the sun, the flatter the
ellipse looks and the more strongly polar-
ized the scattered light. Finally, when
the angle is 90 degrees, the circle is
viewed edge-on and is seen as a straight
line. In this direction the scattered light
is completely polarized. As the diagram
shows, the direction of polarization at
any point—the long axis of the ellipse—
is always perpendicular to the line from
that point to the sun.

At any time of day the light coming
from various parts of the sky should be
characterized by specific amounts and
directions of polarization arising in this
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REFLECTION from a transparent material produces polarization in both reflected and
refracted rays. If the incoming light were polarized horizontally it would all be reflected.

NICOL PRISM consists of two pieces of double-refracting material cemented together. One
polarized ray passes through the cemented surface, the other is totally reflected away.

DICHROIC MATERIAL, such as tourmaline or Polaroid, contains particles that absorb
light polarized in one direction, but not light polarized at right angles to this direction.
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fashion. At sunrise and sunset, for exam-
ple, the sun’s rays are horizontal and the
light from the zenith should be com-
pletely polarized. Similarly, toward the
sun or away from it the scattered light
should be completely unpolarized. The
actual pattern is not quite so simple as
this because many factors other than the
primary molecular scattering of sun-
light enter in. Nevertheless the degree
and direction of polarization of light from
the sky do depend primarily on the rela-
tion between the point observed and the
position of the sun. This is so even when
the sun is obscured by clouds or is some-
what below the horizon. To the human
eye the celestial pattern of polarization
is of course almost wholly invisible.

The reason for inserting “almost” is
that, contrary to general belief, most
people can learn to recognize strongly
polarized light and even to determine its
direction of polarization with the un-
aided eye. When they look at polarized
light, they can see in the center of their
field of vision a faint blue and yellow
figure called “Haidinger’s brushes.” The
orientation of the brushes depends on the
direction of polarization. They can be
seen most easily by looking at a large,
uniform cloud through a polarizing filter
and slowly rotating the filter. Having
learned to see the figure in this way,
many people can find it with the naked
eye in parts of the blue sky that are
strongly polarized; for example, the ze-
nith at sunrise or sunset.

he first animals known to use polar-

ization for navigation were the bees
investigated by von Frisch. Then the
ants that Santschi had studied were re-
examined at von Frisch’s suggestion.
They too exhibited this behavior. It is
now known that a variety of other in-
sects and their larvae use sky polariza-
tion to maintain their sense of direction.
Obviously these animals all have some
highly effective means for recognizing
polarized light and determining its di-
rection,

Animals that live on the ground or in
the air are not alone in their ability to
analyze polarized light. It has recently
been discovered that aquatic animals
also have this faculty. In 1950 the
author demonstrated that Limulus, the
horseshoe crab, was sensitive to polar-
ized light. This was done in the follow-
ing manner. Part of the eye and the optic
nerve were dissected out of a horseshoe
crab. The nerve was connected to a sen-
sitive detector of electric currents. The
eye segment was then exposed to light
and a polarizing filter slowly rotated
over it. It was discovered that the fre-



quency of impulses in the nerve was re-
lated to the direction of polarization.

More recently E. R. Baylor and F. E.
Smith of the University of Michigan
have found a response to polarized light
in the behavior of certain fresh-water
invertebrates. They have shown that the
orientation of many such animals is re-
lated to the direction of polarization. The |
water flea Daphnia, for example, can be
made to swim in a predictable direction
merely by changing the polarization of
a vertical beam of light to which it is
exposed.

But is underwater light normally po-
larized? And, if so, do water-living ani-
mals actually make use of this property
to guide themselves? To answer the first
of these questions the author did some
skin diving off Bermuda last summer. A
simple optical instrument was used to
detect polarized light. It turned out that
underwater light is definitely polarized
in a complex pattern. This is mainly the
result of scattering of the sun’s direc-
tional rays by the water. Both the direc-
tion and amount of polarization are re-
lated to this essentially as in the atmos-
phere. In addition to the polarization
arising within the water itself there is
another factor near the surface. Here the
sky polarization can be seen when one
looks up. It is interesting that while only
the hemisphere of the sky is polarized
for terrestrial animals, the complete vis-
ual background of underwater animals
is polarized. As in the case of the sky, the
pattern of light polarization under water
will change with the sun’s position and
also with the amount of cloud cover, par-
ticularly any that obscures the sun.

Just how deep in the sea these phe-
nomena may penetrate remains to be de-
termined. The author has observed read-
ily detectable polarized light at a depth
of 45 feet, even though in turbid water
sky polarization could no longer be ob-
served directly at this depth. Presumably
the polarization originating in the water
should extend down to the deepest layers
where a significant amount of directional
sunlight penetrates—between a quarter-
and a half-mile in the clearest water of
the open ocean.

So we now know that underwater light
is polarized and that certain aquatic
animals can orient themselves by means
of polarized light. Whether they do so
in their everyday orientation and migra-
tion remains to be determined. From
what we know so far, it seems not at all
unlikely.

Also still to be determined is how the
eyes of animals detect polarized light

and signal its direction to the central
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“DUMB-DUMB BULLET”

Interesting object, the dum-dum bul-
let. Invented by Sir Basil Fleemster, the
famous explorer and hunter. A kind-
hearted man, Sir Basil figured that bul-
lets made of extra-soft lead would prove
less distasteful, so to speak, to his prey.

He tested his theory on a hunting
trip along the lower Zambesi. After Sir
Basil had fired on a herd of antelope, his
Number One bearer came running up,
crying “Bad gnus, sahib — bullet holes
big like soup plates!”” Fleemster was so
devastated by this pathetic turn of events,
and the even more pathetic pun, that he
hightailed it forthwith to his farm in
Sussex, where he now raises peonies.

Ah, well — not the first man to be led
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COMPOUND EYE of the horseshoe crab is

seen magnified 20 diameters, showing the

nervous system. These problems have
been central to the author’s research for
several years. The final answers are yet
to come, but a considerable body of per-
tinent information is accumulating,

From an optical point of view there
are a number of ways by which polarized
light may be detected. Perhaps the sim-
plest is to pass it at a certain critical angle
from one transparent medium to another.
Generally light polarized parallel to the
boundary between two media is reflect-
ed, and light polarized perpendicular to
this direction is refracted [see diagram
at top of page 90]. For other polarized
beams the relative strength of the re-
flected and refracted portions depends
on the direction of polarization: if it is
nearly parallel to the surface, most of
the light is reflected; if it is nearly per-
pendicular, most of it is refracted.

Baylor and Smith have suggested that
arthropods use a reflection-refraction
mechanism to analyze polarized light.
This hypothesis has been supported by
G. C. Stephens, M. Fingerman and
Frank A. Brown, Jr., of Northwestern
University, who worked with the fruit fly
Drosophila.

More familiar methods of analyzing



separate ommatidia of which it is com-
posed. The structure forms a mosaic image.

polarized light depend on double refrac-
tion, a-characteristic optical property of
certain ordered molecular structures like
crystals. When unpolarized light trav-
erses a double-refracting medium, it is
split into two beams which travel in dif-
ferent directions and are polarized at
rightangles to each other. By eliminating
one of the beams we can obtain a good
polarizing device. And any device that
polarizes light can detect and analyze
light already polarized: the percentage
of polarized light it transmits depends
on the angle between its polarizing di-
rection and the light’s direction of oscil-
lation.

Practical polarizing and analyzing de-
vices which depend on double refraction
include the Nicol prism, tourmaline crys-
tals and Polaroid. In the Nicol prism the
unwanted beam is suppressed by reflect-
ing it out of the optical path. In tour-
maline and Polaroid one ray is absorbed
by particles in the solid, while the per-
pendicularly polarized ray is not [see
diagrams on page 90]. This property of
differential absorption is known as di-
chroism. It is considered the most likely
explanation for Haidinger’s brushes. The
dichroic element in the human eye is
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| thought to be the yellow pigment in the

center of the retina.

Now in the eyes of various animals
both reflection and refraction obviously
take place; also both double-refracting
and dichroic structures have been found
in the cornea, lens and the light-sensitive
cells in specific cases. But which of the
mechanisms are actually employed in the
discrimination of polarized light is far
from clear.

The compound eye of insects and
other arthropods, for instance, consists
of hundreds or thousands of elementary
structures called ommatidia. These re-
semble simple eyes in having a lens that
focuses a tiny image on a cluster of pho-
tosensitive cells lying beneath it. Is each
one of these units able to analyze polar-
ized light, or does the analysis depend
on their joint action? H. Autrum, work-
ing in Germany, obtained evidence that
a single facet of the bee’s eye is able to
analyze polarized light by virtue of dif-
ferences in the responses of its various
photosensitive cells to light of a given
polarization.

On the other hand the author’s recent
studies in collaboration with C. A. G.
Wiersma of the California Institute of
Technology indicate that at least in the
horseshoe crab this cannot be so. All the
photosensitive cells in each ommatidium
connect with a single active fiber in the
optic nerve; thus the nerve output must
be the sum of the responses of all the
cells. We have also found that the sensi-
tivity of a single ommatidium to polari-

| zation depends on the angle of the inci-

dent light. The smaller the angle of the
light to the axis of the ommatidium, the
less sensitive the organ is.

One of the chief obstacles to a deeper
understanding of the polarized light
response is our ignorance of the compa-
rative physiology of vision in general.
Not only are we unclear as to how the
arthropod eye responds to polarized
light, but also there are embarrassingly
large gaps in our knowledge of how it
works at all. Much of the author’s recent
work, although aimed at the polarized
light problem, has perforce been directed

| to more general questions.

At present we have only a few scat-
tered pieces of the puzzle. It is still too
early to tell whether these will fit to-
gether in a single unified pattern or
whether indeed different animals use
quite different means of seeing polarized
light. Certainly we need to know much
more to decide. Yet the tantalizing pros-
pect of understanding this remarkable
kind of animal navigation should supply
the needed spur for progress.
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In career terms this diversification means more scope for
your ability; more opportunity for promotion; more job security
with so many projects in progress.

You are invited to write for more information on Lockheed’s

Training Program for Design Engineers. Address: Dept. DE-12-7

E. W. Des Lauriers, Design Engineer Training Program,
Lockheed Aircraft Corporation, Burbank, California.

Now in effect: Increased salary rates; Increased overtime scales;
Increased employee benefits; A travel and moving expense
program that enables you and your family to move to Lockheed
in California at virtually no expense or trouble.

