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ORGANOTINS BEAT BARNACLES: New anti-fouling marine paints demonstrate the broad spectrum biocidal activity of M&T's TBTO" (tributyltin oxide). Added to 
the paint, TBTO keeps boat bottoms free of barnacle type growths much longer ... and adds new resistance against algae-like plant growth. TBTO is one more of the unique 
compounds in the "mushrooming" family of M & T organometallics ... proves potent, too, in wood preservation, textile purification, hospital sanitation, water treatment. 
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NEW LONG LIFE FOR CHROMIUM PLATE: When plated thicker than usual 
specifications from previous processes, chromium cracks from internal stress. Gal­
vanic action starts up causing pitting and rusting. Plating a thicker deposit with an 

ultra-fine crack pattern radically reduces such corrosion cell activity, assures opti­
mum outdoor life for brightwork-as proved by M&T MICRO-CRACK CHROMIUM. 

MODERN TECHNICAL SERVICE IN AGE-OLD ART: A new M&T ceramics 
laboratory probes the role of M & T' s antimony chemicals, zircon and other minerals 

in frits and glazes via precision sampling and test runs on glass and enamel melts. 
This extensive, high temperature facility augments the technical service offered by 

M&T -one of the major producers of opacifiers for ceramic enamels and glazes. 

New successes from Chemistry at M&T. . . When metals meet chemistry at M&T, the union brings you a 

beller anti-fouling paint; develops a longer-lasting plated finish for automobiles; searches out the best ingredients for ceramics. In 

every case, there is a distinct benefit to an M&T customer and to his customers. METAL & THERMIT CORPORATION 

General Offices: Rahway. N. J . •  CHEMICALS · COATINGS . MINERALS . WELDING PRODUCTS . PLATING PRODUCTS . DETINNING 

© 1961 SCIENTIFIC AMERICAN, INC



ACCURACY OF POSITION in navigation today is far from the art as it was practiced 100 years ago. 
Only a decade ago guidance and navigational accuracies were limited to five miles. Today, Nortronics, 

Precision Products Department, designs and builds inertial gyros which, coupled to an inertial navigation 
system, place a vessel within a few feet of its actual location on the earth's surface. These prime sensors, 

developed for inertial navigation and stabilization devices, as well as airborne and missile guidance, and fire 
control systems, are continually setting standards of performance. Nortronics offers career opportunities 

for scientists and engineers in advanced design, production and application of inertial gyros and devices. 

Write or TWX for detailed information on Nortronics gyros. 
(Norwood 835·U, or field offices listed below.) 

All qualified applicants will receive consideration without regard to 

race, creed, color or national origin. 

@NORTRONICS 
A Division of 

NORTHROP CORPORATION 

PRECISION PRODUCTS DEPARTMENT, NORWOOD, MASSACHUSETTS. Field Offices: Highway #46, Teterboro, New Jersey, Telephone: 

ATlas 8-1750, TWX-Hasbrouck Heights 871-U • 2486 Huntington Drive, San Marino, California, Telephone: ATlantic 7-0461, TWX-Alhambra 9619-U 
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FREON® fluorocarbons-
varied performance at boiling points to meet your needs 
Versatile performance as liquid or gas-or the dual 

role of both-is the key to the broad application pos­

sibilities of Du Pont Freon�' fluorocarbon com­

pounds. For, depending on your performance needs, 

members of this unique group can offer you boiling 

points ranging from -198°F. to 199°F. 

Throughout their broad temperature spectrum, 

Du Pont fluorocarbons provide common character­

istics of low toxicity, excellent thermal and chemical 

stability, low viscosity and surface tension. These 

compounds are already playing important roles as 
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refrigerants, propellents, solvents, dielectric gases, 
heat-transfer fluids, power fluids, extractants and 

fire-extinguishing agents. The list of applications 

grows daily. 

What type of performance do you require? Under 
what conditions of temperature and pressure? In 

what physical form? Your answer may well come 

from this list of Du Pont fluorocarbon compounds. 

For more information write, on your company let­

terhead please, to: Du Pont Co., N-2420SB, 
"Freon" Products Div., Wilmington 98, Del. 
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At Cavitron we have developed a new and 

revolutionary tool for a wide range of uses 

in micro technology. A 25 k.c. transducer. 

no larger than a pencil. with a selection 

of working tiPS that take full advantage of 

the phenomenal accelerated motion forces 

inherent in ultrasonic vibrations to-

DRILL, FILE, SAW, CUT, .JOIN, 

LAP, HONE, BROACH, DEBUR, 

BURNISH, POLISH AND CLEAN 

With this reciprocal Micro-Motor Tool. that 

snaps in and out of a standard hand piece 

for quick and easy interchange. you can 

work on the most minute components with 

a level of force that is effective and safe. 

With a minimum of friction and heat. A light 

hand movement. without pressure. is 

all that is needed to get the miniature job 

done more rapidly and more efficiently. 

Send for free illustrated brochure 

CAYITRON 
EQUIPMENT CORP. 
51·02 21st Street. Dept. S. 
Long Island City 1. N. Y. 

THE COVER 

The painting on the cover shows three pairs of marine organisms. The 
smaller organism in each pair lives partly by cleaning the larger one, eat­
ing parasites and dead tissue. Skin-diving marine biologists have recently 
discovered that this "cleaning symbiosis" is quite common among organisms 
that live in the sea (see page 42). In the pair at top left a smooth trunkfish 
(Lactophrys triqlleter) is cleaned bv a bluehead (Thalassoma bifasciatum). 
In the pair at center right the larger fish is a black angelfish (Pomacanthlls 
pant); the smaller one, a neon goby (Elecatinlls oceanops). In the pair at 
bottom a longjaw squirrelfish (Holocentrus marianas) is attended by a 
tiny, violet-spotted Pederson cleaning shrimp (Periclimenes pedersoni). 
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CREATIVE MAGNETICS 
FOR "PACKAGED" COMPUTER INTELLIGENCE 

Our General Ceramics Division builds complete memory sys· 

terns that bring new compactness, flexibility and reliability 

to today's giant computers. 

The specially built General Ceramics unit shown above 
contains 8,000 characters, 56 bits per character - some 
450,000 bits of central memory for a large-scale com­
puter. It operates with 6 microsecond cycle time, 2.5 
microsecond data access time. At far left is a memory 
exerciser which automatically checks the unit with six 
different automatic programs. 

We offer these systems in random access memories, 
and either sequential, interlaced or non-interlaced buffer 

memories. Standard in-stock units are available with 
word capacities of 32 to 32,000 (any bit length) with 

sequential cycle times down to 3.3 microseconds, data 
access to 2 microseconds. 

Reliability is assured through lOO-percent quality 
control at all levels - beginning with mechanical and 
electrical testing of each individual core and continuing 
with both visual and electrical inspections at all stages 
of assembly. Advanced techniques, such as ultrasonic 
cleaning, automatic l2-per-second core testing and other 
electronic functional checks made by specially designed 
equipment, provide that extra edge of reliability which 
Indiana General's customers have come to expect. 

For further details about the advantages of utilizing 
our complete memory systems in your computers, write 
to General Ceramics, Memory Core 
Products Department, Keasbey, N. J. 
Ask for Bulletin 26. 

INDIANA GENERAL CORPORATION VALPARAISO, INDIANA 

Permanent Magnets Ferrites Technical Ceramics Memory Products Magnetic Separation and Handling Equipment 
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VITRO AT WORK-NO.4 OF A SERIES 

Perkin-Eimer Corporation Photo 

CHEMICAL COMPETENCE 
This is a precision instrument lens polished to perfection with 

a Vitro chemical compound-Vitrox R. Customers find that it 

speeds production significantly, has an extended working life, 

and produces superior surface quality. Uncommon technical 

competence has made the bright chemical facet of Vitro's 

multiple industrial operations today's fastest growing producer 

of rare earth chemicals and metal alloys. .D This is Vitro-1961. 

-.bIrD 
VITRO CORPORATION OF AMERICA / NEW YORK. WASHINGTON • .  LOS ANGELES / OVERSEAS: MILAN • ROME • BOMBAY 
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This world-wide communication network will help Strategic 

Air Force leaders exercise command and control almost in 

response to events of the moment. Yet the forces involved are 

dispersed throughout the world, the volume and complexity 

of information unprecedented. � The SAC Control System 

will be a product of the new technology of automated infor­

mation processing assistance. We have helped create this new 

technology, beginning with our work on SAGE. In projects 

such as SAACS and SAGE, we perform system analysis, 

information processing system design, and training of per­

sonnel in system use. And as a continuing effort, we carry 

on research into future generations of these control systems. 

Scientists and engineers interested in joining an interdiscipli­

nary approach to system development are invited to inquire 

about our rapidly expanding efforts. Positions are open for 

Operations Research Scientists, Computer Programmers, 

Engineers, Human Factors Scientists at our Santa Monica, 

California, Lexington, Massachusetts, Washington, D. C., 

and Paramus, New Jersey facilities. Please 

a d d r e ss M r .  R. L. Ob r e y, SD C, 2430 
Colorado Avenue, Santa Monica, Cali­

fornia. All qualified applicants will receive 

consideration for employment without re-
SYSTEM 

DEVELOPMENT 
CORPORATION 

gard to race, creed, color or national origin. L- _____ ..J 

The globe shown is the Dymaxion prOjection by R. Buckminster Fuller. It depicts the spherical world as a flat surface with a minimum of distortion. 
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Official U. S. Navy photograph taken through the Kollmorgen 88 Periscope of the Seadragon during its polar cruise in August, 1960. 

1,000 :miles out to see 
Long, lonely reaches of the sea are prowled by our 
sentinel submarines . . .  scanning the endless surface, 
listening and looking for signs of man. Kollmorgen 
periscopes, standard with the United States Navy includ­
ing su bmarines of the atomic fleet, are highly sophisticated 
electro-optical systems delivering dependably clear view­
ing, photography and navigational data under the most 
severe conditions. 

The talents and facilities which produce these periscopes 
are continuously developing many other products in-

8 

volving optics, mechanics and electronics. For instance, 
Kollmorgen hot cell and underwater periscopes permit 
remote viewing and photographing of radioactive ma­
terial in nuclear installations. Continuous-strip cameras 
can now photograph the length of a moving track, 
entirely enclosed except for access as small as �2'" 

When you are seeking creative solutions to problems 
in areas such as remote viewing, testing, inspection, 

alignment ... look to a proven source. A new brochure 
discusses Kollmorgen's facilities and fields of interest. 

Address Dept. 9·8 

OLLlWORGEN 
CORPORATION 

NORTHAMPTON. MASSACHUSETTS 
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Next best thing to Cellulubes 

Celanese Cellulubes-fire-resistant functional fluids-add 

safety to hydraulic power transfer and compressor lubrication 

Celanese Cellulubes are the ounce of prevention worth thousands of pounds of cure. As hydraulic fluids 
in high·pressure lines, they minimize the danger of fire and explosion-even when a break occurs in the vicinity 

of molten metal. As compressor lubricants, they work against the hazards of carbon build-up and explosion. 

These synthetic phosphate esters, developed by Celanese research, are contributing widely to operational 
safety in industrial plants and in many military installations. 

Perhaps they can add a safety factor to your operation. Why not find out? For detailed information, please write, 
outlining your specific interest, to: Celanese Chemical Company, Dept. 582.H,522 Fifth Ave., N. Y. 36. 

A�· Celauese® Celluluhe® 

© 1961 SCIENTIFIC AMERICAN, INC



New way to 

"bend" light 
to your needs 
Now there's a way to control light and place 
it precisely where you want it. To illuminate 
an inaccessible spot, for example ... or to 
pick up a light signal, carry light through 
complex mechanisms, even transmit it from 
a single source to several places. The answer 
lies in AO Fiber Optics. 

When beamed on the end of a glass 
fiber, much of the light that enters will be 
caught inside, unable to escape out the sides 
because of total internal reflection within 
the clad, glass fibers. It will be reflected a 
number of times from the fiber walls till it 
finally escapes from the far end. 

As many as 15,000 finely·drawn, 50· 
micron glass fibers may be bound into a 
1,4.inch diameter tube. This light guide gives 
an efficient, easy, economical way to trans· 
mit light over a curved or flexible path. 

Condie demonstrates AO Fiber Optics in ac­
tion. In a so· micron fiber, a ray of light may 
be reflected 3.000 to 4.000 times per foot. 

AO Fiber Optics uses only precision optical 
glass fibers; they transmit approximately 
five times as much light as clear plastic rods. 
For flexible light guides, continuous fiber 
bundles up to !f2.inch in diameter are bound 
into tubing as long as 22 feet. Now avail· 
able and relatively inexpensive, these light 
guides have found many industrial and sci· 
entific uses. In addition to fibers that will 
transmit through the visible light range, 
light guides are also available with infra· 
red transmission beyond 6 microns. 

On the West Coast, you can see AO 
Fiber Optics in action at our exhibits: 
American Optical booths at the SPIE Show 
in Los Angeles, and at the WESCON Show 
in San Francisco. Or for further informa· 
tion, write or call: 

Fiber Optics Soles, Deportment A, 

American �� Optical 
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COMPANY 

Southbridge, Moss. 

Telephone Southbridge 764-3211, 
Extension 323. 

LETTERS 

Sirs: 
Harold 1. Sharlin's work in following 

magnetic induction "from Faraday to the 
dynamo" [SCIENTIFIC AMERICAN, May 1 
made quite enjoyable reading but it does 
spur me to jot these few lines of criticism. 
In answer to his query "Why 50 years?" 
the author's comments did not include 
the enormous difficulties of obtaining in­
sulated copper wire in the quality and 
quantity required in the earlier part of 
those 50 years. 

In the latter half of the 19th cen­
tury the self-excited dynamo at last 
approached practicality; one should not 
overlook the difference in efficiency of 
these machines nor lose sight of those 
who increased it. After all, Watt is recog­
nized (with just cause) for his improve­
ment of the steam engine's efficiency 
to the point of being considered its in­
ventor. Gramme's dynamo did differ 
from Pacinotti's in that Gramme used 
iron wires in the armature to reduce 
drastically the eddy-current losses occur­
ring in solid armatures. 

One also laments the omission of the 
man who produced (beginning in 1873) 
the most efficient motor of this period­
Edward Weston. By careful analysis and 
attention to detail Weston produced ma­
chines of better than 90 per cent effi­
ciency by breaking up the armature to 
avoid eddy currents (as Gramme did), 
making a circular field and laminating 
the field core as well. By 1876 Weston's 
circular machine compared favorably 
with those of today, in contrast with 
Edison's "monster" of 1881, with its 
towering pole pieces. Weston also 
grasped the reciprocity of the dynamo­
motor relation and rigged a motor to run 
some of his shop lathes and planers in 
1873. 

T . C. PENN 

Richardson, Tex. 

Sirs: 
It came as a mild surprise to see how 

little weight Harold I. Sharlin placed on 
the discovery of the dynamo-electric 
principle in his otherwise so pleasingly 
encyclopedic article "From Faraday to 
the Dynamo." It was the discovery that 
the residual magnetism in even a soft­
iron electromagnet, if used in the right 
way, is sufficient to make the machine 

regenerative or self-exciting that con­
tributed something that had been lack­
ing, namely efficiency. 

The discovery is due to Werner von 
Siemens of Germany, cofounder of the 
firm of Siemens & Halske. Readers of his 
memoirs will find that he made the in­
vention late in 1866 after theorizing on 
possibly advantageous applications of 
the disturbing extra currents in the Sie­
mens & Halske igniter machines, and 
that a paper on it with a demonstration 
was read before the Berlin Academy of 
Sciences in January, 1867. Siemens also 
coined the term "dynamo-electric," men­
tioned in Shari in's article. 

Siemens immediately recognized the 
importance of his discovery and estab­
lished the world's first dynamo plant as 
a new division of Siemens & Halske. As a 
first improvement over the Pacinotti and 
Gramme ring armature, he designed the 
double-T and triple-T armatures. Such 
armatures, incidentally, are still used in 
toy motors. The final improvement, F. 
von Hefner-Alteneck's drum winding, 
which Sharlin mentions in his article, 
was made while its inventor was an em­
ployee at Siemens & Halske. In my opin­
ion, Werner von Siemens, the man who 
converted the contraption into a ma­
chine, could well have becn included 
in Sharlin's article. 

HARALD W. STHAUB 

Diamond Ordnance Fuze Laboratories 
Washington, D.C. 

Sirs: 
I differ with Messrs. Penn and Straub 

on only one point and that is the impor­
tance of the self-excited machine. My 
article tried to show the reasons for the 
engineering gap between Faraday's dis­
covery and the development of a practi­
cal dynamo. My point was that an elec­
tromagnet produces a much stronger 
field than a permanent magnet and 
therefore generators built with electro­
magnets are more useful as a power 
source. I agree that the self-excited ma­
chine is more efficient than the separate­
ly excited one, if the losses of the exciter 
are included. But the important point is 
that no one picked up the idea of using 
the electromagnet as a means of building 
a large and therefore useful machine un­
til many years after Faraday's discovery. 
The electromagnet had been invented 
and the generator principle was discov­
ered but they were not put together until 
30 years after Faraday's discovery. In­
cidentally, several people claimed prior­
ity in inventing the self-excited machine 
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PROGRESS IN SEMICONDUCTORS: 

FROM WESTINGHOUSE AT YOUNGWOOD , 

Westinghouse 50-amp Trinistar Controlled Rectifier is the key to compact, lightweight inverters for high.freQuency power conversion. 

Westinghouse TrinistorT controlled rectifier now makes 

high-frequency power conversion practical-anywhere 

The applications of high·frequency power are being greatly ex· 

tended by the use of new semiconductor components in static in· 

verters and converters. Now it is possible to convert large amounts 

of power to the desired frequency at the point of use. Frequency 

can be increased or decreased at will. Power can be immediately 

converted from DC to AC. 

The device which is playing a leading role in this new develop· 

ment is the Westinghouse Trinistor controlled rectifier. It is a solid 

state device which acts as a switch with no contacts, no moving 

parts. I n static inverters the Trinistor makes possible space and 

weight savings up to 50% in comparison with motor generator sets. 

The Trinistor handles very large amounts of power, operates at 

frequencies up to 20 kilocycles with extremely low power loss. It 

has high reliability, minimum noise generation. These advantages 

are being obtained today with the Westinghouse Type 809 Trinistor, 

which has a current rating of 50 amperes at voltages to 400 volts. 

Devices with higher ratings will be announced soon. 

As a result of these improvements, static inverters are now com· 

pact, lightweight, highly efficient and reliable. They provide a com· 

pletely practical and flexible source of high frequency power. They 

can be used in almost any location as the power source for high· 

speed induction motors, induction heating, fluorescent lighting, 

ultrasonics, and many other applications. If your business requires 

high freq uency power, we suggest you investigate the Westinghouse 

Trinistor as used in static inverters. For complete information, 

please call or write: Westinghouse Electric Corporation, Semi­
conductor Information Department, Youngwood, Penna. 

SC-1045 

Y.,� ••• w� •• ,,,<o Westinghouse @ 
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and probably it was a simultaneous dis­
covery by at least three men. All the 
more evidence that the ingredients were 
there; it only needed the efforts of some 
ingenious men to achieve success. 

1 would not argue with Ml'. Penn 
about the importance of good conductors 
in a generator. Maximum efficiency was 
not possible until copper was used but 
good machines were built without cop­
per. Copper is therefore not an essential 
part of my story. 

I will not argue with Ml'. Penn on the 
importance of Edward vVeston's con­
tribution or with Mr. Straub on Werner 
von Siemens' importance. In my story of 

preciate it if you would inform me if 
the picture is correct, or if someone is 
trying to pull a joke. 

VVILLIAl\1 NICHPARENKO 

'Varminster, Pa. 

Sirs: 
... one of the white bishops must be 

moved from a white square to a black 
sttuare. Another solution would be to 
move the board to a vertical plane, spill­
ing the chessmen in a heap. 

the development of the dynamoelectric D. R. GIBBONS 

machine many important people were 
left out. It was not my purpose, as Ylr. Manasquan, N.J. 
Straub suggests, to be "encyclopedic." I 
used only those facts which I thought 
were necessary to answer the question: Sirs: 
]f Faraday invented the generator, as ... I consider it an unfair problem. 
many claim, why the delay before a use-
ful machine was developed? NIAumCE J. GRAINGER 

HAROLD I. SHARLIN Redwood City, Calif. 

Polytechnic Institute of Brooklyn 
Brooklyn, N.Y. Sirs: 

Sirs: 
In your department "Ylathematical 

Games" for June you have posed a very 
puzzling problem on the chessboard. I 
think this would indeed be a grand posi­
tion if white could manage to get two 
bishops on white stttwres. I would ap-

Sdl'nlifil,' AIIII'ril'an, ·\lIgll�1. ]961; \"01. 205, 
1\10. 2. Pubii .. hed monthl) h� S('icntifi(' American. 
Inc . . 415 i'laJison Avenue, New York ]7, N.Y.; 
Gerard Pic!. J)rcsidellt; UCllnis Flanagan, vice­
"resilient: Donald H. l\liller, Jr., \'ice-president 
alld treasurer. 

Editorial corl'l'spondl'IU'(' should he addressed to 
The Editors, S(IENTJnL Al\n:RILAN, 415 l\Jadison 
Avenue, New York ]7, N.Y. l\lallllscripts are 
submitted ill the author's risk and will not be 
returned unless aCl'olllpanied by postage. 

Advertising COI'I'I��pOlltlclice shoul41 be :lddres�ed 
to l\Jartin 1\1. Davidson, Advertising l\.Iallager, 
�l.IENTIf'lC Al\1EIllCAN, 415 l\ladison .Avenue, �ew 
York ]7, N.Y. 
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Come now, let's not set up an impossi­
ble situation in your chess puzzle ... 

JOH:-I KJ\"oX 

Coronado, Calif. 

Sirs: 
Many letters such as these were re­

ceived, apparently from readers who had 
forgotten that a pawn on the last row 
can be promoted to a rook, knight or 
bishop as well as a queen. In Karl Fabel's 
chess problem, either of the two missing 
white pawns could have been promoted 
to a second bishop on a white square, 
making the position a legitimate one. 

It is easy to imagine situations in 
which the promotion of a pawn to a 
bishop is strategically desirable. For ex­
ample, suppose that white can use either 
a new bishop or a new queen in a subtle 
play that may result in checkmate. If 
white calls for a queen, it will be imme­
diately taken by a black rook, in turn 
captured by a white knight. But if white 
calls for a bishop, black may be reluc­
tant to trade a rook for a bishop and 
so let the bishop stand. 

Dobbs Ferry, N.Y. 

ADVENT 

To create a worldwide communications 
system, three ADVENT satellites could 
be spaced equidistantly in an equatorial 
orbit. Each satellite, orbiting at 7000 
mph, could hover in a constant position 
relative to the Earth, in direct line of 
sight of approximately one-third of its 
surface. ADVENT is being developed for 
at least one year of effective in·orbit 
operation. General Electric's Missile and 
Space Vehicle Department is developing 
and building the ADVENT space craft and 
the following SUbsystems: 

Tracking and Command to provide position 
and orbit information. 

Propulsion to inject the ADVENT satellite 
into its correct orbit. 

Power to operate the communications and 
all other equipment-from solar energy 
harnessed by several thousand solar 
power cells; and from storage batteries 
for operation during eclipse. 

Attitude Control to orient ADVENT's solar 
cell paddles toward the sun and its an­
tennae toward the Earth. 
Environmental Control to keep equipment 
operating at the stable temperature nec­
essary to fulfill the long-life requirements. 
Telemetry to provide continuous transmis­
sion of data on equipment performance. 

MSVD, a department of the General 
Electric Defense Electronics Division, is 
developing the space craft for the U.S. 
Army ADVENT Program under a contract 
with the USAF Space Systems Division. 

16Q..()2A 

GENERAL . ELECTRIC 
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ADVENT is designed to be America's most advanced military communica­

tions system. Three active repeater satellites, orbiting at 22,300 miles in 

space, can provide instantaneous communications among U.S. government 

activities throughout the world. To help prove overall system feasibility, Gen­

eral Electric's Missile and Space Vehicle Department is developing the ADVENT 

space craft for the U.S. Army, under the direction of the U.S. Air Force. 

M SILE AND S 

GENERAL . ELECTRIC 

E VEHICLE DEPA MENT, PHILADELP lA, PA. 
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Now, you can get complete sales and inventory figures in hours! 

How quickly can you evaluate current 

sales activity? And are you relying on 

inventory figures that are not complete? 

Chances are it takes you even weeks to 

obtain all required inventory and sales 

facts. Y et did you know: a National 

Electronic Data Processing System can 

give you all these vital reports in only 

a matter of hours! National Systems 

go all the way from the original entry­

in cash registers, accounting machines, 

or adding machines ... through the 

computer ... and high-speed printer ... 

to detailed final reports. You can now 

tell which parts of your business are 

paying·off; judge which ones could be 

Punched paper tape is created by National Accounting Machines, 

Cash Registers and Adding Machihes as an automatic by·product 

of normal operation. It is then fed into a computer to produce, at 

minimum cost, the information you need for most profitable control. 

THE NATIONAL CASH REGISTER COMPANY, Dayton 9, Ohio 
1039 OFFICES IN 121 COUNTRIES · 77 YEARS OF HELPING BUSINESS SAVE MONEY 

14 

doing better-all before the current 

picture changes. You can now get far 

greater executive command than was 

economically practicable before. In 

short, you can get today's figures today, 
while there is still time to evaluate re­

sults and take effective action. For more 

information, write today to National. 

.. 
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NEW YORK, Aug. I -- IN THE 10-DAY 

PERIOD ENDED JULY 28, ASARCO FILLED 

ORDERS FOR 22 BASIC COMMODITIES. THEY 

RANGED FROM 25 GRAMS OF HIGH PURITY 

ARSENIC TO 5,000,000 POUNDS OF LEAD. 

ASARCO ALONE AMONG WORLD PRODUCERS 

HAS ABILITIES AND FACILITIES TO EX-

TRACT, REFINE AND DELIVER SO MANY 

BASIC MATERIALS. 

Aluminum Lead 

Antimony Magnesium 

Arsenic Molybdenum 

Asbestos Concentrates 

Bismuth 
Nickel Sulfate 

Cadmium 
Platinum Metals 
Selenium 

Copper Silver 
Fluorspar Sulfuric Acid and 
Germanium Sulfur Dioxide 

Concentrates Tellurium 
Gold Thallium 

Indium Zinc 

Asarco's vast technical knowledge of 
these and many other basic elements is 
available to help you solve your 
materials research and application 
problems. If you are planning a new 
product or re·designing one, call 
Asarco for assistance in producing 
it better, more economically. Write 
on your company letterhead to: 
PR Dept., American Smelting and 
Refining Company, 120 Broadway, 
New York 5, N. Y. � 

- �  

� 

n 

o 
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• Project ADVENT-advanced U.S. Army research program-has the ultimate goal of establishing 

n a military communications satellite network capable of instantly relaying messages anywhere in 

U the world. First step: to place a "hovering" satellite in equatorial orbit some 22,300 miles out in 

space . •  Under direction of the U.S. Army ADVENT Management Agency, Bendix Systems 

Signal Corps as well as a shipboard terminal for the Navy Bureau of Ships. The "repeaters" 

will receive, amplify, and retransmit communications from ground point to ground point-and 

will do it without fading or interference • •  Additionally, "reaction wheels" developed by our 

Eclipse-Pioneer Division will stabilize and control the attitude of the satellite itself. 

T�ncfY 
CORPORATION 

FISHER BUILDING, DETROIT 2, MICHIGAN 

SERVING THESE FIELDS: 
automotive • electronics 
missiles & space • aviation 
nucleonics • computer 
machine tools • sonar • marine 
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Space-General Corporation combines the experience and capabilities of Aerojet's Spacecraft 

Division and Space E lectronics Corporation into a new corporate entity which is 

dedicated to maximizing national progress in the exploration and utilization of the space 

environment . •  Under the leadership of Dr. James Fletcher, President, and F. W. 

Lehan, Executive Vice President, Space-General Corporation will apply its capabilities 

to conceive and produce advanced ballistic missiles; launching vehicles; military, scien­

tific and commercial space systems; space probes; and their component sub-systems. 

To further enhance its capability, Space-General Corporation is now expanding 
its staff of able scientists and engineers. Those capable of bringing high levels 
of skill and energy to this growing organization will be considered, without 
regard to race, creed, color or national origin. Contact MR. PIERRE BROWN 

at SPACE-GENERAL CORPORATION, 777 Flower Street, Glendale, California. 

SPACE-GENERAL CORPORATION 
A SUBSIDIARY OF AEROJET · GENERAL CORPORATION 
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NOW FROM 
KIDDE ELECTRONICS! 

Envelope dimension 
directly above, 

23" x 12" x 15" 

Static inverters, converters, frequency 
changers, power supplies: Lighter, 
more reliable, lower in cost! 
Now, with new engineering tech­
niques, Kidde Electronics Labora­
tories can offer static inverters, 
converters, frequency changers and 
power supplies which are more reli­
able, lighter in weight, and lower in 
cost. For example, static inverters 
can employ symmetry modulation, 
pulse width control or stepped wave 
techniques; static frequency chang­
ers can employ intermediate DC or 
straight-through method consisting 
of switch or phase modulation tech­
niques. Kidde working units employ­
ing these techniques cover the fol­
lowing ranges: 

Static Frequency Changers - 10 V A to 
10 KV A, 50 cps to 3200 cps upward 
and downward. 

Static Inverters -10 V A to 10 KV A, 
frequencies to 5,000 cycles, sinusoidal 
and square wave. 

Static Converters (DC to DC) -Voltage 
step up and down. Input less than IV. 
Output greater than 16KV. 10 micl'o­
amps to 1000 amps, dissipative and 
non-dissipative regulation. 

Static Power Supplies - Special pur­
pose type static power supplies, lOW to 
5KW, IV to 16KV, dissipative and non­
dissipative, regulated. 

18 

lectronics Kidde � 
f£[]",bom'o,'" 

V 
WALTER KIDDE & COMPANY, INC. 

814 Brighton Road, Clifton, N. J. 

50 AND 100 

YEARS AGO 

AUGUST, 1911: "Reports come from 
England and France that the official 
postal aeroplane for the rapid transport 
of mail matter is soon to become an 
actual reality. On August 13 Jules 
Vedrines, the veteran aviator, made one 
of 10 flights to demonstrate the possi­
bility of an aero mail service. He left 
Issy-les-Moulineaux near Paris with mail 
aboard at 5:07 F.m. and reached Deau­
ville, 112 miles from Issy, at 6:50 p.m., 
or 1 hour and 43 minutes later, or at the 
rate of a trifle over 65 miles an haul'. The 
time of the fast express train going the 
same distance is 3 hours and 12 min­
utes, or 1 hour and 19 minutes longer. 
On the way Vedrines dropped letter 
packages at Mantes-sur-Seine, Evreux 
and Lisieux. In London the Post Office 
Department is making preparations for 
the early inauguration of a special aerial 
postal service to be carried on between 
London and Windsor, a distance of 
twenty-three miles." 

"It is a most humiliating fact that 
America must buy all her potassium 
salts from Germany-humiliating be­
cause they are absolutely necessary in 
renewing the fertility of our soils. Our 
farmers paid the Fatherland $8,000,000 
last year for this one element, importing 
160,000 tons of potassium chloride as 
well as large quantities of potassium 
sulphate. Their government has recent­
ly given official sanction to an effort of 
a German trust to put up the price, al­
though the stuff is cheaply mined. There­
fore our American problem is to make 
potassium chloride from our abundant 
feldspar by chemical means. It is en­
couraging to learn that the chemistry 
of this much-desired process has been 
fairly well developed. By heating fine­
ly ground feldspar with calcium chloride 
and some limestone the potassium can 
be extracted as the soluble potassium 
chloride. The residue is suitable ma­
terial to calcine further into cement. 
The cost at present is much too high, 
but the sale of the cement would re­
duce this. One ton of feldspar may yield 
190 pounds of potassium chloride worth 

$4.50 and five or six barrels of cement 
worth as much more." 

"Is there any reason why we Ameri­
cans, admitted to be the most ingenious 
people in the world, should suffer as 
our men do in the summer season be­
cause of our unreasonable style of dress? 
Notice a group of men and women in 
summer: while the women are attired 
in their cotton or linen garments, the 
men will have on coats as warm as thase 
worn by many women in the depth of 
winter. No one has as yet been able 
to devise or suggest any acceptable sum­
mer dress for men, who continue sum­
mer after iummer to swelter in warm 
woolen garments. Is this not a fit sub­
ject for invention?" 

AUGUST, 1861: "The long-anticipat­
ed advance of the grand central army, 
which has been entrenched south of 
Washington, has at last begun. This 
column was under the command of 
Brigadier General Irvin McDowell, of 
the regular army. On the ] 8th of July 
the first division arrived at Bull's Hun, 
a small stream running through a valley 
three and a half miles from Manassas 
Junction, and here a brisk skirmish took 
place. After the skirmish of the 18th 
our forces were advanced ready for an 
attack on the secession batteries at Bull's 
Hun, and this took place on the 21st, 
the fight finally resulting in one of the 
most disgraceful panics and flights on 
the part of the Union forces that is re­
corded in the annals of war. A large por­
tion of the army, however, maintained 
its order with a heroism and coolness 
worthy of veterans. Very false accounts 
of this battle were telegraphed over thc 
country, representing it as a complete 
rout and dispersion of the whole army, 
causing considerable gloom but nerv­
ing the spirit of the people with addi­
tional resolution and firmness. General 
McClellan has been ordered to Wash­
ington, it is supposed to take command 
of the army there. The effect of the en­
gagement will be to cause the war to 
assume larger proportions and to be 
more protracted." 

"The sickly season of malarious dis­
tricts has just commenced, and it will 
continue for three months. Camps that 
are located in such districts during 
August, September and October will 
become mere hospitals. We have already 
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What was Bell Telephone Laboratories doing 
ON FRIDAY, JUNE 30, 1961? 

It was exploring the communications pos­

sibilities of the gaseous optical maser­

a device which generates continuous co­

herent infrared radiation in a narrow beam. 

It was developing an anti-missile defense 

system designed to detect, track, intercept 

and destroy an enemy ICBM - in a matter 

of minutes. 

It was perfecting the card dialer which 

permits, through insertion of a punched 

card into a slot, automatic dialing of fre­

quently used numbers. 

It was preparing an experiment in world­

wide communications using "active" satel­

lites powered by the solar battery, a Bell 

Laboratories invention. 

It was demonstrating the potentialities of 

the superconducting compound of niobium 

and tin for generating, with little power, 

magnetic fields of great strength. 

It was developing improved repeaters or 

"amplifiers" to increase greatly the capacity 

and economy of undersea telephone cable 

systems. 

It was completing the development of a 

new "heavy route" Long Distance micro­

wave system capable of handling over 
11,000 two-way conversations at once. 

It was experimenting with an electronic 

central office at Morris, III., which is capable 
of providing a wide range of new telephone 

services. 

It was continuing its endless search for 

new knowledge under the leadership of 

scientists and engineers with world-wide 

reputations in their chosen fields. 

Bell Laboratories scientists and engineers work with every art and science 

that can benefit communications. Their inquiries range from the ocean 

floor to outer space, from atomic physics to the design of new telephone 

sets, from the tiny transistor to massive transcontinental radio systems. 

The goal is constant-ever-improving Bell System communications services. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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WILD* 

M-20 

opens new vistas 

in graphic 

with 
drawing 

tube 

interpretation and teaching 

20 

Stress parts of a preparation ... combine separated details .. . 

observe and draw various layers of the object, one at a time .. . 

secure a facsimile or enlarged illustration of the microscope 

picture-without impairing normal operator comfort. Add these and 

other capabilities to those inherent in the basic instrument with 

its many accessories and attachments for all types of observation. 

Can any other microscope offer more versatility, precision and 

adaptability than the Wild M-20? Your own evaluation of this 

great instrument will provide the answer. 

Write for Booklet M-20d 

-The FIRST name in a complete line of Surveying Instruments, 

Photogrammetric Equipment and Microscopes. 

HEERBRUGG 

WILD HE.RBRUGG INSTRUMENTS, INC. 
PORT WASHINGTON, NEW YORK 

Full In Canada: Wild of Canada Ltd .. 
F.r:tory Service. 157 Maclaren St., Ottawa, Ontario 

advised the soldiers whose camps are 
in malarious regions to take a little 
quinine every morning through these 
months; and we now respectfully sug­
gest to the colonels or surgeons of the 
several regiments, as a better plan, to 
have a small quantity of this prophylac­
tic mixed once a day with the coffee of 
every mess. This we recommend not as 
a substitute but as an addition to those 
other sanitary measures that have been 
found so effectual in preserving the 
health of armies." 

"The following instructive extract 
from the London Chemical News is a 
portion of a lecture lately delivered by 
Professor A. W. von Hofmann, F.R.S.:­
'Valuable as have been the fruits of 
chemical inquiry, still more may be ex­
pected from the further prosecution of 
this study. The notion that the action 
of most of our medicines is chemical 
is daily growing into a general con­
viction. Medicine some years ago found 
itself in a predicament very similar to 
that of agriculture at the same period: 
its resources appeared to be in a state 
of exhaustion; the rich capital of facts 
accumulated in the department of or­
ganic morphology by the industry of the 
anatomist and by the acumen of the 
physiologist could not yield its full fruits 
until an equivalent of knowledge had 
been drawn from the study of bio­
chemical phenomena. The special zeal 
with which the ReId of organic chemistry 
has been cultivated during the last thir­
ty years, the simple and accurate meth­
ods that we now possess for determin­
ing the composition of organic products 
hold out the promise that the connexion 
between medicine and chemistry, be­
coming daily more intimate, will be pro­
ductive of beneRts the importance of 
which we can scarcely venture to es­
timate in the present state of our knowl­
edge.' " 

"Barnum has on exhibition at his 
famous museum a living hippopotamus, 
which is certainly worth seeing by all 
who take interest in natural history. vVe 
have no recollection that such an animal 
has ever before been exhibited in this 
country-and we well remember with 
what interest we Rrst saw the specimens 
in the Royal Zoological Gardens in Lon­
don and the Jardin des Plantes in Paris. 
Barnum charges only twenty-Rve cents 
for a sight that is worth a journey of a 
hundred miles to see. Barnum gives more 
novelties at his museum for twenty-Rve 
cents than can be found elsewhere on 
this continent. This is one of his peculiar 
ways of humbugging the public." 
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Ideas in 

metallurgy 

Metals are born in refractories. 
And most new ideas in metallurgy 
call for a new idea in refractory science 
. . .  because a metal can be only as 
good as the refractory which contains 
it. Norton makes the finest. 

The crucible of the reduction 
bomb, where uranium and plutonium 
burst into being, is a Norton product, 
pure magnesium oxide. 

Another Norton material, fused 
stabilized zirconia, makes possible 
electric furnacing for processing tung­
sten and molybdenum, at tempera­
tures up to 2200°C. Zirconia also lines 

huge pebble heaters and air furnaces 
in which metals for missiles are tested. 

More super-alloys for missiles, sub­
marines and space vehicles are possi­
ble through new vacuum melting 
techniques with high purity fused 
magnesia made by N orton. And in the 
aluminum industry, new efficiencies 
are being achieved with reduction cell 
linings of silicon carbide and cathode 
bars of titanium diboride. 

In metallurgy as in other fields, 
Norton is crystallizing ideas into 
products to solve many problems ... 
through oxide fusion and in probing 

experiments in carbides, nitrides and 
borides. Norton is ready to work with 
you in engineering materials to meet 
your needs. Write NORTON COMPANY, 
Refractories Division, 547 New Bond 
St., Worcester, Mass. 

(NORTON) 
REFRACTORIES 

Crystallizing ideas 
into products 
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The moo -"lacking an erosive atmosphere - may hold the key to the 
hi ory of the solar system. Because of this lack of atmosphere, oceans, and 
wind, lu ar expl rations may help solve fundamental, universal questions. 

Logiccflly, the moon will be the first objective in the exploration of space. 
I 'tiaUy the moon itself will be photographed and instrumented; then 
manned observation stations will be established for astronomical and 
meteorological purposes. In time, the moon will serve as an intermediate 

'Station enroute to other planets - step by step into infinite space. 

The National Aeronautics and Space Administration's Lunar Program will 
utilize ockheed's AGENA B satellite to playa significant part in 
forthcoming lunar explorat ions - as well as a host of other scientific space 
missions. The NASA lunar launch in 1961·62 will utilize the highly 
reliable Lockheed AGENA as second stage to carry the RANGER spacecraft. 
The AGENA will provide the extremely critical guidance and controls 
necessary to place the RANGER on the required lunar impact trajectory. 

The lunar probe application demonstrates the versatility, reliability and 
success of the AGENA vehicle in Lockheed's satellite and spacecraft 
programs. Developed for the Air Force for use in the DISCOVERER program , 
the AGENA also is utilized in the MIDAS m issi le defense alarm system. Noted 
fqr a record of outstanding accomplishments , the AGENA is credited with 
being the first to be placed on a polar orbit; first to achieve a precise, 
predicted and nearly circular orbit; first to attain attitude control on orbit; 
first to eject a reentry capsule which was successfully recovered . The AGENA 

n be modified for a variety of missions such as navigation , geophysical 
investigations, long-range communications and deep space probes. 

Lockheed's capability in satellites and spacecraft. manifested by such an 
achievement as the AGENA, encompasses the enti re field. It includes 
current and long-range programs such as inte rplaneta ry probes, global and 

. space communication systems, and manned space travel. 
Engineers and Scientists: The accomplishment of such programs 

offers chal lenging opportunities to engineers and scientists in the 
research, deSign, development. test and ope ration phases of these programs. 

If you are experienced in work related to any of the above areas, you are 
invited to write: Research and Development Staff, Dept. M·29D, 962 
W. EI Camino Real. Sunnyvale. Ca lifornia. U. S. citizenship or existing 
Department of Defense industrial security c learance required. All qualified 
appl icants will receive consideration for employment without regard 
to race . creed, color or national origin. 

lllt:klleed / MISSI LES AND SPACE DIVISION 

Systems Manager for the Navy POLA RIS FBM and the 

Air Force AGENA Satellite in the DISC OVERER and MIDAS Programs 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA 

CAPE CANAVERAL. FLORIDA . HAWAII 
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ENVIRONMENTALLY PROVED . . .  AVAILABLE NOW! 

LOW POWER 
Delco Radio's new silicon digital modules operate on less than 4 mw. of power 

per logic stage. They are rugged enough to withstand extreme environmental conditions 

and are small and lightweight. Encapsulated in light foamy epoxy, each module weighs 
less than 12 grams and occupies less than one-half cubic inch. The basic set of modules 

SILICON 
DIGITAL 
MODULES 

includes a bistable multivibrator, a diode NOR gate, a power driver, a monostable multivi­
brator and an astable multivibrator. From these basic units larger computer subassemblies 

can be assembled, such as shift registers, adders, binary counters, decimal counters 
and timing devices. A range of applications-from small scale switching circuits to 

large computers can be satisfied with these modules. Environmentally proved to: 

Data sheets are available. Just write or call our Military Sales Department. 
Physicists and electronics engineers: Join Delco Radio's search for new and better products through Solid State Physics. 

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS 

g�b£9 
010 

Division of General Motors. Kokomo, indiana 
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Automation through communications 
works wonders in speeding the flow 

of business information 
A revolution in communications is taking place 
-a revolution that opens vast opportunities to 
step up business efficiency while lowering costs. 
Thanks to advances in the high-speed, high­
volume transmission of information electroni­
cally, it is now possible to close the "communi­
cations gap" that hampers so many industries. 

As one of the world's leading specialists in video, 
voice and data transmission systems, Lenkurt 
Electric is working wonders on this new busi­
ness communications frontier. 

For example, a single microwave system can 
accommodate hundreds of separate communi­
cations channels simultaneously -link remote 
points for instantaneous telephone, teletype, 
video, business data, supervisory control and 
telemetering services. 

Lenkurt Electric is working in close alliance 
with telephone companies to bring the modern­
day benefits of automation through communi­
cations to business and industry. 

( ' 
Lenkurt Ele�tric Co., Inc., San Carlos, Calif. 

LENKURT ELECTRIC 
SUBSIDIAI=?Y OF 

GENERAL TELEPHONE & ELECTRONICS 

_ _ Specialists in VIDEO, VOICE AND DATA TRANSMISSION _ _ _ _ _ _ • 
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He designs 
antennas for 

every purpose 
except this one 

He's one of a staff of AMF engineers 

which has been designing and pro­

ducing precision radar antennas and 

components since early in ww II. 

AMF's accomplishments reflect the 

team effort, enormous experience and 

complete fabrication capability made 

available for each project. 

Here are highlights: 

Fixed base -AMF's experience in de­

signing automatic machinery was 

utilized in the 10,000-lb. AN/FPS-19, 
the famous "Dew Line" antenna, de­

signed and built by AMF to operate 

unfailingly under fantastic arctic 

conditions. 

M obil e-AMF designed and built 

AN/TPQ-10 precision tracking antenna 

that demounts into shock-resistant, 

immersible components. AN/MPS-4 
and 16 are AMF-designed trailer 

and truck-mounted types. 

Stabilized base -Design and fabrica­

tion of sx, AN/SPS-SB High Gain An­

tenna, AN/Sps-3 Dual Foster Scanner. 

Pr ecision ped estals, theo dolites­

AMF's Precision Instrument Mount 

is controlled by optical digital discs 

accurate to 0.05 milliradans. It tracks 

missiles and satellites. 

Rotary joints-A special AMF capa­

bility requiring utmost precision in 

design. Example: multichannel joint 

for AN /FPs-24 System. 

Scanners, Feeds, Servos and Drives, 

Multichannel Phase Shifters, Hydro­

static Bearings, Slip Rings, Program­

ming, Test, Control and Display sys­

tems are all part of AMF's radar 

capabilities. AMF also operates its 

own test ranges. 

For more information, write Ameri­

can Machine & Foundry Company, 

Government Products Group, 261 

Madison Avenue, New York 16, N.Y. 

• • • • •  AMERICAN MACHINE & FOUNDRY COMPANY 

THE AUTHORS 
GIULlO NATTA ("Precisely Con­

structed Polymers") is director of the 
Institute of Industrial Chemistry at the 
Politecnico di Milano. Born at Imperia on 
the Italian Riviera in 1903, N atta studied 
chemical engineering at the Politecnico 
di Milano, where he received a degree 
in 1924. From 1926 to 1933 he taught 
at the University of Pavia, and from 
1933 to 1939 he was professor of physi­
cal chemistry at the University of Rome. 
He joined the Institute of Industrial 
Chemistry in 1939. A fellow of Italy's 
famous Society of Lynxes (to which 
Galileo belonged), Natta was the first 
chemist to synthesize wood alcohol. His 
development of a method for converting 
alcohol to butadiene became the basis 
of the Italian synthetic-rubber industry. 
Natta was the author of "How Giant 
Molecules Are Made," which appeared 
in the September 1957 issue of SCIEN­
TIFIC AMERICAN. 

CONRAD LIMBAUGH ("Cleaning 
Symbiosis") was an underwater natu­
ralist and chief diving officer at the 
Scripps Institution of Oceanography, 
where he directed the Institution's div­
ing program. He was killed in a skin­
diving accident in the Mediterranean on 
March 20, 1960. Before his death Lim­
baugh had written a preliminary draft 
of the present article, which was later 
completed by his brother-in-law, How­
ard M. Feder of Hartnell College in 
California. Limbaugh was graduated 
from Whittier College in 1948 and did 
graduate work at the University of Cal­
ifornia at Los Angeles before going to 
the Scripps Institution in 1950. He was 
largely responsible for developing the 
diver-training program at Scripps, as 
well as many of the techniques now used 
by skin divers. Feder, a marine biologist 
on the faculty of Hartnell College since 
1955, holds a Ph.D. from Stanford Uni­
versity. He is currently engaged in as­
sembling and publishing the results of 
Limbaugh's numerous and diverse re­
search projects. 

ROBERT S. DIETZ ("Astroblemes") 
is an oceanographer at the Navy Elec­
tronics Laboratory in San Diego, Calif. 
Although his basic scientific work is in 
marine geology, Dietz is also interested 
in meteorites and the "shatter cones" 
they produce upon impact with the 
earth. He took three degrees at the Uni­
versity of Illinois, receiving a Ph.D. in 

geology in 1941. He served with the 
Army Air Force until 1946, after which 
he accompanied Admiral Byrd's last ex­
pedition to Antarctica. Dietz joined the 
staff of the Navy Electronics Laboratory 
in 1947 and remained there until 1952. 
As a member of the London branch 
of the Office of Naval Research, he was 
responsible for getting the U.S. to sup­
port the development of Auguste Pic­
card's bathyscaph. He was coauthor, 
with Jacques Piccard, of Seven Miles 
Down, a description of the latter's bathy­
scaph descent into the Marianas Trench 
in the Pacific Ocean in 1960. He was 
also coauthor (with Russel V. Lewis and 
Andreas B. Rechnitzer) of "The Bathy­
scaph," which appeared in the April 
1958 issue of SCIENTIFIC AMERICAN. 
Dietz returned to the Navy Electronics 
Laboratory in 1958. 

EDWARD E. DAVID, JR. ("The Re­
production of Sound"), is director of vis­
ual and acoustics research at the Bell 
Telephone Laboratories. A native of 
North Carolina, David studied electrical 
engineering at the Georgia Institute of 
Technology while serving with the Navy 
in World War II. He received his degree 
in 1945, completed his service a year 
later and then did graduate work on 
microwaves and noise theory at the 
Massachusetts Institute of Technology, 
receiving a D.Sc. degree in 1950. He is 
at present doing research in acoustical 
psychophysics and the processing of 
neural information by the brain. This 
is his second article for SCIENTIFIC 
AMERICAN; the first, "Ears for Compu­
ters," appeared in February, 1955. 

JAMES MELLAART ("Hacilar: A 
Neolithic Village Site") is an archaeol­
ogist who has lived and excavated archae­
ological sites in Turkey for the past 
decade. Of Scottish and Dutch extrac­
tion, Mellaart was born in London in 
1925 and educated in the Netherlands, 
where his family moved when he was 
four years old. He studied Egyptology 
for a year at the University of Leyden, 
returned to England in 1947 and ac­
quired a B.A. honors degree in ancient 
history and Egyptology at the University 
of London in 1951. The international 
situation in the Middle East at that time 
made any practical work in Egypt im­
possible, and Mellaart went to Turkey 
on a scholarship from the British In­
stitute of Archaeology at Ankara to make 
a survey of archaeological sites in south­
ern Turkey. The survey led to the ex­
cavation of Beycesultan by Seton Lloyd, 
then director of the British Institute at 
Ankara [see "A Forgotten Nation in 
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WHAT TIME IS IT 20 MILES AWAY? 

A few years ago, the answer to this question would have been 
unimportant. Today, however, when time measurement is used 
to support missile and space flights, it has been necessary to 
introduce a superior method of time and frequency synchroni­

zation to meet special needs. 

Prior to the use of radio transmissions, time measurements 
were made from astronomical observations and correlated by 
mechanical chronometers. Radio signals were transmitted in 
the high frequency spectrum, but accuracy was limited due to 
interference and the transmission medium itself. Just a short 
time ago even the best techniques of time and frequency 
synchronization yielded accuracies of no better than one part 
in 107• 

The most recent breakthrough involves the use of VLF radio 
transmissions in the 15 to 20 kilocycle band. Pioneering in 
VLF equipment and with the full understanding of this new 
art, ICF makes measurements of time and frequency to small 
parts in 1011 practical anywhere in the world. 

INSTRUMENT CORPORATION of FLORIDA 
P. O. BOX 1226, Melbourne, Florida 
TELEPHONE - PArkway 3·8112 

Turkey," by Seton Lloyd; SCIENTIFIC 
AMERICAN, July, 1955J. This and sub­
sequent excavations in which Mellaart 
took part provided a rather complete se­
quence of cultural life in southwestern 
Turkey from the end of the Bronze Age 
to the beginning of the late Chalcolithic 
period, a span of some 4,000 years. "But 
my discovery of Hacilar in 1956," he 
writes, "promised to produce even ear­
lier evidence for settlements on the Ana­
tolian plateau. Hence the Hacilar exca­
vations, which added nearly another 
thousand years to the cultural sequence." 

FELIX WROBLEWSKI ("Enzymes 
in Medical Diagnosis") is head of medi­
cal enzymology at the Sloan-Kettering 
Institute for Cancer Research and asso­
ciate professor of clinical medicine at the 
Cornell University Medical College. He 
received a B.A. in chemistry from New 
York University in 1942 and an M.D. 
degree from that institution's College 
of Medicine in 1945. Wroblewski went 
to the Sloan·Kettering Institute in 1949. 
He joined the faculty of the Cornell Med­
ical College in 1952. 

ALEX COMFORT ("The Life Span 
of Animals") is a biologist, poet and 
novelist who has divided his time be­
tween medical biology and literature 
since 1944, when he was graduated from 
Trinity College, Cambridge, with de­
grees in medicine and surgery. He holds 
three other degrees, including a Ph.D. 
in biochemistry from the University of 
London. He has been a Nuffield Re­
search Fellow in the biology of old age 
for the past 10 years. In addition to five 
novels, half a dozen volumes of poetry 
and assorted books of essays on literary, 
political, social and scientific subjects, 
Comfort is the author of The Biology of 
Senescence, published in 1956. 

MORTON L. BARAD ("Low-Alti­
tude Jet Streams") is chief of the Boun­
dary Layer Processes Branch of the At­
mospheric Analysis Laboratory at the 
Air Force Cambridge Research Center. 
Barad acquired a B.S. in mathematics 
at the College of the City of New York 
in 1939, and an M.A. at New York 
University in 1941. Barad's military 
service during World War II took him 
to the South Pacific as a weather of­
ficer for the Army Air Force until 1945. 
He received a Ph.D. in meteorology 
from N.Y.U. in 1950 and spent two years 
at the Hanford Works in Washington as 
head of the General Electric Company's 
Experimental Meteorology Group. In 
1953 he joined the Atmospheric Analysis 
Laboratory as a project scientist. 
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At Eastman 

men and 

machines 

are ready to help you develop better 

�extrusion and blow molding techniques 

AOETATE-BUT YRATE 
PROPIONATE - POLYETHYLENE 
POLYPROPYLENE - POLYESTER 

plastics by Eastman 

As one of the pioneer producers of 

thermoplastics, Eastman has con­

tributed to many of the techno­

logical advances of the plastics 

industry. 

Today, with the fast-developing 
market for flexible film and the 

huge potential market for plastic 

containers, the Tenite Develop­

ment Laboratory is ready with 
specialists in all phases of extru­

sion and blow molding. 

Aided by the most modern 
equipment (which often has been 

improved by ingenious attach­

ments and adjustments of our 

own), these men give you access 
to a wide variety of skills and 

experience in handling Tenit e 
plastics. 

These men and their machines 
are at your disposal to help you 

work out problems in the rapidly 

expanding fields of extrusion and 

blow molding. To take advantage 

of this service, write to EASTMAN 
CHEMICAL PRODUCTS, INC., subsidi­

ary of Eastman Kodak Company, 
KINGSPORT, TENNESSEE. 
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Each of these 
jobs is done 
better and cheaper 
with natural diamonds 
Here are four cutting and grinding operations 

being performed with industrial diamonds. 

Three of them were once done with other 

kinds of tools. One couldn't be done 
at all, were it not for the unique combination 

of properties that only diamonds 
possess-excellent cutting ability coupled 
with fantastic endurance. 

Result: your people spend less time 
changing tools, more time actually producing. 

If you cut, sharpen or smooth in your business, 
you can probably use diamonds to advantage. 

Test them against the method you're using. 
You'll find out how efficient - and economical -
a diamond can be, especially now. 

Best grit for metal-bond wheels developed by the 

Diamond Research Laboratory in Johannesburg 

A new impact crushing method for natural 
diamonds is producing the strongest and most 
durable diamond grit ever obtained for 
metal·bond wheels. Your tool and wheel 

manufacturer is ready to help you select the 
diamond tool that's right for your job. 

1 Dressing Grinding Wheels that groove propeller 
shafts for Evinrude Motors, Milwaukee. Cutters are 
powdered metal matrix impregnated with small, blocky 
natural diamonds. They show no wear after months of use. 

2 Boring and Facing Aluminum pinion carriers for 
Chrysler Corporation, Detroit. Dimensions are held within 
± .001 inch, producing finishes to 20 microinches. Con· 
ventional tools could not withstand aluminum's abrasive­
ness, nor meet these tolerances. 

