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Ever see 
a ���! magnet? 

Our enjoyment of candy and tobacco would I 

soon disappear if it were not for the invisible 
magnet that holds their moisture-glycerine. 

Maintaining moisture balance in candy and 
tobacco is only one of an amazing number of . 
tasks glycerine performs. It makes cellophane 
pliable and tooth paste smooth-flowing. It goes 
into explosives, paint, glue, and ink. Glycerine 
promises to play a vital role in the newly de­
veloped technique for preserving "eye-bank" 
corneal tissues at freezing temperatures. 

Industry now uses glycerine in more than 
1500 different ways . . . and continues to 
discover new applications. 

Answering a wide range of needs by produc­
ing high purity glycerine is one more way 
Shell Chemical serves industry. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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WHEN YOU'RE REACHING 
FOR THE MOON 

When you're designing a new missile gyroscope ... a new 

computer ... a new telemetering device .. . a new anything 

that calls for precision instrument ball bearings ... you 

do well to turn to Fafnir. For no matter what your prob­

lem is ... temperature extremes, low torque, load-life, low 

vibration or noise levels ... Fafnir can help you solve it. 

Fafnir has the diversity - a wide variety of ball bearing 

types, designs, materials, and tolerances - and the uni­

formly high standards of quality to meet your needs pre­

cisely. The Fafnir Bearing Company, New Britain, Conn. 

Three varieties of retainers available to you in Fafnir preci­

sion instrument ball bearings_ From left: ribbon-type steel 

(for low torque), composition (for high speeds), and iron­

silicon-bronze (for high-speed, high-temperature applications)_ 
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IMAGINATION IN SPACE 

Since Creation, man has looked out on space. 
At first, unknowing and incurious; then with 
the beginnings of understanding; now free 
and able to explore. Yet to move in space 
calls for wholly new concepts of energy. 

This, then, is the working philosophy of 
Hercules in chemical propulsion: To design 
and manufacture highly concentrated packages 
of energy as propellants and rocket motors; 
each compatible, controllable, predictable; and 
each perfected for its specific mission. 

HERCULES' BACKGROUND: A half-centllr:'Y of 
creative imagination in the evolution of propellants, 
from shotgun powder to space propulsion; encompassing 
r'esearch, design, engineering, and staff organization 
for' lhe production of the most advanced propellants, 

HERCULES POWDER COMPANY 

900 Mar'ket Street, Wilmington 99, Delaware 
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How to get the tubing you need 
for fuel element cladding 

In determining the practicability of mate­
rials under consideration for tubing used 
as fuel element cladding in nuclear 
reactors, the following factors must be 
considered and properly evaluated: 

1. Type of fuel-ceramic or metallic matrix 

2. Environment-temperature, pressure 
and corrosive conditions encountered 

3. Neutron economy-whether materials 
like zirconium, columbium, vanadium 
or ZircaIloy, which have the best nuclear 
characteristics, are to be used; or 
whether less effective substitutes must 
suffice as a cost consideration 

4. Standard of reliability and integrity­
what is wanted, what it is possible to pro­
duce, what is economically feasible 

5. Dimensional requirements-OD, ID or 
wall thickness or any combination of 
these; straightness of tubing; and tol­
erances to be held 

Only after these factors have been deter­
mined and given due relative weight by 
both the Metallurgical and Production 
Departments can a satisfactory recom­
mendation be made. Let us take a 
composite inquiry to show what Superior 
does to give its customers the utmost 
satisfaction. 

Analysis: Seamless 304, .002% max. cobalt 
limitation, chemistry restriction. 

Sizes: .443 in. ± .0005 in. OD x .423 in. 
± .0005 in. -.0000 in. ID. Cut lengths, 
tolerances, ± !i4 in. 

Tests: Ultrasonic nondestructive, to a 3% 
wall defect level; helium leak test; auto­
clave corrosion test; 2-hr. hydrostatic test. 

Other Requirements: Dye penetrant inspec­
tion; no chlorinated lubricants or cleaning 
fluids permitted; identification of raw ma­
terial through to finished tubing-top, 
middle and bottom of ingot. 

Here is the tubing that was supplied by 
Superior and the requirements which it 

met after extensive discussions with the 
customer's engineers: 

Analysis: 304L because of application tem­
perature. The best reasonable available 
level of cobalt is .05% max. By special 

melt we could get .01 % max. By converting 
ingot we could get a .003% max.-but we 
aimed for .002%. 

Sizes: Tolerances of ± .001 in. OD and 
+.001, -.000 in. ID. Since ID was the 
prime limiting factor we air-gaged to in­
sure these tolerances. 

Ultrasonic Test: We agreed upon a defect 
level of 10% of the wall, since the wall 
thickness was less than .040 in. We also 
recommended Eddy current, since the tub­
ing was below 1/2 in. OD x .049 in. wall. 

Helium Leak Test: Customer waived this 
test when told of its impracticability. More 
recently it has been dropped from Nuclear 
Military Specifications. Test is used on 
completed assemblies only. 

Autoclave Corrosion Test: Customer indi­
cated time and temperature of test. We 
performed it. 

Hydrostatic Test: The impracticability and 
high cost of this 2-hr. test was discussed 
with customer. It was decided to limit it to 
the completed pressure vessel. 

Dye Penetrant Inspection: Performed 
according to specifications. 

Chlorinated Lubricants or Cleaning Fluids: 
We explained that chlorinated materials 
are used in redrawing stainless steels and 
many other metals. This is general proce­
dure in all tube processing plants. Cus­
tomer unhesitatingly withdrew restriction. 

Identification: This specification can be 
readily met to the point where the material 
is extruded. Thereafter, while possible, it is 
extremely impracticable and costly. 

Since there is no such thing as a standard 
fuel element and each new reactor sug­
gests modifications and improvements 
in design, it is necessary to compromise 
to satisfy all requirements. Superior's 
experience in the nuclear and missile 
field can help you in developing fuel 
element cladding. Data Memorandum 
No. 20 gives a rundown of our back­
ground and some of the tubing avail­
able. Write for a copy today. Superior 
Tube Company, 2052 Germantown Ave., 
Norristown, Pa. 

S�6'r/���4e 
The big name in small tubing 

NORRISTOWN, PA. 
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All analyses .010 in. to % in. aD-certain analyses in light walls up to 2V2 in. OD 

West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif • •  RAymond 3·1331 

THE COVER 

The painting on the cover shows 
three lettuce seeds as they would 
appear under a low-power micro­
scope. (The seeds are enlarged 
some 50 times.) Attached to the 
seed at left is the feathery parachute 
by which the wind bears the lettuce 
seed away from the parent plant. 
The painting represents an experi­
mental situation in the investigation 
of some influences which cause a 
seed to germinate (see "Germina­
tion," by Dov Koller; page 75). It is 
known that red light will stimulate 
the germination of a lettuce seed, 
and that "far red" light (between 
red light and infrared radiation on 
the electromagnetic spectrum) will 
inhibit this stimulation. Two of the 
seeds in the painting have been 
partly wrapped in metal foil to de­
termine whether any particular 
part of the seed is involved in these 
responses. The "bottom" of the seed 
in center has been wrapped; the 
"top" of the seed at right. At far 
right the head of a pair of tweezers 
pinches the edge of the foil to make 
a close-fitting, light-tight cover. 

THE ILLUSTRATIONS 

Cover painting 
by John Langley Howard 

Page 
42-47 
48-49 

51-55 
57-60 
75-82 
87 

88-98 
105 

106-116 
125-132 
134 

137 
145-148 
150-152 
160-164 
172-176 

Source 
Irving Geis 
Global Marine Explora-

tion Company 
Emi Kasai 
William Vandivert 
John Langley Howard 
Mount Wilson and Palo-

mar Observatories 
Bunji Tagawa 
Charles M. Bogert, Am­

erican Museum of Na­
tural History 

Eric Mose 
James Egleson 
B. D. Cullity, University 

of Notre Dame 
James Egleson 
Roman Vishniac 
Rene Martin 
Alex Semenoick 
Roger Hayward 
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there's Transitron 

Atomic subs can navigate the globe without surfacing - getting their bearings from 

electronic inertial guidance systems. Vital to the reliability of these guidance systems 

is the tiny semiconductor. The industry's broadest line of advanced silicon and 

germanium semiconductors is made by Transitron, whose 3000 skilled employees 

specialize exclusively in these products. In atomic subs, communications, missiles, 

industrial computers, radar, jets - wherever there's electronics - there's Transitron, 

known the world over for leadership in semiconductors. 

TRANSISTORS · RECTIFIERS · DIODES · REGULATORS · VOLTAGE REFERENCES 

Tronsitron il 
electronic corporation • wakefield, massachusetts 

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U. S. A . •  CABLE ADDRESS: TRELCO 
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INDUSTRIAL 

· .. The recording of static and dynamic 
phenomena such as strains, vibrations, pres­
sures, accelerations, temperatures, and im­
pacts ... 

• . .  Monitoring and recording reference sig­
nals in control applications ... 

· .. Response measurements in dynamic pro­
duction tests ... 

· .. Brain studies ... electro-cardiograph 
work ... studies in physiological and med­
ical research ... Any place where high sen­
sitivity and/ or high frequency data are 
required. 

· .. We know of slush pump manufacturers, 
automobile manufacturers, and many other 
types who have found that they can make 
better products and save on production costs 
by the use of oscillographs and other in­
strumentation of the Century type. 

It can be greatly to your advantage to 
modernize to meet these new advances In 
industrial instrumentation ... 

Technical literature and engineering assist­
ance on specific problems and applications 
are available from our engineering depart­
ment. Just call the representative nearest 
you. 

lt is possible to decrease obsolescence in 
some of your present equipment by the 
addition of new instrumentation and pro­
cedures. Century oscillographs have high 
adaptability and low comparative cost. 

Send for the Century story today . 

AIRCRAFT 

· .. The combination of compactness, thirteen 
pound weight, rugged dependability and simple 
design with uniform frequency response to 2,000 
cps. makes the 409 Century oscillograph an ideal 
unit for airborne test recording in airplanes, 
rockets, missiles. It has had wide usage on an ex­
pendable basis in units being tested to destruction. 

· .. Century has records of dramatic case histories 
wherein little has remained of either the vehicle 
or its instrumentation but where complete, ac­
curate, permanent test records have been salvaged 
from badly wrecked, even totally mutilated 409 

· .. Its amazing resistance to impact and vibratory 
shocks which are totally destructive of the vehicles 
and most internal mechanisms is known in military 
circles. These same features make it an ideal unit 
for earth boulld vehicles alld marille applicatiollS. 
Extreme portability and simplicity of design and 
control permit fast set-up of tests, carrying, and 
operating on board the tested vehicle. The 409 
has been called the "work-horse" of the instru­
mentation field. Of course Century equipment is 
designed from the start to meet military specifi­
cations. Get the Century Story Today ... 

Century 409 Recording O!.cillogroph, 
Actu,,1 Record, V.:> redllcl;ml 

. �� .'"'--t;�/·JtlL; CENTU . . R. Y ELECTRONICS & INSTRUMENTS, IN C .• 

(;,If!':X'iAI/LSA tT� 1 3 3 3 N. UTI C A - P . O. B OX 6 2 L 6 PIN EST A T IO N 
of r 1 1 T U L 5 A J 0, 0 K L A H 0 M�A, U. S. A. P H O .N E L U 4 - 7 1 

REPRESENTED IN ALL PRINGIPAl CITIES OF THE U. S. BY , THE GARRETT CORPORATION, AiRESEARCH AND 
AERO ENGINEERING DIVISIONS. IN CANADA BY GARRE.TT MANUFACTURING CORPORATIC?N OF CANADA, LTD. © 1959 SCIENTIFIC AMERICAN, INC© 1959 SCIENTIFIC AMERICAN, INC



fifth in a series 

FROM REFINING IN TEXAS TO FISSION IN FRANCE ... 

Only the RW-300 Digital Control Computer 

is providing .fully automatic control 

o.fcomplete industrial processes. 

The RW -300 Digital Control Computer is the most power­
ful tool available today to control entire industrial proc­
esses and to provide useful data from manufacturing and 
testing operations. Connected directly to measuring 
instruments and control devices, the RW-300 collects and 
interprets operating data, makes control calculations and 

-decisions, and operates valves, starts and stops motors, 
and takes all the other control actions necessary for fully 
automatic operation. 

By exercising fast, effective control, the RW -300 
reduces operating costs, improves product quality, and 
increases production. It also computes and prints out 
large quantities of useful data simultaneously with its 
performance of the control function. 

Some of the world's largest companies have purchased 
the RW-300 Digital Control Computer for uses ranging 

from the completely automatic control of an oil refinery 
unit in Texas to the monitoring of a nuclear reactor in 
France. Additional RW-300 installations are under way 
in such fields as chemical manufacturing, cement making, 
air traffic control, equipment testing, and data reduction. 

The RW-300 is one example of the diversified products 
built by TRW that are contributing to the productivity 
and efficiency of modern industry. The Thompson-Ramo­
Wooldridge Products Company, a division of Thompson 
Ramo Wooldridge Inc., performs systems engineering and 
marketing for the RW -300, which was designed and is 
manufactured by the Ramo-Wooldridge Division. 

For further information, call or write: Director of Marketing, The 

Thompson-Ramo-Wooldridge Products Company, P. O. Box 90<J67 
Airport Station, Los Angeles 45, California, OSborne 5-4601. 

J\. Thompson Ramo Wooldridge Inc. h� 
Main offices. CLEVELAND 17, OHIO ' LOS ANGELES 45, CALIFORNIA 
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• • • news about metals and metal chemicals 

UNION 
CARBIDE METALS 

E'.ctromef 'e"oallays, 
pure metals and metal chemicals 

Slip-casting -- a method almost as old as the potter's wheel for shaping 
ceramics -- may help solve some modern metal fabricating problems. At UCM's Metals 
Research Laboratories, tungsten, molybdenum disilicide, and other intractable 
metals and intermetallics are being slip cast into intricate shapes with close 
tolerances. The ease with which powdered molybdenum disilicide can be slip cast, 
for instance, suggests its use as a structural material in missiles and rockets. 
High-temperature oxidation resistance and a high melting point (2030°C: 3686°F) 
qualify this refractory material for hypersonic vehicle applications. For more 
information, write for Bulletin MD l-S. 

* * * 

The largest columbium ingot ever formed, made from UCM material, was 
recently melted by the Refractomet Division of Universal-Cyclops Steel Corporation. 
Weighing 345 pounds, the ingot measured 19 inches long and 9 1/2 inches in diameter. 
This has been successfully rolled into sheets as long as 170 inches, in widths from 
16 to 36 inches, and in gauges from 0.02 to 0.06 inches. Thinner gauges are in 
prospect. This joint effort effectively demonstrates the feasibility of producing 
columbium on a commercial scale. Write for Bulletin CB l-S. 

* 

Among UCM's new industrial metal chemicals are vanadium dichloride, 
vanadium trichloride, vanadium oxytrichloride, and vanadium tetrachloride. 
The po�lefin industry is evaluating these high purity compounds in producing 
new synthetic rubber products. The pharmaceutical industry, also, is studying them 
as red��agents in organic reactions. Highly reactive, the vanadium chlorides 
can also be used to manufacture organometallic compounds. UCM's technical 
background and experience with vanadium metal -- over a ten-year period --
give investigators in this area a distinct advantage. Write for Bulletin MC l-S. 

* * * 

Union Carbide Metals Company has begun production of titanium carbide 
on a semi-commercial scale. This high-melting-point compound has several known 
and potential applications. As an important additive in tungsten carbide 
cutting tools, titanium carbide improves resistance to oxidation and erosion. 
It is also being used for high-speed cutting tools as a base material in cermet 
compositions. Titanium carbide's resistance to corrosion by molten aluminum and 
cryolite recommend it as a potential cathode material in aluminum reduction cells. 
UCM also produces titanium metal and several other titanium compounds. 
Write for Bulletin TC l-S. 

* * * 

Demand mounted during 1958 for vanadium metal with low content of oxygen, 
nitrogen, and carbon. The major contribution to the increased demand for vanadium 
were A. E. C. applications. Notable quantities, however, are also being used as 
melting stock in vacumm melting. Write for Bulletin VM l-S. 

* * * 

A large boule of transistor-grade silicon, produced by General Electric 
from UCM's purified silicon, was exhibited recently at the National Metal Exposition 
in Cleveland. This boule, measuring 4 in. long by 1 in. max. diam. and weighing 
2 3/8 oz., contained enough silicon to make several thousand transistors. 
Write for Bulletin SM l-S. 

* * * 

Union Carbide Metals Company, Division of Union Carbide Corporation, 
P.O. Box 330, Niagara Falls, N. Y. 

The terms ' 'Electromet·· and' 'Union Carbide' • are registered trade marks of Union Carbide Corporation 

© 1959 SCIENTIFIC AMERICAN, INC



WHEN you are processing pow­
dered or granular hygroscop­

ic materials, mois ture in the air 
can cause problems in production 
and harm to the product itself. 

Obtaining a dependable supply of 
extremely dry air is simple with 
Lectrodryers. These machines dry 
air to dewpoints as low as _1100 F. 
With Lectrodryers you can have 
dry air by the roomful, or in eco­
nomical small quantities for en­
closed processes or laboratory tests. 

Lectrodryers come to you as self­
contained units, ready to go to 
work. Operation can be automatic 
or manual, intermittent or con­
tinuous, to suit your requirements. 
Dependability and trouble-free 
operation are assured by Lectro­
dryer's proven record and accept­
ance. Lectrodryer equipment is 
used by 90% of America's largest 
industrial concerns. 

Check your processes and plans. 
Then, for advice on how to ob­
tain needed desert-dryness, con­
sult the engineers of Pittsburgh 
Lectrodryer Division, McGraw­
Edison Company, 336 32nd St., 
Pittsburgh 30, Pennsylvania. 

Lectrod ryer® 
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LETTERS 
Sirs: 

James R. Newman reviewed Linus 
Pauling's book No More War! in your 
February issue and referred to a state­
ment which I am said to have made. 

Mr. Newman writes: "Merril Eisen­
bud, an Atomic Energy Commission offi­
cial, wrote an article in 1955 which 
stated that 'the total fallout to date from 
all tests would have to be multiplied by 
a million to produce visible, deleterious 
effects except in areas close to the ex­
plosion itself.' " He then refers to certain 
Congressional testimony in which an 
earlier version of this statement was 
challenged by Ralph Lapp. 

Newman's information, which comes 
in part from Professor Pauling's mono­
graph, is incorrect. This statement did 
not come from an article I wrote. In­
stead, it appeared in the March 20, 1955, 
issue of the New York Daily News as a 
result of an interview I had with a re­
porter from that paper. 

Although a newspaper account can 
certainly be considered no more than 
second-hand information, Dr. Lapp lift­
ed the statement out of its original con­
text and presented it as part of his 
testimony in the 1957 Congressional 
hearings on the nature of radioactive 
fallout and its effects on man. He re­
ported it (third hand, mind you) to cite 
the irresponsibility of government offi­
cials. I thought this action quite unfair 
in view of the fact that I have published 
in scientific journals on this and allied 
subjects and that more reliable accounts 
of my official and professional views on 
the subject were thus readily available. 
I think it proper to question a man's 
judgment, or for that matter, his in­
tegrity, on the basis of things he writes 
or says, but I don't think it proper to do 
this on the basis of a newspaper account 
of what he is reported to have said in an 
interview. 

I was disappointed to find that Pro­
fessor Pauling extracted out of context 
not only the newspaper statement, but 
also the questions and answers from the 
published proceedings of the hearings. 
Please note at this point that Pauling's 
reference to the statement now becomes 
fourth hand since he based his material 
on Lapp's testimony. At least Professor 
Pauling was cautious to note that it was 
a quotation from the New York Daily 
News. Would that Mr. Newman had 
followed suit. 

I have admired Mr. Newman's writ­
ing for many years and this review puts 
only the slightest nick in what I think 
is a fine record of scientific reporting. 
However, when even as reliable a writer 
as Mr. Newman will take confused 
fourth-hand information, and further 
confuse it in creating a fifth-hand ver­
sion, one begins to wonder when to trust 
the "facts" he reads. Now that this fifth­
hand version of "the statement" has ap­
peared, to be read by people who may 
not read this letter, I wonder what the 
sixth-hand edition will say! 

"MERRIL EISENBUD 

Manager 
New York Operations Office 
United States Atomic Energy 

Commission 
New York, N.Y. 

Sirs: 
The article "A Witness at the Scopes 

Trial," which appears in your January 
issue, was very interesting to me. It is 
probably impolite to call attention to the 
mythical nature of some of the material 
presented, when the facts have grown 
dim in the memory and so many of the 
principals are gone. 

However, certain facts may be help­
ful in bringing the case into proper per­
spective. It was initiated in response to 
an advertisement in a Nashville paper 
by the American Civil Liberties Union 
calling attention to a little-known statute 
and urging a test case. This was seen by 
George Rappelyea, who correctly inter-
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Excellence in Electronics 
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AT RAYTHEON 

Scientific imagination 
focuses on NEW APPROACHES 

TO MINIATURIZATION ... 

Save one pound of excess weight and a missile 
travels 18,000 feet higher, a jet fighter costs 
$7,000 less! That's why weight reduction in air­

borne equipment is an imperative need. 

Of all electronic components, transformers are 
intrinsically the heaviest, but radical new tech­
niques developed by Raytheon scientists reduce 
size and weight of these units by as much as 75%. 
The keys to transformer miniaturization are effi­
cient heat transfer and excellent dielectric proper­
ties - realized by using fluorochemicals. These 
compounds, originally developed for atomic en­
ergy applications, remove heat from transformer 
windings by vaporizing and then condensing on 
the inner surface of the transformer case. This 
unique application of fluorochemistry to electro­
magnetic design saves hundreds of pounds, im­
proves electrical performance and reliability. 

The scientific teamwork at Raytheon of men such 
as J. F. Ahearn, L. F. Kilham, Jr. and R. R. Ursch 
is responsible for this major advance in electronic 
packaging-one of many fields in which Raytheon 
is contributing to fundamental knowledge. 

RAYTHEON MANUFACTURING COMPANY, Waltham, Mass. 
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NEED 
ASSISTANCE 
IN 

OP�IGAl 
EL�CTRO-MECHANICAU 
IN TRUMENTATIO N ... 

DE, IG-N--·------, 
ENGINEERI N G ... 

� 
P�SJON-? 
MANUFACTURE. 

� 
LET WOLLENSAK 
OPTICAL COMPANY 
BE OF SE RVICE 
TO YOU ... 

We are specialists in the de­
velopment and manufacture 
of custom optical-mechanical 
devices ... concentrating on 
products which require high 
engineering excellence and 
precision manufacture. 

We have worked with many 
of America's largest corpora­
tions, such as GE, Philco, 
RCA, Haloid Xerox assisting 
them with sub -assemblies, 
optical-mechanical engineer­
ing and manufacture of units, 
in which we are extremely 
capable. Why not contact us 
on your next problem. 

Call or write 

OPTO·MECHANICAl DIVISION 
�� .... 'I"1TJ WOLLE NSAK 
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Optical Company, Rochester 21, N. Y. 
Optical Specialists Since 1899 

preted it to mean that the A.C.L.U. 
would finance such a trial. He enlisted 
the cooperation of the other school-board 
members and of John Scopes and noti­
fied the A.C.L.U. The details of the 
coming show were then worked out at 
meetings with the A. C.L.U. in New York 
where the principals were guests of the 
A.C.L.U. Initial plans called for Rappel­
yea to act as the prosecutor but the veil 
proved to be too thin and he withdrew 
in favor of School Superintendent White. 

The inducement for Scopes, a young 
science teacher, in his first year of teach­
ing, was the promise of reappointment 
for another year at $125 per month. This 
was small compensation for the badger­
ing he received from reporters and oth­
ers seeking to share his fame. So he was 
soon sorry that he had permitted them 
to persuade him to become the "guinea 
pig," and to his credit, refused to exploit 
the many offers, including a movie con­
tract, lecture tour, etc., which were ad­
vanced by promoters and others, con­
tenting himself with a scholarship to the 
University of Chicago where he could 
study geology. To picture or think of 
Scopes as a crusader or as a dedicated 
student of the Darwin theory is com­
pletely out of character. ... 

The interest of the populace of Day­
ton, then a marginal agricultural com­
munity, was based primarily on material 
rather than ideological considerations. 
Local lawyers were to conduct the case, 
but when it became apparent that it 
would command an international press, 
ambitious politicians and lawyers of 
prominence associated themselves with 
the case to share in the light of publicity, 
and the show was soon on the road. 

While it is true that the churches gen­
erally took a stand against evolution, 
there were local dissenters, notably Rev­
erend Byrd of the Methodist Church. 
To picture the local populace, which was 
primarily out for a quick buck, as hostile 
to visitors, or to defense counsel, or even 
to Scopes, adds color to an otherwise 
dull subject, but is mostly fictional. In­
stead, there was a clear working arrange­
ment to promote and to continue the 
trial as long as possible for the maximum 
in publicity and for the financial benefit 
of the local merchants and those furnish­
ing living accommodations and services 
for the visitors. Darrow was entertained 
by the Businessmen's Club at a standing­
room-only banquet at the local hotel. 
Some joined the nightly poker game at 
the Darrow home on Second Avenue in 
Dayton. The father of the star witness 
for the prosecution vacated his home 
and rented it to Darrow. Dudley Field 
Malone's beautiful young wife was en-

tertained and amused by the young gal­
lants of the town. Scopes helped to 
round up the student witnesses for the 
prosecu tion. . .. 

This, of course, is not to imply that 
serious rivalry did not exist between 
Darrow and Bryan, but since Bryan had 
not tried a case in court for some 25 
years, he was hardly a match for the able 
and experienced Darrow in a courtroom, 
and except for his testimony, which at 
times was quite comical, took relatively 
little active part in the proceedings. The 
case was conducted in a carnival atmos­
phere with only one- or two-hour morn­
ing and afternoon sessions devoted to the 
trial, and the balance of the time con­
sumed in posing for pictures, making 
brief speeches on the radio, issuing 
statements and granting interviews to 
the press . ... 

However, all of this is not to imply 
that I question in any way the complete 
sincerity of the writer of the article in 
your January issue, as he seems very se­
rious about the whole thing, much more 
so than the Supreme Court, which ap­
parently recognized it for what it was. 

How do I know these things? I was 
born and raised in Dayton, had intimate 
acquaintance with the local principals, 
was a pupil of Scopes at the local high 
school and was in the class that reported 
directly to him, lived just across the 
street from his residence, had constant 
and friendly association with him, had a 
ringside seat at the trial as an employee 
of radio station WGN of Chicago, ob­
served many of the events and was in­
vited by Scopes to testify. 

CARMACK WATERHOUSE 

Oak Ridge, Tenn. 

Sirs: 
I have read Mr. Waterhouse's letter 

with much interest. It appears that he is 
drawing on his memory to bring "the 
case into proper perspective." 

He mentions the agreement between 
the American Civil Liberties Union and 
Mr. Rappelyea to stage the case in Day­
ton. This is the first mention I have 
heard of such a plan. Whatever scheme 
they may have had for a court test, they 
could not have anticipated the appear­
ance of Bryan, Darrow and other na­
tional legal and scientific figures which 
made it a "show." 

It has been my habit through the years 
to keep very full notes on all important 
matters in which I have been involved. 
In this case I gave particular attention 
to intimate details which I might use in 
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" 
• • •  why don't you 

do this type work 
yourself?" 

Budd Monautronic 

Weld Control Unit, 

an electronic sys­

tem which certifies 

each weld in high 

speed resistance 

welding. 

Resistance welding technique on a Budd-designed weld· 

i ng machine. 

Fabrication feasibility studies of Budd integrated core 

panel. 

Experimental aircraft speed brake of welded sandwich 

panelling. 

Recently, after defending his stand on the use of outside com­
panies for specialized metal fabrication, an engineer from a 
large aircraft company wrote us a letter. In it, he said, "The 
question has been asked by several people, 'why don't you do 
this type work yourself?' They, of course, do not realize the 

education, personnel, time, special equipment and expendi­
tures that go into making up an organization such as you have 
developed for this special work ... " 

A detailed description of the development of Budd's sym­

metrical core stainless steel sandwich material was supplied to 
this engineer in answer to his further queries. It illustrates the 

value of the specialist in a weapons system-or any systems 
-prod uct-development. 

Four years ago when it became evident that available mate­
rials would not be adequate for increasingly higher Mach 

vehicles, Budd began development of resistance welded stain­
less steel sandwich material. At the time, the industry was 
hoping to find its answers in brazed honeycomb. 

By using the same combination of resources it has always 
used in the development and manufacture of all kinds of steel 
structures, Budd developed a resistance welded core material 
which requires no heat treating after fabrication. It is simply 
the product of a large engineering staff familiar with aircraft 

configuration requirements, 46 years of experience with every 
type of steel, over 30 years experience with the art of welding, 
and unique test facilities. Such progress is possible when a 

company has the skill and the resources to adapt itself to any 

industry's needs. 

Budd engineering, knowledge of steels, welding skills and 
test facilities become an integral part of the systems engi­
neering concept. 

THE BUDD COMPANY, Philadelphia 32, Pa. 

fitJ.o= � $ .Y Lb<C'� i •. ggggi£! 
toOl[$, CWSIS, Wlms, Ull.n 'ASSUCU cus 
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MOLDED I UIIllNATEOPUSTICS 'RflOUCTSfUOfFElIS( 
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LESS TIME WORKING OUT PROBLEMS! 
MORE TIME USING THE ANSWERS! 
..... when staff members can turn to a Marchant 
DECI- MAGIC for fast, accurate, automatic calculations 

One sure way for scientists and en­

gineers to increase their creative 

productivity is to spend far less time 

performing figurework ... more time 

using the answers. And that's what 

the many automatic features of the 

Marchant Deci· Magic help each man 

and the whole staff to do. 

With the Deci· Magic, you touch 

one key once to set all decimals-for 

the problem and for the answer! Then 

you just "write" the problem in the 

keyboard as you would on paper. 

Deci· Magic does all the rest automat-

ically, and delivers your answer with 

the decimal point in the right place. 

This remarkable operating ease sim­

plifies keyboard set-ups, ends decimal 

doubt. Anyone on your staff-even 

first-time calculator users-can get 

correct answers quickly. 

See a practical demonstration of 

how quickly and simply a Deci . Magic 

calculator delivers answers to your 

own types of current problems. Call 

any nearby Marchant office or send 

the handy coupon below. 

You can forget the calculator and concentrate on 

the problem ... because the Deci· Magic gives you 

- Automatic control of dials, decimals and carriage 

mAR[HAnT 
CA LCU LATD RS 

Division of SMITH·CORONA MARCHANT INC. 
OAKLAND S, CALIFORNIA 
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- One·touch decimal setting for both problem and answer 

• Progressive dial proof of all entries, all results 

• Automatic single·entry squaring 

• Automatic accumulation of products or quotients 

• Automatic zeros 

I 
I MARCHANT CALCULATORS • OAKLAND 8, CALIFORNIA 
I Send full information about the Marchant Deci • Magic I calculator and how it can help us in our figurework. I 
I NAME L·4 

I PLEASE ATTACH COUPON TO YOUR ORGANIZATION'S LETTERHEAD 

a talk I had agreed to give on the trial 
and its implications, upon my return to 
Chicago. All materials used in my article 
were drawn from such notes and the 
very full record of the trial which I have 
before me. They are, I believe, correct 
in all cases. Mr. Waterhouse was prob­
ably too young to realize the depth of 
feeling which permeated most of the 
populace. I have cited some instances. 
He mentions the fact that the Reverend 
Howard Byrd of the Methodist Church 
(North) was a local dissenter. What he 
does not mention is the fact that after 
Reverend Byrd had invited Dr. Charles 
Francis Potter to speak at his church, he 
found it expedient to resign his pulpit. 
In most instances members of the De­
fense group received courteous treat­
ment, for which Darrow thanked the 
Court in his closing remarks. Judge 
Raulston, in turn, paid a tribute to 
Scopes by saying "it takes courage for a 

man to stand for a sentiment that stands 
in contravention to public opinion about 
him. A man who is big enough to stand 
up for a principle is big indeed." 

Despite such instances, those of us 
who made up the Defense were acutely 
aware of the fact that we were far from 
popular. In the courtroom-except for 
Malone's reply to Bryan-the Defense 
was met with silence while the Prosecu­
tion was lustily cheered. 

All this is on the trivial side. Local 
merchants may have considered the trial 
a carnival and may have welcomed the 
publicity and financial gain it brought. 
The real meaning lay outside Dayton. 

For months before the trial Bryan and 
his associates had been waging a nation­
wide crusade against the teaching of 
evolution. They had organized in 20 
states, had presented bills in six and had 
secured legislation in two. Bryan had 
publicly stated their intention to intro­
duce an amendment to the Constitution 
of the United States, and his associate­
the Reverend Dr. Stratton-had pro· 
claimed: "Better wipe out all schools 
than undermine belief in the Bible by 
permitting the teaching of evolution." 

Here was a direct attack on funda­
mental American freedoms; an attack 
which if successful would allow an 01'­
ganized group to make its interpreta­
tions and beliefs mandatory-as the law 
of the land-by constitutional amend­
ment and statute. It was this danger that 
led all members of the Defense to go, at 
their own expense, to Dayton to oppose 
Bryan and his plans. 

FAy-COOPER COLE 

Santa Barbara, Calif. 
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........................................... 

THE P-E SPECTRUM 
........................................... 

news of advanced systems and 
instruments from Perkin - Elmer 

TOBACCO SMOKE TO GUN SMOKE -INDUSTRY FINDS � 
A USEFUL NEW TOOL IN GAS CHROMATOGRAPHY , 

The science of gas chromatography got new impetus 
some three years ago when Perkin-Elmer introduced 
one of the first commercially successful chromato­
graphic instruments-the Model 154 Vapor Fractometer. 
Since then scores of industries have reported valuable, 
new uses for this low-cost, easy-to-operate analytical 
tool. Among the latest uses for the P-E Vapor Frac­
tometer: 

Tobacco researchers at Duke University recently 
devised a technique for identifying nonvolatile organ.ic 
acid components of tobacco smoke. Using a modified 
Vapor Fractometer, they were able to identify 10 acids 
which had not been reported previously as smoke con­
stituents. 

At the Process Research Division of Esso, a battery 
of eight Model 154 instruments performs more than 700 
types of analyses a month. Researchers here have gotten 
an especially high investment return in the analysis of 
light ends of olefin-free gasolines. Previously this work 
took an average of three hours per sample. Esso now 
does it with a Vapor Fractometer in 15 minutes with 
equal or greater accuracy. 

Vapor Fractometers are taking to the air at Douglas 
Aircraft. Their ability to make fast, repetitive analyses 
is being used to check the safety and in-flight effective­
ness of airplane fire extinguishing systems and to test 
cockpit air for contamination from gun gases when the 
plane's armament is fired. Douglas also uses its Vapor 
Fractometers to separate jet and rocket fuels into com­
ponents for further analysis by infrared. 

� INF RARED EYES ORBIT EARTH IN FIRST WEATHER SATELLITE 

The first satellite sent aloft to provide information 
which may help man in his age-old battle with weather 
contained two small infrared "Weather Eyes." These 
optically fast (flO.7) devices were developed and built 
by Perkin-Elmer for the U.S. Army's Signal Research 
and Development Laboratory's Astro-Instrumentation 
Branch. Their purpose is to peer at the earth's cloud 
layer and measure its intensities. 

Energy characteristics of the sunlit portions of the 
earth under the spinning satellite are focused by the 
weather eye's special parabolic mirror onto a tiny lead 
sulfide detector which converts the information into 
electric impulses. Data are stored on a tape recorder 
within the satellite for transmittal back to earth upon 
command. The eyes are mounted on opposite sides of 
the satellite, at a 45° angle from the satellite's axis of 
spin, so that one of them will always point at the sunlit 
portion of the earth. 

This first weather station in space is undoubtedly the 
forerunner of more advanced systems which will have 
a revolutionary effect upon the science of weather fore­
casting. The weather eyes are another example of 
"precision optics by Perkin-Elmer." 

For information on Perkin-Elmer and the products 
it makes for a wide range of growing industrial, scien­
tific and defense markets, write Perkin-Elmer Corpora­
tion, 915g Main Avenue, Norwalk, Connecticut. 