Three engineers who have made the transition
to Aircraft Design through Lockheed’s
Training Program: E. A. Phelps (top) was a
Structural Steel Engineer in Denver,
Colorado; H. G. Hauser (center) was a

Test Equipment Design Engineer in Grand
Rapids, Michigan; R. W. Tetamore was a
Mechanical Engineer in Rochester, N. Y.

Lockheed

AIRCRAFT CORPORATION
CALIFORNIA DIVISION
BURBANK

California
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by James R. Newman

TaE NEw MEN, by C. P. Snow; Charles
Scribner’s Sons ($3.50). THE AccI-
DENT, by Dexter Masters; Alfred A.
Knopf, Inc. ($4.00). Tue Houxp OF
EarTH, by Vance Bourjaily; Charles
Scribner’s Sons ($3.50).

C. P. Snow, the British novelist who

used to practice physics, considered
the position of the storyteller in our sci-
entific society. For some time past, said
Snow, “the novel has been going under-
ground and it is the influence of science
which has driven it there.” In our period
novelists are in retreat; in a society
whose “dominant expressian” is science,
the novel has lost its prestige and its in-
fluence. The reason for this decline is
not that science is evil or inhuman, but
that it has been scandalously successful.
Science has not only increased beyond
man’s dreams of his control over nature;
“it has seemed to know all the answers.”
Art, likereligion and philosophy, has had
to give ground. None of these can any
longer compete with science as a crea-
tive achievement or a key to truth.

How have fiction writers responded to
the scientific climate? Some, says Snow,
have taken refuge in a “trivial kind of
belles-lettres, made up of snobbery and
nostalgia”; others, especially poets and
the more academic and intellectual
novelists, have picked up the jargon of
science. The most unfortunate response
has been the rise of the “moment-by-
moment, total recall” novel exemplified
in the writings of Dorothy Richardson,
Virginia Woolf, Henry Green, Carson
McCullers and James Joyce. This variety
of writing is in Snow’s opinion an at-
tempt to imitate in fiction the specializa-
tion of science. He believes that it has
narrowed the scope of the novel; it has
sacrificed the “reflective mind” and the
relation of men and women to society;
it has enlisted great talent in what ap-
pears to be the “most hopeless cul-de-sac
in the novel’s history.”

In a critical article a few months ago
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BOOKS

Three novels about the lives and moral

problems of physicists in an atomic age

It is difficult to take seriously these
slam-bang judgments on the psychologi-
cal novel and the complex relationship
of literature and science. Snow overesti-
mates the influence of science on the
novelist and the poet, just as he under-
estimates the effect on literature and
other art forms of economic and political
upheavals, wars, social disorder and the
world-wide climate of personal insecuri-
ty. His essay reflects no awareness of
what the new psychology of the uncon-
scious has meant to the novelist. His ap-
praisal also lacks historical perspective in
that it overlooks the contemporary im-
pact on writers of fiction and poets of
scientific achievements in other ages. (I
have in mind particularly the response
to Newton’s discoveries. )

But itisnot my intention to devote this
piece to Snow’s criticism. I am more in-
terested in what he has to say about the
future of the novel than about its past,
how he estimates the response of story-
tellers to the atomic age rather than how
he values the response of the last genera-
tion to its own despairs.

That “wretched discovery”—as one
scientist described the nuclear bomb—
has given us all something to think
about. It has given the novelist, says
Snow, another chance. If this is true, it
is no cause for regret. For whatever the
merits of the psychological novel, the
time has come for the fiction writer to
turn his beam, to look freshly upon a
world which the latest technological
advances promise to alter even more
drastically than the industrial revolution
altered the 18th-century world. We are
anxious to hear what men of sympathy
and imagination have to say about the
threats and promises of our period.
Politicians, statesmen, military men, so-
cial commentators, publicists and journ-
alists have ventilated their views, but not
the novelist. We expect of him a new
sensitivity, a new feeling of responsi-
bility, a new awareness—what E. M.
Forster has described as “a fresh coat of
quicksilver for the mirror.” The psycho-
logical novel need not disappear, but the
practitioner of this form would do well
to remember that his hero is not the only
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one in trouble; we are all in the same
boat. Storytellers should tell stories; the
characters should not be permitted to
brood too long, to waste time (in
Forster’s words) running up and down
ladders in their own insides.

Snow believes there are signs of hope,
that these reforms are taking place, that
the novelist is seizing his chance, that
the novel is returning to life. The three
books that I review here are pertinent
evidence. They treat a common theme;
they are concerned with the sense of
guilt in those responsible for the most
fateful scientific advance of all time. It is
a guilt that all of us must share, yet for
the atomic scientist with a conscience the
burden must be personal and over-
whelming.

Snow’s own novel, The New Men, is a
memorable literary achievement. It is
the fifth volume in a cycle which when
complete will comprise 10 or 11 books
concerned with various aspects of Brit-
ish society, the chief theme being the
“intricate, labyrinthine and unassuage-
able rapacity . . . of the love of power.”
The “new men” are the atomic scien-
tists—those actually engaged in research,
as well as those who supervise, adminis-
ter, “make policy.” (The latter constitute
that class so aptly described by the
French as les savants officiels.) Upon
these new men circumstances have con-
ferred tremendous power. Tinkering
with atoms is child’s play, and the prob-
lem of understanding their behavior is
simple compared with that of under-
standing man’s behavior and his relation
to society.

The narrator of the story is Lewis
Eliot, who holds an important wartime
post in the British government. His
brother Martin is a physicist working at
Barford on a uranium project. The first
part of the story is concerned with the
feverish attempts to make a workable
atomic pile. After many minor disap-
pointments and one dramatic failure, the
group reaches its goal. The pile is self-
sustaining and the weapon within reach.
But now that they have succeeded, Mar-
tin and the others are suddenly appalled
at the potentialities of their handiwork.



From the very beginning the question
had haunted the scientists: “If we man-
age to get a bomb, what do we do with it
then?” Those with a lesser capacity for
self-deception had no doubt that, if a
bomb could be made, it would be used;
others, including Martin, thought such
a course incredible. “We’d better see
that the scientists are ready to assert
themselves in case there is any whisper
of nonsense,” says Mounteney, a Nobel
prize physicist advising on the project.
Not, he adds, that scientists are better
than other men, but they can “imaginc
the consequences . . .” and “no one
could do it if they could imagine the
consequences.” Despite the misgivings
and fears, no one proposed that the work
be stopped. The thirst of curiosity was
too strong. The bomb had to be made.
The scientists had to have their triumph.
The skeptical politicians had to be re-
futed.

But now that the bomb is here (its
feasibility demonstrated at Barford, the
thing itself in being at Los Alamos) the
decision must be made whether to use it.
The Barford group has no control over
the actual decision, but this fact does not
lessen its sense of responsibility. The
majority of its members feel it would be
immoral to drop the bomb on Japan with-
out warning, without exhausting other
possibilities. If, as one scientist observes,
“it is used at once to destroy, neither
science nor the civilization of which
science is bone fibre, will be free from
guilt again.”

The climax of the story comes after
Hiroshima. Martin is horrified, and
drafts a letter of protest to the news-
papers. “The actual use of the bomb in
cold blood . . . is the most horrible
single act so far performed. States like
Hitler's Germany have done much
wickedness over many years, but no state
has ever before had both the power and
the will to destroy so many lives in a few
seconds.” Lewis persuades his brother
not to send the letter. It is useless; it
would ruin Martin, and Lewis has al-
ways wanted much for him. The doubts
raised in Martin’s mind by these argu-
ments dilute his resolve. As the brothers
are walking together Martin suddenly
recalls a ghastly tale of tactics:

“‘There was a good deal of discus-
sion,” he said, ‘about how to drop it with
maximum results. One ingenious idea
was to start a really spectacularly pretty
flare a few seconds before the bomb went
off.

“‘“Why?’

““To make sure that everyone in the
town was looking up.

““Why?

“ “To make sure they were all blinded.”

“T cried out.

“‘That’s where we’ve got to in the
end,” he said. He added: ‘But I agree
with you; now I've got to let it go.””

As if to revenge himself on Lewis for
having thwarted his protest, Martin turns
to the game of power, seeking to gain
the top position at Barford. He joins in
the task of extracting a confession from
Sawbridge, a scientist who has leaked in-
formation to the Russians. But when
Sawbridge finally breaks down and Mar-
tin is offered the directorship as a re-
ward for his handling of the case, he
declines and returns to academic life.
Thus he throws away his only chance to
gain a reputation—for his talents as a
physicist are not exceptional. Neverthe-
less he is content, because by refusing
any longer to work on atomic energy he
has achieved a kind of moral redemption.

The New Men is beautifully con-
structed and succinctly told. Snow’s style
is a pale blade; it does not glitter but it
is delicate and sharp. Motives, conflicts,
self-doubts, dark ambitions are master-
fully exposed. Written in a low key, flow-
ing elegantly and without strain, the
book achieves tremendous peaks of ten-
sion. Snow has genuine compassion for
human weakness, but he is never senti-

mental. The complex relation between
the two brothers is shown as a mixture
of love and resentment, of selfishness and
generosity, of pride and dependency, of
guilt and stubbornness and fatal word-
lessness. Lewis” mother loved him more
than Martin and we are made to see the
psychological effects of this preference
on both men. Sawbridge is one of the few
plausible Communists of fiction. His vir-
tues are the more unglamorous ones—
“reliability, abstinence, honesty in pri-
vate relations. Nearly everyone found
him dislikeable but in a dull, unspecific
fashion.” He is a man essentially without
conflict: simple, tough, courageous, pre-
pared to accept the loneliness of cutting
himself off from other people, impelled
not so much by a sense of devotion to
the Soviet Union as by the feeling that
in carrying on his dangerous work he
would “in the long run be doing his duty
to the people around him.” Faith, hope
and hate: “that was the troika which
rushed him on.” How he despised the
liberal men who succumbed to rationali-
zations of what they knew to be evil,
who rushed to the barricades but top-
pled over “at the first whistle of danger.”

Snow’s novel breaks down a dark para-
dox of human conduct. It helps us un-
derstand not only why decent men were
willing to work on the bomb in the first
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place but also why they continued the
work long after the war was over. Pa-
triotism, an unwillingness to be out of
things, curiosity—were originally the
main motives. The dread consequences
of reaching the goal were resolutely put
out of mind. It is painful but important
to remember that the gentle Einstein
justified his originating the undertaking
by arguing that if the Nazis were work-
ing on a fission bomb we had to beat
them to it. The fact is that none, not
even Einstein, would face the reality of
what the bomb would do until it was too
late; by then, indeed perhaps even long
before then, events had got too big for
men. “No one can really tell,” Lord
Lindsay once wrote, “how near he can
go to the edge of the precipice without
falling over unless he goes so near that
he does fall over.”