3 Grinding Synthetic Sapphire and quartz rods with dia­
mond grinding wheel. Tolerances for diameters: ± .0002 
inch; concentricity: ± .0002 inch. After trying every 
other grinding method, this diamond-coated unit was in­
stalled by Duncan-Inglewood, Inc., Inglewood, Calif. Rods 
are now being turned out on a production basis. 

4 Band-Sawing Optical Glass. New diamond-coated 
band-saw blade cuts optical glass to pattern shapes at 
Dia·Chrome, Inc., Glendale, Calif_ Diamond band saw 
can also cut reinforced plastics, ceramics, marble. Thin 
materials can be cut without coolant; dense materials 
require water or water·oil emulsion. 

Industrial diamonds cut practically everything ... especially your production costs 
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Sam.uel Taylor 'Coleridge ... on genius 

"To find no contradiction in the union of old and new; 

to contemplate the Ancient of Days and all His works 

with feelings as fresh as if all had then sprang forth at 

the first creative fiat; characterizes the mind that feels 

the riddle of the world, and may help to unravel it. To 

carry on the feelings of childhood into the powers of man­

hood; to combine the child's sense of wonder and novelty 

with the appearances which every day for perhaps forty 

years had rendered familiar ... this is the character and 

privilege of genius, and one of the marks which distin­

gUish genius from talents. And, therefore, it is the prime 

merit of genius, and its most unequivocal mode of mani­

festation, so to represent familiar objects, as to awaken 

in the minds of others a kindred feeling concerning 

them, and that freshness of sensation which is the con­

stant accompaniment of mental. no less than of bodily, 

convalescence." 

...... Biographia Literaria, 1817. 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 

A nonprofit organization engaged in a program of research in the physical sciences. economics. mathematics. and the social sciences. 

These diverse skills are joined in the analysis and solution of complex problems related to national security and the public interest. 
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Precisely Constructed Polymers 

In the chainlike giant molecules made by man, the units In the chain 
are generally oriented at random. Now these units can be oriented In 
regular sequence, gllJlng Tlse to polymers with useful new properties 

It is often said in the chemical industry 
that 10 years are required to carry 
a new product from the test tube to 

tank-car production. Seven years have 
now passed since our laboratory in the 
Politecnico di Milano discovered "stereo­
specific" catalytic processes for creating 
"stereoregular" polymers from simple 
asymmetric hydrocarbon molecules such 
as those of propylene. The term "stereo­
specific" signifies that the catalysts are 
able to link the simple structural units of 
the polymer-the asymmetric monomers 
-into precisely ordered three-dimension­
al structures rather than into structures 
assembled more or less at random. The 
precise ordering of structure yields poly­
mers with new and useful physical 
properties. The new stereoregular poly­
propylene polymers produced by our 
methods, and by similar methods suc­
cessfully developed by others, have been 
in large-scale production in the U.S. 
since early this year, following the com­
pletion last year of three major plants. 
The polymers have been commercially 
available in Italy since 1957. Only last 
year our laboratory was successful in 
carrying stereospecific polymerization 
methods another step forward, suggest­
ing that still-new varieties of stereoregu­
lar polymers may achieve practical im­
portance before too many years have 
passed. 

Our recent work has led to the syn­
thesis of polymers that, when placed in 
solution, have the property of rotating 
the plane of polarization of a beam of 

by Giulio Natta 

plane-polarized light. They are said, 
therefore, to be optically active. It was 
Louis Pasteur who discovered, about 
1850, that tartaric acid comes in two 
isomeric forms, one able to rotate polar­
ized light to the right, the other able to 
rotate it to the left. A mixture of the 
two forms in equal amounts is called a 
racemic mixture. Since Pasteur's time it 
has been shown that compounds with 
optical activity are widely used in nature 

as the monomers of the polymeric con­
stituents of living matter, for example 
proteins, cellulose and starch. To display 
optical activity an organic molecule must 
contain at least one asymmetric carbon 
atom, meaning a carbon linked to a 

different kind of atom (or group of 
atoms) through each of its four valence 
bonds [see illustration below]. For rea­
sons difficult to explain (and perhaps 
not yet fully explained) the electron 

OPTICAL ISOMERS OF ALANINE, one of the 20·odd amino acids that link up to form 
proteins, illustrate what is meant by an "asymmetric" carbon atom. The central carbon is 

asymmetric because it has attached to each of its four chemical bonds a different kind of 
atom or group of atoms. When in solution one configuration, called L (-) -alanine (left), 
rotates plane·polarized light to the left; its mirror image, D (+) ·alanine (right), rotates 

polarized light to the right. Natural proteins are all built from L (-) ·amino acids. 
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• HYDROGEN 

o OXYGEN 

OPTICAL ISOMERS OF GLUCOPYRANOSE, a natural sugar, each contain five asym­
metric carbon atoms (starred) _ Plants make chiefly alpha-D (+) -glucopyranose (top) and 
beta-D(+)-glucopyranose (bottom), which differ only at one carbon (dark star). The for­
mer polymerizes to form starch, latter to form cellulose (see illustrations on opposite page)_ 
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cloud around an asymmetric atom­
which need not be carbon-causes polar­
ized light to rotate. 

A compound containing one asym­
metric carbon atom can exist in two 
isomeric forms, called enantiomers; Olle 

is the mirror image of the other, as the 
right hand is of the left. An optically 
active compound is assigned to the 
dextro (D) or levo (L) series according: 
to the position of its asymmetric carbon 
atom (or atoms) with respect to that in. 
certain reference compounds. This clas­
sification is independent of the way the 
compound in question actually rotates-­
polarized light. If the rotation is to the 
right, the compound is labeled (+); if 
to the left, (-) . 

For more than a century chemists: 
have sought methods of synthesizing: 
one particular isomer in preference to its: 
optical twin. Ordinary methods of syn­
thesis produce all possible optical 
isomers in equal abundance. One way to' 
obtain an excess of a particular isomel' 
is to employ optically active starting: 
materials. Chemists have made only neg­
ligible progress, however, in achieving 
an "absolute asymmetric synthesis" -one 
that employs un selected starting mate­
rials. The idea that irradiation of the 
reactants with polarized light might fa­
vor one isomeric product over another 
has been tested without success. 

No one has been able to explain why 
all natural proteins should be built up 
from L-series amino acids. Presumably 
the exactly equivalent D series would d� 
just as well. A gian t molecule containing: 
a random mixture of L and D types, 
however, would lack the distinctive 
physical properties of normal proteins, 
It is the ordered repetition of molecules 
sharing a common symmetry that en­
dows a giant molecule with crystalline 
properties. By "crystalline" is meant the 
ability of a molecule to pack together 
with others in orderly array. Crystallin­
�ty endows a polymer with strength and 
rigidity. In contrast, a polymer lacking 
an ordered structure is generally amor­
phous. 

Although two enantiomers may have 
almost identical physical properties, the 
polymers formed from them may differ 
greatly. A remarkable example of this is 
found in starch and cellulose, which are 
made from two D-series sugars that 
differ in only one isomeric detail. Starch 
is a chainlike polymer made from alpha­
D ( + ) -glucose; cellulose is a comparable 
chain made from beta-D ( + ) -glucose 
[see illllstmtions at left and on opposite 
page J. The slight differences between 
the two sugars give rise to different types 
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of chain and thus to profound differences 
in their polymers: starch can be digested 
by man and animals, cellulose cannot. It 
is apparent, therefore, that the ability to 
synthesize giant molecules from optically 
active organic compounds-and also to 
decompose them-is an important char­
acteristic of living organisms. 

One would like to know if life on 
other planets shows the same stereoiso­
meric preferences as life on earth. It is 
generally assumed that the preference 
of earth life for L-amino acids and D­
sugars is a simple accident, tracing back, 
perhaps, to an accident of catalysis when 
life first began. If only accident is in­
volved, there would seem to be a good 
chance that life elsewhere is built 
around amino acids and sugars having 
optical activities different from those 
preferred on earth. If space explorers 
ever discover plants or animals on an­
other planet, it will be of some impor­
tance to learn the precise steric configu­
ration of these organisms. An extrater­
restrial plant that appeared to be edible 

would be totally unassimilable if it con­
tained D-amino acids and L-glucose. 

O ur own efforts at asymmetric synthe-
sis of polymers are a direct out­

growth of the work that led in 1954 to 
stereo regular polypropylene. It will be 
recalled that in 1954 polyethylene was 
already well known as the plastic mate­
rial used in "squeeze" bottles. Ethylene 
(C2H4) is the simplest hydrocarbon con­
taining a double chemical bond. When 
it polymerizes, the double bond breaks 
and provides two free connecting links 
to join with two other molecules of 
ethylene-one on each side-in which 
bonds have similarly been broken. In 
this fashion thousands of ethylene units 
can link up to form a long chain, which 
packs together well with other similar 
chains. The result is a crystalline poly­
mer that is both strong and flexible but 
has a rather low melting point. 

The propylene monomer (CaH6) is an 
ethylene molecule in which one hydro­
gen atom has been replaced by a methyl 

group (CHa). Unlike the molecule of 
ethylene, the propylene molecule is 
structurally asymmetric. Consequently 
if propylene is allowed to polymerize, the 
resulting polymer can take various steric 
configurations. If the polymerization is 
"undirected," the methyl groups will fall 
at random along the chain, now on one 
side, now on the other. Such chains do 
not pack well together and the result is 
a rubbery, amorphous polymer of rela­
tively low strength. We called this struc­
ture "atactic," meaning without order. 
We found that certain catalysts would 
direct the polymerization so that the 
methyl groups would all fall on one side 
of the chain or would alternate regularly 
from side to side; in both cases the re­
sulting polymers are crystalline. The 
former chains we called "isotactic"; the 
latter, "syndiotactic" [see illustrations on 
pages 36 and 39]. 

Isotactic polypropylene, because of its 
special structure, has a high melting 
point and yields a polymer of high 
crystallinity that is harder, tougher and 

STARCH AND CELLULOSE (left and right) are giant molecules 
formed from alpha·D (+) .glllcopyranose and beta·D (+) ·gluco· 
pyranose respectively. In this illustration hydrogen atoms, shown 

in the monomers on the opposite page, have been omitted for clar­
ity. Although the monomers have nearly identical physical proper­
ties, the giant molecules created from each are quite different. 
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more heat-resistant than polyethylene. 
As a textile fiber it is as strong as nylon 
and 30 per cent lighter in weight. It can 
also be produced in the form of a thin 
transparent film, as clear as cellophane 
and stronger if its polymer units are ori­
ented by stretching. Extruded into pipes 
or molded into complex shapes, it can 

compete with metals in many applica­
tions. 

If ethylene is doubly substituted so 
that one hydrogen atom on each carbon 
is replaced with a different group of 
atoms, yielding a molecule with the type 
formula CRR: CRR', stereospecific poly­
merization gives rise, as shown in the il-

lustration on the opposite page, to three 
ordered configurations: threo-di-isotactic 
(R and R' on the same side of the chain) , 
erythro-di-isotactic (R and R' on op­
posite sides) and di-syndiotactic (R and 
R' alternating regularly from one side 
to the other) . Polymers of each of these 
configurations, made in our laboratory, 

ORDERED AND DISORDERED POLYMERS can be produced 
when so·called vinylic (CH2:CHR) monomeric units link up in 
head·to·tail succession. "R" (colored ball) may represent any group 
of atoms; thus if R is CH3, the vinyl monomer is propylene and the 
polymer is polypropylene. The main chain of carbon atoms has 

been drawn as if lIattened in a plane. (Three·dimensional views 
appear on page 39.) When R groups are all on one side of the chain 
(top), the polymer is called "isotactic." When R groups alternate 
from side to side (middle), the polymer is "syndiotactic." When R 
groups are disposed at random (bottom), the polymer is "atactic." 
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show a number of interesting properties. 
Their commercial value remains to be 
determined. 

These various stereo regular polymers 
represented a small but definite step to­
ward asymmetric synthesis in that each 
giant molecule is formed by long se­
quences of monomeric units having the 

same steric configuration. However, the 
giant molecules forming a crude vinyl 
isotactic polymer, such as isotactic poly­
propylene, do not display optical activi­
ty, primarily because inner compensa­
tions cancel out whatever slight optical 
activity might arise. It is true that in 
such polymers each carbon attached to a 

side group is asymmetric, but the asym­
metry is very slight because it is due al­
most solely to difference in length and 
in configuration of the two portions of 
chain linked to two of its bonds. As we 
shall see, appreciable optical activity 
will occur in a polymer only when the 
asymmetry arises from strong nonuni-

MORE INT RICATE STE REO-ORDE RING can arise when the 
vinyl monomer contains a different R group on each carbon, yield­
ing a molecule of the form CH R :CHR'. New spatial arrangements 
are possible because the first carbon carries a hydrogen atom plus 
an R group, instead of two hydrogens, which are indistinguishable. 

When Rand R' are on the same side of the plane defined by the 
carbon chain (top), the polymer is threo-di-isotactic. When all the 

R groups are on one side and all the R' groups on the other side 
(middle), the polymer is erythro-di-isotactic_ When R and R' alter­
nate from side to side (bottom), the polymer is di-syndiotactic_ 
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POLYPROPYLENE MONOFILAMENTS can be fabricated into a variety of forms. The 
strength of the polymer derives from its stereoreglliarity and high crystallinity. "Crystal. 
linity" means that long-chain molecules of the polymer lie side by side in orderly fashion. 
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S ELF·SUPPORTING LENGTHS OF VARIOUS FILAMENTS reflect, in a single value, a 
material's weight as well as its strength. The vaille is independent of diameter. Aluminum, 
althollgh weaker than steel, can SIlpport as many miles of its own length. Polypropylene is 
almost as strong as nylon and 30 per cent lighter, hence its sllperiority by this measure. 
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formities of atomic configuration in t\e 
immediate vicinity of each of many car­
bon atoms. 

So far we have not mentioned a com-
mon and important type of isomer­

ism that is due simply to variations in 
three-dimensional structure and which 
is therefore called geometric isomerism. 
Geometric isomers arise in organic com­
pounds that contain a double bond be­
tween two carbon atoms. \"'hen con­
nected by a double bond, two carbon 
atoms are no longer free to rotate around 
a common axis, as they are when they 
are joined by a single bond. As a result it 
is possible to create isomers of different 
spatial geometry, depending on whether 
or not distinctive substituents attached 
to the two carbons are locked on the 
same side of the molecule, giving rise to 
the "cis" isomer, or on opposite sides, 
yielding the "trans" isomer. 

In nature two well-known polymers, 
identical in chemical composition, are 
distinguished by their cis and trails 
geometric isomerism. Ci�-1,4-polyiso­
prene is natural rubber, whereas trans-
1,4-polyisoprene is gutta-percha [see top 
illustration on page 40]. The properties 
of the two substances are very different. 
Rubber, when vulcanized, is strong and 
elastic. Gutta-percha, vulcanized, be­
comes hard and tough rather than strong. 
It is often used as a covering for golf 
balls. 

Early efforts to synthesize natural rub­
ber failed because the monomer, iso­
prene (C5HS)' would not link up in the 
required stereoregular form. In 1954, 
with new principles of stereospecific 
polymerization, a true synthetic rubber 
was synthesized in the U. S. and a true 
gutta-percha was created in our Milan 
laboratories. The polyisoprene synthetic 
rubber is now being produced commer­
cially by at least two U.S. firms. 

Our laboratory was the first to show 
that an excellent synthetic rubber is 
also produced by cis-l,4-polybutadiene. 
Cheaper than isoprene, butadiene 
(C.H6) has a single hydrogen atom 
where isoprene has a methyl group. 
Butadiene was commercially manufac­
tured on a large scale in the U.S. during 
World War II as the principal ingredient 
in butadiene synthetic rubbers, which 
have been made in large volume ever 
since. The new stereoregular polymers of 
butadiene show elastic and dynamic 
properties quite similar to those of natural 
rubber and are far superior to those of 
the old butadiene synthetics, which have 
a nonuniform chemical composition and 
a disordered three-dimensional structure. 
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We have been able to produce syn­
thetic rubbers containing more than 98 
per cent of cis-l,4-polybutadiene, which 
even exceeds the steric purity of 97 
to 98 per cent of cis units found in 
natural rubber. Automobile tires made 
from these high-purity polybutadienes 
compare very favorably with tires of 
natural rubber in durability, riding 
qualities and low heat build-up when 
operating at high speeds. 

Out of this work with butadiene and 

related diolefins (molecules with two 
sets of double bonds) have come poly­
mers demonstrating optical as well as 
geometric isomerism. Our approach to 
achieving optical isomerism has been 
to create polymers from derivatives of 
diolefins, such as butadiene, in which 
at least one hydrogen atom in each 
molecule has been replaced with more 
complex atomic substituents. When 
monomers of this sort are polymerized 
in a stereospecific way, the repetition of 

complex configurations produces strong 
local asymmetries in a large fraction 
of the carbon atoms. Each single 
giant molecule, if it could be extracted 
from the polymer and examined alone, 
should show optical activity. As nor­
mally produced, however, the polymer 
mix will contain equal numbers of iso­
meric molecules of opposite optical 
activity. 

Our goal, therefore, was to find con­
ditions that would favor the polymeriza-

THREE·DIMENSIONAL VIEWS OF POLYPROPYLENE cor· 
respond to the simplified views on page 36, except here hydrogen 
atoms are omiued. Colored balls represent methyl groups (CH3). In 

isotactic polypropylene (top) the CH3 groups define a helix (gray 
ribbon). In syndiotactic polypropylene (middle) structure is also 
regular. Atactic polypropylene (bottom) is nonregular in form. 
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RUBBER AND GUTTA-PERCHA (top and bottom) are geo­
metric isomers built up from units of the same monomer, isoprene 
(C"Hs) _ Rubber is cis-l,4-polyisoprene_ The "cis" means that a 

methyl group (color) and a neighboring hydrogen (black) are on 
the same side of each pair of carbon atoms joined hy a douhle bond_ 
The "1,4" means that the four-carbon chain of the monomer is 

OPTICALLY ACTIVE POLYMERS can be created from butadiene 

monomers containing substituents (color) for hydrogen either on 
the first carbon atom or on the first and fourth in the four·carbon 
chain of the monomer. The polymer of singly substituted butadiene 
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linked into the polymer through its first and fourth carbons. Gutta­
percha is trans-l,4-polyisoprene, indicating that methyl groups and 
adjacent hydrogens lie across from each other. If the methyl groups 
in rubber are replaced by hydrogen atoms, the resulting polymer 
is cis-I,4-polybutadiene, a new and commercially promising syn­
thetic with properties very similar to those of cis-I,4.polyisoprene. 

(top) is of the trans.I,4·isotactic type. Polymers of doubly substi­
tuted butadiene can show erythro·di·isotactic succession (middle) 
or threo·di·isotactic succession (bottom). The asymmetric carbons 

are starred; each polymer can exist in the form of its mirror image. 
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tion of only one of the two optically 
active forms. The first successful asym­
metric synthesis of this kind was 
achieved last year at the Politecnico di 
Milano with esters of sorbic acid. 

Sorbic acid itself can be regarded as 
a butadiene molecule that has been 
lengthened by a methyl (CHa) group at 
one end and by a carboxyl (COOH) 
group at the other. Stereospecific poly­
merization of certain sorbic acid esters 
yields crystalline polymers having a 
"poly tactic" structure: each monomer 
has three different sites of stereoisomer­
ism-one of geometric type and two of 
optical type-which repeat regularly 
throughout the polymer. 

In polymerizations carried out with a 
catalyst (butyllithium) that does not 
have in itself centers of optical asym­
metry, there is nothing to establish at 
the outset a preference for one steric 
configuration over another. The result 
is a polymeric substance in which half 
the molecules have one configuration 
and half have another. Both molecules, 
however, are of the erythro-di-isotactic 
type [see bottom illustmtion on opposite 
page]. 

When a catalyst (isoamyllithium) that 
has a center of optical asymmetry was 
selected, the resulting molecules were 
preponderantly of one optical configura­
tion. This was the first asymmetric syn­
thesis of a giant molecule starting from a 
monomer that was not itself optically ac­
tive. It is true, however, that the optical­
ly active macromolecules contain an 
optically active end group derived from 
the catalyst, which is partially consumed 
during the polymerization. 

Subsequently we achieved asym­
metric synthesis without consumption of 
pre-existing optically active reagents. 
The catalyst for this polymerization was 
a so-called organometallic compound 
that was bound to an optically ac­
tive organic base. Although the base 
does not take part in the chemical re­
action, it provides the steric guidance 
for the synthesis. (The catalyst is of 
ionic nature, meaning that the giant 
molecule grows outward from the cata­
lyst like a growing hair. Oriented mono­
meric units are fed in at the base of the 
"hair" with the formation of an ionic 
bond that joins the end of the hair to 
the catalyst.) 

This is not yet an "absolute" asym­
metric synthesis inasmuch as some opti­
cal activity is required in the catalyst. 
The synthesis may suggest, nevertheless, 
a simplified model of the way nature 
carries out at least some stereospecific 
syntheses of optical isomers. 

o 
. · · · · 0 

�- 0-
o 

4 . 

(1 S 

o 0 

r"'r� 
o 

ARTICLES OF MOLDED POLYPROPYLENE yield tough parts and fittings coming into 
industrial use. In addition to strength the polymer has good heat and chemical resistance. 

POLYPROPYLENE FILM resembles polyethylene but is stronger. The articles shown on 
this page and on page 38 are fabricated from polypropylene made by Montecatini of Italy. 
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CLEANING SYMBIOSIS 

The InvaSIon of the oceans by skin-diving biologists has led to the 

discovery that a surprisingly large number of marine organisms either 

live by cleaning other marine organisms or benefit by being cleaned 

W
hile skin diving in the cool 
water off the coast of southern 
California in the spring of 1949, 

I observed a brief and seemingly casual 
meeting between a small golden kelp 
perch (Brachyistills fl'enatlls) and a 
walleye surfperch (H yperprosopon aI'­
gentellm) twice its size. The walleye had 
separated itself from a milling school of 
its fellows several yards away and was 
holding itself rigid with fins extended, 
its body pointed at an unnatural angle 
to the surface of the water. The three­
inch kelp perch spent several minutes 
picking at the silver sides of the walleye 
with its pointed snout. Then the kelp 
perch darted into the golden leaves of 
a nearby kelp plant, and the walleye re­
turned to lose itself in the activity of the 
school. At the time I recorded this event 
in my notes only as an interesting in­
cident. 

Since then my studies and the obser­
vations of others have convinced me 
that this was not an isolated episode. 
On the contrary, it was an instance of a 
constant and vital activity that occurs 
throughout the marine world: cleaning 
symbiosis. Certain species of marine ani­
mal have come to specialize in cleaning 
parasites and necrotic tissue from fishes 
that visit them. This mutually beneficial 
behavior promotes the well-being of the 
host fishes and provides food for those 
that do the cleaning. 

The relationship between the cleaner 
and the cleaned is frequently so casual 
as to seem accidental, as in the encoun­
ter that first caught my attention. On the 
other hand, one finds in the Bahamas 
the highly organized relationship be­
tween the Pederson shrimp (Pericli­
menes pedel'soni) and its numerous 
clients. The transparent body of this tiny 
animal is striped with white and spotted 
with violet, and its conspicuous anten­
nae are considerably longer than its 
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by Conrad Limbaugh 

body. It establishes its station in quiet 
water where fishes congregate or fre­
quently pass, always in association with 
the sea anemone Bmtholomea annlllata, 
usually clinging to it or occupying the 
same hole. When a fish approaches, the 
shrimp will whip its long antennae and 
sway its body back and forth. If the fish 
is interested, it will swim directly to the 
shrimp and stop an inch or two away. 
The fish usually presents its head or a 
gill cover for cleaning, but if it is both­
ered by something out of the ordinary, 
such as an injury near its tail, it presents 
itself tail first. The shrimp swims or 
crawls forward, climbs aboard and walks 
rapidly over the fish, checking irregu­
larities, tugging at parasites with its 
claws and cleaning injured areas. The 
fish remains almost motionless during 
this inspection and allows the shrimp 
to make minor incisions in order to get 
at subcutaneous parasites. As the shrimp 
approaches the gill covers, the fish opens 
each one in turn and allows the shrimp 
to enter and forage among. the gills. The 
shrimp is even permitted to enter and 
lcave the fish's mouth cavity. Local fishes 
lluickly learn the location of these 
shrimp. They line up or crowd around 
for their turn and often wait to be 
cleaned when the shrimp has retired into 
the hole beside the anemone. 

S
uch behavior has been considered a 

mere curiosity for many years. The 
literature contains scattered reports of 
cleaning symbiosis, including a few ex­
amples among land animals: the croco­
eWe and the Egyptian plover, cattle and 
the egret, the rhinoceros and the tick­
bird. As early as 1892 the German biol­
ogist Franz von Wagner had suggest­
ed that the pseudoscorpion, a tiny 
relative of the spider that is frequently 
observed stealing a ride on larger in­
sects, is actually engaged in removing 

parasitic mites from these insects. The 
U. S. biologist William Beebe in 1924 
saw red crabs remove red ticks from sun­
bathing marine iguanas of the Galapagos 
Islands. While diving in the coral waters 
off Haiti four years later, Beebe also 
saw several small fishes of the wrasse 
family cleaning parrot fish. Mexican fish­
ermen in the Gulf of California refer to 
a certain angelfish (H olacanthus passer) 
as El Barbero. They explain that this fish 
"grooms the other fishes" and so deserves 
its title as "The Barber." 

Recognition of cleaning symbiosis and 
its implications has come only in recent 
years. The gear and the technique of 
skin diving have given marine biologists 
a new approach to the direct observation 
of undersea life. They have discovered 
numerous examples of cleaning behavior, 
enough to establish already that the be­
havior represents one of the primary 
relationships in the community of life in 
the sea. The known cleaners include 
some 26 species of fish, six species of 
shrimp and Beebe's crab. This number 
will undoubtedly increase when the 
many marine organisms now suspected 
of being cleaners have been studied 
more closely. It now seems that most 
other fishes seek out and depend on 
the service they render. The primary 
nature of the behavior is evident in the 
bright coloration and anatomical spe­
cialization that distinguish many clean­
ers. It appears that cleaning symbiosis 
may help to explain the range of species 
and the make-up of populations found 
in particular habitats, the patterns of 
local movement and migration and the 
natural control of disease in many fishes. 

The importance of cleaning in the 
ecology of the waters off southern Cali­
fornia became more and more apparent 
to me during the early 1950's as I accu­
mulated observations of cleaners at work. 
My notes are particularly concerned with 
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FOUR CLEANING RELATIONSHIPS are depicted in this draw· 

ing by Rudolf Freund. In each the cleaner is in color. At top left 

a senorita (Oxyjulis cali/ornica) cleans a group of blacksmiths 

(Chromis punctipinnis). At top right are a butterfly fish (Chaetodon 

nigrirostris) and two Mexican goatfish (Pseudupeneus dentatus) ; 

in center, two neon gobies (Elecatinus oceanops) and a Nassau 

grouper (Epinephelus striatus) ; at bottom, a Spanish hogfish (Bodi. 

anus rufus) in the mouth of a barracuda (Sphyraena barracuda). 
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CALIFORNIA MORAY EEL (Gymnothorax mordax) has its ex· 

ternal parasites removed by four California cleaning shrimps 

SPANISH HOGFISH (top) in process of cleaning ocean surgeon 

(Awnthurus bahianus) was photographed by author in Bahamas. 

(Hippolysmata cali/ornica) . At upper left is a fifth shrimp. This 

photograph and the one at right below were made hy Ron Church. 

LIONFISH (Pterois volitans) is host to a very much smaller 

cleaning wrasse (purple {ish in center} of undetermined species. 
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the performance of the golden-brown 
wrasse (Oxy;ulis califomica) , commonly 
called the senorita. This cigar-shaped fish 
is abundant in these waters and well 
known to fishermen as a bait-stealer. 

Certain fishes, such as the opaleye 
( Girella nigricans) , the topsmelt (Athe­
rinops affinis) and the blacksmith 
( Chl'Omis punctipinnis) , crowd so dense­
ly about a senorita that it is impossible to 
see the cleaning activity. When I first 
saw these dense clouds, often with sev­
eral hundred fish swarming around a sin­
gle cleaner, I thought they were spawn­
ing aggregations. As the clouds dispersed 
at my approach, however, I repeatedly 
observed a senorita retreating into the 
cover of the rocks and seaweed nearby. 
Often the host fishes, unaware of my ap­
proach, would rush and stop in front of 
the retreating senorita, temporarily block­
ing its path. In less dense schools I was 
able to observe the senorita in the act of 
nibbling parasites from the Hanks of a 
host fish. While being cleaned black­
smiths would remain motionless in the 
most awkward positions-on their sides, 
head up, head down or even upside 
down. 

The material cleaned from fishes by 
the senorita and other cleaners has not 
been thoroughly studied. Among the or­
ganisms I have noted in the stomach con­
tents of cleaners are copepods and iso­
pods: minute parasitic crustaceans that 
attach themselves to the scales and in­
tegument of fishes. I have also found 
bacteria, and on several occasions I have 
seen senoritas in the act of nibbling away 
a white, Huffy growth that streamed as 
a milky cloud from the gills of infected 
fishes. Especially in the spring and sum­
mer months off California and farther 
south in the warmer waters off Mexico, 
many fishes display this infection; it 
ranges from an occasional dot of white to 
large ulcerated sores rimmed with white. 
Carl H. Oppenheimer, now at the Uni­
versity of Miami, has shown that this is 
a bacterial disease by infecting healthy 
individuals with material taken from 
diseased fishes. 

Judging by the diversity of its clien­
tele, the senorita is well known as a 
cleaner to many members of the marine 
community. Among the speci'es that seek 
out its services I have counted pelagic 
(deep ocean) fishes as well as the nu­
merous species that populate the kelp 
beds nearer shore. The black sea bass 
(Stereolepis gigas) and the even larger 
ocean sunfish (Mala mala) seem to come 
purposely to the outer edge of the kelp 
beds, where they attract large numbers 
of senoritas, which Hock around them to 
pick off their parasites. I have also ob-

served the senorita at work on the bat 
ray (1-1 olorhinus californicus) , showing 
that the symbiosis embraces the carti­
laginous as well as the bony fishes. 

S
ince first recognizing cleaning behav-

ior in these southern California fishes, 
I have studied it in numerous places 
down the Pacific Coast of Mexico, in the 
Gulf of California, in the Bahamas and in 
the Virgin Islands. Observations such as 
mine have been paralleled in the litera­
ture by other skin-diving biologists and 
by underwater photographers. From 
1952 to 1955 Vern and Harry Pederson 
made motion pictures in the Bahamas 
of cleaning behavior in a number of spe­
cies of fish and in the violet-spotted 
shrimp that bears their name. In 1953 
the German skin diver Hans Hass sug­
gested that the pilot fish associated with 
manta rays ate the parasites of their 
hosts. Irenaus Eibl-Eibesfeldt, a German 
biologist, published notes in 1954 on 
cleaning behavior he had witnessed in 
fishes in Bahamian waters; he expressed 
the belief that it is common in the oceans 
of the world. In the Hawaiian and So­
ciety islands John E. Randall of the Uni­
versity of Miami identified as cleaners 
four fishes of the genus Labroides, two 
of which were new species. 

A few generalizations about cleaning 
symbiosis may now be attempted. In the 
first place, the phenomenon appears to 
be more highly developed in clear tropi­
cal waters than in cooler regions of the 
seas. The tropical cleaner species are 
more numerous and include the young 
of the gray angelfish (Pomacanthus 
aureus) , the butterHy fish (Chaetodon) , 
gobies (Elecatinlls) and several wrasses 
such as the Spanish hogfish (Bodianlls 
mflls) and the members of the genus 
Labroides. Even distantly related species 
have analogous structures for cleaning, 
such as pointed snouts and tweezer-like 
teeth; this suggests convergent evolution 
toward specialization in the cleaning 
function. In the tropical seas the clean­
ing fish are generally brightly colored 
and patterned in sharp contrast to their 
backgrounds; it appears that most fishes 
that stand out in their environment are 
cleaners. Since cleaning fishes must be 
conspicuous, it is logical that they should 
have evolved toward maximum contrast 
with their surroundings. (The parasites 
on which they feed have evolved toward 
a maximum of protective coloration, 
matching the color of their hosts, and are 
usually invisible to the human observer 
of. cleaning behavior.) In general these 
fishes are not gregarious and live soli­
tarily or in pairs. In Temperate Zone 
waters, on the other hand, the cleaners 

are not so brightly colored or so contrast­
ingly marked. They tend to be gregari­
ous, to the point of living in schools, and 
are more numerous, though the number 
of species is smaller. 

T
he cleaning behavior of the tropical 
forms is correspondingly more com­

plex than that of the Temperate Zone 
species. Whereas the latter simply sur­
round or follow a fish in order to clean it. 
the tropical cleaners put on displays not 
unlike those shown in courtship by some 
ma].., fishes. They rush forward, turn 
sideways and then retreat, repeating the 
ritual until a fish is attracted into position 
to be cleaned. Frequently they sense the 
presence of a fish before a human ob­
server can, and they hasten to take up 
their station before the fish arrives to be 
cleaned. 

Some species clean only in their juve­
nile stage; none of them appears to de­
pend exclusively on the habit for its 
food. Again, however, the tropical spe­
cies come closer to being "full time" 
cleaners. One consequence of their high­
er degree of specialization is that they 
enjoy considerable immunity from pred­
ators. In an extensive investigation of the 
food habits of California kelp fishes I 
never found a senorita, a close cousin of 
the numerous cleaning wrasses of the 
tropics, in the stomach contents of other 
fishes. I have seen it safely enter the open 
mouth of the kelp bass, a fish that nor­
mally feeds on senorita-size fishes. On 
the other hand, the kelp perch, a more 
typical Temperate Zone cleaner, fre­
quently turns up in the stomachs of fishes 
that it cleans. The immunity of certain 
cleaners is so well established that other 
fishes have come to mimic them in color 
and conformation and so share their im­
munity. Some mimics reverse the process 
and prey on the fish that mistake them 
for cleaners! 

The same generalizations may be 
made in contrasting the cleaning shrimps 
of the Tropical and Temperate zones. 
Only one of the six known species occurs 
outside the tropiCS; this is the California 
cleaning shrimp (1-1 ippolysmata califor­
nica) . It is a highly gregarious and wan­
dering animal, at the other pole of be­
havior from the tropical species as rep­
resented by the solitary and sedentary 
Pederson shrimp of the Bahamian wa­
ters. The California cleaning shrimp does 
not have the coloration and marking to 
make it stand out from its environment. 
So far as I have been able to determine, 
it does not display itself to attract fishes. 
These California shrimps wander abroad 
in troops numbering in the hundreds, 
feeding on the bottom at night and re-
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tiring to cover during the day. They act 
as cleaners when they come upon an ani­
mal, say a lobster, in need of cleaning or 
when a fish, perhaps a moray eel, swims 
into the crevice where they have found 
shelter. They will crawl rapidly over the 
entire outside surface of the animal, 

cleaning away everything removable, in­
cluding decaying tissue. A lobster that 
has been worked over by a team of these 
shrimps comes out with a clean shell; a 
human diver's hand will receive the same 
treatment. Fishes do not seem to be 
bothered by these rough attentions, al-

though the moray may occasionally jerk 
its head as if annoyed. 

In some cases the shrimps may enter 
the mouth of the moray to get at para­
sites there, but not without risk; the 
stomachs of morays have yielded a con­
siderable number of these shrimps. In 

SPOTTED GOATFISH (Pseudupeneus maculatusl is host to the 

smaller Spanish hogfish. The hogfish is found in the tropical waters 

from Bermuda and Florida to Rio de Janeiro, in the Gulf of Mexic() 

and around Ascension and St. Helena islands in the South Atlantic. 

GARIBALDI (Hypsypops rubicunda) at top holds itself at an un­

natural angle while being cleaned by a senorita. The latter, which 
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is found in temperate waters from central California to cen­

tral Lower California, cleans more than a dozen species of fish. 
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contrast, the tropical cleaning shrimps, 
all of them more exclusively specialized 
as cleaners, seem to have the same im­
munity from predation as the tropical 
cleaning fishes. With their bright colors, 
their fixed stations and their elaborate 
display behavior, they are plainly adver-

tised to the community as cleaners and 
attract hosts rather than predators. It is 
easy to visualize the evolutionary path 
by which the more complex cleaning 
symbiosis may have developed from the 
imperfect cleaner-host relationships such 
as that of the California shrimp. 

In the summer of 1955, in the Gulf of 

California near Guaymas, I noted that 
cleaning behavior appeared to be con­
centrated at rocky points: each point 
was manned by two butterfly fish and 
one angelfish. I assumed that the con­
centration of other fishes arose from the 

JUVENILE GRAY ANGELFISH (Pomacanthus aureus) at right 

cleans external parasites from the tail of a bar jack (Caranx ruber) . 

Below the jack is another cleaner, the Spanish hogfish. This 

photograph and those on the opposite page were made by the author. 

"CLEANING STATION," consisting of a sponge (light area with 

small, dark protuberances) surrounded by turtle grass, is manned 
by a juvenile gray angelfish. The station, located off New Provi. 

dence Island in the Bahamas, was photographed by the author's wife. 
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fact that these points constitute the in­
tersection of the communities of fishes 
on each side. In 1958 Randall, reporting 
on his studies of the cleaning wrasses in 
the Society Islands, observed that fishes 
came from comparatively long distances 
to the sites occupied by the cleaners, not 
just from the immediate community. The 
Pederson brothers made the same obser­
vation in the Bahamas, reporting that 
the cleaners congregate in regular "clean­
ing stations" in the coral reefs and attract 
host fishes from large areas. 

S
ubsequent studies have confirmed 

these observations. The various 
species of cleaning fish and shrimp tend 
to cluster in particular ecological situa­
tions: at coral heads, depressions in the 

bottom, ship wreckage or the edge of 
kelp beds. Their presence in these locali­
ties accounts in great part for the large 
assemblages of other fishes that are so 
frequently seen there. Even a small 
cleaning station in the tropics may proc­
ess a large number of fish in the course 
of a day. I saw up to 300 fish cleaned 
at one station in the Bahamas during one 
six-hour daylight period. Some of the 
fishes pass from station to station and 
return many times during the day; those 
that could be identified by visible marks, 
such as infection spots, returned day 
after day at regular time intervals. Al­
together it seemed that many of the 
fishes spent as much time at cleaning 
stations as they did in feeding. 

At cleaning stations inhabited by thou-

sands of cleaning organisms, cleaning 
symbiosis must assume great numeri­
cal significance in determining the 
distribution and concentration of ma­
rine populations. In my opinion, it 
is the presence of the sei'iorita and 
the kelp perch that brings the deep­
water coastal and pelagic fishes inshore 
to the edge of the kelp beds on the 
California coast. Most concentrations 
of reef fishes may similarly be under­
stood to be cleaning stations. Cleaning 
symbiosis would therefore account for 
the existence of such well-known 
California sport-fishing grounds as the 
rocky points of Santa Catalina Island, 
the area around the sunken ship 
Valiant off the shore of Catalina, the 
La Jolla kelp beds and submarine 

BLACKSMITHS IN GROUP waIlmg to be cleaned by a single 

senorita (slender {ish in nearly horizontal position at right center) 

assume various positions. This photograph was made by Charles 

H. Turner of the State of California Department of Fish and Game. 
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canyon and the Coronado Islands. 
These generalizations of course call 

for further observation and perhaps ex­
perimental study. In a modest field ex­
periment in the Bahamas I once removed 
all the known cleaning organisms from 
two small, isolated reefs where fish 
seemed particularly abundant. Within a 
few days the number of fish was dras­
tically reduced; within two weeks almost 
all except the territorial fishes had dis­
appeared. 

This experiment also demonstrated the 
importance of cleaning symbiosis in 
maintaining the health of the marine 
population. Many of the fish remaining 
developed fuzzy white blotches, swell­
ing, ulcerated sores and frayed fins. Ad­
mittedly the experiment was a gross one 
and not well controlled, but the ob­
served contrast with the fish populations 
of the nearby coral heads was very strik­
ing. Certainly it appeared that the ail­
ments occurred because of the absence 
of cleaning organisms. This impression 
was strengthened when a number of lo­
cal fishes that had been maintained in an 
aquarium were found to be developing 
bacterial infections. I placed a cleaner 
shrimp in the aquarium, and it went to 
work at once to clean the infected fishes. 

S
ymbiotic cleaning has some important 

biological implications. From the 
viewpoint of evolution it provides a 
remarkable instance of morphological 
and behavioral adaptation. Ecologically 
speaking, cleaners must be regarded as 
key organisms in the assembling of the 
species that compose the populations of 
various marine habitats. Cleaning raises 
a great many questions for students of 
animal behavior; it would be interesting 
to know what mechanism prevents or­
dinarily voracious fishes from devouring 
the little cleaners. In zoogeography the 
cleaning relationships may provide the 
limiting factor in the dispersal of various 
species. In parasitology the relationship 
between the cleaning activities on the. 
one hand and host-parasite relations on 
the other needs investigation. The bene­
ficial economic effect of cleaners on com­
mercially important marine organisms 
must be considerable in some areas. The 
modern marine-fisheries biologist must 
now consider cleaners in any thorough 
work dealing with life history and fish 
population studies. From the standpoint 
of the philosophy of biology, the extent 
of cleaning behavior in the ocean 
emphasizes the role of co-operation in 
nature as opposed to the tooth-and-claw 
struggle for existence. 

PEDERSON CLEANING SHRIMP (Periclimenes pedersoni) attracts hosts by waving its 

antennae, wbich are longer than its body. Shell·like objects (upper right) are shrimp's 

uropods, or "flippers." Photograph was made by F. M. Bayer of Smithsonian Institution. 

CALIFORNIA CLEANING SHRIMPS "clean" the author's hand, even to picking at his 

fingernails. These shrimps clean everything that is removable from the exterior of a host. 
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SHATTER CONE four inches high is one of many in igneous rock 

of the Vredefort Ring in South Africa, a structure that is prob· 

ably the remains of the largest meteorite crater known on earth. 

GIANT SHATTER CONE, over four feet long, is shown in place 

at the Kentland limestone quarry in Indiana. These cones found 
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NEST OF CONES in dolomite, a type of limestone, is from Wells 

Creek Basin structure in Tennessee. This group is 11 inches high. 

Shock pressures generated by meteorite impact create such cones. 

among jumbled rocks in a flat, geologically undeformed terrain 

indicate that the quarry is an ancient meteorite·impact site. 
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ASTROBLEMES 

This ne\vly coined "Tord refers to ancient scars left in the earth's 

crust by huge n1eteorites. The evidence for such impacts IS largely 

the high-pressure mineral coesite and "shatter cones" In the rocks 

I
t is an awesome experience to stand 

on the rim of Barringer Crater in 
Arizona and reflect on the cosmic 

cataclysm that opened up this gaping 
hole, three-quarters of a mile across and 
600 feet deep, in the crust of the earth. 
The Hopi Indians are said to retain the 
legend that one of their gods descended 
here from the sky in fiery grandeur. 
White sheepherders who came upon the 
crater a century ago found numerous 
lumps of metal lying about and intuitive­
ly concluded that a star had fallen at the 
site. Upon later analysis the lumps of 
metal proved indeed to be fragments of 
nickel-iron meteorite. Studies at the site 
have now established beyond doubt that 
the crater records the impact of a large 
meteorite that plunged to earth some 
25,000 years ago. Barringer Crater is the 
first of an increasing number of geologi­
cal structures to be recognized as the 
scars of an agelong and still continuing 
bombardment of the earth by rubble 
from elsewhere in the solar system. 

An extraterrestrial explanation of ter­
restrial events finds a readier acceptance 
today than it did in the past. One per­
suasive body of evidence supporting the 
meteoritic origin of Barringer Crater and 
craters like it is represented by the pock­
marked face of the moon. As long ago as 
1895 G. K. Gilbert. the most distin­
guished U.S. geologist of his time, ad­
vanced the hypothesis that the craters of 
the moon had been caused by the impact 
of meteorites. His explanation of these 
lunar features stands little changed even 
today. Yet after a visit to Barringer 
Crater, Gilbert read a philosophical pa­
per entitled "The Origin of H ypothe­
ses" to the Geological Society of America 
in Washington, in which he argued that 
the crater had a purely terrestrial origin­
in a volcanic explosion-and dismissed 
the notion of a meteorite fall. Gilbert's 

by Robert S. Dietz 

authority was such that it took more than 
30 years to reverse his judgment. But the 
sciences progress not so much by the dis­
covery of new truth as they do by the cor­
rection of old error. Overwhelming evi­
dence was forthcoming by 1928, and 
Barringer Crater was firmly identified as 
the site where a large meteorite had 
struck. 

Acceptance of this prototype terres­
trial meteorite crater opened the way for 
speedy recognition of others. In 1933 
L. J. Spencer of the British Museum 
listed eight more, all of which have with­
stood closer inspection. Among them is 
the great Ashanti Crater (Lake Bosum­
twi) in Ghana, which has a diameter of 
six miles. More recently discovered is 
the two-mile New Quebec Crater in sub­
arctic Canada [see "The Canadian Me­
teor Crater," by V. B. Meen; SCIENTIFIC 
AMERICAN, May, 195 1]. Four craters in 
Australia have also been identified as 
scars of meteorite falls. 

The list of 14 well-certified terrestrial 
meteorite craters is impressive, but the 
record of bombardment preserved on the 
face of the moon plainly suggests that 
the list should be longer. At the con­
servatively estimated rate of one great 

fall every 10,000 years, some 50,000 
giant meteorites must have struck the 
earth during the past 500 million years. 
Where are the craters they made? The 
answer is that on the earth's surface such 
craters are ephemeral features. Tectonic 
processes alter their round shapes, ero­
sion wears away their rims and sedimen­
tation fills them up; gradually they dis­
appear as recognizable features in the 
terrain. On the airless, waterless and 
tectonically inactive surface of the moon, 
meteorite craters have remained un­
changed from the most distant past ex­
cept through the impact of later meteor­
ites. The craters that remain clearly visi­
ble on earth today must all have been 
created by impacts during the last mil­
lion years. 

To lengthen the list of terrestrial mete­
orite craters one must now look for 

less obvious signs. A few "fossil" craters, 
scarcely discernible on the ground, have 
shown up in aerial photographs, appear­
ing as faint circular features [see "Fossil 
Meteorite Craters," by C. S. Beals; SCI­
ENTIFIC AMERICAN, July, 1958]. Geo­
logical maps of surface and subterranean 
rock formations have revealed still other 

X.RAY·DIFFRACTION PATTERNS of synthetic coesite (top) and natural coesite found 

at Barringer Crater in Arizona are virtually identical. Coesite is a silica formed at high pres· 

sure. Diffraction patterns were made by E. C. T. Chao of the U.S. Geological Survey. 
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BARRINGER CRATER, also known as Meteor Crater, was made about 25,000 years ago by a 

meteorite impact. It is three.quarters of a mile across. Natural coesite was first found here. 

BRENT CRATER in central Ontario is a shallow depression two miles across, first detected 

in an aerial photograph. It is a fossil crater approximately 500 million years old. 
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circular features, which geologists in the 
past have generally attributed to vol­
canic explosions. It now appears that 
many of these are the "root" structures of 
ancient meteorite craters. For those that 
prove to be obliterated craters made by 
a meteorite or the head of a comet I have 
proposed the term "astrobleme," from 
the Greek words for "star" and "wound." 

Of course the discovery of the main 
body or of remnants of a meteorite em­
bedded in the rocks would clearly iden­
tify an astrobleme. Gilbert looked for 
such evidence at Barringer Crater; be­
cause he could not detect the magnetic 
anomaly that would have indicated a 
buried mass of meteoritic iron, he was led 
to his negative conclusion. It is now 
known, however, that one can hardly ex­
pect to recover meteorite fragments from 
an astrobleme. The meteorite partly 
vaporizes on impact and the remaining 
fragments quickly weather away. Comet 
heads are largely composed of ices of 
water, methane and ammonia, and so 
they would leave little evidence. 

But there is another kind of evidence 
that should persist. A meteorite large 
enough to cause an astrobleme enters the 
earth's atmosphere with the same high 
velocity as a small meteorite-at an aver­
age speed of some 10 miles per second. 
Because of its size, a big meteorite loses 
little of its enormous energy to decelera­
tion by the atmosphere. The shock that 
it generates upon impact must therefore 
transcend that of any other earthly ex­
plosion, natural or man-made. It can be 
calculated that such impacts produce 
pressures of millions of atmospheres. 
(One atmosphere is about 15 pounds per 
square inch.) Volcanic explosions, in 
contrast, involve pressures of hundreds 
of atmospheres. Therefore at the site of 
a suspected astrobleme one should look 
for evidence of sudden, extremely in­
tense shock waves. 

In recent years two conclusive pieces 
of evidence for shock waves of this kind 
have been recognized: (1) curious con­
ical fracture patterns in rocks known as 
shatter cones, and (2) a form of silica, 
called coesite, created under extremely 
high pressure. One or both of these prod­
ucts of the action of intense shock waves 
on rock have now been discovered at a 
dozen sites previously attributed to vol­
canic events. The map of the world will 
never be marked with as many identified 
meteorite craters and astroblemes as the 
moon, but it is beginning to show enough 
of them to support Gilbert's contention 
that most of the 30,000 craters on the 
visible side of the moon were made by 
meteorites. 
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Shatter cones are conical fragments of 
rock characterized by striations that 
radiate from the apex. Such cones vary 
in size from a fraction of an inch up to 
many feet, depending largely on the 
thickness of the stratum deformed as a 
unit. Their conformation suggests that 
the parent rock was subjected to a sud­
den shearing stress so intense that the 
splintering of the rock ignored the nat­
ural lines of fracture weakness. More­
over, a shatter cone breaks up into small­
er shatter cones when struck with a 
hammer, showing that the pattern of 
striations forms interlacing cones within 
the rock. Fine-grained, homogeneous 
rocks such as limestone or sandstone ap­
pear to favor their development, but 
they form in any type of rock. Shatter 
cones were first discovered at the be­
ginning of this century in the Stein­
heim Basin in southern Germany, the 
site of an immense natural explosion. 
The Germans called them Strahlenkalk 
(Strahlen, rays; kalk, lime) and re­
garded them as being products of the 
same volcanic explosion to which they 

attributed the formation of the basin. 
I first became interested in shatter 

cones nearly two decades ago when I 
was at the University of Illinois. The 
operators of a big limestone quarry at 
nearby Kentland, Ind., had uncovered 
the aftermath of some ancient cataclysm. 
Splintered, crushed and jumbled rock 
strata about 400 million years old lay in 
the midst of a flat terrain that showed no 
signs of folding or other tectonic proc­
esses. Geologists invoked a deep-seated 
volcanic steam explosion to explain the 
condition of the rocks, but the minerals 
and clays one would expect to find asso­
ciated with such an event did not appear 
in the quarry. Shatter cones, however, 
abounded; they ranged from an inch to 
six feet in length. The cones were nearly 
all oriented at right angles to the sedi­
mentary strata and pointed upward. If 
the blast had not jumbled the strata, all 
the apexes of the shatter cones would 
have been pointing to the zenith. Thus it 
appeared that the impulse that had shat­
tered them came not from below, as in a 
volcanic explosion, but from above, as in 

the shock of a giant meteorite impact. It 
seemed to me also that in nature only the 
impact of a meteorite could supply the 
brisance, or shattering effect, necessary 
to form shatter cones. 

My supposition that shatter cones 
must be the product of such intense 

shock rested largely on intuition and 
faith. To some observers the cones ap­
peared to be merely "slickensides"­
striated fragments produced when rock 
shears along faults. But the striations in 
slickensides are always parallel, whereas 
in shatter cones they flare out in radia t­
ing bundles from the apex of the cone. 
Others supposed that these shatter cones 
were a variety of cone-in-cone, a struc­
ture commonly found in limestone. But 
at Kentland shatter cones are present in 
sandstone and shale. 

Proof of the shock origin of shatter 
cones came first from experiments with 
shaped charges. This technique for 
focusing the energy liberated by a given 
weight of explosive produces intense 
shock waves when used with ex-

HOLLEFORD CRATER, a slight depression a mile and a half in 

diameter in Ontario farmland, is a fossil crater, eroded and filled 

with sediments. A meteorite impact created it some 500 million 

years ago. It was also discovered in an aerial photograph. 
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plosives that have great shattering 
power. In limestone shaped charges pro­
duced shatter cones closely similar to 
those found in nature. A heaving ex­
plosive, such as TNT, sometimes 'pro­
duces a rude sort of cone but one without 
striations. In 1960 Donald Gault and 
Eugene Shoemaker of the U.S. Geologi­
cal Survey achieved an even closer simu­
lation of a meteorite collision with the 
earth. They fired small pellets from a gas 
gun at the ultrahigh speed of 18,000 
feet per second into limestone and pro­
duced minute but perfect shatter cones. 

A search of the literature showed that 
shatter cones had been discovered in 
several other interesting structures. In 
1933 WaIter Bucher of Columbia Uni­
versity had reported finding them in the 
center of the Wells Creek Basin in Ten­
nessee, a site similar to the Steinheim 
Basin. Herbert E. Hendriks of Cornell 

• "FOSSIL" CRATER 

o QUATERNARY CRATER 

A SHATTER CONE SITE 

o COESITE CRATER 

College in Iowa had described shatter 
cones from the middle of the Crooked 
Creek shucture in Missouri; in dissent 
from the standard volcanic explana­
tion for this site, he put it among those 
caused by meteorite impacts. Particu­
larly interesting was the report of shat­
ter cones from the great Ashanti Crater, 
a structure young enough to have been 
identified on other grounds as a true 
meteorite crater. 

In Texas, not far from the MacDonald 
Observatory of the University of Texas, 
there is a chaotic circular structure 
known as the Sierra Madera that has at­
tracted the interest of geologists for 
many years. On the strength of its re­
semblance to oil-bearing domed struc­
tures, prospectors have drilled two deep 
test wells there. In 1936 J. D. Boon and 
Claude C. Albritton of Southern Meth­
odist University listed the Sierra Madera 
as a possible impact structure, involving 
rocks about 250 million years old. Two 
years ago, on a visit to the MacDonald 
Observatory, I seized the opportunity to 
visit the site and was rewarded with the 
discovery of shatter cones in the dolo­
mite and limestone near the bull's-eye of 
the structure. The cones had previously 

gone unnoticed in spite of the active 
interest in the site; it seems that even 
exposed shatter cones are not observed 
unless one is searching for them. 

With this new stimulus I began to seek 
shatter cones at other places in the 

U.S. thought to be the sites of natural 
explosions. I soon found them at the Ser­
pent Mound structure in southern Ohio 
and also at the Flynn Creek structure in 
eastern Tennessee, which C. W. Wil­
son, Jr., of Vanderbilt University had 
long believed to be an impact site. Ap­
parently these two structures may now 
be regarded as astroblemes along with 
the Sierra Madera. 

The most obvious place to look for the 
cones, of course, is Barringer Crater. At­
tempts to find them there were at first 
unsuccessful. This negative finding was 
discouraging but not conclusive. A shock 
wave attenuates with the sixth power of 
the distance from the impact point. Ex­
cept in the most gigantic meteorite 
craters one must expect that most of the 
cones will be concentrated at the center 
and may be buried deep under the Hoor 
where only careful drilling can expose 
them. Nonetheless, E. C. T. Chao of the 
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The Quaternary craters were made during the past million years. 

The other sites are much older and the craters have disappeared. 
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U.S. Geological Survey recently discov­
ered a small shatter-coned fragment of 
sandstone in the fallout debris on the 
south slope of Barringer Crater. 

Shatter cones provide the conclusive 
evidence for the identification of the 
most spectacular of all astroblemes, the 
peerless Vredefort Ring in the Transvaal 
of South Africa. Practically nothing of 
the original crater remains, but geologi­
cal study has revealed a worn-down 
"dome" of granite 26 miles in diameter 
surrounded by an upturned and even 
partially overturned collar of Pre-Cam­
brian rock (the Pre-Cambrian era ended 
some 600 million years ago) . A great 
ring syncline (the trough of a fold in the 
rocks) surrounds the collar, making the 
entire deformation 130 miles in diam­
eter. Geologists have traditionally at­
tributed this huge structure to a long 
sequence of tectonic events. A few 
months ago I asked Robert Hargraves of 
the Uni.versity of the Witwatersrand to 
search for shatter cones. He found them 
in abundance and showed also that if the 
rocks were returned to their original 
positions, the cones would all point in­
ward toward the center of the ring. 