ANALYTICAL INSTRUMENTS MILITARY SYSTEMS 
FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
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STAFOAM RIGID 
1. Thermal insulation 
2. Acoustic & vibration dampening 
3. Foam core construction 
4. Helmets and liners 
5. Instrument casing 

STAFOAM FLEXIBLE 
6. Shock padding (High hysterisis) 
7. Seat & backrest cushioning 
8. Compartmented containers 
9. Pressure suit insulation & liners 

POLYPOT 
10. Instrument potting 
11. Crystal clear windows & canopies 
12. Control knobs & accessories 

DAYCOLON 
13. Gears, roller bearings, 0 rings 
14. Instrument & control knobs 
15. Instrument scope boots 
16. Applicable hardware 

POLYRUBBER 
17. Personnel shock padding 
18. Instrument shock mounts 
19. Window and hatch gasketing 
20. Hose and encasements 
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DESTINATION • • •  

A new dimension in the 
application of foamed plastics 

STAFOAM, "foamed in place" in its varied and multipurpose densities, is 
destined to change the manufacturing habits of the nation. More and 
more airframe and component industries are discovering and using the 
miraculous polyurethane STAFOAM for its inherent adaptations to mod­
ern production demands. 

Here, at last, is the versatile and economical material that withstands 
all and more of the manufacturers' requirements. STAFOAM is supplied 
in unlimited variations of densities, weight, texture, color, strength, 
insulation and thermal characteristics. 

The STAFOAM orbit is infinite! Your investigation may uncover an 
entirely new dimension. Write or call today! 

The new Freedlander Research and Development Cel/ter ar 
Hawthorne. California devoted entirely 10 the del'elopmel/I 
of STAFOAM applications. iI/viles YOIl to call or write for 
research and/or manufacturing in/ormation. 

.&fERleAN UTEX 
PRODUCTS CORPORA T/ON BRANCHES 

SAN FRANCISCO. 42 Gough SI. 3341 W. EI Segundo Blvd., Hawthorne, Calif. 
SEATTLE, 2231 5th Avenue ORegon 8-5021 • OSborne 6-0141 
DAllAS, 1300 Crampton SI. 

A Division of The A 
Dayton Rubber Company �HEADQUARTERS FOR NEW IDEAS 
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MISSILE 

This huge antenna is part of an electronic and 
optical system that RCA installed and is 
operating on the 8.8. American Mariner. The 
purpose of the equipment, for which the ship 
has been refitted, is to provide the most precise 
data yet obtained at sea on missile flights over 
a range extending from Cape Canaveral, Fla., 
to the area of Ascension Island. The project is 

sponsored jointly by the Advanced Research 

Projects Agency, Department of Defense and 
the Army Ordnance Command. A scientific 
staff-most of them RCA personnel-will 
operate the equipment and report on missile 
performance from descent from space to final 
plunge, the data to be shared by all branches 
of the armed services. 
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INTERNATIONAL 

MODERN ABACUS enables man to 

string words and numbers on wire 

like beads and pick them off again 

in millionths of a second. Durez phe­

nolic is used to frame the thousands 

of ferrite cores in IBM magnetic data· 

storage unit. In an array of core 

planes stacked atop one another, 

electrical impulses alter the magnet­

ic state of cores. A line of cores, 

some altered, some neutral, stands for 

a word or number, awaiting the im­

pulse that releases it for calculation. 

Material for 
a jet-age abacus 

Engineers needed a non-warping 

material for the frame that supports 

thousands of tiny ferrite cores, 

heart of the magnetic "memory" in 

IBM data-processing systems. 

Requirements were stiff. The 

frame must be an excellent insula­
tor. It must be free of internal stress 

that would cause warping or crack­

ing. During assembly it must with­
stand the blistering heat of dip 
soldering without losing its dimen­

sions. Once assembled, it must not 

shrink or expand. 

The material finally selected for 
this job is a Durez phenolic. Mineral­

filled, it has a low molding shrinkage 

of 0.003 in./in. that minimizes stress 

and strain. Its water absorption is a 

low 0.2%. It stands temperature of 

325°F' under .ASTM D648-easily 
survives the soldering operation. Its 

electrical properties, including arc 

resistance, meet every requirement. 
This is only one more example of 

a host of jet-age assignments han­

dled with the new Durez phenolics. 
You can do more-meet today's 
needs better than ever before-with 
this wide-ranging family of materi­

als. Thermal stability, electrical 

properties, impact strengths are up; 
costs are attractively low. To get an 
idea of the new latitude Durez phe­

nolics give you, write for illustrated 
Bulletin D400. 

IN OTHER IBM EQUIPMENT Durez 

phenolics prove their inborn versatil­

ity. Molded circuits employ a Durez 

mineral-filled compound in stepping 

switches and emitter for card-feed 

unit of an accounting machine. 

DUREZ PLASTICS DIVISION 
9404 WALCK ROAD, NORTH TONAWANDA, N. Y. 

HOOKER CHEM I CAL CORPORATION 

19 

© 1959 SCIENTIFIC AMERICAN, INC



PUNCHED CARD 

AND TABULATOR 

COUPLER 

• • •  a new accessory for the Bendix G-15 Di gilal 

Computer for low cost, high performance 

punched card computing 

Now, at a cost significantly below that of any similar 
equipment, Bendix provides a complete computing 
system with 100 card per minute punched card input 
and output, and 100 line per minute tabulation. 

Heart of the system is the Bendix G-15 general 
purpose digital computer, which has proven its 
performance in well over 150 successful installations. 

The CA-2 coupler, a newly developed G-15 accessory, 
enables the computer to operate in conjunction with 

20 

conventional punched card and tabulating equipment. 

A full 80 columns of numeric, alphabetic, or special 
character information can be accommodated using 
only the CA-2 as a connecting link between the card 
equipment and the G-15. Any column of the card 
can contain any one of the three types of information. 

Three input-output units may be connected simul­
taneously . . •  one for input, one for output, and a 
third for input or output. Data may be read or 
punched by standard card units, or printed by stand­
ard tabulators. All input and output is under complete 
control of the computer. Computation can proceed 
during the input or output cycle, thus assuring 
maximum over-all computing speed. 

In addition to the CA-2, the computer's typewriter 
and paper tape equipment, and auxiliary magnetic 
tape storage units may be used for completely 
versatile input, output, and storage. Both power and 
space requirements of. the complete punched card 
computer system are approximately half that of other 
systems of this type. 

A system that includes the G-15 computer, the CA-2 
coupler, two summary punches and a tabulator, leases 
for approximately half the price of a typical medium­
priced system with similar capabilities. 

Whether you are now using punched card or com­
puting equipment, or if you are delaying silch plans 
due to high costs, you will want to learn more about 
this inexpensive, efficient equipment. Detailed tech­
nical information on the G-15 and the CA-2 will be 
sent on request. Write to the Bendix Computer 
Division of Bendix Aviation Corporation, Los Angeles 
45, California. Department C-ll. 

� 
� 
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High-Speed 

OPTICS 
For Image Amplifiers­
Speeds Equal to F /0.5 

a Designed for use with RCA­
Phillips-Bendix-Friez-West­
inghouse and cascading image 
amplifiers. One to one systems 
of extreme speed-short focal 
lengths. 

a New Optical Systems avail­
able for prompt delivery from 
stock. State full data for quota­
tion. Ideal for X-Ray-Radiation 
research and astronomic tele­
scopes. 

a Of h er opfics, phofo and re­
cording equipmenf available 
f ro m  wo rl d's 
largest "LENS 
BANK"-Wrife 
for Encyclope­
d i a  Caf alog. 
SA 459. 

Award-winning 112-page 

Minnesota 
SITE BOOK 

Site-see from your desk! This factual 
brochure shows with photos latest 
industrial details of 123 Minnesota 
cities, and lists 424 current site areas 
with name of local contact. Write, 
on your firm's letterhead: 

Dept. of IUllnel1 Dovelopment 

State Capitol, Dept. 435. St. Paull, Mlnn, 
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50 AND fOO 
YEARS AGO 

APRIL, 1909: "Lieut. Shackleton's 
feat in reaching latitude 88 deg. 23 min., 
only III miles from the South Pole, sur­
passes even Commander Peary's Arctic 
record for closeness of approach to a 
geographical pole. He took with him 15 
hardy Manchurian ponies and 12 Es­
quimau dogs, together with a motor 
sled, which could not cope with the 
huge upheavals of the Great Ice Barrier 
although it proved serviceable enough 
in laying depots on the ice. All told 
Shackleton covered 1,708 statute miles.' 
He passed the very point reached by 
Scott in 1903, pushed on for 325 miles, 
and was eventually compelled to turn 
back by hunger, fatigue, scurvy and the 
loss of his dogs and ponies. He discov­
ered eight new and distinct mountain 
ranges and more than 100 mountains. 
Of great scientific importance was his 
daring ascent of Mount Erebus, tower­
ing 13,120 feet above the sea level and 
ejecting vast volumes of steam and sul­
phurous gas in the midst of perpetual 
ice and snow. The south magnetiC pole 
was reached at lat. 72 deg. 25 min. It is 
now brought out plainly that the south 
magnetic pole like the north magnetic 
pole shifts its position." 

"Prof. W. H. Pickering recently an­
nounced that there might be a possible 
ultra-Neptunian planet in right ascen­
sion 7 h. 47 min., declination + 21 deg." 

"The first real aeronautic exposition 
the world has ever seen will be held 
from July 10th to Oct. 10th at Frank­
fort on the Main, Germany. The Grand 
Exhibition Hall, with its gigantic dimen­
sions of 426 feet long and 213 feet di­
ameter of central dome, was erected at 
a cost of $1,500,000. It is perhaps the 
most imposing exhibition hall in Ger­
many, and countless numbers of inflated 
balloons will be able to float freely in it. 
Herr Mathis of Strasburg, who has 
bought the original Wright aeroplane, 
announces trial flights of this and also 
of a new Wright machine with a Fiat 
motor. Count Zeppelin is constructing a 
new airship to be stationed at Frankfort 

during the exhibition, and used for car­
rying passengers on sight-seeing flights 
to different parts of Germany." 

"R. J. Strutt has found in numerous 
rocks helium in quantities which bear 
definite relations to the proportion of 
radioactive ingredients. He inferred that 
helium, the final product of the radio­
active transformation, must be present 
in quantity proportional to the age of the 
rock. This age was estimated as 225,000 
years for the English Pliocene or late 
Tertiary, 3,080,000 years for the upper 
green sand of the Cretaceous period, 
3,950,000 years for the lower green sand 
and 141,000,000 years for the hematite 
which covers the limestone of the car­
boniferous." 

"Camille Flamm arion has revived his 
old scheme of digging a geothermal well 
200 meters in diameter to ascertain the 
internal constitution of the earth. The 
imaginative Flammarion proposes to find 
an economical and almost inexhaustible 
source of heat, to verify the rate of ca­
loric increase, to find out if the materials 
constituting the terrestrial globe are in 
a state of fusion-in a word, to do ra­
tionally and directly what has been done 
slightly and a little by chance up to the 
present time in mines. To carry out the 
work the standing armies of the world 
are to be called into requisition." 

"To the Editor of SCIENTIFIC AMERI­
CAN: An airship is either a 'heavier-than­
air mach:ne' or a 'lightcr-than-air ma­
chine: But these are very clumsy names. 
Why not call the former a 'pondro: and 
the latter a 'levi tar'? These words, I 
think, are sufficiently 'regular' in deriva­
tion to justify themselves, and they are 
not awkward. Ambrose Bierce, Wash­
ington, D. C." 

APRIL, 1859: "One of the most im­
pOltant murder trials which has ever 
come before our City Courts was ter­
minated on the 26th ult. in the convic­
tion of James Stephens for poisoning his 
wife. We allude to this case for the pur­
pose of showing the power and subtility 
of science in detecting arsenic, when 
used for criminal purposes. In this case 
tlIe victim had been dead and buried 
for nearly a year before the matter was 
brought before the courts, the body was 
then exhumed and the intestines placed 
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THE 

ARCTIC E VE 

THAT NE VE R 

SLEE PS 

This plastic radome houses a radar antenna constantly scanning the skies to detect the presence of aircraft. 

A line of these radars provides early warning of any threatening approach to the North American continent. 

The Distant Early Warning Line is now on perpetual guard duty. Spanning the 
Arctic from Baffin Island to Alaska, this great system was conceived at the Lincoln 
Laboratory of M. 1. T. and produced under the leadership of Western Electric. 

But first the DEW Line had to be engineered into a workable system. This was 
done at Bell Telephone Laboratories. 

The obstacles were formidable. Conventional means of communication -telephone 
poles, cables and even line·of-sight microwave radio-weren't feasible. A complicated 
system had to be made to operate reliably in a climate so cold that outdoor maintenance 
is impracticable farther than a few hundred feet from heated habitation. 

Whenever possible, Bell Laboratories engineers utilized well·proven art. But as it 
became necessary, they innovated. For example, they designed and directed the devel· 
opment of a new and superior radar which automatically scans the skies, pinpoints a 
plane and alerts the operator. 

To reach around the horizon from one radar station to another, they applied on a 
massive scale a development which they pioneered-transmission by tropospheric scatter. 
Result: at a DEW Line Station you can dial directly a station more than a thousand miles 
away and converse as clearly as with your home telephone. 

Bell Laboratories' contribution to the DEW Line demonstrates again how telephone 
science works for the defense of America. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMM!JNICATIONS RESEARCH AND DEVELOPMENT 

23 

© 1959 SCIENTIFIC AMERICAN, INC



.A.�E "Y"OU- �E.A.D-Y­
FO� T:a:E 60's? 

24 

Space research today is helping to shape the destiny 

of tomorrow's industry. 

In the development of a hypersonic, low-density wind tunnel at the 

University of Southern California Engineering Center • • •  

Arthur D. Little engineers, and USCEC scientists, have 

achieved the first practical, large-scale application of cryopumping. 

Cryopumping is an unconventional technique in which a contained 

atmosphere is frozen out to create an ultra-high vacuum. The heart 

of the system is a special ADL refrigerating unit that operates at 

minus 420°F. This unit "pumps" atmospheric gases at extremely 

high rates with low power, e.g., nitrogen at 1O·4mm Hg is "pumped" 

at more than 4 million cubic feet per minute using only 50 horse­

power. Conventional pumping would require 500,000 horsepower! . 

Cryopumping, which can produce pressures as low as 1O·10mm Hg, 

has immediate applications in hyperenvironmental simulators. Po­

tentially, cr)'opumping may be utilized in many industrial vacuum 

processes where rapid pumpdown and/or extremely low pressures 

are required. 

CAMBRIDGE CHICAGO SAN FRANCISCO 
NEW YORK WASHINGTON SAN JUAN EDINBURGH 

You may be interested in some articles and papers �y ADL staff 
members. Please indicate below those you desire and attach to your 
letterhead. 

o "Cryopumping for High 
Vacuum With Low Power," 
Bruce M. Bailey & Raymond L. 
Chuan, Fifth National Vacuum 
Symposium. 

o "What Top Management 
Must Know About R& D," 
vVarren C. Lothrop, American 
Business. 

o "Automation, Yes or No" 

o "High-Temperature Research 
in Space Vehicle Design," P. E. 
Glaser. 

o "Atmospheric Heat-Transfer 
to Vertical Tanks Filled With 
Liquid Oxygen," F. E. Ruccia & 
C. M. Mohr; "Methods of Gaging 
Liquid Oxygen," R. C. Reid et 

al; "Pressurized Transfer of Cry­
ogenic Fluids," D. C. Bowersock 
et al; "Pressurized Cool down of 
Cryogenic Transfer Lines," J. C. 
Burke et aI, 1958 Cryogenic En­
gineering Conference. 

o "Atomic Orientation by Op­
tical Pumping," W. Franzen & 
A. G. Emslie, The Physical Re­
mew. 

o "Superconductive Switching 
Circuits," A. E. Slade & H. O. 
McMahon, Proceedings of the 
National Electronics Conference. 

o "Group Invention-Antidote 
to Organizational Inertia," D. A. 
Schon, Chemical Processing. 

Your request will receive the prompt attention of 

Director of Public Relations, 

Arthur D. Little, Inc., 21 Acorn Park, Cambridge 40, Mass. 

in the charge of Dr. Doremus for chemi­
cal analysis. He found from four to six 
grains of arsenic in the remains of the 
deceased woman." 

"Professor Morse has received intelli­
gence that the Queen of Spain has cre­
ated him Commander of the Order of 
Isabella the Catholic. The Swedish Roy­
al Academy of Science at Stockholm has 
also elected him a foreign member of 
the academy. Our distinguished coun­
hyman enjoys these honors with an 
additional grace when it is remembered 
that he has a handsome fortune to cou­
ple with them." 

"Our reflections turn to Volume I of 
the SCIENTIFIC AMERICAN. On the 28th 
day of August, 1845, there issued from 
a little '7 by 9' office in New York the 
first number of what was destined to be 
an important feature in American litera­
ture, namely, a popular and enduring 
scientific journal. The editor, in his first 
public address, sets forth in plain terms 
the intention and purpose of the journal. 
He says:-'We have made arrangements 
to furnish the intelligent and liberal 
working men, and those who delight in 
those beauties of nature which consist 
in laws of mechanics, chemistry and 
other branches of Natural Philosophy, 
with a paper that will instruct while it 
diverts or amuses them, and which will 
retain its excellence and value when 
political and ordinary newspapers are 
thrown aside and forgotten. In conduct­
ing this publication we shall endeavor 
to avoid all expressions of sentiment, on 
any sectional, sectarian or political party 
subject; but we shall exercise a full share 
of independence in the occasional ex­
posure of ignorance and knavery.' What 
has been the influence of the SCIENTIFIC 
AMERICAN upon the arts and sciences? 
In 1846 Mr. Elias Howe, Jr., obtained 
the patent for his combined needle and 
shuttle machine, but the public were 
generally oblivious of the fact until the 
subsequent year, when one of the editors 
of this paper hunted up the invention, 
described it and directed attention to 
the extended field opened for its appli­
cation. This was the means of awaken­
ing a general interest in regard to its 
importance (for Mr. Howe did little to 
bring it into notice), and the conse­
quence was, the minds of inventors were 
excited with the subject, and the latent 
genius of Wilson, Singer and others was 
thus stimulated and developed to the 
splendid results which have since been 
accomplished. We could particularize 
other important inventions which have 
had a history nearly similar." 
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How many 
million operations 
do y'ou want from your 

Limit Switches? 
Allen-Bradley Limit Switches 

will probably far 
exceed your demands 

Here's why Allen-Bradley oiltight limit switches are good 
for many millions of trouble free operations. Having oiltight 
operating heads as well as switch bodies, these switches are 
completely sealed against oil, coolants, metal particles, and 
just plain dirt. Thus, the spring return momentary contact 
operators will not become sluggish and stick ... contacts can­
not become fouled. In addition, A-B limit switches have a 
positive snap-action mechanism which eliminates any pos­
sibility of a "dead center" ... no matter how slowly the point 
of switchover is approached. Of course, the double break, 
silver alloy contacts are maintenance free-they are always 
in perfect operating condition. 

Incorporate A-B limit switches in the design of your equip­
ment ... and be assured of accurate and reliable performance. 

Completely sealed heads and bodies on 
Allen-Bradley Oiltight Limit Switches 

Adjustable 
Rod 

Side 
Push Rod 

Top Push Rod 
with Plastic 

Window 

Roller lever 
for Cavity 
Mounting 

ACTUAL SIZE 

Bulletin B02T oiltight limit switch with adjust­
able railer lever. The roller can be adjusted 
through 0 maximum distance of 21h". 

Fork lever 
Type 

Push Roller 
Type for 
Manifold 
Mounting 

Roller lever 
Type 

Wobble Stick 
Type 

ALLEN - BRADLEY I QUALITY MOTOR CONTROL 

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, Wis . •  In Canada: Allen-Bradley Canada ltd., Galt, Onto 
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Titan nose cone from Avco - The recent flight of the Air Force Titan ICBM was achieved by the � 
it: 

free world's most advanced rocket technologists. Avco scientists and engineers, pioneers in missile reentry t 
o 
� work, are members of the Titan team. They are contributing a reentry vehicle designed to withstand the � 
< u 

scorching friction during the reentry phase of the ICBM's planned intercontinental range flight. And now, ;i! 
::l on 

Aveo has been chosen as the associate contractor for the reentry vehicle of the next Air Force ICBM . . .  the � 
mighty, solid-fueled Minuteman. 

Avc:o 
AVCO MAKES THINGS BETTER FOR AMERICA / AVCO MANUFACTURING CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N_ Y. 
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We J�our the part you need 

Not so far-fetched as it may sound. Cooper Alloy's 

stainless steel casting techniques-shell molding, 

tapered sections, "combination" molding, progressive 

solidification-have enabled us to "pour" many 

exacting machining operations: slots, projections, 

surfacings, even rough threads-at substantial overall 

savings to customers. 

These techniques, which Cooper Alloy has adapted 

and developed at a cost of millions of dollars, may 

be the answer to your stainless equipment parts costs, 

because Cooper Alloy casting know-how saves dollars. 

To find out what Cooper Alloy know-how can do 

for you, send a blueprint for cost analysis to our 

Foundry Products Division. We'll do the rest. 

For Corrosion Control 

COOPER 8ALLOV 
Corporation • Hillside, New Jersey 

STAINLESS STEEL VALVES, FITTINGS, CASTINGS • PLASTIC PUMPS, VALVES, FITTINGS, 
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What You Should Know About This Symbol ... 

It may be new to you now, but you'll see it again 
and again. It's a symbol of service to government, 
the armed forces, to defense industry. 

For it represents The Singer Manufactl¥"ing Com­
pany's Military Products Division, a functional team 
of three well known organizations-Haller, Raymond 
& Brown, Inc., Diehl Manufacturing Company, and 
Singer-Bridgeport. 

The Military Products Division provides scientists 
and engineers familiar with government require­
ments .. . development and production facilities for 
making systems, products, and components in large 
quantities, at a practical cost. 

It can handle projects from concepts to production, 
or serve defense industry capably as a subcontractor 
-in any of three ways-by developing to require­
ments, building to specifications, or by supplying a 
product line. Remember this symbol. It can serve you 
well. The Singer Manufacturing Company, Military 
Products Division, 149 Broadway, New York 6, N. Y. 

THE SINGER MANUFACTURING COMPANY 
Military Products Division 

149 BROADWAY, NEW YORK 6, N .  Y .  
*A TRADEMARK OF THE SINGER MANUFACTURING COMPANY 

SINGER 

t!l 
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input 

30 

measure 
control 

w i thout 
contact 

• • • 

• • • 

Now-measure pressure, temperature, vibra­
tion • • .  any physical quantity you can convert 
to a change in capacitance ... without fuss, 
muss, or bother. Decker's Delta Unit takes the 
output from the simplest 6. capacitance sensors 
you can devise, converts it to an analagous 
phase sensitive differential DC voltage for in­
dication and recording. 

The new 902-1 Delta Unit is based on Deck­
er's patented T-42 Ionization. Transducer. It 
provides all the advantages of the T-42 ready 
to use in a simple, compact package as versa­
tile and flexible as your own imagination. 

Accepting initial capacitances from 1 to 50 
/k/kF, the 902-1 provides maximum signals of 
±30 VDC. Sensitivity in the 5-20 /k/kF initial 
capacitance range is approximately 0.2V /% 
6. C. Unit is provided with a single measuring 
probe and cable assembly; however, two meas­
uring probes may be operated simultaneously. 
Complete information is provided in Instru­
ment Data Sheet 902-1, available on request. 

output 

THE o R P 0 RAT ION Bala Cynwyd, Pennsylvania. 
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Controls Company of America 
(who are we?) 

how can we work for you? 
When it's countdown time for a rocket or missile, 
chances are it's a precision push-button switch by 
Controls Company of America that triggers the final 
send-off. And both before and after launching, myriad 
indicator lights (also by CC) flash the vital data that 
guides it unerringly to its goal. 

Closer to home, controls we make put automation 
into a wide variety of appliances - for heating, aIr 
conditioning, refrigeration, laundry and cooking. 

Launching rockets or manufacturing household ap­
pliances may not be your line. However, creating con­
trols for these and hundreds of other products is the 
primary concern of Controls Company of America. 
Yes, CC very likely has a "controlling" interest in 
your product - only CC offers the total engineering 
necessary to control all factors ... to perfectly mate a 
system to the product it controls. Write today for 
further facts on this most comprehensive control service_ 

� ...... This IS our line ffi 
�Time Control ...... Flow Control � Temperature Control � Motion Control 

If you're looking for a better way to control time, flOW, temperature 

or motion, our creative engineering service may help you find it. 

We can supply single controls or complete, integrated systems. 

c 
c 

HEATING AND AIR 
CONDITIONING 
CONTROLS Drv, 

MILWAUKEE, WIS. 

Creative Controls for Industry 

(OnTDOLS (OmPAnY OF Am€DI(R 

APPLIANCE AND 
AUTOMOTIVE 
CONTROlS ON. 
SCHILLER PARK, ILL. 

EXECUTIVE OFFICES: SCHILLER PARK, ILLINOIS 

REDMOND 
COMPANY, INC. 
owosso, 
MICHI G AN 

MILWAUKEE VALVE 
COMPANY 

MILWAUKEE, WIS. 

HETHERINGTON, INC., FOLCROFT, PENN . •  LAKE CI T Y, INC., CRYSTAL LAKE, Ill. 
CONTROLS COMPANY OF AMERI C A  (C ANA D A) L T D., COOKSVillE, ONTARIO , 
CANA D A  • INTERNATIONAL OIVISION, SCHILLER PARK, Ill., U.S.A . •  CONTROLS 
AG lUG SWITZERL ... ND . CONTROLS M ...... TSCH ... PPIJ EUROP", N.V., NIJMEGEN, 

HOLL ... ND • CONTROLS COMP ... NY OF ... MERIC'" ( ... R GENTlN ... ) SRL, BUENOS ",IRES. 
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the 
SUBMINIATURE 
AND PRECISE 

RATE GYRO 
• . . three to four ounces in weight, 
this rugged unit has 0.5% linearity 
to half range, 2% to full range. 

NEW 
LOWER 
DAMPING 

. .. requiring NO HEATERS, with 
compensated damping 0.5 ± 0.1 
from -45° to +210°F; AND, on 
special order from -60°Fto +210'F. 

� o,� � 
� 0.6 ---------------- -------

� :::= ____ n _______ _ = 
� 0,3 -50 0' , +50' ! , +160 ' 1 �,5� ! '+'200 
o TEMPERATURE, OF 

the 
LONGEST 
LIFE 

RATE GYRO 
• • , units on test exceed 
10,000 hours at 150°F ambient, 

7,000 hours at 200'F ambient. 

ENVIRONMENTALLY 
QUALIFIED 

the 
H-3 SERIES RATE GYRO 

For full information, write AMERICAN­
STANDARD', MILITARY PRODUCTS DIVISION 
100 Morse Street, Norwood, Mass. 

·�'RlCAIII·.s..ftdani and $tsndanl ® are trademarks 01 
American Radiator & Standard Sanitary Corporation. 
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THE AUTHORS 
WILLARD BASCOM ("The Mo­

hole") selves on the staff of the National 
Academy of Sciences as executive secre­
tary of the Maritime Research Advisory 
Committee and (lately) of the AMSOC 
Committee, which, as he relates in his 
article, first nurtured the project of drill­
ing a "Mohole" through the earth's sub­
crustal Mohorovicic discontinuity. Bas­
com is a native New Yorker who in the 
years before World War II leamed ge­
ology during altemate periods of work 
as a miner and as a student at the Colo­
rado School of Mines, which he left a 
few months short of his degree in order 
to become a mining engineer in Arizona, 
Idaho, Colorado and New York. In 1945 
he joined the University of Califomia, 
first as a research engineer to make stud­
ies of waves and beaches. Later he 
moved to the University's Scripps Insti­
tution of Oceanography at La Jolla to 
work on the instrumentation of nuclear­
bomb tests at the Pacific Proving 
Grounds. Bascom joined the National 
Academy staff in 1954. Since then he has 
served as executive secretary of the 
Academy's Committee on Meteorology; 
traveled to Sweden and the Netherlands 
as a U. S. delegate to Intemational Geo­
physical Year conferences; spent nine 
months in Tahiti installing I. G. Y. wave­
measuring instruments and writing on 
Polynesian history; and advised the 
producers of the Columbia Broadcasting 
System Sunday evening television series 
"Conquest," which popularizes science . 

RONALD F. FREEDMAN, PAS­
CAL K. WHELPTON and ARTHUR 
A. CAMPBELL ("Family Planning in 
the U. S.") report in this issue on the 
first large-scale study of U. S. family 
planning, financed by the Rockefeller 
Foundation and carried out by the Uni­
versity of Michigan's Survey Research 
Center and the Scripps Foundation for 
Research in Population Problems at 
Miami University in Ohio. Freedman 
is professor of sociology at Michigan. 
Bom in Canada, he graduated from 
Michigan in 1939 and received his 
Ph.D. from the University of Chicago. 
He has been a Guggenheim Fellow and 
(during 1957 and 1958) a Fulbright 
Professor at the University of Amster­
dam, his base of operations for an ex­
tensive family-planning survey of West 
Germany. Whelp ton and Campbell are 
statisticians at the Scripps Foundation, 
of which Whelp ton is director. A Cor-

nell graduate, Whelpton has been asso­
ciated with the Scripps Foundation since 
1924. He is president of the Population 
Association of America and formerly di­
rected the Population Division of the 
United Nations. Campbell is an assist­
ant professor at the Scripps Foundation 
and co-author of The Population of 
Yugoslavia. He comes from Brooklyn, 
graduated from Antioch College and has 
been an analyst for the Metropolitan 
Life Insurance Company and the U. S . 
Bureau of the Census, 

WARREN J. WITTREICH ("Visual 
Perception and Personality") is man­
ager of consumer research for the Arm­
strong Cork Company. In addition he 
conducts his own management-consult­
ing business and private practice as a 
clinical psychologist. Now just 29 years 
old, Wittreich describes himself as a 
"psychological rarity" -a clinician with 
an experimental background. Upon 
graduating summa cum laude from 
Princeton University in 1951 he planned 
to enter clinical work, but then decided 
to remain at the University, where "the 
hard facts of experimental perceptual 
research were pounded into an initially 
reluctant but now exceedingly grateful 
subject." Wittreich received his M.A. 
while he was a National Science Foun­
dation Fellow at Princeton in 1953. The 
following year, while a Guest Scientist 
at the Naval Medical Research Institute 
in Bethesda, Md., he acquired his Ph.D. 

DOV KOLLER ("Germination") 
teaches plant physiology at Hebrew 
University in Israel. He was bom in 
Israel (then Palestine) in 1925 and 
matriculated at Hebrew University in 
1941, only to interrupt his academic 
career for six years of military service, 
three as a Royal Air Force volunteer 
and three as an infantryman in the 
Israeli army during that nation's war 
of independence. "The ability of plants 
to exist in the desert has fascinated me 
ever since my intimate contact with the 
deserts of North Africa and the Middle 
East in wartime," he says. "Germina­
tion is a crucial phase in the life cycle 
of the desert plant, since it is at this time 
that the plant commits itself, so to speak, 
to try weathering the hazards of its ex­
treme environment." Koller came to the 
Califomia Institute of Technology in 
1957 as a Rockefeller Research Fellow. 
Now, as an Earhart Foundation Fellow, 
he is completing a second year at Cal 
Tech, where he studies desert plants in 
the celebrated "phytotron" [see "Cli­
mate and Agriculture," by Frits W. 
Went; SCIENTIFIC AMERICAN, June, 
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An 
Announcement 

Military 
Products 
Division 
of 
AMERIcAN-$tandal'd 

T he new Military Products Division -

with a background of twelve years 

experience as an integrated organization 

- will carry on and expand the work 

it formerly handled as a department of 

the Detroit Controls Division of 

American-Standard . .  ;> 

The Military Products Division consists 

of three departments: 

The Systems Department­
navigation systems, 

stabilization systems, and 

related military equipment 

The Components Department -

gyroscopes, accelerometers, 

and auxiliary controls of 

exceptional reliability 

The Central Manufacturing 
Department - precision 

contract production. 

American-Standard, Military Products 

Division, 100 Morse Street, Norwood, 

Massachusetts 

• AMERlc",,-,standard and ,standard ® are trademarks or 
American Radiator & Standard Sanitary Corporation. 

AMERICAN-$tandaTd 
MILITARY PRODUCTS DIVISION 
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another 

·N,.EW 
Besearch 

tool 

by"Ainsworth 
mdnufadUrer of fine 

instruments since 1880 

utonratic, Recording 
,Analytical Balance 

SIMULTANEOUSLY RECORDS WEIGHT 
AND TEMPERATURE VS. TIME 

for Thermogravimetry 
samples can be suspended 
from the balance and weighed 
in a furnace. 

for Differentia' Therma' 
Weighings 

samples can be suspended from 
both pons of the balance. 

Accurate to ± 1/10 mg. Capacity 200 grams. 
Temperature range _500 to +1050° C. 

Write for Bulletin 359 

WM.AINSWORTH ffSONS.INC. 
215 I LAWRENCE ST • DENVER 2. COLORADO 

1957]. Koller was co-author (with 
Michael Evenari) of the article entitled 
"Ancient Masters of the Desert," which 
appeared in SCIENTIFIC AMERICAN for 
April, 1956. 

OWEN GINGERICH ("The Solar 
System beyond Neptune") is teaching 
astronomy at Wellesley College while 
completing research for a doctoral dis­
sertation in astrophysics at Harvard 
University. "I have been in love with 
the stars as long as I can remember," he 
says. Born in Iowa in 1930, he was a life 
member of the American Association of 
Variable Star Observers by the time he 
was 15. Gingerich's observations with a 
borrowed six-inch telescope led to a 
long correspondence with the late Albert 
G. Ingalls, who conducted "The Ama­
teur Scientist" department of SCIENTIFIC 
AMERICAN for many years; while he was 
an undergraduate at Goshen College in 
Indiana Gingerich contributed an article 
on spectrograph adjustment to the third 
volume of Ingalls's Amateur Telescope 
Making, the bible of the lens-grinding 
fraternity. "In college I completed my 
own eight-inch telescope, with which 
I independently found Honda's comet 
many weeks after it was known to the 
rest of the astronomical world!," says 
Gingerich. "One summer I worked for 
Harlow Shapley at the Harvard College 
Observatory; this experience led me to 
professional astronomy. In 1955 I was 
a member of the Harvard eclipse expe­
dition to Ceylon, and for three years 
following I was director of the American 
University Observatory in Beirut." 

CHARLES M. BOGERT ("How 
Reptiles Regulate Their Body Tempera­
ture") is chairman and curator of the 
Department of Amphibians and Rep­
tiles at the American Museum of Nat­
ural History in New York. He was born 
on a ranch at Mesa, Colo. "The reptiles 
my elder brother-a trapper-brought in, 
particularly such rarities as a gaudily 
banded red, yellowish and black king 
snake (Lampropeltis doliata) left a last­
ing impression on me," he reports. 
"There were eight offspring in our fam­
ily when the mortgage was foreclosed 
in 1913. Our departure from Mesa must 
have decreased the population by at 
least 8 per cent. We moved to Los 
Angeles and I took a few horned lizards 
with me on the train, hidden in my lug­
gage. By the time I was in high school 
I had managed to h'ade a rawhide rope 
for a Model-T Ford. This enabled me to 
make trips to the Mojave desert, collect­
ing tortoises, lizards and snakes, which 
I kept under observation in a large cage 

in the back yard." Bogert did under­
graduate and graduate work at the Uni­
versity of California at Los Angeles, 
where he began a long collaboration 
with Raymond B. Cowles on thermo­
regulation in reptiles. 

B. D. CULLITY ("Aligned Crystals in 
Metals") is associate professor of metal­
lurgy at the University of Notre Dame. 
A Montanan, he studied at McGill Uni­
versity, the University of Minnesota and 
the Massachusetts Institute of Tech­
nology, where he was a group leader in 
the Manhattan project during World 
War II. A fuller notice of Cullity's 
career appeared in the May, 1957, issue 
of SCIENTIFIC AMERICAN, which con­
tained his article "Diffusion in Metals." 

W. F. LOOMIS ("The Sex Gas of 
Hydra") is professor of biochemistry at 
Brandeis University and founder of the 
Loomis Laboratory in Greenwich, 
Conn., where he studies cellular 
changes in normal differentiation and in 
cancer. "I have aimed at this kind of re­
search since I was 17," he says. After 
acquiring his B.S. and M.D. degrees at 
Harvard University, Loomis joined the 
Office of Strategic Services to organize 
World War II medical work behind 
Japanese lines in China. On his return 
he held research fellowships at Colum­
bia University and the Massachusetts 
General Hospital, taught biology at the 
Massachusetts Institute of Technology, 
then became assistant director of the 
Division of Natural Sciences in the 
Rockefeller Foundation. "In 1952 I built 
my own lab in Greenwich, where I work 
Arrowsmith style, doing all my own 
glass washing, for example. I have no 
technicians or secretary. I believe in 
what I call the modern kitchen theory 
of research. No one has maids any 
more-they have automatic dishwashers. 
I have some nice automatic equipment! 
I believe strongly that a worker should 
handle the phenomena personally-not 
through someone else's notebook." 
Private laboratories are a custom in 
Loomis's family, this being the fourth 
since his great-grandfather's time. An 
ardent skier and mountain climber, 
Loomis was a member of the team that 
ascended the 26,000-foot peak of Nanda 
Devi in 1936. At the time this was the 
highest climb that had been made. 