The hero of The Accident, by Dexter
Masters, is Louis Saxl, a brilliant Jewish
nuclear physicist. Saxl comes to Los
Alamos at the beginning, plays an im-
portant part in the making of the bomb,
and then stays on to continue research
on weapons. One of his assignments is to
construct a critical assembly of fission-
able material. This hair-raising experi-
ment is done by hand, without use of
remote controls. Before the first bomb
was built the exercise was necessary, but
now it is idiotic as well as dangerous. No
one seems to know why the work is be-
ing done. But Saxl has done it many
times before and is a skillful technician,
This time, however, the exercise goes
awry and to save the lives of others
standing in the room Saxl knocks down
the little pile of lethal blocks with his
bare hands. The massive radiation to
which he exposes himself by this gallant,
though instinctive, action burns him to a
crisp—internally. It takes him eight days
to die. Masters describes the ordeal,
which is also the reader’s.

The Accident is a long book. The au-
thor tries to do two things: to explain
why the accident happened and to give
a minute, reporter’s account of Saxl’s ill-
ness. Saxl blundered, we are given to
understand, not because he was clumsy,
but because, subconsciously at least, he
wanted to blunder. Like Martin Eliot he
is dazed by the moral shock of the bomb.
Yet he cannot bring himself to give up
the work. Why? The reasons are not very
plain. While he lies dying the novel takes
us on many twisting journeys in time and
space. They deal with Saxl’s grand-
father and his heart trouble, with SaxI’s
parents, school days, friendships, love
life, aspirations and misgivings. He is a
brooding, inward, rather tiresome fellow
who is not very good to his girl
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What makes this novel especially un-
attractive is Masters’ preoccupation with
radiation pathology and materia medica.
Every harrowing detail of SaxI’s physical
disintegration is furnished. No clinical
item, however minute, no stench or pain
is withheld. You are there but you soon
wish you weren’t.

The task of reading is not lightened by
the style. Neither tense, nor syntax, nor
grammar stay the author from the com-
pletion of his appointed rounds. A single
example may be permitted:

“Perhaps, in fact, an ancient Pueblo
sage, resident at the time somewhere
south of what would one day become
Santa Fe and being made aware of cer-
tain new developments in the war-mak-
ing potential of his tribe, recalled that in
his youth he had once ridden north
along the Rio Grande to test the hunting,
and had come out upon a mesa so iso-
lated, so advantageous to the private
development of private achievements, as
he could now see, that, having thought
of it, he at once led the warriors back to
it, there to set up a secret camp, which
flourished for awhile before going to
ruin under forces now forgotten (al-
though conjectures might be made).”

The hero of Vance Bourjaily’s crisply
written and fast-moving novel The
Hound of Earth is less confused as to his
moral obligations than either Martin
Eliot or Louis Saxl. He knows what he
has done and feels he cannot expiate his
crime even by the most terrible form of
self-punishment. Allerd Pennington is a
voung physicist and a first lieutenant in
the army who disappears within a few
hours of the radio announcement of
Hiroshima. He was stationed at an in-
stallation near Oak Ridge and had par-
ticipated in the building of the bomb.
But both he and his associates are pre-
sented as innocent participants in the
program. Eddie, the chemist, thought he
was working on a “death ray”; Pete, the
physicist, on a system of “energy trans-
mission.” Pennington had no idea what
he was doing, so it is perhaps just as well
that he was not at Oak Ridge itself or at
Los Alamos. He had a wife whom he
cherished and two small children; he was
reasonably happy; his record was good
and his prospects were excellent. Yet the
sudden realization that he had been
working on an atom bomb engulfed him
in guilt and horror. “I felt sick, I didn’t
want to look at Eddie. He was still intent
on the radio, with the others. I didn’t
want them to look at me. I didn’t want
to hear one of them say, ‘Hey, this is
what we did.” I don’t think I'd have
cared if I never heard another human
voice again saying anvthing, as long as
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Ilived. I went out without their noticing,
and got in my car. I drove to the gate;
I had a special kind of pass to let me out.
I drove a hundred miles. I came to a city.
I got out, found a branch post office and
mailed the car keys to Frances.”

He becomes a “living suicide,” trek-
king from town to town in an erratic
course to elude the F.B.I., never com-
municating with his family (so that his
wife at last believes him dead and re-
marries), taking odd jobs for a few weeks
at a time, living in rooming houses, going
to an endless series of double-feature
movies, permitting himself neither love
nor companionship, getting drunk, re-
living his past in dreams and reveries.
The beginning of the story—the past is
unfolded in flashbacks—finds him at the
Christmas season in charge of the stock-
room of the toy department of a large
San Francisco department store. His
manner—ironical, guarded, wry—rouses
suspicion, as do the evasive answers on
his employment questionnaire. It is easily
seen that he is an educated and cultured
man, incongruously placed as a stock
clerk. He makes friends among the em-
ployees, and enemies. He enters the life
of a college girl, a temporary sales clerk
earning money during her Christmas va-
cation to pay for an abortion; of an at-
tractive adolescent boy who is his helper;
of a brash and noisy but likable toy buy-
er; of a broken-down old actor who plays
a department-store Santa Claus. He at-
tracts the malign attention of the service
manager, Dolly Klamath, a sadistic, half-
demented virgin who takes drugs mixed
in milk and imbibes the mixture through
the nipple on a baby bottle. This is a
macabre, compelling story set in the
frenzied atmosphere of the holiday sea-
son in a big store. Gradually a web
closes in on Pennington. His kindness
and sympathy for his fellow workers,
even for Dolly, cause him to lower his
guard, to become fatally entangled in
the problems of others. He realizes what
is happening to him, perceives the
mounting danger to his freedom, but he
no longer cares. Subconsciously he wants
to be caught, to be sent to prison for
desertion. He is tired of running. Fate is
unkind to this strange and lovable man.
When he is finally arrested, he has be-
come involved, though innocent, in half
a dozen crimes from assault to murder.

“There is no possibility of telling
whether the issue of scientists’ work will
prove them to be fiends, or dreamers, or
angels,” said Lord Rayleigh in 1939.
They are of course neither fiends nor
angels; dreamers, perhaps. Now they
have bad dreams. This is the leitmotif of
the three novels, the stories of three tor-



mented men. What they all came to real-
ize is well expressed in The New Men
by the journalist Hankins: “The chief
virtue of this promising new age, and
perhaps the only one so far as I can tell,
is that from here on we needn’t pretend
to be better than anyone else. For hun-
dreds of years we’ve told ourselves in the
west, with that particular brand of
severity which ends up in paying your-
self a handsome compliment, that of
course we cannot live up to our moral
pretensions, that of course we’ve estab-
lished ethical standards which are too
high for men. We have always assumed
...we have taken it for granted that,
even if we did not live up to those ex-
alted ethical standards, we did a great
deal better than anyone else. Well, any-
one who says that today isn’t a fool, be-
cause no one could be so foolish. He isn’t
a liar, because no one could tell such lies.
He’s just a singer of comic songs.”

Short Reviews

NDIA: PAINTINGS FROM AJANTA CAVES;
EcypT: PAINTINGS FROM TOMBS AND
TEMPLES; AUSTRALIA: ABORIGINAL
PAINTINGS—ARNHEM Lanp. The New
York Graphic Society ($15.00 each).
Each of these folios, published under the
auspices of UNESCO, presents 32 color
plates of rare art masterpieces. The India
volume, first in the series, reproduces
magnificent 15-century-old paintings
found on the walls of the rock-cut tem-
ples of Ajanta in the State of Hyderabad.
Of far greater antiquity are the paintings
from the tombs of the Nile valley, which
portray in brilliant color mythological,
funerary and religious themes as well as
vivid scenes of daily life in Egypt. The
secular subjects include bird-hunting
with a boomerang, fishing, feasting,
dancing, playing music, and the practice
of various trades and crafts——carpentry,
shipbuilding, pottery, laundering, shoe-
making, tanning. Even the fine details of
facial expression are visible; for example,
the craftsmen are seen “exchanging
jokes” as they work. The Australian col-
lection is perhaps the most interesting of
the group, because the aborigines of the
remote northern plateau “still practice an
art comparable with that of our stone-
age ancestors of Europe.” Thus, as Sir
Herbert Read points out, we are afforded
possible clues to various types of creative
expression whose origins are lost in pre-
history. For the Arnhem Land people
their art is “the vital medium through
which they keep alive their philosophies,
their laws and the stories of their cre-
ation.” The plates in this volume consist
of rock and bark paintings—some old,

some contemporary. The older mono-
chromatic drawings of men and women
in action—running, fighting, hunting, car-
rying their food vessels—though in line
convey a marvelous sense of movement;
the more recent drawings are polychro-
matic and static. They are executed in
what is called the X-ray style, in which
the internal as well as the external details
of animals are portrayed. The series
thus far is a distinguished achievement.

MODELS ofF DamLy LIFE 1IN ANCIENT

EcypT, by H. E. Winlock. Harvard
University Press ($7.50). In 1921 the
Egyptologist Herbert Winlock, later di-
rector of the Metropolitan Museum of

Art, made a major discovery while ex- |

cavating in the necropolis of ancient
Thebes. Breaking into an antechamber
of the tomb of the Pharaoh’s chancellor
Meket-Ré he came upon a remarkable
collection of wooden miniatures, part of
the funerary offerings to insure a repeti-
tion of the departed’s life on earth.
Meket-Ré, who died about 2000 B.C.,,
was a rich and powerful noble—his full
title was “the Hereditary Prince, the
Count, the Treasurer of the King of
Lower Egypt, the Hereditary Prince at
the Gateway of Géb, the Great Steward,
the Sole Companion and the Chancel-
lor”—and could afford to supplement the
usual tomb decorations and deposits by
models of his earthly activities. They
show the chancellor’s residences, ships
and servants; they portray the bakers on
his estate making bread, the weavers and
spinners making cloth, the stables where
his cattle were fattened and the butcher
shop where they were slaughtered. They
reproduce scenes of Meket-Ré on his
yacht sailing down the Nile; taking his
ease under the shade of a canopy; smell-
ing a lotus flower while listening to a
singer accompanied by a blind harpist;
and of the great man—seated in his pa-
vilion surrounded by his stewards, re-
tainers and scribes—watching his cattle
being paraded before him. Protected
against deterioration in their airless hid-
ing place, the tiny sculptures are so well
preserved that the paint retains its luster
and delicate shadings. Several of the
linen sails, as well as some of the ships’
ropes, are intact. Even more astonishing
is the fact that, when Winlock’s group
first inspected the models, they found
them covered with the fingerprints of the
Egyptians who had placed them in the
tomb 4,000 years ago. Many illustrations.