Upon reconstruction, the event that 
produced this structure emerges beyond 
doubt as the greatest terrestrial explosion 
of which there is any clear geological 
record. Apparently an asteroid a mile or 
so in diameter plunged into the earth 
from the southwest, for the structure is 
overturned somewhat to the northeast. 
The huge object drilled into the earth 
and released enormous shock forces, 
causing a gigantic upheaval. Strata nine 
miles thick peeled back like a flower 
spreading its petals to the sun, opening a 
crater 30 miles in diameter and 10 miles 
deep. The shock must have reached with 
shattering force down through the entire 
30-mile thickness of the earth's crust. 
Shock pressures of many millions of 
atmospheres spread through the collar, 
forming scattered pockets of pseudo­
tachylite (fused rock) like raisins in 
raisin bread. Rock that had lined the 
cavity was melted and injected into the 
rock walls as great dikes of fused 
rock (of a type called enstatitic grano­
phyre) 100 feet across and several miles 
long. Except for these rocks, which re­
mained molten until the shock had 
passed, the collar rocks are intensely and 
wonderfully shattered, and it is in these 
that the shatter cones abound. 

This grand-scale event took place at 
least 250 million years ago, because 

sediments laid down since then cover 
part of the astrobleme. Its energy must 
have been comparable to that of the im-

\0 ESTONIA 

EUROPEAN AND AFRICAN SITES include Steinheim Basin, where shatter cones were 

first found; the Ries Kessel, where coesite has heen found; and the Ashanti Crater in Ghana. 
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AUSTRALIAN SITES are all craters less than a million years old. They are located in the 

arid regions of the continent, where the processes of erosion and sedimentation are very slow. 
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pacts that produced the magnificent 
rayed craters Tycho and Copernicus on 
the moon. The Vredefort blast was a mil­
lion times larger than the 1883 Krakatoa 
volcanic explosion in the East Indies and 
probably several thousand times larger 
than the greatest possible earthquake. In 
the terminology of nuclear explosions it 
was at least a 1.5-million-megaton event 
(one megaton is equivalent to the force 
exerted by the explosion of a million tons 
of TNT) . By comparison the meteorite 
impact that produced Barringer Crater 
was a mere five-megaton explosion. 

Although the Vredefort impact would 
seem to have been large enough to have 
generated secondary volcanic phenom­
ena, the rocks hold no record of such a 
reaction. The disturbance did, however, 
bring into play the longer-term forces of 
isostasy, which make for equilibrium in 
the crust of the earth. Isostatic processes 
pushed the bottom of the crater up into 
its maw so that the collar now surrounds 
a thrust-up plug of early Pre-Cambrian 
granite. The eroded structure of today is 
neither a crater nor a fossil crater. The 
term "astrobleme" best describes it. The 
Vredefort Ring shows that tectonics, 
isostasy, erosion and sedimentation all 
conspire to give meteorite impact sites 
on the earth an appearance quite differ­
ent from those on the moon. 

Coesite, the second shock-wave 
product that may serve to identify an 
astrobleme, has been sought and found 
so far at only five sites. Unlike the shatter 
cone, which was known in nature for 
decades before it was duplicated in the 
laboratory, the first known coesite came 
out of the laboratory in 1953. The min­
eral is named for Loring Coes, Jr., of the 
Norton Company in Worcester, Mass., 
who made it in an apparatus that pro­
duces pressures exceeding 20,000 atmos­
pheres. Such pressures occur within the 
earth only at depths greater than 40 
miles. Just as diamond and graphite are 
forms of pure carbon, so coesite and 
quartz are different forms of silica. There 
are many other silicas such as opal, 
chalcedony, geyserite, tridymite, cristo­
halite, lechatelierite and diatomaceous 
earth. Coesite is the superdense and 
high-pressure form of silica and may be 
defined as the "diamond" of the family. 

Soon after its creation in the labora­
tory, coesite was sought in nature. Be­
cause diamonds are created by pressures 
deep within the earth and carried to the 
surface in "explosion pipes," investiga­
tors reasoned that the diamond pipes 
might also carry coesite. The South 
African diamond pipes, however, yielded 
none. Some condition for its formation 
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may not have been fulfilled. Perhaps 
silica was absent; at best the diamond 
fields are quite poor in the mineral. 

It happens that minute diamonds of 
the carbonado type have long been 
known to be present in the highly 
shocked meteoritic fragments from Bar­
ringer Crater. This circumstance 
prompted Shoemaker, Chao and B. M. 
Madsen of the U.S. Geological Survey to 
search the highly sheared and fused 
sandstone at Barringer Crater for coesite. 
Last year they found minute crystals of 
it in intimate association with lechate­
lierite, or silica glass. 

Shoemaker and Chao next looked for 
coesite in the "cryptovolcanic" Ries 

Kessel (Giant Kettle), an ancient basin 
formation 17 miles across located 26 
miles from the Steinheim Basin in south­
ern Germany. The supposed evidence 
for volcanism there is suevite, a rock that 
resembles the pumiceous tuff that comes 
from volcanoes. In the Ries Kessel sue­
vite Shoemaker and Chao found coesite, 
once again associated with a high-tem­
perature silica glass. Suevite therefore 
appears to be an "impactite" rather than 
a volcanic product, and the Ries Kessel 
is apparently an astrobleme. Shatter 
cones have not been found at the Ries 
Kessel, perhaps because they are buried 
in the central region, now covered by 
sediments deposited by the ancient lakes 
that once filled the basin. The Ries Kes­
sel coesite is nevertheless indirectly as­
sociated with shatter cones, because 
geologists agree that the nearby Stein­
heim Basin is a twin structure formed at 
the same time and by the same process. 

This year coesite was found with un­
usually large amounts of silica glass 
around the Wabar craters in the Empty 
Quarter of Arabia. These craters are 
undoubtedly "recent" impact sites; three 
decades ago an explorer collected frag­
ments of the meteorites that struck there 
and they now rest in the British Museum 
of Natural History. As I was preparing 
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this article, coesite was found in suevite­
like rock at the Ashanti Crater. Still an­
other coesite locality is the Teapot Ess 
Crater at the Nevada Proving Grounds 
of the Atomic Energy Commission, 
where the mineral was created by an 
atomic blast. The quick discovery of this 
mineral at these five sites is encouraging, 
particularly because the suspected sam­
ple must be transported from the field to 
the laboratory for examination by X-ray 
diffraction. 

The search for coesite and shatter 
cones is now to be extended to other 

A 

VREDEFORT RING in South Africa is depicted from above (top) and in cross section 

taken along broken line ABC. The diagrams cover an area 140 miles across. In the center of 

the ring is a plug of granite, partly covered by Karroo sediments laid down after the meteor· 
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putative astroblemes, including the fos­
sil craters of Canada. Meanwhile, as 
geologists become familiar with the 
shatter cones, they will be able to recog­
nize astroblemes even in sites deformed 
by later tectonic upheavals. If the loca­
tion of the center of the impact is ob­
scured at these sites, it may be difficult 
to find the shatter cones. But where the 
bull's-eye can be identified the shatter 
cones can be brought up in drill cores, as 
they have been at the Kentland and 
Wells Creek sites. 

The creation of coesite and of minute 

... . . .. . . . : . 
. . .. : . . . 

diamonds �y meteorite impact opens up 
the new field of "impact metamorphism." 
Meteorite impacts are natural "experi­
ments" in ultrahigh pressures on a scale 
that can never be equaled in the labora­
tory. Doubtless geologists will soon un­
earth other pressure minerals through 
the study of astroblemes. 

One puzzling mineral that is evidently 
the product of impact metamorphism is 
the tektite. Small masses of silica glass 
containing metallic oxides, tektites are 
strewed widely over several regions of 
the world and are known from rock 
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strata as old as 40 million years. Chao 
has recently found minute nickel-iron 
meteorite spherules embedded in some 
tektites, proving that tektites are not the 
result of lightning, volcanism or other 
purely terrestrial events. Some investi­
gators argue that they may have been 
splashed upward from meteorite impacts 
on the earth and are scattered at long 
distances from ground zero. I am among 
those who find evidence, in the molding 
and shaping of their surfaces, for the 
idea that tektites were ejected earthward 
from the moon's surface by meteorite 

ite impact. It is surrounded by a collar of upturned and overturned 

rock strata. Around them lies a great ring syncline, much of it un­
der the Transvaal stratum. At its outer edges, strata of the collar ap-

pear again. Heavy black lines are faults. Blank areas are regions 

for which data were not available. Tectonic processes, sedimen­
tation and erosion have destroyed the original gigantic crater_ 
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FORMATION OF VREDEFORT RING is shown in this sequence. An asteroid a mile in 

diameter (1) strikes the earth (2), liquefies and turns partly to gas. Shock wave (broken 
lines) spreads out. At maximum crater development (3) the meteorite is a thin lining of 
the crater; debris flies off, rock strata peel back and shock wave spreads further, t� be re­
flected back. Soon rocks recoil (4) to form a dome in the crater. Fallout settles slowly. Later 

viscous rock of earth's mantle pushes solid granite up into maw to form a plug (5). The 

ring structure today (6) has been badly eroded but roots of ring remain as hills. 
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falls and that they were shaped into their 
droplike form in their fiery passage 
through the earth's atmosphere. 

During the 20th century two great 
impact events have occurred, both in 
Siberia. One, at Tunguska, was probably 
the fall of a comet head. The other, at 
Sikhote-Alin in 1947, was the fall of 
a very large meteorite that disinte­
grated in mid-air, leaving more than 
100 craters on the ground. The two 
events show that bombardment from 
space continues even today. 

ee the Siberian events, all known 
meteorite impacts have occurred on 

land. But with the largest part of the 
earth's surface covered by water, it is in­
evitable that the majority of meteorites 
must have fallen into the sea. Delving 
into historical records, N. H. Heck of the 
U.S. Coast and Geodetic Survey has 
compiled a list of 270 tsunamis (so-called 
tidal waves) since 479 B.C. Earthquakes 
doubtlessly generated most of them, but 
a few could certainly have resulted bom 
meteorites. The effects of a really large 
impact, like those that leave astroblemes, 
are terrifying to contemplate. A giant 
meteorite falling into the middle of the 
Atlantic Ocean could generate a wave 
20,000 feet high that would overwhelm 
vast areas of the continents surrounding 
the ocean, sweeping over the entire east­
ern seaboard of the U.S. and across the 
Appalachians. 

From modern theory on the origin of 
,he solar system and study of the lunar 
craters, it seems that the major meteorite 
bombardment of the moon-and so of the 
earth-must have taken place three bil­
lion years or more ago, during the first 
half of the life span of the earth-moon 
system. Radioactive dating gives the 
oldest rocks of the continents an age of 
about three billion years. The tectonic 
and meteorological processes that 
molded the present surfaces of the earth 
must therefore have obliterated the scars 
of the early period, still so much in evi­
dence on the moon. But the earth should 
retain a geological record of cosmic dam­
age comparable to that indicated by the 
youngest of the lunar craters. These 
craters have associated ray systems­
lanes of debris radiating from the center 
of impact. (The ray systems of older 
craters were presumably erased by 
"weathering" due to radiation and by 
later meteorite falls.) The near side of 
the moon displays about 130 of these in 
an area,roughly .equivalent to that of 
North America. So it seems reasonable to 
expect geologists someday to find some­
thing like that many astroblemes dotted 
across the continent. 
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___ Kodak reports on: 
a movie processor that keeps pace with the projector ••• anthracene: decent, pure, 

purest, hyper-pure • • •  a robot for speechmakers 

A familiar force 
Here is a picture of the basic amplifier 
used in photography. 

This amplifier can provide a gain of 
109. There is a genie in the bottle. Famili­
arity with him breeds not contempt but 
admiration. We know him very well. 

Once upon a time, as when working out 
for the merit badge in photography, it was 
customary to summon the genie by retir­
ing to a little darkroom and pouring him 
out of his bottle into a white enameled 
tray. No longer does he demand such 

� ceremonious treatment. 
Our wet friend is now content 

to work unseen inside a handsome 
gray box like this, responding to 
push buttons. His very fluidity has 
been replaced by a kind of vis­
cosity which need little concern 
the client, who merely inserts a 
probe into a disposable cartridge. 
When the work is done, the genie 
uses his private exit to the sewer. 

This newly announced Eastman 
Visco mat Processor does 36 feet of 
16mm film per minute. Not entire­
ly by coincidence, this happens to 
be the rate at which film runs 
through a projector. The film 
spends about one minute in the 
processor. It emerges processed to standard commercial qual­
ity, ready to project. It can be stopped for seconds or daysand 
restarted without loss of quality. Were we not so touchy 
about processing quality, the gadget would have been on the 
market long before this. But since we are also film-makers 
by trade and want to keep our faith in photography, we 
refuse to be party to sloppiness in film-handling. 

For a pamphlet about the Eastman Viscomat Processor, write 
Eastman Kodak Company, Motion Picture Film Department, Roch­
ester 4, N. Y. A new booklet about where it comes from may prove even 
more worthwhile. This one is broad in scope, as hinted by the title, 
"Kodak, a Force in Being." It undertakes an inventory of the capa­
bilities we have exhibited for creative collaboration with other or­
ganizations, not only in photography but also in optics, mechanisms, 
electronics, and infrared. We hope it will strike you as a sober self­
appraisal-prejudiced perhaps, but realistic. Request a copy from 
Eastman Kodak Company, Government Contracts Department, 
Rochester 4, N. Y. 

Infiltrated by solid-staters 
An old timer from the coal pits has been cleaned up with a 
vengeance, to the accompaniment of long thoughts about 
"purity" in organic chemistry. (The word is becoming al­
most useless as a good, all-purpose shibboleth.) You can 
now buy Anthracene as Eastman H480 for $1200 per kilo­
gram. 

The prefix "H" stands for hyper-pure. Replace the "H" 
by "P" for Practical, and the price drops to $6.70 per kg. 
Leave off prefixes and you get the Eastman Grade at $10.85 
for 100g. This is defined as "essentially free from isomers, 
homo logs, and impurities." That "essentially" leaves a little 
essential room for maneuver. If say 99 % of the organic 
molecules in a bottle are of identical species, most organic 
chemists would consent to labeling it essentially pure. 

But now there has sprung up a breed of organic chemists 

who work in solid-state physics. To them a substance that 
is only 99 % pure is like a pail of garbage. Some of them are 
even to be found in the Kodak Research Laboratories, 
which is (or are) where Eastman Organic Chemicals are 
made. At their behest was Eastman H480 made. 

For the solid-staters it was only the beginning. They re­
crystallized it from toluene, got rid of the toluene by a 
special technique, and zone-refined a dozen times or so. 
Then by Bridgeman technique in a two-zone furnace they 
made a large single crystal of the hyper-hyper-pure an­
thracene. They sandwiched little slices of the crystal between 
transparent electrodes, applied voltage, and illuminated with 
an air spark of microsecond duration and very high intensity. 
They compared current vs. time oscillograms for illumina­
tion of the positive side with those for illumination of the 
negative side. The curves told how long an electron or a 
hole could drift in the crystal lattice between being set loose 
by the flash and being trapped by an irregularity or impurity 
in the lattice. Both electrons and holes showed lifetimes of 
about 200 microseconds. It is very unusual to have long­
lived electrons and holes in the same organic photocon­
ductor. Not only is this very interesting, but long lifetimes 
permit accurate measurements of the mobility of electrons 
and holes. 

What is happening to organic chemistry? 

Whatever is happening, we are continuing the sale of some 3900 
Eastman Organic Chemicals from Distillation Products Industries, 
Rochester 3, N. Y. (Division of Eastman Kodak Company). Write 
for a copy of List No. 42. 

Multiply thyself 
Should the thrill wear thin of skittering here and there 
over the map to show slides and speak your spiel, send out 
a box of slides, a Kodak Cavalcade Projector, a decent tape 
recorder, and a Kodak Cavalcade Programmer that ties them 
together in a presentation so alive that your own living 
presence will scarcely be missed. The time saved could be 
devoted to new efforts-raw material for slides yet unborn. 
In return for forgoing the pleasure of your company as 
entertainer, society gets more out of you as investigator. 

The Kodak Cavalcade Programmer is used by a speaker 
to pre-package his presentation in solitude so as to maximize 
its cogency and minimize dependence on others for accuracy 
and effectiveness. The microphone from the tape recorder is 
plugged into the programmer instead of the recorder itself. 
The magazine of the Cavalcade Projector is loaded with the 
slides. The speaker starts his speech. At the instant when he 
wants the first slide to come on, he presses the button. This 
records a 6.5-kc beep on the tape. Now he is seeing exactly 
what the audience will be seeing at this point in the discourse. 
Pertinent points about it may well occur to him that might 
not occur when speaking with his back to the picture and his 
gaze fixed on some vindictive-looking character in the 
fourth row. When he wants the next slide he presses the 
button again; without further human intercession the beep 
will change the slide at that instant every time. And so on 
for the allotted time. The "erase" feature of tape, a benign 
presence denied to those who speak in the flesh, is always 
comfortingly there during the recording session. 

Write for the name of a nearby dealer to: Eastman 
Kodak Company, Apparatus and Optical Division, 
Rochester 4, N. Y. 

Prices subject to change without notice. 

This is another advertisement where Eastman Kodak Company probes at random for mutual interests 

and occasionally a IiHle revenue from those whose work has something to do with science 

TRADE MAR, K 
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• 
SILICONES 

�-. 

your 
competitors may 

use 
General Electric 
silicone fluids! 
Adding small amounts of G-E sili­
cone fluids can greatly improve the 
characteristics of many products. 
For instance: 

A small amount added to polishes 
increases sheen, durability and ease 
of application. Helps give a finish 
that resists stains and repels water. 

A small amount added during the 
manufacture of polyurethane foam 
controls cell size and uniformity_ 

A small amount added to paints 
improves gloss retention, stain and 
mar resistance. Application is easier; 
flotation, silking, orange peel are 
eliminated. 

A small amount added to lotions 
and cosmetics helps protect the skin 
against water-borne irritants. 

A small amount added to resins and 
plastics improves surface lubricity 
and appearance. 

General Electric silicone additives 
make pigments hydrophobic and free­
flowing, improve wetting by organic 
vehicles. They are also excellent anti­
foam agents in aqueous and non­
aqueous systems. Colorless, odorless, 
tasteless, they are easy to work wi tho 

To learn more about this versatile addi­
tive, and how it may help improve YOUT 
products, write: General Electric Com­
pany, Silicone Products Department, 
Section U855, Waterford, New York_ 

GENERAL . ELECTRIC 
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N-bomb? 

W ith negotiations on a nuclear­
test ban stalled in Geneva, it 
was suggested in a number of 

quarters last month that the U. S. resume 
nuclear-weapons testing. Representative 
Chet Holifield of California, long a mem­
ber of the Joint Congressional Commit­
tee on Atomic Energy, said the U. S. 
"should relieve itself" of the voluntary 
moratorium and start tests as soon as 
possible. Among the results that might 
be achieved he mentioned lighter war­
heads for missiles, better small-yield 
weapons and improved safety features. 
In addition, he declared, "concepts are 
now being considered by our scientists 
which could be as revolutionary as the 
H-bomb in 1949. 

Holifield did not identify the concepts, 
but there was speculation in the press 
that a major one is the "neutron bomb," 
said to have been the "clean bomb" origi­
nally proposed by' Edward Teller and his 
associates at the University of California 
Radiation Laboratory. In a recent speech 
Senator Thomas J. Dodd of Connecticut 
described the bomb as follows: "The 
neutron bomb could be produced by tai­
loring the energy of a fusion explosion so 
that instead of heat and blast, its primary 
product would be a burst of neutrons. 
Such a burst would operate as a kind of 
death ray. It would do next to no physi­
cal damage, it would result in no con­
tamination, but it would immediately 
destroy all life in the target area. This, of 
course, would make it an ideal battlefield 
weapon. It would, in fact, make it a far 
more effective battlefield weapon than 
any now in existence." As for the possibil-

SCIENCE AND 
ity of making such a device, Dodd re­
marked: "Today I doubt there is a single 
nuclear physicist of repute who would 
challenge the neutron bomb from the 
standpoint of scientific feasibility. " 

According to The New York Times, 
information "pieced together" from hints 
"dropped over the last four years" indi­
cates that the neutron bomb would be 
essentially a small hydrogen bomb in 
which the fusion reaction is somehow 
set off without a fission explosion. The 
fusion process releases neutrons with an 
energy of about 14 million electron volts. 
These fast neutrons have a small proba­
bility of being absorbed by atomic nu­
clei; hence they have high penetrating 
power and induce correspondingly little 
radioactivity in the materials, per unit 
of depth, through which they pass. They 
do, however, produce a number of high­
speed secondary particles, particularly 
protons, by colliding with atomic nuclei. 
The secondary particles are responsible 
for the lethal effect of the neutron beam. 

"There are still several unanswered 
technical questions about how the bomb 
would be built," said the Times. "Prob­
ably the most important is how the 
scientists plan to achieve the tempera­
tures ... necessary to ignite the thermo­
nuclear reaction without the fission 
trigger." Some physicists of repute also 
have raised questions: whether a fission­
less trigger, which so far has eluded the 
substantial research program in thermo­
nuclear power, can be developed in 
weapons testing; whether the fusion re­
action can be "tailored" to increase the 
output of neutrons relative to heat; 
whether radioactivity induced by neu­
trons, although much less than that from 
a fission bomb, would not still constitute 
substantial contamination; and whether 
resumption of testing will not help the 
U.S.S.R. more than the U.S. 

Powerful Projects 

Two long-debated, hundred-million-
dollar projects, give or take a few 

million, recently got a go-ahead from 
the Joint Congressional Committee on 
Atomic Energy. One is a two-mile-long 
linear electron accelerator at Stanford 
University; the other, the conversion of 
the new nuclear reactor at Hanford, 
Wash., to produce useful power as well 
as plutonium. 
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THE CITIZEN 
The Stanford machine, first proposed 

in 1957, is to consist of an evacuated un­
derground pipe two miles long, through 
which 240 klystron tubes will accelerate 
electrons to an energy of 22 billion elec­
tron volts (Bev) . By later quadrupling 
the number of klystrons, the designers 
expect to reach 45 Bev. A linear acceler­
ator appears to be the only type that can 
produce electron energies comparable to 
the 25 to 30 Bev developed by today's 
largest proton machines, the synchro­
trons at the Brookhaven National Labo­
ratory and at the European Organization 
for Nuclear Research (C.E.R.N.) in 
Geneva. Electrons pushed above 10 Bev 
in a circular track lose excessive amounts 
of energy by radiation. 

Congress put up $3 million last year 
for preliminary development work. The 
accelerator is expected to cost $ 1 14 
million in all and to require six years 
to build. 

The Hanford project has been before 
Congress since 1958. In that year $ 120 
million was appropriated to build a plu­
tonium-producing reactor and-against 
the Eisenhower Administration's wishes­
$25 million was added to make possible 
future conversion of the reactor to pro­
duce electricity for the Bonneville Power 
Administration as well. The economic 
feasibility of such power production, 
complicated by the issue of public-ver­
sus-private power, was debated and 
studied for several years. Following the 
completion of surveys by the Federal 
Power Commission and the Atomic En­
ergy Commission this year, the Admin­
istration requested, and the Joint Com­
mittee has now recommended, the 
spending of $95 million to install the 
generating facilities. The reactor proper 
is scheduled for completion in 1962 and 
the power equipment in 1964. 

In Lieu of Ability 

11he National Science Foundation has 
revoked a fellowship granted to a 

graduate student at the University of 
Illinois who had been convicted of c@n­
tempt of Congress. In February, 1958, 
Edward L. Yellin invoked the First 
Amendment to the U.S. Constitution in 
support of his refusal to answer questions 
put to him by the House Committee on 
Un-American Activities. His conviction 
in March, 1960, has been upheld by the 

High Voltage Engineering Corporation • • •  

"CHARGED PARTICLES" 
Accelerators on the Research Frontier 

We keep rewriting copy on this 
theme, and properly so. The needs of 
science for Charged particles in nuclear 
structure research continue to create 
dynamiC interest in Van de Graaff and 
microwave linear accelerators, and in­
tensive deVelopment is leading to per­
formance in energy and current that 
could not be considered even a short 
while ago. The uses for higher energy, 
greater intensity, and morc exacting 
specifications of stability and pulsing 
are not clearly known, but considera­
tion of attainable accelerator perform. 
ance may stimulate action on research 
programs lying dormant for lack of ap· 
propriate apparatus. The advanced 
characteristics here outlined can be 
contemplated now, due to recent tech­
nical advances in the design of accel· 
erator components. 

Energy 

The capability of the Tandem Van 
de Graaff to reach into the range well 
above 20 Mev with precisely stabilized 
positive ions is a reality. Currents will 
be more than adequate for useful nu· 
clear structure research. 

New linacs of proven design extend 
high pulsed currents of electron beams 
to hundreds of Mev. They open up' 
great areas of neutron physics and 
monoenergetic gamma work for physi- I cists. The high power capabilities are I 

now matched by sophisticated analyz- I 
ing, deflecting and collimating systems 
which arc as important to experimental 
work as the linacs themselves. 
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Neutron yields versus bombarding 
energy. 

Intensity 

Electron or ion·beam currents in the 
one·ampere range at a few Mev can 
now be considered seriously. A specially­
designed accelerator has shown excellent 
life performance at I Mev and 20 mil­
liamperes of electrons as part of High 
Voltage Engineering's continuing test 

program to reduce the cost of ionizing 
radiation energy at high power levels. 

The x·ray and neutron outputs from 
these beams are indeed heroic: X·rays 
- millions of rads per minute at a few 
centimeters distance. Neutrons -101$ 
neutrons per second from a upoint" 
source. 

High-energy end of 12·Mev Tandem 

Van de Graaff Accelerator. 
Photo courtesy University of Wisconsin 

Pulsing 

New techniques enable Van de 
Graaffs to be pulsed from a few nano· 
seconds up to a millisecond. Instantane­
ous intensities as described above make 
feasible the consideration of hundreds 
of rads per pulse, or more than lO" 
neutrons per burst. 

Energy Stability 

It is now possible to consider sta­
bilizing systems to a limit imposed pri· 
marily by the thermal motion of nuclear 
targets. With little effort, continuous 
particle·energy stabilities of a few tens 
of electron·volts can be provided. 

Among the research fields in which 
these particle-accelerator characteristics 
may make a considerable contribution 
are: lluelear physics, biology, solid· 
state) radiation damage, plasma physics) 
ignition of thermonuclear systems) and 
s1Jace-enviro"ment studies • 

Physicists and radiation chemists at 
High Voltage Engineering are prepared 
to explore on an individual basis, long­
range and immediate research problems 
that could utilize our accelerator 
systems. 

This is part of a series of which re­
prints are available on request to: 
Technical Sales Department. 

HIGH VOLTAGE ENGINEERING 
CORPORATION 

BURLINGTON, MASSACHUSETTS, U.S.A. 
• 

APPLIED RADIATION CORPORATION 
• 

HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 

Reliability from experienee wirh over 
250 aeeeleratorll in ,he field 
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new component test facility 
lets you ... 
SPACE-TEST 
YOUR COMPONENTS 
Now you can do your own space-testing of components ... 
develop your own reliability data ... with the new Stokes 
completely packaged Component Test Facility. 

Designed to exceed the exacting test requirements of current 
government specifications, this high vacuum system lets you 
test components under combined environments of altitude and 
temperature. In many cases, this combined temperature/ 
pressure testing permits complete space environmental checks 
to be made without removing components from the test cham­
ber. The completely packaged facility is designed and fabri­
cated to operate at pressures of 10-8 Torr. Many units are 
currently being used by major contractors to the nation's 
space program. 

Stokes 40 years' experience in the design and production of 
vacuum equipment covers both components and complete 
systems, and ranges from simple valves and vacuum measuring 
devices ... to the world's largest environmental chambers and 
ultra-high vacuum systems. 

Why not put Stokes' unique experience to work in solving your 
vacuum problems? 

F. J. STOKES CORPORATION 

Vacuum Equipment Division 

5500 Tabor Road· Philadelphia 20, Pa. 
STOKES 
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Circuit Court of Appeals, and his plea 
for a review by the U. S. Supreme Court 
is pending before that court. 

According to Alan T. Waterman, di­
rector of the National Science Founda­
tion, the staff of the foundation had no 
knowledge of Yellin's difficulties when 
the fellowship was awarded in March 
of this year. In response to inquiries by 
the House Committee, Waterman first 
declared that the fellowship had been 
awarded to Yellin "solely on the basis of 
ability" in accord with the foundation's 
statutory charter. Then, in an appem'­
ance before the House Committee on 
Science and Astronautics in June, Water­
man testified that Yellin's papers had 
been turned over to the Department of 
Justice for a determination of whether 
Yellin had sworn falsely to the affidavit 
of loyalty and allegiance appended to his 
application. A week later Waterman ad­
vised Yellin by telegraph that, "after a 
full review of all the facts . . .  including 
the possibility that you may not be able 
to pursue your studies without interrup­
tion during the fellowship tenure," his 
fellowship had been revoked. 

Congressman Overton Brooks of 
Louisiana, chairman of the Committee 
on Science and Astronautics, thereupon 
introduced a bill to amend the National 
Science Foundation Act "striking out 
'solely on the basis of ability' . . .  and in­
serting in lieu thereof 'on the basis of 
character, ability, and loyalty' " and re­
quiring a fellowship applicant in the 
future to swear under oath "whether he 
has ever been a member of, or supported, 
any organization cited by the Attorney 
General as subversive" and whether he 
has ever been arrested, charged or held 
for any crime "other than minor traffic 
violations. " 

Fermi Award 

The Atomic Energy Commission has 
named Hans A. Bethe as the win­

ner of the Enrico Fermi Award for 
1961. The award, consisting of a medal, 
a citation and a cash prize of $50,000, 

will be presented in December in recog­
nition of Bethe's "contributions to nu­
clear and theoretical physics, to peaceful 
uses of atomic energy and to the security 
of the U.S." Bethe is professor of physics 
at Cornell University. 

Genetic Stampings 

A crucial piece has fallen into place 
in the jigsaw puzzle of genetics. Bio­

chemists at New York University, St. 
Louis University and the University of 
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SOLVING PUZZLES IN SPACE 
Man will soon step into space. But he must know more about radiation belts, the solar 
system, and other phenomena before he can travel to these alien worlds. 

There are several solutions to this celestial jigsaw puzzle. Explorer satellites. Telescopes. 
Radar astronomy, where microwave energy is bounced against objects in space, to 
reveal their nature. 

Varian klystrons make impor· 
tant contributions to radar 
astronomy. Two VA·842 tubes 
will power the world's largest 
radar telescope, in Puerto Rico. 
And a VA·800C klystron drives 
a JPL * transmitter at Goldstone, 
Calif., seeking out the secrets 
of Venus. To know more of 
Varian's power klystron capa· 
bility, write Tube Division. 

VARIAN associates 
PALO ALTO 7, CALIFORNIA 

Subsidiaries: 
BOMAC LABORATORIES, INC. 

VARIAN ASSOCIATES OF CANADA, LTD. 

S-F-D LABORATORIES, INC. 

SEMICON ASSOCIATES, INC. 

SEMICON OF CALIFORNIA, INC. 

VARIAN A. G. (SWITZERLAND) 

*Jet Propulsion Laboratory. a NASA research and development facility operated by the California Institute of Technology. 
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if 

Or shall we say, outer space goes indoors. However you put it, the meaning 
is the same: Tenney has brought the exotic hyper-environments of outer space 
down to earth - and put them into Space Simulators engineered to create, 
measure and evaluate the effects of extreme spacial altitudes, solar radiation, 
blistering heat, cryogenic cold and orbital motion. All to assure the safe 
and certain progress of space exploration. 

Tenney's space simulation engineers, with more combined experience than 
any other company, can help you with your particular project. Write to 
Mr. Frank Gardner for further details. 

��-t!-¥.f.�r05pa,. D;v;5;on 
1090 SPRINGFIELD ROAD . UNION, NEW JERSEY 

OLD EST AND LARGEST MANUFACTURER OF ENVIRONMENTAL TEST EQUIPMENT 
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Chicago have shown that deoxyribonu­
cleic acid (DNA) , the genetic material, 
can control the synthesis of a comple­
mentary molecule of ribonucleic acid 
(RNA) in the test tube. 

The picture of genetic action that has 
been emerging over the past few years 
shows the master plan for the building 
of cell proteins stored in the nucleus in 
DNA. Proteins are manufactured outside 
the nucleus, in bodies called ribosomes, 
on templates of RNA. Recently evidence 
has been accumulating that manufactur­
ing instructions are carried from genes 
to ribosomes by a "messenger" RNA 
stamped out by the DNA itself [see 
"Science and the Citizen," July]. Now 
Jerard Hurwitz at N.Y.U., Audrey 
Stevens at St. Louis and Samuel Weiss 
at Chicago have isolated the process out­
side the cell. 

The workers have extracted from bac­
teria an enzyme that assembles the long. 
chain like molecules of RNA out of the 
"bases" that make up the links, but only 
when DNA is added to the preparation. 
The process seems to bear out the famous 
model of DNA proposed by J. D. Watson 
and F. H. C. Crick, which calls for a 
specific relation between the bases in 
a DNA strand and those in the comple­
mentary RNA strand it assembles. In the 
test-tube synthesis the same enzyme 
makes different types of RNA if different 
types of DNA are added, and the RNA 
corresponds to the DNA. That is, the 
two molecules are composed of equiva­
lent bases. Moreover, a DNA-like poly­
mer containing only two of the usual 
four bases usually present in DNA (ade­
nine and thymine) leads to a two-base 
RNA, made of adenine and uracil, again 
in agreement with the prediction of the 
model. 

Hurwitz and Miss Stevens have re­
ported their experiments in Biochemical 
and Biophysical Research C ommmilca­
tions. Weiss described his in the Pro­
ceedings of the National Academy of 
Sciences. 

Dust Catcher 

The first careful inspection of the 
outer edge of the earth's atmosphere 

indicates that it is much dustier than 
had been supposed. The inspection was 
carried out in June with an Aerobee-Hi 
rocket, fired from White Sands, N.M., 
and equipped with eight leaves that 
opened and closed like the petals on the 
Venus's-flytrap plant. 

At an altitude of 47 miles the leaves 
opened, exposing some plastic films and 
electron microscope slides. Micrometeor­
ites that struck the films at high speed 
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lets you distribute top-quality prints on ordinary paper 

in minutes ... reduced or size for size ... with big savings 

XEROGRAPHY ... dry, clean, fast, electro­
static ... takes the "wait" out of engineer­
ing-print reproduction and distribution for 
hundreds of the nation's leading firms. 
One large user reports annual savings in 
excess of $500,000 over previous meth­
ods. Smaller users report proportionate 
savings. Xerography can be the answer to 
your print reproduction problems, too. No 
capital investment; copying equipment 
is available at modest monthly rentals. 

For high-quality offset paper masters: 

:wi=] Model 1218 copying equip-
� ment combines with offset �':'�}: ' duplicating ... and the re­�,;:�,,/ suits are spectacular! This �:» .// �quipme�t prepares sharp, 

�,y mexpenslve paper masters 
from original drawings of A to D size. The 
larger drawings are perfectly reduced to 
12"xI8" masters, from which multiple 

prints can be run off in seconds. 

Volume reproduction from original draw­
ings or roll microfilm: Just push a button 

01 • to-use prints (on ordinary 

' on the Copyflo® continuous 
I printer for sharp, dry, ready-

paper, vellum, or offset pa­
. per masters up to 12" wide). 

Prints are made at the rate 
of 20 linear feet a minute. 

Copyflo printers reduce, enlarge, or copy 
size-to-size from original drawings or roll 
microfilm (16 or 35mm). 

Reproduction from card-mounted mi­
crofilm: The Copyflo 24C continuous 
printer and the exciting new 1824 Printer 
automatically produce dry, positive prints 
on ordinary paper, vellum, or offset paper 
masters from 35mm card-mounted micro­
film. The Copyflo 24C produces ready-to-

use prints (up to 24" x 

, 
36") at the rate of 20 lin­

l ear feet a minute! The 
new low-cost 1824 Print-

1 .  

. 

er, for small volume users 
_ or large, decentralized . .  

users, produces prints 
from 8Y2" x II" to 18" 
x 24". 

Get all the Facts! Write: XEROX 

a 
CORPORATION (formerly Haloid 
Xerox Inc.), 61-371X Haloid Street, 
Rochester 3, N. Y. Branch offices 
in principal U. S. and Canadian 
cities. Overseas: Rank-Xerox Ltd. 

XEROX 
COR PORATION 

© 1961 SCIENTIFIC AMERICAN, INC



66 

Questar is the finest and most versatile small telescope in the world. 
Its superb new optical system embodies the first basic discovery in 

telescope optics in 200 years. These optics belong to the new family of 
catadioptric, or mixed lens-mirror, systems, and permit a full-sized 
3.5 inch telescope of 7-foot focal length to be compressed by optical 

folding into a closed tube only 8 inches long. Questar thus becomes 
the world's shortest high -powered telescope. 

All Questar's advantages stem from this ultra-compactness of its 
unique design. Superfluous now is the great tripod, the heavy 

machinery and counterweights of the long-tubed single-purpose 
telescope. In their place is a beautiful little 7-pound example 
of hand craftmanship which is not just one instrument, but several. 
It does many things superbly well. It does them so easily and 

conveniently that you might well ask why such an instrument was not 

made before. The answer is that an extremely short form of the new 
optics had to be developed, new methods devised for its manufacture, 
and radically new ways to mount a telescope invented and perfected. 

Questar introduced the new optics to the world in this daringly 

short design in May, 1954, after 8 years of research and development. 
Since then its performance has astonished everyone, including us 

who make it. It has firmly established the superfine telescope on a new 
level of serious respect. And it has made this company not only the 

world's largest manufacturer of short catadioptric telescopes but the 
only maker of f/2 Cassegrain high-power optical systems. 

These paragraphs open the 32 -page Questar booklet which is 

illustrated by some astonishing photographs, showing 1- and 2 -second 

detail, that let the instrument's high performance speak for itself. 

Questar costs only $995 in English fitted leather case and is sold only 

direct at one factory price. May we send you our 32 - page booklet? 

QUIESTA� 
Box 20 New Hope, Pennsylvania 

vaporized but left a record of their im­
pact in the form of microscopic cavities 
in the film. The slides were designed to 
capture samples of micrometeorite dust­
chiefly particles less than a micron (a 
thousandth of a millimeter) in diameter. 
These survived the impact because of 
their low kinetic energy. The leaves re­
mained open as the rocket soared to a 
height of 102 miles and closed at 65 
miles on the way down. The nose cone 
was recovered, wrapped in plastic to pre­
vent contamination by surface dust and 
shipped to the Air Force Cambridge Re­
search Laboratories at Bedford, Mass., 
for examination. 

Preliminary study of the films and 
slides shows that, during the four min­
utes the leaves were open, they were 
struck by an average of 10 particles per 
square centimeter per second. This rate 
is many times greater than had been 
anticipated from data gathered by rock­
ets with acoustic micrometeorite de­
tectors. Most of the particles recorded 
or captured by the film and slide de­
tectors were less than three microns in 
diameter, the lower limit for acoustic 
detectors. The largest captured particle 
found so far, according to Robert K. 
Soberman, Air Force worker in charge 
of the project, measures only .3 micron 
in diameter. How far out the dust belt 
may extend has yet to be determined. 

Two-minded Monkeys 

NIonkeys that behave as though they 
1 had two separate and independent 
brains are opening "promising new ap­
proaches to the study of cerebral organ­
ization." So says R. W. Sperry, psycho­
biologist at the California Institute of 
Technology, in a recent article in Sci­
ence. Sperry and his associates produce 
the unusual behavior by severing the 
nerves that connect the hemispheres of 
the monkeys' brains and then giving the 
animals special training. 

The "twin brain" technique is a prod­
uct of an investigation, begun by Sperry 
nearly 10 years ago, into the functions of 
the corpus callosum, a large bundle 
of nerve fibers joining the right and left 
hemispheres of the brain. From its struc­
ture and location, the callosal bundle 
(particularly prominent in man) was as­
sumed to integrate the activities of the 
cerebral hemispheres, each of which can 
carry out most of the functions of the 
brain on its own. Strangely, however, 
cutting the callosal fibers, as was occa­
sionally done in epilepsy patients, seemed 
to make little difference in behavior. 

Working with cats and monkeys, 
Sperry and his students finally proved 
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From under the 7 Hats of Borg- Warner ... 

World's first thermoelectric 

THE 7 HATS OF BORG· WARNER ... (top) national 
defense; oil, steel and chemicals; (middle 
row) agriculture; industrial machinery; aviation; 
(bottom) automotive industry; home equipment. 

wonder in commercial use­
refrigeration without a motor! 

THE NORGE DIVISION OF BORG·WARNER will go down in history as 
the pioneer manufacturer of thermoelectric refrigeration! Blazing the trail 
to this new era: a revolutionary Norge refrigerator·freezer unit, based on 
technology developed by B·W's Roy C. Ingersoll Research Center .. These 
units-now providing guests with self·service ice cubes in each of 500 

new rooms of the Sheraton·Chicago Hotel-will soon see service in 
hospitals, boats, doctors' offices, patios. Approaching, too, is the day 
when the home refrigerator will be thermoelectric-no compressor or 
cooling fluid, ultra·silent, less maintenance. Yesterday, a principle 
known only to science. Today, a product first from Borg·Warner! 

MORE REFRIGERATION HISTORY IN THE MAKING: the miniature cool· 
ing package above, developed by B·W's Research Center for missile detec· 
tion systems of the U. S. Air Force-and now being produced, in modified 
designs, by Pesco Products Division for industrial as well as military 
uses. Also active in Borg·Warner's coordinated efforts in thermoelectrics 

is York Division, presently working with the U. S. Navy on a food refrigera· 
tion system for submarines. By definition, thermoelectric cooling is the phe· 
nomenon created by passing direct current through dissimilar metals. In 
application, it will be no less phenomenal in serving mankind-here today 
through the strong research·manufacturing alliance within Borg·Warner! 

-

mw BORG.WARNER® :�;�;::��:�i�:Cr�searCh 
_ Borg.Warner Corporation . 200 South Michigan Avenue • Chicago 4 III 1961, B·W Corp. 
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new applications 

for Sigma's Wonderful Electric 

Stepping Machine 
(Or, 1/ Discrete rafchetfess angular rotations from current reversals ") 

In the broad neld of endeavor 
loosely called "instrumentation," one recurring 

problem is how to do a good job of converting plllses-or current reversals-into 
shaft positions. A dandy solution for present or future reference follows forthwith. 

The Cyclonome® is a high speed magnetic stepping motor, whose shaft stays 
in one of 20 stable positions until a current reversal comes along; then it turns 18° 

( ± }1;0). Because the precise incremental rotation is due solely to magnetic forces, 
the wear, noise, slowness, short life and high input power of ratchet - and - pawl 

devices are completely avoided. The Cyclonome will step up to 400 times per 
second (20 rps), using Va to 40 watts depending on the speed and what's hitched 

to the shaft as well. Here are some current (reversing) examples of jobs being 
done by Cyclonomes. 

In response to voltage variation, a Cyclonome precisely moves the electrode in 
an automatic welder to maintain a constant arc length. "Positioning" Cyclonomes 

also drive magnetic tape, strip charts and movie nlm in very discrete amounts to 
a particular section of interest, on pulsed commands. The motors are also expert 

knob twiddlers, turning gain controls on ampliners and scopes and tuning receivers 
for automatic band sweeps. An electric utility uses a Cyclonome motor 

driving a wiper arm around a printed circuit switch deck (see Cycloswitch ® 
illustration) to indicate tap positions on remotely located tap changing transformers; 

in a medical research application, a Cycloswitch monitors blood temperatures 
at several points in the patient's circulatory system. 

As "pulse translators," Cyclonomes are: measuring fuel consumption or liquid flow 
from a pulse-generating rotor inside a pipe; remotely controlling mix in a 

petroleum blending machine; counting tramc by converting input pulses into succes­
sive positions of memory code discs; counting the numerical difference between 

pulses from two sources, in an "impulse difference relay;" indicating time as a 
"clock mechanism" in a precise time comparator. 

In some cases we've done the " packaging," with due regard for Cyclonome input, 
output, coupling, and compatibility of components with our motor. 

We'd be glad to tackle your problem this way, or just sell you the motor with 
almost no questions asked. Give it some thought, particularly for unattended 

neld equipment and where its ability to eliminate other bugs and headaches 
can mean a simpler, less costly overall answer. 

If that's too much to ask, 
just give Sigma some thought. 

J" tb, palace witb tb, COIVS at 7VESCO:N, 
Aug. 22 - 25 -Bootb 520·522. 

UnidirectionQl 

Cyclonome 

� 

SIGM 
8idirectio!\ol 

Cyclonom. SerieJ 9C CyctO$wilCh 

�IT@ � �  ITW�"IT"�lL!J' ��W"TI"�\l TIN©o 
40 PEARL ST., SO. BRAINTREE 85, MASS. 
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that the corpus callosum ties the hemis­
pheres together, functionally as well as 
structurally, by cutting not only the 
corpus callosum but also the optic chiasm 
(where the optic fibers cross over) in 
such a way that the left hemisphere re­
ceives visual information from the left 
eye only and the right hemisphere only 
from the right. A normal animal taught 
through one eye to perform a task in­
volving visual discrimination can per­
form it using the other eye. Treated ani­
mals retain the ability for tasks learned 
before surgery but not for those learned 
afterward. Moreover, the split-brain ani­
mal can be taught contradictory dis­
crimination tasks with each eye .. 

In one series of experiments C. B. 
Trevarthen, a member of Sperry's group, 
placed the monkeys in a training box 
equipped with polarized light filters to 
make a stimulus object look different to 
the two eyes. Thus while the animal 
learned in one hemisphere that it could 
get a reward by pushing a lever marked 
with a circle but not one marked with a 
cross, it learned the reverse in the other 
hemisphere. Many split-brain monkeys 
were taught the two tasks during the 
same training period by switching back 
and forth between the two eyes. They 
learned both tasks as quickly as an or­
dinary monkey learns just one. 

The behavior of divided-brain mon­
keys is otherwise quite normal. They 
encounter no special difficulties because 
of having two "masters, " partly because 
both halves of the brain receive much 
the same visual and auditory stimula­
tion when the animal is outside the 
training box. When the animal is made 
to choose between two tasks-one learned 
by the right hemisphere and the other 
by the left-there is only slight hesitancy 
over which to do. First one hemisphere 
takes command and does what it learned; 
then the other gets a turn. 

Big Blast, Little Bang 

L\ conical shock tube in which five 
.L pounds of explosive can duplicate 
the blast waves generated by a 75-ton 
charge of TNT fired in the open has 
been developed at the Naval Ordnance 
Laboratory. William S. Filler designed 
it as the preliminary model of a tube that 
will duplicate the blast effects of nuclear 
explosions. 

The device is a massive steel tube 180 
feet long with an inside diameter of six 
inches at the smaller end and 30 inches 
at the larger. The charge is fired at the 
small end in a firing block fashioned 
from a retired six-inch naval gun. The 
large end of the tube is closed by a 
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See the "Atomic Energy in Action" Exhibit at the new Union Carbide Building in New York 

Putting the heat on ... for more steel 

A jet of pure oxygen enters a steelmaking furnace ... as it hits the 
surface of the molten metal, the temperature surges upward. In one quarter 
the time it used to take, impurities are burned out and the steel is ready for 
pouring. This dramatic process has revolutionized steelmaking during the last 
few years by getting more steel out of the same furnaces ... helping steel­
makers keep down the cost of steel. 

Some steel mills use as much as 24 million cubic feet of oxygen a 
day! That's why a dependable supply of oxygen is so critical. Union Carbide 
meets the need by building and operating LINDE oxygen plants right on the 
site of the steel mill. The steelmaker then gets a continuous flow of oxygen 
by turning a valve. 

For more than fifty years, Union Carbide has worked with the 
steel industry in developing the techniques and skills required to use oxygen 
in steel production. The people of Union Carbide are constantly searching for 
new materials and better ways of doing things in meeting the steel needs of 
tomorrow. "Linde" is a registered trade mark of Union Carbide Corporation 

Learn about the exciting work 
going on now in gases, carbons, 
chemicals, metals, nuclear en­
ergy, and plastics. Write for 
"The Exciting Universe of 
Union Carbide" Bookle t S, 
Union CarbideCorporation,270 
Park Avenue, New York 17, 
N. Y. In Canada, Union Carbide 
Canada Limited, Toronto. 

UNION 
CARBIDE 

... ahand 
in things to COIlle 
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OVER ... 
UNDER 

EXCELLENCE IN ELECTRONICS 

From mountain-top television relays 
to new underground "survival" radio, 
Raytheon continues to pioneer in elec­
tronic communications. 

High over the Rockies, Raytheon 
microwave relays beam TV programs to 
remote valley towns. This dependable 
equipment, almost inaccessible in winter, 
operates unattended day after day. 

Deep under ground, the earth's rocky 
strata provide a previously unused me-

RAYTH EON 

dium for radio transmission. Utilizing 
this medium, Raytheon engineers are 
pressing forward with the development 
of "secure" underground communica­
tion systems for use in the. event of nu­
clear attack or other emergency. 

Almost everywhere, Raytheon elec­
tronics are at work-strengthening our 
defenses, making industry more efficient, 
increasing our comforts, and extending 
the scope of our knowledge. 

COMPANY 
LEXINGTON, MASSACHUSETTS 
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heavy metai cap. The arrangement 
multiplies the pressure of the blast wave 
some 25,000 times by confining the 
entire force of the explosion to the small 
segment of a sphere represented by the 
inside of the tube. Capping the tube 
makes the device practically noiseless. 

The shock tube was developed to pro­
vide the Navy with a means of studying 
nuclear-blast effects on ship structures 
while the nuclear-test ban is in force. It 
promises to be simpler, cheaper and, 
because no radiation is generated by the 
test explosions, safer than conventional 
nuclear testing. The full-sized tube, for 
simulating nuclear explosions, would be 
2,000 feet long. A 1,000-pound charge, 
Filler calculates, should simulate a nu­
clear explosion equivalent to the blast 
from thousands of tons of TNT. 

New Moons? 

A Polish astronomer has discovered 
two cloudlike objects that appear to 

be natural satellites of the earth. They lie' 
in the same orbit as the moon and 
just at a point where an 18th-century 
mathematical analysis predicted they 
might be found. K. Kordylewski of the 
Cracow Observatory located the satel­
lites near the so-called L5 point, named 
for the French mathematician and as­
tronomer Joseph Louis Lagrange. 

In 1772 Lagrange calculated that 
there are five points of gravitational 
equilibrium around a pair of massive 
bodies. Three of these correspond to 
crests of a hill and represent an unstable 
equilibrium. Two, L4 and La' are gravi­
tational pits; a small body in either 
position tends to stay there. In the case 
where one of the massive bodies revolves 
around the other, L4 and La lie on the 
orbit, respectively 60 degrees ahead of 
and behind the revolving body. 

In 1904 a small mass was found oscil­
lating around the L4 point of the sun­
Jupiter system. It was one of the Trojan 
asteroids, of which 11 others have since 
been identified, some at L4 and others at 
the L5 point behind Jupiter. 

Kordylewski decided to look for 
similar objects in the earth-moon system. 
After several years of searching he 
photographed, last March and April, two 
faint clouds circling the earth at the L5 
point behind the moon. He announced 
his discovery in a circular of the Inter­
national Astronomical Union. The satel­
lites appear to be collections of meteoritic 
material. Kordylewski suggests that 
similar satellites may be found at the 
L4 point ahead of the moon, which will 
next be in position for observation from 
the earth beginning in September. 

Industrial 
Airbrasive® Unit 

There may be easier ways to tap junior's piggy bank ... but none that could 
craftily slice a piece out of a fragile ceramic part the way Industrial 
Airbrasive can. 

The secret of the Airbrasive's ability to cut hard, brittle materials is its 
accurate stream of gas-propelled abrasive. The cutting action is cool and 
completely shockless. Highly flexible in use, the same tool will make a cut 
as fine as 0.003" or it will frost, abrade or clean a large area. 

Every day new uses are being found for the Airbrasive in production 
lines and in the laboratory ... deburring small parts ... shaping, drilling or 
cleaning germanium and other crystals ... wirestripping potentiometers ... 
removing fine films ... printed circuits ... micromodules ... and many others! 

Important too; the cost is low ... for under $1,000 you can set up your 
own Airbrasive cutting unit! 

Selld liS YOllr most difficult samples alld we 

will test them for you at flO cost. 

SEND FOR 
BULLETIN 6006 
... complete information. 

New dual Model D! 

S. S. White Industrial Olvlslon Oept. SA. 10 East 40th .street. New York 16, N. Y. 
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The Reproduction of Sound 

In the design of systems to record and replay complex sounds 

the acoustical engineer seeks not to re-create sounds exactly 

but to satisfy the peculiar requirements of the ear and brain 

D
oes a falling tree make a noise 

when no one is nearby to hear 
it? This famous question, pro­

pounded by the British philosopher 
Bishop Berkeley, points up a fundamen­
tal duality in the concept of sound. A 
physicist would doubtless answer yes; 
the crash produces a spreading disturb­
ance in the air-in other words, a wave 
of sound. A psychologist might say that 
the disturbance does not become sound 
until it is perceived. 

The acoustical engineer has a foot in 
each camp. In manipulating sound phys­
ically-storing it, transmitting it, pro­
jecting it-his eventual aim is to deliver 
a wave that, in falling on a listener's ears, 
produces a sensation resembling as close­
ly as possible the sensation that the waves 
from the original acoustical event would 
have produced. Fortunately, subjective 
duplication does not require physical 
duplication. The human auditory sense 
is deaf to many gross distortions and 
omissions. What cannot be perceived 
need not be preserved. Therefore the 
engineer does not have to try to dupli­
cate every detail of the original waves 
when reproducing them. That would be 
a hopelessly complicated task. 

On the other hand, the hearing appa­
ratus is surprisingly sensitive to certain 
effects. And human preferences often 
depend as much on experience as on 
present sensation. The distinction be­
tween auditory necessity and irrelevance 
and the subtle connection between the 
physics and the aesthetics of sound per­
vade all of acoustical technology. 

Modern sound engineers are expert at 
turning physical means to psychological 
ends. Under some conditions even ex­
perienced listeners cannot distinguish 
between the sound produced by the 
best reproduction systems and that of 
the original performance. Nevertheless, 
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by Edward E. David, Jr. 

there is still room for improvement in 
certain of the standard components. En­
gineers are only now beginning to learn 
to use sound systems to tailor the acous­
tics of rooms, concert halls and theaters. 
Here too the physical-psychological du­
ality is the key. 

Physically sound is created by vibrat­
ing bodies that set up traveling conden­
sations and rarefactions in the air or 

o 

-10 

-20 

other material around them [see illus­
trations on page 74]. A tuning fork sets 
up condensations and rarefactions that 
blend smoothly into each other. Such a 
sound is a pure, or monochromatic, tone. 
The spacing between condensations de­
termines the number reaching the ear 
each second, since they all travel at the 
same speed in a given medium. When 
this number, or frequency, lies between 

� _30L- ---L--. __ � __ �L� ___ L ____ � ____ �. __ __ _  .L_. ____ _L ___ , __ , ____ � 
lJ.J (f) 
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FREQUENCY (CYClES PER SECOND I 

FREQUENCY RESPONSE determines the fidelity of a sound-reproduction system. In a 
system with good frequency response (curve at top left), the piano note middle C (recorded 
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20 and about 16,000 per second, the 
normal young adult listener can hear the 
tone. The physical frequency of the tone 
determines its subjective pitch. The 
greater the frequency, the higher the 
pitch. The lowest note on a piano corre­
sponds to the pitch of a 27.5 cycle-per­
second tuning fork, whereas the highest 
corresponds to a frequency of 4,186 

cycles per second. 
A second subjective characteristic of 

the tone-its loudness-depends on the 
physical intensity of the condensations 
and rarefactions, that is, on the degree 
of compression and expansion of the air. 
( The relative intensity of two sound 
wa ves is measured in a unit called the 
decibel. If a particular wave is arbitrar­
ily chosen to represent zero decibels, 
then a wave at 10 decibels is 10 times 
as intense, one at 20 decibels 100 times 
as intense, one at -10 decibels a lOth as 
intense, and so on.) 