ERNEST NAGEL, who reviews two 
new volumes of the works of Charles 
Sanders Peirce in this issue, is John 
Dewey Professor of Philosophy at Co­
lumbia University and a frequent con­
tributor to SCIENTIFIC AMERICAN. 
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SPRING STRESSES that formerly 
required pren1iun1-priced materials can now. be handled 
by Duraflex,® which costs no more than regular phosphor 
bronze. Write for literature and samples, today. 

LICIlHSI:O 

PII:OI"II".OHI.1.. ENOl"!.!" •• MIt"'8t:ftS 

ANtllllCAN SOCIIlTY ,.Ollt TESTING MAnRIA,LS 

ANtill CAN SOCIETY Oil' MECHA""CAL EHGIN£U'. 

NATION"'!.. SOCIETY 01" PltO,.I: ••. IO,.. ... 1.. ENOINEItIU 

3437 WEIDNER AVE. 
OCEANSIDE. L. I . . N. Y 

TELEPHONE, RO 4�e 181 

C._,lde ... IIItVI .. aIIII .-t'.cblll", wYi,u .Iftcllldint RlI,II lIIIII lIeler'pattllt " SltCld ""11117, .... Iat � ........... ..cIIMisin. 
StlUl uti"I', ""jill dull", 1lltUIIIII1iw.' d.u, hit tndllllllt, ,Iut Il)'Molt, tll',,",I .. ,....,u. MhctIM " .............. .,.... T ....... JiIWIIcts. 

August 1, 1956 

The American Brass Company 
414 Meadaw street 
Waterbury, Connectiout 

Gentlemen, 
SU!.III.Al!Y OF ENG lNEERING LABORA..TORY REPORT 110. 6156 

Fatigue Life and End uranoe Llmit testing of, 
"DURAFLEX" Superfine-Grain Phosphor Brome and OOllllller.ial·Q .... lity 
Phosphor Bronze, 5% (A) spring quality strip material. 

Flat spring .trip was mad. into the usual type of contact Ipr�. 
used in aw1tcres, relays and In:strumento. These "'pri'ngs were 
deflected at about 1 cyclo per. lecond in a apecially built fatigue 
teot ing machine and the derlections recorded. 

The spring. were deflected from tho initial free position of zero· 
stress to a final position having a bending stre.s of 77,000 p • •• i. 

Thi. stres., fer phosphor bronze strip i. unua1lll11y high and is 
higher tten stresses ord inar ily recommended tor Beryllium-Copper 
or sta inle ss Stee 1 for such severe servioe. 

Commercia 1 Quality Phosphor Brenze, 5% (A) .prings acquired a 
permanent set quite early and broke at an average nUliber ot 
denection s of 453,374. 

"DURAFLEX" springs were still satisfactory, shOWed no per_nent iet, 
no loss of load and n o  breakage at 4,000,000 deflectiona. 

CONCLUSICII, Design stresses for "DURAFLEIl" can be at least � higher than 
. 

the stresses for Connnercial Qua lity Phosphor Braue, sf, (A) a. 
shawn in the TOOL ENG lNEERS IWIDBOOK. 

RO,R 

Respectfully submitted , 
TIlE CARLSOII COl!PAIIY 

Harold. C. R. caris.an. P.E. 
Licensed Professional Engi .... r 

THREE SPRINGS of regular Phosphor Bronze, 
5% (A), actual size, took a pennanent set 
at about 200,000 deHections and fractured 
at an average of 453,374 deHections. 

FOUR SPRINGS of DuraHex Superfine-Grain 
Phosphor Bronze, 5% (A) were still satis­
factory after 4,000,000 deflections. 

DURAFLEX D URAFLEX, available in Phosphor Bronzes (A), ( C) and 
(D), in strip and wire, offers a host of opportunities to 

cut costs while maintaining or improving quality and per­
formance. For further information and technical help to 

select the alloy to meet your needs-call in your American 
Brass Company representative, or write: The American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda Amer­
ican Brass Ltd., New Toronto, Onto 6938 

SUPERFINE·GRAIN PHOSPHOR BRONZE. 

Made by Tne American Brass Company 
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NORTRONiCS ASTRONERTIAL SYSTEM -ONLY GUIDANCE CONCEPT 

READY TO MEET THE CHALLENGE· OF INTERPLANETARY NAVIGATION r 
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READY NOW for the day man first explores the 
planets, Nortronics' concept of Astronertial 
Guidance is the most accurate known for 
long-duration flights. Astronertial Systems 
now in production deliver a wide margin of 
added accuracy-using Nortronics' exclusive 
24-hour star tracker to correct continuously 
for the small, then ever-compounding errors 
inherent in "pure" inertial systems. 

OPERATIONAL TODAY in the USAF-Northrop 
Snark SM -62 - free world's first and only 
operational intercontinental guided missile 
-Nortronics Astronertial systems have fur­
nished accurate guidance for more miles 
than all similar systems combined. 

CURRENT NORTRONICS SYSTEMS trim weight to 
one-tenth, size to one-twentieth that of 
original systems. They are designed to de­
liver pinpoint accuracy in applications to 
all types of space vehicles, cruise and ballis­
tic missiles, terrestrial manned aircraft, sur­
face ships and submarines. 

NORTRONICS EXPERIENCE in Astronertial Guid­
ance dates back to 1946-to the design and 
development of the first successful inter­
continental system. Now, Nortronics offers 
unique and proven capability in design, de­
velopment and production of complete and 
integrated guidance systems, including 
their ground support and test equipment. 

NORTRONICS, 
Hawthorne, California 

A Division of Northrop Corporation 
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Just give us the "envelope" ... we'll do the rest! 

-.n,p AERONCA'S .....,l � PACKAGES 

ASSURE MAXIMUM RESULTS ON PRIME AND SUB-CONTRACT PROJECTS 

* 
Design 
Tooling 
Production 

Contemporary weapons systems, because of their complexity, necessitate 
sub-contracting of major components, sub-systems and structures. And 
versa tile capabilities ... theoretical, technological, mechanical and managerial 
... are required to produce these "envelopes" efficiently and economically. 

Aeronca has these integrated facilities. That is why we can provide a 

Co-ordinated Design, Tooling and Production Service. This packaged service 
begins with evaluation of basic environmental data and culminates with 
"on schedule" deliveries. It has been eminently successful in supporting 
current operational weapons systems. 

Aeronca's leadership is evident in its existing facility for designing and 
producing ... in quantity ... a complete range of brazed stainless honey­
comb structures. This specialized capacity is one of the few in actual 
operation in the industry today. 

With extensive background in proprietary and sub-contract programs, 
Aeronca is prepared to work with you on air vehicle, missile, ground sup­
port equipment and technical consultation projects. And we can say with 
confidence • . .  just give us the envelope and we'll do the rest. 

ONCA. manufacturing corporation 
1722 GERMANTOWN ROAD 

MIDDLETOWN, OHIO e44S·AC 
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Corrosion from hot acid mixtures? 

... Test 
HAYNES 

Alloys. 

HAYNES alloy No. 25 was the answer in a recent test-reducing corrosion 
caused by hot mixtures of nitric and hydrochloric acids. It proved 12 
times better than its closest rival among 11 competitive alloys. 

ThIs is an indication of how HAYNES alloys may solve your own 
corrosion problems and lower your production costs. By how much? 
You can find out for sure by testing HAYNES alloys under 
your own process conditions. 

We'll be glad to send you samples. But to narrow down the number we 
urge you to send us a letter outlining the corrosion conditions in 
your plant. Ask also for a copy of our l04-page corrosion book. 

�LLO�S 
HAYNES STELLITE COMPANY 

Division of 
Union; Carbide Corporation 

Kohomo, Indiana 

The terms "Haynes·' and HUnion CarbideH are registered trade-marks of Union Carbide Corporation. 
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Michael Faraday . . .  on self - criticism 

"The philosopher should be a man willing to listen 
to every suggestion, but determined to judge for 

himself. He should not be biased by appearances; 

ha\'e no favorite hypothesis; be of no school; and 
in doctrine have no master. He should not be a 

respecter of persons but of things. Truth should be 

his primary object. If to these qualities be added 

industry he may indeed go and hope to walk within 

the veil of the temple of Nature." 

,........ Quoted in Sir Richard Gregory, Discovery 

THE RAN D COR P 0 RAT ION, SAN T A 1>1. 0 N I C A, CAL IF 0 R N I A 

A nonprofit organization engaged in research on problems related to national security and the public interest 
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The Mohole 

The U. S. 1nay drill a hole to the Mohoro()icic discontinuity between 

the earth's crust and the underlying mantle. The hole would pro()ide 

priceless e()idence on the earth's history and internal constitution 

T
he 1950s may well be remembered 
as the decade in which man made 
his most heroic efforts to explore 

the extremities of his environment. He 
has at last climbed Everest, traversed 
the surface of Antarctica and descended 
to the ocean floor in bathyscaphs. He has 
reached beyond the atmosphere with 
instrumented rockets and into the deep­
est ocean trenches with instrumented 
cables. 

N ow there is a proposal to drill a hole 
through the earth's crust beneath the 
floor of the ocean to reach the interior 
of the earth. A floating drilling station 
anchored in water three miles deep and 
capable of drilling into the bottom an­
other 18,000 feet may do the job. The 
total reach of the drill pipe must be two 
miles longer than that used in the deep­
est hole yet drilled. But the hole will re­
turn such valuable direct evidence about 
the composition of the earth and its 
geological and biological history that it 
seems well worth the effort. 

The crust of the earth is a relatively 
thin film over the earth's interior. Its 
average thickness is some 10 miles, a 
mere 400th of the earth's radius. Be­
neath the crust lies the mantle, thought 
to be composed of a rock called perido­
tite, and beneath the mantle lies the 
core, probably composed of nickel-iron. 
Although the mantle accounts for more 
than 80 per cent of the earth's volume, 
important details of its composition and 
character are uncertain. These can only 
be determined by direct examination. 
The boundary between crust and mantle 

by Willard Bascom 

is the Mohorovicic discontinuity, known 
to earth scientists as the Moho. To ob­
tain a sample of the mantle we must drill 
a hole through the Moho. A Mohole. 

The Mohole was originally proposed 
by Harry Hess (professor of geology at 
Princeton University) and Walter M unk 
(professor of oceanography at the Uni­
verSity of California) , mainly as a means 
of resolving some of the major uncer­
tainties in theories of the earth but per­
haps partly as a rebellion against the 
deluge of routine scientific proposals 
they were called upon to review. It be­
came an AM SOC project at a wine 
breakfast in Munk's home in La Jolla, 
Calif., in March of 1957. Gordon Lill of 
the Geophysics Branch of the Office 
of Naval Research, who was present on 
that happy occasion, was made chair­
man of the project by acclamation. 

Despite the impressive ring of its 
abbreviation, AMSOC began as a mild 
satire on alphabetical scientific organi­
zations. The letters stand for American 
Miscellaneous Society. AMSOC has no 
officers, no constitution, no bylaws, no 
publications and no formal roll of mem­
bers. Meetings have been held at cock­
tail time in Washington's Cosmos Club 
with a two-member quorum. Thus 
AMSOC can act expeditiously and with­
out red tape when action is required. 
It was clearly the Society's duty to form 
a special Mohole committee. 

T
he idea of probing deep into the 
earth goes back at least to the 1920s, 

when Arthur Conan Doyle's fictional 

Professor Challenger dug a hole eight 
miles through the shell of the earth 
(which, he claimed, was a living ani­
mal resembling a sea urchin) . Having 
gingerly bottomed the shaft in a slimy 
gray pulsating material, the Professor by 
remote control thrust a long drill point 
into the bottom to get a reaction. He did, 
and the story is called "When the World 
Screamed." Long before that Jules 
Verne's heroes had descended to the 
"central sea" via a volcano, and the 
Rover Boys had explored the interior of 
the earth with a mechanical mole. 

AM SOC's La Jolla planning group de­
cided to enlist international support by 
making the first public proposal at the 
1957 meeting of the International Union 
of Geodesy and Geophysics in Toronto. 
There Hess, T. F. Gaskell (a British geo­
physicist) and Roger Revelle (director 
of the Scripps Institution of Oceanogra­
phy) jOintly sponsored a resolution that 
concluded: "The IUGG . . .  urges the 
nations of the world and especially those 
experienced in deep drilling to study the 
feasibility and cost of an attempt to drill 
to the Mohorovicic discontinuity at a 
place where it approaches the surface." 
The resolution was adopted by the 
IUGG on September 14, 1957. 

In order for AMSOC to be able to 
accept the funds necessary to carry out 
the project, it was necessary for the 
organization to acquire formal status. 
Five of the original nine members of 
the AMSOC planning group were also 
members of the National Academy of 
Sciences, so it was easily arranged for 

41 

© 1959 SCIENTIFIC AMERICAN, INC



1:*.\"(-1 GRANITIC MATERIAL 

t�\�+A BASALTIC MATERIAL 

MANTLE MATERIAL 

iii SEDIMENTS 

t;:::�4H "SECOND LAYER" 

� SEDIMENTARY ROCK 

the group to become a formal committee 
of the National Academy. When the 
National Science Foundation supplied 
the initial funds for a feasibility study, 
the AMSOC-Mohole Committee was 
launched, with the writer as executive 
secretary. 

During the discussion of the Toronto 
resolution a Soviet scientist arose and 
said: "We already have the equipment 
to drill such a hole; we are now looking 
for the place." By September, 1958, the 
Soviet Academy of Sciences had ap­
pointed its equivalent of the Mohole 
committee. Perhaps there will be a race 
to the mantle. 

In order to appreciate why we require 
more information about the interior of 
the earth; why a hole in the ocean bot­
tom will be both shorter and more valu­
able than one on land; and why direct 
measurements and samples of deep 
rocks are needed, one needs to know 
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SCHEMATIC SECTION of the earth's crust and upper mantle shows why a hole to the 

boundary between the crust and the mantle (the Mohorovicic discontinuity) will be drilled 

from a barge moored in the deep ocean. To reach the discontinuity from the surface of 

a continent the hole (A) would have to go some 100,000 feet (roughly 30 kilometers or 20 

miles). To reach the discontinuity from an oceanic island the hole (D) would have to go 

something of theories of the earth and 
the reasoning that supports them. 

We can look into the earth through a 
series of scientific windows, each with 
a filter that permits but one form of 
evidence to pass. From astronomy comes 
information about the mass, density and 
moment of inertia of the earth; the com­
position of our fellow travelers in space; 
and ideas about the origin of the earth. 
From geology comes knowledge of the 
distribution, composition and move­
ments of crustal rock as well as of the 
nature of volcanic activity. The history 
of the earth is revealed by radiochem­
istry and paleontology. Physics con­
tributes concepts of the strength, con­
ductivity and plasticity of rocks. Seismic, 
magnetic, gravity and heat-flow studies 
provide even more explicit clues. 

T
he problem of the geophysicist is to 
fit this mass of evidence into a work­

ing hypothesis. At present he sees the 
crust of the earth as consisting of vast 
sheets of relatively thick, light granite 
(the continents) separated by large 
areas of thinner, denser basalt ( the 

ocean basins) . Both kinds of rock act 
as if they are floating on the even denser 
rock of the mantle. Floating does not 
mean that the continents move about on 
the earth's surface; the basalt is much 
too rigid to permit that. Rather it is a 
loose description of isostasy, a concept 
that regards the continents as being 
something like icebergs, which in order 
to rise a little above the surface of the 
sea must extend much farther below it. 
In the crust of the earth a similar ver­
tical adjustment takes place, but its rate 
is very slow because the material of the 
mantle is enormously viscous. 

If a mass of rock stands high, whether 
it be a mountain chain, a large island 
or an entire continent, it is compensated 
by an extra thickness of the crust below. 
As erosion removes some of the raised 
mass, the bottom of the crust will tend 
to rise. Conversely, if an eruption adds 
to the weight of a large volcanic moun­
tain, the crust in that area will sink. 

Thus it appears that the continents 
and ocean basins have always main­
tained a relationship something like the 
present one. Although the continental 
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some 50,000 feet (roughly 15 kilometers or nine miles). To reach 

the discontinuity from the surface of the deep ocean the hole (E) 

would have to go only some 32,000 feet (roughly 10 kilometers or 

six miles), the upper 14,000 feet of which would be water. A hole 

(C) might also be drilled in somewhat shallower water to obtain a 

cross section of oceanic sediments. The depth of the deepest 

well yet drilled on dry land (B) is 25,000 feet. The crust beneath 

the soft oceanic sediments is divided into two layers, the upper 

of which is called the second layer. The diagonal lines in the 

diagram indicate the regions in crust of least certain composition. 

crust has an average thickness of about 
20 miles, the suboceanic crust may in 
some places be as thin as 21f miles. In 
most oceanic areas, however, the crust 
seems to be overlain with half a mile of 
sediment and some 21f miles of water. 
Even so, the mantle is much closer to the 
surface of the sea than to the surface of 
the land. 

Man's first ideas about the nature of 
rocks beneath the earth's surface were 
derived from volcanoes, which obviously 
spewed out molten rock from the depths. 
It was concluded that except for the 
crust the earth was liquid. This seemed 
to be substantiated by measurements in 
mines and drill holes, that showed that 
the rise in temperature with depth would 
be sufficient to melt any known rock less 
than 60 miles below the surface. 

The concept was generally accepted 
until Lord Kelvin's theoretical studies of 
tides in the solid earth led him to the 
conclusion that the earth's interior could 
not be liquid, and that in fact the in­
terior was more rigid than steel. He pro­
posed that the interior was solid, but 
that it had cooled from a molten state. 

His theory was borne out by later evi­
dence that the density of the earth in­
creases with depth and that the earth 
has a heavy metallic core, as though 
gravity had segregated the original 
liquid materials according to their 
weight. Kelvin's theory is challenged in 
turn by recent measurements of the 
earth's radioactivity and of the amount 
of heat that flows from the earth's sur­
face. It is possible that radioactivity 
gives rise to more heat than is radiated 
from the surface; if so, this could mean 
that the earth has been heating up 
rather than cooling. 

The question of the origin of the earth 
is far from settled, mainly because 
there is no information about the mate­
rials of the interior, and about the dis­
tribution of radioactivity with depth. 
A logical place to begin to seek such 
information is to examine the rock that 
comes up in volcanoes. The lava from 
volcanoes in the Hawaiian Islands is 
basalt containing occasional lumps of a 
rock called dunite. At the surface dunite 
has a melting pOint of about 1,200 de­
grees centigrade; at a depth of a few 

miles, however, the pressure would keep 
it solid at higher temperatures. This is 
significant because seismological studies 
indicate that the earthquakes that pre­
cede a Hawaiian volcanic eruption start 
at a depth of as much as 20 miles. Over 
a period of several days these disturb­
ances approach the surface, releasing 
the pressure that keeps the rock solid 
and opening fissures that the lava can 
follow upward. Since independent seis­
mic evidence indicates that the thickness 
of the crust in the Hawaiian Islands is 
only about 10 miles, this suggests that 
the lavas actually come from the mantle. 
However, they probably are not repre­
sentative of it. The basalt of the lava 
is not dense enough to account for the 
velocity of earthquake waves in the 
mantle, and although the dunite meets 
the density requirement, it seems most 
likely to represent some kind of chemical 
segregation. 

T
here are other clues to the nature of 
the mantle. The heights of mountain 

ranges reflect the strength and rigidity 
of the underlying rock, which must sup-
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STRUCTURE OF THE EARTH is indicated in the pIe-shaped seg­
ment at the top of this chart. The structure is deduced from such 
phenomena as earthquake waves and gravity variations, which in 

turn suggest the properties of each region of the interior. The 
IS·kilometer thickness indicated for the crust is a worldwide aver­
age. The two cnrves for density reflect two different hypotheses_ 
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port the mountains and transmit the 
stresses that raised them. The age of the 
rocks in the mountains indicates ho\\' 
long it took these stresses to accumulate. 
Seismic explora tion for oil has revealed 
that in some continental areas rocks that 
originated with sediments in shallow in­
land seas go down more than 30,000 feet 
below sea level. The granitic material 
beneath the sediments has been warped 
downward into the mantle in response 
to the sedimentary load. 

The composition of meteorites is also 
an indicator of the internal composition 
of the earth. These objects from inter­
planetary space probably represent a 
sample of material similar to that from 
which the earth and the other inner 
planets were formed. Meteorites vary 
in composition from stony aerolites to 
nickel-iron siderites, and include every 
gradation between the two. However, 
an analysis of a considerable number of 
specimens, representing an over-all 
average of those reaching the earth, in­
dicates a composition of something like 
87 per cent peridotite (essentially an 
impure dunite) and 13 per cent nickel­
iron; in other words, about the same 
components and in the same ratio as 
proposed for the earth by reasoning 
from other kinds of evidence. 

The moon and the nearby planets 
have densities that suggest that thev too 
are composed of these materials, but 
with considerable variation in the rela­
tive size of their metallic cores. The 
moon, which is the smallest of these 
bodies, apparently has no core at all; its 
density being the same as that of the 
earth's outer mantle. It may well be that 
the best place to get a sample of the 
moon is beneath the earth's crust. 

A good deal of information about the 
character of the crust has been obtained 
by measuring the small variation in 
gravitational force from place to place 
on the earth's surface. It would seem 
reasonable to expect that the great visi­
ble mass of a mountain range would 
be responsible for an increased val ue of 
gravity. Curiously this is not the case; 
instead the gravitational attraction is 
less in mountain areas than in lowlands 
where the rocks have a similar density. 
The explanation of this gravity de­
ficiency is that the high crustal material 
is balanced by a rough mirror-image of 
itself in similarly light rock which ex­
tends far down to displace the denser 
rock of the mantle. The opposite holds 
for the ocean basins. Measurements 
made at the ocean surface (where a 
couple of miles of rock are in effect re­
placed by much less dense water) give 
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HISTORY OF THE EARTH may be continuously recorded in the deep ocean by sediments 
lying atop the primordial crust. One hole drilled through these sediments might sample 
material from every era of geologic time (right). Dinosaurs first appeared at the beginning 
of the Mesozoic Em. The earliest substantial fossils of living organisms are from the be· 
ginning of the Paleozoic Era. Life is assumed to have originated at the beginning of the 
Proterozoic Era. The first deposition of sediments on the primordial crust occurred at the 
beginning of the Archeozoic Era. Beneath these sediments may lie meteoritic material 
and a surface similar to that of the moon. Lighter bands in the colored area represent uncer' 
tainties in the lengths of the ancient era. Cosmic time continues backward beyond the Arche· 
ozoic Era to the time of the origin of the earth, estimated as three to five billion years ago. 
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gravity values that are apparently too 
high. The high values result from the 
fact that the oceanic crust is relatively 
thin and the dense mantle comes closer 
to the surface. It is these measurements 
that led to the theory of isostasy. But it 
is necessary to confirm such theories of 
the structure of the earth's crust by still 
another independent means: the study 
of seismic waves in rock. 

E
arthquakes are the result of rocks 

� fracturing under stress. When the 
rock gives way, seismic waves of several 
kinds radiate outward in all directions 
through the earth. Their velocity in­
creases with density, so that by measur­
ing the time required for these waves 
to travel to distant seismographs it is 
possible to work out their pathways and 

, the densities of the rocks through which 
they traveled. 

The two main kinds of seismic waves 
are designated P (primary or compres­
sion waves) and S (secondary or trans­
verse waves) . The P waves travel 
through both the solid and liquid parts 
of the earth; the S waves travel only 
in the solid part and at about two thirds 
the speed of the P waves. Since the S 
waves do not pass through the center 
of the earth it has been reasoned that 
most of the earth is solid but that there 
is a liquid core of nickel-iron that in 
effect casts a seismic shadow on the 
side of the earth opposite an earthquake. 
For comparatively shallow crustal ex­
ploration explosives are used to produce 
the seismic waves, and portable geo­
phones or hydrophones are used as re­
ceivers. Such methods bear out the 
evidence from gravity measurements 
that under the ocean bottom the Moho 
is much closer to the surface than it is 
anywhere else. 

The earth's magnetic field provides 
still other clues to the nature of the in­
terior. Electrically conducting materials 
moving in the interior doubtless account 
for the magnetic effects we observe at 
the surface. Convection currents in a 
liquid nickel-iron core could act as a 
dynamo, which would explain both the 
magnetic field and its local variations. 
The steady westward drift of the field 
( 1,600 years per revolution) suggests 
that the core rotates more slowly than 
the mantle. 

The last major piece of evidence to 
be fitted into the puzzle is that of heat 
flow. As indicated above, the earth's 
internal heat evidently is a combination 
of the original heat of formation plus 
heat that is continually being added by 
radioactivity. In order to explain the 
neat segregation of materials by density 

46 

it is customary, though not necessary, to 
assume that the entire earth was once 
liquid and that by a combination of con­
vection and surface radiation it cooled 
until it mostly solidified. From then on 
cooling could only take place by con­
duction, and since rock is a very poor 
conductor the process is very slow. 

The increase in pressure caused by 
the weight of the overlying materials 
raises the melting point of rock at a rate 
of some five degrees C. per mile of 
depth. Since rock occupies less space as 
a solid, in order to become molten it 
must expand against the pressure of the 
rock above. Thus once a rock has solidi­
fied it cannot become liquid again un­
less there is a considerable rise in 
temperature, or unless the pressure is 
relieved by an earthquake. 

The mantle material, even though it 
is rigid enough to permit earthquakes 
down to 400 miles, must also be able to 
deform plastically if isostasy is to be 
satisfied. Careful measurement has de­
tected patterns in the heat flow through 
the ocean bottom. This evidence sug­
gests that there are slow convection cur­
rents in the mantle which speed up the 
movement of heat to the surface-more 
support for the concept of a plastic 
mantle. 

From all this interlocking evidence 
investigators in many disciplines have 
constructed a grand-scale hypothesis of 
the nature of the earth's interior. But 
it is obvious that this hypothesis relies 
almost entirely on indirect evidence. 
A direct examination of the interior ma­
terial would greatly enhance the validity 
of the existing evidence and relieve 
some great uncertainties. The principal 
objectives of drilling to the mantle are 
as follows: 

The Mohole will make it possible to 
obtain samples of the various rocks of 
the mantle and the deep crust for chem­
ical and physical analysis, including 
mineral composition, radioactive con­
tent, density and conductivity (both 
electrical and thermal) . With actual 
specimens instead of supposed mineral 
combinations, the laboratory work on 
rock at high temperatures and pressures 
would become much more meaningful. 
The validity of the meteorite analogy 
can be tested, and when the density of 
the outer rock is accurately known, the 
estimates of density all the way to the 
center of the earth can be improved. 
When the radioactivity of a sample of 
the mantle is known, it may be possible 
to say whether the earth is cooling and 
to explain the high flow of heat through 
the ocean floor. It may also be possible 
to determine the age of both crust and 

mantle by the analysis of their content 
of radioactive isotopes. 

Exact depths, thicknesses and char­
acteristics of the boundaries between 
the various materials down to and in­
cluding the Moho will be obtained. 
The depths and thicknesses will serve 
to check determinations made on the 
basis of earthquake waves. It is not even 
certain that the Moho will be immediate­
ly recognized when it is reached. 

Direct measurements will be made 
at various d e p t hs of temperature, 
earth quake-wave velocity, electrical 
conductivity, heat flow and the earth's 
magnetic field. The properties of the 
rock will be measured by methods simi­
lar to those used for oil-well logging. 
These should give us a much better un­
derstanding of all the data obtained by 
indirect geophysical methods. 

Perhaps the most important objec­
tive is to look for the unexpected. The 
history of science has repeatedly dem­
onstrated that unpredicted discoveries 
which upset accepted theories are the 
most valuable result of new work. 

Although reaching the mantle is the 
ultimate objective of the Mohole project, 
an intermediate step is likely to yield 
equally valuable and interesting infor­
mation. This is the taking of a continu-
ous cylindrical sample, or core, 
through the sediments of the ocean 
floor., These sediments may be the most 
fabulous history book of all time; they 
could contain an uninterrupted record 
of the earth's development for two bil­
lion years. 

The oceanic sediments are quite dif­
ferent from the sedimentary rocks found 
on land. They are softer, unconsolidated 
to a considerable depth and show little 
variation over huge areas. Some areas 
of ocean bottom show little evidence of 
ever having been disturbed by crustal 
movements and there may be places 
where there has been continuous sedi­
mentation since the process first began 
on earth. It is likely that part of the 
record will be missing at the first site 
selected. If so, additional holes may be 
required to bridge the gaps in time. 

The earth's magnetic history may 
have been recorded in the deep-sea 
sediments. As tiny particles of magnetic 
minerals settle to the bottom they tend 
to align themselves with the earth's mag­
netic field. By examining the orientation 
of these particles in the sediment, it may 
be possible to determine changes in the 
positions of the magnetic poles. 

The earth's climatic history will be 
similarly reflected. Because the solu­
bility of calcium carbonate is related to 
temperature, the amount of calcium car- r 
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bonate in a sediment indicates the tem­
perature at the time the sediment was 
deposited. Ancient temperatures will 
also be recorded in the ratio of the iso­
topes of oxygen in shells. 

The fossils in known sedimentary 
strata have given the paleontologist a 
fairly complete picture of the evolution 
of life since the Cambrian period [see 
illustration on page 45]. However, there 
are essentially no fossil-bearing rocks 
found on land that record what hap­
pened before that time. Since all animal 
phyla with the exception of the verte­
brates are present in early Cambrian 
rocks, it is evident that much of the 
evolutionary sequence has not yet been 
examined. The record of these millions 
of years in the development of life may 
exist in the deep-sea sediments. Since 
the drill will pass through the time and 
place of the first life on earth, there is a 
chance of finding evidence of this life. 
As it proceeds backwards through time, 
the hole will enter the age when the first 
atmosphere and water caused the first 
erosion and sedimentation on the newly 
solidified face of the earth. Beneath the 
soft sediments is the "second layer," 
which may be compacted sediment, 
massive dolomite or basalt, according to 
which theory you prefer. And some­
where down there is the primordial sur­
face of the earth-perhaps similar to 
the face of the moon; perhaps cov-

ered with a layer of ancient meteorites. 
No one site or hole will satisfy all 

the requirements of the Mohole project. 
The hole to the mantle itself will be 
drilled where the geologic situation is 
uncomplicated and where the Moho is 
closest to the surface. To locate such a 
place, seismic, gravity and heat-flow sur­
veys are already under way. One possi­
ble Atlantic location is on the abyssal 
plain some 200 miles north of Puerto 
Rico, where the water is some 14,000 
feet deep and the Moho is about 18,000 
feet farther down. There are promising 
locations in the Pacific near the Equator 
due south of San Diego and northeast of 
Clipperton Island. 

The criteria for locating the best place 
to obtain a sedimentary record are quite 
different and in some ways more difficult 
to meet than those for the mantle, but 
obviously drilling through the sediments 
will be a less demanding task. In fact, 
experimental drilling to test equipment 
can be conducted at sites that will re­
turn valuable geologic as well as engi­
neering information. 

The ideal site would be the lowest 
spot on the original earth surface, into 
which the earliest waters drained and 
brought sediment. Here continuous lay­
ers of sediment would represent the 
entire history of the earth and of the 
evolution of life. Probably no such site 
exists. However, if paleontologists can 

"CUSS I" (left) is an experimental vessel which has been used to drill holes in the bottom 
off the California coast. The vessel, which is a converted Navy freight barge, is 260 feet 
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obtain cores of fossil-bearing strata con­
siderably older than Cambrian sedi­
ments, one of their fondest dreams will 
be realized. 

In addition to the requirements im­
posed by the study and by the reach of 
a drill, there are two other matters to be 
considered in selecting a site. One is 
weather; obviously hurricane areas, 
freezing weather, rough seas and strong 
currents should be avoided. The other is 
that the main drilling sites should be as 
close as possible to a port that can sup­
port the operation. 

Even under the best of circumstances 
drilling an 18,000-foot hole in the deep 
ocean floor will be a formidable under­
taking. It might be possible to invent a 
completely new way to do the job, but 
it seems best to rely as much as possible 
on the methods that have been devel­
oped and thoroughly tested in drilling 
for oil. The search for oil in the shallow 
waters off the California coast has led 
several major oil companies to develop 
floating platforms for drilling with con­
ventional rotary equipment. Techniques 
have been worked out for re-entering a 
hole after changing bits, for setting cas­
ing, for coring and for circulating the 
mud that lubricates the bit and carries its 
cuttings away. 

One vessel that has compiled a valu­
able experience record is the 260-foot 
converted Navy freight barge Cuss I, 

long and displaces 3,000 tons. At right is a 
vie�v of its top deck, on which 8,500 feet of 
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named for the four companies that joint­
ly sponsored it: Continental, Union, 
Shell and Superior. By the beginning of 
1959 this 3,000-ton craft had drilled a 
total of more than 100,000 feet of hole 
in depths of water ranging up to 360 
feet. With Cuss I procedures were de­
veloped for automatically handling and 
horizontally racking drill pipe, for buoy­
ing and relocating a temporarily aban­
doned hole and for inspecting bottom 
operations by means of closed-circuit 
television. After the crew had become 
experienced, this rig could anchor in 
several hundred feet of water, drill, log 
and seal off a 5,000-foot hole in 11 days. 

The Cuss method is as follows. The 
ship is firmly anchored by a six-point 

mooring. Beneath it is suspended a pre­
fabricated "landing base" bearing a short 
length of casing. The drill pipe is low­
ered through the casing to the bottom, 
where it freely drills several hundred 
feet of hole using sea water as a drilling 
fluid. The drill string is then raised but 
left in the hole to serve as a guide. The 
landing base and the initial casing are 
lowered down the drill pipe on guide 
cables and cemented into place at the 
top of the hole. 

A "conductor" that slides on the guide 
cables and is exactly centered on the 
landing base by conical sockets is used 
to direct the riser-pipe (the casing above 

drill pipe can be automatically racked duro 
ing a single round trip to the bottom. 

the sea bottom) to the hole mouth. Some 
of the weight of this riser-pipe is taken 
up by underwater flotation tanks, which 
also help compensate for the relative 
movement of the barge and the con­
ductor. A flexible pipe from the riser­
pipe to the barge permits the drilling 
mud to be circulated in a conventional 
manner. 

Cuss's operators claim that they have 
never been seriously hindered by rough 
water or weather, and that their costs 
are less than for nearby holes of similar 
depth on land. So far so good. How­
ever, the fact that these techniques work 
well in the shallow, comparatively shel­
tered waters and hard bottom of Santa 
Barbara Channel does not prove that 
they can be easily transplanted to open 
ocean with water more than 15,000 feet 
deep and a bottom consisting of soft 
sediments. In order to make this next 
step feasible a lot of hard engineering 
must be done to work out means of deep­
sea mooring, of bringing casing from the 
sea bottom to the surface, of circulating 
the drilling mud and of coring. 

To reach such extreme depths, pipes 
and cables may have to be tapered in 
steps so that their weight will not exceed 
their tensile strength at the surface. We 
can take some encouragement from the 
fact that the depth of the Mohole will 
be about the same as that of deep Pacific 
trenches whose bottoms have already 
been reached with tapered cables from 
oceanographic survey ships. A heavy six­
inch drill pipe equally long will be only 
slightlv more rigid than these cables; it 
can be expected to swav, bend and even 
form loops in response to the forces of 
the moving water. 

High temperature is not expected to 
be a problem; at the Mohole itself the 
temperature should be less than 200 
degrees C. Some engineers think that a 
promising method for drilling the hard 
rock in the deep part of the hole would 
be to use a diamond-coring bit on a 
turbodrill driven by sea water pumped 
from the surface at high pressure. If a 
wire-line core-retrieving method can be 
developed to use with this to avoid hav­
ing to pull out all the pipe to get a core, 
a great deal of time and money can be 
saved. It seems possible that the re­
search effort to make the improvements 
necessary for a hole this deep would un­
doubtedly be repaid by the speeding up 
of normal oil-well drilling. 