A\/IERICAN TrouGHT, by Morris R.
Cohen. The Free Press ($5.00).
Felix Cohen explains in the preface to
this book that as early as 1926 his father
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EINSTEIN
BOOKS

OUT OF MY LATER YEARS

Essays of enduring human interest encompass-
ing the wide range of thinking that was Ein-
stein’s priceless gift to mankind. A valued
treasury of the uninhibited living thought of
Einstein as Philosopher, Scientist and Man.
Some of the many absorbing topics: E=MC2—
The Theory of Relativity—Time, Space and
Gravitation—Physics and Reality—The Funda-
mentals of Theoretical Physics—TFhe Common
Language of Science—Laws of Science and
Laws of Ethics—An Elementary Derivation of
the Equivalence of Mass and Energy—A Reply
to Soviet Scientists—The War is Won but
Peace is Not—Military Intrusion in Science.

$4.75

[ ]
THE WORLD AS I SEE IT

Einstein’s first collection of his own charming,
intimate, witty and shrewd observations. Set
forth are his own provocative thoughts on life,
on the world about him and on his scientific
labors. A few of the many subjects: The Mean-
ing of Life—Good and Evil—Wealth—G. Ber-
nard Shaw—Women and War—Christianity
and JudaiSmu.......ccoovivieieiin e $2.75

ESSAYS IN SCIENCE

The renowned scientist writes lucidly for every-
one interested in science concerning: Principles
of Research—The Method of Theoretical
Physics—Niels Bohr—What is the Theory of
Relativity?—The Problem of Space, Ether and
the Field in Physics—Relativity and the Ether
—Scientific Truth......ccccoeoiiicinicinnins $2.75

EDISON'S DIARY

The personal record of Thomas Alva
Edison presented for the first time in
book form. Edison was not merely a desk
scientist; his mind was forever searching
for new paths, new ways into the mysteries
that surround us. A study of Edison’s
personal observations and notes is like a
fascinating trip into the unknown. Anno-
tated by D. D. Runes, Ph.D............ $4.75

| Mail to your bookseller or to: l
| PHILOSOPHICAL LIBRARY, Publishers |
| 15 E. 40th St., Desk 96, N. Y. 16, N. Y. |
I Please send me
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I opies of ESSAYS IN SCIENCE @ 275 |
| .......... copies of EDISON’S DIARY @ 4.75 I
I I enclose remittance to expedite shipment. |
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PUBLICATIONS ON

COMPUTERS & ROBOTS

P 2: COMPUTERS AND AUTOMATION. Monthly. Articles
on” computing machinery, automatic control, cybernetics,
robots, etc. Reference information: roster of organizations,
list of automatic computers, etc. Annual subscription $4.5
P N30:, SENIACS_SIMPLE ELECTRIC BRAIN MACHINES,
AND 'HOW THEM. Report. Describes over 30
AN Broetric brain mach nes that reason arithmetically or
logically, solve puzzles, play games (tit-tat-toe, nim), test
intelligence, encipher and decipher, etc.; givés complete
constriiction details. Fach machine ‘operates onone flash,
light battery.. $3

P 6: CONSTRUCTING ELECTRIC BRAINS. Reprint of
thirteen published articles. Explains simply how an auto-
matic computer is constructed; how to make it add, sub-
tract, multiply, divide, and solve problems automatically,
using relays of electronic tubes or other devices. Containg
many examples of circuits..

P 10: THE CONSTRUCTION OF LIVING ROBOTS. Report.
Discusses the properties of robots and of living beings,
and outlines how to construct robots made out of hard-
ware which will have the essential properties of living
beings. Gives circuit diagrams.. 1.

CONSTRUCTION PLANS FOR SIMON, the Small Me-
ical Brain. Complete plans, circuits, essential wiring
agrams, parts list, etc., enabling Simon to handle num-
bers up to 255, and to perform nine mathematical and
logical operation $5.50

SYMBOLIC LOGIC

P 16: SYMBOLIC LOGIC—TWENTY PROBLEMS AND SO-
LUTIONS. Report. Contains some problems by Lewis Car-
roll and John Venn (out of print), and many other new
problems. Guide to using symbolic logic in actual Situas
tlons

BOOLEAN ALGEBRA (THE TECHNIQUE FOR MA
LATING ‘AND', ‘OR', ‘NOT', AND CONDITIONS) AND
APPLICATIONS TO' INSURANCE; also DISCUSS Re-
print. Explains in simple language: what Boolean albebra
is; How to recognize the relations of Boolean algebra
when expressed in ordinary words; and how to calculate
with it. Contains problems, solutions, Jis
cussion. .

P 4: A SUMMARY OF SYMBOLIC LOGIC AND ITS pnnc-
TICAL APPLICATIONS. Report. Rules for calculating
with Boolean algebra. Other parts of symbolic logic. Ap-
plications of Boolean algebra to computing machlncry,
circuits, and contracts. Many complete problems

lutions
P 14: CIRCUIT ALGEBRA—INTRODUCTION. Report. Ex-
plains simply a new algebra (Boolean algebra modificd to
include time) that applies to on-off circuits, using relay:
clectronic  tubcs, rectifiors, gates, fib-fops, dciay lines,
ete. Covers both static and sequential circuits. Applica:
tions to control, programming, and computing.” Problems
and solutions involving circuits..... ..$1.90
Your money is returned at once |f you are not satlsﬁed
You can see these for almost nothing—why not take a look
at them? Send request direct—not through a dealer. (P.S.
We also offer 13 more publications, and 27 courses by mail.
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had planned to publish a volume on con-
temporary American thought. Various
circumstances, not the least of them the
older man’s characteristic conviction that
he had to enlarge his already encyclo-
pedic knowledge before undertaking so
ambitious an appraisal, delayed its com-
pletion. Now it appears, with both men
dead, a legacy of the father’s richly
stocked and spirited mind, of the son’s
devotion and uncommon editorial skill.
The range of the book is almost beyond
belief. It discusses symbolic logic and
jazz, the economic theories of Frederick
Winslow Taylor and the poetry of Walt
Whitman, the Spanish dances of Mosz-
kowski and the statute of Quia Emptores,
the architecture of the Chicago Tribune
building and the legal briefs of Justice
Brandeis, the philosophy of Charles
Sanders Peirce, the Erie railroad and the
treatises of Hippocrates. This sweep is
too much even for Morris Cohen; many
of the pieces are scrappy, trivial and glib.
Nevertheless this is an endlessly interest-
ing book which conveys perhaps better
than any other of his writings the liveli-
ness, wisdom and sensitivity of an illus-
trious teacher and philosopher.

7 2—THE SAVAGE MOUNTAIN, by

- Charles S. Houston, Robert H. Bates
and Members of the Third American
Karakoram Expedition. McGraw-Hill
Book Company, Inc. ($6.00). K2, also
known as Mount Godwin Austen, was
climbed by an Italian party in 1954. The
second highest mountain in the world
(28,250 feet), K2 is located in Pakistan
in the wild Karakoram range, which has
33 peaks over 24,000 feet. In 1902 the
first attempt was made to reach the sum-
mit of this black monster, only 750 feet
lower than Everest and considered by
some experts even more difficult and
dangerous to climb. Another unsuccess-
ful effort was made in 1909 by a group
under the famous Italian explorer the
Duke of Abruzzi. Since 1938 three
American expeditions have tried to gain
the peak. The first, headed by Dr. Hous-
ton, reached 26,000 feet, ran out of food
and had to turn back, but not before
finding a route which promised success
in the future. The second, a year later,
got 1000 feet higher, but was denied
victory when one of its members, Dud-
ley Wolfe, was trapped and died on a
tiny snow shelf. Two Sherpa porters also
perished in a heroic attempt at rescue.
In 1953 the third expedition, again led
by Dr. Houston, was also defeated by
tragedy. After six weeks of grim exer-
tion, eight climbers reached a camp
2,750 feet from the top with food and
fuel to last for 10 days. This was an am-
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ple supply for the final assault. Then a
monsoon blizzard enveloped the group,
pinning the members in their tents for
nine days. So violent were the winds that
the men could not speak with each other,
though with a walkie-talkie they were
able to communicate with the base camp
9,000 feet below. On the ninth day Ar-
thur Gilkey, a geologist, became ill and
it was imperative to carry him down. A
new storm beat back the party carrying
Gilkey on a stretcher, but the next day
their desperate situation forced another
try. The descent was a nightmare, but
the men pushed on. At 25,000 feet one
of the climbers slipped, carrying four
others with him. “It was like falling off
a slanting Empire State Building six
times as high as the real one.” By an in-
credible effort on the part of another
climber all, including Gilkey, were
saved. But an hour later, while his com-
panions were trying to gather strength
after their fall, the wind tore loose the
ice axes from which his stretcher was
suspended and he plunged into an abyss.
The K2 story is superbly told in this
book. It is one of the great accounts of
mountaineering. The Houston-Bates ex-
pedition may not have been the best-
planned and most scientific of modern
climbing attempts, but the character of
its members, the record of their achieve-
ment, the solidarity and cooperativeness
of the group in the face of adversity com-
pose a shining page of human adventure.

OXFORD EcoNoMIC ATLAS OF THE

WorLp. Oxford University Press
($4.80). This compact and very useful
reference book prepared by the staff of
the Clarendon Press consists mainly of
commodity maps accompanied by statis-
tical tables, population charts and re-
lated information. The maps are simple
and clear, and together with the sup-
porting data tell you quickly where
manila hemp is made, bananas are
grown, chromium is mined, goats are
raised, rubber is planted, radio receivers
are used, tractors are manufactured, to-
bacco is cultivated, uranium is found,
nylon is produced, ships are sailed—and
who trades what with whom in the world

scramble for existence.
E MetcaniQue au XVIIe SitcLe, by
René Dugas. Dunod (5300 francs).
A masterly monograph on the evolution
of mechanics from Kepler to Newton.
Dugas is the author of a comprehensive
survey of this branch of physics, which
appeared in 1950; the present volume
focuses closer attention on the classical
epoch whose leading figures are Galileo,
Descartes, Pascal, Huygens, Newton and



Leibniz. The particular merit of Dugas’s
study is that it brings out clearly the in-
fluence of metaphysical ideas on scien-
tific thinking, recalling E. A. Burtt’s
noted work The Metaphysical Founda-
tions of Modern Physical Science. The
17th century provides an unusually fer-
tile period for investigations along these
lines because it is characterized by a con-
flict between two major intellectual ten-
dencies: on the one hand the foremost
scientists of the time had not succeeded
entirely in ridding themselves of a
scholastic cast of thought, an undue em-
phasis on first causes and the why rather
than the how of phenomena; on the other
hand, the period is marked by increased
reliance on observation as a source of
knowledge and a vigorous expansion of
the experimental method. Dugas deep-
ens our understanding of the men and
the ideas involved in this conflict and
makes an imaginative contribution to the
history of science. Louis de Broglie’s
preface to this excellent book is itself a
model of lucidity.