Sound Waves 

For the purpose of picturing or ana­
lyzing sound waves, the direct represen­
tation of condensations and rarefactions 

is not very helpful. It is more conven­
ient to plot a curve showing variations 
in air pressure, the crests correspond­
ing to points of maximum condensation 
and the troughs to points of maximum 
rarefaction. '<\Then a pure tone is plotted 
this way, the curve turns out to be the 
familiar sine wave. 

In practice, of course, practically none 
of the sounds we hear are pure tones. If 
the waves were visible, they would not 
look like the regular processions of com­
pressions shown in the diagrams but 
would vary from place to place in both 
spacing and intensity. The pressure 
curve would no longer be a simple sine 
wave but would actually have a complex 
shape. 

Some 150 years ago the French 
mathematician Jean Baptiste Joseph 
Fourier discovered that such shapes, 
even when extremely complicated, can 
be formed by adding together various 
sine waves [see illustration on page 
75]. This fact implies that every sound, 
whether a musical note or a discordant 
noise, is a combination of pure tones. In 
musical notes the lowest tone establishes 
the pitch. The remaining sine-wave com-

ponents, or harmonics, determine the 
quality, or "tone color." The difference 
in quality between a French horn and a 
trumpet, say, when both are sounding 
the same note, depends on the relative 
intensities of the harmonics produced 
by each instrument. 

About 50 years later Hermann von 
Helmholtz found that the subjective 
quality of a sound depends almost not 
at all on the relative phases of its har­
monics. As the drawings on page 75 
show, shifts in phase among sine-wave 
components can drastically alter the 
shape of a resultant curve. Yet the ear 
almost totally disregards the change. It 
tends to hear each harmonic as a sepa­
rate tone, combining them without re­
gard to phase. This is a lucky circum­
stance; it is an exacting and expensive 
task to build electrical and acoustical 
circuits that preserve the relative phases 
of the components in a wave. 

An ideal acoustical system, then, 
would deliver to the listener a wave con­
taining all the sine waves that were in 
the original wave, and only those. Their 
relative intensities would be strictly pre­
served, but not necessarily their relative 

in oscillograph at top center) is reproduced with high fidelity (os­
cillograph at top right) _ In a system with poor frequency response 

(curve at bottom left), the same note (bottom center) is repro­

duced with low fidelity, i.e., considerable distortion (bottom right)_ 
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INTENSITY of sound waves (sine curves) in air (dots) depends on the degree of condensa­

tion (closely spaced dots) and rarefaction (widely spaced dots). Degree of condensation 

and rarefaction in wave at top is approximately twice that in the wave at bollom. 

FREQUENCY of sound waves (sine curves), measured in cycles per second, is the number 
of condensations or rarefactions that pass a given point in one s�ond. The frequency of the 

wave at bOllom is twice that of the wave at top. Both waves are equal in amplitude. 
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phases. Needless to say, there are no 
ideal systems. 

How do they fall short? They may de­
grade sounds in two general ways. First, 
an imperfect frequency response may 
overemphasize the intensities of some 
sine waves in the input while depressing 
or eliminating others. Second, new sine 
waves, not contained originally in the 
input, may appear at the output if a 
system changes the input wave shape. 
This effect is known as nonlinear dis­
tortion. 

A system with poor frequency re­
sponse imposes its own characteristic 
tone color on any sound passing through 
it. Cutting off low frequencies gives a 
thin, shrill sound; high frequencies, a 
muffled sound. Complex, uneven re­
sponses produce distortions that are 
harder to describe but easy to recognize. 
The added tone color remains constant, 
whereas the tone color of the desired 
sound-for example, orchestral music­
is continually changing. Listening to 
such a system is like looking at a movie 
through an imperfect pane of glass that 
distorts all images in the same way. To 
reproduce tone color with high Rdelity a 
sound system must have a "Rat" re­
sponse, varying no more than three or 
four decibels, for frequencies from about 
30 to 15,000 cycles per second. 

Although people are growing accus­
tomed to high-Rdelity reproduction and 
are coming more and more to demand it, 
particularly in phonographs, they can 
be, and often are, satisRed with much 
less. It is not hard to make an uncon­
scious correction for a constant distor­
tion. A listener willingly accepts a tone 
quality from a car radio or pocket-size 
portable radio that he would not tolerate 
from a phonograph. The frequency re­
sponse of the telephone hardly extends 
below 200 or above 3,600 cycles per sec­
ond. To be sure, no one would choose to 
listen to music over such a system, yet in 
spite of the lack of low and very high 
frequencies it serves well for personal 
voice communication. 

Similarly, added components of sound 
will be discounted if they are not too 
loud and if they are steady. A little hum 
from an ampliRer or hiss from a record 
surface can be ignored. Even a mixture 
of two entirely dissimilar types of sound 
may be admissible, as in the case of 
speech and background music. Each has 
its own tempo, pitch, frequency spec­
trum and intensity, and the listener has 
no trouble keeping the two apart. 

The most objectionable change that 
a reproduction system can impose on a 
sound is to introduce extraneous com-
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MUSICAL NOTE can be represented by a complex curve (c) that is 

a combination of pure tones: a fundamental (sine curve at top in 
"a") and one or more overtones (two lower curves in "a"), which 

are heard simultaneously (b). When the phases of these tones are 

shifted with respect to one another ("d" and "e"), the complex 
curve representing the note is greatly changed (f). The ear largely 

ignores this change, however, and the note produced sounds almost 
exactly like the previous one (c), when there was no phase shift. 
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ponents with a rhythm of variation simi­
lar to that of the original sound. This 
nonlinear distortion occurs most com­
monly when the original sound becomes 
too intense for the capabilities of the 
system. In physical terms, the input 
waves are larger than can be duplicated 
by some component of the reproduction 
device. As they pass through, their tops 
are clipped off and they come out Bat­
tened. Such Bat-topped wave shapes are, 
as Fourier showed, composed of sine 
waves, but many components that were 
not in the original sound are recluired to 
produce the shape. In other words, when 
the reproduction eCjuipment is driven 
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too hard, it adds new components to the 
sound wave. 

The effect is not constant. Once the 
intensity limits have been reached, the 
greater the intensity of a wave, the more 
it is Battened. Therefore nonlinear dis­
tortion varies with the intensity of the 
input sound. In an orchestral piece, for 
instance, the intensity changes from note 
to note, and the Buctuating distortion 
becomes entwined with the music. 

In the late 1940's Harry F. Olson of 
the RCA Laboratories tested the effects 
of nonlinear distortion on over-all sub­
jective reaction to reproduced sound. 
He played music to a group of listeners 

� .... � .... --

.-. ... . __ .. . \ 
\ .. 

- .../""\ . _  ... _-

\ 
\ 

. -

20�·····---,-········-·- ' -�··· ,··--· T �--····, �--·T -----'-- ·-----' ---· T----, 

10 

0 

-10 

-20 

-30 J.. 
10 20 50 100 200 500 1,000 2,000 5,000 10,000 20,000 

FREQUENCY (CYCLES PER SECOND) 

PERFORMANCE of modern sQund·reproduction systems, as measured by frequency reo 

e sponse (colored curves), has been greatly improved over tbat of earlier systems, The early 

mechanical recorders (top) responded very unevenly to a narrow range of frequencies. The 

Maxfield·Harrison recorder of 1925 (second from top) showed a smoother response to a still 

narrow frequency range. Except for the loudspeaker (bottom), components in modern sys· 
tems (third from top) show an almost "/lat" response up to at least 15,000 cycles per second. 
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through <1 sound system with a variable 
freCjuency recponse and variable non­
linear distortion. The wider the range of 
freCjuencies reproduced, the less non­
linear distortion the subjects would tol­
erate. For instance, with the system 
adjusted to pass only the frequencies 
between 50 and 5,000 cycles per sec­
ond, they put up with three times the dis­
tortion they would accept when the 
response was extended to 15,000 cvcles 
per second. This subjective interaction 
between frequency range and nonlinear 
distortion constantly plagues the sOllnd 
engineer. He may take great pains to ex­
tend the frequency range of his e([uip­
ment only (0 find that he has revealed 
previously unnoticed faults in the appa­
ratus or record:ngs. 

The Origins of Sound Reproduction 

The modern technology of sound re­
production is rooted in the work of three 
American inventors: Alexander Graham 
Bell, Thomas Edison and the late Lee De 
Forest. In 1876 Bell's telephone showed 
that the vibrations of a sound wave could 
be picked up by a diaphragm and then 
reconverted to sound by making it set up 
vibrations in a second diaphragm in an 
earphone. A decade later Edison's gramo­
phone demonstrated that the vibrations 
could be permanently stored in the 
form of a "hill and dale" track cut into 
a smooth surface. In 1906 De Forest 
built the audion, a three-element vacuum 
tube that can amplify electrical signals. 

It was almost 20 years more before the 
three innovations were brought together. 
The first sound-storage systems were en­
tirely mechanical. The tiny forces in the 
condensations and rarefactions of sound 
waves were transmitted by means of a 

diaphragm and a series of levers to a 

needle-like stylus, which cut a track in 
a wax cylinder or disk. The energy 
came entirely from the sound wave, To 
obtain enough power for cutting thc 
wax, sound had to be funneled into the 
diaphragm with a large horn. In repro­
duction all the energy for the loudspeak­
er diaphragm was supplied by the needle 
that retraced the up-and-down track of 
the record. 

The greatest problem that the earl�1 
acoustical engineer faced was simply to 
make the sound loud enough. Part of the 
solution was to design a mechanical sys­
tem that resonated strongly to a narrow 
band of frequencies. The result was a 

narrow and spectacularly uneven re­
sponse that had, in addition, a generous 
dose of nonlinear distortion [see t01) 
graph at left]. Little wonder that early 
gramophone music sounded more like a 
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product of the device than of the per­
forming instruments. 

In 1925 Joseph P. Maxfield and Henry 
C. Harrison of the Western Electric 
Company took advantage of what was 
already at hand to create a new technol­
ogy. They hooked up a microphone and 
an amplifier to drive an electrically actu­
ated recording stylus and were at once 
able to improve dramatically on the fre­
quency response of the mechanical re­
corder. As soon as their "electrical tran­
scriptions" were available it became 
worthwhile to build an electronic repro­
ducer, with electromechanical pickup, 
amplifier and loudspeaker. 

Maxfield and Harrison's electrome­
chanical recorder is based on a magnetic 
principle. A tiny slug of iron is sus­
pended between the poles of a perma­
nent magnet with a wire coil wound 
around it [see illustration at bottom left 
on next page J. The slug is attached to 
one end of a shaft and the stylus to the 
other. Fluctuating current supplied to 
the coil varies the magnetism acting on 
the slug, making the slug rock back and 
forth against the force of a retaining 
spring. The stylus moves from side to side 
in response to the current in the coil. 
Thus the sound track is cut laterally rather 
than up and down. The same device can 
recover an electrical signal from the 
sound track. Motion of the stylus tip 
causes a varying magnetic Reid, inducing 
a corresponding voltage in the coil. 

With power no longer a concern, en­
gineers could now turn to the problem 
of Rdelity. The easiest part of the job 
turned out to be the electronics. In a few 
years they learned to make amplifiers 
that far outperformed the other parts of 
the system. Today it is no trick to build 
an amplifier that is, within the capabili­
ties of the human ear, nearly perfect. 
Modern electromechanical recorders and 
pickups have also been brought to a high 
level of performance. Present limitations 
are set by th.e storage medium itself and 
the "transducers," which convert be­
tween electricity and sound. 

Disk, Wire and Tape 

Everyone is aware of the enormous su­
periority of present disk recordings over 
those of even 10 years ago. Today's best 
records are Rne indeed but they are still 
noticeably far from ideal. Their chief 
drawback is nonlinear distortion from 
several causes. Some of these are eco­
nomic. For instance, frugal duplicating 
procedures may set limits on the Rdelity 
of the reproduced grooves. Other limits 
are inherent, for instance distortions in­
troduced by the curvature of the 

Small Size 
and Long Life 

Make G-E Glow Lamps 
Ideal as Indicators 

There are over 60 General Electric glow lamps made especially 
for use as indicators in appliances, business machines, military 
equipment-wherever indicating devices are needed. They're 
small, rugged, usually low-cost, operate on standard AC voltage 
at low wattage and give off very little heat. All of which 
makes them ideal for use as indicators. Here are details on 
a few of them: 

NE-2H lasts 25,000 hours on standard AC voltage, * only 

% inch long, operates on just % watt, is a high brightness 

lamp and costs much less than a dime including an attached 
resistor (5 different resistors are available). 

NE-2J another high brightness lamp with a 25,000 hour 

life* on standard AC voltage, operates on % watt, is less than 

one inch long, has a single contact midget flange base and 

will fit most standard indicator fixtures. This lamp is not 

available with attached resistor. 

NE-45 has a 7,500 hour average useful life on standard AC 
voltage; operates on ';4 watt, is 11 Y32 inches long, has 30K 
resistor built into screw base and big electrode that presents 

a large glowing area when lit. 

• With a 30K resistor. 

For detailed information on the 18 most popular General Electric glow lamps, 

write for bulletin #3-0193. General Electric Co., Miniature Lamp Dept. 

M-134, Nela Park, Cleveland 12, Ohio. 

'!+ogress Is Ovr Most Imporl-anf Prot/vel 

GENERAL e ELECTRIC 
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OUTPUT AMPLIFIER 

CONDENSER MICROPHONE converts sound into an electrical 

output. Diaphragm (shaded area) in front of condenser plate moves 

in response to sound waves, varying the gap and thus the outpul. 

INPUT OR OUTPUT 

AMPLIFIER 

e 

DISK RECORDING·HEAD AND PICKUP also are identical in 

principle. In recording, input determines needle movement as 

grooves are cut. In playhack, needle movement determines output. 

78 

AMPLIFIER 

INPUT OR OUTPUT 

TAPE RECORDING·HEAD AND PICKUP are identical in princi· 

pIe. In recording, magnetization of tape (shaded area) varies with 
electrical input; in playback, output varies with magnetization. 

LOUDSPEAKER consists of a magnet and a wire coil allached to 
a paper or fabric cone (shaded area). The coil moves in reo 

sponse to the input. Corresponding motion of cone produces sound. 
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sound track. Then there is the question 
of durability in use. Great care is neces­
sary if the track is not to be worn out of 
shape, adding new, unwanted sine waves. 

Another shortcoming of the disk is its 
inability to accommodate anywhere near 
the full range of intensity in orchestral 
music. The limits are set at the upper 
end by the overload point, at which the 
recorder and pickup begin to respond in 
a nonlinear manner; at the lower end, by 
the surface noise inherent in the disk 
material. The best records have a range 
of about 40 decibels from the noise level 
to the overload level (an intensity ratio 
of 10,000 to 1). At a live performance 
of a symphony the sound level may ex­
tend over 80 decibels. To reduce non­
linear distortion the sound engineer usu­
ally cuts the volume of the louder pas­
sages before their vibrations reach the 
stylus. If all the other parts of a system 
are as good as they can be, the disk rec­
ord will set the limit on the fidelity. 

For the storage of sound, magnetic 
tape recording was an advance nearly as 
revolutionary as the coming of electrical 
recording. As long ago as 1898 Valdemar 
Poulsen-the "Danish Edison" -discov­
ered how to record sound magnetically. 
He sent the varying current from a mi­
crophone through the coils of an electro­
magnet and passed a steel wire across 
the poles. Successive portions of the wire 
were magnetized with a strength corre­
sponding to the changing strength of the 
current. When the wire was moved past 
the poles of a second electromagnet, the 
changing field induced a varying current 
in the coil. Sending the current through 
a headphone reproduced the sound. 

Poulsen actually built a wire recorder 
called the teiegraphone. In the 1920's, 
when amplifiers had come into use, the 
device was revived in Germany. Wire 
was expensive and difficult to handle, 
however, and magnetic recording did 
not come into its own until F. PReumer, 
a German engineer, developed plastic 
tape coated with powdered magnetic 
material. Before World War II a tape 
recorder much like those of today had 
been built in Germany. 

Magnetic tape is now the best medium 
for storing sound. Its intenSity range 
reaches as high as 65 decibels. This is 
still short of the full symphonic demand 
but it may be extended with further re­
search. The limits are set by the range 
of maximum possible variation in mag­
netic strength of the tape-from the noise 
level to the overload point. Improve­
ments in the magnetic materials and 
techniques of fabrication should make it 
possible to operate over a wider range. 

Although wear is less of a problem 

PANELESCENT® ELECTROLUMINESCENT PANELS 

new clarity for 
readout displays 
new economy, tOO. 

If data-display machines play an important role in your business activity, here's 
how Sylvania electroluminescent readout panels can improve your firm's competi­
tive position. For the user: they speed up readability, "slow down" maintenance 
costs. For the manufacturer: they reduce equipment costs, enhance styling to put a 
possessive gleam in your customer's eye. 

Panelescent El readouts are exceedingly thin, flat and reliable solid-state devices. 
They lend themselves readily to very compact, attractive displays. Not subject to 
sudden failures, they can be maintained on a planned (rather than emergency) 
basis. Power requirements are negligible, circuitry is relatively simple. Economies, 
therefore, are substantial. As for their life span, tests to date indicate they'll put in 
a full 40-hour week for two years before retirement. 

Immediately available are styles that produce the complete English alphabet, 0-9 
numerics and selected symbols, %" to 4" high. A variety of other patterns and sizes 
are available for your specific needs. A wide range of crossed-grid panels with 
resolutions as high as 50 lines per inch are in stock and available now. 

If you're manufacturing (or using) cash registers, calculators, tote boards, dispatch 
boards, adding machines, digital voltmeters and other measuring equipment, you'll 
find the free booklet, "Sylvania Electroluminescent Display Devices," extremely 
informative. If you'd like extra copies for your engineering staff, just note the 
quantity needed on the coupon below. 

@Panclcscent is �l RC'gistcl"cd Tr�Hlcmark 

r--------------------- ----, 
SYLVANIA ELECTRIC PRODUCTS INC. 
Electronic Tubes Division 
Dept. EL, Buffalo 9, N. Y. 

Please send me copies of your booklet 
(number) 

"Sylvania Electroluminescent Display Devices." 

N a me ____________________________________________________________________________________________ _ 

Title _______________________________________________________________________________________________ _ 

Company _________________________________________________________________________________________ _ 

City _______________________________________________ State __________________________________________ _ 

SUBSIDIARY 01= 

GENERAL TELEPHONE & ELECTRONICS 
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CONDENSATIONS of low-frequency sound waves from rear of a loudspeaker ("back 

sound" at top) tend to cancel rarefactions simultaneously produced at the front ("front 

sound") _ A baffie (shaded area at bottom) delays back sound, thereby reducing interference. 
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SOUND OF VIOLIN from two symmetrically placed loudspeakers is perceived by a listener 

as coming from a violin (black) midway between them. If one loudspeaker (gray) is moved 
away, the listener locates the source (dashed violin) nearer the other loudspeaker. 
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than it is with disks, tape recordings are 
not permanent. They may deteriorate in 
storage when temperature and humidity 
are not carefully controlled. Moreover, 
each layer on the reel tends to "print 
through" to the next, resulting in an an­
noying "pre-echo." No solution for the 
latter problem is in sight. 

The Transducers 

Other critical points of the sound­
reproduction chain lie at the junctions 
between sound and electricity. At the mi­
crophone end, high-quality instruments 
have been available for many years. 
For example, the principle of the con­
denser microphone dates from before 
1880. The microphone is an electrical 
oondenser consisting of a thin diaphragm 
mounted in front of a rigid plate [see il­
lustration at top left on page 78). A con­
stant electric charge is maintained on the 
plate. As the diaphragm vibrates under 
the influence of impinging sound waves, 
the spacing between it and the plate 
changes, changing the capacitance of the 
instrument and therefore the voltage be­
tween the plates. The small voltage vari­
ation is fed into an amplifier. In the early 
days the condenser microphone had to 
be abandoned because, without amplifi­
cation, it produced too little power. Now 
it is one of the strongest links in the chain 
of sound reproduction. 

At the other end of the chain is a weak 
link-the loudspeaker. The principle of 
operation of the modern device was dis­
covered in 1874 by Werner von Siemens, 
founder of the German electrical equip­
ment firm Siemens & Halske. Siemens 
placed a coil of wire in a magnetic field 
directed radially outward from the coil 
axis and passed an alternating cur­
rent through the wire. As the field of 
the coil interacted with the permanent 
field, the coil moved back and forth 
along its axis. 

Modern electrodynamic speakers em­
body Siemens' principle in the "voice 
coil," which receives the fluctuating elec­
trical output of an audio amplifier. As the 
coil oscillates it communicates the mo­
tion to a flaring cone of paper or fabric 
and thence to the air. In the early days 
great difficulties were encountered in 
achieving a uniform freyuency response 
over a wide range. In the 1920's C. W. 
Rice and E. W. Kellogg of the General 
Electric Company analyzed the mech­
anism and found that the coil and mag­
net respond less efficiently to the electri­
cal signal as its frequency increases. By 
proper design, however, this effect can 
be offset by an increase in the effiCiency 
with which the cone sets up air vibra-
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tions. This is still the basic design princi­
ple of cone loudspeakers. 

In analyzing the action of the speaker 
cone, Rice and Kellogg found that the 
surface should be large for good low­
frequency reproduction and small for 
high frequencies, a conflict that still 
plagues designers. One compromise 
makes use of a cone that is stiffer near 
the center than it is near the outer edge. 
At low frequencies the cone vibrates as a 
unit; at high frequencies the stiff inner 
portion moves almost independently of 
the flabby rim. A second way out is sep­
arate speakers-small ones for the highs 
and large ones for the lows. Although 
multiple speakers are now the preferred 
solution, they still present difficulties in 
achieving a smooth response at the fre­
quencies of crossover from one speaker 
to another. 

Designers of loudspeakers face other 
troubles. One arises from "back sound": 
each time the front surface of the cone 
creates a compression, the back surface 
creates a rarefaction and vice versa. 
Some of the energy from the back wave 
reaches the front of the speaker, after 
traveling a longer distance than the di­
rect wave [see top illustration on oppo­
site pagel. At low frequencies, where 
the wave.length is measured in feet, the 
extra distance is not enough to shift the 
relative phase of the two waves substan­
tially, and the back sound tends to cancel 
the front sound. Below a certain fre­
quency, therefore, the speaker muzzles 
itself. 

One answer to the problem is to sur­
round the speaker with a baffle, which 
increases the length of the path of the 
back sound and reduces the frequency at 
which it begins to interfere. This notion 
was carried to its logical conclusion in 
the "infinite baffle," which took the form 
of a large box lined with absorbent ma­
terial that completely soaked up the back 
radiation. This radiation can, however, 
be turned to useful account in the "bass 
reflex" enclosure. Here the speaker is 
mounted in a box that has an open port 
in the front. A box of proper dimensions 
resonates at low frequencies and emits 
radiation from the opening that rein­
forces the direct sound. Still other 
schemes lead the back sound through a 
labyrinth so that it reaches the front in 
an advantageous phase. 

The horn loudspeaker provides an 
even better solution. Here the cone or 
a small piston is placed in the throat of 
a long horn. This allows the moving sur­
face to drive the air efficiently and uni­
formly over a wide range of frequencies 
and reduces the back radiation. Horns 
are large and unwieldy, however, even 

Why Varian's 

6-10 Potentiometer Recorder 

is the 

This recorder has gained an enviable reputation over the 

years for performing reliably in every recording chore within 
its capabilities. It owes nothing to styling but the dictates of 

practicality and delivers performance to match - 10 to 100 
mv d.c. fu II sca Ie; sixteen chart speeds from 1"/ h r. to 
16"/min.; 1% accuracy and �%-of-span sensitivity ;  1 or 2� 
second full scale balance time; economical 5" charts with a 

flat platen for easy note-making. Prices - from $385.00. 
Fast delivery; parts and service - world-wide. 

Consider the rightness of the G-10 - a potentiometer 

recorder that has stood the test of time, use and acceptance. 

CALIFORNIA 

NMR & EPR SPECTROMETERS. MAGNETS. FLUXMETERS, GRAPHIC RECORDERS. MAGNETOMETERS, MICROWAVE TUBES. 
MICROWAVE SYSTEM COMPONENTS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, RESEARCH AND DEVELOPMENT SERVICES 
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STEREOPHONIC SYSTEM of A. D. Blumlein is based on directional microphones and 

separated loudspeakers, which reproduce sound from source at center (crosshatched area) 
witb equal intensity. Loudspeaker at left reproduces violiu sound with greater intensity. 
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SEPARATED MICROPHONES connected to separated loudspeakers is basis of stereo· 

phonic system developed by Harvey Fletcher. Sound coming from source nearer one micro· 
phone is reproduced earlier and sometimes louder in the corresponding loudspeaker. 
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when folded up and placed in a corner 
of a room. 

These shortcomings imply that loud­
speakers offer a great opportunity for 
further improvement. By the same token, 
the purchaser of a sound system will do 
well not to stint on his speaker, since 
it is likely to set the limit on the quality 
of the set. 

Perspective and Ambience 

Even an ideal loudspeaker at the end 
of a chain of ideal components could not 
reproduce for a listener the sensation he 
experiences in a concert hall. Sound has 
spatial as well as tonal quality. At the 
concert the listener has auditory "per­
spective"; he can hear that the violins 
are on the left, the cellos on the right and 
the soloist in the middle. He also hears 
sound from many directions other than 
from the stage-diffuse reverberations 
from walls and ceiling, curtains and car­
pets. The impression produced by this 
diffuse sound is called ambience. Both 
perspective and ambience disappear al­
most entirely when sound is projected 
from a single speaker. It is like listening 
to a concert from the lobby of a concert 
hall through a chink in the door to the 
auditorium. 

The ability to locate a source of sound, 
which is responsible for the sense of per­
spective, depends on hearing with two 
ears. Sound from any direction other 
than straight ahead or behind arrives at 
one ear a little earlier than at the other 
and, because of the shadowing effect of 
the head, a little louder. Somewhere in 
the brain the signals from each ear fuse 
into a single, composite image. The mi­
nute time and intensity differences be­
tween them serve to fix the location of 
the source. 

Ambience arises when many succes­
sive echoes of a sound arrive at the lis­
tener's ears from different directions. 
Again the brain combines the complex 
train of events into a unified impression 
of the size, shape and texture of a room 
or hall. 

Any attempt to reproduce perspective 
and ambience must provide something 
different for each of the listener's ears. 
As long ago as 1881 a Frenchman, 
Clement Ader, demonstrated a system in 
which sound from two spaced micro­
phones was piped separately, via tele­
phone lines, to a corresponding pair of 
earphones. In the 1920's it was found 
that the perspective effects from such a 
binaural arrangement were enhanced by 
putting the microphones on each side of 
a dummy head. Binaural systems pro-
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vided a startlingly realistic impression , 
except in one respect : when the listener 
turns his head, the sound rotates with 
him-he is always facing the orchestra. 
Besides, the headphones are a nuisance. 
For both reasons the binaural scheme 
has now given way to stereophonic sys­
tems, in which the two earphones are 
replaced by loudspeakers fed by inde­
pendent microphones. 

Each speaker sends a sound wave to 
both ears of a listener, but he perceives 
a single image. If the two sources are 
equidistant from the listener and are 
equally loud, he hears the sound as com­
ing from halfway between them. If one 
speaker is moved a little closer, so that 
its sound arrives a little earlier, the 
image shifts toward it. This phenomenon 
is known as the precedence effect: the 
first sound to arrive from an acoustical 
event pre-empts the location mechanism. 
An interval of about five-thousandths of 
a second between the two sounds is 
enough to shift the apparent source all 
the way to the earlier speaker. The same 
result is obtained by making the sound 
from one speaker louder than that from 
the other. A ratio of 10 decibels moves 
the image to the louder speaker. For 
larger differences in delay or intensity 
the image stays at the earlier or louder 
speaker. 

Although these effects are the source 
of the stereophonic illusion, such systems 
had been developed long before the 
principles were understood. In the 
1920's an ingenious British inventor, 
A. D. Blumlein, Harvey Fletcher of the 
Bell Telephone Laboratories and K. 
de Boer and A. van Urk of the Dutch 
firm N. V. Philips' Gloeilampenfabrieken 
laid the groundwork for stereophonic 
reproduction. They hit on the same basic 
plan : two separate sound channels from 
microphone to speaker. The schemes dif­
fered in the way in which they picked up 
the sound. 

Blumlein used the equivalent of a pair 
of directional microphones, placed close 
together with their axes of maximum 
sensitivity at right angles to each other 
[see top illustration on opposite page J .  
In this arrangement a sound originating 
off the center line gives a louder response 
in one microphone and in the corres­
ponding speaker. The system operates on 
the intensity effect described above. 
Fletcher's setup, on the other hand, con­
sisted of a pair of non directional micro­
phones spaced several feet apart [bottom 
illustration on opposite page J. Here the 
precedence effect is applied : sound from 
an off-center source reaches one micro­
phone sooner than it reaches the other 

Tomorrow's tubing technology -today 

F LA \N! 
i n  t u b i n g  t h a t  l o o ks  p e rfe ct 
Spott i n g  i nv i s i b l e  a n d  i naccess i b l e  f laws i n  see m i n gly perfect t u b i n g  ca l l s  

for t h e  eyes a n d  ea rs o f  va r ious nondestructive tests a n d  t h e  "tu beXper i ­

ence" of many tech n ic i a n s .  The newest e q u i pment at S u per ior  is  a s pec ia l ly 

des i gned u ltraso n i c  tester.  T h i s  u n it ca n detect longitud i n a l  a n d  t ra nsverse 

f laws s i m u lta neously,  is  2 5  to 30 % faste r than other m a c h i n e s ,  has a n ew 

mecha n is m  wh ich ass u res con sta nt rate of feed , wi l l  not damage the t h i n  

wa l l  t u b i n g .  T h e  n u m be r  o f  va ri a b l es have been red uced to· a m i n i m u m .  But 

i n  some cases even this c h ec k  i s  n ot enough to sati sfy u s .  N o r, in fact,  i s  

a n y one o f  the other nondest ruct ive tec h n iq ues t h a t  w e  e m p l oy i n  c h ec k i n g  

fi n i s h ed t u b i n g  for c rit ica l a p p l i cat ions .  

We use a com bi nat ion of  pro bes se l ected from these nondest ructive test 

proced u res:  eddy cu rrent ,  hyd rostat ic ,  u l t rason i c ,  rad i ogra p h i c ,  magnetic 

pa rt i c l e ,  boroscopic  a n d  f luorescent dye penet rant. O n ly in  th is  way ca n we 

be s u re of f i n d i n g  h idden flaws on i n n e r  a n d  outer s u rfaces. 

A tec h n ica l a rt ic le  t i t led " Nondestructive Test i n g  of Sma l l  T u b i n g "  goes 

i nto the d eta i l s  of o u r  test i n g  operat ions .  If  you wou l d  l i ke to have a copy, 

togeth e r  with q u i c k  facts a bout the more than 1 20 a n a l yses of sma i l -d ia m­

ete r  t u b i n g  prod uced i n  o u r  m i l l ,  d rop us a l i ne .  S u per ior  Tube Company,  

2052 Germa ntown Ave . ,  Norr istown , Pa . 

@ Superior Tube ® 
NORRISTOWN, PA. 

West Coast:  Pa cific Tube Company, Los A ngeles, California 
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. /t takes all kinds . . .  
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Precise Length and 
Angle Measurement 
May Require • • •  

OPTICAL INSTRUMENTS 
K& £ makes them 

ELECTRONIC INSTRUMENTS 
K&£ makes them 

OPTICAL AND ELECTRONIC  
I NSTRUMENTS COMBINED 
K&£ makes them 

A N EW APPROACH 
ENTIRELY 

We b r i ng to every project over 75 years' 
experience i n  serying t h e  needs of i n d u s ­
try. science and the govern ment. If  t h e  
p roducts neede d  must be n ew, 

K & E can make them too. 
When y o u r  projects req u i re i n struments 
for h i g h l y  a c c u r a t e  m e a s u r e m e n t  of 
lengths o r  angles - e spec i a l ly on l a rge 
eq u i pm e n t  over s izeable d i stances - we 
can produce - precisely - the products 
you need.  For m o re i nformation,  write: 

KEUFFEL &, ESSER CO. 
, Hoboken, N.J. "037 

and therefore emerges first from the as­
sociated speaker. 

Both approaches are in current use; 
Europeans generally prefer the Blumlein 
system and U.S. engineers the Fletcher 
system. While they rely on different 
physical principles, their psychological 
effects are very similar. The closely 
spaced microphones do give more con­
sistent reverberant patterns, however. 
When the microphones are widely sepa­
rated , the echoes arriving at each one 
may be quite dissimilar. Moreover, the 
echoes can vary drastically with the 
progress of the music since echoes from 
various surfaces may reinforce each oth­
er at some wavelengths and interfere at 
others. In extreme cases an instrument 
such as a piano will seem to "ping-pong" 
from side to side as different notes are 
sounded. Such undesirable effects can 
be largely controlled by proper studio 
design and careful placement of the 
microphones. 

In both systems the auditory perspec­
tive changes if the listener moves off the 
center line between the two speakers. 
Most people do not mind the distortion; 
the exact location of each instrument is 
not important. As a matter of fact, many 
listeners feel that the principal advan­
tage of stereo lies not in the localization 
of particular sources of sound but in the 
ambience that the system affords. The 
somewhat different echo patterns picked 
up by the two microphones and pro­
jected by the speakers combine at the lis­
tener's ears to call up an impression of a 
diffuse field of sound coming from the 
general region of the speakers. 

Recently some investigators have used 
twin speakers to pruduce ambience from 
a single microphone or recording track 
without regard to the spatial separation 
of sound sources. M. R. Schroeder of the 
Bell Telephone Laboratories has devised 
a system that generates multiple echoes, 
simulating reverberation. The sound is 
continually recorded on a rotating mag­
netic drum, picked up at a later point in 
the rotation and fed back into the system. 
Two delay units supply different echo 
patterns to two speakers, which give the 
impression of a diffuse source of sound. 
Many listeners find this "quasi stereo" 
system hardly distinguishable from the 
real thing and some even prefer it. The 
system is no simpler or cheaper than 
stereo, but it does project single-channel 
recordings much more satisfactorily than 
one speaker can. It is particularly helpful 
in improving the sound of old recordin� 
with limited frequency range and con­
siderable distortion. 

A Dutch engineer, Roelof Vermeulen, 
has carried quasi stereo a step further in 

a technique he calls ambiophony. He 
places speakers around the listener ( or 
listeners) : at the sides and in the rear of 
the audience as well as in front. The 
speakers at each location are fed through 
delays that allow the direct sound to 
reach that point before the correspond­
ing sound emerges from the speaker. 
The result is an all-around system of arti­
ficial echoes that resemble those in a con­
cert hall. Increasing the delays to the 
speakers increases the apparent size of 
the enclosure. Ambiophony can turn a 
living room into the acoustical equiva­
lent of an auditorium. ArtiRcial reverber­
ation is the only way to augment the 
direct sound in outdoor concerts, and it 
can enhance the acoustical properties of 
real concert halls and auditoriums. 

A similar scheme can also remedy the 
effects of too much reverberation. Pro­
longed reverberation severely reduces 
the intelligibility of speech because each 
sound "rings" for several seconds, mask­
ing what comes after. Railroad stations 
and churches are traditional offenders. 
Halls designed primarily for music, 
therefore, are often not suitable for 
speech. Excessive reverberation can be 
offset by increasing the direct sound 
through directional loudspeakers, which 
beam their output to the audience. The 
additional direct sound adds little rever­
beration of its own since most of it is ab­
sorbed, principally by the clothing of the 
audience. If the reinforcing sound ar­
rives somewhat later than that from the 
person speaking, the precedence effect 
hides the electro acoustic system. 

Through these techniques the acous­
tics of an auditorium can be tailored to 
each occasion. Both St. Paul's Cathedral 
in London and the Palais de Chaillot in 
Paris employ directional speakers to in­
crease the intelligibility of sermons and 
plays. The musical acoustics in the fa­
mous Teatro della Scala in Milan have 
been markedly improved by an ambio­
phonic arrangement. The Grand Audi­
torium at the 1958 Brussels Exhibition 
contained a system permitting flexible 
control of both direct and reverberant 
sound. Plays, speeches, orchestral and 
choral concerts, chamber music, solo re­
citals and £lm presentations were each 
accommodated with appropriate acous­
tical support. In this country there is still 
prejudice against electroacoustic sound 
reinforcement but it is dying out. In 
the future electroacoustic systems will 
doubtless become an integral part of the 
design of theaters and auditoriums in­
stead of an afterthought. Indeed, the 
fusion of electroacoustics with architec­
tural acoustics is the new frontier in 
sound engineering. 
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AN OTH E R  I N  TH E CAUTI ONARY S E RI ES ABOUT 

REC 0 M P I I [in which w e  reveal nearly all the computer 's  subtle enticements] 

H
ere, for the very first time, is an unex­

purgated listing of the allurements 

of Recomp II. They are potent. They are 

persuasive. They are enticing. Indeed, in 

reading them it would be wise to exer­

cise a decent restraint . . .  for you may find 

yourself falling in love with a computer : 

• 

l }  The first solid - state digital computer 

on the market was Recomp I I .  The 

finest computer on the market is still 

Recomp II.  Recomp Irs dedicated engi­

neers are determined that the situation 

shall remain this way ; they have an ob­

sessive regard for this precise machine 

they have so carefully developed. 

2] Recomp II is the only compact com­

puter with built-in floating point arith­

metic. It defies being hemmed in on a 

problem. With its large capacity i t  

obviates computer-claustrophobia. 

3] Always the darling of  the medium­

scale computer user, Recomp II has 

been so well accepted that it can now 

be offered at a significantly lower price. 
It still provides the identical quality, 

solid -state performance, and features 

that can't be found on computers cost­

ing three times what Recomp II 1tsed 
to cost. 

4] Recomp's memory, employing the new 

optional Recomp Magnetic Tape Trans­

port units, would stagger an elephant. 

Each unit has a memory of over 600,-

000 words. Up to eight of these trans­

port units can be connected to Recomp 

II, giving you a computer with a total 

memory capacity of over 5 ,000,000 

words. Remarkable ! 

5} The speed of the new magnetic tape 

c o n t r o l  d e s c r i b e d  a b ove i s  q u i t e  

remarkable, too. Read and write speed 

is 1 8 5 0  characters a second; bidirec­

tional search speed is 5 5  inches per 

second. 

6] Always the darling of the medium­

scale computer user, Recomp II has 

been so well accepted that it can now 

be offered at a significantly lower price. 
It still provides the identical quality, 

solid state performance, etc. 

7} Recomp II seems to have more built-in 

features than a dream - home kitchen . 

It has built-in square roOt command. 

Built- in automatic conversion from 

decimal to binary. 

8} Would you say that a RUG is impor­

tant to a computer ? Well, it is. The 

RUG we mean is Recomp Users Group. 

This is a highly active group, sharing 

up-to-date information, and keeping in 

close contact by monthly bulletins. A 

consideration not to be overlooked 

when buying a computer. 

9] Always the darling of the medium­

scale computer user, Recomp I I  has 

been so well accepted that it can now 

be offered at a significantly lower pl'ice. 
It still provides, etc., etc. 

1 0 ]  Recomp's keyboard, which you can see 

above, looks easy to operate. It is. And 

because it requires no specialized tal­

ents, anyone with computer problems 

can be taught to use Recomp II. Quite 

a handy machine to have around. 

I l } Recomp II  can easily be installed any­

where, requiring no more electricity 

than an ordinary electric toaster. 

12 }  Another new optional  feature for 

your Recomp II is the Facitape tape 

punch and reader console, shown 

below. I t  punches 1 5 0  characters a 

second, reads 600 characters a sec­

o n d ,  a n d  StopS on a character .  I t  

a d j usts  to r e a d  a n d  p u n c h  from 5 
through 8 channels. Quite uncanny. 

1 3 }  A visual readout on the conttol panel 

allows you to check any information 

about to be entered into Recomp II 

before you press the "enter" button. 

The information can be corrected 

easily if necessary. This is further evi­

dence of Recomp II's staunch adher­

ence to efficiency. 
1 4} Recomp Irs programming i s  highly 

efficient. It has 49 basic instructions, 

expandable to 72. Word length is 40 
binary bits; very large, indeed. 

I S } Always the darling of the medium-scale 

computer user, etc., etc.,  etc. 

I 6} Recomp II has a large sub-routine and 

program library, and a large program 

exchange. 

I 7 J  Each word programmed into Recomp II 

contains two instructions. 

Recomp II  has many other features, but as 
you can see, space is running short. We would 

have liked to have lingered upon the details of 

Recomp II's own full scale compiler called SALT, 

and even maybe discuss the high-speed loops a 

little . . .  but. Perhaps, if you are beginning to fecI 

the stirrings of your acquisitive instinct toward 

Recomp II, you should see it in action. We can 

arrange a demonstration for you through our local 

offices in New York, Chicago, Boston, San Fran­

cisco, and Long Beach. Or, at the very least write 

for more information . We have some nice bro­

chures you will enjoy reading. 

Write AUTONETICS INDUSTRIAL 
PRODUCTS, Dept. 0 8 1 ,  3400 

~ E. 70th St., Long Beach, Calif. 
The Autonetics Division of 
North American Aviation. 

8 5  
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HACILAR:A NEOLITHIC VILLAGE SITE 

A small mound on Turkey's Anatolian plateau has yielded the 

remains of early communities that provide a long-sought link 

between the prehistoric cultures of the Near East and Europe 

T
he Anatolian plateau of western 
Turkey has long represented a 
challenge to archaeologists. A 

glance at the map on pages 88 and 89 
will show why. To the southeast lies the 
edge of the Fertile Crescent, on which, 
some 9,000 years ago, the earliest Neo­
lithic men began to practice agriculture 
and live in villages. To the northwest is 
the Balkan Peninsula, the gateway to 
western Europe. It is logical to suppose 
that Neolithic culture moved out of its 
birthplace (from what is now Israel, 
Lebanon, Jordan, Syria, northern Iraq 
and western Iran), westward across 
Anatolia and thence into Greece and the 
rest of the Balkans. Yet until a few years 
ago there was no direct evidence for the 
journey. 

The gap was obvious and embarrass­
ing. On the one hand, the earliest Greek 
and Balkan Neolithic remains showed 
distinct suggestions of Near Eastern 
origin, particularly in certain types of 
rather advanced painted pottery. On the 
other, Neolithic sites had been uncov­
ered in Turkey only at Mersin and 
Tarsus, in the lowlands near the Syrian 
border. Many years of digging in west­
ern Turkey had failed to turn up any 
trace of Neolithic occupation. 

Faced with this problem, archaeolo­
gists came to consider Mersin and'Tarsus 
as mere backwaters on the periphery of 
the Syro-Mesopotamian culture area. 
Presumably this area had been cut off 
from a bleak and uninhabited Anatolian 
plateau by the Taurus Mountains. A few 
scholars went so far as to propose that 
primitive farmers had traveled by water 
from Syria or the neighboring Turkish 
coast all the way to Greece, sailing the 
entire length of Asia Minor! 

Now it has become apparent that such 
tortured theories are unnecessary. Ana­
tolia had a number of settlements of 

86 

by Jamcs Mcllaart 

sufficient antiquity to fit the picture of 
a gradual overland migration of ideas. 
One of these, near the village of Hacilar, 
has been thoroughly excavated by the 
author, assisted by a group of colleagues 
from the British Institute of Archaeology 
at Ankara. Not the oldest site, it never­
theless dates back to the early, prepot­
tery stages of Neolithic culture and ex­
tends (although not without a break) 

into the Chalco lithic era, when copper 
implements began to appear along with 
stone. Some of the materials show an un­
mistakable relationship both to Syro­
Mesopotamian culture and to the Neo­
lithic cultures of northern Greece. 

In addition to offering their own 
testimony, the extensive findings at 
Hacilar throw new light on fragmentary 
discoveries elsewhere. As long ago as 

CLA Y STATUETTES OF 7,500 YEARS AGO were the most remarkable finds in Hacilar VI, 

the Neolithic level of the prehistoric Turkish site. The naturalistic and handsomely modeled 
figurines apparently represent the Anatolian "mother goddess" at various ages and in dif-
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1910 some stone figurines were picked 
up at <;ukurkent, near Lake Beysehir in 
Anatolia. Prehistorians noted their re­
semblance to Neolithic Greek sculpture 
but overlooked their real significance. 
In 1952 a survey of the region around 
<;ukurkent showed widespread evidence 
of a Neolithic culture with affinities to 
that of Mersin. Still, the fact that the 
district was isolated among the peaks 
of the Taurus Mountains seemed to fit 
the backwater theory; moreover, the 
date of the settlement was uncertain. 
In the same year painted fragments of 
pottery of a new type were found some­
what farther west, in the region of 
Burdur. But they resembled nothing at 
Mersin and they could not be dated. 

Then, in 1956, came the discovery at 
Hacilar, some 15 miles west of Burdur: 
a whole mound littered with the same 
painted pottery fragments and some 
complete pots, un obscured by later re­
mains. Excavations beginning in 1957 
and extending to 1960 have revealed the 
remains of three distinct, superimposed 
cultures covering some 2,000 years. 

The site of Hacilar is small by later 
standards, measuring no more than 165 

yards in diameter; the mound rises only 
about two yards above the level of the 
cultivated fields around it and is nearly 
invisible from the road that passes near­
by. The site was apparently chosen for 
its proximity to a spring that still issues 
from a great limestone rock towering 
over the modern village. Hacilar is about 
3,000 feet above sea level and has an 
annual rainfall of about 20 inches. The 
countryside is now open grassland and 
farm, but the number of bones of deer 
and wild pig taken from the mound 
suggests that the region used to be 
wooded. 

T
he Hacilar mound was built up in a 
peculiar manner. After the destruc­

tion of each settlement the next occu­
pants apparently laid a courtyard over 
the rubble of the buildings and built 
their houses above the earlier court. This 
archaeological "split level" plan com­
pressed no less than 16 distinct building 
levels into a total depth of only 15 feet 
[see illustration on page 94]. 

At the bottom are seven layers belong­
ing to a prepottery culture. No radiocar­
bon dates have as yet been obtained for 

these earliest remains, but they probably 
go back to the seventh millennium B.C. 
The levels, according to our designation, 
are Hacilar Aceramic I through VII. 
Above them lie two feet of earth, repre­
senting a gap of many hundreds of 
years. The next people to occupy the site 
brought with them a most sophisticat­
ed late Neolithic culture. According to 
radiocarbon evidence, they flourished 
there for only three centuries, from 
about 5700 to 5400 B.C., leaving four dis­
tinct occupation levels. Following the 
destruction of the last Neolithic village, 
the mound was resettled by Chalcolithic 
peoples, whose six centuries of resi­
dence, divided into five levels, ended 
roughly in 4800 B.C. 

The findings at Hacilar will be de­
scribed here in their chronological order, 
that is, from the bottom up. Their desig­
nations, however, were given in the or­
der of their uncovering-from the top 
down. The five Chalcolithic levels at the 
top are Hacilar I (the latest) through 
V (the earliest). The four Neolithic lay­
ers are Hacilar VI through IX. 

As with all prepottery cultures, relics 
in the Hacilar Aceramic mound are 

(erent guises. The two basic physical types are shown at far left: one 
with pendent breasts and flat back and the other with pronounced 
buttocks. Next is the broken head of a statuette. At right the 

goddess is shown in a number of poses: as "mistress of ani­
mals" seated on a leopard, holding a child (top), sleeping and 
as a young girl. The figurines were all less than 12 inches hi�h. 
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scanty. The architectural remains, how­
ever, testify to a settled village life. We 
do not know the size of this early village. 
The houses excavated are small but each 
has a few rectangular rooms. Their 
walls, set on stone foundations, were 
made of mud brick covered with mud 
or, in the best rooms, with a fine lime 
plaster. The plaster floors were stained 
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red and burnished; occasionally the red 
pigment was applied in patterns on 
cream-colored plaster. 

Having no ceramic vessels, the people 
probably used clay-lined baskets for 
cooking, and gourds, skins and stone 
bowls for containers. Except for the 
stone vessels, such utensils usually leave 
no trace, and Hacilar is no exception. 
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Evidence of domestic pursuits could be 
seen, however, in the great communal 
courtyard north of the houses. It held 
the remains of grain bins, bread ovens 
and hearths. Putting the fireplaces in an 
open court reduced the risk of fire, and 
in fact not one of the seven building 
levels shows any signs of destruction by 
burning. Straw still lay on the court-

A C K 

N S E A 

SPREAD OF EARLY CULTURES from the Near East into east· 
ern Europe is suggested by this map, on which approximately con· 

temporaneous late Neolithic to early Chalcolithic cultures are des· 

ignated by the colored tone, and excavated sites within them by 
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yard Hoors. Together with the bread 
ovens it points to the practice of agricul­
ture. There were bones of dogs, sheep, 
goats and cattle, all domesticable but 
not necessarily domesticated. 

If these animals were wild and the 
early villagers hunted them, we do not 
know what weapons the hunters used. 
There were no lance- or arrowheads or 

slingstones. We found a few tools: awls 
of bone; axes of polished stone with 
handles of deer antler; numerous small 
blades (made of chert, the local Hinty 
rock, or of obsidian), which may have 
been mounted in sickles. 

No graves were uncovered. But hu­
man skulls, propped up with stones on 
the Hoors of many houses and at the 

corners of the hearths, indicate that the 
inhabitants practiced an ancestor cult, 
preserving heads to protect the home. 

S
ettled occupation, primitive agricul-

ture-perhaps with domestic animals 
-and rectangular houses of mud brick 
are typical of prepottery Neolithic cul­
ture in the Near East. The red plaster 

colored dots. Archaeological findings imply links between the Syro. 
Mesopotamian cultures and HaciJar on the one hand and between 

Hacilar and sl1ch Balkan and Greek cultlll'es as the Cris, Starcevo 
and Sesklo on the other. The open circles indicate modern cities. 
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TWO KITCHENS OF HACILAR VI in this photograph can be found on each side of the 
passageway in the center foreground of the diagram on the facing page. An oven is set 
against the screen wall of the nearest kitchen, with a hearth in front of it and a grinding 
platform with tools to the left. The measuring stick is graduated in one·foot intervals. 
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Boors and the skull cult, however, are 
quite special. They provide an unmis­
takable link to the so-called Prepottery B 
Phase of Jericho in Jordan, which can be 
dated roughly between 6500 and 5500 
B.C. At Jericho this culture was more ad­
vanced, and its equivalent at Hacilar, 
300 miles to the north and 300 to the 
west, may be from an earlier time. Many 
students have suggested that the Jericho 
culture came from the north, and the 
finds at Hacilar agree with this view. 
'Nith so much of the intervening country 
in Syria and southern Anatolia unex­
plored, however, one can do no more 
than draw attention to the remarkable 
similarities. The presence of obsidian at 
Jericho as well as at Hacilar is also note­
worthy. The material at Hacilar un­
doubtedly came from volcanoes that 
were then still active in central Anatolia. 
It is possible that the stone at Jericho 
originated in the same place. 

W
hy the early people abandoned their 
settlement at Hacilar we cannot 

tell. The site lay deserted for a long time. 
During the interval men learned to make 
pottery, and the newcomers who arrived 
about 5700 B.C. were experts in the art. 
Their pottery and also their stone bowls, 
clay statues and architecture vouch for 
an extended previous development else­
where; what we found at Hacilar is the 
end product of a fully developed Neo­
lithic culture. 

Late Neolithic Hacilar lasted only 
about 300 years. Most of our informa­
tion on it comes from the excavation of 
the last settlement, Hacilar VI, which 
was destroyed by fire. Such a holocaust 
means a rich find for the archaeologist: 
things are left at the site instead of being 
carried away by a migrating population. 

The houses of this period were very 
large, consisting for the most part of an 
enclosed room some 18 feet wide and 
from 26 to 35 feet long, with access 
through a wide doorway in the middle 
of the long side [see illustration on oppo­
site page]. Stout posts supported an 
upper story, which in one case was 
reached by a well-built exterior staircase 
with a balustrade. We do not know what 
the upper stories looked like, but they 
may well have resembled those in the 
modern houses of the region. The present 
architecture shows many resemblances 
to the late Neolithic, and the conserva­
tism of the people makes this long an­
cestry not unlikely. 

The house walls in Hacilar VI were 
about three feet thick, built of two rows 
of large, plano-convex mud bricks laid 
on stone foundations and carefully plas-
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teredo Each building had a raised hearth 
and a Bat-topped bread oven; a sec­
ond fireplace was placed near a parti­
tion that screened off part of the room 
for greater privacy. Some of the houses 
had large wall cupboards; in one case 
three niches were built into a brick pillar 
to make a sort of chest of drawers. Near 
it was what seems to have been a peep­
hole looking into the adjacent house; it 
was blocked up at some stage, perhaps 
by an irate neighbor. 

In addition to the. main room and up­
per story, each dwelling had at least one 
lean-to kitchen-lightly built of posts 
screened with plaster-next to the front 
entrance. These chambers contained 
platforms, grain bins, tables and a pro­
fusion of grinding and pounding imple­
ments. On many of the saddle-shaped 
querns, or grinding surfaces, crushed 
wheat, peas or lentils bore silent witness 
to the sudden disaster that had over­
whelmed the settlement. (Some people 
were trapped in the fire, as the pow-

dered remains of their bones show, but 
most of the population apparently 
escaped.) 

Large'deposits of carbonized wheat, 
barley, lentils, bitter vetch and peas 
found in all the houses indicate that the 
inhabitants were successful farmers. 
The sickles with which they reaped 
grain were made of deer antlers, polished 
and grooved to receive a row of small 
chert blades. With the sickles we found 
bone spatulas, or spoons, some with han­
dles on which animal heads had been 
carved with great naturalism and deli­
cacy. One bone spoon, unfortunately 
damaged, is decorated with a human fig­
ure wearing a horned headdress. Maces 
and slings seem to have been the primary 
weapons: we found large piles of pebbles 
and spheroidal clay pellets used as 
slingstones. 

Among the stone implements white 
marble bowls are common. Some had 
three or four stumpy feet, and the largest 
ones were fitted with tubular lugs for 

handles. Stone was also used for beads, 
small mortars and pestles for grinding 
cosmetics, axes, chisels and polishing 
tools. Spindle whorls (stone disks with 
which a spindle was weighted) indicate 
that the people knew how to spin, and 
a textile impression on a pot shows that 
they could weave. Children played with 
marbles of variegated stone, and their 
elders indulged in a knucklebone game 
that is still played in Anatolia. Signs of 
prospecting and trading include obsidian 
from central Anatolia, red and yellow 
ocher from Lake Egridir to the north­
east, sulfur from nearby Lake Burdur, 
shells from the Mediterranean, copper 
ore and various nonlocal stones. 

The pottery of this period was a fine 
red, brown or buff burnished ware. Most 
of it is of a single color, but some pieces 
display rather simple linear designs in 
red on cream or white on red. In nearly 
every dwelling we found stone slabs 
reminiscent of Western monoliths in 
which a simple outline of a face-eyes, 

PLAN OF HACILAR VI was reconstructed by the author on the 
basis of excavated walls, postholes and other features. This dia­

gram shows one section of the late Neolithic settlement. Each mud-

brick house consisted of one large room on the main level; an up­

per story supported on posts was built of wood and therefore not 
preserved. Most of the clay figurines were found in these houses. 
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chin and hairline-had been cut. Two 
houses contained instead somewhat less 
primitive-looking doll-like clay idols. 
Both the slabs and the clay dolls, which 
apparently represented the protective 
spirit or genius of the house, provide 
evidence of a domestic cult perhaps re­
lated to the skull worship of the earlier 
period. Their crudeness is out of keeping 
with the other artifacts of Hacilar VI. 
They may well have been archaic heir­
looms or carefully copied replicas, their 
form preserved by religious tradition. 

A completely different artistic style is 
represented by the most striking relics 
of Hacilar VI: a collection of naturalistic 
statuettes of the Anatolian "mother god-

dess" [see illustmtions on pages 86 and 
87]. They give us, for the first time in Near 
Eastern prehistory, a reliable picture of 
what late Neolithic woman looked like, 
how she dressed and did her hair. The 
figurines are all less than 12 inches in 
height; they were made locally of clav, 
and many were unbaked. Originally they 
were buff, cream or red with burnished 
surfaces. Articles of dress are painted on 
the pieces; eyes, hair and other details 
are incised into the surface and some­
times emphasized with black paint. 