T 
he first attempt at deep-sea drilling 
cannot be expected to solve all the 

drilling problems; we will have to feel 
our way along. First, thorough engineer­
ing studies must be made that will essen-

tially modify the best existing techniques 
so that they will work in this new en­
vironment of waves, currents and high 
corrosion. Specially light, strong and 
corrosion-resistant metals may have to 
be used; new logging and coring tech­
niques will have to be devised; instru­
ments small enough to lower inside a 
drill pipe must be invented. 

Second, the new array must be tried 
out at sea. The rig will be anchored in 
true oceanic depths (more than 10,000 
feet) and a hole drilled in a sediment 
bottom. By hard trial, and perhaps er­
ror, it will be found out how to set up 
and drill without getting the pipes and 
lines into a hopeless snarl. The questions 
of whether sea water is an acceptable 
drilling fluid, of how much of the hole 
has to be cased, of whether the sampling 
system returns cores that are scientifical­
ly satisfactory, of how much surface ex­
cUl'sion can be permitted for the drilling 
barge, of how far the bit will go before 
becoming dull-all these questions need 
to be settled by test. 

Third, when the results of the first 
tests are in, modifications will have to be 
made in the drilling methods; this in 
turn may require a practical readjust­
ment of scientific requirements. Then 
the first major hole will be attempted. 
This will be mainly a sediment-coring 
job, but it will penetrate the second lay­
er. Its depth from the surface will be of 
the order of 16,000 feet. Such a hole may 
be so rewarding that a series of similar 
holes will be the most reasonable next 
step. After the first hole is finished, how­
ever, we will have definite knowledge of 
how difficult and how rewarding it is to 
drill in the deep rocks. At that time it 
will be possible to make a sound reap­
praisal of the kind of equipment needed 
to go on to the Moho. 

Fourth, the hole to the mantle will be 
drilled. It will be very difficult; there are 
no illusions about that. But it will remain 
the ultimate objective of the Moho 
project. 

Obviously this program will cost sev­
eral millions of dollars and will extend 
over a period of years. However, the out­
lay of money and time cannot be fairly 
estimated until engineering studies are 
completed. Suffice it to say that the 
Mohole project appears to be scientif­
ically sound; technically feasible and 
economically reasonable. 

A group of holes through the oceanic 
rocks to the mantle will not answer all 
our questions about the earth. On the 
contrary, they can be expected to pose 
new and more difficult ones that will tax 
our ingenuity even more. That is the na­
ture of nature. 
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Family Planning in the U. S. 
Where the birth rate of the U. S. was once fairly stable) practices 

of contraception have now made it a variable. How these practices 

affect population trends has been examined by a large-scale study 

by H.onald F. Freedman, Pascal K. Whelpton and Arthur A. Campbell 

Birth, migration and death are the 
key factors in the growth of a 
nation's population. Until about a 

century ago the birth rate in most coun­
tries was fairly stable at a high level; 
death and international migration were 
the changing variables, oscillating with 
economic conditions and the fortunes of 
peace and war. Today in Western na­
tions the situation is reversed. For exam­
ple, international migration now plays 
a minor role in U. S. population trends, 
and the death rate is stabilized at a low 
level. Successful techniques of contra­
ception, on the other hand, have made 
the birth rate the dynamic force in 
population growth. Moreover, the recent 
swings in the U. S. birth rate show that 
it is now acutely sensitive to economic 
and social conditions. 

This vital revolution has had great im­
pact on many aspects of the life of our 
society. Yet we have had little reliable 
information on a national scale about the 
extent and success of family planning. 
Some important facts on the whole 
population and on major subgroups of it 
are now available as a result of a na­
tional survey conducted in 1955 by the 
Scripps Foundation for Research in 
Population Problems (at Miami Univer­
sity in Ohio) and the Survey Research 
Center of the University of Michigan. 
Some major results of this first compre­
hensive study, presented in our book 
Family Planning, Sterility and Popula­
tion Growth (to be published in May by 
the McGraw-Hill Book Company) will 
be reviewed in this article. 

In the perspective of history it is only 
recently that family planning has be­
come so widespread that it could have a 
major influence on population trends. In 
the past the number of births for the 
a verage family varied little; it tended to 
approach the number that the average 
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woman was biologically capable of hav­
ing. Crude methods of contraception, 
supplemented in some societies by in­
fanticide and abortion, were never suffi­
ciently widespread, effective and flexi­
ble to cause rapid changes in the aver­
age of family size. Change in the rate 
of population growth thus had to be 
caused by other influences. Epidemic 
disease, famine and war would increase 
the death rate; population growth 
would be slowed and at times reversed. 
In times of peace and well-being the 
death rate would fall to relatively low 
normal levels, and the population would 
grow accordingly. From time to time 
massive migrations produced large popu­
lation gains in some areas at the expense 
of others. 

Today advances in medicine, public 
health, nutrition and other fields 

have dramatically cut the death rate. 
The great 19th-century tides of inter­
national migration have been generally 
reduced to trickles. At the same time 
married couples have available to them 
techniques that, for the first time in his­
tory, let them make effective decisions 
as to the number of children they will 
have. During the past 75 years the wide­
spread use of these birth-control meth­
ods has begun to cause rapid changes in 
population trends in almost all of the 
Western nations. 

During the depression decade, for ex­
ample, the U. S. birth rate fell to an all­
time low. Many population experts 
thought that our population would cease 
growing and might even decline, since 
the practice of family limitation was 
spreading to rural areas and lower-in­
come groups. Almost no one foresaw the 
prolonged postwar baby boom and the 
accompanying population jump. Now 
we realize that a population that post-

pones marriage and childbearing in an 
unfavorable period may very well marry 
younger and start childbearing earlier 
when conditions improve. In addition, 
since planned families need not be small 
families, the size of the average family 
can increase in prosperous times. 

The fluctuations in the birth rate have 
affected capital investment, housing, 
recreation, education, manpower re­
cruitment and many other aspects of so­
ciety that depend not only on the size 
of the population but also on the relative 
number of people in each age group. 
This in turn depends on the number of 
births in successive years. Our current 
school crisis is one painful result of the 
effect of postwar prosperity on the age 
of marriage, the size of families and the 
spacing of children. The population 
bulge resulting from the baby boom is 
creating successive crises in many other 
social institutions as well. Starting in the 
crowded maternity wards, the popula­
tion bulge moves inexorably up the age 
pyramid to the elementary schools, high 
schools and colleges, then to the labor 
market and housing, until it finally 
reaches the old-age-pension system. 
Moreover, when one population bulge 
moves into the reproductive years of life, 
it starts another bulge that moves along 
25 or 30 years later. 

Clearly the impact of family planning 
requires that we learn much more about 
it. In the present survey our group set 
out to discover how couples feel about 
family planning and how extensively 
they practice it, how various groups in 
the population differ in their practice 
and how successful they are as measured 
by whether they have the number of 
children they want. To develop quanti­
tative data on these questions 2,713 
white wives in the principal childbear­
ing years ( 18 to 39) were interviewed 
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at length. They gave detailed informa­
tion on their pregnancy histories, con­
traception practices and their plans for 
future childbearing. The wives were 
selected on a probability basis to give a 

good representation of the approximate­
ly 17 million white married couples in 
our population with wives 18 to 39 years 
old in the spring of 1955. 

We secured complete interviews from 
91 per cent of the sample, indicating 
that family planning is now accepted by 
young married people as a topic for dis­
cussion and investigation. In most sur­
veys on political and economic subjects 
the completion of interviews from 85 
per cent of the sample is considered 
satisfactory. Fewer than four wives in 
1 ,000 declined to answer questions 
about the methods of contraception they 
practiced. In contrast, a larger number 
refused to answer questions about fam­
ily income as being "too personal." 

We should say a word at this point 
about terminology. Partly because some 
methods of preventing conception are 
morally unacceptable to certain groups, 
there is no general agreement on a term 
that applies to all methods. Here we use 
"family limitation" and "contraception" 
interchangeably and with no moral con­
notation for all methods (except sterili­
zation) for avoiding conception. Includ­
ed are periodic continence (the "rhythm 
method") , abstinence for long periods 
and withdrawal (coitus interruptus) , as 
well as appliance or chemical tech­
niques, such as diaphragm, condom, 
douche, jelly and the "birth-control 
pills" now being tested. 

T he survey showed that in general all 
population groups accept the idea 

of couples deliberately regulating the 
number and spacing of their children in 
relation to their needs and resources. All 
the women were asked: "Many couples 
do something to limit the size of their 
families and to control when the chil­
dren come. How do you feel about 
that?" Less than 5 per cent expressed 
unqualified disapproval of family limita­
tion. Even among Roman Catholic wives 
only 13 per cent avowed such senti­
ments. Catholics as well as Protestants in 
overwhelming majorities approved fam­
ily limitation in some circumstances. At 
the other extreme 73 per cent of the 
Protestants, but only 33 per cent of the 
Catholics, approved limitation without 
qualification. 

These differences reflect the doctrines 
of the Roman Catholic Church that for­
bid the use of certain methods of family 
limitation and restrict the extent to 
which other methods may be used. But 
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there is no categorical prohibi tion of all 
methods. The late Pope Pius XII said in 
a 1 951 address that the use of periodic 
continence (the rhythm method) or 
long-continued continence for "serious 
motives" is morally acceptable. One 
such motive is the avoidance of more 
children than the family can adequate­
ly care for. Catholics sometimes refer to 
methods forbidden by the Church as 
"artiRcial birth control." This includes 
coitus interruptus and the use of any 
chemical or mechanical agent. Since 
about a fourth of U. S. adults are iden­
tiRed with the Roman Catholic Church, 
its doctrines are important to national 
fertility trends. 

As might be expected, the attitudes 
expressed by the wives in the sample 
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were reRected in their accounts of their 
family limitation practices. The great 
majority of U. S. couples use some meth­
od of contraception. In our sample 83 
per cent of the fecund couples (those 
who Rnd that they can have children 
easily) had adopted contraception; 7 
per cent more planned to do so after hav­
ing the one or more children they still 
wanted. We think that the proportion 
may actually exceed 90 per cent, be­
cause many couples who are indifferent 
or opposed to contraception in early 
married life adopt some method when 
confronted with the problems of a rapid­
ly growing family. In fact, 92 per cent 
of the fecund couples married more than 
1 0  years reported efforts to control fam­
ily growth. 

4 2 o 2 
POPULATION (MILLIONS) 

Many couples do not practice contra­
ception until they have had one or more 
children. Approximately half the cou­
ples using some method had at least one 
pregnancy before beginning to do so, 
often because they wanted to statt hav­
ing children soon after marriage. How­
ever, since most couples want a relative­
ly small family, the delay before adopt­
ing control measures is usually brief. U n­
less in the meantime they had discovered 
a fecundity impairment, 89 per cent of 
all couples with two children had al­
ready used contraception in order to 
space pregnancies or restrict family size. 

The majority of couples who never 
take control measures are those who 
suffer some type of physical impairment 
that limits their ability to bear children. 

4 6 8 10 

POPULATION PYRAMIDS in this chart analyze the population into age groups. Here 

the population pyramid of 1957 is superimposed on that of 1940. The irregularities of the 
pyramids show how family planning has permitted birth rates to vary with the economy. 

The broad pyramid hase of 1957 resulted from postwar haby boom. The narrow 1940 
base resulted from the Depression. As time passes, these "waves" move up pyramid. 
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Whether such impairments are discov­
ered depends in part on whether cou­
ples dispense with contraception for ex­
tended periods. Therefore couples who 
do not begin contraception until they 
have had one or two pregnancies are 
more likely than others to discover phys­
ical impairments that make voluntary 
control unnecessary. There is evidence 
that poorly educated couples are more 
likely than others to delay taking control 
measures until pressed by necessity. Rel­
atively more of them "test" their child­
bearing ability in this way and discover 
fecundity impairments that they would 
not otherwise know about. 

tother major finding of the survey is 
� that a majority of the fecund cou­
ples in all the major strata of the white 
population now practice contraception. 
For the purposes of the survey, strata 
were defined by education, income, oc­
cupation, religion, region and type of 
community. The widespread practice of 
family limitation that we found is defi­
nitely a new development. Contracep­
tion was undoubtedly taken up first by 
the higher-status groups: the well-edu­
cated, the professional and white-collar 
people and those in upper-income brack­
ets. As a result family size declined more 
rapidly in higher-status than in lower­
status groups. This led a generation or 
two ago to fears that the quality of the 
population would deteriorate as more of 
the nation's children came from sup­
posedly inferior social and biological 
backgrounds. 

Now there are signs that eventually 
the historical differences among the birth 
rates of various population groups may 
be reversed. Among the wives in our 
survey who had been married less than 
five years, those with a college educa­
tion expect to have more children than 
those with less education. Similarly, re­
cent census figures show a lessening of 
birth-rate differences among socioeco­
nomic groups, probably indicating that 
various segments of the population want 
about the same number of children. A 
1 940 study of Indianapolis, Ind., found 
that among couples who planned the 
number and spacing of their pregnan­
cies, those with higher incomes were 
having the larger families. Such couples 
can afford more children without sacri­
ficing the other things Americans value 
as part of their standard of living, in­
cluding the ability "to give the children 
what they should have." 

Though contraception is a general 
practice in all strata of society, there are 
still significant differences among groups, 

particularly with respect to religion and 
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CONTRACEPTION, as this chart shows, is now generally used. 

Fecund couples conceive easily; ,ubfecund ones, with difficulty. 

Of the fecund couples questioned in the authors' survey, "Ii 
but 10 per cent use, or plan to use, family·planning techniques. 

• • •• G;walk:;;znJIt:fi!neJij:;j���- 1 
ALL AGES r ........................... . 

w 

(') 
« 

(/) 
25-29 

w 
'00 

> 

30-34 

35-39 

o 

_ COLLEGE 
4 YEARS OF 
HIGH SCHOOL 

_ 1-3 YEARS OF 
HIGH SCHOOL 

.. GRADE SCHOOL 

:: 

20 40 60 80 100 

PER CENT 

USE OF CONTRACEPTION by fecund wives studied is an· 

alyzed according to the level of schooling that they achieved . 

Contraception is most used by the better·educated. But mosl 

fecund women use it in later years, regardless of education. 
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ATTITUDES toward family limitation are now 

weighted on the side of approval, but vary with 

religion. The major religious groups all approve 

family limitation in some circumstances_ Most 

Protestants and a great majority of Jews, but a 

minority of Catholics, grant unqualified approval. 

education. Among fecund couples 88 
per cent of the Protestants but only 70 
per cent of the Catholics reported using 
control measures. This divergence is not 
related to other nonreligious differences 
between members of religious groups, 
such as education, income, occupation 
or place of residence. When Catholics 
and Protestants who are similar in these 
respects are compared, the Catholics re­
main less likely to practice family limita­
tion. The Catholic pattern of family 
limitation is also different from the 
Protestant. Far fewer Catholics plan 
their families by always practicing con­
traception except at the times when they 
want to have a child. 

Interestingly enough, one factor that 
reduces the differences between Catho­
lics and Protestants is whether the wife 
works. The differences based on religion 
are smallest among wives who have 
worked at least five years since marriage 
and therefore have had extensive con­
tacts outside the home. In these cases re­
ligion appears to .have less influence on 
family-planning practices. 

While the differences by religion are 
important, they should not be exagger­
ated. The great majority of Catholics 
do practice some form of family limita­
tion. This is not necessarily a deviation 
from the Church's precepts, since many 
use only the rhythm method and for 
"serious motives." 

�ong with religion, education plays an 
important role in determining 

whether or not a couple adopts some 
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family-limitation method. Presumably 
higher education gives a couple the 
wider range of contacts and information 
likely to make them analyze their family 
situation more self-consciously. It may 
cause them to want a style of life that 
requires careful planning, including the 
planning of family growth. In any case 
the more education couples have, the 
more likely they are to use contracep­
tion and to avoid unwanted pregnancies. 

Education is also important in ex­
plaining the relationships of other char­
acteristics, such as income, to family­
limitation practices. For example, lower­
income couples are less likely than oth­
ers to practice contraception. But when 
couples with similar educational back­
grounds are considered, differences by 
income become much smaller. In the 
same way, farm-city differences almost 
vanish when couples with similar edu­
cational backgrounds are compared. The 
fact that farm couples in general are 
somewhat less likely than urban couples 
to try to restrict family size reflects their 
lesser educational attainments. 

So far as we know, contraception was 
formerly less widely practiced in the 
country and the small town than in the 
metropolis. Our study shows, however, 
that the distinction has been disappear­
ing. This represents a marked change in 
a generation or two, and is probably 
the result of a double process. On the 
one hand, the tremendous mobility of 
Americans has thoroughly mixed people 
of very different backgrounds in com­
munities of different sizes and types. 

On the other hand, the influence of the 
metropolis has been reaching out to 
every section of the country, spreading 
common standards and aspirations that 
affect not only what people consume 
and produce, but also how many chil­
dren couples want and how couples plan 
family growth. The educational attain­
ments of farm and small-town couples 
are becoming more like those of urban 
couples, and so are their family-planning 
practices. 

Just as the family-planning practices 
are becoming more uniform, so are the 
goals. Most couples, the survey revealed, 
want a small or moderate-sized family. 
Each woman in the sample was asked a 

variety of questions to discover what 
family size was her objective. At vari­
ous pOints in the course of the interview 
she was asked how many children she 
expected, how many she wanted and 
how many she considered ideal. These 
questions elicited slightly different an­
swers, but there was a remarkable con­
sensus on no less than two and no more 
than four children. If all couples have 
the number of births they are expecting, 
the average will be about three. Catho­
lics expect an average of 3.4 births per 
couple and Protestants expect 2.9. While 
it is probably biologically possible for 
U. S. couples to have an average of 
eight births, most of them are likely to 
come close to achieving their more mod­
erate plans because they will use family­
limitation methods fairly successfully. 

Although a large majority of couples 
will come close to their goals, many will 
not be so successful. About one family 
in six may be "underplanned" because 
physiological conditions prevent the 
bearing of as many children as are 
wanted. For some couples inability to 
have any children is a major tragedy, 
and for others their failure to have an 
additional child or children causes seri­
ous distress. 

At the other extreme are those who 
have more children than they want. In 
the case of approximately one couple out 
of seven in our sample the last preg­
nancy was not wanted by one or both 
parents. This is a common situation 
among larger families. More than half 
the wives who had borne more than four 
children said they or their husbands did 
not want the last pregnancy. Such un­
wanted pregnancies are much more fre­
quent among couples with little educa­
tion than among the better educated; 
in fact, they are about four times as 
frequent among those with a grade­
school education as among those with a 

college education. Here is another in­
dication that family planning is more 
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extensive and effective among the bet­
ter-educated couples. It is also likely that 
unwanted pregnancies are relatively 
frequent among Negro families, not in­
cluded in this study. Negroes are pres­
ently concentrated in the lower educa­
tional and income groups in which acci­
dental and unwanted pregnancies are 
most prevalent. 

Nother measure of success in family 
planning is the incidence of "acci­

dental" pregnancies-those that begin 
when the couple is using some method 
to try to avoid conception. The wives 
in the sample reported that about 12 per 
cent of all their pregnancies were "ac­
cidents." However, a more meaningful 
"accident" rate is based on pregnancies 
that occur after use of contraception is 
begun. On this basis about one pregnan­
cy in four occurred when the couples 
were using some method of contracep­
tion. Accidental pregnancies do not 
necessarily result in unwanted children, 
because in many cases the couples have 
merely been seeking to postpone a child 
they had planned to have later. Only 
about 24 per cent of all pregnancies 
begin after the deliberate discontinu­
ance of contraception in order to have 
a child. Nevertheless, most couples are 
successful in having the small number 
of children they want. Even the signifi­
cant minority of couples who miss their 
goal do so by no more than one or two 
children in most cases. 

Since Americans have adopted rea­
sonably effective means to control the 
size of their families, an understanding 
of the goals of their planning is of great 
importance in predicting population 
trends. Because the goals are likely to 
change with social and economic con­
ditions, they should be studied from 
time to time along with changes in the 
effectiveness of family planning. The 
Office of Population Research at Prince­
ton University is now following a sample 
of couples who had a second child in 
1956, in order to learn what factors will 
determine which of them will have a 

third child. Such studies of particular 
stages in the family life-cycle are impor­
tant because many families do not grow 
according to a plan envisioned at mar­
riage. There is interaction between the 
plans of the parents and their changing 
situation in the 10 to 20 years most 
of them have for childbearing. 

This first study of a representative 
national sample of young married couples 
can only serve as an introduction to a 
complex subject. It shows that family 
planning of the U. S. population can be 
investigated with significant results. 
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Visual Perception and Personality 

Experiments with specially distorted rooms reveal that the way 

In which we perceive the size and even the shape of others is 

powerfully influenced by our emotional relationship with them 

W
hen we watch a person walk 
away from us, his image shrinks 
in size. But since we know 

for a fact that he is not shrinking, we 
make an unconscious correction and 
"see" him as retaining his full stature. 
Past experience tells us what his true 
stature is with respect to our own. Any 
sane and dependable expectation of the 
futurE< requires that he have the same 
true stature when we next encounter 
him. Our perception is thus a prediction; 
it embraces the past and the future as 
well as the present. 

From such considerations psychology 
has taught us all by now that perception 
is not a simple act. We do not merely 
see what is "out there" in the here and 
now. Perception is an onroing process 
that involves our image of our own self, 
our needs, values and purposes, as fully 
as it involves the image of the object 
perceived. In this "transaction" between 
the viewer and the viewed it seems evi­
dent that emotional relationships be­
tween people must also condition how 
they see each other. Would anyone deny 
that beauty is in the eye of the beholder? 

Six years ago we began a series of ex­
periments designed to measure the de­
gree to which the emotional feeling of 
one person toward another may modify 
that person's image of the other. At 
Princeton University and subsequently 
at the Naval Medical Research Institute 
at Bethesda, Md., we studied how one 
person's perception of another is influ­
enced by emotions arising out of the 
marriage relationship, out of one per­
son's subordination to another and out 
of perceiving that the other person is 
disfigured or mutilated. We have found 
that the emotions do not only involve 
such intangible qualities as beauty; they 
may also significantly affect a person's 
perception of such "objective" attributes 
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as the stature of the person perceived. 
For the experimental devices and pro­

cedures employed in our study we are 
indebted to the late Adelbert Ames, Jr., 
of Hanover, N. H., whose work has in­
spired so many other lines of investiga­
tion in psychology during the past 25 
years. This gifted investigator (who be­
fore he turned to psychology had been 
a lawyer, then a painter, then a physiol­
ogist) developed a number of powerful 
demonstrations of the transactions in­
volving the perceiver and the perceived 
[see "Experiments in Perception," by 
W. H. Ittelson and F. P. Kilpatrick; 
SCIENTIFIC AMERICAN, August, 1951]. 
For one series of experiments we em­
ployed one of Ames's famous distorted 
rooms. The floor of this room slopes 
upward to the right of the viewer, the 
rear wall recedes from right to left, the 
windows in the rear wall are different 
sizes and trapezoidal in shape. When the 
room is viewed from one vantage point, 
however, it looks like an ordinary room: 
the floor appears level, the rear wall is 
at right angles to the line of sight and 
the windows are rectangular and of the 
same size. Out of his past experience 
with the cues provided by perspective, 
the viewer has assembled a set of as­
sumptions that he brings to the occasion 
and applies to the immediate experience. 

Ames built one of these rooms large 
enough for people to walk about in it. 
A surprising thing now happens. When 
the viewer sees another person walk 
across the room, he typically observes 
an extraordinary alteration in that per­
son's size. Depending on which way 
the person walks, he appears to grow or 
shrink. A smaller model of this room 
permits hands or faces to be seen at the 
rear windows. As with the larger room, 
the hands or faces appear to be ab­
normally large or small, depending upon 

whether they are framed in the window 
to the viewer's right or to his left. Thus 
in the typical experience the viewer 
sticks to his assumptions about the shape 
of the room, even to the extreme of ac­
cepting distortion in the appearance of 
another person. 

O
n one occasion a decade ago, how­

ever, Hadley Cantril and his asso­
ciates at Princeton University observed 
a striking departure from the usual pat­
tern of response to the Ames room. A 
viewer, observing the faces of her hus­
band and another man at the windows 
of the small room, reported that her 
husband's face remained unchanged 
though she observed the expected dis­
tortion in the face of the other man. Sim­
ilarly, the other man appeared to grow 
or shrink as he walked to and fro in the 
larger room, while her husband under­
went no change in size whatever. Cantril 
called this reaction the "Honi" phenome­
non, after the woman's nickname. 

Suspecting that the emotional rela­
tionship of this woman to her husband 
might in some way underlie the Honi 
reaction, a group of us at Princeton set 
out to repeat the experiment with other 
married couples. Of the 10 couples we 
enlisted, it happened, most had been 
married for a brief time, several for less 
than a year. The majority of these in­
dividuals saw their partner grow and 
shrink in the usual manner and to the 
same apparent degree as a stranger who 
acted as the "control" in each experi­
ment. Six viewers, however, reported 
that their partners altered less than the 
stranger or did not change at all. 

All six turned out to be recently mar­
ried. Indeed, at least one member of 
every couple married less than a year 
reported the Honi reaction. Only one 
subject married more than a year dis-
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SMALL "AMES ROOM" is built in a distorted shape. Viewed 

through one eye (or photographed) from a particular point (top) 
the roonl appears no1'n1al and faces in the rear windows appear un-

equal in size. Some married people, however, see their partner's 

face as the same size in either window. From another angle (bot­
tom) the faces appear to be the same size and the room distorted. 
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played it, and he had been married only 
two years. We also noted with interest 
that the "Roni" subjects tended to see 
the room as distorted when their part­
ners entered it. Faced with the choice 
of seeing their partner or the room dis­
torted, they chose the latter. 

Our tape recordings of the subjects' 
spontaneous comments support the au­
thenticity of the response recorded in 
each case; several expressed surprise 
when they observed that their partners 
did not change size. In search for a more 
objective standard of determining the 
subject's response, however, we enlisted 
six new couples, all married less than 
15 months. This time we asked each sub­
ject to tell us at what point the partner 
and the stranger appeared to assume 
normal size as they walked from wall to 
wall in the larger room. The location of 
this point varied considerably in each 
trial, but in every case the marital part­
ner was required to walk a shorter dis­
tance than the stranger to be judged of 
normal size. We also asked each subject 
for detailed "before and after" descrip­
tions of the room's appearance. ·When 
we totaled the number of distorted items 
in each description, we found that the 
"distortion score" increased sharply 
after the partner's entrance. As one 
would expect, the subjects with the 

strongest tendency to perceive their 
partners unchanged showed the highest 
scores with the partner in the room. 

The completion of this experiment 
left us in something of a quandary. We 
had demonstrated differences in percep­
tion that seemed somehow related to 
marriage, but were hard put to explain 
the differences. It could not be ascribed 
to mere familiarity with the person per­
ceived, since the effect was most marked 
among newlyweds. On the other hand, 
the "Roni" couple had been married for 
more than 25 years. This troublesome 
fact pointed up an almost self-evident 
truth: Marriage, though it has a very 
clear legal meaning, has diffuse meaning 
in psychological terms. The relationship 
between marriage partners obviously 
differs from that between unmarried 
people. But specifically and precisely 
in what way does it differ that is relevant 
to our finding? Indeed, the marriage re­
lationship itself changes with the years. 
To explain our results we obviously 
needed to experiment with a simpler and 
more clear-cut relationship, subject to 
more precise definition. 

k opportunity to conduct such experi­
ments presented itself in 1953 at the 

Naval Medical Research Unit in connec­
tion with the psychiatric adjustment of 

patients who had been seriously mu­
tilated or disfigured. In this investigation 
we employed another Ames technique 
that involves the use of "aniseikonic" 
lenses. These lenses had originally been 
devised to correct a defect in the mech­
anism of stereoscopic vision (anisei­
konia) , which has been found to affect 
about 2 per cent of the population. 
'Alhen a person with normal vision looks 
through the corrective lenses, his vision 
is distorted as if he were troubled with 
aniseikonia. Another person viewed 
through aniseikonic lenses of one type 
appears to lean forward; the lower por­
tion of his body seems to broaden to 
give him almost a pyramidal shape. In­
dividual parts of his body may also suf­
fer corresponding distortion. The kind 
and degree of distortion depend partly 
on the distortion power of the lenses, 
but lenses of a given power still pro­
duce different degrees of distortion for 
different people. 

When we fitted amputees with these 
lenses and asked them to view other per­
sons, includingl other amputees, we at 
once made a Significant finding. Each 
amputee reported that he saw consider­
ably less distortion in the appearance of 
other amputees than he did in normal, 
whole persons. By way of experimental 
control, we fitted normal persons with 

THREE STUDENTS of about tbe same height seem to be of radi­

cally different sizes in a larger Ames room. The student on the left 
is actually nearly twice as far from the camera as the one on the 

right, but the distorted perspective of the room conceals this fact. 
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the lenses and got the same report from 
them. They too saw amputees and even 
simulated amputees as less distorted 
than other !people. 

Since each type of aniseikonic lens is 
available in graded degrees of distor­
tion power, we were able to reduce these 
differences in the perception of each 
subject to a quantitative expression. We 
had each of 12 enlisted men, selected 
at random from the staff, view a normal 
person and a simulated amputee through 
a succession of lenses of increasing 
power. For 1 1  of our 12 subjects it took 
a lens of higher power to cause him to 
see the "mutilateg" figure as distorted. 
The average difference was about 25 
per cent; in one case it was 150 per cent. 

As compared to our first series of ex­
periments with married couples, the 
finding of this study was susceptible to 
somewhat more precise and reliable in­
terpretation. It is not too difficult to 
specify the one overriding emotion in­
volved when one person views another 
who is, or appears to be, mutilated and 
disfigured. Almost invariably it is a feel­
ing of uncertainty and anxiety. Few of 
us have had enough experience with 
mutilated people to be sure of ourselves 
in dealing with them. Thus, it may rea­
sonably be supposed, the subjects of our 
experiment were moved to reject the 
distortion of the mutilated figures con­
veyed to them by the distorting lenses. 
One might think that the amputees who 
had taken part in our preliminary 
studies would not have reacted in this 
way, because they had presumably be­
come used to seeing other mutilated 
men. All these men, however, were 
receiving psychiatric help in adjusting 
to their own mutilation, and the sight 
of another amputee still set off their 
more intense anxieties. 

To test our hypothesis that an anxiety-
inducing figure would be less easily 

distorted than a "neutral" one, we de­
vised a third experiment. We had noted 
quite by accident that when one of our 
assistants, an enlisted man, looked 
through aniseikonic lenses, his imme­
diate superior, an officer, appeared less 
distorted than other enlisted men. In­
trigued by this observation, we con­
ducted a series of interviews to assess 
the feelings of enlisted men toward their 
officers. vVe were not surprised to find 
that most of them reported some feeling 
of anxiety and that the feeling was most 
marked among recruits. We therefore 
selected at random 24 Navy recruits, or 
"boots," and had each of them view two 
different men through the lenses. One 
man wore the insignia of the recruits' 

APPARENT GROWTH IN SIZE occurs when a person walks from one side to the other 

in the large Ames room; he usually appears "normal" about halfway across (middle). 
Newly married people who watched first their partner and then a stranger cross the room 

reported that the partner looked normal after walking a shorter distance than the stranger. 

59 

© 1959 SCIENTIFIC AMERICAN, INC



NORMAL AND "MUTILATED" FIGURES provided further evi. 

dence of the influence of emotion on perception. Aniseikonic lenses, 

which alter the way in which we see three·dimensionally, 

caused both figures to appear distorted. However, lenses of a giv· 

en strength almost invariably produced less distortion in the 

anxiety· producing mutilated figure than in the normal one. 

immediate petty-officer superiors; the 
other, the insignia and canvas leggings 
("boots") of a recruit. All but two of our 
subjects required lenses of higher distor­
tion power to perceive the "officer" as 
distorted. The increase in lens power 
averaged about 50 per cent. 

Apparently anxiety and an intensified 
need for reliable guides to action ex­
plained both the "mutilation" and the 
"authority" results. Did they also explain 
the findings of our experiments with 
married couples? At first glance there 
certainly seemed little connection be­
tween the emotions associated with the 
sight of a marital partner, an amputee 
and a person in authority. Newlyweds, 
however, may be regarded in one sense 
as "recruits," uncertain and anxious 
about their relationship to their spouse. 
In the case of Roni, a veteran of 25 years 
of marriage, one may surmise that her 
husband had the role of an "authority 
figure." On the other hand, marriage re-
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mains a complex relationship, and some 
entirely different process may have been 
at work. Further studies will doubtless 
reveal many emotional factors other than 
anxiety that may influence perception 
just as powerfully. 

A number of experiments at the Naval 
Medical Research Institute and else­
where suggest the unexplored possibili­
ties. Some of the most interesting studies 
concern the way in which we perceive 
ourselves. Children who view them­
selves in a mirror through aniseikonic 
lenses report different kinds of distor­
tion at different ages. Girls, who are 
typically more anxious about their ap­
pearance than boys, consistently report 
less distortion than boys of the same age. 
Both children and adults report that 
their own mirror image is distorted in 
different ways from that of another per­
son. One's own image changes mainly 
in detail; the other person's, in over-all 
size and shape. 

Most intriguing of all, some "mirror" 
experiments with psychotics indicate 
that they see the over-all distortion in 
their own image that a normal person 
sees in a stranger. Although the exact 
meaning of these experiments is not 
clear, one is tempted to say that the 
psychotic is a stranger to himself. Such 
measurement of perception may even­
tually prove useful in diagnosing mental 
disease. In any case, a knowledge of 
how the psychotic "sees" himself and 
other people should help us to under­
stand his peculiar behavior. 

Though I have spoken here of react­
ing to people and perceiving them as 
two distinct processes, these processes 
should not be regarded as being so 
separable as this wording suggests. In 
using such terms we are simply abstract­
ing two aspects of a single process. The 
evidence points to the fusion of feeling 
and perceiving in a deeper understand­
ing of the process of living. 
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--Kodak reports on: 
cutting waiting time for radiographs from 1 �h hours to 13 minutes ... the circumstances 

of our entry into the field of rare earth organic compounds ... how what's good for the 

missileers is good for the chromatographers 

The one-hoss-shoy prindple 

One end of this thing extends 22 
inches into the darkroom. Into a slot at 
this end a human being feeds miscel­
laneous sizes, shapes, and lengths of 
x-ray film. All he does is unwrap them 
from the light-tight holders in which 
they have been exposed to the various 
%-, 1-, and 2-megavolt x-ray machines, 
betatrons, and gamma-ray sources 
around the plant, through the various 
castings and weldments that have to 
be tested. Each piece of film emerges 
dry and ready to read 13 minutes later 
in time and 10' 10" away in space. 
There another human being picks it 
up and conveys it to an inspector who 
is now only 13 minutes short of the 
ability to look at will through solid 
metal and know what he is seeing. 

X-ray film is a delicate proposition. 
Jt has emulsion on both sides. Proc­
essing artifacts in industrial radio­
graphs are intolerable. You have to 
take the sizes as they come, in any 
order. You can't hook them together 
like a train. You can't put them in 
carriers. You have to move them on 
rollers like a printing press. The rollers 
have nothing to grip but wet gelatin, 
and they mustn't leave a mark on it. 
You have to build in foolproof guaran­
tees that at each point in the system 
the film will be in an exactly speci­
fied physical and chemical condition. 
Breach these tolerances and you're 
manufacturing silver-flavored gelatin 
pudding. And because the human be­
ings might lose count or be wasteful, 
the machine should automatically 
meter the replenishment solutions to 
the length of film processed. 

Kodak chemists and mechanical en­
gineers, knowing film intimately, solve 

such problems for each other in return 
for their paychecks. 

Who needs it? Remember Oliver 
Wendell Holmes' poem about the dea­
con's one-hoss shay that lasted 100 
years to the day because no part was 
first to give way. Radiographs show 
inhomogeneities, places where trouble 
gets its first foothold. With proof in 
hand that there aren't any such, one 
needs little shay insurance, less extra 
weight as security against hidden weak­
ness. Today, in the more advanced 
fields of endeavor, extra weight is in­
tolerable for technical reasons. By re­
ducing the waiting time for radiographs 
from 11/2 hours to 13 minutes, the 
X-Omat System ought to make extra 
weight economically intolerable too, 
in a pleasing number of instances. 

The Kodak Industrial X-Omat Proc­
essor lists for $37,450. If you think YOII 
might bllY Olle, write Eastmall Kodak Com­
POllY, X-ray Division, Rochester 4, N. Y. 

The B rozilion trick 
There was this pair of Brazilians, and 
they had an idea. They knew that 
chloranilic acid has a vivid reddish­
purple ion. But its silver salt is color­
less and not very soluble. Silver chlor­
ani late, however, is not nearly so in­
soluble as silver chloride. 