HE EXPLORERS OF NORTH AMERICA,

by John Bartlet Brebner. Doubleday
Anchor Books ($1.25). GROwWTH AND
STRUCTURE OF THE ENGLISH LANGUAGE,
by Otto Jespersen. Doubleday Anchor
Books (95 cents). Two notable additions
to the excellent Anchor series of reprints.
Brebner’s standard work embraces the
exploration of America from Columbus to
Lewis and Clark; it deals with the men
and the drama of their exploits as well
as with the physical appearance of the
country they opened up, the habits of
the Indians they encountered, the social
and political consequences of their dis-
coveries. Jespersen’s classic first ap-
peared in 1905 and is here reproduced
in its ninth edition. It is a superb account,
for both the plain reader and the scholar,
of the anatomy, functioning and evolu-
tion of the English language.

ARPLANES oF THE WORLD, by Douglas

Rolfe and Alexis Dawydoff. Simon
and Schuster ($2.95). ALL ABOUT AIr-
craFT, by D. M. Desoutter. John de
Graff, Inc. (85.00). These two volumes
make a very handy little aviation refer-
ence library. Rolfe and Dawydoff cover |
the history of airplanes in text and 1,000
drawings from Leonardo da Vinci’s orni-
thopter to the latest supersonic jets. De-
soutter’s oblong manual crams a good
deal of information into its 450 pages:
fundamentals of aerodynamics, problems
of supersonic flight, the operation of jet
and piston engines, airplane fuels, air-
craft structure and materials, special
equipment for aviation, helicopters, mis-
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ity, are invited to consider joining us.

TRANSISTOR CIRCUITS
DIGITAL COMPUTING NETS
MAGNETIC DRUM AND CORE MEMORY
LOGICAL DESIGN
PROGRAMMING
VERY HIGH POWER MODULATORS
AND TRANSMITTERS
INPUT AND OUTPUT DEVICES
SPECIAL DISPLAYS
MICROWAVE CIRCUITS

Scientific and Engineering Staff

HUGHES

RESEARCH
AND DEVELOPMENT
LABORATORIES

Culver City, Los Angeles County, California

102

siles, the history of flight, aviation medi-
cine, aviation research and development,
international flight records. It also con-
tains a useful glossary, an index and
many illustrations.

| Brief Notes

Faticue oF MeTaLs, by R. Cazaud.
Chapman & Hall, Ltd. (60 shillings).
Dr. Cazaud, a leading French authority,
surveys the general characteristics of the
fatigue of metals under various influ-
ences of stress, temperature and the like,
the inherent resistance of metals and al-
loys to fatigue and the prevention of
fatigue failure.

As I RemeMBER Him, by Hans Zins-
ser. Little,Brownand Company ($5.00).
Reissue of a readable, sentimental, popu-
lar autobiography of a well-known medi-
cal scientist and teacher who died some
15 years ago. Dr. Zinsser, who also wrote
Rats, Lice and History, disguised the au-
tobiography as the story of a physician
whom he knew intimately: R.S. (Real
Self?).

EvoLuTioN as A Process, edited by
Julian Huxley, A. C. Hardy and E. B.
Ford. The Macmillan Company ($4.25).
Nineteen leading biologists, zoologists,
geneticists, statistical theorists and other
workers in evolutionary research con-
tribute essays on the state of knowledge
in their field just 50 years after the redis-
covery of Mendel’s laws. Some of the
essays are quite specialized; some, like
Julian Huxley’s introductory piece, can
be enjoyed by anyone.

Apvances IN Foop ResearcH: VoL.
V, edited by E. M. Mrak and G. F. Stew-
art. Academic Press, Inc. ($11.50).
Monographs on current investigations:
deterioration and preservation of meat,
fruit and vegetable products; organic
constituents of wines; the color problem
in foods; statistical methods in food re-
search.

THE HELICOPTER AND How IT FLIES,
by John Fay. Pitman Publishing Corpo-
ration ($2.50). The fundamental fea-
tures of rotary-wing flight simply ex-
plained. Excellent line drawings. A very
satisfactory little book.

THE LaNGUuaGE oF TaxoNomy, by
John R. Gregg. Columbia University
Press ($2.50). This interesting little vol-
ume deals with the application of the
| symbolic methods of modern formal
| logic to the study of systems of classifi-
| cation in botany, zoology and related sci-
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. « «» as analytically applied to
the scientific evaluation of aerial
combat systems.

The Institute for Air Weapons Re-
search is engaged in the study of
aerial combat systems for the Air
Research & Development Command,
United States Air Force. The Insti-
tute is interested in people with
broad scientific background togeth-
er with specialized knowledge in a
field such as applied mathematics,
mathematical probability, statistics,
physics, or the engineering sciences.
Excellent opportunities for advance-
ment and formal education. Salaries
commensurate with individual back-
ground and aptitude.
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UNIVERSITY OF CHICAGO
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Fellows pay an Entrance Fee of £1 1s.
and an Annual Subscription of £2 2s.

Students. Candidates for Studentship
must be between the ages of 18 and 26,
and pay an Annual Subscription of only
7s. 6d.

ACTIVITIES include an Annual Ex-
hibition of Scientific Instruments and
Apparatus, which attracts many over-
seas visitors.

PUBLICATIONS include the Pro-
ceedings of the Physical Society,
published monthly in two Sections, Re-
ports on Progress in Physics, pub-
lished annually and the Handbook of
the Exhibition mentioned ahove; all
publications are available at reduced
rates to members.

REPRINT SERVICE. Subscribers to
the Proceedings may now obtain re-
prints of papers published. A Bulletin
of abstracts is circulated each month,
and payment is by means of vouchers,
books of which, giving 5 reprints for
10s., may be purchased from the Of-
fices of the Society.

For further information apply to:
THE PHYSICAL SOCIETY
1 Lowther Gardens

Prince Consort Road
London S.W., 7




ences. The first part of the book is an
clementary exposition for taxonomists
and biologists of set theory; the second
applies these methods to neo-Linnaean
taxonomy.

OxFORD JUNIOR ENCYCLOPEDIA: VOL.
XII, THE ARTs, edited by Laura E. Salt
and Robert Sinclair. Oxford University
Press ($8.50). The 12th volume of this
young people’s reference work covers
architecture, painting and sculpture,
music, poetry, prose and drama. Espe-
cially noteworthy are the many excellent
illustrations, including fine full-page
black-and-white and color plates.

CLmMaTIC ATLAS OF THE UNITED
StaTEs, by Stephen Sargent Visher. Har-
vard University Press ($9.00). More
than 1,000 maps and diagrams portray-
ing for all parts of the U. S. the principal
climatic features: temperature, wind,
sunshine, humidity and precipitation,
climatic regions and climatic changes. A
valuable compendium.

Lire oN OreEr WonrLps, by Sir
Harold Spencer Jones. The Macmillan
Company ($3.00). For the revised edi-
tion of this popular book, the best and
also the least sensational of its kind, the
Astronomer Royal has furnished addi-
tional information gathered in the last
10 years on the evolution of the atmos-
phere of the earth, the conditions on
Venus and the origin of the solar sys-
tem. Photographs.

THE Gyroscore AppLIED, by K. L. T.
Richardson. Hutchinson’s Scientific and
Technical Publications (30 shillings). A
description of “what the gyroscope is,
how and why it works . . . how and why
it has come to play such an important
part in scientific progress, especially in
marine and aeronautical transportation
and military operations.”

ArcHITECT’s YEAR Book 5, edited by
Trevor Dannatt. British Book Centre
($9.00). The fifth volume of this British
annual contains 20 articles on the his-
tory of architecture, painting, town plan-
ning, technical aspects of building and
kindred topics. Several of the articles and
many of the photographs of architectural
developments throughout the world are
of unusual interest.

THE STORY OF PAPERMAKING, by Ed-
win Sutermeister. R. R. Bowker Com-

pany ($5.00). A straightforward semi-
popular account of the subject. Excel-
lent illustrations.
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The art of stage lighting has come
a long way since the days of the
showman P. T. Barnum and the
microscopist Ernst Abbe. These pioneers
knew that organisms, whether human or
microscopic, rarely look their best in the
head-on glare of white light. Both work-
ers recognized the advantages of proper
background illumination and learned to
bring out modeling through the use of
oblique light. The intervening decades
have brought their techniques to a high
state of development. Today’s impresario
can multiply his effectiveness by master-
ing these techniques whether he presides
over the stage of a theater or that of a
microscope.

“When I started to use my first micro-
scope,” writes John De Haas, an amateur
microscopist of New York City, “I
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Light waves from a point source
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7 THE AMATEUR SCIENTIST

Concerning microscope illumination and

an unusually steady telescope mounting

thought the only way you could see sig-
nificant detail in an animal of micro-
scopic proportions was to kill and stain
it. I was interested in studying protozoa,
particularly the flagellates. But the ap-
plication of make-up to my performers
ended the show before the curtain went
up. I wanted to study the internal struc-
tures of my animals as they swam, fed
and reproduced. That meant that I had
to work with light alone. As things de-
veloped, Rheinberg color illumination,
dark-field lighting and even an inexpen-
sive version of phase-contrast microscopy
all proved within easy reach of my facili-
ties. Astonishing increases in effective
resolving power, I learned, are possible
even with bright-field illumination. You
simply block off 95 per cent of the light
from certain directions. Beginners often
make the mistake of flooding their speci-
mens with light and thereby washing out
all detail.