�most all the pieces show the goddess 
alone. When males appear, they are 

subsidiary-either children or lovers. 

UN EXCAVATED AREA 

Two physical types of woman are rep­
resented. One has a round head, pendent 
breasts and flat buttocks; the other and 
more common type, a long head, smllller 
breasts and very pronounced buttocks. 
Girls wear pigtails; matrons have their 
hair in a bun. Some figurines are adorned 
with tiaras, and the first type sometimes 
has a fringe of curls on the brow. None 
of the statuettes has a mouth. Evidently 
the late Neolithic concept of the ideal 
woman was one with her mouth shut. 
If there is any analogy with modern 
Hacilar, one can sympathize. 

The girls wore very brief garments or 
loincloths. Some mature women appear 
in aprons, ankle-length dresses or grass 

HACILAR II AND I are shown in relation to each other in this 
reconstruction. Level II, a fortified village, is the rectangular 
settlement in the center. The main characteristic of the community 

was specialization of function in distinct sectors of the village, 

most notably in the shrine. When Hacilar II was destroyed, 
the survivors leveled the ruins to make a central court around which 
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skirts, but most of the figures are naked. 
It would appear that the women of the 
time generally wore very little, at least 
in summer. 

Some 25 of the small figures were 
found more or less complete. The vari­
ous types together give the strong im­
pression of outlining the life cycle of the 
goddess. Whether their makers practiced 
a monotheistic or polytheistic religion 
we shall probably never know; however 
that may be, all the figures represent a 
force of overriding importance in earlv 
farming communities: fertility. The god­
dess is seen lying down as well as stand­
ing. In some compositions she is em­
braced by an adolescent boy-god, the 

they built a heavily fortified community. 
As the diagram shows, only a small part 

of the Hacilar I fortress has been excavated. 

WEATHER REPORTER: 1965: This miniature relay symbolizes 

a problem handed to the scientists of tech/ops as part of a team: how to improve, 

through virtual automation, weather reporting and forecasting. Now nearing its 

completion, this study engaged all groups of tech/ops, moved through pilot briefings, 

studies of display methods for weather information, costing studies, distribution 

analyses to minimize lengths of cables bringing in data, simulation of complete 

systems and test networks in operation, reliability studies of every component 

(such as this relay), testing whether many inexpensive ones or few expensive ones should 

be used.'- Another typical solution by tech/ops' wide-ranging capabilities for research 

and development ... for business, industry, and government ... in operations research, 

computer applications, physics, electronics, nucleonics, chemistry, other fields. 

Technical Operations, Incorporated .-
Central Research Laboratories, Burlington, Massachusetts 

WAS HIN G TO N .  o .  C .  / F O R T M O N R O E .  VIR GINIA 

Resumes to Robert L. Koller, Burlington, in confidence. All qualified applicants will receive considera­
tion for employment without regard to race, creed, color, or national origin. Write for free copy of 

Simulation of Air Operations with the Air Battle Model. 
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ARCHAEOLOGICAL SEQUENCE AT HACILAR goes back to Neolithic times. Here the 
various levels of the mound are shown schematically, with artifacts typical of each era. 
In the Aceramic period stone and gourd bowls were used instead of pottery. Hadlar I and 
II are subdivided, in the author's designations, to account for various phases of the same com· 

munity. A gap of undetermined length intervened between Aceramic levels and Hacilar IX. 
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subject being handled with admirable 
taste and a mastery of modeling hereto­
fore unknown until late classical times. 
Equally striking are groups showing 
mother with child. Finally, as a remind­
er that the goddess is mistress of animals, 
we find her holding a pet or standing or 
sitting on one or two leopards-the pro­
totype 'of Cybele, the earth-mother of 
Phrygian Anatolia 4,800 years later. 

This naturalistic late Neolithic art 
of Anatolia is some 7,500 years old; 
only the painted skulls of Jericho or 
the famous cave art of southwest­
ern Europe can claim an earlier date. 
Nothing comparable in lluality or in 
age has turned up in surrounding areas, 
yet the perfection of this work is 
such that it must have had forerunners 
during the early Neolithic period. But 
its ancestry and that of the rcmarkable 
culture to which it belongs remain to 
be discovered.' This summer our group 
has started digging 150 miles east at 
(::atal Hiiyiik, which we hope will help 
to fill the gap between prepottery and 
late Neolithic. 

,\VT ith the great fire in about 5400 B.C. 
\'V the Neolithic culture at Hacilar 

came to a sudden end. The next building 
level shows a slow transition to early 
Chalcolithic. The first copper imple­
ments appear, and with them painted 
pottery in force. At Hacilar, as elsewhere 
in southern Anatolia, these develop­
ments appear to have been gradual and 
local and to have owed nothing to for­
eign influences. 

The survivors of Hacilar VI leveled 
the burned houses and probably built at 
first outside the area we have excavated. 
A succession of villages followed on the 
site, and the community's prosperity in­
creased steadily. There is little more to 
say about levels V to III, but Hacilar 
II was also destroyed by fire and so it 
has provided a wealth of archaeological 
material. 

A small fortified village of about 
5200 B.C., Hacilar II measured only 
some 82 by 38 yards and was as usual 
built of mud brick [see illustration 011 
preceding tleo pages [. A wall with bas­
tions and buttresses surrounded it. Open­
ings in the wall gave access to interior 
courtyards around which the houses 
were arranged. These were approxi­
mately rectangular, narrower and small­
er than those of the late Neolithic period 
and less skillfully built. Each house had 
a small anteroom as well as a main 
room; again there was apparently a sec­
ond story of light construction. 

At this level we found evidence of a 
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new specialization in various sections 
and buildings. In the northwest corner 
of the community there was a granary 
filled with bins and with two large ovens 
for drying grain. A room near one of the 
entrances, with no doorway at ground 
level, probably served as a guardroom; 
the guard looked out through a narrow 
slit in the wall and in times of danger 
could slide large timbers through it 
across the entranceway. 

Three buildings in the eastern part 
were potters' workshops. Their contents 
included unused pots, stones for grind­
ing red and white ocher, cakes of ocher, 
paint jars, J?alettes and tools for model­
ing, burnishing and polishing. In the 
northeast corner lay a building that, un­
like any of the others, preserved the late 

Neolithic floor plan and the flat-topped 
oven, posts and screen walls, cupboards 
and fireplaces. In one niche stood a large 
slab of stone with two libation holes and 
assorted pottery in front of it. Unfortu­
nately the top of the stone was broken, so 
that we could not tell whether it had 
incised features like the idols of Hacilar 
VI. Under the floor we found one single 
grave and two double ones, each with 
a mother and child. No graves were un­
covered in any other building. 

All these features suggest that the 
structure was a place of worship. In 
Hacilar VI every house contained appur­
tenances of the domestic cult. In the 
Level II village sacred objects were con­
fined to one building. Apparently the 
household-centered cult was shifting to 

a village cult; instead of worshiping in 
their homes, the early Chalcolithic men 
of Hacilar congregated in a communal 
shrine. 

The truly superb pottery of this period 
developed out of the late Neolithic, some 
still in monochrome but most of it gaily 
painted in red on cream. Geometric pat­
terns, many derived from textiles or 
woven mats, prevailed in the early 
phases of the period; later the patterns 
took on bold curves, the so-called fan­
tastic style. 

The clay statuettes of the mother god­
dess were still made in Hacilar II, but 
with less artistry, less naturalism and less 
variety. The goddess was shown only in 
the standing position, and the figures had 
become conventionalized fertility sym-

ASSORTMENT OF POTTERY from three levels of Hacilar shows 

how the style changed. In the top row are a cup from Hacilar VI 
shaped like a woman's head, and two pots from Hacilar II decorated 

in red on cream in the "fantastic" style. In the hottom row are three 
pieces from Hacilar I: two ovoid jars and a large open howl. The 

howl shows the linear designs that were introduced in that period. 
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ANCESTOR WORSHIP in the earliest (Aceramic) community at Hacilar is suggested hy 
these human skulls, which were found propped on the virgin·soil floor at the hottom of the 
mound. Skulls were also found on hearths at this leveL The yardstick shows the scale. 

DOMESTIC CULT in Hacilar VI, perhaps related to early skull worship, is indicated by 
stone idols found in most houses. This three·inch·high slab has facial features cut in it. 

96 

bois rather than the inventive art form 
they had once been. 

Hacilar II was destroyed by enemy 
action. This time the new occupants 
were apparently a nonlocal people, al­
though probably from within the Hacilar 
cultural zone. They leveled the ruins of 
the burned village, cut down and ter­
raced the slopes of the old mound. 
Around it they built a roughly circular 
fortress with a diameter of about 160 
yards; the surface of the mound became 
a great central courtyard some 100 yards 
across. Whereas Hacilar II probably had 
a minimum population of 100 to 150, the 
fortress may have accommodated 500 to 
1,000 persons, and Hacilar I should 
perhaps be regarded as a roval castle 
rather than just a fortified village. 

The fortress was again constructed of 
mud brick, and the walls were enormous­
ly thick-in many cases out of all propor­
tion to the rooms they enclosed [see illus­
tration on pages 92 a11d 93]. We found 
no doors in the excavated walls. It is the 
basement of the fortress that is pre­
served, and it was inaccessible from 
ground level. All the rooms were entered 
from an upper story or stories built 
largely of wood, where the inhabitants 
probably lived-just as the local peasants 
do nowadays in summer. 

The economy of Hacilar I represented 
little advance over that of the previous 
level. The people had few metal tools as 
yet and still used implements of polished 
stone set in antler hafts. 

The clay figurines and the pottery 
were still in the basic Hacilar tradition. 
The figurines, however, had become still 
more stylized, whereas the pottery dis­
played an increase in the number and 
variety of shapes. Most of it was deco­
rated in a linear style quite unlike that of 
Hacilar II. 

The Hacilar I fortress was invaded 
and destroyed in turn. It must have been 
hard to breach, but once it gave way 
its occupants had no chance. As the up­
per stories collapsed and burned the 
people were trapped in the basements, 
where we found masses of calcined hu­
man bones, broken pottery and thick 
ashes. After this disaster the survivors 
seem to have made two attempts to re­
settle the site, but they built only poor 
hovels of which not much remains. The 
arrival of barbarians had put an end te> 
one of the most artistic cultures the Near 
East has ever seen. Hacilar vanished 
without exercising any direct influence 
on its successors on the Anatolian pla­
teau, but by the time of its violent end it 
had served to pass on Neolithic culture 
to the continent of Europe. 
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A HOUSE OF HACILAR VI lies open to the sunlight after seven 
millenniums. The thick mud·brick walls are still well preserved, as 

OBLIQUE VIEW OF SAME HOUSE shows a large posthole in 

the floor and a cupboard in the side wall at the right. The main 

are the flat hearth and the oven (left foreground) and an exterior 
staircase (right foreground) that once led to a wooden upper story. 

entrance is in the foreground, and two small fireplaces can be 
seen in the corner (center). The walls are about three feet thick. 
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· .. the essence of the challenge 
Today an exceptional group of scientists and engineers are 
pooling their specialized wisdom and genius in a race with 
tomorrow. These are the men of the General Motors Defense 
Systems Division located in Warren, Michigan and Santa 
Barbara, California. 

ASSIGNMENT ... Anticipate and prepare for the ultimate 
problem of mankind-survival . .. in peace and in war ... 
survival on land, on and under the sea, in the air and to the 
farthest attainable reaches of outer space. 

This assignment serves ... and is served by ... virtually every 
current and future field of scientific learning. It serves ... and 
is served by . . . every segment of industry and government. 
It reaches out to a horizon as yet unknown - unexplored. 

Already these men are actively at work in sea and land opera­
tions, aero-space, astrophysics, biological sciences ... mesh­
ing their skills and ideas in America's forward movement. 

Defense Systems Division will manufacture no products in 
volume. Rather, DSD will serve the Defense Department and 
other governmental agencies, in cooperation with industry and 
other scientific groups, in fields of fundamental research and 
engineering through the coordination of knowledge, abilities, 
ideas and hard work. 

General Motors is proud to contribute, through the Defense 
Systems Division, to the strength of America and human 
progress. Top-level scientists and engineers in all of these 
specialized fields will find rare opportunities and challenging 
assigrnnents in this fast-growing organization. 

DEFENSE SYSTEMS DIVISION, GENERAL MOTORS CORPORATION, WARREN, MICHIGAN AND SANTA BARBARA, CALIFORNIA 
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Enzymes in Medical Diagnosis 

Certain diseases are acc07npanied by changes in the enzyme content 

of the body fluids. Already used in some diagnoses, these changes 

may lnake it possible to detect a cancer b�fore it is a malignancy 

E
nzymes are manifestations of na­
ture's impatience. They are cata­
lysts; as such, they serve to speed 

up the chemical reactions that constitute 
the processes of life, making reactions 
proceed spontaneously that might other­
wise require a millennium for comple­
tion. The kinds and amounts of enzymes 
secreted by the cells of a particular organ 
of the body are highly specific to the 
function of that organ. One complement 
of enzymes in lung tissue promotes the 
dissipation of carbon dioxide and the ac­
cumulation of oxygen; an entirely differ­
ent enzyme system in the kidney triggers 
the reactions that conserve sugar and 
discard urea. Thus enzymes account in 
good measure for the growth, respira­
tion, excretion, secretion and other vital 
processes that go on in the human body. 

For the most part enzymes carry on 
their work inside the cells; it is there that 
the biochemical reactions they mediate 
are translated into the physiological 
activities of tissues and organs. The ex­
tracellular body fluids such as urine, bile, 
blood plasma and cerebrospinal fluid 
usually contain only infinitesimal quan­
tities of enzymes. Recently, however, it 
has been learned that the enzyme con­
tent of one or another body fluid will in­
crease precipitately in the course of vari­
ous diseases. Because the enzymes that 
show up in the fluid are characteristic of 
the organ affected, the identification of 
the enzyme and the measurement of the 
quantity present in the fluid can tell a 
great deal about the disease. Physicians 
accordingly are learning to use routine 
laboratory tests to maintain surveillance 
over the enzymes in the blood plasma 
after heart attacks, in hepatitis and other 
liver diseases, in various bone and pan­
creatic maladies and in cancer of the 
prostate gland. Such tests now facilitate 
tile diagnosis and management of these 

by FclixW' r6blcwski 

conditions. There is hope that one day 
they will detect the presence of at least 
some forms of cancer before the appear­
ance of the symptoms that so often give 
their warning too late. 

The idea of assaying the body fluids 
- for their enzyme content occurred to 

me in 1950 when I was studying under 
Oscar Bodansky at the Sloan-Kettering 
Institute in New York. We were working 
in the knowledge that disease processes 
invariably involve abnormalities in the 
amount, kind and behavior of enzymes 
within the cells. Because each enzyme 
usually mediates only one step in the 
long chain of reactjons involved in the 
synthesis or breakdown of a compound, 
enzymes characteristically operate in 
teams. Diseases disrupt these interlock­
ing enzyme systems much as though a 
crowbar were jammed in a train of gears. 
The disease may cause a shortage of a 
particular enzyme, interrupting a chain 
of reactions. Some diseases damage the 
cell wall, allowing enzymes to leak out 
at a rate faster than the rate at which 
the cell can replace them. Other diseases 
provoke cells into the pathological over­
plOduction of an enzyme. 

The object of our studies was to de­
velop methods for measuring the enzyme 
cnanges peculiar to various diseases. In 
practice it is difficult to take samples of 
tissue from the body; biopsy necessarily 
involves some inconvenience and risk. 
I decided to investigate instead the pos­
sibility that the enzyme content of body 
fluids might reflect some of the enzyme 
changes associated with disease. 

The ready availability of the fluids, 
particularly blood plasma and that frac­
tion of it known as serum, suggested that 
"biochemical biopsy" would prove to be 
a much more feasible procedure. Be­
cause enzymes are so specific in their 

action, it was also apparent that the as­
say of the fluids could be conducted with 
ease and certainty. The standard method 
of identifying and measuring the lluan­
tity of an enzyme is to mix the sample 
containing it with a quantity of the com­
pound with which it reacts (its "sub­
strate"). The rate at which the substrate 
is transformed by the reaction, deter­
mined by the measurement of the 
product of the reaction or the amount of 
substrate remaining after a given time, 
provides an accurate estimate of the 
quantity of the enzyme in the sample. 
The determination can be made in a 
number of ways, all of them within the 
competence of a clinical laboratory. One 
can extract the substrate or the reaction 
product from the solution by chromatog­
raphy and measure the quantity present. 
The measurement can also be made 
without extracting either compound 
from solution. The technique of colorim­
etry employs a dye that has an affinity 
for one of the compounds; with the dye 
mixed in the solution, the extent of the 
reaction and hence the quantity of en­
zyme is measured by the depth of col­
or. Spectroscopy can make the measure­
ment while the reaction is going on, by 
monitoring the variation in the inten­
sity of a specific wavelength of visible 
or ultraviolet light transmitted by the 
solution. In some reactions spectroflu­
oroscopy yields a similar result; under 
ultraviolet light the solution fluoresces 
with changing intensity as the reaction 
proceeds. 

A simple experiment with a dog 
demonstrates the effectiveness of bio­
chemical biopsy. A string tied suddenly 
and tightly around one of the dog's coro­
nary arteries causes a heart attack simi­
lar to that which occurs in a human 
being when a thrombus, or blood clot, 
occludes a coronary artery and cuts off 
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shown in color no longer carry nutrients and oxygen to the muscle. A small heart attack is 

shown at top, a fatal one at bottom. Such heart attacks are always followed by an increase 

in the enzyme glutamic oxaloacetic transaminase in the bloodstream of the patient. 
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the supply of blood to part of the heart 
muscle. The cells that normally receive 
oxygen and nutrients through the artery 
begin to die, and the tissue in that region 
of the heart breaks down. Heart muscle, 
unlike other tissue, is particularly rich in 
the enzyme glutamic oxaloacetic trans­
aminase. Within six hours after the in­
duced heart attack, the serum fraction of 
the blood plasma of the dog shows large 
quantities of this enzyme. Examination 
of the dog's heart at autopsy reveals that 
the damaged tissue contains far less en­
zyme than the rest of the heart muscle. 
It is obvious that the enzyme in the 
plasma came from the cells destroyed by 
the coronary occlusion. 

A human being who suffers a coronary 
occlusion followed by damage to the 
heart muscle also displays a marked in­
crease in the concentration of glutamic 
oxaloacetic transaminase in his blood 
serum. At present the physician usually 
relies on the electrocardiograph, which 
measures the electrical impulses gen­
erated in the heart muscle, to make his 
diagnosis and to estimate the extent of 
damage. But in patients who have had a 
previous heart attack the electrocardio­
gram is often so distorted that the physi­
cian cannot tell if the patient's pain and 
other symptoms are caused by a new 
coronary occlusion and cannot determine 
the extent of the new damage. An assay 
of the blood serum for glutamic oxalo­
acetic transaminase quickly dispels such 
uncertainty. 

Normally the amount of the enzyme in 
the serum does not go above 40 units per 
milliliter of serum. In a typical coronary 
patient it may rise to 110 units 24 hours 
or so after the attack. By the second day 
it may reach 240 units. Then it tends to 
fall on successive days to 180 units, 70 
units, 50 units and, on the sixth day, 
back to normal, somewhere below 40 
units. The serum assay not only confirms 
the diagnosis but tells the extent of the 
damage to the heart. A maximum level 
of 80 to 150 units indicates limited dam­
age, whereas a measurement of 250 units 
or more shows that the damage is ex­
tensive. Such knowledge enables the 
physician to make a prognosis of the 
eventual degree of recovery or disability 
the patient can anticipate. 

N
ot all diseases cause the breakdown 

or death of tissue, yet they may be 
attended by impressive increases in the 
enzyme content of the body fluids. In the 
mouse, for example, the liver normally 
contains a moderate amount of the en­
zyme glutamic pyruvic transaminase. A 
mouse inoculated with the virus of 
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blood serum of a dog increases after experimentally induced heart 
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EXPERIMENTAL HEPATiTIS in two mice causes rise in glutamic 

pyruvic transaminase. Solid curve shows worse infection in one 

because it received 100 times as much hepatitis virus as the other. 
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mouse hepatitis, a disease similar to in­
fectious hepatitis in man, develops in­
Rammation of the liver and jaundice. Al­
though the quantity of the enzyme in 
the liver drops only slightly, the diseased 
organ apparently elaborates it in large 
amounts, because it appears in large 
quantity in the bloodstream. Moreover, 
the concentration of the enzyme in the 
serum reRects the severity of the infec­
tion from day to day. 

The same enzyme has proved to be a 
sensitive index of human infectious 
hepatitis. Before the familiar symptoms 
of the disease appear, the serum concen­
tration of the enzyme rises to 10 times 
the normal level, reaches a peak when 
the patient is sickest and falls gradually 
as he recovers. Biochemical biopsy in 
this disease provides an exceedingly use­
ful and objective method of following 
the course of the disease and planning 
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the treatment. It also makes unneces­
sary the somewhat hazardous procedure, 
often invoked in the past, of taking a 
sample of liver tissue for microscopic ex­
amination. 

The fact that the procedure offers a 
means of detecting hepatitis before 
symptoms appear makes it particularly 
useful in epidemics and in family situa­
tions where people have been exposed to 
the disease. Those who show a rising 
concentration of the liver enzyme in their 
serum can be given gamma globulin, the 
fraction of blood serum that carries pas­
sive immunity, in order to arrest or at 
least attenuate the infection. What is 
more, for every hepatitis patient who de­
velops jaundice or distressing symptoms, 
there are between five and 15 infected 
individuals who have no jaundice and do 
not become very ill. They are nonethe­
less carriers of the disease and can un-

knowingly transmit it by contact and 
through excreta. The serum assay can 
identify such individuals and show when 
they have recovered. 

The detection of hepatitis before the 
appearance of symptoms lends support 
to the hope that enzyme changes in the 
blood may facilitate the early detection 
of internal cancers. Here the enzyme in­
volved, lactic dehydrogenase, has been 
observed in tissue cultures of malignant 
cells from both animal and human can­
cers; the fast-growing cells liberate the 
enzyme in quantity into the culture me­
dium. That the enzyme is associated 
somehow with the malignant transforma­
tion of the cells is indicated by the fact 
that the equally fast-growing amniotic 
cells from an embryo and the rapidly di­
viding fibroblasts, or scar-tissue cells, do 
not secrete the enzyme into tissue-cul­
ture media. The same contrast between 
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VIRUS LEUKEMIA in the mouse causes an increase in the enzyme 
lactic dehydrogenase (colored curve), shortly after inoculation with 

the virus and before the characteristic appearance of increased 

leucocyte count (black). As disease advances, they rise together. 

MALIGNANT TUMOR transplanted into a mouse causes rise in 

lactic dehydrogenase (color) in the blood serum. The enzyme also 

increases in the tumor. (Assays of the tumor were started six days 

after the transplant.) Rise in enzyme continues until animal dies. 
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Take a tip Trom Cinderella 
With the help of a Fairy Godmother, Cinderella had no 
difficulty finding a coach-and-four, footmen and even a 
husband. But today, with the help of Sinclair petrochemi­
cals, manufacturers are creating products more wondrous 
than even Cinderella's Fairy Godmother could dream of. 

For example, in the plastics and synthetic fibres industries, 
Sinclair petrochemicals are indispensable raw materials 

being used in the development of countless new and excit­
ing products. Even when you add the new developments in 
paints, fertilizers, insecticides and detergents, you've only 
scratched the surface of profitable opportunities. 

Sinclair supplies petrochemicals in both quality and quan­
tity. Shipping and production schedules are set up to meet 
the most stringent demands. The purity of Sinclair petro­
chemicals sets industry standards. 

SINCLAIR PETROCHEMICALS, INC. 
600 Fifth Avenue, New York 20, N. Y . • 155 N. Wacker Drive, Chicago 6, III. 

PARAXYLENE - PROPYLENE (99+%) - QRTHOXYLENE - DURENE (1.2.4.5·TETRAMETHYLBENZENE) - ANHYDROUS AMMONIA - AMMONIUM NITRATE SOLUTIONS­
AQUA AMMONIA-NITROGEN FERTILIZER SOLUTIONS-ALIPHATIC SOLVENTS-ODORLESS SOLVENTS-AROMATIC SOLVENTS-HEAVY AROMATIC SOLVENT-TOLUENE 
(NITRATION GRADE)-XYLENE (FrVE DEGREE)-SULFUR- SULFONATES (Oil SOLUBLE)-CORROSION INHIBITORS - LUBE OIL ADDITIVES-HEPTENES-NONENES 
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THE COUNTERATTACK ON CORROSION 
The basic cause of corrosion is the instability of metals in 
their refined forms. Because of this, the metals tend to 
revert to their natural states. 

The practical question is how long can a metal resist a 
corrosive environment? 

There are as many answers to this question as there are 
combinations of metals and environments. In the most 
aggressive corrosive media, such as encountered in 
chemical processing equipment, the several controlling 
factors, composition, temperature, agitation, dissolved 
gases, etc. are so variable and complex that it is usu­
ally impossible to duplicate them in any laboratory 
experimental setup. 

Inco's Research answer has been to make the processing 
equipment its own testing ground. By means of Corrosion 
Test Spools, specimens of a variety of materials can be 
exposed under the actual conditions of use. 

Such test assemblies as introduced by Inco are being used 
throughout the world as a standard procedure and meet 
the requirements of the American Society for Testing 
Materials Recommended Practice for Conducting Plant 
Corrosion Tests-A 224-46. 
Results of such tests afford a reliable guide to the 
selection of materials for corrosive services and for the 
estimation of their useful life. 

Inco Research has recorded results of over 60,000 tests 
of this sort. Such data in hand may serve to answer your 
plant corrosion problems. Otherwise, Inco Research will 
cooperate in plant test programs to find a specific answer 
to your particular problem. 

• THE INTERNATIONAL NICKEL COMPANY, INC. _....... 
67 WALL STREET, NEW YORK 5, N. Y 

INCO RESEARCH 
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malignant and normal cells can be 
demonstrated in the intact animal. If half 
the liver of a normal mouse is surgically 
removed, the liver proceeds to grow as 
fast as a malignant tumor, recovering its 
normal size within lO to 12 days. Yet the 
amount of enzyme in the plasma remains 
normal. 

The measurement of lactic dehydro­
genase in the blood serum of mice that 
have been given experimental cancers 
has given encouraging results. All types 
of mice have been subjected to all types 
of experimentally induced malignant 
processes, including carcinoma, sarcoma 
and leukemia. In each case the concen­
tration of enzyme in the plasma has risen 
before any other evidence of malignancy 
appears. The concentration continues to 
rise, accurately reflecting the growth of 
the tumor or the increase in the number 
of leukemic cells. When treatment makes 
the tumor or leukemia regress, the en­
zyme disappears from the blood in direct 
proportion to the improvement. 

These results are paralleled by ob­
servations of the concentration of the 
same enzyme in the plasma of human 
beings suffering from myelogenous leu­
kemia, a disease characterized by an ex­
tremely high count of polymorphonu­
clear leucocytes, the most numerous of 
the white cells in the bloodstream. The 
concentration rises markedly as the dis­
ease progresses; it falls when treatment 
brings a remission. An increase in the 
concentration always accompanies a re­
lapse and has been observed at times to 
precede it. 

In contrast, no such change in the con­
centration of lactic dehydrogenase ap­
pears in the plasma of patients with the 
nonmalignant disease polycythemia vera, 
which involves a pathological multiplica­
tion of all types of red and white blood 
cells and even of the blood platelets. Oc­
casionally polycythemia vera changes 
into myelogenous leukemia. In these 
cases the plasma concentration of the 
enzyme rises rapidly before there is any 
other evidence of the transformation 
from the nonmalignant disease to the 
malignant one. 

Elevations in the concentration of lac­
tic dehydrogenase accompany other 
types of human carcinoma and sarcoma, 
and variations in the concentration have 
also been observed to reflect the course 
of the disease as remissions and relapses 
occur. Biochemical biopsy has not yet, 
however, served to detect human cancer 
in advance of other symptoms. 

James M. MacMillan, medical director 
of the Reynolds Metals Company, and I 
are now conducting an experiment with 
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ISOENZYME COMPOSITION of the enzyme lactic dehydrogenase (LDH) varies widely in 

human tissues. The one enzyme consists of five subtly different "isoenzymes." Different tissues 

can possibly be identified by the various amounts of LDH isoenzymes they contain. 
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DISEASE IS REFLECTED in the LDH isoenzyme changes in hlood following a heart attack. 
Hours or days under the sections indicate time after the attack. Units refer to total LDH 

in blood. Each of the isoenzymes is responsible for a portion of the total LDH activity. 
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the help of 300 male employees of his 
firm over the age of 40. We are measur­
ing the plasma concentration of the en­
zyme in each man once every fOUl 
months for five years. In a group of this 
size five to 10 can be expected to develop 
cancer during that period. If they do, we 
will be able to see whether the concen­
tration rises in humans, as it does in mice, 
before the appearance of malignancy. 

Within the past three years a new 
dimension has been added to the diag­
nosis of disease through enzyme assays. 
Each enzyme had been thought to be 
a single entity, homogeneous and dis­
tinct, but in 1958 electrophoretic studies 
showed that some, if not all, enzymes 
take several forms. The members of a 
given enzyme species have a strong fam­
ily resemblance, but chemical, physical 
and immunological tests show them to 
be subtly different. For example, one 
form will react with the substrate faster 
than another. These so-called isoenzymes 
may be separated from one another by a 
technique that combines the principles of 
chromatography and electrophoresis. A 
purified sample of the enzyme is placed 
on a thin sheet of starch gel, through 
which an electric current is passed. In 
the electric field the different forms of the 
enzyme migrate from the starting pOint 
at different speeds, gradually separating 
out on the gel. By this procedure lactic 
dehydrogenase from human plasma has 
been shown to consist of five isoenzymes. 
The lactic dehydrogenase of the mouse 
has three isoenzymes, and they are all 
appreciably different from the human 
forms. The enzyme alkaline phosphatase 
consists of at least four isoenzymes; two 
other enzymes, esterase and leucine ami­
nopeptidase, each have three or more 
forms. 

This knowledge gains significance 
from the finding that the isoenzymes of a 
given enzyme occur in characteristically 
different ratios to one another in differ­
ent tissues. Heart muscle is rather rich in 
the isoenzymes of lactic dehydrogenase 
designated LDH,! and LDH5, but it has 
little LDHs. About 90 per cent of the 
lactic dehydrogenase in the liver is 
LDH1. In skeletal muscle the enzyme 
assays 50 per cent LDHl and small 
amounts of the other isoenzymes. It now 
appears that human tissues and organs 
can be identified almost as precisely by 
their enzyme and isoenzyme content as 
they can by their macroscopic and micro­
scopic appearance. 

Plasma and serum from normal human 
individuals have a low concentration of 
lactic dehydrogenase, but, like tissue 
extracts, the blood fluids show all fiv� 
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isoenzymes. By analogy, the total con­
centration of the enzyme in the serum 
may be compared to the total leucocyte 
(white blood cell) count, and the iso­
enzyme composition of the total may be 
likened to the differentiation of the total 
leucocyte count into percentages of eosi­
nophiles, basophiles, lymphocytes, mono­
cytes and polymorphonuclear leucocytes. 
The serum isoenzyme pattern for any one 
individual remains fairly constant and 
can be considered a biochemical finger­
print of that individual. In disease, how­
ever, the ratios of the isoenzyme constit­
uents present in the serum tend to change. 
Such changes in the isoenzyme ratio of, 
say, lactic dehydrogenase may appear 
with no change in the total concentration 
of the enzyme in the serum. Apparently 
the diseased organ contributes the iso­
enzymes in which it is particularly rich, 
and the homeostatic forces that maintain 
the chemical equilibrium of the body re­
move other isoenzymes from the plasma 
so that the total concentration of the 
enzyme remains nearly the same. 

The assay for isoenzymes in these 
cases promises to make the technique of 
biochemical biopsy more specific and 
more sensitive. A coronary occlusion that 
damages the heart and liberates quanti­
ties of glutamic oxaloacetic transaminase 
also alters the total activity of lactic de­
hydrogenase in the plasma, and isoen­
zyme assay reveals an increase in LDH,. 
Hepatitis patients have plasma rich not 
only in glutamic pyruvic transaminase 
but also in LDH), though the plasma 
shows only a moderate rise in the total 
activity of lactic dehydrogenase. The 
serum of patients with thyroid diseases 
shows a preponderance of LDH2 or 
LDHa, both of which the thyroid con­
tains in abundance. These correlations 
give reason to hope that isoenzyme as­
says may be a way to identify the type 
of tissue and the organ affected by 
otherwise undiagnosed disease. 

The analysis of enzyme and isoenzyme 
changes is now being extended from 

the blood plasma and serum to other 
fluids. Recent studies indicate that urine, 
bile, gastric and duodenal juices and 
cerebrospinal fluid will provide useful 
information, though the blood will un­
doubtedly remain the most important 
fluid in diagnosis by biochemical biopsy. 
Only a few of the vast number of en­
zymes known to biochemists have been 
explored and put to use for diagnostic 
purposes. Many more await study. They 
are sure to receive attention, because en­
zyme and isoenzyme assays are devel­
oping into powerful diagnostic tools. 

Inquiries are invited from mature scientists capable of directing their own 
research efforts in the following (or related) areas of electro·magnetics. Such 
research may be at theoretical and/or experimental levels. 

BASIC STUDIES of the electronic properties of solids, semi·conductors 
(diode junctions, photo·electric and conductive effects); dielectrics; mag­
netic materials; paramagnetic resonance; interaction of radiation and 
matter. 

BASIC STUDIES of radiation damage in crystals such as "F" centers. 

BASIC STUDIES of pumping by means of optical or microwave stimulation; 
coherence and polarization of emitted energy from a resonant cavity; opti­
mization of materials either gaseous (Cesium vapor, etc.) or solid state; 
rates of emission and duration of excited states. 

Because of the advanced nature of these investigations, they should appeal to 
mature, experienced scientists at the doctoral or equivalent level. Such men will 
not be limited by rigid boundaries. They will be given freedom to choose and 
pursue their own lines of research providing this research is within the scope of 
corporate interest. 

Our laboratories are new, modern and equipped with the latest optical, electronic 
and microwave gear including a Varian magnet, X-ray unit, ruby Maser, etc. 
Management at all corporate levels is SCientifically oriented and provides assist­
ance and new equipment as needed. 

Studies are ofthe long-range sustained type and have strong corporate sponsor­
ship. Salaries will be commensurate with experience and should be attractive 
to scientists who have already gained recognition in their chosen field. 

Please write in complete confldence to Mr. W. H. Walsh. 

RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 

400 M.ln Street, East Hartford B, Conn. 

All Qualified applicants will receive consideration for employment without regard to race. creed. color or national origin. 
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The Life Span of Animals 

What 1nakes 1nan and other ani1nals age? One approach to the 
problem lS to reflect on age records and to study thp effects 

of different factors on the longe(Ji�y of experimental ani1nals 

:;.� Touching the length or shortness 
of life in beasts ," wrote Francis 
Bacon, "the knowledge which 

may be had is slender, the Observation 
negligent , the Tradition fabulous." The 
problem of getting accurate information 
about animal life spans has changed lit­
tle in the three centuries since Bacon 
published his HistOTY of Life and Death, 
but the importance of such studies has 
increased greatly in the past few years . 
Now, as then, there is the hope that hu­
man life may be prolonged by interfering 
with the process of natural aging. Be­
sides this, in radiation research, in ex­
perimental gerontology and in several 
other fields of practical importance, it 
has recently become necessary to draw 
accurate comparisons between the life 
spans of different species of animal, and 
the attempt has brought home to biolo­
gists just how negligent and fabulous the 
observation anel the tradition have been. 

Aging, or senescence, means a decline 
in vigor with the passing of time, which 
shows itself as an increased probability 
of dying. There is still no generally ac­
cepted theory to explain aging, nor is 
it safe to assume that aging is an in­
evitable consequence of living. Among 
warm-blooded animals aging is almost 
certainly universal; it may be universal 
in other vertebrates ,  but in some, such as 
large fishes and tortoises, the process is 
so slow as to be almost undetectable . In 
other forms, particularly invertebrates , 
aging may not occur at all . 

An animal that does not age is not to 
be regarded as immortal . Its advantage 
is simply that it is no more likely to die 
as it grows older. It still dies ,  but from a 
cause that would have killed it at any 
age .  The life span of such an animal re­
sembles that of a radioactive element: it 
must be given in terms of a "half-life," 
the time required for half of a population 
to die . 
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by Alex Comfort 

There appear to be a few organisms 
that are genuinely ageless for fundamen­
tal reasons-sea anemones, for instance . 
In jellyfishes the individual "jellies" have 
a fixed life span, but the scyphistoma lar­
va from which they bud probably stays 
vigorous indefinitely. The larval "stub" 
produces a constant supply of new 
blanks as old ones are removed, until it 
eventually dies from a cause that would 
have been fatal at any age .  This sort of 
agelessness depends on constant cell re­
placement, the organism being a stable 
clone. 

Another sort of agelessness may be 
called circumstantial .  Most small birds, 
for instance, have a constant mortality 
rate in the wild regardless of age; the 
accidental death rate is so high that few 
live long enough to become old.  A chaf­
finch has been kept in a cage for 29 years 
and no doubt became senescent , but the 
mean life expectancy of wild chaffinches, 
young or old, is about six months. 

Among animals that undergo the char­
acteristic age-dependent loss of vigor 
the mortality rate increases steadily with 
advancing years . This increase in mortal­
ity takes place at a rate typical of the 
species and produces a characteristic 
life span, or commonest age of senile 
death, which is not extended by better­
ing conditions. In man this typical , or 
"specific," age is between 70 and 80 
years, the figure given for it in Biblical 
times. 

An age-mortality pattern with a fixed 
specific age seems to be the rule for 
warm-blooded animals, provided that 
they survive long enough for the senile 
increase in mortality to show itself. The 
"life span" of such animals usually means 
either the specific age or the greatest 
age ever recorded, which may be nearly 
twice the specific age .  Sharply defined 
life spans and an exponential increase 
in mortality with age also occur in many 

invertebrates and, contrary to wide­
spread belief, in some of the unicellular 
animals .  

There are three ways of finding out 
the true life span of an animal: one 

can breed a large number of animals 
and record when they die; one can draw 
on existing records; or one can take a 
sample of animals of known, differing 
ages, plot their mortality at each age 
and construct a cross-sectional curve of 
survival . The first method is suitable 
only for animals that have a life span 
considerably shorter than that of the 
investigator. It is practicable for fruit 
flies or rotifers, which live for weeks 
or days . For mice, which live as long 
as three years, it is practicable but tedi­
ous; for larger mammals such as cats 
and dogs, which live beyond 10 years, 
it is barely feasible; for amphibians and 
reptiles ,  the smallest of which live for 
decades, this approach is hopeless .  The 
second method, the examination of ex­
isting records (such as studbooks and 
the records of zoos and kennel clubs) , 
should theoretically be able to provide 
both maximum and average life spans. 
Unhappily the chief feature of these 
records is their unreliability. Confusion 
between individuals and mistakes have 
repeatedly led to the exaggeration of 
animal ages. Studbooks, as far as they 
go, are usually accurate, but among the 
large numbers of domestic animals bred 
in civilized countries the date of death 
is far less likely to be recorded than 
the date of birth. Agricultural animals,  
moreover, are normally kept for only 
a fraction of their potential life before 
being slaughtered or culled as unpro­
ductive. The discipline of gerontology 
was therefore founded a few years ago 
with full survival curves for only three 
mammals: man, the white rat and the 
laboratory mouse . It has taken 10 years 
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STRUCTURES FOR ESTIMATING AGE, though not infallible, 

can be found in certain animals. In the sturgeon the rays of the 

pectoral fin show clear annual growth "rings" when sectioned. The 

ray sbown here (a) is about half an inch across and has 82 rings. 

The scales of fishes provide another clue; this scale (b) is from 

a trout about five years old. The whale has a waxlike plug in its 

c 

e 

external ear tube that shows yearly growth. This plug (c), about 

six inches long, is from a whale ahout 28 years old. In the scallop, 

slow winter growth alternating with fast summer growth creates 

regular bands, normally a pair a year. This scallop shell (d) is 

about 10 years old. In rams, horns are a fair indicator of age; 

this specimen (e) is from a Dall sheep that lived about 11 years. 
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of hard work to supplement this informa­
tion with limited records for dogs, horses 
and zoo animals. We still have no curve 
for any bird or reptile in captivity, and 
the first curve for small fishes has only 
just appeared. 

The cross-sectional method of plotting 
a survival curve is confined to animals 
that have birth certificates (pedigreed 
dogs, for instance) and to a limited 
nu.mber of animals whose ages can be 
determined by inspection. Such deter-

WHITE RAT (4+) 

mination depends in most cases on some­
thing similar to the counting of tree 
rings; it requires some structure that 
grows seasonally and lays down a ring, 
or pattern of rings, each year. The horns 
of rams and goats are examples. Others 
are the wax plugs found in the ears of 
whales, the scales and bones of Tem­
perate Zone fish, the bones of some 
reptiles, the shells of bivalve (but not 
univalve) mollusks, and miscellaneous 
structures such as the otoliths (calcare-

SWAllOW (9) 

SilVERFISH (7) 

ous bodies) found in the ears of some 
fishes [see illustrations on preceding 
page]. Given enough samples of such ob­
jects, it is possible to estimate maximum 
ages for a number of animals and some­
times to plot their mortality in each 
period of life. Cross-sectional plotting is 
the normal procedure by which the in­
surance actuary measures the human life 
span: he determines the mortality in 
each age group as it is today. The result 
of this procedure will be the same as that 

SMAllER BATS (1 0-15) 

GUINEA PIG (H) 

QUEEN BEE (7+) 

SHREW (2) 
MEDIUM TO SMAll RODENTS (3-10) 

GUPPY (5) 

HETERANDRIA (3+) 

MAXIMUM WELL-ATTESTED AGES for representative animal 

species and groups cove,' a remarkable range for which there is no 

simple explanation. (The illustration is continued on the following 
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SHEEP (15+) 

lARGE BEETLES (�-I 0) 

RABBIT (12) 

MOSQUITO FISH (5) 

three pages.) Broadly speaking, large size is correlated with a long 

life span, but there are many exceptions even within families. The 

domestic cat, for example, lives almost as long as the lion. Among 
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of a lifetime study only if the rates of 
mortality at different ages do not change; 
in man, however, they have changed 
greatly in the last 80 years and are still 
changing. The man who is subject to­
day to the mortality of an 80-year-old 
lived through the infant mortality of 80 
years ago. Therefore two survival curves 
can be plotted for man: a cross-sectional 
curve based on present mortalities of 
men born at different times, and a "longi­
tudinal" curve based only on actual sur-

C"""NC" "9)� 

viva I rates in a group of men all born in 
the same year . 

When estimating the specific age or 
typical life span of men and animals, 
survival curves are preferable to a hand­
ful of maximum records.  This becomes 
apparent when one examines the curves 
for men and animals living under a 
variety of conditions [see illustrations on 
pages 114,115 and 116]. As living con­
ditions improve, more individuals sur­
vive to reach old age. The curve tends 

� --
STARLING 1 19) SMAll FINCHES, WADERS, PARAKEET 110-30) 

to assume the shape of half a parallel­
ogram-the "parallelogram of survival"; 
it is flat for most of the life span and 
slopes sharply downward as the specific 
age is reached .  But in spite of the im­
provement in conditions the far end of 
the curve tends to be pegged, so that 
under all but the worst conditions a few 
"indestructibles" are able to live as long 
as the oldest in better-treated samples . 
By inspecting a batch of curves for ani­
mals kept ill the laboratory, it is easy to 

ARCTIC TERN 127) 
DOMESTIC PIGEON 135) 

DOMESTIC COW (30+) 
SMALLER UNGULATES (20-25) 

ANT QUEEN (LAS/US) (19) LION 130-35) 

LARGE UNGULATES AND CARNIVORES 120-35) 

DOG 124+) 

DOMESTIC CAT 127+) 

GIANT SPIDER (20) 

MANY SNAKES, LIZARDS AND AMPHIBIANS (25-30+) 

SEAL (20-25) 

dogs the larger breeds have shorter lives than the smaller. It might 

appear that incentive is lacking for evolution to provide small 

animals (e.g., rodents and small fishes) with a long potential life 

OYSTER CATCHER 127) 

span because predators will not let them live to enjoy it. Yet 

many small birds, which may suffer a comparahle attriLiO'l1 rate in the 

wild, have shown they can live for decades if protected from harm. 

III 
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lell if they are living anything like their 
full potential life under the conditions of 
the experiment. 

With the advent of birth certificates 
some check became possible on the 

incurable optimism and credulity with 
which humans approach reports of ex­
treme age in their own species . (Their 
credulity with respect to the life span 
of other species is no doubt an overspill .) 
Birth certificates were introduced into 

Britain in 1837, so that now it should 
be possible to authenticate any age up 
to 124 years . There is no such certified 
record over 109 years, though in one 
instance absence of a certificate made 
an age between 111 and 115 highly 
probable . (In Britain when oldsters 
reach the age of 100 years, their birth 
certificates are checked to ensure the 
customary Royal congratulations.) In 
the U.S . ,  where few states have vital 
statistics going back to 1837, participa-

HERR ING GUll 140-50) DOVE 142) 
GUll, CROW fAMi lY, PIGEON (30-45) 

CHIMPANZEE 139+1 
LARGER APES 130-401 

LOBSTER (50?) 

tion in the Civil War was widely used 
as evidence of extreme age .  The last 
surviving veteran of that war died in 
December, 1959, having claimed an 
age of 117 . 

No person living in Britain is known 
to be even approaching this age, the 
oldest being about 108. Many cen­
tenarians in America and still more in 
the Soviet Union, where ages up to 140 
have repeatedly been mentioned, have 
two things in common :  birth under 

HORSE 140+?) 

GIANT SALAMANDER (50H., 

fRESH-WATER MUSSEl·S (50-100+?) 

LONGEST-LIVED ANIMALS are probably tortoises, with fishes, 

birds and man not very far behind. Tortoises and fishes seem to 

have long life spans because they can keep growing indefinitely, 

though rate of growth diminishes with age. For long-lived species, 

well-attested ages are hard to obtain unless the animal has some 
structure (equivalent to growth rings in trees) that can be dated; 
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primitive conditions, often in a remote 
region of the country, and inability to 
provide documentary evidence of age.  
Their claims cannot be accepted, but 
neither, of course, can they be ruled 
out .  Primitive ways of life might in­
deed foster longevity in those who sur­
vived their disadvantages. Since such 
ways are perhaps incompatible with 
the collection of vital statistics, we 
may here be up against a "principle 
of uncertainty" in which the fact of ob-

GRAY PARROT (73?) 

serving disturbs the thing observed. Past 
claims to Methuselahism, like those of 
"Old Parr" (1483-1635) or Henry 
Jenkins (1501-1670) almost certainly 
represent error, fraud or both. It has 
been suggested that Old Parr's "lon­
gevity" was a skillful illusion perpetu­
ated through three generations by father, 
son and grandson. 

There are still, unfortunately, only a 
handful of animals for which we have 
survival curves; for the rest we have to 

EAGLE OWL (68) COCKATOO (70-86) 

rely on small numbers of maximum 
records in captivity, chie.'ly from zoos. 
Many of the old-age records soberly 
presented in reference books, from Aris­
totle to the present day, are pure moon­
shine. Francis Bacon's list is in fact 
better than that given in at least one 
current textbook . We owe the sifting 
of such records with rigid insistence 
on documents to a handful of fable­
killers, of whom the late Major S. S. 
Flower, a British officer who was curator 

. VULTURE (II??) 

MANY OTHER lARGE flYING SPECI ES (PROBABLY 60+) 
GOLDEN EAGLE (80?) 

lARGE RAPTORIAL BIRDS (PROBABLY lOO) 

DOMESTIC GOOSE 147+?) 

TERMITE PRIMARIES 140-601 

INDIAN ELEPHANT (77+) 

EEL IN CAPTIVITY (55) 

examples are shown in the illustration on page 109. The age of man, 

unless there is a birth certificate, is especially hard to determine. 

Reputed human ages of 140 may be true but have not been verified. 

CROCODilE (50-601 

ALLIGATOR 150-601 

HALIBUT (60-70) 

lARGE TORTOISES 
AND PERHAPS TURTlES 1100-150+1 

STURGEON 180-100+?) 

Survival curves, which reliably show the life spans for a large sam· 

pie of animals, are available only for the horse and man among 

the long.lived species (see illustrations on the next two pages). 
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of the zoo in Cairo, was one of the most 
diligent .  

Perhaps the most widely repeated 
myths are those attributing great ages 
to whales and elephants because of their 
size . Actually no elephant is known to 
have lived beyond 77 years . For whales 
a life span of 40 to 60 years would be 
a high estimate . Apart from man, the 
only mammals known to live longer than 
50 years are the elephant and probably 
the rhinoceros . Most large and medium­
sized ungulates (hoofed animals) and 
large carnivores can reach 30 years, 
which may also be the upper limit for 
the domestic cat . It seems fairly certain 
that at least one house cat lived to 

1 NEW ZEALAND, 1934-1938 
2 U.S. (WHITESI, 1939-1941 
3 U.S. (WHITESI, 1929-1931 
4 ENGLAND AND WALES, 1930-1932 
5 ITALY, 1930-1932 
6 U.S. (WHITESI, 1900-1902 
7 JAPAN, 1926-1930 
8 MEXICO, 1930 
9 BRITISH INDIA, 1921-1936 
10 STONE AGE MAN 

the age of 27. Dogs, by contrast, rarely 
reach 20 years, and large dogs do not 
reach that age .  Horses normally live 
about 25 years; the oldest thoroughbred 
mare in the General Stud Book, Blue 
Bell, by Heron out of Jessie, died at the 
age of 34. Ponies may live considerably 
longer, the greatest credible age being 
about 40 years .  (A zoo zebra has lived 
to the age of 38.) The celebrated 62-
year-old canal horse Old Jack, who has 
been immortalized in the literature of 
animal longevity, owes his reputation to 
evidence of a kind that has proved false 
time and again. Maximum records do 
not, of course, indicate normal life span. 
Reasonable estimates of the specific ages 
for horse, cat and dog are about 20, 16 
and 12 years . Rabbits in captivity can 
live 10 to 15 years and guinea pigs six 
to eight. Because many investigators 
do not seem to know how long rabbits 
and guinea pigs can live, it frequently 
happens that studies comparing re­
sponses in "young" and "old" animals 
are really comparing responses in infants 
and young adults. 

Many attempts have been made to 
find correlates of the life span in mam­
mals . Here again Bacon was an acute 

observer. He wrote : "Neither do those 
things which may seem concomitants 
give any furtherance of this information 
(the greatness of their bodies, their time 
of bearing in the womb, the number of 
their young ones, the time of their 
growth, and the rest) in regard that 
these things are intermixt-sometimes 
they concur, sometimes they sever." 

Longevity in mammals is roughly cor­
related with size but is more closely cor­
related with net reproductive rate . The 
slow-breeding and partially cold-blood­
ed bat lives 10 to 16 years, a life span 
that is much greater than that of rodents 
of similar size .  Among rodents them­
selves the life span is usually longer in 
forms that have an unstable temperature 
control mechanism and a consequent in­
termittency of energy output . Within a 
mammalian species-for example, the 
horse or dog-large breeds are almost 
always shorter-lived than small breeds . 
Possibly the closest single correlate of 
life span is the "index of cephalization," 
which measures the excess of brain size 
over that to be expected from the general 
pattern of mammalian proportion. 

The potential life span of birds is 
usually much greater than that of mam-
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HUMAN SURVIVAL CURVES, all for females, show the effect 

of improvements in living conditions. Except for the Stone Age 

curve, which is of course an estimate, the curves are based on life 

insurance actuarial tables. Under optimum conditions such curves 
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approach what is called the parallelogram of survival: a curve al­

most flat on top and falling sharply when commonest age of senile 

death is reached. In man this "specific" age is 70 to 80 years. 

Even under poor conditions a few hardy individuals reach it. 
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mals of similar size, in spite of the birds' 
higher metabolic rate and short growth 
period . Sixty-eight years is reported 
for an eagle owl, and records in excess 
of 100 years for parrots and eagles may 
be correct, though none is critically 
substantiated . Tame geese are said to 
have reached 50 years and pigeons 40. 
Many of the smaller birds reach 15 to 
20 years in captivity, and notwithstand­
ing the crushing random mortality under 
natural conditions a few individuals 
seem to reach similar ages in the wild .  
It would be of  great interest to dis­
cover whether or not these elderly sur­
vivors have any special function in the 
bird community; perhaps they are bird 
"geniuses" with unusual powers of profit­
ing by experience. The life span of non­
flying, heavy-bodied birds seems to vary 
inversely with size; the ostrich lives no 
longer than many medium-sized flying 
species, probably 20 to 30 years .  

T he lives of  cold-blooded animals are 
longer still-so long, in fact, that life­

time studies even of small forms may 
be impracticable. As laboratory sub­
jects the various amphibians (frogs and 
the like) have contributed greatly to 
knowledge of the embryonic stage of 
life, but they cannot easily be followed 
into old age because they may survive 
for 20 or 30 years. Tortoises fully live up 
to their reputation for longevity. Small 
varieties, including the box tortoise 
(Terrapene), can live at least a century. 
A specimen of a large tortoise (the now 
extinct Testudo sltmeirei) was kept for 
years as a pet on the barracks grounds 
at Port Louis in M auritius, a British is­
land near Madagascar; it was killed acci­
dentally in 1918 at a probable age of 
more tban 150. 

The slow growth of many reptiles and 
fisbes, not all of them large, suggests that 
some of these cold-blooded animals may 
age so slowly that illness and accident 
probably take a greater toll than age 
and declining vigor alone. The possible 
life span of fishes such as sturgeon, carp 
and pike has long been the subject of 
argument . Dating methods based on 
soales and bone sections have provided 
a number of well-attested ages .  Carp and 
pike are known to reach 30 to 50 years, 
but not the ages of 100 to 200 years at­
tributed to them by anecdote. A halibut, 
10 feet long and weighing 500 pounds, 
was still growing and fully fertile when 
caught in 1957. Its scales showed it to be 
more than 60 years old . Ages from 82 to 
100, based on bone studies, appear prob­
able for wild sturgeon. Beluga sturgeon 
have been caught that were more than 
14 feet long and weighed more than a 
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GUPPY SURVIVAL CURVES vary with environment and care. 

The experiment is still going, hence the curves are incomplete. 

All fish have been fully fed and well cared for, except for a neg. 

lected group in 600·milliliter bottles (5), wbich are now all dead. 
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RAT SURVIVAL CURVES were obtained by Clive M. McCay of 

Cornell University when he restricted food intake of rats for periods 

ranging from 300 to 1,150 days from birth. If full feeding was 

then begun, rats grew rapidly and outlived normally fed littermates. 
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MOUSE SURVIVAL CURVES show effect of daily eight.hour dosages 

of gamma rays from radium in various amounts. The weakest dosage may 

have slightly lengthened average life span by killing pathogens that 

normally kill some young mice. The shape of the control curve shows 

that the Ii fe span of the nonirradiated animals was suboptimal. 
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ton; one specimen, the age of which was 
determined by bone sections, was at least 
75 years old. Still larger specimens have 
been reported that weighed as much 
as two tons. If these fish were not ex· 
amples of freak gigantism or plain fiction, 
they must have been of enormous an­
tiquity, since growth rate declines with 
age and size . 

The almost unlimited growth possible 
in certain species of fish and the larg­

er tortoises has led to the suggestion 
that warm-blooded vertebrates "grow 
old" primarily because they have a fixed 
adult size. An animal capable of grow­
ing almost indefinitely might not age 
at all. This hypothesis, if substantiated, 
would be of crucial importance for un­
derstanding the aging process in man. 

In our laboratory at University College 
London we have been trying to test the 
hypothesis by direct observation, using 
small fishes as subjects. The growth of 
female guppies is "indeterminate," ex­
actly as in larger species, but the aquar­
ium lifetime of guppies was known to be 
fairly short. A population study was set 
up to plot survival against time. Such a 
plot would reveal at least whether or not 
there is any tendency to fixity of life 
span and whether or not the likelihood 
of dying increases with age. In fact, by 
measuring growth and survival under 
various conditions we can draw curves 
that can be scaled up and superimposed 
on those of long-lived animals .  