This is where the Brazilians got their 
idea. Add silver chloranilate to a solu­
tion containing chloride ions, and the 
latter will steal all the silver. Releasing 
free chloranilate ions! Which are red­
dish-purple! And easy to measure 
colorimetrically! 

Being proper scientists, the Brazil­
ians published their idea. A fad started. 
Other chloranilate salts worked for 
other hard-to-measure colorless ions. 

When the clan gathered at last year's 
Pittsburgh Conference on Analytical 
Chemistry, conversations on the chlor­
anilate method were easy to start. In 
the interests of barium chloranilate 
(Eastman 7508, for sulfate) and mer­
cury chloranilate (Eastman 7504, for 
chloride), we had an animated one 
going at our booth. Someone men­
tioned fluoride ion. All present agreed 
that for fluoride you'd want strontium 
chloranilate-all except one chap. 
Everybody knows, he maintained, that 
for immobilizing fluoride ions the rare 
earth lanthanum is tops. At having 

This is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a little 

revenue from those whose work has something to do with science 

overlooked such an apparently obvious 
fact of nature, we were forced to con­
ceal our embarrassment. In ow .fluster 
we failed to note the name on his 
badge before losing sight of him in the 
crowd. 

This accoullt explains the circumstallces 
of our elltry illto the field of rare earth or­
ganic compounds with the ojfel"lllg of 2,5-
Dichloro-3,6-dihydroxy-p-benzoqulnone 
Lanthanum Salt as Eastman 7629 at $2 for 
5 grams. If YOII wallt the salt (or any of 
some 3700 Eastmall Orgallic Chemicals in 
our latest catalog, List No. 41) you order 
from Distillation Products Industries, East­
man Orgallic Chemicals Department, Roch­
ester 3, N. Y. (Divisioll of EastmclII Kodak 
CompaIlY). 

See the steroid? 
When we brought out Kodak Lina­
graph Direct Print Paper we never 
dreamed of steroids. We were dream­
ing of the long, long miles of galvanom­
eter data traces that the missileers 
would be happy to make on a photo­

graphic paper requiring no wet proc­
essing. 

These dreams having come true, 
correspondence on the product is han­
dled by gentlemen who don't even 
know what a steroid is. Of the incon­
venience in locating on a paper chro­
matogram a substance readily discern­
ible only by its ultraviolet absorption, 
they know even less. They have never 
read pp. 255-305 in Volume 7 of "Re­
cent Progress in Hormone Research" 
(Academic Press, New York, 1952). 

Fortunately, a short paper in Ana­
lytical Chemistry (/2, 2068) describes 
how a piece of Kodak Linagraph Di­
rect Print Paper, briefly exposed to an 
ultraviolet lamp while kept in good 
contact under a dried chromatogram, 
will upon subsequent exposure to a 
30-watt fluorescent lamp show light 
gray areas against a dark background 
at the sites of u-v absorbers in the 
chromatogram. The method is re­
ported successful in routine use where 
5")' or more is present of the absorber 
per square centimeter of paper. 

To find out where to order Kodak Lina­
graph Direct Print Paper, write Eastmall 
Kodak Company, Photo Recording Meth­
ods Division, Rochester 4, N. Y. That 
milch they kllOw. 

Prices stated are subject to 
change without notice. 
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LEAKS 
can be 

• serIOUS 
You don't need a VEECO Leak Detector to 

find a leak in an ice cream cone. 

But when it comes to locating leaks that 

defy microscopic inspection • . .  leaks in 

hermetically sealed components that can 

destroy reliability-VEECO Helium Mass 

Spectrometer Leak Detectors are quicker, 

safer, more sensitive than any 

other method. 

Whether used to test the smallest aircraft 

instrument or the largest atomic particle 

accelerator, VEECO equipment saves 

valuable research, development and 

production time. 

For more information about VEECO Leak 

Detectors, and how they can help improve 

the reliability of your product-write 
Dept. S·1100 today. 

/1L� VEECO 
� VACUUM 

CORP. 

New Hyde Park, Long Island, New York 

HIGH VACUUM & LEAK DETECTION EQUIPMENT 
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Ancient Computer 

R
ecent studies of the decomposed 

fragments of a bronze object in 
the Greek National Museum sug­

gest that ancient technology must be 
radically reassessed. Reliably dated 
from the first century B. C. , the frag­
ments are nothing less than the remains 
of a complex mechanical computer. 

The object was found in 1901 by 
Greek sponge divers. Working in 200 
feet of water off the tiny Greek island 
of Antikythera, the divers came upon 
the wreck of a ship laden with bronze 
and marble statues. Among the objects 
they brought up was a mass of corroded 
bronze. Archaeologists who examined the 
object some months afterward were ex­
cited to perceive in it numerous geared 
wheels and ancient Greek inscriptions 
in which astronomical words could be 
deciphered. The object was so heavily 
corroded, however, that they could do 
little more than publish detailed de­
scriptions of it and speculate on its 
function. 

Over the years technicians of the Na­
tional Museum have slowly disentangled 
from the object the fragments not only 
of gears but of inscribed plates and of 
multiple graduated dials. Last summer 
the fragments were intenSively exam­
ined by Derek J. de Solla Price, a Uni­
versity of Cambridge expert on the 
history of scientific instruments who is 
now at the Institute for Advanced 
Study in Princeton, N. J. Working with 
archaeologists and specialists in ancien t 
inscriptions, Price has been able to show 
that the mechanism was designed to 
calculate the dates and times of astro-

SCIENCE AND 
nomical events and to exhibit this in­
formation on three complicated dials. 
Among the events displayed were the 
rising and setting of stars, the phases of 
the moon, eclipses of the sun and the 
motions of the planets. All this was ac­
complished solely by trains of gears. 

It is well known that the Greeks could 
predict these astronomical events, but 
not that they could build such fine in­
struments. The Antikythera mechanism 
is far more sophisticated than any de­
scribed in classical scientific texts. Scien­
tific instruments did not regain this level 
until comparatively modern times. Price 
points out, however, that this Greek me­
chanical tradition was kept alive by the 
Arabs; they passed it on to Europe, 
where it gave rise to the medieval me­
chanical clock. 

The Exploration of Space 

T here are now eight man-made ob-
jects on orbit in the solar system, two 

of them circling the sun itself. The total 
includes three new U. S. ventures into 
space launched in a period of four 
weeks: 

The Navy's Vanguard II is traveling 
on an orbit inclined at 45 degrees to the 
Equator. 

The Air Force's Discoverer I, launched 
from Vandenberg Air Force Base in Cal­
ifornia, represents the first successful 
attempt to put a satellite on a pole-to­
pole orbit. Faulty communications, how­
ever, have left its orbit in some doubt. 

The Army's 14.5-pound satellite 
Pioneer IV is in orbit around the sun. 
Its perihelion is established at 92 million 
miles and its aphelion at 106 million 
miles, giving it a 392-day "year. " With 
instruments and transmitter in good 
working order, Pioneer IV provided data 
on radiation levels out to 400,000 miles. 
It passed through the two rings of in­
tense radiation that had been detected 
by earth satellites and lunar probes, but 
encountered no other such regions be­
fore its radio gave out. The vehicle 
passed the moon at too great a distance 
to yield any information on that object's 
magnetic field. 

Meanwhile the National Aeronautics 
and Space Administration launched its 
own active existence with the announce­
ment of a 10-year program of space ex­
ploration. Starting in the middle of this 
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THE CITIZEN 
year, the U. S. will launch at least one 
earth satellite or long-range 'space probe 
each month. In addition, 100 sounding 
rockets with vertical ranges up to 4,000 
miles will be fired each year. 

The program is directed at five scien­
tific areas: atmospheres, ionospheres, 
energetic pat·hdes, astronomy, and mag­
netic, electric and gravitational fields. 
Some specific objectives are as follows: 

Determine the relationships befween 
the earth's atmosphere above 50 miles 
and weather patterns on the ground. A 
major portion of this work will be con­
ducted by weather-scanning satellites 
on the model of the new Vanguard. 

Discover whether the sun's atmos­
phere extends to the far reaches of the 
solar system and whether this atmos­
phere contributes to the heating of the 
earth. 

Analyze the atmospheres of other 
planets. 

Correlate variations of the ionosphere 
layers with outbursts of X-rays and ultra­
violet rays from the sun. 

Locate the source of charged patti­
des that cause auroras and determine 
the origin of cosmic rays. 

Measure the magnetic field of the 
l11oon. 

Determine whether the law of gravity 
operates in the same way throughout 
.space. 

Find out whether a dock in a satellite 
:actually lUns slightly faster than a dock 
on earth, as predicted by the theory 
·of relativity. 

Observe stellar X-rays, ultraviolet 
Tadiation and radio waves that are 
ordinarily absorbed by the earth's atmos­
phere. 

The Exploration of the Oceans 

A 
warning that the U. S. is in danger 
of falling behind the other nations 

of the world in exploring the sea and ex­
ploiting its resources has been issued by 
the National Academy of Sciences­
National Research Council. The report 
of the Committee on Oceanography 
pointed out that scientists know more 
about the surface of the moon than about 
many regions of the oceans. In arguing 
that the exploration of the oceans de­
serves equal footing with the explora­
tion of space, one member of the Com­
mittee is said to have asked: "Is not the 

How VITRO Serves the 
Petroleum Industry 

Alkylation is the key process of lifting hydro­
carbons by their own bootstraps, so to speak, 

to boost the octane number of gasoline to '.opti­
mum levels for today's civilian and military vehicles and 

aircraft. It means higher profits for refineries and better fuel 

for users. 

The Refinery Engineering Company, or TRECO, as it is 
known throughout the U. S. and Canadian oil industry, a division 
of Vitro Corporation of America, has engineered and built more 
than half the postwar alkylation plants using the popular hydro­
fluoric acid catalyst route. These were built on a turnkey basis .. 

Turnkey alkylation plants represent only one phase of 
TRECO's service to the oil and related petrochemical and 
chemical industries. TRECO is a sign of quality engineering and 
construction throughout these vital American industries. 

Vitro makes tomorrow's technology available today 

CORPORATION of AMERICA 

291 Madison Ave., New York 16, N. Y. 

fr Research, development, weapon systems 

$ Nuclear and process engineering, design 

� Electronics development and production 

A Refinery engineering, design, construction 

� Uranium mining, milling, and processing 

� Thorium, rare earths, and heavy minerals 

c;t Recovery of rare metals and fine chemicals 

� Aircraft components and ordnance systems 

o Ceramic colors, pigments. and chemicals 

63 

© 1959 SCIENTIFIC AMERICAN, INC



for Super-Fine C utt i ng 

of Hard, Brittle Mate rial.. 

the cfi/� Industrial 

A irbrasive U nit 

We're not recommending our 
Airbrasive Unit as the best way to , 
open your breakfast egg, , . but this 
photograph dramatically illustrates 
the delicate, precise industrial cutting 
you can do with it. Developed from ' 
the Air-Dent equipment made by 
S. S. WHITE for the dentai'profession, 
the Airbra�ive Unit gas-propels 
a fine stream of abrasives. It's a safe, 
effective way to remove surface 
film . , . cut, shape or abrade hard, 
brittle materials. We'll be glad to 
test the process on your sample parts, 
For further information, 
just write to 

First Name in Airbrasive Cutting 
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S. S. White Industrial Division. Dept. SA. 
10 East 40th Street. New York 16. N, y, 
Western Office: 1839 West Pico Blvd .• 

Los Angeles 6, Calif. 

ocean's bottom as interesting as the 
moon's behind?" 

The report urged the Government to 
increase support for oceanography by 
$650 million during the next decade. 
More than $200 million would be spent 
for a fleet of 70 new research vessels, 
ranging from 500 to 2,200 tons displace­
ment. Another $100 million would be 
allotted to the development of new de­
vices, such as stable midocean research 
platforms, ice-breaking submarines and 
manned submersibles capable of operat­
ing down to and on the bottom of most 
of the oceans. 

Libby Resigns 

W illard F. Libby has resigned as com-
missioner of the Atomic Energy 

Commission effective June 30, 1959. 
The only scientific member of the Com­
mission, he will return to research and 
teaching. Prior to joining the Commis­
sion in 1954 Libby was professor of 
chemistry at the University of Chicago's 
Institute for Nuclear Studies. 

The four remaining commissioners 
are: John A. McCone, chairman, Harold 
S, Vance, John F. Floberg and John S. 
Graham. 

The Feasibility of Inspection 

A 
Panel on Seismic Improvement last 
month submitted to the White 

House recommendations for increasing 
the efficiency of detecting underground 
nuclear explosions. The group, under 
the chairmanship of Lloyd V. Berkner, 
president of Associated Universities, 
Inc., held its deliberations in secret, and 
its conclusions were not made public. 
This left as a matter of conjecture the 
feasibility of the inspection system rec­
ommended by an international confer­
ence of experts in Geneva last summer. 

The Geneva experts had based their 
study on data from a single underground 
atomic explosion in the U. S. They con­
cluded that a world-wide network of 
180 seismographic stations would be 
sufficient to detect any major atomic 
blast. After two further test explo­
sions last fall the U. S. announced 
that such detonations are much harder 
to distinguish from earthquakes than 
had been thought. According to the an­
nouncement, there would be about 10 
times as many doubtful cases, requiring 
on-the-spot inspection, as the Geneva 
committee had contemplated. The reap­
praisal has helped to stall the current 
Geneva discussions of a ban on nuclear­
weapons tests. 

From the information made public 

the chief problem seemed to concern 
the use of "first motion" to distinguish 
earthquakes from explosions. The first 
waves that an earthquake sends through 
the body of the earth are compressions 
in certain directions and rarefactions 
in others. An explosion sends out com­
pressions in all directions. Any dis­
turbance that results in rarefactions at 
some of the stations can therefore be 
written off as an earthquake. If the 
source of the waves is too weak or 
too far from the observing station, 
however, extraneous vibrations will 
mask the nature of the first motion. 
Since the latest results on underground 
explosions indicate that they send out 
less energy than had been estimated, 
more of them will apparently fall into 
the uncertain category. 

Some possible measures to reduce the 
uncertainty were discussed by Hans A. 
Bethe, a member of the Panel and of 
its parent body, the President's Science 
Advisory Committee, before the Senate 
Disarmament Subcommittee. Placing 
the detecting instruments in deep holes 
such as dry oil wells would reduce the 
background of random vibrations, he 
pointed out. Also, increasing the num­
ber of seismographs at each station to 
100 would help average out this 
"noise. " Instruments to detect surface 
as well as body waves would increase 
the amount of useful information. 

Furthermore, Bethe said, the network 
of manned stations might be supple­
mented by automatic stations spaced 
100 miles apart. At least one unmanned 
station is already operating. The U. S. 
Coast and Geodetic Survey office in 
Tucson, Ariz., has been getting regular 
radio reports from a seismograph sunk 
in bedrock 15 miles away. 

Whether such an expansion of the 
detecting network will actually be nec­
essary is not clear. A statement by the 
State Department has said that the data 
from the two most recent test explo­
sions "did not invalidate the system 
agreed upon at Geneva last summer." 
According to the Federation of Ameri­
can Scientists, testimony before the Dis­
armament Subcommittee "makes it clear 
that the same detection capability en­
visioned by the Experts' Conference can 
be obtained with the original number of 
stations proposed, with some improve­
ments in the techniques used. " 

The Sociology of Polio 

T
he eradication of paralytic �oli�­
myelitis in the U. S. populatIon IS 

now a task for applied sociology. From 
an average of 40,000 cases annually, 
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Glass adds a new dimension 
This is the New York City office of 

the famed industrial design firm Ray­
mond Loewy Associates. 

Note how men who work with 
color, shape, and space have deftly 
combined these elements to create the 
right kind of atmosphere. 

Then note the lighting, and the 
panels in the ceiling. These are Alba­
lite panels, made by Corning. Alba­
lite is an opal glass. It provides a 
pleasantly high level of diffused il­
lumination, the kind that helps set the 

mood for more efficient work. 
Glass by Corning was picked for 

this task because only glass can be en­
gineered to give you precise control 

over intensity, glare, direction, and 
color. And, glass looks good because 
it adds texture; lasts because it won't 
warp, fade, or discolor. 

Lighting glassware is only one way 
in which glass can be engineered to 
solve specific problems-from hermeti­
cally sealed capacitors to sparkling 
heat resistant cooking ware, from 

laboratory glassware to eyeglass lens 
blanks, from radiation shielding win­
dows to corrosion-resistant piping. 

For a look at the many ways glass 
is solving problems in every industry 
and business, write for "This Is Glass." 
Or for specific information on lighting 

glassware, send for "Commercial 
Lighting Application Guide." Write 

to 49 Crystal Street, Corning, N. Y. 

CORNING GLASS WORKS 
CORNING MEANS RESEARCH IN GLASS 

CORNING CAN DO ALMOST ANYTHING WITH GLASS 
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IN SECO"DS, BENDIX SONIC ENERGY CLEANING 
GETS PARTS REALLY CLEAN, CUTS COSTS, SAVES REJECTS 

Bendix * Sonic Energy Cleaning sys­
tems are now in use on hundreds of 
production lines where cleaning can't 
be compromised. They are cleaning 
parts made of metal, glass, rubber, 
plastics or ceramics ranging from 
typewriters and TV printed circuits 
to' missile components and guidance 
systems. 

In every case, they're doing a job 
that conventional cleaning methods 
with all their soaking, scrubbing, 
sprays, vapors and solvents can't do 
-get parts micro-clean! 

To achieve the critical cleanliness 
needed in the manufacture of its 
own missile, aircraft components and 
other precision equipment, Bendix 
harnessed the energy of high fre­
quency sound and applied this sonic 
energy to the cleaning solution. This 

created countless bubbles which col­
lapsed and gently scrubbed loose the 
grease, cutting oils, abrasives and 
other contamination. 

Bendix Sonic Energy Cleaning is 
saving otherwise perfect parts from 
being rejected or scrapped because 
of contamination. Parts never really 
cleaned before are coming out 3 to 7 
times cleaner in a fraction of the 
time. In most cases the system uses 
a water-detergent solution to replace 
high priced solvents, saving 90% 
and more. Savings in direct labor are 
as high as 75 %. In many instances 
these combined economies pay for 
the system in a matter of months. 

"How To Appraise Sonic Energy 
Cleaning", a new Bendix brochure, is 
available to help you analyze the 
potential of sonic energy cleaning in 

In hospitals, Bendix Sonic Cleaners get surgical instru· 
ments cleaner thon ever and do it ten times foster at 
one-tenth the cost. 

your business. For your copy write 
on your letterhead to: PIONEER­
CENTRAL DIVISION, BENDIX AVIATION 
CORPORATION, HICKORY GROVE ROAD, 
DAVENPORT, IOWA. -REG. U. s. PAL OFF. 

A thousand products �ncfY a million ideas 
AVIATION CORPORATION 
Fisher Bldg .• Delroi! 2, Mich. 
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Salk vaccination reduced the incidence 
of the disease to 7,000 in 1957. But last 
year the number of cases increased again 
to 10,000, with more than half reported 
in children under five years old and the 
highest rate in one-year-olds. "Despite 
high susceptibility of preschool chil­
dren," writes Surgeon General Leroy E. 
Burney, "about a third have had no 
poliomyelitis vaccine. The total unvac­
cinated population under 40 years of 
age is more than 40 million." . 

To find out why people fail to have 
themselves and their children vaccinat­
ed, the Public Health Service asked 
various State health departments and 
universities to conduct public-attitude 
surveys. The results are summarized in 
Public Health Reports by Irwin M. Ros­
enstock, Mayhew Derryberry and Bar­
bara K. Carriger. 

As a major conclusion of the surveys, 
it appears that the media of mass com­
munication which helped to persuade 
50 million people to get themselves vac­
cinated do not reach the stilI-unvac­
cinated portion of the population with 
the same effectiveness. A major per­
centage of these people are in the lower 
socioeconomic groups. Many of them 
have the impression that polio has been 
eliminated, that the disease affects only 
children and that it is a relatively mild 
infection in the adult. 

Experience in a number of commu­
nities, however, has shown that apathy 
in these groups may be overcome by 
personal contact. In two cities in Geor­
gia a higher proportion of Negroes than 
whites reported for vaccination as the 
result of vigorous "selling " by teachers, 
ministers, professional people and other 
leaders of the Negro community. The 
Surgeon General urges that each com­
munity survey "the current vaccination 
status in the various geographic sections 
... and tailor its vaccination program 
to fit the local situation." 

The Ultimate Particle? 

X
other strange fundamental particle, 
called the neutral xi particle, has 

made its debut on the subatomic stage. 
This one has a special distinction: It 
may be the last of the long, puzzling 
procession. At least it brings theory and 
experiment into balance for the first 
time in more than 25 years. All the 
particles predicted theoretically have 
now been found ( except for a few 
anti-particles, whose existence no one 
doubts). And all the known particles 
fit into a theoretical scheme (with one 
exception, of which more below). 

The uncharged xi was made with the 

ONLY BRUNING'S NEW, YEARS-AHEAD COPYFLEX 675 
OFFERS SO MANY OPERATOR ADVANTAGES! 

SHE FLICKS A FINGER 

HEIsHr;;COAlIIEIIIEAlOEL 
Just flick a switch, and you change the machine and 
feedboard height of Bruning's new Copyflex 675 
reproduction machine to suit your convenience. Motor­
driven floor jacks raise or lower machine to give you 
a feedboard height from 35" to 39"! 

That's just one of many new, advanced operating 
conveniences that include an exclusive four-way 
tracing tray that adjusts to stack or to permit fast 
removal of tracings ... a feed band system that 
eliminates curling and wrinkling of tracings ... enclosed, 
easy-to-load feed rods for roll stock ... a unique system 
of vacuum ports in the feedboard that hold large 
sheets and roll stock in position, and a split-shade 
lamp control that enables simultaneous insertion of 
different materials. 

Add to these advantages the 675's 46·inch printing 
width, a mechanical speed of up to 75 f.p.m., and a 
fast-printing 7,500 watt lamp variable to 5,000 watts. 

Why not investigate the years-ahead whiteprinter 
that gives your operators MORE to do MORE for you. 

(BRUNING) 
&pY14Y Charles Bruning Company. Inc., Dept. 4·TT 

1800 Cenlral Road, Mounl Prospecl, III. 
Offices in Principal U. S. Cities 
In Canada: 105 Church SIreel, Toronlo 1, On I. 

Please send me my free booklet on the new 
Copyflex Model 675. 
Name _____________ Tille---

Company ____________ ___ 

Address ________________ _ 

Cily ______ Counly _____ Slale---
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SYLVANIA SYSTEMS . . .  IN COMPUTERS 

-floor plan of the fastest, most versatile 
mobile computer ever built 

The MOBIDIC Computer is an outstanding result of the computer 
development capabilities offered by Sylvania Electronic Systems. 

This mobile digital computer, designed and built for the U. S. 

Army Signal Corps, operates at speeds never before available in any 
general-purpose computer. It's capable of performing, in less than 2 
hours, complex data processing problems which previously required 
up to sixteen hours. 

It's fully transistorized and packaged to fit in a 28-foot trailer. 
What's more, it can be installed anywhere without special site 

preparation and requires no equipment air conditioning. 

In computers, as in every major area of electronic systems, 
Sylvania can assume full responsibility for program management 

from system analysis to research and engineering, product design, 
and through production. 

Sylvania welcomes the opportunity to outline its special talents 

and capabilities to you or your organization personally. Simply 
address your inquiry to division headquarters address below. 

ELECTRONICS FOR INDUSTRY 
AND NATIONAL DEFENSE 

63 Second Avenue, Waltham, Mass. 
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aid of the Bevatron, the giant acceler­
ator at the University of California. A 
negative K meson produced by the ma­
chine collided with a proton in a liquid 
hydrogen bubble chamber, creating a 
neutral K and the neutral xi. Neither of 
these particles left a track in the cham­
ber, but the neutral K subsequently de­
cayed into a pair of charged particles, 
producing a V-shaped track, and the 
neutral xi decayed into a neutral lambda 
particle and a neutral pi meson. Then 
the lambda particle decayed into a pro­
ton and a negative pi meson, these 
charged particles also making a V. From 
the angle between the V's, physicists 
were able to deduce the invisible chain 
of events leading up to them. 

Creation of the neutral xi is a verv 
unlikely process. A team of experiment­
ers, headed by Luis W. Alvarez of the 
Lawrence Radiation Laboratory at the 
University of California, photographed 
70,000 collisions between negative K 
mesons and protons, and was able to 
find just a single xi. 

A sister particle to the neutral xi, 
the negative xi, has been known for 
some years. According to the scheme of 
classification devised independently by 
theoreticians Murray Cell-Mann and 
Kazuhiko Nishijima the negative xi was 
believed to be one of a pair of particles, 
the other one being neutral. The pres­
ent discovery constitutes a final tri­
umph for their "strangeness" theory 
Lsee "Elementary Particles," by Murray 
Cell-Mann and E. P. Rosenbaum; SCI­
ENTIFIC AMERICAN, July, 1957J. The 
mass of the neutral xi has not yet been 
determined, but it is probably about the 
same as that of the negative xi: 2,570 
times as heavy as an electron. 

Although their periodic table of 
fundamental particles is now neatly 
filled, physicists are still casting nervous 
glances at one of the members: the 
mu meson. There is no place for this 
particle in their scheme of things, but 
it is undeniably there. Until they figure 
out why, they can have no confidence 
that a horde of further particles is not 
lurking in the wings, waiting for higher­
energy machines to bring them out into 
the open. 

Gravity Particles 

O ne of the major tasks confronting 
physicists today is to draft a mod­

ern law of gravitation. The noted British 
theoretician P. A. M. Dirac has now 
made a significant start on the job. 

A change is long overdue. For a cou­
ple of centuries after Isaac Newton the 

© 1959 SCIENTIFIC AMERICAN, INC



PHOTOGRAPH, SCIENCE MUSEUM,LONDON 

Buckets of product ... one by one. More than time separates Hieronymus Brunschwyg's fractionating column 

from a modern petroleum fractionating tower. There's an eon of technology, too ... giving more products, better 

products, more efficiently.l:l One of the best ways to get more from a barrel of crude ... more from a pound of chemical 

... more from any of the raw materials and end products in any of the processing industries is by the use of continu­

ous stream analyzers to measure and control.l:l Beckman Scientific and Process Instruments Division makes and 

sells the most advanced instrumentation for increasing process yield ... improved instruments ... new instruments ... 

keeping Beckman continuous stream analyzers at the forefront of industry.l:l For information on how Beckman 

oxygen analyzers, chromatographs, pH meters and similar continuous stream analyzers can help you increase 

process efficiency ... and profits ... write on your company letterhead for Data File P-8-98. We'll also send you a litho-BeCkmanr 
Scientific and Process Instruments Division 

Beckman Instruments, Inc, 

2500 Fullerton Road. Fullerton, California 

graph of Brunschwyg's fractionating column, suitable for framing. 

It '8 a Fact: Beckman Model 120 Chromatographs, plus infrared analyzers, monitoring crack-

ing and fractionation in ethylene production, can improve the yield by over $200,000 per year. 
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· . .  a high·power, high-speed silicon switch for applications 

now employing thyratrons, relays, and conventional rectifiers. 

The "Trinistor," semiconductor suc­
cessor to the thyratron, is a highly 
efficient three-terminal switching de­
vice which overcomes the thyratron's 
limited power handling capacity, low 
switching speed, and relatively high 
forward drop. With recent develop­
ments at Westinghouse, Trinistors of 
various high-power capacities will 
soon be commercial realities. 

The Silicon Trinistor will find a 
host of new applications. It can be 
used wherever today's thyratrons, re­
lays, magnetic amplifiers, power tran-
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sis tors and standard rectifiers find use. 
Applications include the high-speed 
switching of AC and DC, full-wave 
phase controlled DC power supplies, 
circuit breakers, inverters, motor con­
trol, and many others. 

The switching characteristic of the 
Silicon Trinistor from the "OFF" to 
the "ON" condition, and the control 
function of the base current Ib, are 
illustrated below. 

Watch for the announcement of 
commercial availability of the new 
Westinghouse Silicon Trinistor. 

o 20 30 40 50 
CURRENT (amperes) 
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subject lay just where he had left it 
when he framed the inverse-square law. 
Then Albert Einstein showed that the 
force of gravity arises out of the geo­
metrical structure of space-time. But all 
physicists feel certain there is more to 
the story than that. A deeper insight, 
they believe, would show that gravity 
obeys laws similar to those governing 
electromagnetism: that the force is car­
ried from one place to another by waves 
of finite velocity and that the gravitation­
al field is actually composed of indivis­
ible quanta of energy. 

No experimenter has yet detected 
gravity waves, much less gravity quanta. 
Nor has any theoretical physicist writ­
ten down equations that demonstrate 
their existence. In a talk before the re­
cent New York meeting of the American 
Physical Society, Dirac described a pow­
erful new mathematical approach to the 
theoretical problem. Starting with Ein­
stein's general theory of relativity Dirac 
has succeeded in showing that for very 
weak forces the field equations can be 
made to yield both waves and quanta. 
In itself the achievement is not unique. 
Other workers have also demonstrated 
waves and quanta in the case of un­
realistically weak fields. Dirac's ap­
proach, however, is the first one that 
promises to be effective with stronger, 
realistic forces. 

Radio Sextant 

A 
new navigational aid that tracks the 
sun and moon by the weak radio 

signals they emit has been developed by 
the Collins Radio Company. In addition 
to giving the positions of these bodies 
the instrument indicates true north 10 
times more accurately than present 
marine compasses, according to Collins 
engineers. Operating in all weather, the 
radio sextant provides continuous fixes 
as long as the sun or moon is in the visi­
ble portion of the sky. 

The sextant proper consists of a steer­
able five-foot parabolic antenna, which 
is stabilized against pitch and roll, and 
an ultrasensitive radio receiver. (The 
sun's radio emission is faint and noisy, 
and the moon's 50 times fainter still.) 
As the antenna moves automatically, 
following the sun or moon across the 
sky, information about its direction is 
fed into a computer that turns out navi­
gational data on punch cards. 

Since the instrument sends out no 
signals, it cannot be detected. Ships 
equipped with the sextant could ren­
dezvous at any point without breaking 
radio silence. The Navy has installed the 
sextant on the Compass Island. 
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The Legendary Firebird, the Phoenix, rose young and strong again and again from flames ... This is the new Norton 

Firebird - symbol for the exciting new fused materials made in Norton's electric furnaces. 

CARBIDES: gifts of the Firebird 
Roaring flames gave the legendary 

Phoenix the power to range over wide 

areas of earth, sea, and sky. Similarly, 
the white-hot fury of modern electric 

furnaces is Norton's source of power in 

making carbides of boron, silicon, ti­

tanium, and zirconium for an amazing 

range of applications. 

For example, boron carbide, a start­

ing point for high energy rocket fuels 

... zirconium carbide, today's highest 

melting point material available in ton­

nage quantities ... titanium and silicon 

carbide, key metallurgical additives. 

They have gained importance as rich 

chemical source materials ... as metal­

lurgical additives ... as high tempera­

ture electrical cond uctors and resistors 

... and as refractories and cermet com­

ponents. 

Explore the dynamic possibilities of 

Norton carbides as economical, high­

efficiency materials for your processing 

requirements. Get the fact-filled book­
let Norton Electrochemicals ... Gifts of 
the Firebird. Write NORTON COMPANY, 

Electro-Chemical Division, 543 New 

Bond Street, Worcester 6, Mass. 

ELECTROCHEMICALS 

Gifts of the Firebird: compounds of 

silicon. zirconium. boron • aluminum 

• magnesium • titanium • chromium 
.. .  including many 

borides • carbides . nitrides • oxides 

MAKING BETTER PRODUCTS ... TO MAKE YOUR PRODUCTS BETTER 
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NON-STOP PRODUCTION OF LENS GLASS ... 

Where any metal but Platinum 

PLATINUM DOES BETTER FOR LESS. In this hot end of the 
Bausch & Lomb continuous·flow furnace only platinum has the 
stamina to stand up long enough to return a profit. It is used 
as a lining material and in agitators and thermocouples. 

It seemed preposterous at first. Line even part of a S·ton capacity furnace with 
platinum? ... 

But the engineers at Bausch & Lomb had a case and proved it. The only 
sure way to contain glass at volcanic heat for month after month is in platinum. 

The proof? Platinum melts at 3224°F (1 770°C). Retains adequate strength 
at ophthalmic glass refining temperatures (2600°. 2700°F). Doesn't dissolve 
in the melt to discolor, or degrade quality. Doesn't erode or corrode in molten 
glass stream. 

No other material provides the consistent purity essen­
tial to the economical mass.production of quality lenses. 

The metal that masters molten glass may master a problem for you. 

Where conditions involve high temperature and product purity, as in the 
production of lens glasses; or require peak catalytic efficiency, as in the 
refining of high octane gasoline· or a combination of severe corrosion and 
erosion must be met, as in the ca�e of rayon production: or hard, highly con-
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would cost too Illuch ... 
ductive surfaces, as in the production of printed electrical circuits; and many 
other products, the platinum metals have proved to be most economical. 

Progress in research and development indicates a growing need for ma­
terials to cope with higher temperatures, higher pressures, more severe com-
binations of operating conditions _ _ _  materials of proven ability to deliver 
long, trouble-free service life. To this end the unique potentials of the six 
platinum metals are being thoroughly explored on a continuing basis. 

Platinum, palladium, ruthenium, iridium and rhodium all have unique 
properties, well worth your attention. Specialists are prepared to work closely 
with you in evaluating these metals for new commercial and scientific uses. 

As a first step, write us for additional data on the unusual properties and 
successful applications of the six platinum metals and their alloys - indicating 
your field of interest or how we might be of assistance. 

A 

Platinum-lined five-ton furnace continuously fills molds 
with ophthalmic glass at Bausch & Lomb, makers of fine 
optical products. Furnace goes 18 months without shut­
down. Glass must pass 23 quality tests. 

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 

High Temperature Stability 
Exceptional Chemical Inertness 
Superior Wear Resistance 
Peak Catalytic Activity 
Low Vapor Pressure 

The six platinum metals are: 

PLATINUM · PALLADIUM · RHODIUM 

RUTHENIUM . IRIDIUM • OSMIUM 

<!�.��> PLATINUM METALS DIVISION, The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 
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Dann Goodson, Manager Motor-Driven Compressor Sales, 

The Cooper-Bessemer Corporation, explains ... 

How to keep soot from wasting power plant dollars 

For top efficiency in converting heat into steam, a power 
plant's furnace and tube bank must be kept soot-free. 
Otherwise, excessive heat dollars go up the stack. This 

takes a constant program of soot removal by a built-in 
blowing system ... formerly a steam method ... now 
swinging to compressed air. The new way, with Cooper­
Bessemer compressors, does the job more thoroughly, 
faster, with less mess and at lower cost. Its high efficiency 
increases the capacity, availability and economy of the 
entire furnace and boiler! 

Here is another field in which Cooper-Bessemer engi­
neering know-how and advanced products have helped 
solve a costly problem. Whatever your need is in com­
pression or power facilities, it will pay you to check 
Cooper-Bessemer. We are at your service! 

BRANCH OFFICES: Grove City • New York • Chicago • Washington 
San Francisco • Los Angeles • Houston • Dallas • Odessa • Pampa 
Greggton • Seattle . Tulsa . St. Louis • Kansas City • Minneapolis 
New Orleans · Shreveport · Casper · Gloucester 

SUBSIDIARIES: Cooper-Bessemer of Canada, ltd .... Edmonton · Calgary 
Toronto • Halifax 

C-B Southern, Inc .... HouslOn 

Cooper-B e s s e m e r  International Corporation ... New York • Caracas 
Mexico City 

ENGINES: GAS. DIESEL GAS.OUSH 

COM"USSOIS: UCI"tOCATING AND CENTI.FUGAL. 

INGINI 011: MOTOI DItIVEN 
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GERMINATION 

Many plants have evolved natural nlechanisnls that keep their 

seeds "dormant" until the optinlal tinle for sprouting. These 

mechanisnls include chemical responses to light and rainfall 

I
n parts of the world where one season 

is sharply contrasted with the next, 
the transition from the harshest sea­

son to the mildest is heralded by a tinge 
of green on hill, valley and plain. Not 
even the humblest roadside, back yard 
or refuse dump escapes the gentle arrival 
of new plant growth. Some of this 
growth is represented by the sprouting 
buds of established plants, but by far 
the greater part of it is due to the shoots 
of newborn seedl ings, sprouting from 
seeds that earlier in the year might have 
passed for inanimate crumbs of soil. I t  
i s  this transformation of seed t o  seedling 
that we call germination. 

b�- 1)0\- Koller 

To the farmer or the gardener germi­
nation seems as inevitable as the progres­
sion of the seasons. He expects every 
seed in his planting to sprout, or else! 
"1eanwhile, beyond his field or garden, 
the seeds of wild plants also sprout in 
profusion. But were he to try to culti­
vate some of these wild plants in a simi­
lar manner, the odds are that only a 
pitifullv small proportion of his seeds 
would germinate. 