“The effect is easy to demonstrate. As-
sume that you have a medium-priced
microscope fitted with an eight-milli-
meter objective, an Abbe condenser and
an eyepiece capable of giving the instru-
ment a magnification of 150 diameters or
so. Put a slide of diatoms under the ob-
jective. Focus on one of them carefully
and fiddle with the lamp, mirror and con-
denser adjustments until maximum de-
tail appears. The chances are good that
you will see the diatom in sharp outline
against the bright field. The body will
show little detail beyond a fuzzy pattern
of striations. Substituting an eyepiece of
higher power will not help much. The
striations will appear bigger—but pro-
portionately fuzzier. At this point many
amateurs decide they need a better
microscope. There is another way out,
and it costs much less.

“Cut a disk of black cardboard to fit
the filter carrier of the substage and make
a quarter-inch hole in the disk midway
between the center and the edge. With-
out disturbing the adjustment of the in-
strument, slip the disk into the substage.
You will find a position where, despite
the lower intensity, an astonishing
amount of detail comes into view. The
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striations stand out sharp and clear and,
depending upon the structure of the
diatom, you will observe that the stria-
tions are rows of objects still more mi-
nute. By moving the disk slightly up and
down or sideways, or rotating the stage,
even smaller details can be resolved.”

This technique, De Haas explained, is
a form of oblique bright-field illumina-
tion. Nothing is coming though the eye-
piece that was not there before. When
the iris of the condenser is wide open,
contrasting details of light and shadow
in the image are submerged in glare be-
cause the deviated rays comprising the
first- and lower-order spectra, that carry
the fine details of the specimen, are faint
when they are compared with the direct
or zero-order rays.

It is interesting to examine and ma-
nipulate the spectra because this enables
you to predict the resolution even before
you look at a specimen. To view the
spectra you observe the back lens by re-
moving the eyepiece and substituting a
pinhole. You will also need a series of
opaque disks punched with a quarter-
inch hole, the position of which progress-
es through the series from the center to
the edge.

With the iris of the condenser wide
open, focus the microscope on the diatom
as described in the De Haas experiment
and look through the pinhole at the back
lens of the objective. The lens will be
flooded with light to its edge. Now
slowly close the iris. As the image of the
iris in the back lens becomes smaller and
smaller, the edges of two colored disks
will appear at opposite sides of the field.
The edges nearest the white disk will be
an intense violet that shades into blue.
These are images of first-order spectra.
The fine structure of the diatom is acting
as an amplitude diffraction grating, and
hence some of the rays are deviated from
the central beam. Now insert one of the
opaque disks which has been perforated
slightly off center into the filter holder
and open the iris wide. The radius on
which the perforation lies should be
lined up with that of the spectra. The
pinhole will now show that one of the



colored images has in effect advanced
into the field of view, while the white
image and the other colored one have
retreated an equal amount. Substitute in
the filter holder the remaining opaque
disks of the series one at a time for the
initial disk. In effect this moves the per-
foration successively farther from the
center. Observe that as the first-order
spectral image advances more and more
into the field, it shades through the col-
ors of the rainbow and that, as it comes
fully into view, a fainter companion ap-
pears at the edge. This companion is the
second-order spectra. Depending upon
the characteristics of your objective and
the specimen, you may be able to entice
as many as three orders into view before
the white zero-order disappears. More-
over, by rotating the specimen or adjust-
ing its lateral position slightly you may
be able to bring other spectra into view
at right angles to those already in the
field. When you have accomplished this,
substitute an eyepiece for the pinhole.
The specimen will bristle with detail!

The explanation of why high resolu-
tion is associated with spectra is found
in the wave nature of light. Except for
shadows of gross objects cast by zero-
order rays, the microscopic image is
formed by interference at the focal plane
of the eyepiece between rays that have
been diffracted at the object, as shown
in Roger Hayward’s drawing at the up-
per right on this page.

The technique of increasing effective
resolution by the use of an off-center
diaphragm may be considered a form of
annular illumination, in which the speci-
men is lighted by a hollow cone of light.
Most of the cone is missing in the above
experiment, but it would be complete if
a ring of perforations were extended all
around the opaque disk. A luminous cone
would then surround a solid cone of
darkness. If the base of the dark cone
were made wide enough, no direct light
from the condenser would enter the ob-
jective; and in the absence of a speci-
men, the field would appear dark. A spe-
cimen would reflect some of the rays into
the objective and thus cause it to stand
out in bright contrast against the dark
field. Such reflection is greatest at points
where the refractive property of the spe-
cimen changes abruptly, as at its edges.
Hence the usefulness of dark-field illu-
mination is limited to specimens charac-
terized by sharp contrasts in refractivity.

This is also true, for the same reason,
of Rheinberg color illumination. Al-
though Rheinberg illumination has lim-
ited value as a research tool, the fascinat-
ing results justify setting it up as an ex-

periment. Essentially it is annular illu-
mination in which an outer cone of col-
ored light surrounds an inner cone of
light in a contrasting color. As in the
case of dark-field illumination, unless a
special condenser is used, Rheinberg illu-
mination works best with low-power ob-
jectives, preferably those of 16 milli-
meters or more used in combination with
a five-power eyepiece. To prepare a
Rheinberg setup, cut a disk of colored
gelatin or other plastic to fit the filter
holder. Red is a good color for this disk.
Perforate the center with a half-inch
hole. Next cut a five-eighths-inch disk of
contrasting color, say blue. Cement this
disk over the perforation in the larger
disk. The difference in size between the
small disk and perforation allows for a
sixteenth-inch overlap. Insert the assem-
bly in the filter holder and rack up the
condenser until it is focused on the object
plane. The field will now appear uni-
formly blue because the objective is im-
mersed in the central blue cone of light.
Now place a small amount of water on a
slide and drop in a grain of some effer-
vescent substance such as Bromo Seltzer.
The eyepiece will present a striking dis-
play as myriad bubbles bend red rays
into the objective—like fireballs rising
through a sea of blue.

Of greater interest to the advanced
worker is the relatively new technique of
phase-contrast microscopy, devised in
1934 by the Dutch physicist Frits
Zernike. Phase contrast, like dark-field
lighting, may be considered a form of
annular illumination. Unlike other forms
of annular illumination, however, Zer-
nike’s technique produces contrasts in
the image by exploiting minute differ-
ences in phase between direct waves
from the light source and those deviated
by the specimen. On the opposite page
Hayward depicts concentric waves of
light radiating from what may be consid-
ered a point source. The amplitude or
brightness varies inversely with the
square of the distance from the source,
as suggested by the sine wave extending
to the left from the lamp. The velocity
of waves intercepted by the glass block
(upper left) is retarded by the refractive
property of the glass and, in this case,
the light emerges from the block a full
wavelength behind that propagated
through the surrounding air. Although
both sets of waves are spherical, those
that have traversed the glass block are
now said to “lag” 360 degrees behind
those of the source. The lens (upper
right) intercepts the spherical waves
and, by virtue of its thickness increasing
toward the center, retards the spherical
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diffracted
rays

An amplitude diffraction grating

wave fronts just enough so that they
emerge as plane waves.

Many microorganisms are transparent
and, like glass, can retard the velocity of
light. Unfortunately the refractivity of
many interesting ones nearly matches
that of the medium in which they live.
The eye is sensitive only to changes in
amplitude or brightness. Hence micro-
organisms that cause only small differ-
ences in phase between light transmitted
through them and through the surround-
ing material are invisible. Prior to the
invention of phase microscopy they could
be seen only after being stained or im-
mersed in a fluid of substantially differ-
ing refractive index. These alternatives
either killed them or seriously interfered
with their natural processes.

The phase-contrast technique makes
such objects visible by transforming
small differences in phase into small dif-
ferences in amplitude or brightness—to
which the eye is sensitive. The trick is
accomplished by retarding part of the
light (passing it through a thin sheet
of glass or similar material called a phase
plate) so that all light arrives at the focal
plane of the eyepiece in phase or 180
degrees out of phase. The crests and
troughs of the waves are thus made to
coincide or cancel. They “interfere,” or
combine their energies, and thus set up
amplitude differences that constitute an
image of the object.

The fine details of the image are car-
ried by spectral orders of phase. These
correspond to the spectral orders of am-
plitude that account for image resolution
in ordinary bright-field work, as demon-
strated by the experiment in oblique
lighting and illustrated by Hayward’s
drawing of an amplitude grating on this
page. A phase grating, consisting of alter-
nate strips of transparent material which
differs slightly in refractivity from the
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intervening material, works much like
the amplitude grating illustrated in the
top drawing on this page. Transparent
specimens can be considered phase grat-
ings because the refractivity of their
structure varies; rays transmitted through
those portions of higher refractivity are
deviated with respect to those transmit-
ted by portions of lower refractivity.
Thus two sets of waves enter the objec-
tive, distinguished only by their phase
difference. It can be demonstrated
mathematically that a third wave can be
found which represents the phase differ-
ence between the direct and deviated ray.
This difference wave is always just 90
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degrees out of phase with the wave
emerging from the specimen. A value of
amplitude can be assigned to the differ-
ence wave so that when it is added to
the wave deviated by the specimen, the
sum equals the direct wave transmitted
by the surrounding material. Zernike
looked for the difference wave in nature
—and found it! It is the phase spectra
set up by the specimen and it carries the
specimen’s phase image.

As observed in the experiment with
oblique lighting, the spectral orders
spread across the aperture of the objec-
tive’s back lens and converge at the
plane of the eyepiece. The condenser is
adjusted so that direct rays from the
source meet at thebackfocalplane of the
objective, as shown by the top drawing
on this page. Hence rays which pass
through the center of the back focal
plane and those transmitted through the
complementary area (the spectral or-
ders) are out of phase by 90 degrees.
When this difference is adjusted so that
the two arrive at the focal plane of the
evepiece precisely in or out of phase,
interference takes place and an ampli-
tude-contrast image results as in conven-
tional bright-field illumination.

Zernike corrected the phase differ-
ence by inserting an annular phase plate
in the path of the direct wave, as shown
in the bottom drawing on this page. In
addition he coated the plate with a layer
of light-absorbing material just dense
enough to reduce the intensity of the di-
rect wave to that of the deviated wave
so that complete addition or cancellation
would take place. This prevents the im-
age from being masked by the excess
light of the direct wave. As subsequently
improved, plates are designed either to
advance or in effect retard the direct
wave and thus result in either construc-
tive or destructive interference. Con-
structive interference causes a bright ob-
ject to appear against a neutral back-
ground. Destructive interference re-
verses the effect. A set of phase plates,
together with accessories including a
condenser annulus and a telescope for
aligning elements in the optical train
sells for about $200. De Haas devised a
form of phase contrast for the amateur
which approximates the results of the
Zernike technique and costs less than
$20. It works well where phase differ-
ence amounts to a 20th of a wave or
more.