It turns out that the survival curve of 
guppies is not very different from that of 
small mammals .  Moreover,  if we super­
impose the guppy growth curve on that 
of halibut or sturgeon, the advanced 
ages and large sizes recorded for these 
species are consistent with the growth­
versus· longevity relationship observed 
in guppies. This suggests that the big, 
long-lived fishes may well undergo an 
aging process little different from­
though more gradual than-the one ob­
served in warm·blooded animals. Be­
yond this the question remains open. 
Even guppies prove able to live for five 
years, and the whole study has been in 
progress only eight. 

Among invertebrates we find a range 
of life spans even wider than that of 
higher animals, and those having sharply 
defined specific ages probably owe them 
to a great variety of phYSiological proc­
esses. There are many special cases. In 
some, reproduction is followed imme­
diately by death-this also happens in 
some vertebrates, such as the salmon. In 
bees, early diet determines whether the 
larva shall develop into a queen, with a 
potential lifetime of seven or eight years, 
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or a worker , with a much shorter life 
span that itself is directly dependent on 
the amount of pollen the worker con­
sumes. The longest-lived invertebrates 
are probably the larger bivalve mollusks. 
There is-again contrary to belief-no in­
formation about the longevity of giant 
clams, since no measurement of their 
growth rate seems to have been made. 
Washboard mussels in American rivers 
are known, however, to have survived 
up to 60 years, and some estimates 
(based on ring-coun ting) would make 
European fresh-water pearl mussels old­
er than 100 years. Sea anemones have 
been kept alive for more than 80 years. 
Termite primaries, which can probably 
live 40 to 60 years, and some of the big­
gest crustaceans would appear to rank 

next. If we consider total life span, not 
just that of the adult, some beetle larvae 
have very long lives indeed. 

The three chief environmental factors 
that modify the life span of experimental 
animals, other than premature killing, 
are temperature, rate of food intake and 
ionizing radiation. 

Cold-blooded animals generally live 
longer at temperatures below 20 degrees 
centigrade (68 degrees Fahrenheit) 
than at higher temperatures. The effect 
of temperature, however ,  is not simple, 
as J. Maynard Smith of University Col­
lege has recently shown in some remark­
able studies on the fruit fly Drosophila 
subobscura. If aging in these insects, 
which cannot replace their cells, repre­
sented a simple chemical "clock" that 

runs faster at higher temperatures, then 
a brief exposure to higher temperatures, 
followed by a return to a lower tempera­
ture, should move the "clock" forward 
and dock a few days from the life span 
observed at the lower temperature .  In 
actual fact ,  however ,  groups of flies ex­
posed to higher temperatures for several 
days early in life show no such loss of 
life span. Therefore temperature cannot 
accelerate aging in the same sense that 
it accelerates a chemical reaction such 
as oxidation. 

The effect of food intake on the lon­
gevity of mammals was originally surpris­
ing but is now well accepted. It has been 
shown that in rats, as in many inverte­
brates, the optimum level of feeding for 
rapid growth produces a much shorter 

THE EFFECT OF FOOD INTAKE ON RATS is shown in an ex­

periment performed by V. N. Nikitin of the University of Kharkov. 

(Also see middle illustration on opposite page.) At top right and 

bottom right in these photographs are "retarded" rats that have 

been raised on a restricted but nutritionally adequate diet; both are 

24 months old. They look about the same age as the normally fed 

three·month·old rat at top left. The normally fed 24·month·old rat 

at bottom left has reached old age, about two·thirds of his life spent. 

"REFEEDING" AFTER "RETARDING" makes an underfed rat 

grow to normal size and keeps him vigorous when his fully fed 
littermates have long since died. The refed rat at right is 39 months 

old and looks just as fit as the 24·month·old normal rat at left. 
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life span than a diet that checks growth 
without causing specific vitamin defi­
ciencies. This observation was first made 
some 30 years ago by Clive M. McCay 
of Cornell University. He found that 
early calorie restriction could keep rats 
apparently juvenile, active and disease­
free for a normal rat life span. If they 
were then given additional food and al­
lowed to grow, they would mature and 
complete a normal life cycle. V. N. 
Nikitin of the University of Kharkov, 
who has recently repeated these experi­
ments, has kindly permitted me to use 
photographs of his results [see illustra­
tiOIlS all preceding page] . They show the 
striking difference in condition between 
normally fed and artificially retarded 
rats. The latter, in coat texture, activity 
and general health, are still effectively 
juvenile at two years of age-or two­
thirds of the way through a normal life 
span. A study being made in our labora­
tory of dietary limitation in fishes seems 
to indicate that in fishes also slow growth 
is correlated with long life. The experi­
ment is still in progress ,  however, and 
we do not yet have definite proof of pro­
longation beyond the maximum life so 
far recorded for normals. What does 
seem clear is that unusually rapid growth 
markedly shortens life. 

Ionizing radiation has among its ef­
fects the power at low dosage to shorten 
mammalian life roughly in proportion to 
dosage. A single shot of  X or gamma rays 
or of neutrons has the effect of displac­
ing the survival curve of exposed animals 
to the left. In other words, radiation 
chops a constant amount,  proportional 
to dosage, off each life in the sample. 
Lifelong exposure, as might be expected, 
produces a scaling-down of the whole 
curve of survival toward earlier death 
and higher age-dependent mortality. In 
some animal experiments the lowest 
lifetime exposures-proportionately well 
below the maximum limits set for human 

industrial exposure-may produce slight­
ly longer lives than in the control series. 
It seems that this effect is due partly to 
the slight physiological stimulus arising 
from "stress" and partly to the fact that 
radiation at these low levels does more 
harm to parasites of various kinds than to 
the animals infected with them. In any 
case, the life extension is seen only in 
animal colonies where the survival curve 
is suboptimal. Among animals that are 
well cared for, radiation, if it has any 
visible effect ,  shortens life. 

In man the situation is even less clear. 
We cannot yet say if a radiation dosage 
that shortens the life of a mouse by one 
month out of 24 would, if scaled up pro­
portionately, shorten a human life by one 
part in 24, by some lesser amount or 
not at all. The reduction in life span 
among radiologists that was claimed in 
U.S. studies has not been found among 
English radiologists,  who live, if any­
thing, longer than other specialists. 

The fact that radiation seems to affect 
- aging, at least in mice, has given im­

petus both to life-span studies and to the 
speculative development of theories to 
account for aging in mammals. If radia­
tion merely accelerated the natural proc­
ess or processes that cause mammalian 
vigor to lessen with age, we would ex­
pect that the death of an irradiated ani­
mal would simply occur earlier in life 
from causes that normally kill that ani­
mal, without much change in the char­
acter or order of the causes. The largest 
and most recent study of single-shot irra­
diation in mice, by Patricia J. Lindop 
and J. Rotblat of St. Bartholomew's Hos­
pital Medical College in London, has 
shown that this is not so. Instead, radia­
tion seems to alter the order in which dif­
ferent causes of death appear. Presum­
ably, therefore, the effect of radiation is 
not a simple acceleration in a process 
that would have happened in any event. 

SISTER GUPPIES, 266 days old, show the effect of different levels of feeding. The larger 

has received a full diet; the smaller has had a restricted but adequate diet. When fully fed, 

the smaller will rapidly reach the size of her sister and will probably outlive her. 
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The theoretical arguments all turn on 
the nature of the main change in old 
mammals that makes them more vulner­
able than young ones. Mammals are 
compound organisms, containing some 
cells that never divide and are normally 
irreplaceable, other cells that divide dur­
ing life and are constantly replaced, and 
many inert or semi-inert structures with 
varying rates of turnover. So-called 
stochastic hypotheses of aging, based on 
statistical considerations, usually impli­
cate either the loss of irreplaceable cells 
(analogous to "wear" or "wastage") or 
the faulty copying of cell components at 
cell division. The recent proposal of Leo 
Szilard, which discusses aging in terms 
of "hits" scored by radiation on complete 
chromosomes during life, is an example 
of the cell-loss type of hypothesis, while 
that of Sir Macfarlane Burnet ,  involving 
the body's processes of immunity, is an 
example of the faulty-copying type. Bur­
net has suggested, in effect, that the 
body eventually becomes sensitive or 
allergic to its own constituents. The cells 
that produce antibodies can normally do 
so only in response to foreign proteins; 
Burnet conjectures that because of mu­
tations occurring over a lifetime some 
clones of these cells lose the built-in 
mechanism that prevents them from re­
acting against the body's own proteins 
and begin producing antibodies against 
normal body constituents, a process 
called autoimmunization. Such a proc­
ess, Burnet suggests, might account for 
the bodily changes associated with 
aging. Still o ther hypotheses have been 
based on information theory. We are not , 
at the moment, short of hypotheses­
only of facts and experiments to support 
them. A satisfactory theory of aging must 
account for the known range of specific 
ages and the relation of these ages to 
body size, cell number, mutation rate 
and so on. 

Not the least puzzling question is 
how specific differences in l ife span are 
determined by evolution. The most satis­
factory general view is the one put for­
ward by P. B. Medawar, who last year 
shared the Nobel prize in physiology and 
medicine with Burnet. Medawar pro­
poses that longevity in a species is the re­
sult of a balance between selection pres­
sure that favors lengthening of life and 
the decrease with time in an individual's 
contribution to the next generation. Even 
in a population that did not age-whose 
l ife span, in other words, is expressed by 
a half-life-there would always be more 
young than old individuals. In any given 
generation, therefore, the offspring of 
the young would outnumber the off­
spring of the old, even assuming equal 
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fertility. Since Rtness in terms of natural 
selection means simply the ability to con­
tribute the greatest number of sound 
offspring to the next generation, it fol­
lows that the pressure of selection will 
be to favor the health and vitality of the 
young rather than that of the old. In fact, 
a gene that produced, say, more and 
earlier offspring in youth , but produced 
disease later on, might be positively se­
lected. The vigor loss in animals that do 
age reflects this steady decline in selec­
tion pressure with age. One can imagine 
that the principal dimensions of the sur­
vival curve-the flat top of the paral­
lelogram of survival-are es tablished in 
this manner. The ultimate downturn, 
which Rxes the speciRc age, or common­
est age of senile death, represents the 
region where there is no evolutionary 
"incentive" to provide a physiological 
program for keeping the organism alive . 

S orne process of this kind must almost 
certainly take place, yet there are 

difficulties. We have already mentioned 
one of them : the long potential life span 
of small birds, much of it infertile , com­
pared to their brief actual half-life . It is 
risky in such cases to invoke "indirect 
selection" based on social benefit from 
the existence of long-lived individuals, 
but the possibility cannot be dismissed. 
Indirect selection might also have op­
erated in the case of man, for the fossil 
record shows that very few early humans 
reached their 50's in Paleolithic times, 
most of these being males. In modern 
times, however, we see that the specific 
age for women is approaching 80, or 
almost 40 years beyond the end of the 
childbearing period. Natural selection 
can only operate to prolong the life of 
a species after breeding ceases if it does 
so incidentally to some earlier effect or 
through some benefit that the infertile 
individual confers on those still fertile . 
In a highly sociable and educable ani­
mal such as man this is a distinct possi­
bility. 

That we know so little about animal 
life spans is due to the inherent difficulty 
of studying them. The wide interest in 
the subject today would have delighted 
Bacon, who justified his own study by 
the hope "that the Nobler sort of Physi­
tians will advance their thoughts, and 
not employ their times wholly in the 
sordidness of Cures . . .  but become Co­
adjutors and Instruments of the Divine 
Omnipotence and Clemency in prolong­
ing and Renewing the life of Man." It 
is precisely the hope of controlling our 
own specific age that makes the study of 
factors fixing life span so absorbing for 
the biologist today. 

MCDONNELL 
New Openings To Fil l Outstanding Positions In 

• ELECTRON ICS • DATA PROCESSING  
• AIRCRAFT & SPACECRAFT DEVELOPMENT 

ElECTRONIC  MANAGERS 
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f a c t u r i n g ,  a n d  S e r v i c e s .  A l l  c a n d i d a t e s  
shou ld  h a v e  a degree, p l u s  10 years' ex· 
per ience i n  design and development of 
m i l itary e l ectro n i c  e q u i pment.  

DEPARTMENT MANAGER, 

ADVANCED SYSTEMS ­

ELECTRONICS 

To d i rect and supervise staff - o f  engineers 
d o i n g  advanced stUdies i n  a l l  a reas of e l ec· 
tronic  systems i n c l u d i n g  future concepts 
and needs. M i l itary e l ectro n i c  design a n d  
systems experience necessary. S h o u l d  have 
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degree i n  Phys ics o r  EE.  

GROUP ENGINEER ­

RELIABILITY 

W i l l  d i rect engineers i n  re l i a b i l ity and q u a l ­
i t y  a s s u r a n c e  studies.  Should be working 
i n  the r e l i a b i l ity f i e l d  at t h i s  t i m e  with an 
e l ectron i cs ,  a i rc raft o r  miss i l e  manufac· 
turer. Strong design background is  essen­
t ia l .  Knowledge of e l ectron ic  systems de­
s i red. Degree req u i red. 

DESIGN ENGINEERS 

Openings exist i n  the fields of Structures, 
E l ectro n i c  Test E q U i pment,  and Mechanica l  
appl ications. Degree,  p l u s  2 to 5 years' 
experience i n  the a i rc raft and miss i l e  in� 
dustry. Some openi ngs are of a senior l ev e l .  

ELECTRONIC ENGINEERS 

Have need for senior El ectro n i c  Engineers 
for systems study and i ntegration .  W i l l  b e  
respons i b l e  for concept ion .  analytical  d e ­
v e l o p m e n t  and eva l uation of new systems.  
Shou ld  have d egree and experience with 
m i l itary e l ectro n i c  systems. 

TEST ENGINEERS 

For Wind T u n n e l ,  Systems,  I nstrume ntat ion ,  
o r  Stru ctures. Degree  req u i red,  p l u s  design 
and test  experience with in  the a e rospace 
f i e l d .  

MATHEMATIC IANS 

To work  i n  Sc ient if ic  Data  Process i n g .  Re­
q u i res BS o r  h igher  degree  with experience 
i n  computer a p p l i cations.  Engineering back­
ground h e l pfu l .  

MAINTAINABILITY ENGINEERS 

W i l l  conduct and develop operational ana l ­
ysis stud ies  in  support and mai ntenance 
areas. Engineering degree req u i red,  p l u s  
experie nce" i n  checkout of a i rcraft a n d  
miss i l e  systems. 

For ful l detai ls, submit your resume in complete confidence to: 
MR. R. F. KALETTA, Professional Employment, Dept. SA 

MCDONNELL 
P.O. Box 5 76, St. Louis 66, Missouri 
Al l  qual ified appl i cants wi l l  receive consideratiOli for' . 
employment without regard to race, creed, color or national origin. 

1 19 

© 1961 SCIENTIFIC AMERICAN, INC



Low-Altitude Jet Streams 

Meteorologists have recently discovered that during the night 

strong winds often develop at altitudes between 800 and 2,000 

feet. These winds appear to playa role in the birth of storms 

E
very so often a pilot bringing an 

airplane in for a night landing 
runs into a worrisome last-minute 

emergency. Starting his final approach at 
about 1,500 feet, he finds himself head­
ing into a stiff wind. Because the wind 
provides a substantial part of the neces­
sary airspeed, he throttles back his en­
gines. Suddenly, a few hundred feet 
above the ground, the wind dies. Only a 
fast increase in power prevents the air­
plane from stalling and crashing. 

As reports of such incidents accumu­
lated over the years, it began to appear 
that they indicated more than isolated 
quirks in the weather. For a long time, 
however, meteorologists could only guess 
as to what lay behind the incidents. 
Finally, in 1953, a special research proj­
ect confirmed the guesses. Over the 
plains of Nebraska during several nights 
there was discovered a thin, sharply de­
fined ribbon of high-speed air at an alti­
tude of about 1,000 feet, with no indica­
tion of such a wind near the ground. 
The phenomenon has since been identi­
fied elsewhere, and it has come to be 
known as the low-level nocturnal jet. 
At present a number of investigators are 
at work trying to learn more about its 
detailed characteristics and its causes. 
They are also examining its role in the 
development of certain types of severe 
storm. 

The general features of the low-level 
jet are now fairly well known. On the 
days that it occurs it begins to build up 
in the late afternoon, and it reaches its 
maximum in the middle of the night and 
decays in the early morning. At the peak 
of the jet the winds in its core, between 
800 and 2,000 feet up, can attain between 
50 and 80 miles per hour, decreasing to 
10 or 20 miles per hour between 3,000 
and 4,000 feet and to zero at the ground. 
Unlike the much faster high-altitude jet 
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by Morton L. Barad 

that girdles the earth at about 30,000 
feet, the low-level jet is essentially a local 
phenomenon. Nevertheless, it can some­
times be 1,000 miles long and anywhere 
from 40 or 50 to 500 miles wide. It prob­
ably forms occasionally in most regions 
of North America, but it is most com­
mon over the flat terrain of the Great 
Plains, and it is least likely to be found 
in hilly or mountainous areas. 

How did so strong and distinct a pat­
tern go so long undetected? The reason 
is simply that standard techniques of ob­
servation were too coarse-grained to 
find it. Winds aloft are normally meas­
ured only four times in 24 hours and 
generally only twice at night. The bal­
loons used to trace them rise at a rate of 
500 to 1,000 feet per minute, and the 
horizontal velocities recorded are a series 
of averages over successive two-minute 
intervals. Obviously such a system can­
not clearly define-indeed, may com­
pletely miss-a jet structure where the 
velocity goes from zero at the ground 
up to 60 miles per hour, say, at peak 
level and back to 15 miles per hour at 
an altitude of 2,500 feet. It is like try­
ing to sort peas with a grader designed 
for oranges. 

By decreasing the lift of the balloons 
to slow their ascent and by averaging 
the speeds over shorter time intervals, 
observers eventually obtained a better 
picture of wind layers at low altitudes 
and began to make out the structure of 
the jet. There remained some question, 
however, as to whether results from a 
single balloon really represented general 
conditions in the area. 

I n early 1953 Guenter Loeser of the Air 
Force Cambridge Research Labora­

tories set out to develop better methods 
of measuring winds in the lower atmos­
phere. For daylight experiments he de-

signed a rack of 12 smoke cartridges to 
be dropped from a helicopter. A timer 
ignited the cartridges one after another, 
leaving a vertical line of smoke puffs 
spaced equally between about 5,500 
feet and the ground. The altitude of the 
puffs changed little, and they were 
photographed every six seconds for two 
minutes by a pair of cameras a mile 
apart. Depending on how quickly the 
wind diffused the smoke, each set of 
photographs provided average winds 
for a period of 30 to 120 seconds at 
heights about 500 feet apart. 

For night measurements Loeser de­
veloped a novel balloon technique. First 
a standard lighted balloon was released 
to obtain a rough idea of the wind speed 
and direction in the first few thousand 
feet. Then eight to 10 balloons, with 
lights attached, were spotted along a 
line on the ground in such a way that 
when they were released one at a time, 
they formed an almost vertical line in 
the sky within the field of view of two 
cameras, giving a set of streaks on the 
film that outlined the balloon trajecto­
ries. From these the wind at various 
heights could be accurately computed. 

Just before the scheme was put into 
operation Loeser himself died in a heli­
copter accident. His colleagues carried 
out the tests in O'Neill, Neb. , with great 
success. Over a six-week period in the 
fall of 1953 they observed several well­
developed jet streams. The one that ap­
peared during the night of September 
7-8 is a good example [see illustrations 
on page 122J. 

There was nothing unusual in the 
wind profile at 2:30 on the afternoon of 
September 7; wind velocities from 50 to 
4,000 feet varied between 25 and 30 
miles per hour. As the afternoon wore on, 
the wind in the layer from 1,000 to 
1,500 feet began to speed up. By shortly 
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HEATING AND COOLING of the earth's surface play a major 

role in the formation of a jet. In these diagrams air temperature 

is indicated by color: the denser the color, the warmer the air. 

HEATING BY THE SUN (colored arrows) on a clear day changes 

the wind pattern. The earth is warmed and in turn heats the lowest 

layer of air (white arrows). Convection sets in. The warm air 

COOLING OF THE EARTH leads to jet formation. Convection 

ceases, and with it convective mixing. A clear evening also brings 

on an inversion, in which the temperature increases with height 

() 

> 

Winds at the surface are slowed by friction. On a cloudy day with 

light winds (above), turbulence (curved arrows) is slight. There is 

little mixing between layers and wind speed increases with height. 

rises and cooler air descends (curved arrows). This convective tur· 

bulence mixes air of various speeds. The wind profile smooths out 

and wind speeds in the first few thousand feet are more uniform. 

instead of decreasing. The inversion further damps vertical mixing. 

Freed from the daytime frictional forces, the wind above the top 

of the inversion (broken line) speeds up and the jet is born. 
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DECAY OF SAME JET through the morning hours is shown. AI first the whole structnre 

slowed down, and then the wind profile returned to normal as the jet vanished completely. 
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after midnight it was blowing at 54 miles 
per hour. At that time the wind speed 50 
feet above the ground was only 16 miles 
per hour, and at 4,600 feet it had fallen 
to 14 miles per hour. After 2:35 a.m. on 
September 8 the jet began to weaken, 
and by four hours after sunrise all traces 
of it were gone. 

.�though the mechanism of the low· 
level jet is far from completely un­

derstood, meteorologists generally agree 
that the diurnal cycle of heating and 
cooling of the earth plays a major part in 
it [see illustrations on preceding page]. 
On a clear day, as the ground soaks up 
solar energy and grows warmer, it heats 
the layer of air immediately above it. If 
this layer gets hot enough, it begins to 
push its way up through the cooler air 
above it and a convection pattern is set 
up, with warm air rising over some parts 
of the surface and cooler air descending 
over others. This convective turbulence, 
as it is called, mixes the air at different 
levels. Also contributing to the mixing is 
mechanical turbulence, which depends 
on the strength of the wind and the 
roughness of the terrain. The inter­
change makes the pattern of wind speeds 
through the first few thousand feet more 
nearly uniform than it would otherwise 
be. Air moving closest to the surface is 
subject to the maximum frictional drag 
from the ground. As a result the wind in 
the lowest levels is slower than in the 
layers above it. Mixing partly offsets this 
effect: the ascending parcels of air carry 
up with them their lower speeds, while 
the descending cells bring down the 
higher speeds. 

If the day has been calm as well as 
clear, with little mechanical turbulence, 
mixing falls off sharply as the sun goes 
down and the heating of the lower air 
decreases. The lowest air layers, still af­
fected by surface drag but cut off now 
from the momentum supplied during the 
day from above, move slower and slower. 
At the same time the upper layers are no 
longer sapped by contributions of mo­
mentum to the surface layers or slowed 
by injections of slower surface air. The 
winds aloft therefore speed up, and the 
jet begins to form. 

An analysis of the balance of forces 
governing the horizontal movement of 
air shows that such a process, once 
started, tends to build up and eventually 
to overshoot. When the frictional force 
due to mixing abruptly drops from a 
large value to a small one, the wind 
enters a cycle that can carry it to a higher 
speed than it would have reached if the 
friction had been small all the time. As 

© 1961 SCIENTIFIC AMERICAN, INC



. '.' �, 
f' • 

. .. { 

The adhesive 
for deep-dra'Wn 

vinyl-metal " 
laminates 

A new adhesive-J·1l99-has recently been 

developed by Armstrong research to meet 

the special problems encountered in assem· 

bly line bonding of unsupported vinyl films to 

metals that are to be deep-drawn. 

J-1l99 has been compounded to combine 

the convenience, speed, and economy of ther­

moplastic cements with heat resistance ap­

proaching that of thermosetting adhesives. 

As a result, delamination or shrinkage of 

the vinyl film at elevated temperatures is 

virtually eliminated. And this is true even 

when the laminate is drawn almost to the 

limits of the base metal. 

Special compounding also gives J-1l99 

resistance to the degrading effects of zinc, 

making vinyl-to-galvanized steel bonds prac· 

tical. This is important to those who want to 

take advantage of the corrosion resistance 

and lower cost offered by zinc-coated steel. 

J-1l99 is, of course, also ideal for laminat­

ing vinyl film to aluminum and other sheet 

metals. It is easy to apply, either by spray or 

by direct or reverse roller coater. No jigs or 

unusual pressing procedures are required. 

Armstrong J-1l99 also meets or exceeds 

all adhesive requirements in the minimum 

standard specifications (tentative) for vinyl­

metal laminates published by the Vinyl-Metal 

Laminators Institute. 

Besides its usefulness in the fast-growing 

vinyl-metal laminating field, J-1l99 can be 

used effectively in coil stock lamination. 

Thin-gauge stainless steel, for example, 

can be bonded to baser metal substrates for 

subsequent stamping and drawing opera­

tions. This opens the way to more extensive 

use of stainless for trim and other decorative 

purposes. 

You may have a laminating job that can be 

done best with Armstrong J-1l99. We'll be 

glad to make suggestions or supply addi­

tional information if you will submit details of 

your application to us. Address inquiries to 

Armstrong Cork Company, Industrial Division, 

8008 Inland Road, Lancaster, Pennsylvania. 

@mstrong ADHESIVES 
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in any oscillation, the overshoot then 
tends to correct itself, and the wind dies 
down again. 

The build-up of the jet is assisted by 
another nighttime weather phenomenon: 
temperature inversion. During the day 
the temperature of the first few thou-

sand feet of atmosphere generally de­
creases with height. After the sun goes 
down, the ground begins to lose heat by 
radiation. If there is no blanket of clouds, 
the surface and the adjacent layers of air 
soon become cooler than the air above 
them. Here the temperature increases 

00:35 AM. 

4:35 AM. 

L---------------------------------------------------EAST 

with height through the first thousand i 
feet or so, and each succeeding parcel of 
air through the layer is warmer and 
lighter than the one below it. This is 
a stable arrangement, which further 
damps out vertical mixing. On nights 
when the jet develops, the depth of the 
inversion layer increases during the 
hours just after sunset, and the fastest 
winds are just above the top of the 
deepening inversion. 

As the illustration at the left on this page 
ft shows, the direction, as well as the 
speed, of the O'Neill, Neb. , jet changed 
during its life cycle. Beginning from a 
southerly direction, the wind swung to 
the right as it speeded up and was blow­
ing from the south-southwest when it 
reached its maximum speed. Then it con­
tinued around to the right as the speed 
decreased until an hour or so before the 
end of the cycle, when it began to move 
back to the left. The picture suggests 
that if conditions were exactly dupli­
cated during the next afternoon and eve­
ning, the wind would continue to move 
around and retrace the pattern. Simi­
lar patterns, suggesting an oscillation 
in both direction and speed, have been 
found in most of the jets that have been 
recorded so far. 

Theoretical studies confirm the idea 
of such an oscillation. A mathematical 

REAL JET AND THEORETICAL MODEL conform in some l·e· 
spects. Changes in wind speed and direction at 1,650 feet in the 

O'Neill, Neb., jet of September, 1953, are diagramed at left. The 

arrows are proportional in length to the speed of the wind and in­

dicate its direction. The arrowheads move clockwise, and a portion 

of the path they trace is a rough ellipse. According to the mathe­

matical model, the heads of jet wind arrows trace out a perfect 

clockwise circle as they change in speed and direction (right). At 

the latitude of O'Neill, a cycle beginning at 6 :00 p.m. (1) should 

reach a peak at 3:00 a.m. (4) and end at noon the next day (7). 
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Advanced Optics: With an eye to the future, Kolisman sophisticates the art of navigational 
star tracking and presses on into the realm of coherent light generation, modulation and 
detection. From this will come advanced tracking and ultra-secure communication capabili­

ties for commercial aviation and military aero-space operations. 

f(OllSMAN RES[ARC" DIVISION: APPLIEO PHYSICS· SOLID STATE TECHNOLOGY· AOVANCED ELECTRONICS· ADVANCED MECHANICS. ADVANCED OPTICS· SYSTEMS DEVElOPMENT. SYSTEMS ANALYSIS. SYSTEMS APPLICATIONS 

Kollsrnan Instrument Corporation 
ELMHURST 73, NEW YORK. SUBSIDIARY OF STANDARD KOLLSMAN INDUSTRIES, INC. 

125 

© 1961 SCIENTIFIC AMERICAN, INC



NOCTURNAL THUNDERSTORMS over the Great Plains can be caused by jets, which vary 

in speed with latitude. A strong jet from the south overtakes a weaker jet to the north and 

is lifted. The lifting of a mass of warm, moist air leads to the formation of thunderheads. 

SQUALL LINES in the Gulf Coast states may arise in a similar way. The southerly jet (solid 

arrows) several hundred miles ahead of a cold front converges with the winds (broken 

arrows) nearer the front. Again the southern air is lifted and the squall line is formed. 
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model of the low-level jet developed by 
Alfred K. Blackadar of Pennsylvania 
State University shows that, with certain 
simplifying assumptions, the wind passes 
through a perfectly regular and symmet­
rical cycle. Blackadar considers the case 
in which the horizontal air motions dur­
ing the day result from just three forces: 
the pressure gradient, a force directed 
from areas of higher atmospheric pres­
sure to areas of lower pressure; the 
Coriolis force (the turning effect due to 
the spinning motion of the solid earth), 
directed to the right of the line of motion 
in the Northern Hemisphere; and the 
force of friction. 

At sunset, according to Blackadar's 
model, friction completely and instan­
taneously disappears above the inversion 
layer. Now the wind moves under the in­
fluence of only the pressure gradient 
force and the Coriolis force. The sudden 
upsetting of the previous equilibrium sets 
off an oscillation. Solving the appropriate 
equations of motion, Blackadar found 
that the wind swings first to the left as it 
begins to strengthen, then shifts to the 
right as the speed continues to increase, 
passes through its maximum speed still 
moving to the right, and finally moves 
left at the end of the cycle. In this ideal 
case the head of the arrow that repre­
sents the speed and direction of the wind 
traces a perfect circle in a clockwise 
direction [see illustration at right on 
page 124]. In the real jet at O'Neill the 
curve was stretched out into a shape 
that is elliptical over a good portion of 
its length. 

� one would expect, a feature of 
weather as pronounced as the low­

level jet can manifest itself in a number 
of ways, some fairly spectacular. Its 
effect on the landing of airplanes has al­
ready been mentioned. The advent of jet 
planes increases the potential hazard, 
since they take longer to respond to a 
demand for increased power than pro­
peller-driven aircraft do. Other types of 
aerial operation must also take the jet 
into account. Men or materials dropped 
by parachute from levels in or above the 
jet will be blown far from their intended 
landing point unless its presence is al­
lowed for. Similarly, large rockets are 
still traveling quite slowly in the first 
1,000 feet or so, and their performance 
can be sharply affected by the high 
winds of a jet. 

Forest fires sometimes spread with 
such rapidity that they 'appear to "blow 
up." The low-level jet is probably re­
sponsible. Apparently burning branches, 
lifted several hundred feet into the air 
by the strong updrafts, move horizontal-
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ly in high-speed jet winds until they are 
clear of the upward motion in the in­
tensely hot chimney. Then they fall and 
start new fires. 

xcording to recent reports, some mi-
grating birds seem to make use of 

the low-level jet. On their way north 
during the spring birds generally seek 
out the southerly flows ahead of cold 
fronts. These winds are frequently asso­
ciated with conditions favorable for the 
jet. Some species of bird do most of their 
flying at altitudes between about 1,000 
and 3,000 feet, and at night. It seems 
reasonable to suppose that they find the 
core of the jet, where they can enjoy 
strong tail winds with moderate temper­
atures and smooth air. 

To the meteorologist, and perhaps 
eventually to the public, the most inter­
esting aspect of the low-level jet is its 
possible place in the chain of events 
leading to the nocturnal thunderstorms 
of the Middle West and the so-called 
squall lines of the Gulf Coast states_ 
Over Nebraska, Kansas, Iowa and Mis­
souri thunderstorms frelluently occur 
not when solar heating reaches its maxi­
mum during the day-the usual time for 
such storms-but at night. Some neces­
sary factor, missing during the day, must 
be present at night. That factor is large­
scale lifting of warm, moist air masses, 
which leads to condensation and triggers 
the development of thunderheads. The 
lift can be supplied by the low-level jet_ 
Southerly jets are rather common in this 
region, and their speeds decrease as they 
move north. The faster moving and 
warmer southern jet air therefore tends 
to pile up behind the air farther north 
and eventually turn upward. 

The squall line, a spring storm that 
causes major damage and loss of life 
from northern Texas to Alabama, is a line 
of thunderstorms accompanied by strong 
winds. It usually appears 150 to 200 
miles ahead of, and roughly parallel to, 
an advancing cold front. Although the 
details of its origin are not yet clear, the 
low-level jet seems to play the same sort 
of role in a squall line as it does in a 
thunderstorm. Immediately ahead of the 
front the sky is cloudy and there is no 
jet. A few hundred miles farther on the 
weather is clear and quiet, favoring the 
development of the southerly jet. This 
swift flow converges with the winds, 
generally southwesterly, in the cloudy 
area. Again the warm and humid air of 
the jet is lifted, and squall lines form. 

The most accurate and detailed data 
on the low-level jet are still those ob­
tained at O'Neill in 1953. The observa-
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The Uses or= Space 
Man is the searcher. He has a driving urge to know. After centuries of speculation, 

we now know that the world of space is infinitely more vast even than in our 

dreams. How shall we rise to the challenge of space knowledge? Ask any 

scientist and he will tell you: space is not something to be conquered but to be 

used-- for reconnaissance, instant world-wide TV and radio communications, 

weather forecasting and basic research. Where will it all end? It never will. 

Shown above is one feature of Republic's Space Environment and life Sciences Lab­
oratory, largest space chamber in the nation capable of testing men and space sys­
tems at simulated altitudes of more than 150 miles. Republic's new Research & 
Development Center is the only fully integrated industrial research complex engaged 
in every vital area of space investigation. Eight laboratories comprise the Center: 
Space Environment and life Sciences; Re-Entry Simulation; Materials Development; 
Nuclear Radiation; Electronics; Guidance and Control Systems; Fluid Systems; Transonic, 
Supersonic and Hypersonic Wind Tunnels. Behind Republic's record of military aircraft 
success is the idea of man as the "irreplaceable element." This same concept is the 
basis of Republic's wide-ranging exploration of every field of space knowledge. 

REPUBLIC 
AVIATION CORPORATION 

FARMINGDALE. LONG ISLAND, N. Y 
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What's News in Plastics ... 

�scori brings you a clean sweep of benefits! 
Street-cleaning brush bristles last 

unusually long when made of Escon 

polypropylene, a versatile new plas­

tic that combines lightness with 

great strength and resilience. Escon 

can be injection-molded; extruded 

into monofilaments and film; drawn 

and vacuum formed; machined and 

printed. Seldom has such a low-cost 

material offered so many outstand­

ing advantages-high heat distortion 

point, chemical and abrasion resist­

ance, negligible water pickup, easy . 

processing, and many more. 

The brush shown above was manu­

factured by Roadmaster Brush Com-

pany, Union, N. J., using bristles ex­

truded by Keystone Plastics, Inc., 

Newark, N. J., from Escon polypro­

pylene resin supplierl by Enjay. It is 

. only one of many interesting new 

'U'ses for Escon. For technical infor­

mation, write to Enjay, 15 West 51st 

St., New York 19, N. Y. 

EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 

ENJAY CHEMICAL COMPANY 
A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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tions there covered a period of only six 
weeks. It would be highly desirable to 
have comparable measurements for the 
year round and for selected periods in all 
seasons. The Loeser techniques, how­
ever, are expensive and provide a limited 
range of information. Some years ago 
the author suggested a new approach: 
mounting instruments on television 
transmitting and relay towers, many of 
which are more than 1,000 feet high. 
One, at Cedar Hill near Dallas, Texas, 
reaches a height of 1,428 feet. Last year 
it was fitted out with instruments to 
make continuous recordings of wind and 
temperature at 12 levels from 1,420 feet 
down to 30 feet. 

The system went into operation last 

December, and in
' 

the first four months 
of 1961 a number of jets were detected, 
all with their maximum winds below 
1,200 feet. The strongest one developed 
during the night of February 22-23. At 
5:00 p.m. the wind at 900 feet was about 
28 miles per hour; by 3:00 a.m. it had 
increased to 67 miles per hour. At that 
time the wind speed 30 feet above the 
ground was only 15 miles per hour; the 
difference of 52 miles per hour in 870 
feet is one of the largest on record. 

The tower at Cedar Hill promises to 
be an important tool, both for learning 
more about the low-level jet and for 
investigating other meteorological phe­
nomena in the lower atmosphere. Re­
search in this area has just begun. 

TELEVISION TOWER at Cedar Hill, Tex., rises to a height of 1,428 feet. Wind and tem­

perature are automatically recorded by instruments at 12 levels, providing new data on jet. 

What' s News at Enjay 

Technical service 
from Enjay means 
big savings for you ... 
PROCESSING PROBLEMS: Using the 

latest commercial equipment, Enjay 
can duplicate actual factory condi­
tions in most chemical and polymer 
fields. In the new plastics wing at 
Enjay Labs, for example, are injec­
tion molders, extruders, water bath 
and chill roll machines. 

COST REDUCTION: For one customer, 
Enjay proved that ditridecyl phthal­
ate performs efficiently as a plasti­
cizer of 90·C vinyl wire insulation. 
Result? Important savings for wire 
manufacturers. 

TEST FACILITIES: A room full of test 
engines in operation at the Enjay 
Labs, for example, furnishes oil 
marketers with a wealth of techni­
cal data needed to perfect better 
fuels and lubricants. 

FIELD SERVICE: Enjay sales office� 
across the country are staffed by 
trained and experienced field men, 
highly qualified in both technical 
and marketing matters. 

ELECTRONIC SPEED: By means of 
high-speed electronic data-process­
ing, Enjay often solves difficult com­
pounding problems soon after the 
questions are raised. 

LOOK FIRST TO ENJAY: If your com­
pany uses chemicals, rubber, plastics 
or petroleum additives, Enjay tech­
nical service can help improve your 
profit picture. Let us prove it. 

ENJAY CHEMICAL COMPANY 

A DIVISION OF HUMBLE OIL" REFINING COMPANY 
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New ... 

HIGHER 
TEMPERATURE 

CAPABILITY 
for Defense Electronic 

Systems with TI M M 
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TIMM Circuits _ _ _  the only high-temperature 
microminiature concept available today_ 

TIMM circuits are Thermionic Integrated 
Micro Modules, employing heaterless 
metal-ceramic components brazed together 
to form a rugged one-piece laminar unit. 
The fundamental difference between the 
TIMM approach and other micro-module 
techniques is that TIMM devices not only 
will operate in high-temperature ambients, 
but must operate at 580°C. to develop and 
maintain cathodic emission. 

WHAT TIMMS CAN MEAN TO YOU 

The advantages of using components specifi­
cally designed for high-temperature operation 
represent a significant advance in micro­
miniaturization techniques in that electronic 
equipment can now be designed which be­
comes more efficient as packaging densities 
are increased. Here's what TIMMS can 
mean to you in terms of; 

Eliminating Heat Problems 

TIMM circuits can operate in ambients as 
high as 500°C. above the temperature limit 
of the best solid-state micro-module con­
cept known today. This is extremely 
important when you consider the high 
internal temperatures encountered in high 
density electronic packaging. Short-term 
exposure to am bien t temperatures of 
700°C. has had no effect on TIMM opera­
tion. Because TIMM devices utilize exter­
nal heat to maintain thermionic emission, 
they actually benefit from high ambient 
temperature and high circuit density. 

Using TIMM circuits, the engineer will 
not have to "design around" the thermal 
barrier and stabilization problems of 
temperature-limited components. Bulky 
cooling equipment can now be eliminated 
and packaging space utilized more effec­
tively and efficiently. 

Practical Microminiaturization 

Depending on output and frequency re­
quirements, TIMM component densities 
as high as one million parts per cubic foot 
are possible. This density can be main-

tained for very extensive systems, not 
merely small, isolated circuits. The TIMM 
bistable multivibrator, illustrated, has a 
component density of 250,000 parts per 
cubic foot and an operating temperature 
of 580°C. as compared to 26,350 parts per 
cubic foot and 250°C., for the best conven­
tional circuitry. 

Space normally required for cooling equip­
ment, when using temperature-limited 
components, can now be used for active 
circuitry. System size and weight are 
further reduced by the TIMM stacking 
technique which eliminates many parts 
and reduces the number of interconnections 
necessary. A 100-module TIMM circuit 
designed for +65°C. ambient temperature 
weighs about 7 times less than an equiva­
lent solid-state system including the neces­
sary heat dissipation equipment in the 
latter case. At higher temperatures, TIMM 
devices allow even greater weight savings. 
If your equipment is to be exposed to 
nuclear radiation, TIMMS permit further 
size and weight reductions by eliminating 
the need for shielding. 

Preventing Malfunction from 
Nuclear Radiation 

TIMM circuits, constructed only of metals 
and ceramics, tolerate more than 10,000 
times the nuclear radiation of circuits em­
ploying conventional devices. Shields, or 
protective covers, surrounding typical 
electronic systems are almost completely 
transparent to these radiations. High­
temperature operation of TIMM devices 
eliminates the need for special nuclear 
radiation shielding and prevents output 
transients which normally result from high 
in tensi ty gamma pulses. No transients 
were produced in the output of a test 
TIMM, operated in air at 580°C., during 
a 5 x 107 R/Sec. gamma pulse. In addition, 
all materials used in TIMM circuits are 
at the top of the steady-state nuclear 
radiation tolerance scale. 

For more complete data, write today for descriptive bulletin ETD2336 to: 
General Electric Compan y. Receiving Tube Department 

Room 7200. Owensboro. Kentucky. Phone: MUrray 3-2401 

Progress Is Ovr Mos! Imporfql1f PtOqvel 

GENERAL fJ ELECTRIC 
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how the 
triton 
holds 
its breath 

The Triton, latest and largest 
atomic sub, can hold its breath 
for weeks under water. 148 men 
liv e  safely, work efficiently, 
breathe easy. The recirculated air 
they breathe is kept pure and odor 
free with activated charcoal filters. 
Why not "up periscope" on other 
uses for activated charcoal. 

how to 
bar 
the tar 

A vapor trap no bigger than a cig­
arette filter-now, oddly enough, 
goes on a cigarette that's making 
big news. Vapor phase contami­
nants such as tars are hauled up 
short by activated charcoal built 
into the filter. Maybe you are a 
pipe smoker-or a non·smoker­
and worry about contaminants in 
other forms. Try activated char­
coal. It'll knock the tar out of your 
problems. 

how to 
keep your 
spirits 

Distillers who store alcohol in 
barrels watch the level go down as 
the age goes up. Now-distillers 
may use activated charcoal to 
turn costly vapors into pure liquid 
form, fresh as the dew-with very 
attractive savings. Activated char­
coal recovers many expensive 
vapors for as little as 2c per gallon. 

activated 
charcoal 

Activated charcoal (or carbon), a 
hard, granular, black material, 
acts as a molecular sponge, puri­
fies air, gases, liquids - recovers 
solvents-removes odors and im· 
purities-does hundreds of jobs. 
Write for Bulletin K-100. Barnebey­
Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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MATHEMATICAL GAMES 
Some entertainments that in(Jol(Je 
the calculus of finite differences 

by Martin Gardner 

T
he calculus of finite differences, a 
branch of mathematics that is not 
too well known but is at times 

highly useful, occupies a halfway house 
on the road from algebra to calculus. 
W. W. Sawyer, a mathematician at 
Wesleyan University, likes to introduce 
it to students by performing the follow­
ing mathematical mind-reading trick. 

Instead of asking someone to "think of 
a number" you ask him to "think of a 
formula." To make the trick easy, it 
should be a quadratic formula (a for­
mula containing no powers of x greater 
than x2). Suppose he thinks of 5x2 + 3x 
-7. While your back is turned so that 
you cannot see his calculations, ask him 
to substitute 0, 1 and 2 for x, then tell 
you the three values that result for the 
entire expression. The values he gives 
you are -7,1, 19. After a bit of scribbling 
(with practice you can do it in your 
head) you tell him the original formula! 

The method is simple. Jot down in a 

row the values given to you. In a row 
beneath write the differences between 
adjacent pairs of numbers. In a third row 
put the difference between the numbers 
above it. The chart will look like this: 

-7 1 19 
8 18 

10 

The coefficient of x2, in the thought­
of formula, is always half the bottom 
number of the chart. The coefficient of 
x is obtained by taking half the bottom 
number from the first number of the 
middle row. And the constant in the for­
mula is simply the first number of the 
top row. 

What you have done is something 
analogous to integration in calculus. If y 
is the value of the formula, then the 
formula expresses a function of y with 
respect to x. When x is given values in 
a simple arithmetic progression (0, 1, 
2 . . . ) ,  then y assumes a series of values 
(-7, 1, 19 . . .  ) .  The calculus of finite 

differences is the study of such series. 
In this case, by applying a simple tech­
nique to three terms of a series, you were 
able to deduce the quadratic function 
that generated the three terms. 

The calculus of finite differences had 
its origin in Methodus Incrementorum, 
a treatise published by the English 
mathematician Brook Taylor between 
1715 and 1717. The first important work 
in English on the subject (after it had 
been developed by Leonhard Euler and 
others) was published in 1860 by 
George Boole, of symbolic-logic fame. 
Nineteenth-century algebra textbooks 
often included a smattering of the cal­
culus, then it dropped out of favor ex­
cept for its continued use by actuaries 
in checking annuity tables and its occa­
sional use by scientists for finding formu­
las and interpolating values. Today, as 
a valuable tool in statistics and the social 
sciences, it is back in fashion once more. 

For the student of recreational mathe­
matics there are elementary procedures 
in the calculus of finite differences that 
can be enormously useful. Let us see 
how such a procedure can be applied 
to the old problem of slicing a pancake. 
What is the maximum number of pieces 
into which a pancake can be cut by n 
straight cuts, each of which crosses each 
of the others? The number is clearly a 
function of 11. If the function is not too 
complex, the method of differences may 
help us to find it by empirical tech­
niques. 

No cut at all leaves one piece, one 
cut produces two pieces, two cuts yield 
four pieces and so on. It is not diffi­
cult to find by trial and error that the 
series begins: 1, 2, 4, 7, 11 . . . [see illus­
tration on page 137]. Make a chart as 
before, forming rows, each representing 
the differences of adjacent terms in the 
row above: 

Number of cuts ° 1 2 3 4 

Number of pieces 1 2 4 7 11 
First differences 1 2 3 4 
Second differences 1 1 1 

If the original series is generated by 
a linear function, the numbers in the 
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A new information retrieval system under development 
by IBM can store millions of printed or typed pages, yet 
locate and reproduce any one page on demand in a matter 
of seconds. 

The key to the system's remarkable speed is random 
access-the ability to go directly to the requested informa­
tion. IBM has pioneered the application of the random 
access principle to magnetic disc storage. In the new sys­
tems, documents are stored in small plastic "cells," each of 
which contains several thousand document pages on spe­
cially processed film strips. Punched IBM cards are used 
to query the system. When returned, they contain docu­
ment copies in a form suitable for direct viewing or full­
size copy reproduction. This is another technique devel­
oped by IBM to make better use of the overwhelming 
mass of printed material now being produced. 

Utilizing random access techniques in document storage 
and retrieval required the close collaboration of an un-

usually wide range of engineers and scientists ... chemists, 
electrical and mechanical engineers, optical physicists and 
psychologists. This variety of technical backgrounds il­
lustrates an important advantage that IBM can offer imag­
inative people in systems work. Whether you are inter­
ested in information retrieval or in other areas where IBl'vl 
has made recent advances - semiconductors, microwaves, 
computer development or optics-you will have the op­
portunity to range far beyond the usual boundaries of 
your technical field. 

If you have a degree in engineering, mathematics or one of 
the sciences - plus experience in your field-we'd like to 
hear from you. Applications will be considered without re­
gard to race, color, creed or national origin. Please write: 
Manager of Technical Employment 
IBM Corporation, Dept. 659H 
590 Madison Avenue 
New York 22, N. Y 

Document Storage & Retrieval: Random access provides a high·speed answer to finding 

one page in a million ... 

D 
in a matter of seconds. 
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Illustrated Twice Actual Size 

New FANSTEEL SUBMINIATURE SWITCH has only two moving parts-a cricket-spring and 

a phenolic plunger. Action of this mechanism is positive and quick with high contact pressure. 

With so few critical parts, tolerances are held extremely close. Performance dependability is in 

excess of a million operations in life tests with high reliability under shock and vibration conditions. 

Designed to meet military specifications (MIL-S-6743), the Fansteel "Cricket" Switch (named 

from its cricket-spring action) is available in one basic single-pole, double-throw type with drilled or 

turret terminals and a variety of toggle, push-button and lever-type actuators. Two- and three· 

gang assemblies are available as well as special assemblies to specifications. Free catalog, write 
fansteel, Electrical Contacts and Specialties Division . 

© 1961 SCIENTIFIC AMERICAN, INC



Silicon Rectifier Diodes -from Fansteel's 
Rectifier-Capacitor Division-made in a 

range from 6 to 240 amperes_ Fansteel pio­
neered development of rectifiers for auto­
motive alternators, and was first to produce 
commercial tantalum capacitors. Zener di· 
odes, selinium rectifiers are other products 
of the R-C Division. 

Rocket NOZZle-Intermediate spinning of 
Fansteel tungsten sheet 0.100" thick. Fan­
steel's Chemical and Metallurgical Division, 
long recognized for high-purity tungsten" 
tantalum, columbium and molybdenum­
supplies sheet, tube, bar, rod, ingot, wire in 
these metals as well as powders and oxides 
and complete fabrication facilities. 

FANSTEEL 
METALLURGICAL CORPORATI ON 

ELECTRICAL CONTACTS AND SPECIALTI ES DIVISION 
North Chicago, Illinois 

RECTIFIER-CAPACITOR DIVISION 

CHEMICAL AND METALLURGICAL 
DIVISION 

row of first differences will be all alike. 
If the function is a quadratic, identical 
numbers appear in the row of second 
differences. A cubic formula (no pow­
ers higher than x3 ) will have identical 
numbers in the row of third differences, 
and so on. In other words, the number 
of rows of differences is the order of the 
formula. If the chart required 10 rows 
of differences before the numbers in a 
row became the same, you would know 
that the generating function contained 
powers as high as x10. 

Here there are only two rows, so the 
function must be a quadratic. Because it 
is a quadratic, we can obtain it quickly 
by the simple method used in the mind­
reading trick. What do we do if the 
function is of a higher order? We can 
make use of a remarkable formula dis­
covered by Isaac Newton. It applies in 
all cases, regardless of the number of 
tiers in the chart. 

Newton's formula assumes that the 
series begins with the value of the func­
tion when n is O. We call this number a. 
The first number of the first row of dif­
ferences is b, the first number of the 
next row is c and so on. The formula 
for the nth number of the series is: 

cn(n-l) dn(n-l) (n-2) 
a + bn +  2 + 2.3 + 

en(n-l) (n-2) (n-3) ... 
2·3·4 

The formula is used only up to the 
point at which all further additions 
would be zero. For example, if applied 
to the pancake-cutting chart, the values 
of 1, 1, 1 are substituted for a, b, c in 
the formula. (The rest' of the formula is 
ignored because all lower rows of the 
chart consist of zeros; d, e, f . . .  there­
fore have values of zero, consequently 
the entire portion of the formula con­
taining these terms adds up to zero.) In 
this way we obtain the quadratic func­
tion lfn2 + lfn + 1. 

Does this mean that we have now 
found the formula for the maximum 
number of pieces produced by n slices 
of a pancake? Unfortunately the most 
that can be said at this point is "Prob­
ably." Why the uncertainty? Because for 
any finite series of numbers there is an 
infinity of functions that will generate 
them. (This is the same as saying that 
for any finite number of points on a 
graph, an infinity of curves can be drawn 
through those points.) Consider the 
series 0, 1, 2, 3 ... What is the next term? 
A good guess is 4. In fact, if we ap­
ply the technique just explained, the 
row of first differences will be l's, and 
Newton's formula will tell us that the 

nth term of the series is simply n. But 
the formula 

n + �4n(n-l) (n-2) (n-3) 

also generates a series that begins 
0, 1, 2, 3 . . .  In this case the series con­
tinues, not 4, 5, 6 . . . but 5, 10, 21. . . 

There is a striking analogy here with 
the way laws are discovered in science. 
In fact, the method of differences can 

The pancake problem 

o CUTS 
1 PIECE 

1 CUT 
2 PIECES 

2 CUTS 
4 PIECES 

3 CUTS 
7 PIECES 

4 CUTS 
1 1  PIECES 
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Eighteen different seven-beaded necklaces can be formed with beads of two colors 

often be applied to physical phenomena 
for the purpose of guessing a natural 
law. Suppose, for example, that a physi­
cist is investigating for the first time 
the way in which bodies fall. He observes 
that after one second a stone drops 16 
feet, after two seconds 64 feet, and so on. 
He charts his observations like this: 

o 16 
16 

32 

64 144 256 
48 80 112 

32 32 

Actual measurements would not, of 
course, be exact, but the numbers in 
the last row would not vary much from 
32, so the physicist assumes that the 
next row of differences consists of zeros. 
Applying Newton's formula, he con­
cludes that the total distance a stone falls 
in n seconds is 16n2. But there is nothing 
certain about this law. It represents no 
more than the simplest function that ac­
counts for a finite series of observations; 
the lowest order of curve that can be 
drawn through a finite series of points 
on a graph. True, the law is confirmed 
to a greater degree as more observa­
tions are made, but there is never cer­
tainty that more observations will not 
require modification of the law. 

With respect to pancake-cutting, even 
though a pure mathematical structure 
is being investigated rather than the be­
havior of nature, the situation is sur­
prisingly similar. For all we now know, 
a fifth slice may not produce the 16 
pieces predicted by the formula. A sin­
gle failure of this sort will explode the 

138 

formula, whereas no finite number of 
successes, however large, can positively 
establish it. "Nature," as George Poly a 
has put it, "may answer Yes or No, but 
it whispers one answer and thunders 
the other. Its Yes is provisional, its No 
is definitive." Polya is speaking of the 
world, not abstract mathematical struc­
ture, but it is curious that his point ap­
plies equally well to the guessing of 
functions by the method of differences. 
Mathematicians do a great deal of guess­
ing, along lines that are often similar 
to methods of induction in science, and 
Polya has writtel; a fascinating work, 
Mathematics and Plausible Reasoning, 
about how they do it. 

Some trial-and-error testing, with pen­
cil and paper, shows that five cuts of 
a pancake do in fact produce a maximum 
of 16 pieces. This successful prediction 
by the formula adds to the probability 
that the formula is correct. But until 
it is rigorously proved (in this case it 
is not hard to do) it stands only as a 
good bet. Why the simplest formula is 
so often the best bet, both in mathemati­
cal and scientific guessing, is one of the 
lively controversial questions in contem­
porary philosophy of science. For one 
thing, no one is sure just what is meant 
by "simplest formula." 

Here are a few delightful problems 
that are closely related to pancake-cut­
ting and that are all approachable by way 
of the calculus of finite differences. First 
you find the best guess for a formula, 
then you try to prove the formula by de­
ductive methods. What is the maximum 

number of pieces that can be produced 
by n simultaneous straight cuts of a flat 
figure shaped like a crescent moon? How 
many pieces of cheesecake can be pro­
duced by 11 simultaneous plane cuts of a 
cylindrical cake? Into how many parts 
can the plane be divided by intersecting 
circles of the same size? Of different 
sizes? By intersecting ellipses of different 
sizes? 

Recreational problems involving per­
mutations and combinations often con­
tain low-order formulas that can be 
correctly guessed by the method of fi­
nite differences and later (one hopes) 
proved. With an unlimited supply of 
toothpicks of n different colors, how 
many different triangles can be formed 
on a flat surface, using three toothpicks 
for the three sides of each triangle? (Re­
flections are considered different, but 
not rotations.) How many different 
squares? How many different tetrahe­
drons can be produced by coloring each 
face a solid color and using n different 
colors? (Two tetrahedrons are the same 
if they can be turned and placed side by 
side so that corresponding sides match 
in color.) How many cubes with n 

colors? 
Of course, if a series is generated by 

a function other than a polynomial in­
volving powers of the variable, then 
other techniques in the method of dif­
ferences are called for. For example, the 
exponential function 2/1 produces the 
series 1, 2, 4, 8, 16 . . . The row of first 
differences is also 1, 2, 4, 8, 16 . . .  , so 
the procedure explained earlier will get 
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WITH THE BEIIDIX 6-15 COMPUTER 

YOUR EXTRA DIVIDEIID IS EXPERIEIICE 

There's a reason for the continuing leadership of the Bendix 

G-15 among small and medium-scale computers. The reason is 

experience . . . for over five years ... in nearly 400 installations ... 

in more than 1000 different applications. 