Peopl e who have tried and failed to 
grow wild plants from seed often con­
clude that the seeds that do not germi­
nate are dead. Yet it would surely be 
paradoxical if a plant expended energy, 

time and material in making dead seeds. 
S uch a plant would be a poor evolution­
ary prospect indeed. Investigations 
spurred by this paradox have shown that 
practically any seed can be made to 
sprout under the right conditions and 
at the right time. We coul d say that 
when we cannot cause a seed to germi­
nate, the fault is not the seed's but ours. 
A few species do produce sterile seeds, 
bu t these are exceptions. 

If we take for granted the dependable 
germination of a commercial seed, that 
is a tribute to the talents and persever­
ance of the generations of farmers, gar­
deners and seedsmen who have bred it 

GERMINATION OF A LETTUCE SEED is depicted in these 

drawings. At first the seed lies "dormant" in the soil (a). Then, 
in response to environmental stimuli, a root sprouts (b). Finally 

the shoot sprouts, leaving behind the outer covering of the seed (c). 
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not only for beauty or utility, but also 
for full, prompt and uniform germina­
tion. For the farmer and gardener such 
readiness to germinate is an advantage, 
but for the wild plant it is a hazard. A 
readily germinable wild plant would 
literally put all its eggs in one basket; 
total germination, if followed by drought 
or disease, might lead to the total de­
struction of the species. 

Consider what would happen in the 
desert if a drought followed an early 
shower. If all seeds germinated during 
the shower, all the annual species in the 
area would become extinct. Thus for 
most wild species a reluctance to germi-

nate is a condition for survival, since 
it ensures the maintenance of seed re­
serves for later germinations. The seeds 
of cultivated plants germinate readily, 
and untold numbers of them are inad­
vertently scattered, yet how often do we 
see such plants growing in the wild? The 
inability of domesticated plants to live 
under such conditions stems from their 
very readiness to germinate indiscrimi­
nately. If domesticated species have sur­
vived the vagaries of the environment 
throughout the ages, it is only because 
man has substituted for nature in con­
serving their seed. 

The essential part of the seed is the 

embryo it encloses. The embryo starts 
out as a single cell-the fertilized egg­
and ends up b}' becoming a tiny plant 
consisting of a �iniature root and shoot. 
In the usual course of development the 
growth of the embryo stops completely 
when the seed ripens. Plants that are 
viviparous, that is, plants in which the 
embryo continues to grow on the mother 
plant, are either genetical freaks or very 
specialized. The embryos of the swamp­
dwelling mangrove tree, for example, 
grow into foot-long, javelin-like seed­
lings while they are still attached to 
the mother plant; then they plunge from 
the tree to embed themselves in the 

"DISPERSAL UNIT" of a plant is its seed plus other equipment, 

some of which is responsible for the dispersal of the seed by wind, 

water or other agencies. The fruit of the thistle (a) is airborne. The 

devil's·claw (b) and the cocklebur (g) are dispersed when they 

catch in the fur of animals. The coconut (c) travels by water. The 

samara of the maple (d) glides on the wind. Vetch pods (e) pop 

when they dry, expelling their seeds. The mangrove fruit (f) is 

atypical in that it sprouts on the parent plaut and then falls. The 
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bottom of the swamp. In most plants, 
however, the ripe seed becomes de­
tached from the mother plant some time 
after the embryo has stopped growing. 

The embryo thus takes the first step 
toward an independent existence, but 
it rarely takes that step unequipped. 
Accompanying the embryo on its jour­
ney into the unknown are several tissues 
arId organs: a food supply, a seed coat 
and sometimes certain tissues of the fruit, 
flower, specialized leaves or other or­
gans. The entire structure is known as 
the dispersal unit. Many parts of the 
dispersal unit serve fairly obvious func­
tions. Thus the stored food nourishes 

"'�\�:" ;� , " 

the embryo until it becomes a self-sus­
taining seedling, the enveloping seed 
coat protects the delicate body of the 
embryo and its food supply, and so 
on. Other functions are less obvious, 
but a close scrutiny reveals that many 
things in the make-up of the dispersal 
unit serve to determine the fate of the 
embryo it accompanies, and to some ex­
tent the fate of the plant which will 
grow from it. 

One such function is the control of 
the distribution in space of the progeny 
in relation to the parent plant. Another 
function inherent to the dispersal unit 
is the avoidance of prompt, uniform and 

indiscriminate germination. Both func­
tions operate in the preservation of the 
species by decreasing the probability of 
chance annihilation. 

Distribution in Space 

Many dispersal units are adapted to 
make use of some special environmental 
agency for the control of dispersal. Wind 
is a typical agency. It can move dis­
persal units equipped with parachutes 
(e.g., lettuce, thistle) or wings (e.g., 
maple) over great distances. The same 
agency, but a different method, trans­
ports the various tumbleweeds (e.g., 

puncture vine (h) is dispersed by spikes which puncture the paw 

of an animal. The entire shoot of the tumbleweed (i.) is a dispersal 

unit which scatters seed as it rolls before the wind. The squirting 

cucumber (j) eje<'ts its seed in a ,ticky jet when it is touched. The 

peanut plant (k) is an example of "anti·dispersal"; instead of dis­

persing its seeds, it keeps them on a leash. The barbed disper­

sal unit of the wild oat (I) is propelled into the ground by the 

humidity-driven coiling and uncoiling of its two long "tails." 
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Russian thistle) . Here, after seed ripen­
ing, the entire shoot breaks off 3,t the 
base and rolls before the wind, scatter­
ing seed as it goes. Water is a second 
agency, carrying buoyant dispersal units 
such as coconuts to distant shores. 

A third agency is aerial humidity, 
which operates in a variety of ways. In 
some species (vetch, weaver's broom, 
Impatiens, geranium) the fruit com­
prises strips of tissue joined edge to 
edge. As the fruit dries, tension between 
the strips increases until they part ex­
plosively, dispersing the seed. In other 
species the dispersal unit is equipped 
with humidity-operated devices for self­
burial. The wedge-shaped dispersal 
units of the wild oat and stork's-bill have 
a long, humidity-sensitive tail that coils 
into a tight spring when it is dry and un­
coils when it is moist. Barbs projecting 
from the wedge allow it to move only in 
the direction of its pOint. With daily 
variations in humidity the tail coils and 
uncoils repeatedly, driving the barbed 
wedge forward until it meets an obstacle 
or reaches a depth where humidity is 
constant. 

Animals are a fourth agenc�' of seed 
dispersal. The dispersal units of some 
plants (cocklebur, devil's-claw) carry 
hooks that catch and tangle in animal 
fur. Others (the puncture vine) have 
sharp, strong barbs that pierce horny 
paws. Nonpoisonous dispersal units with 
a tasty or nutritive fruit attract animals 
which propagate the seed in a variety of 
ways. Many small-seeded berries, such 
as grapes, are eaten whole; the seeds of 
such plants are carried off in the ani­
mal's stomach and excreted without loss 
of viability. Other dispersal units are 

harvested as food by ants, mice or 
squirrels. Some fruits (e.g., bitter brush) 
are collected for their pulp, and the in­
edible seeds are left to germinate in the 
nest. Some seed-eating animals are too 
prudent, collecting more than they can 
consume; others cannot keep track of 
their numerous caches, thus leaving 
many seeds to germinate. The juicy, 
sticky fruit of the parasitic mistletoe is 
well adapted to dispersal by birds be­
cause it adheres to their beaks and is 
wiped off upon a new host branch. A re­
markable dispersal unit is the fruit of the 
squirting cucumber, which contains a 
sticky fluid under great hydrostatic pres­
sure. When it is disturbed by a passing 
animal, this fruit bursts, syuirting its 
seeds in a powerful jet of fluid that glues 
them to the animal's skin or fur. 

While many plants have evolved 
methods of dispersing their seed over 
great distances, a few species have 
achieved the opposite extreme: deliber­
ate prevention of dispersal. "Anti-dis­
persal" of seed can be observed in the 
peanut and subterranean clover, the 
fruit of which develops at the end of a 
long stalk. The stalk actively grows 
down into the ground, thus burving 
the seeds in the immediate vicinity of 
the parent plant. 

Regulated Germination 

Plants can control not only their dis­
tribution in space but also theil: distribu­
tion in time. In many species few, if 
any, of the seeds will exhibit readiness 
to germinate soon after ripening, but 
over the years more and more will do so. 
One example is provided by some spe-

SEEDS OF MUSTARD PLANT are scattered when pod bursts. However, some seeds are 

retained in the "beak" of the pod (Lipper right), which disperses them later when it bursts. 
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cies of mustard plant, in which only a 
part of each fruit opens after ripening. 
The seeds that are released from the 
fruit germinate readily, while the rest 
remain enclosed in the "beak" of the 
fruit. Their germination is thus delayed 
considerably. Another example is pro­
vided by many species, notably legumes, 
in which the embryo is denied access to 
soil moisture by being enclosed in a wa­
terproof seed coat or fruit coat, thus ef­
fectively preventing its germination. The 
gradual relaxation of impermeability 
makes a small fraction of the seed popu­
lation ready to germinate at any given 
time. Many years may thus pass before 
all the seeds of a given crop are ger­
minable. In some of these "hard" seeds 
the impermeable coat must actually dis­
integrate. The more elaborate seeds of 
this type have ingenious valves operated 
by such environmental factors as atmos­
pheric humidity. 

The events that trigger germination 
sometimes suggest a highly specific 
adaptation to the environment. In Cali­
fornia sumac proliferates after a forest 
fire because the fire causes a waterproof 
laver of the dispersal unit to become 
permeable. The localization of certain 
plant species in pastures is traceable to 
the fact that their hard seeds are made 
water-permeable by bacterial action as 
they pass through the digestive tract 
of ruminants. Far from damaging the 
seeds, this process enhances their pros­
pects for germination, and moreover de­
pOSits them in a moist, manured environ­
ment. The open range is thus kept well 
stocked with pasture plants. This ar­
rangement sometimes backfires, how­
ever, allowing undesirable plants such 
as mesquite to overrun the range and 
oust more desirable species. 

Today botanists are exploring a new 
realm of mechanisms that regulate ger­
mination more specifically than by mere 
dispersal in time. These mechanisms 
help to determine the timing and locality 
of germination by restraining it in en­
vironments and seasons that do not af­
ford a reasonable chance for the plant 
to complete a life cycle "from seed to 
seed." Typical of these newly discovered 
mechanisms is that of chemical regula­
tion, now under investigation in the Ear­
hart Plant Research Laboratory of the 
California Institute of Technology and 
in the Department of Botany of the 
Hebrew University in Israel. 

Clearly there is no worse place for a 
tomato or melon seed to germinate than 
inside the growing parent fruit; such 
vivipary would be highly disadvanta­
geous. The warm, moist flesh of the fruit 
provides just the sort of environment in 
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Honeywell Nuclear Reactor Simulator 

• . •  unmatched lor realistic training! 

NUCLEAR REACTOR SIMULATOR responds like a low-power, research type 

reactor, and covers a range of 0-150 percent of reactor design power. It in­

cludes simulation of poison effects and negative temperature coefficients. 

Interchangeable plug-in units make possible the realistic reproduction of reactor 

operation with U-235, U-233, and plutonium fuels. 

Nothing short of experience with an actual reactor pro­
vides the practical training students get with the realistic 
Honeywell Nuclear Reactor Simulator. This Simu­
lator accurately reproduces important reactor functions 
electronically instead of by nuclear reactions. Its full­
size amplifiers, recorders, and control instruments are 
identical with those used in many existing reactors. 

This highly flexible Simulator is the safe, simple, and 
economical way to teach reactor characteristics, oper-

THERMAL PLANT SIMU­
LA TOR can be teamed with 

the Reactor Simulator for real­

istic nuclear power plant train­

ing . It has plug·in connectors 

for typica I power plant pro­

grams ... patchboard panel 

for non-standard programs. 

ating procedures, instrumentation, and interpretation 
of chart records. Use it with the Honeywell Thermal 
Plant Simulator for valuable training in nuclear power 
plant engineering. 

Your nearby Honeywell field engineer can give you 
complete details. Call him today . . .  he's as near as 
your phone. 

MINNEAPOLIS-HoNEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 

Bucknell University, Syracuse University, and University of Maryland join 

Wayne State University and the Universities of Oklahoma, Toronto, and West Virginia 

in the growing list of institutions using Honeywell's Nuclear Reactor Simulator. 

See the Nuclear Reactor Simulator and the Thermal 

Plant Simulator at the 1959 AtomFair & 5th Nuclear 

Congress in Cleveland, Ohio-April 5·10. Booth 224. 

Honey�ell 
H 
HONEYWElL 
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ROOTS SHOOTS 

(PER CENT SPROUTED) 

TEMPERATURE triggers germination in the snow trillium, as 
shown in an experiment by Lela V. Barton. In this plant, root 

growth follows one winter; shoot growth, the second winter. In 

the experiment few plants germinated at a steady warm tempera· 

ture (top bar). With one "winter" plants grew only roots (mid· 
dIe bar). Two winters produced roots and shoots (bottom bar). 

which the seeds might be expected to 
sprout, yet they rarely do. How is germi­
nation delayed until the fruit has fallen 
and decayed? The prevention of vivi­
pary in most fleshy fruits is due to the 
presence in them of substances that 
specifically inhibit germination. Only 
when the seeds are free of the pulp and 
juice will they germinate. 

More dramatic are the "chemical rain 
gauges" found in many dispersal units. 
These are inhibitory substances that are 
water-soluble, and are therefore readily 
leached out by rainfall. The amount of 
inhibitor in the dispersal unit is appar­
ently adjusted so that the amount of 
rainfall needed to leach it out sufficiently 
to permit germination will at the same 
time moisten the soil sufficiently to en­
sure the plant's subsequent growth. In 
the dispersal units of wild smilograss 
( Oryzopsis miliacea), local varieties are 
"gauged" to the rainfall pattern of their 
habitat. The importance of such rainfall­
dependent germination control for the 
survival of plants in arid or semiarid 
zones, where rainfall is limited and 
erratic, will be self-evident. 

Another regulatory mechanism found 
in many dispersal units is the "tempera­
ture gauge." In its simplest form the 
temperature gauge restricts germination 
of a species to a specific temperature 
range that is often very narrow and pre­
cise. This then distinguishes plants that 
start their lives in cool climates and 
seasons from those that do so in warm 
ones. More highly developed regulation 
by temperature is found in plants that 
will germinate only when they are sub­
mitted to a specific change in tempera­
ture. Most common are the "cold-requir­
ing" seeds, the subject of extensive re­
search at the Boyce Thompson Institute 
for Plant Research in Yonkers, N. Y. In 
order to germinate, these seeds require 
either one or two prolonged exposures 

80 

(each of several weeks) to near-freez­
ing temperatures, alternating with one 
or two exposures to higher temperatures. 
The apple, the peach and other plants 
that exhibit such mechanisms are in­
variably denizens of temperate climates; 
their ability to avoid germination before 
prolonged exposure to cold is of high 
survival value, since it minimizes the 
danger that seeds may germinate before 
the hazard has passed. 

Moreover, like most other plants, tem­
perate-zone plants are habitat-specific; 
their entire developmental pattern 
(growth, flowering and fruiting) is 
synchronized with the climatic cycle to 
such an extent that they could not grow 
normally elsewhere. Their requirement 
for such "seasonal thermoperiodicity" 
for germination is thus an important fac­
tor in assuring them a start in life in a 
suitable environment, that is, one that 
includes a cold season. Unfortunately 
we have no more than fragmentary 
knowledge of the physiological nature 
of this mechanism. But its complexity 
can be judged from the case of the snow 
trillium, the root growth of which is in­
duced by a cold period, is carried for­
ward in a following warm period and is 
not followed by shoot growth unless a 
second cold period intervenes. 

Low Temperature and Light 

Especially mystifying are the work­
ings of the temperature gauge close to 
the freezing point. As yet we have been 
unable to perceive any of the low-tem­
perature processes at the time they take 
place. Our only indication that some­
thing has indeed been going on is the 
subsequent growth at higher tempera­
tures. We have as yet no means of dis­
tinguishing between a cold-treated seed 
and an untreated one, except by ger­
mination. Under certain conditions the 

naked embryos of cold-requiring seeds 
can be coaxed to grow without cold, but 
these embryos invariably give rise to 
plants with dwarfed, unextended shoots. 
The dwarfism is maintained as long as 
cold is denied. When the seedling is ex­
posed to cold, it starts to grow normally. 
Recently it was shown that the plant­
growth substance gibberellin will substi­
tute for the cold treatment of dwarfs. 
Gibberellin also substitutes for cold in 
the so-called rosette plants, such as en­
dive, where cold treatment causes elon­
gation of stem and flowering. It is in­
teresting to note that the same substance 
may "cure" hereditary dwarfism in the 
pea, in corn and in other plants [see 
"Plant Growth Substances," by Frank B. 
Salisbury; SCIENTIFIC AMERICAN, April, 
1957]. Here, however, the gibberellin 
is not substituting for cold. The nature 
of the relationship between gibberellin 
and the cold processes has been the sl1h­
ject of intensive research, but it is as yet 
unclear. 

Another common, though even less 
understood, response to temperature 
variation is "diurnal thennoperiodicity, " 
a characteristic of plants that germinate 
far better under daily alternations of 
warmth and cold than they do at any 
constant temperature. Ecologically, such 
a mechanism can prevent germination in 
climates, seasons or soil depths where 
proper temperature alternations do not 
occur. Physiologically, we have almost 
no clue to the operation of the mecha­
nism. Rhythmical (or cyclical) phenom­
ena have been obselved in many forms 
of living things: plants, mammals, 
birds, insects and microorganisms. Many 
of these phenomena follow a 24-hour 
periodicity quite independent of the en­
vironmental, or astronomical, 24-hour 
cycle, but capable of being synchronized 
with it. It is quite likely that the study 
of this general phenomenon will lead to 
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THE FACTS ABOUT MAGNESIUM 
AND CORROSION 

Once this basic law of nature is recognized, proper design and 

protective measures permit excellent service life. 

EXPOSURE TESTS on many assembly protection methods and new finishing developments are 
constantly in progress on these seaside test racks (International Nickel Test Station, Kure Beach), 

MAGNESIUM, the world's light­
est structural metal, has a 

successful history of application in 
aircraft, missiles, military ground 
equipment, portable tools, and ma­
terials handling equipment. 

Yet some designers and production 
men hesitate to use magnesium be­
cause they have heard that it "cor­
rodes." What are the facts about 
this important matter? 

It's quite true that magnesium cor­
rodes under certain environmental 
conditions-as does every other basic 
structural metal. Each has its own 
distinct corrosion "personality" in 
the presence of corrosive elements. 
For example, magnesium has excel­
lent resistance to corrosion in 
strongly alkaline surroundings and 
readily becomes subject to attack 
under acidic conditions. Converse­
ly, aluminum is resistant to many 
acids but suffers attack in strongly 
alkaline environments. 

Approximately 95% of all corrosion 
problems with magnesium stem 

from galvanic corrosion. This type 
of corrosion is caused by differ­
ences in the electrical potential of 
dissimilar metals coupled together 
and immersed in an electrolyte. By 
understanding the source of corro­
sion currents, metals and their en­
vironments can be controlled so as 
to mll11mlZe or eliminate these 
sources. Techniques of joining mag­
nesium to other metals have been 
developed which effectively over­
come the conditions causing gal­
vanic corrosion. 

NIKE GROUND GUIDANCE-Large magnesium 
assemblies are easily and effectively protected 
by standard finishing methods. 

TO AID YOU IN APPLYING the correct design and proper protective meas­
ures for magnesium, write for your free copy of "MAGNESIUM FINISH­
ING". Either contact your nearest Dow Sales Office or write to THE DOW 
CHEMICAL COMPANY, Midland, Michigan, Department 1483EQ4. 

The corrosion behavior of metals 
is as much an inherent character­
istic of materials as tensile strength, 
elongation and other physical prop­
erties. The laws of corrosion are 
well understood. Thus they can­
and should be-taken into full con­
sideration in any design analysis of 
a product or part. With this concept 

RYAN FIREBEE, with 75 % of it's exterior 
surface magnesium, has withstood repeated 
dunkings in the ocean with no adverse effects. 
The reason-Ryan applied the proper protec­
tive measures. 

in mind, almost any corrosion prob­
lem can be "designed out" from the 
beginning when working with mag­
nesium. 

Whenever the corrosion character­
istics of magnesium are acknowl­
edged, and preventative measures 
are incorporated into designs, mag­
nesium gives outstanding perform­
ance in service. Proof of this state­
ment is evident by the growing use 
of magnesium alloys for such ap­
plications as: aircraft skins, wheels 
and engines; missile frames, fins and 
skins; radar antennas; military ve­
hicle platforms and wheels; chain 
saws, hand trucks and dock boards. 

THE DOW CHEMICAL COMPANY, Midland, Michigan 
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RAINFALL triggers the germination of many desert plants. This thart illustrates the results 

of experiments by A. Soriano, who subjected desert plants to artificial rainfall. The seeds 

of all three species shown here were kept in moist soil. Only Anustatica hierochll1ltica did 

not require considerable extra rainfall to leach out a chemical that inhibited germination. 
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OPTIMAL RAINFALL for the germination of four desert plants was also determined by 

Soriano at the California Institute of Technology's Earhart Plant Research Laboratory. 
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an understanding of diurnal thermo· 
periodicity in germination. 

Dispersal units incorporate not only 
rainfall and temperature gauges, but 
also sensitive mechanisms that respond 
to light. Such a mechanism in the hum· 
ble lettuce plant is the subject of re­
search at three research institutions (the 
U. S. Department of Agriculture labora· 
tories at Beltsville, Md. , the Hebrew 
University in Israel and the University 
of California at Los Angeles) . In dark­
ness lettuce seeds germinate tolerably 
well only within a narrow temperature 
range. Given light they germinate 
promptly and uniformly over a very 
wide range, and under a variety of con­
ditions that would absolutely inhibit ger· 
mination in the dark. Dry lettuce seed is 
insensitive to light, but a few minutes 
after the seed is moistened it becomes 
light·sensitive, so sensitive that exposure 
for a few seconds to light with an inten­
sity of a few foot·candles suffices to pro· 
duce the full effect. The obvious analogy 
to photographic exposure extends fur­
ther: If a soaked seed is exposed to light 
and then dried, it will retain the "mes­
sage" it received and, when it is subse­
(luently remoistened, it will germinate 
in darkness. 

A search of the light spectrum for the 
most effective wavelengths has shown 
that only the red portion of the visible 
spectrum stimulates germination. At the 
same time it was found that far red light 
(on the boundary between the visible 
rcd and the infrared) is capable of re­
versing the stimulation by red light, 
thereby inhibiting germination. A flash 
of red stimulates germination. A flash of 
far red, following closely, completely re­
verses the stimulation. This reversal is it­
self reversed when followed closely by 
another flash of red, and so on repeated­
Iv. It is always the color of the final light­
flash that is decisive. Our understand­
ing of this mechanism is fragmentary. 
As in the case of the near-freezing of 
seeds, the results of the process are not 
immediately visible. We only perceive 
their end products, namely subsequent 
germination or nongermination in dark­
ness. 

Sensitivity to light implies the pres­
ence of a pigment that absorbs the light. 
The effects of the red and far red indi­
cate some properties of this pigment, but 
it has yet to be extracted, purified, iden­
tified and studied-a process that may 
take some time, since the pigment 
doubtless occurs in minute amounts. 
Luckily for the investigator, light-sensi­
tive mechanisms of this kind are not re­
stricted to seeds; an identical mecha-
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RELIABILITY 
A Wire and Cable Story 

Ten years ago, the TEFLON TFE-fluoro­

carbon resins were envisioned by engineers as 

ideal dielectric materials, especially for wire and 

cable. Today these resins are fulfilling that prom­

ise in full measure. In advanced scientific and 

industrial applications, their properties have been 

found indispensable. 

For: -TFE resins have the lowest dielec tric 

constant and dissipation factor of any solid ma te­

rials ... and these properties remain constant 

from microwave down to power-line frequencies! 

''\That's more, this constancy holds true at all 

temperatures within an operating range from 

below -lOO°F. to above 500°F. Surface and vol­

ume resistivities for TFE-fluorocarbon resins are 

so high they often exceed the limits of conven­

tional measuring instruments. 

Nor are the advantages ofTFE resins confined 

to their electrical properties. The resins have 

almost universal resistance to chemicals, are non­

flammable, absorb essentially no moisture. They 

are totally unaffected by the worst tropical 

weathering conditions, as proven by more than a 

decade of outdoor testing. They have excellent 

impact, fatigue and flex strength, even at sub­

zero temperatures. 

Plainly, these resins are the answer to practi­

cally all reliability requirements for wire and 

cable. For example, a hook-up wire insulated 

with a TFE resin often makes considerable sav­

ings possible, because assembly is unhampered 

by damage to insulation due to hot soldering 

irons. The heat resistance of TFE resins permits 

miniaturization; hot conductors will not cut 

through even a thin layer of insulation. RF cable 

\\'ith a dielectric of a TFE-fluorocarbon resin 

provides low energy losses and low signal attenu­

ation. Multi-conductor cables for aircraft, mis­

siles and electronic devices are solving complex 

design problems. Miniature types of cable reduce 

weight substantially. 

If the success or failure of your electronic de­

vices hinges on their reliability under all condi­

tions, you may benefit from a look into the use of 

wire and cable insulated with Du Pont TFE­

fluorocarbon resins. If you haven't checked re­

cently, you may be surprised at the technological 

advances wire and cable manufacturers have 

made in using TEFLON TFE-fluorocarbon res­

ins and their amazing properties. 

For more information see your local supplier 

(listed under "Plastics-Du Pont" in the Yellow 

Pages) or write to: E. I. du Pont de Nemours 

& Co. (Inc.), Polychemicals Department, Room 

T-394, Du Pont Building, Wilmington 98, Del. 

In Canada: Du Pont of Canada Ltd., P.O. Box 660, Montreal, Que. 

<[ij POtID TEFLON@ TEFLON is Du POllt's registered trademark for 
its fluorocarbon resins, inc/uding tile 

TFE·FLUOROCARBON RESINS 
REG.U.S p.u.Off 

BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 

TFE (letrajluoroetflylelle) resins discussed flereill 
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nism has been observed in many devel­
opmental processes of plants, and may 
also occur in animals. Thus etiolated 
plants (plants grown in darkness) will 
be pale, tall and spindly and will bear 
unexpanded leaves; upon exposure to 
light they begin to grow normally. S imi­
larly the study of the relationship be­
tween flowering and the relative length 
of day and night has shown that, in 
order for the dark period to stimulate 
flowering in short-day plants or inhibit 
it in long-day plants, the darkness must 
not be interrupted by light. If the plant 
is exposed even briefly to low-intensity 
l ight near the middle of the dark peri­
od, the effect of the darkness on flower­
ing may be wiped out. It turns out that 
in both etiolation and flowering the 
sensitivity to light responds to the same 
red and far red stimuli as germination. 

It may be significant that gibberellin 
and another plant-growth substance, 
kinetin, simulate the red-light stimulus 
that triggers germination, but to compli­
cate matters several substances ( e .g . ,  
potassium nitrate and thiourea) which 
are not known as plant-growth regula­
tors, also do so. Another complication is 
the fact that germination apparently 
loses its sensitivity to light when the 
embryos are decoated. It remains to be 
seen whether light acts on the embryo, 
somehow making it grow with vigor 
sufficient to overcome the resistance of 
the coat, or whether it works on an ex­
tra-embryonic entity, perhaps by acti­
vating an inhibitor in the coat. 

Like a photographic plate, seeds can 
be over- and under-exposed. The brief 
flash of light that stimulates germina­
tion in lettuce and tobacco plants would 
be insufficient for the rush ] uncus mariti­
!n US ;  on the other hand. although con­
tinuous illumination works as well as a 
flash in the case of lettuce, it would in­
hibit wild smilograss or the Negev salt­
bush. plants fully stimulated by a brief 
exposure. The finding that some seeds 
are as sensitive as fully mature plants 
to relative length of day and night does 
not, therefore, come as a surprise, in 
view of the fact that both have the same 
responses to the red and far red. 

We can deduce some implications of 
this mechanism for the ecology of plants. 
Sensitivity to the period of light and 
dark may determine the season of ger­
mination just as it determines flower 
initiation and the onset or end of dor­
mancy in the buds of trees and shrubs. 
Inhibition by overexposure to light may 
be of value in preventing germination 
from occurring on an exposed soil sur­
face, where treacherous conditions such 
as rapid drying or high temperature are 

common. This may be why the germina­
tion of many desert plants is inhibited 
by overexposure. Conversely, inhibition 
by underexposure may be of value in 
preventing germination from taking 
place in poorly illuminated or overpopu­
lated localities. This may explain wh y 
many aquatic and marsh plants require 
light for germination. 

It should be said that this account has 
described only a few of the better 
known germination-regulating mecha­
nisms. M oreover, it must be understood 
that several mechanisms are often found 
in a single seed. A well-known example 
of interdependent mechanisms occurs in 
the ordinary garden cress, which ger­
minates only in response to a combina­
tion of light and temperature stimuli. 
Trigonella arabica, on the other hand, is 
a desert annual that has a dispersal unit 
equipped with at least four independ­
ently operating controls: a water-sohl­
ble inhibitor, a "hard" seed coat and 
sensitivity to both temperature and light. 

Ge rmination and Evolution 

The life of every plant includes criti­
cal phases at which it is more than usu­
ally susceptible to the vicissitudes of the 
environment. Apparently it is at these 
phases-the change from seed to seed­
ling. from the active to the dormant bud 
and vice versa, from the vegetative to 
the flowering plant-that regulatory 
mechanisms. operated by environmental 
signals, are particularly important. 
Taken together. they serve to maintain 
the harmony of the plant and its environ­
ment. The regulation of germination 
does more tban this: it also acts to pre­
serve the species by conserving embry­
onic material and by helping to select 
a favorable environment for further de­
velopment of the offspring. 

In evolutionary terms the origin and 
spread of these regulatory mechanisms 
may be easilv imagined. Once created. 
whether bv mutation or the reassortm ent 
of genes, the higher survival value that 
they imparted to their bearers provided 
the latter with distinct advantages over 
their kin that lacked these advantages. 
Selection and breeding by man have in 
many cases reversed this process, pro­
ducing plants that germinate at man's 
will rather than in response to natural 
signals. These tame plants have minimal 
germination control. On the other hand, 
nature's own selection and hybridization 
have been, and apparently still are, 
tending toward more efficient control 
and regulation of germination, as a 
means for the preservation of plant 
species. 
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99. 999 + %  Pure 

available in ingot, stick,joil, sheet, and wire 
Illdium is a silvery white metal, 

non-tarnishable, very soft, malleable, 

ductile and crystalline. It is diamagnetic. 

PHYSICAL CONSTANTS 

Atomic number . . . . . . . . . • . . . . • . . . . • • • . . . . . . • . . . . .  . 49 

Atomic weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 14.76 

Boiling point . . . . . . . . . . . . . . . . . . . . . . .  2000 ' C  ( 3632 ' F ) 

Crystal structure . . . . . . . . . . . . . .  Face·centered tetragonal 

Density at 20 ' C  ( 6 8 ' F )  
g/cc . . • .  " . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . • . . . . .  7.31 

lbs/cu. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .264 

troy ozs./cu. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .85 

Electrical resistivity (microhm·cm) 
( solid) 20'C (68'F)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
( at melting point) 156 ' C  ( 3 1 3 ' F )  . . . . . . . . . . . . . . . .  29 

Electrochemical equivalent 
In +++ ( mg/coulomb) . . . . . . . . . . . . • . . . • . . . .  0 .39641 

Electrode reduction potential 
In + + +  (H, = 0.0 volt ) . . . . . . . . . . . • . . • . . • . . . . . .  0.34 

Latent heat of fusion ( cal/g)  . . . . . . . . . . . . • . • . . . . . . .  6.8 

Latent heat of vaporization ( cal/g)  . . . . . . . . . . . . . . .  . 468 

Linear coefficient of thermal expansion/l 'C . . .  33  x 10-6 

Mechanical properties : 
Tensile strength, psi . . . . . . . . . . . . . . . . • • . • • . • . . • . .  380 
Elongation (% in 1") . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Brinell hardness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9 
Modulus of  elasticity, psi . . . . . . . . . . . . . . . . . . .  1,570,000 

Melting point . . . . . . . . . . .  156.17 ± .05 'C ( 3 13.1 ± .1 ' F )  

Nuclear Data 
Stable Isotopes ( 1 13,115)  . . . . . . . . . . . . . . • . . . . . . . . . . .  2 
Thermal neutron cross section (2200 m/s ) 

Absorption (barns)  . . . . . . . . . . . . . . . . . . . . .  190 ± 10 

Scattering (barns) . . . . . . . . . . . . . . . . . . . . . .  2 .2 ± 0.5 

Solidification shrinkage . . . . . . . . • . . . . . . . . . . . . . . . .  2.5% 

Specific heat ( cal/ g/ ' C) 
( solid) 20 ' C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.057 

Specific volume ( cc/g) 
20 ' C  (68'F)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.136 

Thermal conductivity ( cal/sq. cm/cm/ ' C/sec) 
20 ' C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.057 

Valence . . . . . . . . . . . . . . . . . . . .  Usually 3,  but also 2 and 1 

Vapor press. (mm Hg)  
1249 ' C  (2280 ' F )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
1466 ° C  (2671 'F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
1756 ' C  (3193 °F) • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
1863 ° C  (3385°F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200 
1982 ' C  (3600°F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400 

For furth er information on ASARCO High Purity Elemen ts, write on your company letterhead. 

WRITE : A M E R I C A N  S M E LTI N G  AND R E F I N I N G  C O M PANY, 120 B R OADWAY, NEW YORK 5, N. Y. 
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The Solar System beyond Neptune 

Pluto, our 

ha()e been 

sun's nwst remote and n�ysterious planet, may once 

a satellite of Neptune. Current theories about its 

ongln pro()ide new clues to the genesls of the solar system 

Early in 1979 the planet Pluto, hav­
ing crossed inside the orbit of 
Neptune, will be proceeding on 

its orbit toward a perihelion that will 
bring it 16 million miles nearer to the 
sun than Neptune ever comes. Thus for 
two decades Neptune will resume the 
position it held, before the discovery of 
Pluto, as the outermost planet. Many 
astronomers think that Neptune should 
be reinstated now, in advance of the 
event; in their relatively brief acquaint­
ance with Pluto they have begun to 
doubt that this object is a planet at all. 
Pluto's eccentric orbit is tilted at a con­
siderable angle to the plane of the 
ecliptic, in which the orbits of the other 
planets lie. Even on its closest approach 
to our region of the solar system, it will 
shine no brighter than Triton, one of 
Neptune's two satellites, suggesting that 
it is no larger. There is suspicion that 
Pluto is an illegitimate offspring of Nep­
tune, a satellite that escaped, as two 
man-made satellites recently did, to ply 
its own orbit around the sun . 

The discovery of Pluto in 1930 had 
seemed a triumph of classical celestial 
mechanics. Computation from perturba­
tions in the orbits of Neptune and Ura­
nus had shown where it might appear in 
the sky. Astronomers had looked there 
and found it, in apparent fulfillment of 
the Newtonian vision of the solar system 
as a perpetual clockwork whose totality 
might ultimately be inferred from the 
motions of its nearer parts. What we 
know about Pluto now, however, leads 
some astronomers to declare that its dis­
covery was an accident. Certainly its 
dubious status as a planet must dash the 
expectation that we might go on dis­
covering new planets at ever greater dis­
tances from the sun . But as it brings one 
era of astronomy to a close, Pluto opens 
a new period of exploration at the outer 
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edge of our solar system. It tells us to 
look not for planets but for other objects, 
including errant bodies like itself. Trans­
Neptunian space holds increasing inter­
est for what it may disclose about the 
origin and evoluti6n of our no longer 
unchanging solar system. 