De Haas’s project was supported by a
grant from the Pennsylvania Academy of
Science and was reported in the Acade-
my’s journal last year. His setup requires
a three-element Abbe condenser with the
top lens removed, an iris or Davis dia-
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phragm for use with a four-millimeter
objective of the dry type, a 16-milli-
meter objective and individual stops
(made with opaque lacquer on daylight
filters of medium shade) for each ob-
jective. These are inserted in the filter
carrier beneath the substage condenser.
The size of the stops must in general be
determined experimentally. For a 16-
millimeter objective of .25 numerical
aperture the stop diameter should be
19/64 inch. A four-millimeter objective
of numerical aperture .65 requires a stop
of 21/32 inch.

An appropriate stop is inserted in the
filter holder, the eyepiece removed and
the image of the stop carefully centered
by eye in the back lens of the objective.
The lamp must also be centered on the
optical axis. A specimen is then placed
on the stage and focused. A position of
the condenser will then be found where
details of the specimen stand out in sharp
contrast—lighter or darker than the sur-
rounding field depending upon the ad-
justment. When using the four-milli-
meter objective, the position of the Davis
iris influences the result and the best
adjustment must be found by trial and
error.

The technique contrasts with dark-
field microscopy, where the condenser
must lie in exact focus at the object plane
and in which the object is always bright-
er than the field. The De Haas system
appears to work on the principle of
fringes diffracted by an edge—the stop
providing the edge. The objective dia-
phragm probably acts on these fringes
and those from the specimen so that they
get added as in the Zernike system. De
Haas has not attempted a theoretical
analysis of the system. His optical train
is shown on page 108. Photomicrographs
showing a specimen of Amoeba limax
made with ordinary transmitted light
and by the De Haas system appear on
the opposite page.

Correspondence reaching this depart-

ment during recent months reflects
concern among amateur astronomers
with the design and construction of rock-
solid mountings for their telescopes. This
is particularly true of amateurs who go
in for celestial photography, variable star
observing, the precise timing of lunar
occultations and so on. Knife-sharp pho-
tographic negatives and clear photoelec-
tric recordings cannot be made with an
instrument that jiggles.

In general the problem of achieving
the desired stability has been attacked
in two ways. The first reduces the diffi-
culty by exchanging a pronounced slow
wobble for a less-pronounced fast one.



An amoeba seen with transmitted light (left) and with the De Haas phase system (right)

Low amplitude is bought at the price of
high frequency. Axes are made heavier
and overhang is reduced to a minimum.
In other words the “pendulum” is stiff-
ened and shortened. It is possible to in-
crease the rate of vibration of six-inch
instruments to as much as 10 cycles per
second by using stubby shafts for axes
and appropriately light materials in the
construction of the tube and its acces-
sories. However, even this relatively
high frequency is well within the range
of a good photoelectric recorder. It can
easily mask the subtle features of occul-
tation recordings. Thus most designers
tackle the problem by the second
method: increasing the effective diam-
eter of the axes. A now-classic example
of this type of design is represented by
the Springfield mounting introduced 35
years ago by the late Russell W. Porter
and described in Amateur Telescope
Making—Advanced. But even though
the Springfield axes are defined by plates
as broad as the telescope’s mirror, physi-
cists of the Army Map Service found it
necessary to substitute oversized ribbed
castings before the design would yield
useful occultation records. Perhaps the
simplest way of increasing the effective
diameter of axes is to adopt one of the
numerous yoke designs. They are cum-
bersome, of course, and troublesome to
move. But if you are willing to sacrifice
portability for stability of operation, a
good yoke mounting is your dish.

W. P. Overbeck, of Aiken, S. C., has
built one that he swears can function
simultaneously as a trapeze and a pre-
cision photometer. He built the mount-

ing for far less than the patterns alone of
a Springfield would cost.

“My enjoyment of astronomy,”
writes, “lies in calculating positions of
objects or timing astronomical events
and subjecting the results to accurate
measurement. This provides relaxation
from other activities which are not
capable of such precise evaluation. Of
course the professional astronomer does
not define astronomy in such simple
terms; he is most interested in phenom-
ena which are very difficult to measure.
But the amateur can take delight in
finding things within a small fraction of
a degree of where he expects to find
them or in timing events within a few
seconds, particularly when he has built
his own instrument.

“To satisfy the desire for accuracy, I
soon came to the conclusion that it
would be necessary to build a telescope
which could be permanently, and very
solidly, mounted outdoors. It was diffi-
cult to see how reproducible measure-
ments could be obtained with a portable
telescope. Secondly, having meager
facilities for precision machining, it be-
came clear that I must use a type of
mounting in which the principal axes are
supported on widely spaced bearings so
that any play in the bearings would have
a minimum effect on angular motion.
Finally, a permanent outdoor mounting
must be weatherproof unless one wishes
to add the cost of building an observa-
tory complete with dome.”

The answer to all these requirements
is shown on page 110. Writes Overbeck:
“The telescope tube and its declination
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axis are mounted in a yoke with bearing
points spaced about a foot apart. The
yoke is similarly mounted between two
heavy A-frames with bearings about
eight feet apart. With a ‘slop’ of less than
.0005 inch in the bearings, the declina-
tion axis is fixed to within .0024 degrees
and the polar axis to within .0003 de-
grees. The A-frames are fastened down
with heavy bolts set in a four-inch con-
crete slab. The arrangement is so solid
that one can climb on the frame while
making observations. The principal
timbers of the mounting are four by six
inches. They were measured and cut
with considerable care to obtain the cor-
rect angle of tilt for the latitude of the
site. Each piece was then thoroughly
shellacked and painted and finally as-
sembled with half-inch lag screws, most
of which were six to eight inches long.

1
Davis iris added

to objective

three element Abbe condenser
with top element removed

stop centercd on filter
('%4 diam for 16 mm
objective of NA .z5)

H ob_jcctivV

Preliminary alignment of the slab and
frames was done by first establishing a
true north-south line. This was accom-
plished by suspending a long plumb line
from a temporary support and marking
off the position of its shadow as the sun
passed through the meridian. By re-
ferring other measurements to this line,
it was possible to get everything lined up
to within a small fraction of an inch and
minimize the more precise alignment
work required later.

“The yoke was built of half-inch ply-
wood, heavily reinforced with two-by-
six- and two-by-four-inch pieces at the
points requiring strength. The sides of
the yoke, as well as the main A-frames,
are built so that they provide ‘bearing
boxes’ at the points where the bearings
are to be located.”

The detail at the lower left on page

condenser not
focused on
object planc

The optical train of the De Haas phase system
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110 shows the arrangement of bearing,
clutch and driving gear at one side of
the telescope tube. The bearing is made
up of three-quarter-inch pipe fittings
which were machined down to get a
good fit and alignment. Starting from
the right, the detail shows a partial sec-
tion of the tube, which at this point has
a double wall for strength. A flange
is fastened to the tube and holds a tubu-
lar bearing shaft made from a six-inch by
three-quarter-inch pipe nipple. The
shaft passes through a second flange
which is fastened to a two-by-four-by-
eight-inch wood block which fits snugly
inside the bearing box and is held in
position by two lag screws. The lag
screws pass through clearance holes in
the sides of the box, permitting a small
amount of adjustment. On the outer end
of the bearing shaft is a third flange,
faced with rubber, which forms half of
a disk-type clutch. The other half of the
clutch is separately assembled with the
driving gear on a steel bushing which
slides into the outer end of the tubular
bearing shaft.

Overbeck continues: “To control the
clutch, a long quarter-inch steel rod,
having a collar fastened to it, extends
through the center of the entire assembly
and is threaded into a steel plug at the
inner end of the bearing shaft. In the
actual assembly the two clutch faces re-
main in contact. They are surfaced with
thin, smooth gasket rubber and require
very little release of pressure to change
from a locked condition to one which
permits free motion. The drive for both
declination and right ascension is pro-
vided by miniature electric motors which
are geared 500,000 to 1 and are housed
in the bearing box along with the clutch
and gear.

“This makes it easy to maintain good
alignment between driving gear and
shaft. The box is sealed by a rubber strip
which is tacked inside a four-inch hole
in the face toward the telescope and
which fits snugly against the side of the
telescope. A second seal closes the
opening around the clutch control rod.
It took much longer to invent this as-
sembly than it did to build it. One of its
greatest advantages is that it can easily
be taken apart, piece by piece, from the
outer face of the box.

“The assembly above described is
duplicated at one end of the polar axis.
The other two bearing assemblies have
no clutch or gear but simply have a
graduated circle fastened to the flange
which forms the inner clutch-face. The
outer covers for these bearing assemblies
have glass inserts.”

The telescope tube is made of half-
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inch plywood reinforced by several in-
ternal “ribs” which are pieces of plywood
seven inches square with six-inch holes
cut in them. When the tube is not in use,
both ends are covered with simple ply-
wood lids such as the one shown in the
detail at upper right in the drawing.

A plywood box for carrying the eye-
pieces is also shown in the drawing. It
was carefully built to the same dimen-
sions as the tube. The mirror assembly
can be used as a lid for the box when
storing the optical parts indoors, or may
be quickly installed in the end of the
telescope when one wishes to make ob-
servations. The diagonal mirror and
spider assembly at the other end of the
tube is well protected from the weather
and remains installed at all times.

Says Overbeck: “After final assembly,

cell

mirror

precise alignment of the telescope be-
comes a simple matter. First, the optical
axis of the mirror was aligned with the
dimensional axis of the tube. This was
done by careful sandpapering of the end
of the tube that supports the mirror. The
alignment is checked by looking through
the tube at the mirror from a distance
about equal to twice its focal length.
From this point one can see an enlarged
image of the pupil of one’s own eye
which, when the mirror is aligned, will
be neatly centered on the mounting
spider of the diagonal mirror. (My mirror
has a small hole in it, when the diagonal
is removed, which makes this test very
precise.) Second, the polar axis may be
aligned by following a star, preferably
one near the celestial equator, across the
sky and observing apparent changes in

casc for
eye -
picces

A
s ré‘.\“_
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C e

A steady telescope mounting made by an amateur
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declination. This was repeated several
times until no apparent change could be
seen. Finally the declination axis was
checked by making several observations
of stars of varying declination to find if
there were consistent errors in relative
values of right ascension.