Behind this experience is superior performance, real economy, 

and proven support . .. qualities which have made the G-15 pre­

ferred by thousands of engineers in industry after industry. 

The G-15 achievement record is outstanding. It continues to 

be a leader in its field-the number of new G-15 users is growing 
every month. Investigate the proven capabilities of the G -15 
today. See for yourself why G-15 "experience pays" . . . and how 
it can work for you . •  For information 
on your particular applications write to; 

Bendix Computer Division 
OEPT. C-34. LOS ANGELES 45. CALIFORNIA 

T�ncf!/ CORPORATION 
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Increased technical responsibilities in 
the field of range measurements have 
required the creation of new positions 
at the Lincoln Laboratory. We invite 
inquiries from senior members of the 
scientific community interested in par­
ticipating with us in solv·ing problems 
of the greatest urgency in the defense of 
the Nation. 

RADIO PHYSICS 

and ASTRONOMY 

RE-ENTRY PHYSICS 

PENETRATION AIDS 

DEVELOPMENT 

TARGET IDENTIFICATION 

RESEARCH 

SYSTEMS: Space Surveillance 
Strategic Communications· 
Integrated Data Networks 

NEW RADAR TECHNIQUES 

SYSTEM ANALYSIS 

COMMUNICATIONS: Techniques 
Psychology 
Theory 

INFORMATION PROCESSING 

SOLID STATE, Physics. Chemistry. 
and Metallurgy 

A more complete description oj the Laboratory's work will 
be sent to you upon request. 
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AL.L QUALIFIED APPLICANTS WIL.L RECEIVE CON. 

SIDERATION FOR EMPLOYMENT WITHOUT REGARD TO 
RACE. CREED. COLOR OR NATIONAL ORIGIN. 

Research and Development 
LINCOLN LABORATORY 
Mas s achus etts Institute of Technology 
BOX 18 

LEXINGTON 73. MASSACHUSETTS 

Five li"e$ make 10 triangles 

us nowhere. Sometimes a seemingly sim­
ple situation will involve a series that 
evades all efforts to Rnd a general for­
mula. An annoying example is the neck­
lace problem posed in one of Henry 
Ernest Dudeney's puzzle books. A circu­
lar necklace contains 71 beads. Each bead 
is black or white. How many different 
necklaces can be made with 71 beads? 
Starting with no beads, the series is 
0,2,3,4,6,8, 13, 18,30 . .. (The illustra­
tion on page 138 shows the 18 different 
varieties of necklace when 71=7.) I sus­
pect that two formulas are interlocked 
here, one for odd 71, one for even, but 
whether the method of differences will 
produce the formulas I do not know. 
"A general solution . . .  is difficult, if not 
impossible," writes Dudeney. The prob­
lem is equivalent to the following one 
in information theory: What is the 
number of different binary code words 
of a given length, ruling out as identical 
all those words that have the same cyclic 
order of digits, taking them either right 
to left or left to right? I would be pleased 
to hear from any reader who knows of 
a reference for this problem or can shed 
any light on its solution. 

A much easier problem on which read­
ers may enjoy testing their skill was sent 
to me by Charles B. Schorpp and Dennis 
T. O'Brien of the Novitiate of St. Isaac 
Jogues in Wernersville, Pa. : What is the 
maximum number of triangles that can 
be made with 71 straight lines? The illus­
tration above shows how 10 triangles 
can be formed with Rve lines. How many 
can be made with six lines and what is 
the general formula? The formula can 
Rrst be found by the method of differ­
ences; then, with the proper insight, it is 
easy to show that the formula is correct. 
Both formula and proof will be supplied 
next month. 
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WEATHER EVE IN SPACE 

RCA-NASA Development of llRDS Advances Progress in Worldwide Weather Forecasting 

From its vantage point in space, TIROS is sending 

down to earth new, more definite pictures and data of 

the world's everchanging weather patterns to aid man 

in his ageless efforts to control the elements. 

Incorporating revolutionary and advanced elec­

tronic equipment, TIROS was designed, developed 

and built by RCA's Astro-Electronics Division for 

National Aeronautics and Space Administration. 

Within its small circumference are miniature TV cam­

eras, tape recorders, TV transmitters, command re­

ceivers, timing mechanisms, beacons and telemetry 

equipment. In addition, it carries new scanning and 

non-scanning Infra-red Sensing Devices, developed 

by NASA, to measure and- record the heat radiation 

of the earth and its cloud cove
-
r, and a revolutionary 

new Magnetic Orientation Device to capitalize on 

the effects of the earth's magnetic field and maintain 

favorable orientation of the satellite for long periods. 

RCA developments in miniaturization, reliability, computing 

and overall electronic activities are contributing to many of the 

nation's leading space and missile projects. For information 

describing new RCA scientific developments, write Dept. 434, 
Defellse Electronic Products, Radio Corporation of America, 

Camden, N. J • 

.. Th, M�,t Tru,(ed N=, 
in Electronics _ RADIO CORPORATION OF AMERICA ® 
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Life support system for the American astronaut ... 

this vital contribution to the success of the recently completed Project Mercury manned space 

probe represents a new concept in environmental systems simulating the pressure, 

temperature and other physiological conditions found on earth. This important achievement 

is but one more example of Garrett's proven capability in the design and production of 

major systems and components for high altitude- flight and space exploration. 

THE GARRETT CORPORATION . AiResearch Manufacturing Divisions ' Los Angeles 45, 

California· Phoenix, Arizona. other divisions and subsidiaries: Airsupply-Aero Engineerin g 

AiResearch Aviation Service· Garrett Supply' Air Cruisers . AiResearch Industrial' Garrett 

Manufacturing Limited . Marwedel • Garrett International S.A . •  Garrett (Japan) Limited 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

O
f the several basic kinds of motion 

none suggests experiments more 
fascinating or varied than the 

class of sustained vibrations that can be 
explained by the concept of negative re­
sistance. Examples of the class range from 
the heartbeat of animals to the pulsa­
tions of stars and include such man-made 
devices as the pendulum clock, the oboe, 
the pulse-jet engine and the transistor 
oscillator. Once the concept and the 
method of applying it have been 
grasped, many puzzling phenomena shed 
their mystery and the experimenter can 
design machines and processes of aston­
ishing performance. R. Stuart Mackay, 
a biophysicist at the University of Cali­
fornia, discusses some aspects of nega­
tive resistance and explains how to per­
form a number of experiments that 
demonstrate its application. 

"Some of the most interesting effects 
in nature," he writes, "are cyclic or in­
volve an oscillation. It is generally the 
case where sustained oscillations are ob­
served that the result of an action is fed 
back to influence the furthef""course of 
this action. In electrical devices sus­
tained oscillations can occur only if the 
circuit includes some element that can 
function as a negative resistance, so that 
an increase in voltage across the element 
goes with a decrease in current through 
it [see illustration at Tight J. 

"Negatively sloping characteristics for 
alternating current and voltage can be 
generated either by inductances or ca­
pacitors, if their electrical characteristics 
depend on the magnitude of either the 
applied voltage or the current. An iron­
cored choke coil can be made to react in 
this way. Many transformers also show 
the effect. 

"In some respects a choke coil acts as 
the electrical counterpart of a flywheel, 
the inductance of the coil being analo-

Some diverting devices that apply 
the concept of negative resistance 

gous to the mass of the wheel. Similarly, 
the capacitor can function as an electri­
cal spring, the capacity being analogous 
to the stiffness of the spring. When a 
choke coil and capacitor are intercon­
nected, the combination exhibits the 
property of resonance, just as the bal­
ance wheel and hairspring of a watch 
tend to oscillate at a characteristic rate. 
Moreover, just as the rate of the watch 
can be altered by changing the mass of 
the wheel or the stiffness of the spring, 
so can the resonant frequency of the 
electrical circuit be adjusted by altering 
its inductance or capacity. 

"The inductance of an iron-cored 
choke coil is related to the amount of 
magnetic flux that can be induced in the 
core by a current of given magnitude. 
For weak currents the amount of current 
in the coil and magnetism induced in the 
core are directly proportional. But the 
ability of the core to acquire magnetism 
is limited. The current can be increased 
to a point beyond which the magnetism 
fails to increase in proportion. At this 
point the core is said to be approaching 
saturation. Thereafter the inductance 
of the choke coil decreases as current in 
the winding increases. 

"When a choke coil is connected to a 
capacitor of such size that the combina­
tion resonates at a frequency of, say, 
55 cycles per second, and the circuit lli 
connected to a source of alternating cur­
rent with a frequency of 60 cycles per 
second, the relationship between the cur­
rent and voltage varies as shown by the 
curve at bottom left in the accompanying 
illustration [top of next page J. Initially 
the current increases in proportion to the 
voltage. Then, as the core approaches 
saturation, the inductance falls. Roughly 
speaking, this has the effect of tuning the 
resonant circuit closer to the frequency 
of the source, from 55 cycles toward 60 
cycles. At resonance the circuit offers 
minimum resistance to the current. Con­
sequently as resonance is approached the 
current increases and the voltage de­
creases. As the slope of the curve shows, 
this is a case of negative resistance (more 
precisely, in this special alternating-cur­
rent example, negative impedance). Be-

yond resonance the voltage again in­
creases with the current, and the slope of 
the curve reverses. Here it is assumed 
that the choke coil is connected in series 
with the capacitor, as shown at top left in 
the illustration. When the coil and capac­
itor are connected in parallel, the curve 
assumes the shape at bottom right in the 
illustration. 

"If one now includes a component in 
the circuit that offers increasing resist­
ance to the current when the current 
increases, the circuit will become un­
stable and oscillate. An ordinary tung­
sten filament incandescent lamp can be 
used as such a component. The resist­
ance of these bulbs typically increases by 
a factor of 13 between 'off' and 'on.' To 
demonstrate the effect connect the pri­
mary winding of a transformer (used as 
a choke coil) in series with a condenser 
and an ordinary tungsten filament lamp. 
If all the values are properly adjusted, 
the lamp will flash on and off regularly 
every few seconds. The primary or input 
winding of a five-volt, 10-ampere fila­
ment transformer such as the Stancor 
No. P-6 135 may be used as the choke 
coil. (The terminals of the secondary 
winding should be separated and 
taped.) A 100-watt incandescent lamp 
and a 12-microfarad paper capacitor 
(not electrolytic) are satisfactory. In­
expensive one- or two-microfarad sur­
plus capacitors can be connected in 
parai1�1 to make up the required 12 
microfarads. 

"It is convenient to be able to adjust 
the power-line voltage applied to the 

v·o Itag€. 
The curve of a negative·resistance element 
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Accurate measurement of complex waves 
is now possible over a wide r ange o f  
frequency with the NEW if MODEL 910A. 

For the first time one instrument pro· 
vides 1 % midband accuracy (50 cps to 
800 Kc). 10 cps to 7 Mc overall band· 
width. plus 100 u v sensitivity. For added 
versatility an amplifier output is pro· 
vided for simultaneous oscilloscope or 
recorder monitoring. 

Model 910A employs a thermocouple 
located in the feedback loop of a sensitive 
DC amplifier to measure the actual heat· 
ing effect of the input waveform. This 
circuit arrangement is the key to the 
rapid response and high calibration ac· 
curacy of the Model 910A and also pre· 
vents any error in reading due to ambient 
temperature variation. Isolation of the 
thermocouple from the input terminals 
by a high gain. ultra stable AC amplifier 
provides high input impedance and com· 
pletely protects the thermocouple from 
burnout under any condition of overload. 

Model 910A is ideal for measuring AC 
currents in non linear devices. total har· 
monic content of distorted waveforms. 
noise. average power of pulse trains. and 
other measurements that involve wave· 
forms which are not necessarily pure 
sinusoids. 

Complete price and specifications 
available upon request. 

eattle 33, WashIngton 
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The behaviar of two alternating.current devices incorporating a choke coil and (I capacitor 

combination by some sort of variable 
autotransformer such as a Variac [see il· 
lustration below]. The flashing rate of 
the lamp will depend on the 60·cycle line 
voltage; indeed, it is a sensitive indica· 
tion of small changes in line voltage. Be­
yond the range of approximately five 
volts (about optimum) the lamp will re­
main either fully on or permanently off. 
(When working with series-resonant cir­
cuits, remember that the voltage across 
both the choke coil and the capacitor can 
be several times greater than the line 
voltage. Observe the usual precautions.) 

"A comparable circuit that is relative­
ly insensitive to changes in line voltage 
can be made by connecting two choke­
capacitor-lamp combinations in parallel 
and placing a single capacitor in series 
with one of the power leads [see diagram 
at left in illustration on page 146]. If the 
components on the two sides of the 
parallel combination are approximately 
the same, the lamps will flash alternately 
in the manner of a railroad crossing sig­
nal. Up to four of these series combina­
tions have been connected in parallel so 
that the bulbs flash in stable sequence. 
One combination has been in uninter-

Variac 

110 V. 
60 cycles 

rupted operation for nine years. The se· 
quence of flashing is maintained by the 
relative resistance of the lamps. The 
most sensitive combination flashes first; 
then the current automatically switches 
to the lamp in the next most sensitive 
component and so on. By the time all 
the lamps have flashed on and off, the 
one that flashed first has cooled suffi­
ciently to present the least resistance and 
therefore initiates another round of flash­
ing. Incidentally, the transformers run 
abnormally warm but do not become 
dangerously hot. 

"Two choke-capacitor-lamp circuits in 
parallel can be made to operate in other 
interesting ways, either by unbalancing 
one of the negative-resistance assemblies 
or by applying abnormally low voltage. 
If one of the capacitors is slightly larger 
than the other, for example, one of the 
bulbs will remain permanently lighted 
unless the circuit is disturbed. A brief 
disturbance can be introduced by con­
necting the unused secondary windings 
of the transformers by means of a quick­
acting push button [see diagram at right 
in illustration on page 146]. Each time 
the button is momentarily depressed, the 

choke coi I 

An oscillating circlIit made of a choke coil. a capacitor, an incandescent lamp and a Variac 
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In Navy's Polaris missile system-a major contribution to free 

world defense-it's a matter of "as the submarine goes, so goes 

the missile." 

Navigation systems manager for this deterrent weapon, 

Sperry has evolved a system which provides the navigational 

accuracies required over the weeks and months a submarine 

is submerged. An inertial guidance system, double checked 

by a complex of instruments and master computer, not only 

guides the submarine and pinpoints its position, but telegraphs· 

directly into the missile the exacting data needed to start it on 

its way. Thus has navigation been called the key to undersea 

firings: one degree error in the sub's heading means a 20-mile 

miss for the missile. General offices: Great Neck, N. Y. 
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New METeD Plasma Flame Spray System permits 
precision control of a wide range of coatings, and 
exact duplication of desired results. 

Features of improved plasma flame spray system 
GUN Nozzle and electrode positions fixed 
and foolproof. Nothing to adjust. Light 
for manual use; sturdy for machine 
mount. Compact: can operate inside 5" 
hore. Sprays up to 15 pounds per hour. 
Can be used with nitrogen, argon or 
helium, with simple nozzle change. 
6-piece construction. 

POWDER FEEDER Extremely accurate and 
consistent powder feed rates. Calibrated 
control permits exact duplication of coat­
ings. Powder feeds without flutter, re­
gardless of particle size, wear of parts, 
or amount in hopper. Operates at atmos­
pheric pressure, refillable with gun in 
use. Hopper removable with twist of 
wrist; contains non-spill valve. 

CONTROL UNIT Push button controls are 
mounted in modular design cabinet, 
with fail-safe features. 

The new plasma spray system is 100% a 
METCO design, engineered for flame 
spraying only. Both METCO equipment 
and materials are backed by METCO'S 
technical service in the field and at head­
quarters. For detailed information on the 
new equipment and unique characteris­
tics of METCO materials, send for Plasma 
Bulletin No. 142. 

4�ETCO)MR�[!,,9[Ne[RI!G��C� "', __ . • f&- k q,.,;...eJ-t S¥� 
1119 Prospect Ave., Westbury, L. I., N. Y. ...--=" Telephone, Edgewood 4·1300 Cable 

PLASMA METCO In Great Britain, METCO LTD., 

FLAME Chobham-near·Woking, England. 

r :b;�r::s 
1 
1 '------' 

--------- ----, 
METCO: Please send me free I 
bulletin on METCO Plasma 1 Flame Spray System. 1 1 

1 Name 
1 I Title 
1 
1 Company 

I Address 

1 City Zone State L _ ______________ _ 
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lamp that is normally on will go off for 
a fixed interval and the one normally off 
will go on-an action similar to that of 
a vacuum tube flip-flop circuit. At the 
end of the interval the circuit will flop 
back to its normal state. If the two halves 
of the circuit are balanced but the line 
voltage is very low, spontaneous switch­
ing will not take place. If the push but­
ton is operated when the circuit is in this 
state, however, the existing situation will 
reverse itself. The bulb previously off 
will go on and the bulb previously on 
will go off and stay that way. 

"Small electric motors of the universal 
type draw progressively less current as 
they accelerate to full speed. In effect 
their resistance increases with time. 
Hence they can be used in a circuit char­
acterized by negative resistance to in­
duce oscillation. A small motor connect­
ed in series with the choke coil and a 
capacitor of appropriate size will ac­
cordingly turn itself on and off periodi­
cally. It must be remembered that the 
performance of these devices is influ­
enced by line voltage. The voltage must 
be adjusted with a device such as a 
Variac for optimum performance. 

"The experiments just described are 
all based on the negative impedance that 
is characteristic of a nonlinear choke coil 
and capacitor, plus a lamp (or motor), 
connected in series. It can also be shown 
that oscillatory behavior can be expected 

110 V. 

110 v.A.C. transformer.:; 
(s'Y. 6'iHnp output 

not used) G 
g$ tg 
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� ! ,........ spf &Jifl 
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60cydu 

loo-waH lamp5 

when the choke coil and capacitor are 
connected in parallel. To demonstrate 
this phenomenon, the paralleled units 
are connected in series with a resistance 
that decreases with increased tempera­
ture. Some thermistors will work in this 
application. An amusing experiment, 
though one rather difficult to perform, 
uses for the resistor a hot dog, one of the 
numerous substances in which electrical 
resistance decreases as temperature in­
creases. 

"A fascinating version of the well­
known floating-ring experiment can be 
based on the property of negative resist­
ance. In the classical version of the ex­
periment a loose-fitting aluminum ring 
is dropped over a vertical solenoid that 
is energized by alternating current. 
When the power is switched on, the 
ring is lifted into the air. The alternating 
magnetic field of the solenoid opposes 
the alternating magnetic field set up 
around the ring by currents induced in 
the ring by the magnetism of the sole­
noid. In some experiments an extension 
rod of wood is added to the top of the 
solenoid as a guide to prevent the ring 
from flying away from the apparatus. 
The ring, restrained by the stick, then 
floats in the air. If the coil of the solenoid 
is resonated by a suitable capacitor, the 
current in the coil drops when the ring 
rises, thereby allowing the ring to fall 
back. But in falling back the ring inter-

g) 
�� � 

� § � 
� <0 

push :g ! aPf} 
button 
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. '  '" 

110Y-
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Two oscillating circuits in which two choke·capacitor·lamp combinations are in parallel 
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SEE WHAT YOU GET IN A BEARING 
NO THICKER THAN A NICKEL 

Torrington Needle Thrust Bearings offer true anti-friction operation, high thrust capacity, 

wide size range, low unit cost. .. all in a unit no thicker than a nickel or ordinary thrust washer. 

That's not all! These exceptional bearings have an O. D. much smaller for a given shaft 

size than any other type of thrust bearing. You can run them on hardened and ground 

surfaces, or on standard races. They're completely self-contained ... can be easily 

handled and installed. 

Remember Torrington Needle Thrust Bearings next time you need better performance in 

a restricted space. Call or write us for more information. 

RACES IF YOU WANT THEM 
Standard races are available. 
Otherwise Torrington Needle 
Thrust Bearings may be run 
directly on hardened and 
ground adjacent surfaces. 

progress through precision TORRINGTON BEARINGS 
THE TORRINGTON COMPANY Torrington, Connecticut· South Bend 21, Indiana 
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Basic Research at Honeywell 
Dr. Finn Larsen 

Vice President for Research 

Infrared Spectroscopic Studies of Molten Salts 

Of the three states of matter, solid, liquid and gaseous, the least is 

known about the liquid state. This is especially true in the field 

of molten salts. When a substance becomes molten, properties 

change drastically and certain change of state phenomena are 

unpredictable. New examination techniques are providing usable 

measurements and new insights in this field. 

Solid and gaseous systems have been 
thoroughly studied and much classical 
data is available. Much less is known 
about the molten state and virtually 
nothing has been done in this field except 
for recent government-sponsored work on 
liquid coolants for nuclear reactors. 

There is a large number of inorganic 
salts and their properties in a water solu­
tion are well documented. There is little 
knowledge, however, of their characteris· 
tics in the molten state. It is interesting 
to note that when used as a solvent each 
family of salts would represent a field of 
study as large as our presently defined 
field of inorganic chemistry. 

Curious chemists have puzzled over 
molten salts for years. Why don't salts in 
the liquid state behave as a dense gas? 
Why does the liquid state depart from the 
usual law of like dissolving like? What 
principles of solution phenomena account 
for eutectics and ternaries? Why do al­
most identical crystal forms, such as sodi­
um chloride and sodium hydroxide, have 
such widely separated melting points? 

Until recently techniques did not per­
mit laboratory experiments to answer these 
questions largely because salts at high 
temperatures become tremendously cor­
rosive and no usable containers had been 
devised that would permit spectroscopic 
examination of salts in the molten state. 
Honeywell research scientists have re­
cently developed a new apparatus in which 
a thin film of material under test is held in 
the interstices of a platinum gauze. The 
gauze is connected to an electrical circuit 
and heated to maintain the material in the 
liquid state at the desired temperature. 
The material itself, with no compensation 
for container material needed, can be 
examined above, below or at the melting 
point. Honeywell �cientists, with this new 
technique, have been the first to apply 

infrared spectroscopy to liquid state 
measurements. Resulting data were some­
what surprising, but a check method using 
a highly polished gold container which 
reflects infrared after passage through the 
molten salt affirms the accuracy. 
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First Absorption Spectra 
of Molten (345'c) NAOH 

This platinum screen technique permits 
the studying of infrared frequencies asso­
ciated with the stretching and rocking 
motions of molten-salt molecules. lt also 
allows a direct measurement of the changes 
in frequencies of a system as it goes through 
the melting point. lt is a qualitative tool 
for determining what species of material 
are present, what changes or reactions 
occur and why certain mixtures melt at 
the temperatures they do. 

lt is known that the X-ray diffraction 
patterns for sodium chloride and sodium 
hydroxide are quite similar, bonding en­
ergies are fairly close, yet the melting 
points are 500'C apart. Our data indicate 

that this is because melting does not in­
volve a complete dissociation of the crys­
tal structure into single molecules or ions. 
Rather it seems that a quasilattice structure 
results wherein some dissociation occurs, 
but cybotactic groups retain structure and 
are dispersed in the dissociation medium. 
Sodium hydroxide retains a structure upon 
melting and thus melts at a lower tempera­
ture than sodium chloride which dissoci­
ates to a much higher degree upon melting. 

Infrared absorption spectra taken below, 
at and above the melting point reveal 
another interesting phenomena. Sodium 
hydroxide in the solid state is not hydro­
gen bonded. Upon melting it forms hy­
drogen-bonds which then break as it is 
heated further. This is evidenced by shifts 
in the absorption bands. As a result of a 
series of such spectroscopic examinations, 
preliminary explanations of phenomena 
not previously understood are emerging. 

With additional knowledge being un­
covered by Honeywell's and other labora­
tories, molten salts will most certainly be 
put to important uses. Several interesting 
things already present themselves. A stor· 
age battery could be charged in the liquid 
state, cooled to the inactive solid state and 
upon remelting would supply power in­
stantaneously. A switch or other device 
would be open and inactive in the solid 
state but would become closed when melt­
ing was induced by a heat source. Elec­
trical power could be genera ted by a 
combination of fused salts used as ther­
mocouples. More importantly, scientific 
curiosity alone compels us to explore this 
vast new field of chemistry. 

If you are engaged in scientific work 
involving molten salts and would like to 
know more of Honeywell's research in 
this field, you are invited to correspond 
with Dr. D. A. Olsen and Mr. 1. J. Hall­
g r e n ,  H o n e y w e l l  R e s e a r c h  C e n t e r ,  
Hopkins, Minnesota. I f  you wish a cur­
rent paper on Honeywell's techniques in 
molten salt spectroscopy, write Honey­
well Research, Minneapolis 8, Minnesota. 

Honeywell 
lHls,E:?�� 
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acts electrically with the coil (shifts the 
current across the region of negative re­
sistance) and the current increases, ini­
tiating another cycle. Thus without using 
breaker points or other mechanical 
switching devices the floating ring can 
be transformed into one that dances. A 
display unit of this type that was de­
signed for operation from a 1l0-volt, 60-
cycle power line used a core two feet 
long made of thin iron laminations one 
inch wide and stacked one inch thick 
[see illustration below]. The core extend­
ed below a coil four inches long and 
wound with approximately 3,000 turns 
of No. 18 wire. The ring, which slid up 
and down the 14-inch length of core 
above the coil, was a one-inch length of 
aluminum tubing. An eight-microfarad 
capacitor is about right. The ring con­
tinuously jumps up and down the full 
two-foot length of the core. A more elab­
orate version of the apparatus that is less 
sensitive to changes in line voltage can 
also be made [see illllstration on next 
page]. 

J 

"Another interesting oscillatory effect 
is observed when an iron pendulum bob 
is suspended directly over a coil that is 
similarly connected in series with an ap­
propriate capacitor and energized by 
alternating current. If conditions are 
right, the iron bob will vibrate above the 
coil. This experiment has been described 
in 'The Amateur Scientist' as a method 
of keeping a Foucault pendulum in mo­
tion without the use of an escapement 
mechanism, either electrical or mechani­
cal [see 'The Amateur Scientist' ; June, 
1958]. 

"Interesting oscillators need not be 
electrical in nature. An automatic Car­
tesian diver provides an illustration. Nor­
mally this charming toy consists of a 
small inverted vial, filled partly with wa­
ter and partly with air, that floats in a 
larger bottle of water. Pressure applied 
to a diaphragm that closes the top of the 
large bottle compresses the air above 
the water. This pressure is transmitted 
through the water to the air inside the 
small vial, compressing it. The conse-

thin shi ps of 
core. iron 1')( J!-J" 
stdcked t" thick 
dnd tap 

aluminum ring 

5wiich C I 
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��------1 h 
110 v. J T .. 
60 cycles 14 

paper- inso lated capacitors 
to re50I'la1:c. coil at 55 cycles 

A solenoid device that makes an aluminum ring oscillate up and down 

NEW 
POLYMER 
PER M ITS 

INNOVATIONS 
IN PRODUCT 

DESIGN 
A new class of thermoplastic polymers 
- the LEXAN® polycarbonate resins 
- e x h i b i t s  an i m p a c t  s t r e n g th 
unmatched by any other type of poly­
mer.* This property coupled with 
polycarbonate excellence in dimen­
sional stability, heat resistance, elec­
trical properties-opens up new design 
possibilities. 

It suggests a new look at parts now 
made of some metals. It means that 
whenever a plastic part must endure 
heavy blows, maintain size and shape 
faithfully and serve· as an electrical 
insulator, a polycarbonate is likely to 
surpass any other available material. 

Unique Properties 
Polycarbonates occupy a unique place 
among polymers - cannot be consid­
ered direct replacements for any one 
of them. Thermoplastic, they can be 
fabricated by economical injection­
molding and extrusion methods, yet 
offer a combination of properties not 
available in other thermoplastics. 
Some thermosets perform as well in 
some properties, but cost more to 
fabricate. 

General Electric introduced the 
polycarbonates 3 years ago as pilot 
plant materials. Today, a commercial 
plant for G.E.'s polycarbonate­
LEXAN -is on-stream, and the com­
pany is offering a complete program 
of technical aid and literature. 

Literature Available 
For a better picture of where poly­
carbonate resin fits in your industry, 
send for "LEXAN Polycarbonate 
Resin" brochure No. A-I, charting 
properties in detail and illustrating 
many existing applications . 

• 12-16 foot-pounds per inch of notch in Izod 
tests on 'A.-inch thick samples. 

LEXAN® 
Polycarbonate Resin 

GENERAL . ELECTRIC 
Chemical Materials Dept., Sect. SA-4, PittSfield, Mass. 
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i'1ountain c1imbers com· 

HHlIlicate with their base 

wit h battery-powered 

walkie-talkics. For top 

performance, always buy 

Burgess B;tttcries. Dc­

pendable, long-lasting 

powcr for flashlights, 

radios, hcaring aids, toys 

and games, and lanterns. 

ESS BATTERY COMPANY 
DIVISION OF SERVEL. INC. 

FREEPORT, IlliNOIS NIAGARA FALLS, CAN. 

With artificial satellites already launChed and 
space travel almost a reality, astronomy has 
become today's fastest growing hobby. 
Exploring the skies with a telescope is a 
relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page 
illustrated articles on astronomy, observing, 
telescopes and accessories_ It is of interest 
to both beginners and advanced amateurs. 

CONTENTS INCLUDE: 
Obserrinr the sun, moon, planets and wonders of the sky, 
Constellation map • Hints for observers. Glossary of telescope 
terms • How to choose a telescope • Astrophotorraphy 

U/VIT/?ON 
INSTRUMENT COMPANY· TELESCOPE SALES DIV_ 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 

I Please rush to me, FREE of charge, I 
IUNITRON'S OBSERVER'S GUIDE and TELESCOPE I 

: CATALOG #6-S ; 
I I 
I Nam. • 
I • 
I Street : I • 

L.� __ _ _______ .!t:!: ____ J 
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A device in which the lamps alternately /lash and the ring oscillates back alld forth 

quent loss of buoyancy causes the vial 
( the "diver") to sink to the bottom of 
the larger bottle. Removal of pressure 
reverses the process, and the diver rises. 
If the size of the air bubble is carefully 
adjusted, the diver can be made so sensi­
tive that it will respond to the small 
change produced by squeezing the glass 
wall of the outer bottle. The diver can 
be made automatic by including a small 
drop of some volatile liquid in the air 
bubble of the vial and then either warm­
ing the bottom of the outer bottle or 
cooling its top. In either case the diver 
will sink; as it descends into warmer wa­
ter the bubble expands, increasing the 
buoyancy of the diver. This makes the 
diver rise, whereupon cooling initiates 
a new cycle. One can either cool the top 
of the outer bottle with a piece of ice or 
warm the bottom slightly by any con­
venient source of heat. (A 50-watt lamp 
bulb that has been coated with carbon 
in a smoking flame works well.) In ev­
ery case the initial buoyancy of the diver 
must be adjusted until it is on the verge 
of sinking. This can be done easily by 
adding or removing a little air from the 
diver with a pipette bent into a hook at 
the lower end for reaching up into the 
diver. The diver can be a two-inch 
length of quarter-inch glass tubing and 
will be most stable if a small bulb is 
blown at the sealed end [see top illustra­
tion on page 152]. Any one of a num bel' 
of volatile liquids can be used in the air 
bubble. Ether works well but eventually 
dissolves in the surrounding water. 
Petroleum ether is preferable. 

"The sustained motion of the diver is 

due in part to the appreCiable time re­
quired for it to change temperature. If 
the heating and cooling were instanta­
neous, the diver would take a position at 
the center of the OU tel' flask and stay 
there, because any tendency to rise 
would immediately be counteracted by 
decreasing buoyancy. By introducing a 
time delay what otherwise would be 
a depth regulator is converted into an 
oscillator or heat engine. It is often ob­
served in scientific experiments that 
regulators or servo devices oscillate if a 
time delay is introduced into the system 
-that is, if there is a delay in forwarding 
a signal from the output to the input of 
the feedback system. 

"It is interesting to observe in the 
case of the Cartesian diver moving in a 
region of nonuniform temperature that 
the size of the bubble increases as the 
diver moves down into a region where 
the water pressure is also increasing. 
That is to say, the volume increases 
rather than decreases with increasing 
pressure. This corresponds exactly to the 
increase in current that accompanies the 
decrease in voltage in electrical negative 
resistance. In most electrical situations 
current increases with voltage. 

"Another delightful oscillator can be 
bought in toy stores or made at home. It 
consists of a small metal boat that is 
powered by a boiler equipped with a 
pair of tubes that act as jets at the 
stern. When a candle is placed under the 
boiler, one soon hears a putt-putt sound 
and the boat is driven steadily forward. 
The alternate formation and condensa­
tion of steam draws water into the boiler 
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Communications 
New Teletype Automatic Data Interchange System 

(AD IS) now enables the Federal Aviation Agency to 
interchange aviation weather data coast-to-coast ten 
times faster than ever before. 

With this new electronic message switching system, 
the FAA effects a major advance in the speed, scope 
and flexibility of its weather communication service­
which supports all civil and extensive military aviation 
in the United States. 

Nucleus of the system is a series of five Interchange 
Centers, located in Kansas City, Cleveland, Atlanta, 
Fort Worth and San Francisco. Each of these acts as a 
clearing house for a number of area circuits, or outlying 
"loops," collecting data from observation points on 
these loops and providing the area circuits with data 
from other parts of the country. 

Teletype electronic communications equipment at 
the Interchange Centers carries out an automatic pro­
gram of sequentially calling data-originating stations, 

I 

breakthrough 
classifying messages by priority, selecting only those 
weather items wanted at regional stations, and deliver­
ing them to the area circuits-while maintaining the 
ability to handle emergency traffic when required. 

Ultra-fast communication between Interchange Cen­
ters is provided by Teletype punched tape equipment 
operating at 850 words per minute, utilizing the Data­
Phone concept. Stations on outlying loops are equipped 
with Teletype Model 28 page printer and punched tape 
units. Speed-conversion equipment permits automatic 
interoperation between the national circuit and the 
local loops. Thus the new system, which serves some 
2,400 locations, can report weather conditions from any 
part of the country in a matter of minutes. 

The FAA, through the years, has followed a program 
of continually upgrading its facilities to meet the needs 
of the nation's growing air traffic. Teletype Corpora­
tion is proud of its part in providing communications 
equipment for this vital service. 

® 

COR PO RAT ION • SUBS'O'ARV OF Wl'srem £lee/ric Company 'NC. 

Dept. 15·H, 5555 Touhy Avenue · Skokie, Illinois 
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ethyl ether 

dive,. 
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A device in which a Cartesian diver oscillates up and down 

top - .001" to .00:2' b"dS� .shim .stock 
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A little boat that is driven by alternately sucking in water and expelling steam 

152 

and shoots it out. If the top of the boiler 
is flexible, the sound is quite loud, At 
first thought it may seem amazing that 
sucking in water and then blowing it out 
could drive the boat steadily ahead 
rather than first pulling it back and then 
pushing it forward. Two effects account 
for the forward motion of the boat. First, 
water is drawn in from all directions at 
the stern but is ejected almost straight 
backward. This imparts a net forward 
component of momentum to the boat. 
The second effect is caused by the shape 
of the tu�es. When water is shot out of 
an L-shaped tube, the bend is driven 
forward. The principle is demonstrated 
by Hero's aeolipile, the earliest known 
jet motor. When water or gas is drawn 
into an L-shaped tube, however, the 
tube is not pulled backward. 

"All these oscillators require that some 
energy be fed from the output back to 
the input through a system that intro­
duces time delay. Moreover, this signal 
must act in a direction that reinforces 
the output. Signals that are fed back in 
opposition to the output stabilize the 
system, and the result is known as nega­
tive feedback. Negative feedback is 
found in nature as well as in man-made 
devices such as high-fidelity amplifiers. 
In animals negative feedback helps to 
stabilize muscle action. 

"Biologists can perform surgery on a 
jellyfish to display a system that has 
delay, amplification and feedback, and 
which transforms the animal into a bio­
logical oscillator. In a normal jellyfish a 
controlling impulse is discharged from 
a central control point into the nerve net­
work that stimulates an over-all contrac­
tion of the jellyfish 'bell' to produce a 
swimming stroke. But consider what 
happens when the center of the jellyfish 
is excised and a point on the outer ring 
of the nerve network is stimulated. The 
impulse is transmitted around the ring in 
both directions, initiating muscle con­
traction until the opposing actions cancel 
on the other side of the bell. If a point on 
the ring is squeezed, the impulse is 
blocked. Stimulation to the right of this 
point will start an impulse propagating 
around to the right. If at some time be­
fore this impulse arrives back at the 
starting point the block has been re­
moved, the impulse will be propagated 
past the starting point and go around for 
another trip. In fact, the wave of action 
will continue to travel around the ring 
for a week or more if the jellyfish is mere­
ly left sitting in a pan of sea water. The 
characteristic time delay in this case is 
represented by the interval required for 
the transmission of an impulse around 
the ring." 
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OPAQUE PROJECTOR 
Projects illustrations up to 3" x 3 ¥.! "  
a n d  enlarges t h e m  t o  3 5 "  x 3 0 "  i t  
s c r e e n  i s  6 %  ft.  f r o m  projector ; 
larger pictures if screen i s  further 
away. �o film or negatives needed. 
Projects charts, diagram s .  pictures, 
photos, lettering in full  color or 

b l ack· and-white. Operates on 1 1 5  \'olt, A . C .  current, 6 - ft .  
extension c o r d  and plug included. Operates on 60 w a t t  b u l b  
n o t  included. Size 12" x 8" x 4%" w i d e .  'Veight 1 lb. : 
2 oz. Plastic case with built-in handle. 
Stock No.  70 . 1 99-S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $7.95 Postpaid 

S T U R D Y-LOW COST 

P R E C I S E  LAB BALA N C E  

Built for hard, daily use.  'Weighs 
materials from 100 milligrams to 
100 grams, can be used for pro­

portionate measuring. Has removable plastic pans 
60mm in dia.  Features base of rugged cast iron and 
adjustable one piece beam for balancing. OveralJ  ht.  
5 1/:/' x 7" long.  ('omes complete with set of 1 2  
weights ranging f r o m  1 00mg t o  50g and pI', o f  
tweezers in wooden b o x .  Imported. 

Stock N o .  70.443-S . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 5.00 Postpaid 

Remove Your Reta ining Rings-Disassemble 
Lenses.  Cameras. etc . 

A D J U STABLE 
SPAN N E R  W R E N C H  

)Iade f o r  U.S .  Ail' Force­
available at a fraction of 
G o vernment cost. A top 
grade,  versatile tool that 

every instrument and camera repair man 01' just 
plain tinkerer should own. Adjustable for % "  to 1 2 "  
diameter retaining rings. Complete w i t h  s i x  differ· 
ent pairs of points to fi t  all types of slots and holes.  
3",  6", and 12" m a in bars.  All steel and nicely 
plated . The finest tool we have ever come across for 
this type of retaining ring work AND a real bar­
gain at our low price. 

Stock N o .  70.355-S . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 2 .50  Postpaid 

Thermometer Tie Bar and Cuff links 

Register as HOT Conversation P iece 

Ruggedly preci s e  new style item in 
matched set of cuff links and tie bar 
-�eatur lng non·breaka b l e ,  accurately 
calibrated thermom eters. Sensitive to 
a tolerance of 1 degree ( a l though 

. some wearers have noted violent Huc· 
tuatlOlls when worn i n  close proximity to certain blondes 
and redheads of "the warmer sex" ) .  Easy to react Indicia 
ra '.lge from 20 ( degrees ) to ( p l u s )  120 ( degree s )  Fahren· 
hell, on circular dial.  Silver p lated. gift boxed-Tie Bar 
and Cull' Links also a\'ailable separatcly . 
Stock N o .  1 70 0 · 8  T i e  C l a s p . . . . .  . . . . . . . . . . . .  $3 .25 P p d .  tax i n c l .  
Stock N o. 1 70 1 · S Cuff L i nks . . . . . . . . . . . . . . . . . . . .  $ 6 . 5 5  P p d ,  t a x  i n c l .  
Stock N o. 1 70 2 - S  Set of C lasp & L i n ks $ 8 . 7 5  P p d .  t a x  i n c l .  

SCIENCE TREASURE CHESTS Ej For Boys-Girls-Ad ults !  

Science Treasure C h est-Extra-pow­
erful magnets, polarizing filters, com­
pass, one-way-minor film, prism , dif­

"" fract.ion grating, and lots of other 
items for hundreds of thrilling eXllel'i· 

ments, Olus a Ten-Lens Kit for making telescopes, 
microscopes, etc. Full instructions included. 
Stock No. 70. 342-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 Pstpd . 
De Luxe C hest Stock N o .  70. 343-S . . . .  $ 1 0.00 Pstpd. 

O F F SP R I N G  OF SC I E N C E  • • •  R E A L LY 
B E A U T I F U L  C I R C U LA R  D I F F R A CT I O N  G R AT I N G  

J E W E L R Y  I "  D I A M ET E R  

A Dazzl ing Rainbow o f  Color! 

A s  a scientific phenomenon, this new 
kind of j ewelry i s  capturing atten· 
tion everywhere. Shimmering rain· 
bows of gem-like color in j ewelry ot 
exquisite beauty-made with CIR· 
CULAR DIFI"H.ACTION GH.ATING 
REPLICA. Just as a prism breaks up 
light into its full range of indIvIdual 
colors, so does the Diffraction Grating. 

Stock # 30.349-S Earrings . . . . . . . . . . . . . . . .  $2.75 Pstpd .  
Stock # 30.350-S C u ff  Links . . . . . . . . . . . .  $2.75 Pstpd _ 
Stock # 30.372-S Pendant . . . . . . . . . . . . . . . . $2.75 Pstpd . 
Stock # 30.390-S Tie-Clasp . . . . . . . . . .. . . . $2.75 Pstpd .  

See t h e  Stars. Moon.  Planets C lose U p !  

Astronomical Reflecting Telescope 60 t o  1 80 Power 
An Unusual Buy! Famous Mt. Palomar Type 

You' l l  see the Rings of Saturn, the fascinating planet Mars, ii.j;;:=;;;;jiiiiiiiiii.-' huge craters Oil the Moon, Star Clusters, Moons of Jupi ter In 
detail, Galaxtes! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high·spe�d { I I 0  m irror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens, giving you 60 to 180 power, An Optical Finder 
Telescope, always so essential ,  I s  also included. Sturdy, hard· 
wood, portable tripod. 

FREE with Scope:-Valuable STAR CHART plus 272 page "HAND· 
BOOK OF H EAVENS" plus "HOW TO USE YOUR TELESCOPE" BOOK 
Stock No. 85 .050-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $29.95 Postpaid 

Photographers! This is an actual photograph 4V4" Astronom ical Reflector Telescope! Up to 255  Power. :-.l'ew of the moon taken through our Astronomical Vibration·Free Metal Pedestal Mount. 
Telescope by a 1 7-year-old student. Stock No. 85 , 105-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $79. 50 F .O .B .  

,,� BU ilD A SOLAR 

�� !�s:R!��le���l�s��: ! 

DOWN GOES THE PRICE ON WAR SURPLUS 
LENSES--AERO EKTARS AND  TESSARS-­
NEW AND  USED--OUT THEY GO FOR 3 AND 

4 % OF GOY'T. COST! 

,"Ye fUl'nish instruc­
tions. This sun powered 
furnace will generate ter­
rific heat-2 0 0 0 0  to 3 0 0 0 ° .  

B u i l d  with y o u r  s c r a p  wood 
and our Fresnel Lens-
14" diameter . .  . . f . 1 . 1 4 "  

Mfd . by  Bausch and Lomb and  Kodak a t.  cost to Gov 'L o f  
over $ 1 ,000 each-F/6 ,  24 In. Focal Length Lenses wi th  23"  
Lens  Cones . . .  now you  can  have them for making B ig  
Bertha Telephoto Lenses 01' Cameras, Richest Field Wide 
Angle, Low Power ( 1 2X to 48X) Telescopes, Opaque PI·O· 
jectol's, Camera ObSCUl·as. Copying Camel'as 01' 48 power' 
Table Top Telescopes. Save r'eal money and get far better' 

results. These K22 Aerial Camera units with lens and diaphr'agms can be 
easily removed from cone-Focal plane 10" outside of cone. Clear front lens 
dia.-4", real' 35/8". Wt. of Cone: 25 lbs. Diaphragm F / 6  to F / 2 2  (adjustable to 
�;as

t� gXK trar�;r��le
caSs�

af�t.2:kcJul�bs�
iz§hu�;erx n90�' !:c��d:��ms�\��i2 

w\� 
5 1  Ibs. 
Stock N o, 85.059 - S  . . . . . . . . . . . . . . . . . . . . . . . .  U sed-Was $39.5O- N O W  $25.00 f . o . b .  U ta h 

Stock No.  70. 1 30-5 
Fresnel Lens . .  $6.00 Pstpd. 

Stock N o .  85.060-5. . . . . . . . . . . . . . . .  New-Was $59.50- N O W  $32.50 f . o . b .  U lah 
A bove Lenses i n  cel ls-out of Cone a n d  D i ap fl r a g m  
Stock N o .  70. 1 90 · S . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  $ 2 2 . 5 0  Postpa i d  

7x50 B I N O C U LARS-TR E M E N D O U S  BUYI 
War Surplus American-Made 

Big savings ! Brand new ! Crystal 
clear viewing- 7 power. Every opti­
cal elcment i s  coated. An excellent 
night gla ss-the size recommended 
for satellite viewing . Individual eye 
tocus.  Exit pupil 7 m lll. Approx. field 
a t  1 . 0 0 0  yds. j s  3 7 6  ft. Carrying 
case included . .  \ m erican 7 x 5 0 ' s 
normally cost $ 1 9 5 .  Our war surplus 
price saves you real money. 

Stock No. 1 533-S . . . . . . . . . . . . . . . . . . . . . . . .  only $55.00 pstpd . 
(Tax i nc l uded) 

6 x 30 B i noculars-similar to above and a terrific bargain. 
Stock No. 963-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $33.00 pstpd. 

(Tax inc l uded) 

American M ade-

NEW !  THERMO-PILE KIT ! 
$ Converts Heat I nto E lectr ic ity 

For demonstration, experlment a ·  
lion i n  t h e  exciting fi e l d  o f  ther· 
moelectricit}'. Couvert the heat 
of a blow torch. a gas jet,  or even 

the heat o f  the sun into electricity. You receh'e 2 0 · } 4 "  
gauge, 6" long chromel · alumel thermocouples ; washer, 
bolt and nut for making reflector ; other materials for 
making a thermo ·lli!e ; a small 1 . 5 · 3  V DC motor to run 
trorn thermo-pile ( gives yOU visual  demon stration of 
electricity created) . K i t  includes f u l l  directions for set· 
ting up and experimenting with t hermo · p i les.  
Stock N o .  70.436-S . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 5 .00 Postpaid 

Bargain Price d !  "FISH" WITH A GIANT MAGNET 
STEREO M IC RO S C O P E  

Years i n  development. Precision Bring Up Under-Water Treasures 
American made. Used for checking, 
inspecting, smali assembly work. Ull Real  fun! Profi table, too ! Simply trail  
to 3" working dist ance. C l ear, sharp, power f u l  5 lb.  Magnet out the stern of your 
erect image. 'Vide, 3 dimensional boat-retrieve outboard motors,  fishing tackle, 
field. 2 sets of objecth'es o n  rotating anchors, other metal valuables. Alnico V - Type ��{

a
e
l
� ' 2 3X and 4 0X. 1 0 Day �"'ree M agnet has terrific lUting power-2000 G auss 

Stock ��b. 8:��r����O,�· .. .  ·N : j!99.50 ����n
ygj;II��t

s
S
tr�:fr

us
l
e
2
s� ��; ��o����;�r:n(�n�:�t s

w�;:�� 
..................... 111111.1 inaccessible spots, hold work in place, rid shop floors of • metal fragments, pins, etc, 

D o  a crystalography project illus­
trated with large beautiful crystals 
you grow yourself.  Kit includes the 
book "Crystals and Crystal Growing" 
and a generous supply of the chemical 
you need to grow large disp l ay cn'g ­
tals  of potas sium aluminum s u lfate ( clear ) ,  potassium chro· 
mium su lfate ( purple ) ,  potassium sodium tartrate ( clear ) ,  
nickel s u l fate hexahydrate ( blue green ) o r  heptahydratc 
( green ) ,  pota ssium terricyanide ( r ed ) ,  and copper acetate 
( b lue green ) .  
Stock No. 70.336-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $9 .50 Postpaid 
M O L E C U L E  A N D  C R YST A L  M O D E L S  K I T-Rods and 
balls to make atomic models, plus  directions-
Stock No. 30.41 3-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2.50 Postpaid 
M A G N ET I S M  K I T-Based on magnetism demonstrations 
developed by U�ESCO-
Stock N o .  70. 325-S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3 .75 Postpaid 
O P T I C A L  I L L U S I O N  K I T-D Iagrams, lenses, mirrors, 
etc . ,  for producing many amazing optical iIIusions-
Stock No. 70.352-S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3 .00 Postpaid 

MAKE YOU R  OWN POWERFU L  
ASTRONOMICAL TELESCOPE 

G R I N D  Y O U R  OWN ASTRO N O M I CA L  M I RROR 
Kits contain mirror blank, tool,  abrasives, diag­
onal m inor and eyepiece lenses. You build instru­
ments ranging in value from $75 .00 to hundreds 
of dollars. 
Stock No. 

70. 003-S 
70. 004-S 
70 . 005-S 
70 .006-S 
70 .007-S 

Dia. Mirror Thickness Price 4'/.' 'A" $ 7.50 postpa id 
6 "  I "  1 1 .95 postpaid 
8" 1 '/." 1 9.50 postpaid 1 0" 1 'A" 30.75 , F.O. B .  1 2'/''' 2'/." 59.95 I Barri ngton 

Stock No. 70 . 1 83-S 5-l b .  size . . . . . . . . . . . .  $9.95 Pstp d .  
Stock No.  70 .41 6-S 3 '/2 l b .  s i z e  . . . .. . . . $7.95 Pstpd . 

ELI M I NATE EXPE NS IVE  ElECTR ICAL I NSTAllATI ONS 
W I T H  B A TT E R Y P O W E R E D  P O R T A B L E  W A L L  

C L O C K  F O R  O F F I C E  A N D  
F A C T O R Y  

There ' s  real savings with t h i s  bat·  
tery powered wall clock that elilll i ·  
n�t�s t h e  n e e d  f o r  w a l l  socket s ,  
wIfing. nearness to outlets . . .  and 
does away with unsightly extensions 
and dangling cords.  '.fhe clock is aIJ  
chrome, has a 1 21h "  diameter face 
and w i l l  run with faultless accuracy 

for up t o  three years on a. single, ineX!lensh'e batten'. 
This i s  the perfect " put anywhere--use evcrywhere" clock 
for office, factory, home, shop, store, farm, camp, cabin, 
hotel. club, boat. or plane, Price includes battery. 
Stock No.  70.435-S . . . . . . . . . . . . . . . . . . . . . . . .  $25.00 Postpaid 

�'::�E FREE CATALOG-S 
1 44 Pages ! Over 1 000 Bargains ! H u g e  
selection of lenses.  prisms. war  s u r p l u s  o ptical  
instrum ents. pa rts a n d  a ccessories. Telescopes.  
M icroscopes. B inoculars .  S n i p­
erscopes, science experiment 
items.  math learning and 

tea ch ing  a ids_ 
Requ est Cata log-S. 
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Kee p i n g  a roof ove r yo u r  h e a d  
T h e  men of S A C  litera l l y  keep a roof over a l l  our  h e a d s  . . .  th e i r  p resence 
p rovid i n g  co nt i nuo us p rotecti o n .  This deterrent to agg res s i on i s  no  s i m p l e  
tas k ;  yet i t  i s  th e m i s s i o n  of  t h e  men and p l a n e s  of the  Strate g i c  Air  
C o m m a n d  . •  A s  i nd iv iduals or  as i n d u stri e s ,  we all contri bute to maintai n i ng  
and  i m p rov i ng  t h i s  vast defe n s e  fo rce. A C  S p a rk P l ug  D iv i s ion  i s  pres e n tly 
contr i b uti n g  by d evelop i ng a n d  p r o d uc i n g  a n e w al l -weather Bombi ng  
Navigat i o n  Syste m for  S A C ' s  fi rst- l i n e  bo m be r, t h e  B-52. T h i s  rad a r- � 
o r iented system w i l l  e n a b l e  the  B-52 to maj{e h i g h  s peed bomb ing  ru n s  at 
low l evel s ,  circumventing haza r d o u s  ground  o b stac l e s  . •  Th i s  n e w  product 
by AC Spark P l u g  Division is hel p i n g  S A C  make the roof stronger. 
AC SPARK PLUG � THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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by James R. Newman 

BOAHD AND TABLE GAMES FROM MANY 

C IVILIZATIONS, by R .  C. Bell. Oxford 
University Press ( $5 ) . 

Games are second nature to man. 
A sophisticated form of play,  
they may be older than tools. 

Games mirror man's interests, his con­
ccrns, his ingenuity, his curiosity, his de­
sires, his aggressions, his loneliness, his 
sociability. This book describes many of 
the principal games which have been 
played by different peoples at different 
limes. Bell, a British surgeon, has studied 
the fascinating subject for years and 
has assembled his own valuable collec­
t ion of boards, pieces and othcr para­
phernalia. He deals with six basic forms: 
race games, war games, positional games, 
11Iancaia games, dice games and domino 
games. 

In Korea men have for centuries 
played cross-and-circle race games . 
Nyout, in which the pieces are called 
horses and are moved according to the 
throw of four wooden dice, is a favorite;  
a similar game was played 11 centuries 
ago in Mayan cities and was taken up 
bter by North American Indians. PatoUi, 
a cross game, was a gambling pastime 
of the Aztecs, but Christian priests de­
stroyed the native records and manu­
scripts ; no Aztec description survives . 
Mexicans also played patolli, and as they 
rubbed the five beans between their 
hands and threw them on the mat they 
invoked their god of sport and gambling, 
shouting "Macuilxochitl!"; this is hard­
er to pronounce but perhaps more ef­
fective than "Baby needs a new pair of 
shoes." That splendid, enduring game 
pachisi, invented in India, was played 
by the lowly and the exalted alike . Akbar, 
a reigning serenity, played it on huge 
courts made of inlaid marble ; he sat on 
a dais, surrounded by his courtiers, in 
the center of the court, and 16  comely 
young slaves from the harem, wearing 
appropriate colors. moved about the red 

BOOKS 
About the rich lore of games 
played on boards and tables 

and white squares as directed by the 
throws of cowrie shells. ( I  fancy pachisi 
to be a game of skill because many years 
ago, before we were married, my wife 
and I played it often, the loser to pay 
for theater tickets, and I usually won. 
Our markers were colored disks rather 
than slaves . )  Baggara Arabs play a spiral 
race game called Hyena, the board be­
ing a spiral  groove traced in the sand, 
marked by holes along the course ; each 
player has a marker which represents 
his mother . A related form is the Royal 
Game of Goose, which was imported into 
England from the Continent in the 18th 
century. Women and girls in southern 
India who, when the rice is nearly ripe, 
spend days in the paddy frightening 
away the birds, play a square-board 
race game, tlwyyam, using the ground 
as a board, little sticks for pieces, and 
tamarind seeds, which are cubical in 
shape, as dice . 

Excavating at Thebes, Lord Carnar­
von found in a tomb of the Late Middle 
Kingdom ( 2000 to 1 788 B.C. ) an ivory­
topped gaming board used in the Palm 
Tree Game, also known as the game 
of Dogs and Jackals .  At Ur, Sir Leonard 
Woolley uncovered a Dogs and Jackals 
board, probably made by the Assyrians 
about 700 B.C., with some of the gam­
ing pieces still inserted in it . Other such 
boards have been dug up in Mesopo­
tamia and in Palestine, some beautifully 
made of ivory and gold; some humbler, 
of baked clay . Today's cribbage boards, 
which can be bought in most game 
shops, are strikingly similar to the Dogs 
and Jackals scoreboard and thus appar­
ently have "a lineage reaching back to 
the board from Thebes ." 