It has taken a little more than a cen­
tury to complete this revolution in as­
tronomy. The civilized world was elec­
trified in September, 1846, by the an­
nouncement from Berlin of the discovery 
of a new planet circling the sun in the 
remote space beyond Saturn and Ura­
nus. Its existence had been predicted by 
the young French celestial mechanician 
Urbain Jean Joseph Leverrier from his 
study of small irregularities in the orbit 
of Uranus. His computations, communi­
cated to observers in Berlin, pinpointed 
the new planet's location within a degree 
of where it was found in the constella­
tion Aquarius. Meanwhile a parallel in­
vestigation in England had led John 
Couch Adams to essentially the same, 
but unpublished, prediction. The coinci­
dence served to heighten the celebration 
of the discovery of the new planet, which 
was named Neptune, and encouraged 
astronomers to hope for a repeat per­
fOl·mance. Leverrier, addressing the 
French Academy of Science, declared: 
"This success allows us to hope that, 
after 30 or 40 years of observation of the 
new planet, we should be able to use it 
in its turn for discovering the planet 
next in order of distance from the sun. 
Continuing this process, we should 
eventually arrive at planets which, un­
fortunately, because of their immense 
distance from the sun, would be invisi­
ble, hut whose orbits may be worked 
out in ensuing centuries and traced with 
great accuracy. . . ." 

By the end of the 19th century celes­
tial mechanicians had gathered enough 

data to make a fresh attack on the 
motions of the outermost planets. W. 
H. Pickering of the Harvard College 
Observatory, working from historical 
and contemporary records of the orbits 
of Neptune and Uranus, predicted in 
1919 the location of a trans-Neptunian 
planet near the foot of the constellation 
Gemini. A search of photographs made at 
the Mount Wilson Observatory, how­
ever, failed to show the hypothetical 
planet. Meanwhile, Percival Lowell of 
the Lowell Observatory in Flagstaff, 
Ariz., was launched on a parallel effort. 
Though a trans-Neptunian planet would 
necessarily disturb Neptune more than 
Uranus, the planet next closer to the 
sun, Neptune had not yet been observed 
for a complete revolution around the 
sun. Lowell accordingly based his com­
putations on Uranus, which had been 
observed for two full revolutions. The 
disturbances in the orbit of Uranus did 
not, however, lead to a strong solution 
for the place of the unknown body. 
Loweli found two possible regions on 
opposite sides of the sky. He believed 
that one of these areas-an area near 
Pickering's predicted position-was the 
more likely. 

Recognizing that the hypothetical 
planet would be faint and thus hard to 
find among the myriad of zodiacal stars, 
Lowell undertook a systematic photo-

PLUTO appears as the tiny black speck 

within the colored circle on this photograph 

made ill 1955 with the 48·Schmidt telescope 

on Palomar Mountain. The earth's own roo 

tation about the sun makes Pluto appeal' to 

spiral slowly through the heavens (broken 
line). The picture is reproduced from a 
negative print. Such a print increases the con· 

trast and visibility of objects on the plate. 
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graphic search of the indicated region 
of the sky. But the cameras available 
during his lifetime proved inadequate. 
Not until 1929 did the Lowell Observa­
tory secure the necessary equipment. A 
young assistant, Clyde Tombaugh, then 
took on the task of making pairs of 
matched plates covering the region of 
the sky staked out by Lowell. The plates 
in each pair were taken several days 
apart and recorded the same 170 square 
degrees of sky. If the hypothetical planet 
were in the area covered by a pair of 
plates, the movement of the earth on its 

orbit would cause the image of the 
planet to appear in a different position in 
the second plate. Tombaugh then com­
pared the matched plates in a "blink 
comparator," an instrument in which the 
two plates are precisely aligned and 
presented alternately to the observer's 
eve by means of a hinged mirror. Star by 
star Tombaugh searched the plates, 
looking for a pmpoint of light that 
would appear to jump to a new position 
on the second plate when he flopped 
the mirror. 

After a year he located a pair of 15th-

magnitude images that showed the mo­
tion required of a trans-Neptunian ob­
ject. On �1arch 13, 1930, the anniversary 
of Lowell's birth, the discovery of the 
ninth planet was announced to the 
world. Pluto revolves about the sun at a 
mean distance of 3,670,000,000 miles 
from the sun, 40 times farther out than 
the earth and nearly 900 million miles 
beyond the mean orbit of Neptune. 

A reinvestigation of the :-''lount 'Wilson 
plates which had been made in 1919 
revealed that Pluto had actuallv regis­
tered its existence then. It had been 
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TROJAN 

ASTEROIDS 
"TROJANS" 

INNER SOLAR SYSTEM comprises the orderly orbits of six 

planets and a population of many hundreds of asteroids. Typical 

asteroids, such as Ceres and Juno, lie between Mars and Jupiter. 

The peculiar orbits of Hidalgo and the two Trojan groups suggest 
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that these bodies are former satellites of Jupiter. The two groups 

of Trojan asteroids are locked by Jupiter's gravitational field in 

relative positions indicated by the adjacent equilateral triangles. 

The broken portions of orbits lie below the earth's orbital plane. 
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Before VITON was introduced last year, l abor ator y  tests indic ated 
that this new fl uor ine-based synthetic r ubber woul d  op en new ar eas 
to the use of r ubber p ar ts. Oven aging t ests, for ex ampl e, s howed t hat 
VITON p ar ts remained usefull y el astic for mor e  t han 2400 hours at 
4000 F., for 250 hours at 5000 F., and for 24 hour s  at 6000 F. I mmer­
si on tests, some of which ar e shown bel ow, r eveal ed unusuall y high 
r esistance to oils, fuel s, sol vents and corr osive chemical s. 

Industry reports on These results have now been substantiated by numer ous com­
mer cial appl ications. On a pr emium gasol ine p ump , an O-ring seal 
of VI TON has withstood ar omatic comp onents which caused ex cessive 
swell ing of other synthetic r ubber O-r ings. S imilarl y, chevr on-typ e  
gaskets o f  VITON have sol ved l eakage and r epl acement pr obl ems on 
an oil well pr oduction p acker; other r ubber gasket s  couldn' t  stand 
cr ude oil, 3000 F. deep well temp er atur es, and pr essur es of 6000 p si. 
VITON O-r ings on a new line of heat ex changer s  now p er mit t he ir 
inter mittent us e with pr oduct temp er atur es as high as 5250 F. These 
ar e j ust a few ex amp les of how the unmatched heat and fl uid r esistance 
of VITON synthetic r ubber ar e being

' 
p ut to use thr oughout industry. 

VITON 
(TRADEMARK) 

Du Pont's new 
synthetic rubber with unequalled 

resistance to heat and fluids 

Data obtained by 

immersing VITON vul-

can izates for 7 days and 

measuring effect on 

properties shown. 

Original properties of test 

compound; tensile 

strength, 2400 psi; 

elongation at break, 

200%; hardness, 

shore A, 71; modulus @ 
100%,700 psi. 

In addition to heat and fluid resistance, VITON synthetic r ub ber 
has demonstr ated good mechanical pr oper ties .. . such as l ow com­

pr ession set, high modulus and good tensile strength. Its r esistanc e  
t o  ozone, ox ygen and weather ing has also been pr oved ex cell ent. 
L earn mor e  about O-r ings, gaskets, hose, tubing and mol ded p ar ts 
of VITON. S end for our new booklet. E. I. du Pont de Nemour s  & Co. 
(Inc.), El astomer Chemicals Dept. S A-4, W ilmington 98, Delawar e. 

FLUID RESISTANCE OF VITON 

FLUID 

Carbon d isu Ifide 

Carbon tetrachloride 

JP-5 petroleum aircraft fuel 

Sulfuric acid, fuming 

Dichlorobenzene 

Sodium hydroxide, 50% 

Phosphoric acid, 60% 

Water 

Sulfuric acid, 60% 

Petroleum oil, crude 

Oronite 8200 silicate ester 

Water 

Tensile Volume Hardness Temperature strength increase % change, retained % points 
750 F. 98 1.2 -11 

750 F. 85 1.3 + 2 

750 F. 100 0.4 + 1 

750 F. 58 4.8 - 4  

1580 F. 81 10.5 -11 

1580 F. 89 5.1 - 8 

2120 F. 93 0.5 0 

2120 F. 98 2.7 + 3 

2500 F. 102 5.2 - 3 
3000 F. 91 1.4 - 9  

3000 F. 93 1.8 0 

4000 F. 45 4.0 +16 

C[(JPOfID 
RtG, u. S.PAT,O'" 

Better Things for Better Living . . .  through Chemistry 

> -m-» """�::J .... \)-{� RUBBER 
.��''''''''''''�� 

SYNTHETIC 
NEOPRENE 
HVPALON® 
VITONTM 
ADIPRENE® 

Report from the oil industry-Ten VITON seal rings on this 

assembly establish a leak·proof seal between tubing string 

and the smooth bore of a drillable production packer. Contln­

uous deep-hole operation for 72 hours at 6000 psi and 3000 F. 
failed to harm the VITON rings or impair their sealing efficiency. 
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overlooked partly because it was unex­
pectedly faint. It was nearly 1,000 times 
fainter than Neptune, which itself would 
have to be about Rve times brighter to 
be just visible to the naked eye. Astrono­
mers were perplexed.  If Pluto were faint 
because it was small in diameter, then 
it would probably not be very massive. 
But if it had small mass, Pluto could not 
have perturbed Uranus or Neptune 
enough for its place to be found theo­
retically. On the other hand, if Pluto 
were small but massive, its density 
would be unreasonably high. And if 

Pluto were large in diameter yet faint, 
then its reflectivity would be unexpect­
edly low. 

The Rrst task was to determine Pluto's 
mass. In the case of Uranus and 

Neptune the motions of their satellites 
accurately reveal the masses of the 
mother planets. But Pluto had no appar­
ent satellites; its mass could be deter­
mined only indirectly by its pertur­
bations of Uranus or Neptune. In the 
nearly two centuries since Uranus was 
found and the century since the disco v-

ery of Neptune, Pluto has caused such 
tiny displacements in their positions that 
the mass of Pluto cannot be satisfactorily 
established from them alone. Lowell and 
Pickering had depended upon observa­
tions of Uranus and Neptune that had 
been recorded before the two objects 
were recognized as planets. 

The French astronomer Joseph Je­
rome Lefran9ais de Lalande had re­
corded a pair of Rxes on Neptune in 
1795. He thought it was a star, because 
of its pointlike appearance, and over­
looked its snail-like pace across the 
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OUTER SOLAR SYSTEM comprises the three planets discovered 

in modern times: Uranus, Neptune and Pluto_ Pluto's abnormal 

orbit crosses Neptune's at lower left. As in the diagram on page 

88, the broken portions of orbits lie below the earth's orbital 

plane_ However, only Pluto's orbit is significantly inclined to the 

orbital plane of the earth; its orbital "tilt" is about 18 degrees_ 

90 

© 1959 SCIENTIFIC AMERICAN, INC



PRECISION ENGINEERED 
• • .  Meets or exceeds 
most exacting specifications 

SHOCK AND ABUSE TOLERANT .. . 

Laminated Fiberglas and aluminum egg crate 

construction of front panel very rugged. 

LASTING LEGIBILITY . . .  Vivid colors 

actually photoprinted. Legend and diagrams 

will not chip or scratch off . . •  meets all re­

quirements of MIL-P-7788. 

EASY TO ALTER . .. Legend and diagram­

ming can be changed to visualize any new 

findings. 

QUICK LAMP REPLACEMENT . .. Panel 

hinged for access to subpanel components 

permitting to-sec. lamp change. 

CONCENTRATED GROUPING OF CON­

TROLS .. . Multiple function of TRILITE con­

trols saves two to four times space required 

by ordinary panel. 
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100% FLUSH PANEL ... Eliminates pro­
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functions may be recessed. flush, or over­

flush. 

TRI-COLOR LIGHTS ... Each light module 

contains separate bulbs and circuits to permit 
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Giant missile components-including rocket motors for the Minuteman-are being heat-fj'eated by Solar in this new furrulce. 

New Solar capability for 
giant space age components 

THE LARGEST CONTROLLED atmosphere pit 

furnace in the nation is in operation at 
Solar. Capable of heat-treating and 
brazing assemblies of 9 ft. in diameter 
by 30 ft. in length, this furnace repre­

sents an important addition to Solar's 

advanced weapon systems capability. 
With years of active experience in pro­
ducing aircraft and missile components 
-and as an industry leader in high­
temperature technology - Solar is par­
ticularly qualified to help solve difficult 

ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 

design and fabrication problems. Write 
to Dept. F -120, Solar Aircraft Company, 
San Diego 12, California. 
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sky. His observations, compared with 
modern positions, would indicate that 
Pluto had produced a displacement of at 
least six seconds of an arc in Neptune's 
celestial longitude. To cause such an ef­
fect the mass of Pluto would have to be 
nearly equal to that of the earth. Allow­
ance for reasonable error in Lalande's 
observations would make Pluto only half 
as massive as the earth. By comparison 
Uranus has a mass of 14.5 earth masses, 
and Neptune a mass of 17.2. 

It was the small indicated mass of 
the new planet that prompted several 
astronomers to pronounce its discovery 
a lucky accident. The perturbations 
caused by such a small body would be 
concealed by the random errors of ob­
servation. How, then, did the two inde­
pendent calculations of Lowell and 
Pickering converge on the same general 
area of the sky? 

Vladimir Kourganoff, a French astro­
physicist, provided one explanation after 
a careful re-examination of Lowell's and 
Pickering's work. He found that both 
had relied on the 18 observations that 
had been made of Uranus before its dis­
covery in 178 1. These prediscovery 
measurements show an unfortunate 
amount of statistical scatter. But they 
had indicated a seemingly extraordinary 
displacement of Uranus around 1710 as 
the result of a particular juxtaposition 
with Pluto, and had apparently defined 
the time well enough to permit the pre­
dictions by Lowell and Pickering. The 
18th-century observations do not, how­
ever, yield any reliable determination of 
Pluto's mass. 

Unfortunately the calculation of 
Pluto's mass from the observed positions 
of the other two outer planets cannot be 
more exact than the observations them­
selves. Recently W. J. Eckert of the 
Watson Computing Laboratory, Dirk 
Brouwer of Yale University and G. M. 
Clemence of the U. S. Naval Observa­
tory programmed an electronic compu­
ter to calculate the positions of the outer 
planets throughout the four centuries 
from 1653 to 2060. For this definitive 
study they assigned to Pluto a mass that 
had been derived in an earlier investiga­
tion by L. R. Wylie at the Naval Ob­
servatory. They found that this mass, 
slightly less than that of the earth, made 
possible a satisfactory agreement be­
tween the computed and observed posi­
tions of both Neptune and Uranus. 

Astronomers would probably accept 
ft this value if it were not for a set of 
quite different observations made in 
March, 1950, by Gerard P. Kuiper of 
the Yerkes Observatory. At Palomar 

Mountain, with the help of Milton Hu­
mason, Kuiper used the 200-inch reflec­
tor (in one of the rare visual observa­
tions made with that instrument) to 
compare the size of Pluto's image with a 
standard set of disks. Kuiper and Huma­
son agreed that the image had a diam­
eter of only .23 second, corresponding to 
3,600 miles, or less than half the diam­
eter of the earth. 

Now if Pluto's mass were equal to that 
of the earth, this determination of its 

diameter would give it a density 10 times 
that of the earth! Such an enormous 
density, five times greater than that of 
lead, is highly unlikely in a member of 
our solar system. Could something be 
wrong with the measurement of Pluto's 
diameter? Dinsmore Alter of the Griffith 
Observatory in Los Angeles pOinted out 
that if Pluto reflected light like a pol­
ished ball bearing, Kuiper would have 
observed not the disk of Pluto but the 
reflected image of the sun. But there is 
no reason to believe that Pluto's surface 
is abnormally smooth. An icy surface 
would be quickly eroded by evaporation, 
temperature changes and bombardment 
from cometary material. 

Since the Kuiper measurement cannot 
be controverted, astronomers feel com­
pelled to reject the rather weak determi­
nation of Pluto's mass from celestial 
mechanics. Granting the planet an ac­
ceptable denSity, the 3,600-mile diam­
eter yields a calculated mass about .03 
that of the earth. Such a tiny mass could 
not have produced the apparent per­
turbation of Uranus in 1710 on which 
Pickering and Lowell had relied so 
strongly. Whether Pluto was discovered 
by chance or prediction remains a major 
mystery. Brouwer writes off the predic­
tion as "a fantastic coincidence." 

Pluto's status as a planet is further 
weakened by the eccentricity of its or­
bit. When Pluto swings inside Neptune's 
orbit to perihelion, it comes more than 
1.8 billion miles closer to the sun than 
at aphelion. Moreover, the inclination of 
the orbit to the plane of the ecliptic 
exceeds 17 degrees. All of these consid­
erations led Issei Yamamoto of the Kyoto 
Observatory to speculate in 1933 that 
Pluto was not a true planet but an 
escaped Neptunian satellite. Shortly I 
afterward calculations by R. A. Lyttle­
ton of the University of Cambridge 
showed how a close encounter between 
Pluto and the Neptunian satellite Triton 
might have ejected Pluto from the gravi­
tational system of the planet. 

Kuiper agrees that Pluto began its 
existence as a satellite of Neptune but 
has proposed that it escaped to a plan­
etary orbit under entirely different cir-

Somewhere in your business, at this 
moment, there's a job that can be 
done better ... cleaner ... faster ... 
with A+ felts, by American Felt 
Company. These versatile materials 
are supplied as soft as cashmere or 
as tough as hide-to filter, to cush­
ion, to seal, absorb, cover ... or to 
decorate. And the best guarantee 
of reliable performance in felt today 
is the exclusive A+ hallmark. It 
identifies the firm that perfected 
natural wool felts, and pioneered 
synthetic fiber felts. For better re­
sults in any of these areas, write: 

204 Glenville Road, Glenville, Conn. 
Among our famous trademarks: FE UTRO N 
-synthetic fiber felts; AAAA BRAN D-

piano felts; WINDSOR-liquid filters. 
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COMPOSITION OF PROTO·EARTH probably resembled the present composition of 
the sun (left): 98 per cent hydrogen and helium with heavier elements (dark shading, 
making up the remainder. Present composition of earth (right) includes 35 per cent iron, 

28 per cent oxygen. The lighter elements have evaporated almost completely except -'or 

oxygen, most of which is bound into heavy mineral oxides. The larger planets such as J upi· 

tel', being more massive than the earth, have retained a higher proportion of light elements. 

cumstances. In this account of its gen­
esis, Pluto figures as a major item of evi­
dence for an explanation of the origin 
of the solar system which is gaining in­
creasing acceptance in modern astron­
omy. According to this view the planets 
and the sun began by condensing from 
an extended mass of dust and gas. Nu­
merous investigators have contributed to 
the current revival of this nebular hy­
pothesis, now also called the "dust­
cloud" theory; Kuiper has given his pro­
toplanet theory the fullest development. 

'fhe birth of the solar system begins 
with the contraction, under its own 

gravitation, of a cold cloud of dust and 
gas. Rotation of the cloud sets up centrif­
ugal force that works against the gravi­
tational collapse and flattens the cloud 
into a wheeling disk. As the cloud con­
tracts and grows more dense, local in­
stabilities break it up into individual 

self-gravitating units, with a protostar at 
the center and a series of protoplanets 
out toward the periphery. 

The protoplanets formed in such a 
cloud do not necessarily condense into 
planets. Tidal attractions from the proto­
star may disrupt these individual clouds 
so they cannot contract into spheres. The 
ring system of Saturn gives us a scale 
model of what happens in this circum­
stance. The disruptive action of Saturn 
apparently prevents the material in the 
rings from forming an inner satellite_ 
Saturn's rings thus represent the vestiges 
of a discoidal protoplanet. 

Condensation can occur, however, in 
those protoplanets whose density ex­
ceeds a certain critical limit. Here the 
dust-cloud theory requires a certain 
elaboration in order to reconcile it with 
observed facts. If the present mass of the 
planets and their satellites in our solar 
system were smeared out into a dusty 
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Ransburg Electrostatic Spray Painting be­
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tional-and much needed-floor space 
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run 1 Y2%-are reduced to less than a 
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Elec1:ro-Coa1:lng Corp. 
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disk around the sun, the density of the 
cloud would not attain the critical con­
densation limit. Modern theories ingeni­
ously avoid this difficulty by postulating 
that the mass of the protoplanets must 
have greatly exceeded the present plane­
tary mass. As condensation proceeded, 
radiation from the proto sun, already 
glowing from the release of gravitational 
energy, caused the surplus material (ap­
proximately 99 per cent of the original 
mass) to evaporate from the protoplan­
ets and swept it out into space. This 
argument is supported by the observa­
tion that such dissipation of material 
from the atmospheres of the planets is 
still going on, though at a greatly re­
duced rate. The lightest elements, hy­
drogen and helium, which must have 
constituted the major bulk of the solar 
nebula and therefore of the protoplan 
ets, have almost entirely escaped from 
the earth, leaving behind the tiny resi­
due of heavier elements which now 
constitute our planet . The higher escape 
velocities of the more massive Jupiter, 
Saturn, Uranus and Neptune have al­
lowed them to retain a larger propor-

XI 
VIII 

tion of light elements, glvmg them a 
lower average present density. 

To assist us in visualizing the further 
evolution of the solar svstem we have 
another scale model at hand in Jupiter 
and its dozen satellites. Proto-Jupiter, 
the largest and most massive cloud to 
have broken from the solar nebula, must 
itself have broken down into a central 
body and a retinue of protosatellites. In 
the evaporation stage proto-Jupiter 
would have continually lost mass. lts 
outer satellites, bound more and more 
tenuously to the system, must eventually 
have slipped away. Only the Rve inner­
most satellites remained. They still re­
semble a miniature solar svstem, these 
"planets" being spaced at regular inter­
vals in a common plane of revolution. 
In contrast, the seven tiny outer satel­
lites of Jupiter present a scene of great 
irregularity . Their highlv inclined orbits 
interloop one another, and the outer four 
revolve in a direction opposite that of 
the rest. 'ATe may deduce that these 
satellites once took up independent or­
bits around the sun. Upon later encoun­
ter with the extended gaseous atmos-

SATELLITES OF JUPITER fall into three groups. The inner satellites, V, I, II, III and IV, 

all revolve in the same plane and from west to east; they have presumably always been 

satellites. The next three, VI, VII and X, revolve in the same direction but in three 

different planes; VIII, IX, XI and XII also revolve in different planes, but from east to 

west. These two groups apparently represent "escaped" satellites that were recaptured at 

two different times. These Jovian satellites are numbered in the order of their discovery. 
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LARGE CAPACITY FILES I RAPID RANDOM ACCESS / EFFICIENT ROUTINE PROCESSING 

A system with complete files, complete data and complete 
processing ... to handle all operations. 

It's a proven fact ... that of the total work necessary 

to put a missile into the air, a staggering 90% is pri­

marily logistical and involves the control of many 

individual maintenance parts. This figure becomes 

compounded as the number of inactive, but ready-to­

fire missiles increases . . . and keeping track of their 

individual needs becomes a herculean task. 

It is clear that an efficient system of organizing, filing 

and searching great masses of data at high speeds, and 

at realistic costs is necessary. The Magnavox Company 
answers the need for "discrete" unit data record hand­

ling for both government and industry with M agnacard. 
You are invited to investigate and make use oj these new tech­

niques ... write today Jor illustrated brochure. 

Magnacard 

DATA HANDLING EQUIPMENT BY 

COMMUNICATIONS RADAR DATA HANDLING 

THE MAGNAVOX CO . •  DEPT. 57 . Government and Industrial Division . F O R T  WAYNE, IND. 
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phere surrounding proto-Jupiter, they 
were captured in irregular orbits bear­
ing little resemblance to their original 
paths. Other proto-Jovian satellites may 
have been lost completely, to become 
asteroids orbiting around the sun with 
unusual jnclinations and eccentricities. 

'r he parallel process of evolution in 
. the case of proto-Neptune fully ac­

counts for Pluto's remarkable orbit. Both 
of Neptune's present satellites represent 
recaptures; Triton's orbit is retrograde 
and Nereid's is highly eccentric. Any 
remaining original protosatellites would 
have been removed by massive proto­
Triton as it spiraled in through proto­
Neptune's gaseous envelope on its re­
turn journey. The inclination of Pluto's 
orbit suggests that it too escaped from 
orbit around Neptune but did not re­
turn. It is otherwise difficult to explain 
the interlooping of its ellipse with Nep­
tune's orbit. 

Convincing evidence for this recon-
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struction of Pluto's ongm came in 
1956, when Merle Walker and Robert 
Hardie at the Lowell Observatory 
measured variations in the light reHected 
by the planet. The small Huctuations in 
brightness repeated themselves regular­
ly, as if dark markings were passing 
across the planet's disk. This cycle in­
dicated that Pluto rotates in 6.39 days, 
much more slowly than any of the mas­
sive outer planets, which rotate in 10 to 
15 hours. Kuiper suggests that Pluto 
originally revolved around Neptune 
once in 6.39 days, rotating on its own 
axis in the same period. Now, on its 
lonelv orbit around the sun, Pluto ro­
tates

' 
just as slowly as when it was at­

tached to Neptune. 
Has Leverrier's dream of extending 

the solar system step by step by means 
of celestial mechanics been shattered? 
The answer is yes. Pluto lies just at the 
threshold of gravitational detection. 
From now on we must look to accidental 
photographic discovery rather than ce-

20 30 40 
DISTANCE (ASTRONOMICAL UNITSI 

lestial mechanics if we hope to add any 
remote members to our solar system. 

Following the discovery of Pluto the 
Lowell Observatory continued a system­
atic search of a wide belt, covering 
three quarters of the sky, on either side 
of the ecliptic. Altogether 90 million 
star images passed under Tombaugh's 
examination. The survey turned up 
about 3,000 asteroids but found no trans­
Plutonian object. The limiting magni­
tude of this investigation is represented 
bv the edge of the darker colored area 
in the brightness-distance diagram re­
produced on this page. Any planet as 
bright as Neptune would have been dis­
covered out to 180 astronomical units 
(an astronomical unit is equal to the dis­
tance from the earth to the sun). Pluto 
itself lies close to the threshold; a planet 
the size of Pluto would have escaped the 
net beyond 50 astronomical units. Trans­
Neptunian objects intrinsically fainter 
than Uranus's moon Titania, and there­
fore presumably smaller than 600 miles 

50 60 70 

LIMITS OF OBSERVATION for objects of different sizes are 

shown on this brightness·distance diagram. Numbers in parentheses 

give approximate diameters of nine known objects; one astronom­

ical unit equals about 93 million miles. The Lowell Observatory 

sky survey (dark color) extends to slightly beyond the 16th mag-

nitude (increasing magnitude means decreasing brightness). The 

Palomar survey with the 48·inch Schmidt telescope (light color) 
reaches the 20th magnitude. Thus a planet the size of Pluto would 

be invisible beyond 100 astronomical units even with the Schmidt. 

Other considerations make it unlikely that such a planet exists. 
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ENGINEERS 

REACH 

THE 

SUMMIT 

AT 

LINK 

AVIATION 

The career-climb is easier ... 

and there's more room at the 

top ... at Link Aviation's 

Research & Development 

Laboratory at Palo Alto. 

The professional atmosphere 

here is built on policies 

which give engineering talent 

room to expand - reward 

it when it does. 

Added advantages include 

excellent salaries, outstanding 

insurance and retirement 

plans, company-paid tuition 

for advanced college study, 

and ideal living conditions in 

a charming residential 

community. 

Link now has staff openings 

for ambitious engineers 

with experience in: digital or 

analog computers, optical 

systems, electronic and 

electromechanical packaging, 

radar simulators, and 

automatic checkout equipment. 

Raise the level of your career. 

Contact Link at once. 

Write to Mr. V. A. Larko 

Link Aviation, Inc., 

P. O. Box 1318 
Palo Alto, California 

LINK AVIATION, INC. 
A subsidiary of 
General Precision Equipment Corporation 
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for faster, dependable spectro-ana lysis 

with Bausch & Lomb 

CERTI FI ED-PRECISION GRATINGS 
Distinct separation between light rays 

of wavelengths less than one billionth of an inch apart! 

-this is standard performance 

with B&L plane diffraction gratings. 

Over 1 00 different reflectance and transmission gratings 

are available, from 30 X 3 2mm to 1 5 3  X 203mm ; 

from 40 to 2 1 60 grooves per mm; 

widest range of blaze angles.  Written certification 

of detailed specifications and precision. 

FREE DATA BOOK 
• 

r------------. 
: BAU S C H  & LOM B OPTICAL CO. II 

69440 St. Paul St., Rochester 2, N. Y.  
I Please send me Cata log 0·261 w h i c h  

1 00 

e x p l a i n s  theory a n d  mechanics  of • use of grat i ngs i n  l i g h t  d i spersion • 

Name . . . . 

Company 

Add ress 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
C i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . . . . .  State .••.......••  I 

.. _ - - - - - - - - - - _  .. 

in diameter, would not have been 
caught. 

The 48-inch Schmidt telescope on 
Palomar Mountain casts a considerably 
finer net. It could show Pluto at a dis­
tance of 150 astronomical units or a 
planet 200 miles in diameter at Pluto's 
present distance. But a search down to 
magnitude 20.5 with the Palomar 
Schmidt would be a fantastic undertak­
ing; the number of faint star images on 
some individual plates exceeds two mil­
lion. The colored area for the Palomar 
Schmidt on the brightness-distance dia­
gram represents the practical limit for 
the accidental discovery of a trans-Plu­
tonian object. 

What members of the solar system 
might be found in the un searched range, 
fainter than magnitude 16 but brighter 
than magnitude 20? Probably no major 
planet, according to the protoplanet 
theory. Examination of the mass distri­
bution of the outer planets supports the 
idea that beyond Neptune the density 
of the primordial dust cloud must have 
been too low for a protoplanet to form. 
But at such vast distances the gravita­
tional force of the protosun would also 
have been much attenuated, reducing 
in turn the critical density of condensa­
tion. Smaller, less massive bodies might 
therefore have formed from the cloud 
in this region. Comets appear to have 
just the right size and composition, be­
ing made up of light elements and their 
compounds, frozen with a sprinkling of 
heavier stony or metallic particles. 
When occasional comets come out of 
their cosmic deep-freeze into the central 
regions of the solar system, they evapo­
rate, forming gaseous atmospheres that 
are dissipated into space via their long 
and often spectacular tails. The comets 
appear to come from a tremendously dis­
tant swarm, suggesting that Pluto might 
have scattered them into their remote 
orbits. Other cometary bodies may still 
circle the sun on less eccentric orbits just 
beyond Neptune. But all known comets 
are much too small to be visible at these 
distances. 

'rhe escape of Pluto from Neptune, 
. however, raises the possibility that 

we may yet find objects larger and more 
interesting than comets out on the 
fringes of the solar system. Three or four 
additional Neptunian satellites may have 
escaped to travel even more highly ellip­
tical orbits around the sun. The acciden­
tal discovery of one or mote such objects 
is no less improbable than the discovery 
of Pluto itself. They would add consider­
able substance to speculation about the 
origin of our solar system. 
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Jungle missionary straightens out shaft problem 

Man-eating P i ranhas and alligators lurk in these j ungle rivers, 

but Brother Dismas dives in and removes bronze propeller shaft, 
bent in collision with an unseen Tajibu. With nearest help sev­

eral days' j ourney away, he has no alternative but to attempt an 

on-the-spot repair. 

"Monel shaft a r rives . . .  and was I glad to see
· 

it. I've found 
that pronze shafts bend too easily in these rivers and steel shafts 
corrode and chew up bearings. We picked up our new Monel 

shaft i n  an ox cart at the airport and were underway with it in 

record time. Now we have . . .  

Hazardous passage. Drifting debris, submerged rocks 
and ever-shifting shoals pose constant threats to this 
missionary. He is Brother Dismas of the Maryknoll 
Fathers, whose frequent missions take him up and 
down uncharted, unpredictable waters deep in the 
jungles of Bolivia. 

There's no telling what he may run into here. One 
of the menaces is the Tajibu or "vegetable iron" tree. 

A giant hardwood, the Tajibu dies and topples into 
the river. The wood is so heavy the whole tree sinks. 
And so hard it's been used in place of bearing metal. 
Imagine what happens when a Tajibu, cartwheeling 
along in the swiftly running current, tangles with the 
boat's slender drive shaft . .  ! It's virtually impossible 
to detect one fast enough to avoid being rammed. 

Rive rside "shop" - The bent bronze shaft is first heated over 

an open fire, then placed on a log and hammered straight. This 
primitive repair job has to get him back to his base. "After a 

few experiences like this, I got a bright idea," says Brother 
Dismas. "I decided to try one of your Monel shafts. 

"A st u rd y  sha ft - at last !" To get a better idea of how strong, 

corrosion-resisting Mane)':' nickel-copper alloy can help straight­

en out some metal problem facing you, write for "Engineering 

Properties of Monel and 'R' Monel':' ' ' .  The International Nickel 

Company, 67 Wall Street, New York 5, N. Y. 'Registered trademarit 

Does this bring to mind some problem of your own with corrosion, high stresses, abrasion, erosion, 
high or low temperatures or some unusual service condition ? There is a good chance one of the Inco 

Nickel Alloys will solve your problem as neatly as Brother Dismas'.  Let's put our heads together and see. 

A )�, N I  C K E L  A L L O Y S  P E R F O R M  B E T T E R  L O N G E R 
1 1  .. 0 (  .. . . .  
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F -1 0 8 ,  N U C L E A R  T U R 8 0 J ET, A N D  R A M J ET P R O J E CTS O F F E R  C H A L L E N G I N G  O P P O RTU N I TI E S  

T O  P R O F E S S I O N A L  E N G I N E E R S  A N D S C I E N T I STS 

Advanced proj ects for air and space operations 

now underway in the Controls and Accessories 

Division at Marquardt Aircraft offer engineers and 
scientists challenging opportunities in a variety of 
technical areas. Here, where we are dealing with 
d e v e l o p m e n t  p r o b l e m s  on h i gh - p e rformance 

systems with stringent design and reliability re­
quirements, professional engineers will find real 
challenge and opportunity for accomplishment. 

Proj ect personnel are currently working in such 

areas as the engine control system for the G-E 
n u clear tu rboj et ; i n let control systems for the 

McDonnell F-4H, North American F-I08 and the 

North American Hound Dog missile ; the fuel con­
trol system for the supersonic Bomarc's ramj et 

engine ; auxiliary power systems, pumps, and actu­
ators ; and are developing a unique and advanced 
space power unit. 

C & A Division activities range in scope from pre­
liminary design through final production. 

Professional engineers and scientists capable of 
making contributions in these and related areas are 
invited to investigate the employment opportu­

nities at Marquardt. You will find a combination 

of significant, active proj ects and a lively interest 

in new ideas, creating an environment for profes­

sional growth. May I suggest you write Mr. Floyd 
H argi s s ,  P rofessional  Personnel  D e p artment, 

16547 Saticoy Street, Van Nuys, California ? 
Roy E .  Marquardt, President 
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C & A Div is ion engi neers made many contri but ions 
to the " state of the art" when they developed the 
fuel control system for the supersonic ramjet engi ne. 

VA N N U YS AND POMONA, CA L I FORNIA - O GDEN, U TA H  
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The Case For 
lOSmm Miniaturization 
of Engineering Drawings 

Micro - Master® lO Smm, supplied by K& E, 
is the only system designed specifically 

for engineering drawings 

Micro-Master 1 05mm offers the gen­
eral advantages you expect of any 
miniaturization system - space savings, 
protection of costly originals, and ready 
distribution of duplicates. But M icro­
M aster provides these advantages with­
out over - mechanization. A 1 05mm 
negative - measuring a generous 4 by 6 
inches - is large enough to be located 
easily and read quickly without elabo­
rate scanning and sorting devices. ]n 
addition, a national network of K & E  
dealers stands ready t o  provide the 
1 05mm service you need. 

A C o m p l ete System 

from Fi l m  to P r i n t  

M icro-M aster is a totally integrated 
system for photographing, film process­
ing and final reproduction or projection 
printing. Completely precision - engi­
neered - from optics through films, 
papers and chemicals - the system pro­
vides extremely sharp, high - contrast 
"thin" negatives that furnish high­
quality, absolutely uniform prints. Cri­
tical alignment of camera and projector, 
and special vacuum frames which hold 
materials absolutely fiat, are typical of 
the optical and mechanical features 
that make the M icro-Master system an 
engineering aid of highest quality. 

N o  D i stort i o n  In B l o w - Backs 

Maximum reduction or enlargement for 
M icro-M aster 1 05mm is 1 0  diameters 
-not up to 30 diameters as with smaller 
negatives. Thus, when drawings as large 
as 40 by 60 inches are reduced or re-

-

enlarged, they retain a clear, sharp 
quality - even in the corners. There is 
no distortion or loss of detail, for all 
M icro-M aster reproductions are made 
inside the photographic "quality bar­
rier" of 10 diameters. Projection prints 
can be made on inexpensive p aper as 
well as on cloth or film. 