“The first adjustments were made by
calculating the required motion of
various supports and bearings and later
adjustments were made ‘by feel’ during
observation. The procedure was success-
ful in bringing the alignment of both
axes within about .03 degree of perfect
positioning as determined by averaging
many individual measurements. This is
much better than the precision with
which it is possible to read the declina-
tion and hour circles, so for practical
purposes it is more than adequate.

“Thus the final result is an instrument
which is capable of more precise meas-
urement than most telescopes in the
$500 to $1,000 price range, which does
not suffer from vapor condensation and
thermal convection currents as most met-
al telescopes do and for which the total
cost of materials was less than $100. It
should be realized, however, that it cost
a great deal of time and effort because its
precision is largely due to its heavy
structure and to the careful attention
given to measuring, cutting and finishing
of each piece of wood to insure both ac-
curacy and long-term stability of dimen-
sions. For me the effort was well worth-
while in meeting the particular objective
I had in mind.”

It is a good bet that no amateur tele-
scope maker gets halfway through his
first telescope mirror without wishing
that he lived in Springfield, Vt. Three
miles outside Springfield is a fir-clad
knob called Breezy Hill, the site of the
little clubhouse-observatory called Stella-
fane. This pleasant spot is periodically
the epicenter of amateur astronomy. At a
chosen time each year amateurs from
everywhere get together to “talk and talk
and look and eat.” These words are
quoted from Jim Gagan, chairman of the
Stellafane Committee of the Amateur
Telescope Makers of Boston. It is this
group which arranges the meeting.

Writes Gagan: “The 1955 meeting
will take place on August 20. The Ver-
mont corn will be ripe, the moon will be
three days old and good seeing (96 per
cent) is predicted.

“Come yourself and pass the world
along. If you like to rough it, you can
camp on Breezy Hill. If not, room reser-
vations can be made through the Hart-
ness House, Springfield, Vt.
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Announcing BlBLIOGRAPHY

the 1955
Glycerine
Research Awards

FIRST AWARD  Honor Plaque .. $1,000
SECOND AWARD Honor Certificate . $300
THIRD AWARD Honor Certificate . $200

The purpose of this group of awards,
established in 1952 by the Glycerine Pro-
ducers’ Association, is to recognize and
encourage research leading to new and
improved applications of glycerine or
glycerine derivatives to products or proc-
esses. The work may concern itself with
the chemical, physical or physiological
properties of glycerine, or with proper-
ties of glycerine-containing or glycerine-
derived materials. It may deal with ap-
plications which of themselves are cur-
rently or potentially of value to industry
or the general public, or it may deal with
scientific principles or procedures likely
to stimulate future application. Origi-
nality in extending the application of
glycerine into new fields of usefulness will
receive special consideration for awards.

BASIS OF ENTRY

These awards are open to any individual
in the United States and Canada engaged
in research, whether employed in indus-
try or affiliated with a governmental or
educational institution (faculty or col-
lege student) except those connected
with member companies of the Glycerine
Division, Association of American Soap
& Glycerine Producers, Inc., or labora-
tories which they employ. (Joint entries
by research teams or associates of two or
three individuals are also eligible.)

PERIOD OF AWARD

First consideration for the 1955 Award
will be given to work which has come to
a successful conclusion or clear-cut point
of accomplishment during the current
year, regardless of the date at which the
work was initiated. Work carried on in
previous years, but the significance of
which has been confirmed by commercial
application in 1955, will be eligible.

JUDGES

Selection of award winners will be made
by a committee of three judges of out-
standing reputation and appropriate sci-
entific background, having no connection
with the Association or its members.

DATE FOR NOMINATIONS

All nominations for the 1955 awards
must be received by November 1, 1955.

METHOD OF NOMINATION

Only nominations made on the official
entry blank will be eligible for awards.
For a copy of this official entry blank,
write to: Awards Committee, Glycerine
Producers’ Association, 295 Madison
Avenue, New York 17, N. Y.
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Readers interested in further reading
on the subjects covered by articles in this
issue may find the lists below helpful.

INDUSTRIAL PRODUCTIVITY

CoMPARATIVE PRODUCTIVITY IN BRITISH
AND AMERICAN INDUSTRY. L. Rostas.
Cambridge University Press, 1948.

Dy~anic FAcTors IN INDUSTRIAL Pro-
pucTIvITY. S. Melman. John Wiley &
Sons, Inc., 1955.

PropucTiviTy AND EcoxonIC PROGRESS.
F. C. Mills. National Bureau of
Economic Research, 1952,

FRACTURES
IN THE PACIFIC FLOOR

DROWNED ANCIENT ISLANDS OF THE
Paciric Basix. H. H. Hess in Ameri-
can Journal of Science, Vol. 244, No.
11, pages 772-791; November, 1946.

MENDOCINO SUBMARINE KESCARPMENT.
Henrv W. Menard and Robert S.
Dietz in The Journal of Geology, Vol.
60, No. 3, pages 266-278; May, 1952.

Ox THE ORIGIN OF GEOSYNCLINES,
MounTtain ForyaTiON, anND VoOL-
canisy. P. P. Bijlaard in Transactions
of the American Geophysical Union,
Vol. 32, No. 4, pages 518-519; August,
1951.

SHEAR PATTERNS OF THE EARTH'S
Crust. F. A. Vening Meinesz in
Transactions of the American Geo-
physical Union, Vol. 28, No. 1, pages
1-61; February, 1947.

A FORGOTTEN NATION
IN TURKEY

TeE Hrrrites. O. R. Gurney. Penguin
Books, 1952.

Mouxp SurvEys. S. Lloyd in Antiquity,
Vol. 27, No. 108, pages 214-220;
December, 1954.

EarLy An~aTOLIA: THE PrE-GREEK
ARCHAEOLOGY OF Asia Mixor. S.
Lloyd. Penguin Books, 1955.

COAL

ENERGY SOURCES—THE WEALTH OF THE
WorLp. Eugene Ayres and Charles A.
Scarlott. McGraw-Hill Book Com-
pany, Inc., 1952.

EviDENCE FOR THE CYCLIC STRUCTURE
or Brruminous Coavrs. H. C. Howard
in Industrial and Engineering Chemis-
try, Vol. 44, No. 5, pages 1083-1088;
May, 1952.
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THE NATURE AND ORIGIN OF COAL AND
CoaL SEans. A. Raistrick and C. E.
Marshall. The English Universities
Press Ltd., 1939.

AN INTERVIEW WITH EINSTEIN

ALBERT EINSTEIN: PHILOSOPHER-SCIEN-

TisT. Edited by Paul Arthur Schilpp.
Tudor Publishing Company, 1950.

THE MUTATION OF VIRUSES

CHEMICAL CONSTITUTION OF VIRUSES.
C. A. Knight in Advances in Virus Re-
search, Vol. 2, pages 153-182; 1954.

GENERAL VIRoLOGY. S. E. Luria. John
Wiley & Sons, Inc., 1953.

THE INFLUENZA ViIrus. Sir Macfarlane
Burnet in Scientific American, Vol.
188, No. 4, pages 27-31; April, 1953.

DISLOCATIONS IN METALS

DisLocaTtions iN CrystaLs. W. T. Read,
Jr. McGraw-Hill Book Company, Inc.,
1953.

DisLocations iN MeTaLs. Edited by M.
Cohen. American Institute of Mining
and Metallurgical Engineers, 1954.

DisLocaTtions axp Prastic Frow Ix
CrystaLs. A. H. Cottrell. Oxford Uni-
versity Press, 1953.

InmPERFECTIONS IN NEARLY PERFECT
CrystaLs. Edited by W. Shockley and
others. John Wiley & Sons, Inc., 1952.

POLARIZED LIGHT
AND ANIMAL NAVIGATION

BeEs: THEIR VisioN, CHEMICAL SENSES,
AND LanGuace. Karl von Frisch. Cor-
nell University Press, 1950.

THE ORIENTATION OF ANIMALS: KINESES,
Taxes aAND Contrass REeacCTIONS.
Gottfried S. Fraenkel and Donald L.
Gunn. The Clarendon Press, 1940.

POLARIZATION PATTERNS IN SUBMARINE
ILLuannaTion. Talbot H. Waterman
in Science, Vol. 120, No. 3127, pages
927-932; December 3, 1954.

THE AMATEUR SCIENTIST

Prase Microscory. Alva H. Bennett
and others. John Wiley & Sons, Inc.,
1951.

AMATEUR TeELEscopE Maxking. Edited
by Albert G. Ingalls. Scientific Ameri-
can, Inc., 1952,

AMATEUR TELESCOPE MAKING—AD-
vaxcep. Edited by Albert G. Ingalls.
Scientific American, Inc., 1954.

AMATEUR TELEscOPE MAKING—Book
THreE. Edited by Albert G. Ingalls.
Scientific American, Inc., 1953.



power....off the ground

Important in the development

of globe-girdling atomic aircraft

is the portable nuclear reactor

built and operated by the Convair
Division of General Dynamics

for the United States Air Force.
Shown, at left, suspended in mid-air
for radiation tests, this high-flying
reactor is another dramatic example
of Dynamics’ leadership

in the nucleodynamic age.

GENERAL DYNAMICS

DI VISIONS

GENERAL DYNAMICS CORPORATION * 445 PARK AVENUE. NEW YORK * PLANTS: GROTON. CONN.: BAYONNE. N.J.: POMONA-SAN DIEGO. CALIF.; DAINGERFIELD-FT. WORTH. TEX.: MONTREAL. CANADA
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NEW DEPARTURES OF TOMORROW

How you gonna keep 'em away from the farm after they've seen this
- machine?2 ., . . Chances are, the people who develop this soil-
conditioner, fertilizer-planter unit, with its air-conditioned control cab,
will call on New Departure for ball bearings. Maybe they'll just need
New Departures that are already in world-wide use —like the Sealed-
for-life or the double-row angular-contact ball bearings. Or they might
want an entirely new type—a ''new departure” in ball bearing design.

Either way, New Departure is the answer. Manufacturers everywhere know
that New Departure always lives up to its name—being first with the
finest in ball bearings.

NEW DEPARTURE @ DIVISION OF GENERAL MOTORS @ BRISTOL, CONNECTICUT

Today, New Departures are used by almost every
manufacturer of farm equipment. That's because N E w
New Departure ball bearings have proved their

ability to carry all loads, preserve accurate align-
ment of moving parts, cut friction and upkeep.

PARTURE

BALL BEARINGS

HNOTHING ROLLS LIKE A BALL
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