Even older are the race games of the 
backgammon group. Woolley found five 
such boards, their squares differently 
decorated, in the royal tombs at Ur; the 
date is about 3000 B.C. A simple speci­
men has l ittle disks of shell with red 
or blue centers set in bitumen ; these 
covered the wood and formed a back­
ground. A more elaborate board is cov­
ered with an incrustation of shell plaques 
inlaid with lapis lazuli and red lime­
stone and divided by lapis lazuli strips . 

The boards are hollow and inside them 
are black and white counters and six 
pyramidal dice ( three for each player ) ,  
with two of their four points dotted 
with inlay .  For many centuries Sumeri­
ans, Egyptians and Arabs played varia­
tions of this game. 

A very popular member of the group, 
often referred to in the literature ,  was 
the Homan lucius duodecim scriptorttm­
the game of the 12 lines. On the back 
of a silver mirror made in the second or 
third century B.C. and found in Pales­
trina is an engraving of a youth and a 
maiden, both partly undressed and sit­
ting in front of a gaming table. Consid­
ering the state of their clothes and the 
fact that there are no pieces shown 
on the table, the game they are playing 
is uncertain .  Bell suggests the board 
game had onlv just begun, and the youth 
does look as if he is about to throw a 
die . Next to the half-naked maiden, how­
ever, appears the word devincamted, 
which may be translated "I believe I 
have beaten you ." Very puzzling. At 
any rate, an archaeologist who examined 
the mirror concluded that although its 
style was Greek, it was Roman, and that 
the game portrayed was the original 
form of it/dlls duodecim scriptorum. Lat­
er this form was replaced by a more 
elaborate 36-space game, which came to 
be played on every street corner and in 
every inn in Home, and by Romans in 
other parts of the world . A board made 
of buff-colored pottery was found at Holt 
in Denbighshire ; it apparently belonged 
to a soldier of the 20th Legion stationed 
on the marches of Wales in the first half 
of the second century A.D. 

The commonest form of the board 
consisted of three horizontal lines, each 
split into 12 spaces .  The spaces might 
be circles, squares, letters, crosses, mono­
grams, even erotic symbols .  Cubical dice 
were used, three for each player .  The 
lowest throw, three aces, was known 
as canis; the highest throw, three sixes, 
was called by Cicero venereLis. To pre­
vent cheating the dice were thrown into 
a fTitillus, or pyrgus, a wooden tower 
about a foot high which had a l ittle 
spiral staircase inside . Though all gam-
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bling games were forbidden by law ex­
cept during the Saturnalia, the laws were 
laxly enforced and under many emperors 
were entirely disregarded. Gambling at 
ludus became a mania. Nero, who could 
be relied on to do things in big style, 
played at stakes up to 400,000 sesterces 
( about $17,000 ) a point, and Com­
modus went the whole way simply by 
turning the imperial palace into a casino, 
with amorous diversions to relieve the 
tensions of gambling. That one did not 
have to be an emperor to play ludus is 
proved by a tavern wall-painting found 
in Pompeii, preserved under the lava of 
Vesuvius . This shows a pair of the hoi 
polloi about to square off in a fight over 
their game, with the innkeeper, act­
ing as his own bouncer, pushing them 
into the street and shouting, "!tis foras 
rixsatis!" ( "Get out if you want to 
fight!" ) . 

Like pachisi, the backgammon-type 
games have had a long history and have 
waxed and waned in popularity. A well­
known variant, tabula ( Tables ) ,  re­
placed ludus in fashionable circles and 
was played for more than a thousand 
years. The Codex Exoniensis, a collection 
of Anglo-Saxon verse given to Exeter Ca­
thedral by Leofric, the city's first bishop, 
about A.D. 1025, contains the first Eng­
lish reference to Tables. Two lines run 
"Hy twegen sceolon/Taefle ymsittan," 
which means "These two shall sit at 
Tables ." A magnificent medieval board 
used for Tables, which served as a reli­
quary in the church of St. Valentine in 
Aschaffenburg, had plain pOints made 
of red-veined oriental jasper, adorned 
points overlaid with inlaid pieces of split 
rock crystal, and beneath them small 
terra-cotta figures painted in green, red, 
yellow, blue and white tints on a gold 
ground. "They represented partly twin­
tailed sirens, partly dragon-like mon­
sters, centaurs, and battles between 
beasts and men." The Church has always 
known how to choose and how to use its 
h'easures, regardless of their object or 
origin. 

A tabula-like game called Chasing the 
Girls, using a simple plank as a board, 
with wooden strips for points tacked 
to it, is still played, Bell tells us, in 
remote parts of Iceland. Nard, "a fa­
vourite game of the Arab world" and 
also played throughout Asia, is of the 
backgammon family. In the 17th cen­
tury a new variant of nard appeared in 
Europe and enjoyed "a tremendous re­
vival." In England the game was called 
backgammon, in Scotland gammon, in 
France tric-trac, in Germany puff, in 
Spain tablas reales, in Italy tavole reale. 
Again, just before World War II, "there 
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was a craze for backgammon among 
the intellectuals, especially the London 
literary set," but now the pastime is in 
eclipse. Perhaps space travelers will re­
vive it . 

War games make a large and ancient 
group, the basic theme of which, involv­
ing threats, attacks, strategies, encircle­
ments, captures and the like, is more 
imaginative than that of the race games. 
A board for the war game alquerque 
was found cut into the great roofing 
slabs of the temple at Kurna in Egypt, 
which was built about 1400 B.C. Its de­
scendant, called quirkat, was played by 
the Arabs and brought by the invading 
Moors into Spain. The pieces were 
moved from point to point along a 
marked line and could jump hostile 
pieces ( as in checkers ) ,  thereby remov­
ing them from the board. The Spaniards 
brought the game to the New World 
and the Indians modified it, one form 
being the Game of the Stone Warriors, 
which had 168 squares and could be 
played by two or four players.  

Most famous in this category is the 
chess group . At one time in ancient India 
there was a race game called ashtapada 
which was played on a board of 64 
squares. About the fifth century A.D. the 
board became host to a new game called 
shaturanga, a battle between four armies 
each under control of a rajah and each 
containing four corps : infantry, cavalry, 
elephants and boatmen. This was the 
youth that was father to chess. Pawns 
represented the infantry, a ship the 
boatmen, a horse the cavalry, an ele­
phant the elephants ( what else? ) and 
a human figure the rajah. As it is today, 
it  was a cerebral game, but dice were 
also used in profound recognition of the 
fact that chance so often rules human 
affairs . A rajah's throne could be seized, 
opponents could be "despoiled," a throne 
could be regained, a rajah could be 
"rescued," empires could be built, there 
was a "concourse of shipping," pawns 
could be "promoted" to horse or ele­
phant, there were "privileged pawns" 
( a  "chivalrous courtesy towards a weak 
adversary" ) ,  and a game could be 
drawn when a player had lost all his 
pieces except his rajah and was consid­
ered to have fought "to an honourable 
peace." At an early date in Hindu cul­
ture gambling was forbidden;  dice were 
therefore eliminated from shaturanga. 
Each force was reduced to a single army 
and the game for four players became a 
game for two . This is why the pieces 
in modern chess ( with the exception 
of the king and queen ) are duplicated. 
Moreover, the kings were reduced to 
the rank of prime ministers, their power 

of movement was halved and they be­
came weak pieces. With other changes 
shaturanga was transformed into the 
early medieval variety of chess : shatran;. 

This game became known to the Arabs, 
to the Byzantine court, to the Greeks 
( soon after A.D. 600 ) ,  to the Muslims 
of India and finally to Europe-per­
haps first in Charlemagne's court via 
Spain, perhaps via the Crusades. If the 
Knights of the Cross indeed learned 
chess from the Arabs, it is more than 
likely that on their return home the game 
would have reached every castle in 
Christendom. 

The game evolved slowly ; Caxton's 
The Game and Playe of the Chesse, 
printed in Bruges in 1474, described 
European medieval chess, which dif­
fered little from the shatrani of the Cru­
sades. Among the exotic forms were 
"great chess," played by Tamerlane ( 28 
pieces on a side, board of 112 squares ) ; 
circular, or Byzantine, chess, which had 
four "citadels" where a piece had sanc­
tuary ; the Courier Game, played after 
the 13th century in Germany, which had 
couriers ( they moved like the modern 
bishop ) ,  jesters with cap and bells and 
sages with long beards in addition to 
the regular pieces ; the Maharajah and 
the Sepoys, in which one player has a 
single piece-the maharajah-which can 
move as a queen or a knight, and the 
other player has a full set arranged in 
the normal way; Chinese chess (siang 
k'i), which has generals, mandarins, 
horsemen, chariots, cannon, elephants, 
and in which the board of regular size 
is bisected by a "river" ; the Jungle 
Game, with lions, tigers, panthers, dogs, 
cats, rats and other fauna . 

Draughts, another celebrated game, 
was invented in France about A.D. 1100.  
At first there was no compulsion rule­
one did not have to capture an enemy 
piece in take-but in the 16th century 
the rule was introduced, the name of the 
game being changed from Ie ieu plaisant 
de dames to ie'll force. There are Eng­
lish, Italian, Turkish and Polish versions. 

M iniature battles between unequal 
forces, in which the smaller force has 
a piece with special powers, are exem­
plified by the tafl group of games of 
northern Europe : Fox and Geese, tablut 
( the Swedish king is the central figure ) ,  
the Saxon hnefatafl. Cows and Leopards 
( the leopard-one player has two-can 
kill a cow; the other player has 24 cows, 
but they can only imprison the leopard ) 
is a similar game. Tablan, a running-fight 
game played in India, uses dice sticks ;  
a related Central American Indian game, 
puluc, has corncobs for pieces. 

Everyone is familar with some of the 
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games of position: Noughts and Crosses, 
for example, also called ticktacktoe, and 
other three-in-a-row and five-in-a-row 
pastimes .  But these are in effect poor 
relations of the Chinese wei ch'i, other­
wise known as i-go, or simply Go, "one 
of the great intellectual games of the 
world." Of my own knowledge I vouch 
fOJ the truth of the assertion that Go 
is a harder and subtler game than chess .  

Go is played on an 18-by-18 board. 
The pieces, which are called tze, are 
discoid, plack or white and about the 
size of a nickel, and are placed on 
the 361 points, not on the squares.  There 
are two players, each moves in turn, and 
the object is to control as many of the 
points as possible. When a group of 
enemy pieces is surrounded, that is, cut 
off from contact with an empty point 
( in orthogonal, not diagonal, direc­
tions ) ,  the points are credited to the en­
circler, and the surrounded troops be­
come a "dead mass." It is a game of great 
elegance ; the obvious is never stressed. 
For example, if a batch of troops is 
clearly to be surrounded, they are re­
garded as "dead," the coup de grace ( to 
use an old Chinese expression ) is not 
given, and the players simply turn their 
attention to another part of the board ; 
similarly, an "impasse" is left alone, this 
being a configuration where an empty 
point is surrounded partly by white 
pieces, partly by black, in such a way 
that if either player enters a man his 
opponent could capture the entire group . 

Oriental scholars, says Bell, have de­
voted years to the study of Go . Philos­
ophies of strategy and tactics have been 
elaborated ;  players are rated in nine 
grades and handicapped according to 
skill ; there are five points of etiquette 
and courtesy (e.g., when an opposing 
piece is within one move of being cap­
tured, "it is usual to tap the board with 
a tze"). Go is first mentioned in Chinese 
writings about 625 B.C. A century later it 
was taken to Japan, where, as in Cathay, 
skill at Go was until the 20th century "a 
strong recommendation to promotion,"  
corresponding "as  an index of mental 
ability to a university degree in a stand­
ard subject in the West ."  Confucius ad­
vised the idle rich to play wei ch'i "rather 
than allow their minds to stagnate . "  
Apparently not  even Confucius had been 
able to prevent this. 

I shall pass over the mancala group 
( games in which pebbles, balls or other 
counters are arranged in rows of small 
depressions in a board ) and turn to an 
ancient and still vigorous favorite. The 
Sumerians played at dice, as did the 
Etruscans .  Dice with the opposite sides 
adding up to seven-as with any self-

respecting pair of bones-have been 
found in England in the prehistoric 
earthworks of Maiden Castle. Tacitus de­
scribed the Germani in A.D. 99 as prac­
tising dice play "soberly, and quite as 
if it were a serious business, with such 
hardihood in winning and losing, that, 
when they have nothing more left, they 
stake their freedom, and their person on 
the last cast of the die . "  Dicing spread 
throughout England in the 12th and 
13th centuries .  Among the English, who 
respect liberty, a man could not dice 
away his freedom, but he could lose ev­
erything else. A 14tJ:-century manuscript 
illumination shows two players, one stark 
naked, the other reduced to his shirt. 
The dice game called hazard was not 
confined to low taverns .  King Olaf of Nor­
way and King Olaf of Sweden met at 
Konungahella in Norway in A.D. 1020 to 
decide the ownership of the isolated dis­
trict of Hising. They agreed to throw 
dice for the prize. The story is that Olaf 
of Sweden threw two sixes, smiled and 
said it wasn't worth the other Olaf's 
while to throw.  He then threw two sixes. 
The Swede rethrew and produced an­
other pair of sixes . Then Olaf of Norway 
banged down the dice, throwing one six 
and splitting the other cube in two so 
that seven pips turned up . "Norway 
gained the district and the kings parted 
at the end of the meeting staunch 
friends." I don't believe it .  

Of dice games there is no end. Heads 
and Tails is a kind of dice game. It was 
played by Nero, who used crooked coins 
( one of which has been found ) ,  and by 
Edward II of England, who managed to 
lose eightpence at the game ( which he 
had to borrow from Henry, his barber ) 
to Monsieur Robert Wattewille. ( In 
those days a sheep cost threepence . )  
Thirty-six and Pig are examples of 
games using six-sided dice ; only one die 
is used, the object being to score a certain 
number of points. A popular Mexican 
gambling game is barbttdi, which con­
sists of throwing two dice from a cup to 
achieve certain winning number com­
binations, i.e., 6 : 6, 5:5, 3:3, 6:5 . The 
lingo is as well known to us as it is to 
the Mexicans: the player rolling the dice 
is called the shooter, and he who bets 
that the shooter will not make winning 
pOints is the fader. 

The game of hazard has had a long 
life . In Chaucer's The Pardoner's Tale 
occur the lines: "In Flaundres whilom 
was a compaignye/Of yonge folk that 
haunteden folyel As riot, hasard, stywes, 
and tavernes . . .  " But not only the yonge 
folk of the 14th century played it: among 
gamblers in the 17th and 18th centuries 
it had become a passion and it survived 
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in a modified form in the game called 
craps. Here a nice little point ( of seman­
tics, not craps ) arises, for the game Bell 
calls craps, which he describes as being 
"widely played" by U .S .  and Canadian 
troops in World War II, is not quite 
the game we all know by that name. 
Bell's craps is a refined sort of thing in 
which two dice are thrown from a cup 
by one of the players known as the 
caster. He first throws a "main point," 
which has to be a 5, 6, 7,  8 or 9 ( other 
throws are disallowed and he must throw 
until one of these comes up ) ;  then a 
"chance point," which has to be a 4, 5, 
6, 7, 8, 9 or 10. Main and chance points 
having been determined, he now con­
tinues to throw until he either duplicates 
the chance point, when he wins the 
stakes on the table, or the main point, 
when he loses them. But note that when 
the caster is throwing to fix the chance 
point, he loses the stakes if he throws an 
"out" : 12 is out if the main point was 9, 
7 or 5; 11 is out if the main point was 
9, 8,  6 or 5; a throw of 2 or 3, known as 
"crabs," is out regardless of the main 
point. Another feature, called "nicks ," 
provides the caster with an outright win 
if in his chance throw he duplicates the 
main point. I cannot quite see this game 
played in the alley around the corner 
and I am rather impressed with the ele­
gant inclinations of U .S. and Canadian 
troops. 

A hazard player of the 18th century 
who deserves to be remembered was 
William Crockford, the son of a fish­
monger. Crockford relinquished this 
peaceful trade for the joys of gambling. 
The joys fluctuated, but when "Crockey," 
as he was called, was not contemplating 
hanging or drowning himself because 
of reverses, he did pretty well. At one 
session lasting 24 hours  he won 100,000 
pounds from two noble lords named 
Thanet and Granville, a Mr. Ball Hughes 
and two other gentlemen . What the 
losers did to themselves after this dis­
astrous sitting is not known, but Crockey 
built himself a splendid gambling palace 
in St. James's Street, London, where 
exquisite suppers were served gratis and 
where the celebrities of England, from 
the Duke of Wellington to the youngest 
ensign of the Guards, and other magnifi­
coes such as Prince Talleyrand, Count 
Pozzo di Borgo, Prince Esterhazy and 
the Duke of Palm ella came often be­
tween midnight and dawn to see and be 
seen, to enjoy, in the words of a con­
temporary reporter, "brilliant sallies of 
wit, the most agreeable conversation, the 
most interesting anecdotes, interspersed 
with grave political discussions and 
acute logical reasoning on every con-
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ceivable subject," and to win ( or lose ) 
a little ( or a lot ) at hazard. "In the play­
room might be heard the clear ringing 
voice of that agreeable reprobate, Tom 
Duncombe, as he cheerfully called 
'Seven' and the powerful hand of the 
vigorous Sefton in throwing for a ten. 
Who that ever entered that dangerous 
little room can forget the large green 
table, with the croupiers, Page, Dal'king 
and Bacon, with their suave manners, 
sleek appearance, stiff white neck-cloths, 
and the almost miraculous quickness and 
dexterity with which they swept away 
the money of the unfortunate punters 
when the fatal cry of 'Deuce ace,' 'Aces,' 
or 'Sixes out' was heard in answer to the 
caster's bold cry of 'Seven,' or 'Nine,' or 
'Fives the main' . . . .  " It was not the same 
cry as that heard by the reformed 
gambler John Philip Quinn from a Ne­
gro on the Mississippi steamboat City of 
Chester: "Come seven or eleven" and 
"Chill' en crying fo' bread," but the 
game, called craps ( or the Negro's 
Game), was merely a simplified version 
of hazard . Bell says that craps is a dull 
game, the only attraction of which is 
money. It had not occurred to me that 
gambling had any other end in view. 

After hazard everything is anticlimax, 
but perhaps a few more dice games 
should be mentioned. Among three-dice 
games I note Buck Dice and Martinetti ; 
among five-dice games, Drop Dead, and 
Ship, Captain, Mate and Crew; among 
six-dice games, Sequences ;  among IO­
dice games, Twenty-six; among games 

. using 15 or more dice, Aces ; among 
games with special dice, Bell and Ham­
mer ( picture cards appear) and Liar 
Dice ( poker faces on the cubes instead 
of dots); and finally, among Chinese 
dice games, Strung Flowers ( the dice 
are like dominoes) and Put and Take 
(where the die is a six-sided teetotum 
with instructions on each side, such as 
"Take one," "Take all," "Put 2" ) .  

The last major category in Bell's ar­
rangement consists of domino games. A 
domino, which is nothing more than a 
little tablet representing the throw of 
two dice, is said to be a Chinese inven­
tion.  Dominoes seems a gentle game, 
which many remember playing as chil­
dren with Grandfather or a favorite aunt. 
The Chinese forms include Fishing (tiu 
ii), which uses two sets ; Disputing 
Tens (tsung shap); and Collecting Tens 
(k'ap t' ai shap), a not so gentle gambling 
game in which many sets of dominoes 
are used. Ma-jong, a form of dominoes 
very popular a few decades ago, has 
been dated to the time of Confucius, but 
it is probably only about 150 years old. 
There are many variations and no sov-

ereign rules, one code being as accept­
able as another . A genuine Chinese set 
has tiles made of pieces of bone or ivory, 
backed with bamboo or even mother-of­
pearl or jade, and is likely to be quite 
expensive . The tiles are called dragons, 
winds, birds, flowers, seasons and re­
flect the poetic and aristocratic features 
of Chinese culture. Dice are used to 
determine the order of play; the tiles are 
shuffied; the clinking of the ivory p ieces 
is known as the "twittering of the spar­
rows" ;  each player ( there are four) 
builds a wall 1 7  tiles long and two high 
which represents a wall of a city, and 
these are then joined to make a square, 
the space left at the corners permitting 
the entry of the "devils of ill-luck" 
( "M ore realistically it allows a possibility 
of cheating" ) .  Less poetic are the gam­
bling aspects of the game, which Bell 
characterizes as "vicious ." The details 
of play are complicated and need not be 
considered . European dominoes, bingo, 
Domino Crib, the Matador Game, 
Cyprus and Tiddle-a-Wink ( which is 
the call of the first player to play his last 
tile, who then gets a point for each spot 
in his opponent's hand, as in gin 
rummy) are among other species of the 
domino family . 

Bell concludes with a chapter on the 
making of boards and pieces, which 
contains, as do other chapters, many ex­
cellent illustrations .  An appendix pre­
sents a number of brief biographies of 
Bell's predecessors from as-Suli ( about 
A.D. 920), a descendant of a Turkish 
prince of Jurjan who was the foremost 
chess master of his day and wrote a book 
on the subject, to H .  J .  R .  Murray 
( 1 868-1955), the greatest of the chess 
historians.  In the group is the 19th-cen­
tury architect and archaeologist Edward 
Falkener, author of the classic Games 
Ancient and Oriental and How to Play 
Them, which I mention because it has 
recently been reprinted by Dover Pub­
lications . Falkener's book, written 70 
years ago, is full of inaccuracies but 
is equally stuffed with interesting, out­
of-the-way information about such pas­
times as senat, played by the Egyptians, 
the hiem gmmme of the Greeks, magic 
squares, Polish and Turkish draughts, 
the Knight's Tour ( on the chessboard) 
and ashta-kashte, like chausa1" and 
chauput a variant of pachisi .  

Games of the few, games of the many, 
games for gentlemen, games for harpies, 
games for thinkers, games for fun, games 
for gamblers and for desperate men, 
games that have vanished like Archaeop­
teryx and games that have adapted and 
are still flourishing, games even for timid 
lookers-on : life, in short, played out with 
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little dummies, a benign distraction in a 
dangerous world. 

Short Reviews 

THE VOICE OF THE DOLPHINS, by Leo 
Szilard. Simon and Schuster, Inc. 

( $3 ) . To the late Sir Edmund Whit­
taker's six postulates of impotence (i.e., 
things one cannot possibly do, such as 
exceed the velOCity of light ) another 
might be added : it is impossible not to 
admire the mind of Leo Szilard. He is 
endlessly ingenious, sometimes prophet­
ic, sometimes profound and altogether 
unyuenchable.  As a nuclear physicist, 
biophysicist, pioneer of information 
theory ( a  not widely known paper of his 
published in the 1920's suggests the link 
between entropy and information ) ,  
chemist, radiologist, he needs no intro­
duction to readers of this magazine. Nor 
has his part been forgotten as an asso­
ciate of Enrico Fermi in achieving an 
atomic-chain reaction, as a central figure 
in getting Albert Einstein to write his 
fateful letter to President Roosevelt, as 
a fighter for civilian control of atomic 
energy and, in more recent years, as an 
indefatigable mover and shaker for 
world peace. Szilard, as many a Govern­
ment nabob has learned, is not afraid to 
speak his mind, and he has a disagree­
able way of getting to the point while 
others are still muddling around in the 
pudding. In this volume of short science­
fiction stories he appears in a role that 
is new, yet not entirely new.  Science fic­
tion is for him a new venture, but the 
castigation of morals, the exploding of 
pretensions, the deadpan satire on behalf 
of humane ends-all of which character­
ize the tales-are familiar exercises for 
Szilard . He is practiced at proposing 
outrageous ideas which are either not so 
outrageous as they first seem or delib­
erately outrageous in the nature of a 
reductio ad absurdum. The title story, 
which takes advantage of the current 
flap about the intelligence and teachabil­
ity of dolphins, is a political fairy story 
set at the end of this century. A group 
of dolphin consultants advise the sci­
entists of the Biological Research Insti­
tute in Vienna ( set up in 1963 ) how to 
keep the world from committing suicide .  
Since men are both quarrelsome and dull 
it takes the dolphins about a quarter of 
a century to get their views across, but 
at last disarmament is achieved .  Another 
story describes the world a hundred 
years from now : most of the problems 
we face today, including the economic 
headaches, have not yet been solved, 
but men have learned how to give injec­
tions so that they can "withdraw from 
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life" into a "statu dormiendi " for as long 
as they like. M illions of unemployed 
avail themselves of this temporary exit, 
Congress having in 2025 passed a "With­
drawal Act" authorizing the use of Fed­
eral funds to help the unemployed catch 
a few years' sleep until the current eco­
nomic depression passes. In "Report on 
'Grand Central Terminal' " visitors from 
another planet find life extinct on earth 
and attempt to reconstruct our habits 
from the remains . Most puzzling are the 
lavatory facilities in Grand Central, with 
the pay-as-you-enter cubicles, some of 
the locks on the cubicles being filled 
with metal "disks ."  Since the facilities 
in private homes are not so protected, 
the visiting scholars hypothesize that the 
Grand Central setup was part of a "cere­
monial act" connected with "the act of 
deposition in public places." The stories 
are well written, with a true ear for offi­
cial jargon and the like . The political 
satire, however, gets heavy-handed at 
times, and Szilard's penchant for the 
wayward and bizarre gets him into trou­
ble-amateurish literary trouble and 
half-baked-thinking trouble. StilI, there 
are very nice things in this little book. 
Only recently-and absurdly belatedly­
the author was elected to the National 
Academy of Sciences .  This book would 
scarcely have earned him the accolade, 
but it is an amiable jeu d' esprit by an 
admirable man. 

}\ HOLE IN THE BOTTOM OF THE SEA, 

by Willard Bascom. Doubleday & 
Company, Inc. ( $4 .95 ) .  Straight down 
as well as straight up : these are the di­
rections of two of the major research ef­
forts of the 1960's . Straight up is vastly 
more expensive than straight down but 
not necessarily more fruitful or absorb­
ing. A small group of U .S .  scientists 
have for some time been planning to 
make a hole in the bottom of the sea. 
The Mohole Project, as it is called, will 
drill five or six miles down at some point 
on the ocean floor; cores of the earth's 
mantle and overlying sediments are to 
be brought up and studied by geologists, 
paleontologists, oceanographers and oth­
er specialists . It is their hope that the in­
formation obtained from the cores will 
cast much light on the history, structure 
and composition of the earth . Bascom, 
an oceanographic engineer, has written 
an interesting and highly instructive 
story which goes much beyond the 
Mohole Project itself. He traces the his­
tory of the project, describes the science 
fiction which has grown up around the 
idea of piercing to the center of the 
earth, explains what men have learned 
from rocks and what they still hope to 

learn, tells about the methods that have 
been used to explore the crust with grav­
ity, and leads the reader agreeably 
through primer courses in seismography, 
oceanography, modern oil-well drilling 
and so on. The author writes well and 
his enthusiasm for a variety of scientific 
and technical matters from terrestrial 
magnetism to drilling bits and kelly rigs 
is effectively imparted to the reader . Il­
lustrations. 

SCIENCE SINCE BABYLON, by Derek J. 
de Solla Price. Yale University 

Press ( $4 .50 ) . Both the title of this vol­
ume and its price are more spaCiOUS than 
the contents justify. The book itself con­
sists of five public lectures given at 
Yale in 1959, treating various topics . in 
the history of science with which Price 
has had direct "research experience"; 
the discourse runs to 150 pages, illus­
trated with half a dozen simple graphs .  
Thus the admission comes pretty high. 
The performance, however, is not with­
out interest. The author deals with what 
he calls certain "crises" in the growth o f  
science. He considers the work o f  the 
Babylonians and the Greeks, when our 
own civilization "started to become sci­
entific, thereby setting it apart from all 
other cultures" ; celestial clockwork in 
Greece and China, which represented 
the crossover of science from pure 
thought to technology; the "Renais­
sance roots of Yankee ingenuity"-that 
is, the beginnings of the practitioner 
movement by clockmakers, practical 
teachers, working artisans, instrument 
makers, who, while not so celebrated as 
their contemporaries Galileo, Gilbert, 
Harvey and Newton, nor as deserving of 
celebration, nevertheless made essential 
contributions to scientific advance both 
by their artifacts and by their creation of 
a climate and circumstances favorable 
to experimental science. A fourth lecture 
deals with "mutations" of science, the 
transition from classical theories of the 
19th century to the revolutionary break­
throughs of the 20th ; here Price de­
scribes the delightful nonsense of Rene 
Blondlot's discovery of N rays-a French 
riposte to Roentgen's X rays-for 
which achievement he received a great 
prize from the French Academy, though 
it was already known when M. Poincare 
bestowed the award that N rays were 
products of radioactive imagination 
rather than of the whirling ferment of 
matter itself. The book also treats of the 
"diseases of science," by which Price 
means the contemporary superabun­
dance of literature, man-power short­
ages, increasing specialization and the 
deterioration in quality of what passes 
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for research. He hints at, but unfortu­
nately does not explicitly touch upon, 
the grave question of social responsibil� 
ity in science.  

�VING FISHES OF THE WORLD, by Earl 
S. Herald. Doubleday & Company, 

Inc. ( $ 12 .50 ) . Three hundred or so mil­
lion years ago fishes were the most 
advanced animals on earth . The descen­
dants of that golden age are some 25,000 
species and various other organisms, in­
cluding ourselves . This well-written, in­
formative book with 300 illustrations 
( 145 in color ) is about the marvelously 
diverse life of oceans, lakes and streams : 
hagfish and sharks, skates, rays , bichirs, 
sturgeons, gars, herring, bony tongues, 
mormyrids, Bombay duck, gulper eels, 
pirate perch, opahs, squirrelfish, John 
Dorys, bass, dolphins, grunts , croakers, 
scats, wrasses, electric stargazers, Moor­
ish idols, snake mackerel, gobies , drago­
nets, blennies, cucumber fish, labyrinth 
fish, phallostethids, threadfins,  flying 
gurnards, ragfish, clingfish, midshipmen, 
sea robins, lobe-finned coelacanths, sea 
moths-and all their relatives. Fishes are 
remarkably adaptable forms and as hard 
to describe as to catch. Not all fish have 
scales ; not all spend most of their time 
in the water ; not all have gills ;  not all 
have fins .  What manner of strange crea­
tures these are, what makes a fish a fish, 
how they have adapted themselves, the 
tremendous variation in their sensory 
apparatus (e.g., mormyrids and knife­
fish inhabiting muddy waters use elec­
tric organs to bounce discharge impulses 
off unseen objects ) are among the details 
in this recent volume of the "World of 
Nature" series. Recommended . 

GALILEO GALILEI ON M OTION AND ON 

M ECHANICS, translated and edited 
by 1. E.  Drabkin and Stillman Drake. 
University of Wisconsin Press ( $5 ) .  
This volume comprises Galileo's De 
Motu, written about 1590, now for the 
first time translated into English ( 1 . E. 
Drabkin ) ,  and Le Meccaniche, written 
about 1600 and here translated for the 
first time since 1665 ( Stillman Drake ) .  
De Motu deals with motion and accelera­
tion ; its approach is based largely on 
hydrostatic analogies and is under the 
strong influence of Archimedes. Accel­
eration of a falling body is regarded as 
an "external accident" and does not per­
sist; the inertial concept is not stated . 
The Mechanics, a small treatise Galileo 
wrote 40 years before the Two New 
Sciences for the instruction of his private 
pupils at the University of Padua, deals , 
as Drake states, almost exclusively with 
the analysis of simple machines, a topic 
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to M r. H. L. A ckermal1, Professional 
Employmel1l, 

A M H E R S T  L A B O R A T O R I E S  
I I BB W E H R L E  D R I V E . 

W I L L I A M S V I L L E .  N E W  Y O R K  

(iOn'rnlllelll S:,Sh'rllS � Ianagement 
lor fJENERAL TELEPHONE 'ELECTRONICS 

All qualified applicants will receive con­
sideratiol1 for employment without re­
gllrd to race, creed, color or national 
o ,';gin. 

163 

© 1961 SCIENTIFIC AMERICAN, INC



�OO� � OO � � [ffi � fJ!l 
�� �  �OOT ��T� 
i n the f ie lds of 
space veh ic le 
power and propu ls ion 

Th e P r o p u l s i o n  a n d  P o w e r  Syst e m s  
Department o f  t h e  Aerospace Veh i c l es 
L a b o r a t o r y  h a s  s e v e r a l  u n u s u a l l y  
i nterest i n g  open i ngs for engi n eers and 
sc i e nt i sts  who  are i nt e r ested in  t h e  
f ie lds  o f  space veh i c l e  powe r a n d  pro­
p u l s i o n .  The open i ngs are at a l l  l eve ls  
of exper i ence  - from recent  graduates 
to t h e  s e n i o r  staff l ev e l .  Most of  t h e  
pos it ions wi l l  i nvo lve des ign a n d  ana ly­
s is  of power and propu ls ion  systems for 
sat e l l i t e  and s p a c e  p r o b e  a p p l i ca t i o n .  
S p e c i f i c a l l y, s o m e  o f  t h e  a r e a s  o f  
spec i a l izat ion  are :  

1 SPACE  POWER SYSTEMS 
T h e  posit ions w i l l  i nvolve a n a lysis a nd 
deve lopment  of such e n e rgy sou rces 
as: photo volta ic ,  therm ion ic ,  thermo­

e l ectri c ,  batte ry and advanced e n e rgy stor­
age syste ms. 

2 ��A�O� i tra�?!i������e t�!��e� i�� 
n a ry and conceptua l  design and com ­
parative a n a lysis of a l l  types of chem­

ica l  a n d  e lectric p ropu ls ion systems.  3 PROGRAM MANAGEM ENT  
T h e  posi t ions w i l l  b e  associated with 
the  deve lopment  of so l id  and l iq u i d  
p rope l l e n t  rocket eng ines .  Advanced 

degrees a re preferred and cons idera b l e  ex­
perience i n  the  field wil l  be req u i re d .  

I f  y o u  a re i nterested a n d  be l i eve t h a t  you 
can  contri bute , p l ease mai l  yo u r  res u m e  to : 

Robert A. Martin, 
Supervisor of Employment 
H U G H ES 
1 1 940 W. J efferso n  B lvd .  
Cu lver C i ty ,  C a l iforn ia 

We promise you a reply within one week. 
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omitted-from the Two New Sciences ex­
cept for a brief discussion of the lever. 

R ELATIVITY : THE GENERAL THEORY, 

by J. L .  Synge . Interscience Pub­
lishers, Inc. ( $ 16 .50 ) . A sequel to the 
author's monograph on the special theory 
of relativity, reviewed in these columns 
several years ago, this book is  character­
istic of Synge in its geometrical ap­
proach, its originality and its felicitous, 
relaxed and agreeably ironical style. 
"There are," he writes , "heavy calcula­
tions in the book, but there are places 
where the reader will find me sitting on 
the fence, whistling, instead of rushing 
into the fray." Synge breaks into the 
heart of questions which many another 
mathematical physiCist would be too 
reverent or conventional or scared to 
tackle, and he doesn't mind saying he 
doesn't know when he doesn't know. 
One must turn to Oliver Heaviside or  
one or two other physicists of a now 
vanished age to find the same spirit and 
temper, the same sense of  proportion. A 
superior book. 

MASTERPIECES OF GREEK ART, by 
Raymond V. Schoder, S .J .  New 

York Graphic Society ( $ 12 .50 ) . A beau­
tifully illustrated survey of the whole 
field of 2,000 years of Greek art, from an 
inlaid 1 6th-century B . C .  Mycenaean gold 
dagger to a second-century A.D. statue of 
a smiling faun, including jewelry, vases, 
architecture, coins, mosaics, glass and 
cameos, terra cottas, paintings. Support­
ing text, chronological charts, bibliog­
raphies, 1 12 color plates. An elegant 
book. 

HANDBOOK OF PHYSIOLOGY, SECTION . I :  NEUROPHYSIOLOGY, VOL. III ,  
edited by John Field. The Williams & 
Wilkins Company ( $20 ) .  The most re­
cent section of a comprehensive hand­
book, the first volume of which was re­
viewed in these columns two years ago. 
It includes articles on sensory discrim­
ination, the neural basis of learning, emo­
tional behavior, perception, memory, 
speech, psychosomatics, cerebral circu­
lation, neural metabolism, the chemical 
architecture of the central nervous sys­
tem and the abnormalities of neural 
function. 

A H ISTORY OF METALS, by Leslie 
Aitchison. Interscience Publishers, 

Inc. ( $30 ) .  This amply designed, well­
stocked, attractively illustrated book is a 
"biography" of a family of substances 
which have over the millenniums attained 
an almost unquestioned supremacy over 
the materials used by man. Told as a 

continuous narrative, the story begins 
with the primitive use of gold and native 
copper and concludes with the bizarre, 
portentous and revolutionary use of 
uranium as a fuel .  The approach is gen­
eral rather than academic; the specialist 
will find less in this book than will the 
average reader interested in the history 
of technology ; but, except for the steep 
price, the book will appeal to readers in 
every category. 

ENERGY IN THE AMERICAN ECONOMY, 

1850-1975, by Sam H. Schurr and 
Bruce H. Netschert, with others . The 
Johns Hopkins Press ( $ 1 2.50 ) . A 
thorough, scholarly, enlightening ac­
count of the supply and demand of u .S .  
energy resources from 1850 to  the pres­
ent, with an estimate of prospects over 
the next 15  years . The authors deal with 
energy use in the past and its relation to 
economic growth, the probable future of 
coal, oil, water power, gas and atomic 
energy, the implications of change in 
the country's position from an exporter 
to an importer of fuels and related ques­
tions .  The analYSis is supported by a 
large number of factual tables and sta­
tisfical analyses.  A solid, impressive per­
formance, which economists and other 
specialists will find invaluable . 

THE ENCYCLOPEDIA OF M ICROSCOPY, 

edited by George L .  Clark. Reinhold 
Publishing Corporation ( $25 ) . Better 
evidence can scarcely be found of the 
enormous specialization of modern sci­
ence than the appearance of this solid 
and valuable reference handbook, a co­
operative undertaking consisting of more 
than 140 specially written articles by ex­
perts from a dozen countries, dealing 
with no less than 28 kinds of microscopy. 
M ethods and instruments include auto­
radiography, chemical microscopy, elec­
tron microscopy, electron-mirror micros­
copy, field-emission microscopy, flying­
spot microscopy, metallography, opti­
cal microscopy, ultraviolet microscopy, 
X-ray microscopy, resinography, the 
television microscope, polarizing micro­
scope, ultrasonic-absorption microscope. 
Many diagrams and photographs, and 
bibliographies. 

THE FOURTH DIMENSION SIMPLY Ex-

PLAINED, introduced and edited by 
Henry P .  Manning. Dover Publications, 
Inc. ( $ l .35 ) . In January, 1909, "a friend 
of SCientific American, who desired to 
remain unknown," gave the publishers 
$500 to be awarded as a prize for the best 
popular explanation of the fourth dimen­
sion. Two hundred and forty-five essays 
were submitted and judged by Henry P . 
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LP Record-Stellar Style 
The message from Courier is j ust one of the 
challenges offered to you at PHILCO Western 
Development Laboratories, whose long record 
in space communications achievement merely 
presages the adventure ahead. 

From the earliest plans to invade space, 
PHILCO Western Development Laboratories 
has played a vital role in satellite vehicle in­
strumentation, still but part of its contribu­
tion to space communications. From this new­
est electronics center on the San Francisco 
Peninsula comes a continuing flow of ad­
vanced m i s s i l e  tracking, range and data 
processing instrumentation. 

Added research proj ects and growing pro­
grams assure you a long and rewarding ca­
reer as a member of the PHILCO Western 
Development Laboratories. What you think 
and what you do can be unhampered and un­
inhibited. Personal recognition and advance­
ment promptly follow performance, with 
monetary rewards to match. Northern Cali­
fornia provides an affluent climate for living, 
as PHILCO Western Development Labora­
tories provides a stimulating climate for 
working. For information on careers in elec­
tronic engineering, please write Mr. W. E. 
Daly, Dept. 5-8. 

An qual ified applicants for employment will be considered w ithout regard to race, creed, color. or 

n ational origin ; U. S. citizensh i p  or c u rrent transferable Department of Defense c learance required. 

WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alto, California 

6317 

1 65 
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W E ' R E  
C LO S E R  

T H A N  
Y O U 

T H I N K  

N o w h e re i s  t h i s  c l os e n ess m o re 

a p parent  t h a n  at Loc k h eed . H e re ,  

w i t h  e a c h  pass i n g  d ay ,  n e w  tec h ­

n o l o g i c a l  a d v a n c e s  h e l p  b r i n g  

n e a r e r  t h e  e x p l o rat i o n  of M a rs ,  

t h e  M o o n  a n d  Ve n u s .  

A s  t h e  t i m e  g rows s h o rter, t h e  

pace g rows faster .  N e w  d es i g n s 

i n  S pacec raft a n d  A i rc raft are 

ra p i d l y  b e i n g  d ev e l o p e d  -a n d  t h e  

n u m b e r  cont i n u es t o  m o u nt .  I n ­

c l u d e d  are :  M i s s i l es ;  sate l l i tes ;  

h y p e rso n i c  and s u p e rso n i c  a i r­

c r a f t ; V/ S T O L ;  a n d  m a n n e d  

s p a c e c raft . 

For Lockheed ,  t h i s  acce l e rated 

p rog ra m  c reates p ress i n g  n e e d  

fo r a d d i t i o n a l  S c i e n t i sts a n d  E n g i ­

n e e rs .  Fo r those w h o  q u a l ify ,  i t  

s p e l l s  u n p r e c e d e n t e d  o p p o r ­

t u n i t y .  N ota b l e  a m o n g  c u r r e n t  

o p e n i n g s  a r e :  A e ro d y n a m i c s  

e n g i n e e r s ;  t h e r m o d y n a m i c s 

e n g i n e e rs ;  d y n a m i cs e n g i n e e r s ;  

e l e c t ro n i c  r e s e a r c h  e n g  i n e e rs ;  

se rvosystem e n g  i n e e rs ;  e l ectro n i c  

s y s t e m s  e n g i n e e r s ;  t h e o r et i c a l  

p h y s i c i st s ;  i n f r a r e d  p h y s i c i st s ;  

h y d rod y n a m i c i sts ;  o c e a n  syst e m s  

s c i e n t i  sts ; p h y s i o - p s y c h o l o g  i c a l  

r es e a rc h  s p e c i a l i st s ;  e l e c t r i c a l  

- e l e c t ro n i c  d e s i g n  e n g i n e e rs ;  

stress e n g i n e e rs ;  a n d  i n stru m e n ­

tat i o n  e n g i n eers .  

S c i e n t i sts and E n g i n eers 
a re c o rd i a l l y  i n v i ted  to wr i te :  M r. 

E. W. Des La u r i e rs ,  M a n ag e r  P ro­

fess i o n a l  P l a c e m e n t  Staff, Dept .  

2908, 2405 N .  H o l l y w o o d  W a y ,  

B u r b a n k ,  Ca l iforn i a .  A l l  q u a l i f i e d  

a p p l i cants w i l l  r e c e i v e  co n s i d e r­

a t i o n  f o r  e m p l o y m e n t  w i t h o u t  

regard t o  rac e ,  c reed , c o l o r ,  o r  

n at i o n a l  o r i g i n .  U . S .  c i t i z e n s h i p  ·o r 

e x i st i n g  D e p a rt m e n t  of Defe n s e  

i n d u s t r i a l  s e c u r i t y  c l e a ra n c e  

req u i re d .  

L O C K H E E D 
CALIFORNIA DI VISI ON 

1 66 

Manning of Brown University and by 
S .  A. Mitchell of Columbia University, 
The prize-winning essay and a number 
of others thought to be of merit were 
collected and published in 1910 .  This 
paperback is a reissue of the earlier vol­
ume. Several of the essays are illuminat­
ing, ingenious and amusing. 

Notes 

A MODERN INTRODUCTION TO THE 

FAMILY, edited by Norman W. Bell and 
Ezra F. Vogel. The Free Press of Glen­
coe, Illinois ( $7 .50 ) . A collection of 5 1  
articles and essays o n  the sociology of  
the family : i t s  relations to external sys­
tems, internal processes of the family, 
family and personality_ 

A TREATISE ON THE HIGHER PLANE 

CURVES, by George Salmon. Chelsea 
Publishing Company ( $4 .95 ) .  A reprint 
of the third edition of a well-known 1 9th­
century work, intended as a sequel to 
Salmon's noted treatise on conic sections. 

PIONEERS IN CRIMINOLOGY, edited by 
Hermann Mannheim. Quadrangle Books, 
Inc. ( $7 .50 ) . Articles on, among others , 
Cesare Beccaria, Jeremy Bentham, Isaac 
Ray, Henry M audsley, Cesare Lom­
broso, Gabriel Tarde, Hans Gross, Emile 
Durkheim. 

THE SKELETON KEY OF MATHE­

MATICS, by D. E. Littlewood. Harper 
Torchbooks ( $ 1 .25 ) .  A fine introduction 
to complex algebraic theories by a lead­
ing British mathematician. Paperback. 

X-RAY M ICROSCOPY, by V. E.  Cosslett 
and W. C .  Nixon. Cambridge University 
Press ( $ 15 ) . A comprehensive account 
of the use of X-ray microscopy in re­

search on, among other things, plant and 
animal tissue ; metallurgy and mineral­
ogy; the technology of paper, fibers and 
fabrics . 

IMPACT, by Werner Goldsmith. St .  
Martin's Press, Inc. ( $ 1 7 .50 ) . A refer­
ence book on the theory and physical 
behavior of colliding solids, for workers 
in the fields of applied mechanics and 
in certain areas of applied mathematics 
and physics . 

INTRODUCING GEOLOGY, by D. V. 
Ager. Faber and Faber ( 30 shillings ) .  
A clear, well-written primer on the 
earth's crust : its evolution and its present 
features .  This book is directed to British 
readers and oriented to their landscape, 
but it will profit any beginner. Good 
illustrations .  
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Martian 
Census Taker 
... from Perkin-Elmer 
The presence of organic infrared 
absorption bands on Mars, similar to 
those on Earth, have suggested that a 
form of life may exist on this 
distant planet. 

To take a closer look, Perkin·Elmer's 
Electro-Optical Division has developed a 

working model of an infrared 
spectrophotometer capable of identifying 
the characteristics of hydrocarbon mole­
cules peculiar to organic mechanisms. 

Designed to be used from spacecraft in 
a future NASA Planetary Probe, the 
instrument will travel over 34 million 
miles into deep space taking a period 
of six months before reaching its 
operating destination. 

At 9300 miles from Mars, the 
instrument's surface projection 
will define a 40 x 400 mile sector of 
Martian real estate. 

Programs of equal challenge to 
the Mars project are available for 
Senior Engineers and Scientists 
with capabilities in: 

..... ELECTRONIC SYSTEMS 

..... INFRARED SYSTEMS 

..... ELECTRO·OPTICAL· 
MECHANICAL SYSTEMS 

Resume may be forwarded to 

Mr. R. H. Byles 

Perkin-Ellner 
Ll7t. � 

MAIN AVE. • ROUTE 7 
�

NORWAlK, CONN. 
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All quali/iea applicanu will be 
considered regardles3 0/ race. 
creed. colo, or national origin 
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�50 000 000 wor
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t 
� 

• 

IP�J 
A bold approach toward novel techno­
logical ideas forms the basis for growth 
at Sanders Associates, Inc. 

Starting with 11 engineers and an initial 
order of $1l7.00 just 10 years ago, the 
Company now employs over 1900 people 
and has a current contract backlog in 
excess of $50 million. 

Interim achievements have included 
PANAR® radar, TRI-PLATE® micro­
wave products and FLEXPRINT® flexi­
ble printed circuits - all evidence of the 
advanced thinking and original-concept 
p h i l o s o p h y  p r a c t i c e d  by S a n d e r s  
e n g i n e e rs. 

Several technical breakthroughs in ad­
vanced weapons programs are expected 
to move from development to produc­
tion in the near and long-range future. 
New prime contracts for development 

include space communications, space­
craft radar and relay satellite electronic 
systems for military and commercial use 
in world-wide communications and 
outer-space TV links. A $2 million rise 
in FLEXPRINT sales is expected 
through use of newly developed auto­
mated machinery to increase production 
capacity. No more than 15% of output 
is represented by a single order, and 
Sanders hopes ultimately for a 50-50 
military-commercial balance. 

With the opening of 2 new plants late 
in 1960, Sanders is experiencing the 
greatest growth in its history this year. 
Opportunities are available here now for 
Engineers - particularly those with a 

background in transistorized circuit de­
sign and analytical systems - with the 
ability to contribute top level thinking 
to advanced programs. Please address 
resumes to R. W. McCarthy. 

All qualified applicants will receive conSideration for employ-

!;iZ 5RN:;;;' ";;;;�;;;;;;:."'�:�. 
NASHUA, NEW HAMPSHIRE 

®Reg. U.S. Trade Mark 

ASSOCIATE DIRECTOR 
OF RESEARCH 
Salary to $20,000 

This newly created position is a key technical 
spot reporting to the Director of Research of 
a new Research Laboratory in a desirable 
New England location, and includes complete 
responsibility for directing the following area 
of company·sponsored basic research interest. 

TRANSPORT PHENOMENA OF MOMENTUM, EN­
ERGY, AND MASS IN LIQUIDS AND GAS�S 

Initially, this position carries with it the re­
sponsibility to generate scheduled research 
programs for the senior scientist staff and 
conduct the evaluation studies of their ap· 
plicability as a basis for future diversification 
and the initiation of new research. The po· 
sition also entails manpower, budget and 
schedule responsibilities. 

Requires Ph.D. ill either Physics, Physical 
Chemistry, or a related science, and 10-12 
years oj relaled industrial research experi­
ence, or teaching experience including the 
direction 0/ graduale student research and 
perhaps some industrial consulting. 

Submit resume in complete confidence to: 

J. T. Hamilton 

P. O. Box 1904, 

Grand Central Station, 

New York 17, N. Y. 

All qualified applicants considered without 
regard to race, creed, color or national origin. 
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UNIVERSITE LOVANIUM 
lEOPOlDVlllE, REPUBLIQUE DU CONGO 

APPOINTMENTS OPEN 

Applications are invited from 
candidates with doctor's degree 
for appointment as lecturer in 
chemistry (lecturing in French 
language) to teach up to master's 
degree. Duties to commence in 
October, 1961_ 

Applications are invited from 
candidates with doctor's degree 
for appointment as lecturer in 
mathematics (lecturing in French 
language) to teach up to master's 
degree. Duties to commence in 
October, 1961_ 

Both appointments carry sal­
ary scale, including overseas pay, 
of $7,100 to $8,100 per annum. 
Free housing, medical care insur­
ance. Post is pensionable_ Air 
passage and family allowance. 
Tours of service: nine months. 

Write for further information 
(with curriculum vitae) to the 
President of the University, Uni­
versity Lovanium, B.P. 121, 
LeopoldviIle XI, Republique du 
Congo. 
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3-nation net into space 

Goldstone, Calif., Woomera, Australia. Krugersdorp, South Africa. 

Three different parts of the world thousands of miles from each 
other. Yet drawn together in a new and unique communications net: 
the Deep Space Instrumentation Facility. 

DSIF is under the technical direction of Cal Tech's Jet Propulsion 
Laboratory for the National Aeronautics and Space Administration. 
Staffed and run by the host countries, the tracking stations will have 
85-feet-in-diameter antennas, capable of transmitting and receiving. 
These giant, revolving steel and aluminum saucers are able to send and 
receive signals hundreds of millions of miles to and from space. 

-It was at Goldstone that JPL bounced signals off the planet Venus-
35-million miles away. This two-month experiment gave us valuable 
data about the distance and surface of Venus and helped maintain the 
United States as the leader in planetary radar astronomy. 

Communicating with deep space probes is just one function of the 
three stations of DSIF. Their primary job is tracking all the spacecraft 
designed by JPL to fly-by, orbit, and land on the moon and planets. 

Because the stations provide 3600 coverage around the earth, one of 
the three will always be in contact with each distant spacecraft in 
flight and after it arrives. 

DSIF is an essential participant in the many space projects at JPL. 
Ranger, Surveyor, Mariner. Some of these spacecraft are imminent. 
Others are on JPL blackboards. All will bring new technologies, new 
knowledge of our planets and the topless universes beyond, and a still 
greater understanding of our own small world. 

To carry on these vital projects, we need top scientists and engineers 
of many different disciplines. We need people who love their work, who 
want to know, and want to participate in the exploration of other worlds. 
If you believe you're qualified, then come explore with us. Write today. 

.JET PROPULSION LABORATORY 

4802 Oak Grove Drive, Pasadena, California 

Operated by California Institute of Technology for the National Aeronautics and Space Administration 

All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 
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Airborne liquid oxygen tank is loaded aboard a U.S. Air Force Douglas C-133 for flyaway delivery to 

Vandenberg Air Force Base, California, to become part of the ground support system for the Thor missile. 

How. they air mail power for the Thor 
The Air Force Thor missile, poised and 
ready to keep the Free World safe, feeds 
on super-cold liquid oxygen (LOX) for 
its powerful thrust. This precious fuel 
must be shipped safely to bases at home 
and abroad absolutely free from con­
tamination. 

Selecting the material to package huge 
amounts of this LOX at -297° F was 
the task of the Cambridge Division of 
Standard Steel Corporation. Such tem­
peratures embrittle some conventional 
metals, making them shatter like glass. 

Nickel stainless steel was the answer 

for the inner shell of the 50-foot long 
vacuum-jacketed tank they designed­
the world's largest "Fly Away" vessel. 
With nickel in it, stainless steel stays 
tough even down to -4540 F. 

The corrosion resistance of nickel 
stainless steel is vital to safeguard the 
purity of the LOX. Corrosion could 
cause flaking, and just a trace of it could 
put a Thor out of operation. But the 
LOX, kept 99.995% pure in nickel 
stainless steel, is transferred directly to 
the missile itself. 

Nickel stainless and other nickel steels 

are often the most economical-and the 
safest-alloys to use in handling lique­
fied gases. Their weldability cuts fabri­
cation expense and their ductility and 
strength means they can be used in 
lighter, cost-saving forms and shapes. 

For all the facts on steels for low tem­
perature service, write for your copy of 
the booklet, Steels for the Containment 
of Liquefied Gas Cargoes. It's yours for 
the asking. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
A 

67 WaIl Street {I�.��> New York 5, N. Y. 

INca NICKEL 
MAKES STAINLESS STEEL PERFORM BETTER LONGER 
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VERSATILITY-a product of WESTERN's rowth 

Day by day, swift changing events in the Western World have triggered the need for new products, new skills, 
new capabilities in industry. And, responding with equal speed, WG versatility has met the challenge. Today, Western 
makes more than quality gears. With 73 pioneer years under its belt ... with engineering, manufacturing and 
R&D skills sharpened to razor edge ... Western's 6 divisions produce more than 500 products ... cover the 
entire field of applied power and motion ... help industry achieve more profitable production. Western versatility 
can be a major step toward your company's growth. It could prove rewarding to 
make specific inquiry relating to your equipment needs. Ask for Corporate 
Capabilities Bulletin 5900. Address Western Gear Corporation, Box 182, 

Lynwood, California. Cable address: WESTGEAR, Lynwood, California. 

WE S T E R .N G E A R C O R P 0 R'A T IO N 
SEATTLE. WASHINGTON; BElMONT, LYNWOOO, PASAOENA. CALIfORNIA; HOUSTON. TEXAS. OffiCES IN AlL PRINCIPAl CITIES. 

PRODUCTS 
DIVISION 

AIRCRAFT AND MISSILES SYSTEMS. SUB·SYSTEMS AND COMPONENTS. RADAR ANTENNA DRIVES . MINIATURE MOTORS AND BLOWERS . PRINTING 
P R ESSES . A COMPLETE LINE OF INDUSTRIAL POWER TRANSMISSI O N  EQUIPMENT . MAJOR PRODUCERS OF LARGE MARINE GEARS AND D ECK 
MACHINERY. SYSTEMS MANAGEMEN"f ANALYSTS AND SPECIALISTS IN EXOTIC RESEARCH AND DEVELOPMENT. SEAPOWER OUTDRIVE FOR PLEASURE BOATS 
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CONSTRUCTION CYNAMIC:S • . •  Urban population explosions and intensified land-use create construction problems 
of economy and speed. Unique Solution: The combination of Materialite lightweight concrete aggregate, automated 
mixing plus imaginative manufacturing techniques. Unique Result: Dynacore prestressed concrete hollow-core slabs for 
floors and walls, produced on an assembly line basis in advance-and quickly lifted into place at the construction site. 
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