L i k e - New Pri nts 

from Worn O r i g i n a l s  

Old originals can be restored, too ­
even when badly damaged. The M icro­
M aster process uses reflected rather 
than transmitted light. Thus, detail 
which has been lost through light ab­
sorption - due to dirt or discoloration ­
will "snap back" on the film - giving 
you clean prints with clear backgrounds 
and sharp black lines equal to ink lines. 
The large negative size makes it easy 
to see and eliminate unwanted areas by 
"op aquing out." Any small p aint brush 
can be used for this purpose. 

Easy to Read . . .  Always Access i b l e  

You c a n  read almost every detail on a 
1 05mm negative j ust by holding it up 
to a window or other light source. Table 
viewers are recommended for close 
study, but are not necessary in the 
"search and selection" phase. In a large 
planf or office, engineers can find and 
consult from 1 05mm negatives without 
waiting for search and delivery of 
originals, and without having to blow 
back tiny reductions to a readable size. 
Engineers or technicians at branch 

plants, warehouses or field installations 
can maintain compact, complete files 
of project information - accessible at 
any time without special equipment. 

E asy to F i l e ,  Easy to M a l l  

M icro-Master is a miniaturization sys­
tem providing individual negatives that 
meet archival requirements. Each nega­
tive is kept in its own 5" by 8" envelope. 
There is ample space on the envelope 
for large, legible identification coding 
and other information. Over 1 2,000 
drawings can be stored in a standard 
5" by 8" card file cabinet. No com­
plicated cross-indexing is needed, for 
negatives of original drawings and all 
subsequent revisions can be grouped in 
the same file, ready for immediate ref­
erence. The absence of sorting devices 
eliminates scratches and other film dam­
age resulting from excessive mechanical 
handling. 

See Y o u r  K & E  D e a l e r  

f o r  I nf o r m at i o n ,  

Eq u i p m e nt, Service 

A camera, projector, three types of 
viewers, and all necessary printing ac­
cessories are available with the M icro­
M aster system, and all equip ment can 
be obtained through your local K & E  
distributor. H e  can also furnish 1 05mm 
reductions and enlargements of your 
drawings as a service. For complete 
information, call your K& E dealer, or 
write to Keuffel & Esser Co., Dept. 
SA-4, 300 Adams St., Hoboken, N. J. 

KEUFFEL & ESS E R  CO. 
N EW YO R K · H O B O K E N ,  N .  J . •  D ETRO IT · C H I CAGO ' M I LWA U K E E ' ST. LO U I S ' DALLAS ' SAN F R A N C I S C O ' LOS A N G E L E S · S EATTLE ' MONTREAL 
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How Reptiles Regulate 
Their Body Temperature 

Although they lack internal controls, they can maintain a high 

temperature by their beha()ior. A lizard, for example, can raise 

its temperature by changing the position of its boc�y in the sun 

More than 50 years ago Sir Charles 
Martin, a distinguished British 

...L physiologist, compared the reg­
ulation of body temperature in a number 
of mammals with that of a lizard. He 
showed that the mammals were able 
to maintain their temperatures within 
a fairly narrow range during wide varia­
tions in the temperature of the labora­
tory environment. The temperature of 
the lizard, on the other hand, rose and 
fell almost as rapidly as that of the en­
vironment. Observations of this sort long 
ago established the textbook aphorism 
to the effect that "reptiles have the tem­
perature of the surrounding atmos­
phere." 

It is true that reptiles are "cold-blood­
ed" animals and have no mechanism of 
temperature regulation such as that of 

by CharleH j\ l. Bogert 

mammals. The laboratory observations 
correctly reflect what happens to a 
lizard's body temperature when the 
laboratory temperature is changed. But 
the conclusion drawn from these ob­
servations holds true only for the lizard 
in the laboratory. In their natural habi­
tats during the day, lizards forage, mate, 
defend territories and flee at body tem­
peratures that may be even higher than 
our own, and they maintain their tem­
peratures within narrow limits despite 
wide variation in air temperature. The 
greater earless lizard (H olbrookia tex­
ana), an inhabitant of the foothills of 
the U. S. Southwest, has a mean tem­
perature of 10 1.3 degrees Fahrenheit 
( 38 .5 degrees centigrade) , slightly 
above our own, and while the lizard is 
active its temperature is within 3.3 de-

grees of this level 75 per cent of the 
time. At 14,600 feet in the Peruvian 
Andes, with the temperature of the thin 
air at the freezing point, Oliver P. Pear­
son of the University of California 
found that the lizard Liolael1ws multi­
formis had a body temperature of 87.8 
degrees F. (31 degrees C.) ; at tempera­
tures as much as eight degrees below 
freezing he found other lizards abroad, 
a trifle sluggish, with body temperatures 
of 58 degrees ( 14.4 degrees C.), or 34 
degrees above the temperature of the 
air. In my own studies over the past 14 
years I have measured the temperatures 
of lizards of many different North 
American species. I have found that 
members of the same or closely related 
species show the same high and con­
stant temperature in widely different 

CHUCKW ALLA (Saltromallts obeslts) is found in deserts of the 
southwestern states. When this lizard cannot take shelter from the 
sun, it pants to cool itself by the evaporation of moisture from its 

lungs and places itself parallel to the sun's rays in order to expose 
a minimum of body surface to the radiant heat. This animal was 
photographed at three o'clock in the afternoon on a clear day. 
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TEMPERATURES OF SPINY LIZARDS of four species were 
tested by the author, who sampled 39 or more active animals of 
each kind in their native habitats. In each species the average tern· 
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perature (broken line) fell close to 35 degrees C. (95 degrees F.). 
The lizards tested were Sceloporus magister (A), Sceloporus 

jarrovi (B), ScelofJorus !tndulatlts (C), Sceloporus variabilis (D). 
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environments, although members of dis­
tantly related species maintain distinct­
ly different mean temperatures in the 
same environment. 

Why were the laboratory observations 
so misleading? For much the same rea­
son that a man with a heavy iron ball 
chained to one leg cannot demonstrate 
how fast he can run! The analogy is to 
the point, because lizards regulate their 
temperatures to a large degree by their 
behavior. Many of these creatures are 
"heliotherms," deriving the heat they 
need to energize their body chemistry 
directly from the sun. In consequence 
of this dependence they have developed 
basking to a fine art. Lizards do not 
merely crawl out of their nocturnal 
shelter and rest in the sunlight. When 
their temperatures are below the thresh­
old for normal activity, they orient their 
bodies at right angles to the sun's rays 
in order to maximize their exposure and 
even seek inclined surfaces to achieve 
such orientation with respect to the 
slanting rays of the morning sun. In the 
desert, where the ground becomes 
warmer than the air, lizards often press 
their bodies close to the surface, shifting 
slowly from side to side in the loose sand 
to secure better conduction of heat. On 
a rocky mountainside that warms up 
more slowly, they do their basking on 
mats of dead grass that insulate them 
from the cold ground. When a lizard's 
temperature approaches the upper limit 
of tolerance, on the other hand, it faces 
the sun, exposing the least possible sur­
face, or returns to cooler temperatures 
in the shade or underground. 

The size and shape of their bodies and 
the pigmentation of their skins play a 
part in determining and regulating the 
rate at which lizards absorb heat from 
their surroundings. But the decisive 
factor is behavior. In the artificial situa­
tion of the laboratory the lizard could 
not show what it can do. 

When our department at the Ameri-
can Museum of Natural History 

and R. B. Cowles of the University of 
California at Los Angeles undertook to 
study heat regulation in reptiles, we had 
a general understanding of the factors 
involved. We expected to find, how­
ever, that temperature tolerances played 
an important part in determining the 
distribution of species and that the vari­
ous species would show different opti­
mal body temperatures in their various 
environments . In framing these assump­
tions,  it turned out, we under�stimated 
the efficiency of our subjects' heat-regu­
lating behavior and equipment. 

We chose the spiny lizards as our 
subjects, because their 50 species are 
abundant all over North America, from 
coast to coast and from southern Canada 
to Panama. Few groups of lizards have 
penetrated more environments. As many 
as five species may occur in a single 
locality, each in its own ecological niche . 
Some live on the ground, others on trees 
or shrubs ; they variously frequent rocky 
hillsides, canyon walls, sand dunes, 
grassy plains and even human habita­
tions. vVe sought them out in coastal 
areas, foothills, plateaus and mountains ; 
in arid regions with little vegetation ; in 
pine barrens, short-tree forests, pine 
forests and high-altitude cloud forests. 
vVe made our measurements in habitats 
ranging from sea level to near the tim­
ber line at 12,500 feet on the Nevado de 
Toluca in Mexico. 

In all of this diversity of habitat, to 
our surprise, measurements indicate 
that spiny lizards go about their active 
lives at a mean body temperature of 
about 93 degrees (34 degrees C.).  This 
approximates the average for all species, 
but does not imply that spiny lizards 

� 

have no leeway in temperature. They 
function at apparently full efficiency 
with body temperatures between 86 and 
104 degrees (30 and 40 degrees C .). In 
their natural environments, however, 
these extremes are exceptional . Once 
their basking has brought them to the 
temperature threshold at which activity 
begins, spiny lizards maintain their body 
temperatures within 4.5 degrees of the 
93-degree mean for about 80 per cent 
of the time and over the entire range of 
environmental temperature to which 
they voluntarily subject themselves dur­
ing their daily routine. 

These lizards regulate their heat in­
take largely by exposing themselves to 
direct sunlight, prolonging their forays 
by suitably orienting their bodies to the 
sun much as they do when basking, or 
by retreating from the sunlight when 
their temperatures run high. Compari­
sons of the temperature curves of vari­
ous spiny lizards reveal only minor dif­
ferences between species . Most of the 
peaks fall near the 93-degree average for 
the group. For species living in the tropi­
cal lowlands of Mexico and Honduras, 
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HABITATS of the lizards shown on the opposite page are marked with the corresponding 
letters on this map. They are (A) the Mojave Desert of California, elevation 3,000 to 4,000 
feet; (B) the Chiricahua Mountains of Arizona, elevation 5,000 to 9,000 feet; (C) La Goma, 
Durango, Mexico, elevation 4,000 feet; (D) EI Zamorano, Honduras, 2,600 to 3,000 feet. 
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REGAL HORNED LIZARDS (Phr),nosomo solare) weighing reo 
spectively 12.4 grams (A) , 29.4 grams (B) and 85.5 grams (C) 
were exposed to the midday sun while their body temperatures were 

continuously measured by means of wires from the cloaca of each 
to a recording potentiometer. The colors of the lizards were nearly 
the same at start but then changed, smallest lizard becoming palest. 

the curves shift scarcely three or four 
degrees toward the warmer end of the 
scale. For those in higher mountains, the 
shift is two or three degrees toward the 
lower end of the scale. 

We do not know whether such slight 
differences result from variations 

in the physiological adaptation of the 
animals or from the limitations of be­
havioral regulation. We sometimes lose 
sight of the fact that temperature refers 
to the amount of heat per unit of mass, 
or the degree of heat concentration, as 
measured on one scale or another. Opti­
mum heat concentrations for biological 
processes, however, lie not at points but 
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within zones on the scale. The "normal 
temperature" of human beings is actual­
ly an average for a zone between limits 
set roughly at 98 to 99.5 degrees (37 to 
37.5 degrees C.). Hence the differences 
observed between the mean tempera­
tures of the spiny lizard in different en­
vironments may still lie within the zone 
of optimum temperature for their bio­
logical activity. 

In the Arizona desert the air tempera­
tures recorded at sites of capture aver­
aged 90 degrees (32.2 degrees C .) ; the 
temperature of the spiny lizards aver­
aged 95 degrees (35 degrees C.). In 
contrast, the average body temperature 
of cloud-forest lizards is 91 degrees 

(32.8 degrees C.) when the air around 
them averages 66 degrees. The greater 
differential between air and body tem­
perature in the case of the cloud-forest 
lizard should accelerate the loss of heat 
to the air. Nevertheless the lizards ab­
sorb enough solar heat to compensate 
for these losses and thus keep their body 
temperature within the zone permitting 
them to be active. 

So, we learned, spiny lizards do not 
have different body temperatures reflect­
ing different physiological adaptation to 
different environmental temperatures. 
Instead these reptiles restrict the fluc­
tuation of their body temperature to a 
relatively narrow zone suitable to the 
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SUCCESSFUL TEST firings of SERGEANT missiles promise to give greater 
accuracy to the striking power of the Army's new pentomic divisions. 

BY PLANE OR TRUCK, SERGEANT launch·· 
ers and SERGEANT missiles, when opera­
tional, will have high mobility - can be 
rushed to troubled areas. 

RAPIDLY ASSEMBLED, small crew will be able 
to ready SERGEANT for firing in minutes. 

PINPOINT ACCURACY is expected over 
range (A to B) -several times the distance 
of conventional artillery (c to D). 

ARMY'S "NEW LOOK" SERGEANT 
Mobility And Accuracy Of Front-Line Missile Will Give Troops New Power 
A new, more powerful surface-to-surface 

missile, designed to give our ground troops 

greater firepower, is now going into the 

developmental hardware stage. Easily 

transportable and designed for rapid 

assembly, the solid-fueled SERGEANT will 

be a modern, "second-generation" nuclear 

weapon for U. S. Army use in limited or 

global conflicts. 

For military operations, the powerful 

SERGEANT will furnish Army commanders 

with highly mobile, reliable firepower that 

will be ready in minutes to strike against 

enemy targets. 

Sperry Utah Engineering Laboratory, 

Division of Sperry Rand Corporation, Salt 

Lake City, Utah, is responsible for produc­

tion of the SERGEANT missile system. 
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Good management, like a good 

quarterback, calls the right signals 
during the game and not on Monday 

morning. In the field of aviation 
and space, management must also call 
the right signals now for a game that 
won't be played for years to come. 

At Grumman, the signals have already 
been called for nuclear propulsion 
systems, for the plasma harnessing 
of hydrogen fusion, for missiles, 

for hydrofoil seacraft, and for 
others still classified. 

At Grumman, the signals that were 
called years ago have won design 
competitions: the A2F, a carrier-based 
attack fighter; the Mohawk, a twin 
turboprop higher-performance 
observation airplane for the Army; 
and the Eagle, an air-to-air 
and air-to-ground missile. 

At Grumman, Monday morning is the 

beginning of the future. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage long Island New York 

In current product ion: FllF-l T iger, 

supersonicjetjighter; F9F-8T Jet Trainer; 

SZF, carrier-based anti-submarine aircraft; 

WF-Z, carrier-based e arly-warning air­

craft; SA-16 Albatross, rescue amphibian; 

Gulfstream, turboprop executive transport; 

AO-1AF Mohawk for the Army; Ag-Cat 

duster-sprayer. 
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TRANSFERRED 
TO SHADE 

PANTING 
BEGINS 

TEMPERATURE (DEGREES C.) 

TEMPERATURE CURVES of the three lizards in the experiment depicted on page 108 
were virtually identical as the animals absorbed heat. The smaller animals lightened in 
color, which aided the absorption of heat and compensated for their smaller ratio of surface 
to mass. Actually the lines on the chart were nearly superimposed. They were separated by 
transferring the smallest lizard (A) to the shade, while the next largest lizard (B) had only 
its head in the sun and the largest lizard (C) had its head and half its body in the sun. 

similar physiological needs of all species. 
Probably the optimum zone for activity 
in spiny lizards is an ancestral trait. If 
so, their physiological adaptation be­
came stabilized for a narrow zone cen­
tering around 93 degrees early in the 
evolution of the stock. The subsequent 
diversification and dispersal of the stock 
is largely a history of changes in such 
characteristics as size, shape, pigmenta­
tion and basking behavior, as species 
after species became adapted for sur­
vival under various combinations of en­
vironmental conditions. 

From one standpoint the evolution of 
the spiny lizard, as a minor current in 
the broad stream of evolution, followed 
the course of least resistance. Once the 
delicate equilibrium of its physiological 
processes had been established in a par­
ticular zone of temperature, any adapta­
tion to lower internal temperatures 
would have entailed revision of the 
whole complex system. The lizard's be­
havior, on the other hand, provided the 
necessary leeway to permit it to invade 
different environments successfully. 
There, under the pressure of selection, 

III 
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TEXAS HORNED LIZARD, like the regal horned lizard, has the 
ability to change the ('olor of its skin. When its body temperature 

is low, the animal is quite dark (left), but the same animal becomes 
paler (right) after it has been exposed to higher temperatures. 

the various species developed adapta­
tions in pigmentation and other physical 
characteristics associated with the regu­
lation of body heat. 

Spiny lizards are not the only lizards 
whose normal physiological activity is 
restricted to a narrow zone of tempera­
ture characteristic of the group as a 
whole. Other groups exhibit a similar 
identity. The whip -tailed l i zards 
(Cnemidophorus), with species widely 
distributed in North, Central and South 
America, are active at body tempera­
tures in a zone higher on the scale. They 
maintain a mean temperature close to 
104 or 106 degrees (40 or 41 de­
grees C.), with no significant difference 
between the temperatures of popula­
tions in climates and landscapes as wide­
ly different as Arizona, Florida and 
Honduras. 

Whip-tailed and spiny lizards often 
occur side by side in the same habitat. 
Invariably they show an average differ­
ence of 10 or 12 degrees between the 
means of their respective ranges in tem­
perature, even though the identical 
sources of external heat are available to 
both. This alone is evidence of the 
effectiveness of behavioral control of 
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heat intake and dissipation , augmented 
by pigmentation and enhanced by 
adaptation in structure. 

This interaction of structure and be-
havior makes it difficult to design 

experiments testing one or another of 
the reptile's temperature-regulating at­
tributes. Unquestionably size is subject 
to adaptive changes. vVhenever we com­
pare adequate samples from various por­
tions of the range of a widely distributed 
reptile, we nearly always find that the 
average size of adults in. one area is 
larger than that of adults in another area. 
Often the trend in size parallels the trend 
in climate, with the larger animals re­
stricted to warmer areas or to regions 
with longer growing-seasons. Such cor­
relations are suggestive, but without ex­
perimental evidence we cannot be cer­
tain that heat and size are directly re­
lated. The length or bulk of a reptile 
may be governed by such other vari­
ables as the food supply or gene combi­
nations . 

The problem of evaluating the adap­
tive Significance of size is not Simplified 
by the existence of adults and young of 
the same species in the same environ-

ments at the same time. In the desert­
dwelling whip-tailed lizard (Cnem i­
dophorus tigris) we found that juve­
niles of the species, weighing two or 
three grams, keep their bodies at mean 
temperatures identical with those of 
adults weighing up to 16 grams. Ho\\'­
ever, we found a difference between 
adults and juveniles when we recorded 
the daily variation of their temperatures. 
The smaller lizards restrict their tem­
perature fluctuations to a narrow zone 
of five or six degrees, while the activity 
zones in adults range over 10 or 11 de­
grees, from 99 to 110 degrees (37 .2 to 
43.3 degrees C.). The juveniles may be 
more responsive to heat and so may ad­
just their exposure more sensitively, or 
their body temperature may adjust more 
quickly by virtue of their smaller bulk. 

Other things being equal, the tem­
perature of a smaller lizard should rise 
or fall faster because it has more sur­
face in proportion to its mass .  In the first 
rough experiment we performed to test 
the validity of this generalization from 
the physics of inanimate objects, how­
ever, we discovered how important 
"other things" can be if they are not 
equal. Our subjects were adult speci-
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• No sharp edges to cut or scra pe 
operator. 

• Light weight-machine is balanced 
for easy handling. 

• Takes a punch! MARlEX deflector 
helps aim discharged material safely 
down away from operator. 

MARLEX 

Discharge Chute for 

bagging attachment 

• Absorbs shock of vacuumed-up ma­
terial being blown out of machine. 

• Unbreakable-MARlEX can take 
all sorts of punishment. Won't crack, 
rust or corrode. 

• Wears and wears-resists abrasion 
from discharged material. 

MARLEX 

Engine Canopy 

• Does not conduct heat-prevents 
burns. 

• Will not discolor from gas, oil or 
heat. 

• Resists shock -protects engine from 
damage. 

• Rigid-keeps out branches when 
trimming, leaves cooling system open. 

New 1959 foro mowers use MARLEX 
* 

... for lightweight, durable, abrasion-resistant parts 
These new Toro rotary mowers incorporate three 

MARLEX linear polyethylene components in their 

ultra-modern design . __ the engine canopy, discharge 

deflector and discharge chute_ 

During the selection of a material for these parts, 

many plastics were tried, but MARLEX was the only 

resin that successfully withstood the severe shock­

loading and abrasion tests! 

Toro truly set the pace in 1959 power mower de­

sign when they chose MARLEX, the versatile new 

heavy-duty rigid polyethylene. 

No other material serves so well and so economically 
in so many different applications. How can MARLEX 
serve you? 

MARLEX COMPONENTS MOLDED BY FLAMBEAU PLASTICS, 
INC., BARABOO, WISCONSIN. 

PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 
A subsidiary of Phillips Petroleum Company 

MARLEX' 

o PLASTICS SALES OFFICES 
NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN 
322 Waterman Avenue 80 8roadway, Suite 4300 318 Water Street 111 S. York Street 317 N. loke Ave. 
East Providence 14, R.t New York 5, N. Y. Akron 8, Ohio Elmhurst, III. Pasadena, (alif. 
GEneva 4-7600 Digby om FRanklin 6·4126 TErroco 4-6600 RYan 1-6997 

EXPORT: 80 8roadway, Suite 4300, New York 5, N. Y. 

SOUTHERN 
6010 Sherry lane 
Dallas, Texas 
EMerson 8-1358 *MARlEX i, 0 trodemark for 

Phillips family of olefin polymers. 
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CHOOSE FROM 100 RARE EARTH SALTS 
One of them may offer you unexpected and profitable advantages 

a report by LINDSAY 

The unique properties, intriguing characteristics and amazing versatility of the 
rare earths suggest the possibility of their usefulness to you. It's not unlikely when 
you consider that rare earth salts are being used today in production processes 
involving glass, metals, ceramics, chemicals, fabrics, paint and pharmaceuticals, 
just to name a few. 

Even today, some manufacturers have not investigated the rare earths because 
they still think they are rare. That is not so. Only a few years ago, the rare earths 
were little more than laboratory oddities, except of course for a few well-known 
basic and critically important applications. 

It will interest you to know that we are producing more than 100 rare earth, 
yttrium and thorium salts. We can make prompt shipments in commercial quanti­
ties. And at extremely favorable prices. 

If you are concerned with research, product development or production pro­
cesses, it will be significant to you that there has been a vast change in rare earth 
production during the past ten years ... in volume, in varieties, in purities of mate­
rials commercially available, and in prices. 

This is the result primarily of two fac­
tors. The curiosity and imagination of 
research workers who have developed 
many practical applications. And our 
own enormously expanded production, 
particularly of rare earths in high puri­
ties up to 99.99% . 

• Look with us for a moment at some 
of the interesting developments. 

Glass polishing with cerium oxide is one 
of the most extensive rare earth appli­
cations. Lindsay, nearly 20 years ago, 
revolutionized glass polishing practices 
in this country when it introduced ce­
rium oxide. Today it is used for polish­
ing millions of spectacles, lenses for 
cameras and other high precision op­
tical instruments, TV picture tubes, fine 
quality mirrors, automobile windshields 
and many glass specialties. 

We are operating a fully equipped 
and capably staffed polishing labora­
tory continually working on quality 
control and evaluation of new formulas. 
If you have a polishing problem, you 
may find it fruitful to talk with us. 

Rare earth garnets for electronic equip­
ment are structurally somewhat similar 
to the garnet variety grossularite 
(formula Ca3AI2(Si04)J. The most in­
teresting ones are the rare earth-iron 
garnets such as Y3Fe2(Fe04la. This 
mouthful of formula has been ab­
breviated by researchers to "YIG" for 
obvious reasons. Other names stem 
from other rare-earth symbols. These 
garnets, particularly those of yttrium, 
aadolinium, erbium, and some others have interesting ferrimagnetic proper­
ties, making them useful as ferrite ma­
terials in electronic equipment. 

We don't make the garnets but we 
can supply the correct material for this 
particular application, and, of course, 
helpful technical service. 

Neutron absorbing rare earths are now 
available in ample quantities and at 
reasonable costs for use as poisons in 
nuclear reactors. Europium is the most 
effective control rod material but is 
relatively scarce and expensive. Control 
rod designers are making progress in 
demonstrating the desirable perform­
ance characteristics of gadolinium, dys­
prosium, samarium and erbium. 

PLEASE ADDRESS INQUIRIES TO 

We would be happy to supply to 
qualified persons information about sig­
nificant developments in this field. 

Sintered shapes. Through our labora­
tory research, we have developed a 
process for producing rare earth oxides 
in sintered shapes. This information is 

now available to you if your experi­
mental work indicates this a desirable 
form of the rare earth oxides. 

Rare earth and yttrium metals are now 
available from Lindsay. Many users of 
rare earths prefer them in this form. 
Our high purity rare earth metals are 
furnished primarily in the form of 
ingots or lumps. They are available for 
prompt shipment from our inventory in 
experimental quantities. 

You will find costs reasonable and 
advantageous for your research or prod­
uct development and production oper­
ations. Want more information? 

This report indicates a wide range 
of commercial interest in the rare 
earths. Certainly they have a quite re­
markable flexibility and versatility in 
their application to many uses. 

We can't tell you how to use the rare 
earths in your processes. But we can 
offer you technical data which may be 
of interest to your research people. 

Please tell us your area of potential 
interest and we'll try to supply infor­
mation which is most helpful to you. 

UNDSAY CHEMICAL DIVISION 
American Potash & Chemical Corporation 

264 ANN STREET . WEST CHICAGO, ILLINOIS 

OFFICES: CHICAGO . LOS ANGELES . SAN FRANCISCO · NEW YORK · PORTLAND (ORE.) • ATLANTA . COLUMBUS (0.) • SHREVEPORT 
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mens of two species of spiny lizard. The 
larger of the two was a green spiny lizard 
(Seeloporus f01'1nosus), a species re­
stricted to open areas in moist forests 
of broad-leaved trees at elevations above 
5,000 feet in central Honduras; its green 
skin is marked with black pigment 
sparsely distributed in a reticulated pat­
tern of lines and smaller blotches. The 
other was a much smaller, slate-colored 
spiny lizard (Seelopoms variabilis) that 
lives at elevations up to 3,000 feet in the 
arid valleys below the cloud forests on 
the mountain summits. In their very dif­
ferent environments the two species 
keep nearly the same average body tem­
perature. 

Though our two specimens had 
roughly the same bodily proportions, 
the greenish one, weighing 27.8 grams, 
had four times the bulk of the other, 
which weighed only 6.9 grams. The tem­
perature of both lizards was 77 degrees 
(25 degrees C.) when they were placed 
in full sunlight with the air temperature 
at about 90 degrees. Temperatures were 
recorded at intervals of three minutes. 
During the first nine minutes the body 
temperature of the larger lizard lagged 

less than a degree behind that of the 
smaller lizard. But after 12 minutes the 
temperature of the larger lizard rose 
slightly above that of the smaller. At the 
conclusion of the experiment, after 18 
minutes, the temperature of the larger 
lizard was 109 degrees (43 degrees C.) , 
and that of the smaller was 108.7 de­
grees (42.6 degrees C.). If the two 
lizards had absorbed heat at rates predi­
cated solely on their weight, the heavier 
should have required approximately 10 
more minutes to reach the temperature 
attained by the smaller' animal in 18 
minutes. Though inexact, the results of 
our simple experiment suggest that the 
cloud-forest lizard is better equipped, 
figuratively, "to make hay while the sun 
shines." Because the pigments in its skin 
absorb heat so rapidly, it can attain its 
threshold temperature quickly enough 
and often enough during the year to per­
mit it to forage and fuel itself. 

W e suspected that the outcome of this 
experiment may have been inHu­

enced by changes in the pigmentation 
of one or the other reptile in the course 
of the experiment. To find out how im-
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pOltant such changes are in regulating 
the absorption of heat we performed an 
experiment with individuals of different 
weights but belonging to the same 
species. This time we used regal horned 
lizards (Phrynosoma solare) weighing 
respectively 12.4, 29.4 and 85.5 grams. 
The experiment was conducted in 
August on a clear day, with no wind, in 
the foothills of the Chiricahua Moun­
tains in Arizona. The body temperature 
of each lizard was 80 degrees (27 de­
grees C.) at the start of the experiment; 
within 15 minutes their temperatures 
simultaneously reached 109 degrees 
(43 degrees C.), with the curves on the 
recording instrument indicating that 
they had risen at a virtually identical 
rate. About halfway through the experi­
ment the temperature of the smallest 
lizard ran a degree ahead of the others, 
but shifted back to the curves being 
plotted for the other two, as though 
some mechanism were regulating the 
rate of heat absorption. This proved to 
be the case. Although the three lizards 
were not conspicuously different in 
color at the beginning of the experiment, 
we could discern distinct differences at 

EARLESS LIZARD of the Southwest regulates its temperature 
within narrow limits by means of its behavior. The morning sun 
(arrows at left) warms the blood in the animal's head while the 

rest of it remains hidden in the sand until it is warm enough to be 
active. At noon (top) the lizard seeks shelter from the hot sun, but 
later it emerges and lies parallel to the sun's rays (bottom). 
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the conclusion. The largest lizard was 
the darkest of the three, and the smallest 
lizard the palest. 

absorb heat. The black-pigmented cells, 
or melanophores, of their skin expand 
laterally when the animal is cold, thus 
darkening the body and increasing the 
rate at which it absorbs radiant energy. 
When the body is warm, the same cells 
contract, thereby exposing light pig­
ments in adjacent cells that reflect infra-

While their broadly flattened bodies 
are adapted for the rapid absorption of 
heat, it is apparent that horned lizards 
are equally well equipped by pigmenta­
tion to regulate the rate at which they 
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SIGNIFICANCE OF BODY TEMPERATURE to the behavior of reptiles is indicated by 
this chart giving the approximate temperatures for various activities of spiny lizards. The 
effects of exposure to heat levels near the extremes depend on duration. Even temperatures 
near the upper limit for the lizards' normal activity become lethal if exposure is prolonged. 
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21 tons held by one drop of new adhesive 

demonstrates breakthrough in adhesive technology 
Eastman 910 Adhesive opens way to new design approaches 

and faster, more economical assembly-line operations 

One d .. op of Eastman 910 Adhesive is 
applied to the end surface of a 2-inch 
dimnete.- steel rod, tapped to receive 
eye bolt. 

• The steel "od is held against the end of 
a similar steel rod for several seconds. 
T he joined "ods are then fitted with eye 
bolts and placed between a crane hook 
and lifting harness. 

Afte .. setting for 30 minutes, the bond 
formed by one drop of Eastman 910 Ad­
hesive supports a load of 5,000 pounds. 

Send for a trial kit. Each trial kit con­
tains approximately 'h ounce Eastman 
910 Adhesive in a polyethylene bottle 
with dispensing spout, instruction sheet 
and material for evaluation tests. 
Price ... $5 

Eastman 
910 

Bonds almost instantly 

... without 

heat, pressure 

or catalyst 

Adhesive 

-- ,� ... *"",::': '" 

"";....-;.� 

Here is a ready-to-use adhesive that sets almost instantly and develops high strength 
bonds in a matter of minutes. Moreover, it requires no heat, pressure or catalyst ... 
and forms bonds with virtually all materials. 

Eastman 910 Adhesive comes close to meeting the requirements of an ideal industrial 
adhesive. It is solving assembly problems for manufacturers of jet aircraft ... trophies 
and jewelry ... fountain pens ... radiation measuring instruments ... electronic com-
ponents ... rubber swimming masks ... metal and plastic hand tools ... and steel-backed 
rubber printing plates. In many cases this remarkable adhesive makes possible innova­
tions in design previously considered impractical or impossible. 

Look at its many features and see how you can take advantage of the unusual combi­
nation of properties available in this fast-setting, high-strength adhesive. 

• SETS FAST-Makes unbreakable rubber­
rubber bond in 30 seconds; bonds steel­
steel firmly in 3 minutes. 
• VERSATILE-Joins virtually any combi­

nation of wood, glass, metal, rubber, cork, 
leather, paper, porcelain, gems, minerals 
and most plastics. 
• H I GH S T RENGTH-Steel-steel bonds 

show shear strengths up to 3,800 psi, ten­
sile strengths up to 4,600 psi, after 24 
hours at room temperature. 
• EASY TO uSE-Thorough cleaning is the 

only surface preparation necessary. It is 
ready to use as supplied, no catalyst or 
mixing necessary. 

• CURES AT ROOM TEMPERATURE-No heat 
is required to initiate or accelerate set­
ting. Setting begins immediately upon 
spreading into a thin film. 
• CONTACT P RES SURE SUFFIC IENT-No 
pressure is required beyond that neces­
sary to maintain good contact between 
surfaces. 
• LOW SHRINKAGE-There is virtually no 

shrinkage on setting as neither solvent 
nor heat is used. 
• GOES FAR-One-pound package contains 

sufficient adhesive for 13- to 14,000 one­
drop applications to smooth, non-porous 
surfaces. 

Eastman 910 Adhesive offers new opportunities for engineers, experimenters and 
fabricators in both design and production. It is ideal for applications where extreme 
speed of setting is desirable ... or where design requirements involve small joining 
surfaces, complex mechanical fasteners or heat-sensitive assemblies. Eastman 910 
Adhesive saves countless man-hours of production time. 

To find out what it can do for you, send five dollars for a trial kit. 
Developed by Eastman Chemical Products, Inc., subsidiary of Eastman Kodak Co., 

Kingsport, Tenn., Eastman 910 Adhesive is distributed world-wide by Eastman Chemi­
cal Products, Inc., Armstrong Cork Company and by their sales offices and agents. 

Easbnan 110 ADHESIYE 
Send your order for the five dollar trial kit of Eastman 910 Adhesive to: Eastman 
Chemical Products, Inc., Chemicals Division, Dept. S-4, Kingsport, Tenn., or to: Arm­
strong Cork Company, Industrial Adhesives Division, 9104 Inland Road, Lancaster, Pa. 

For further information about Eastman 910 Adhesive call or write to one of the sales offices listed below. 
UNITED STATES 

Eastman Chemical Products, 
Inc. 
Kingsport, Tennessee 

Wilson Meyer Company 
San Francisco 

Armstrong Cork Company 
Boston (Needham Heights) 
Chicago 
Cincinnati 
Cleveland 
Detroit 
Greenville, S. C. 
lancaster, Po. 
los Angeles 
New York Ci ty 
Philadelphia 
St. Louis 

PUERTO RICO 

A. Oscar Rivera, Inc. 
Son Juan, Puerto Rico 

CANADA 

Armstrong Cork Canada 
Limited 
Montreal, Quebec 
Toronto, Ontario 
Voncouver, British Columbia 
Winnipeg, Monitobo 

EUROPE 

Etoblissements Henri Wouters­
Bruxelles, S. A. 
Brussels, Belgium 

S. A. Refic 
Mouscron, Belgium 

Kodak, ltd. 
liverpool, England 

Armstrong Cork Company, 
ltd. 
London, England 

Ets. Rondon & Immain, 
S. A. R. L. 
Litle (Nord), France 

Riberi S. R. l. 
Michelino (Torino), Italy 

Silanto, Limitada 
Lisbon, Portugal 

Eich & Cie 
Aarau, Switzerland 

Andre Thouin 
Armstrong Cork Company 
Zurich, Switzerland 

PACIFIC AREA 

A. G. Davidson 
Melbourne, Victoria, 

Australia 

Wi lIiam Hunt & Company 
(Internationol) Inc. 
Hongkong 

The Nissho Company, ltd. 
Higashiku, Osaka, Japan 

William Hunt & Company 
(International) Inc. 
Taipei, Taiwan 

LATIN AMERICA 

Cabarria ltda . 
80gota, Colombia 

Maderera Antonio Perez, S.A. 
Havana, Cuba 

Rene Crespo B. 
Guayaquil, Ecuador 

Rene Crespo B. 
Quito, Ecuador 

Juan Laffite 
La Ceiba, Honduras 

Agencia Commercial Y 
Texlil, S. de R. l. 
Mexico, D. F., Mexico 

William Crosby & Sons, S. A. 
P.O. Box 60 
Miraflores, limo, Peru 

AFRICA 
Lambert G. Snow 

Johannesburg, Union of 
South Africa 
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FISSION PRODUCTS 
N O W  AVA I L A B L E  

For the first time, kilocurie quantities of 
long - lived radioactive fission prod ucts 
are availa ble for your development 
work. The new Fission Products Pilot 
Plant at Oak Ridge National Labora­
tory makes it possible to distribute 
these isotopes at greatly-reduced prices : 

• Cer i u m- 1 44 
• Ces ium- 1 37 
• Prometh i u m- 1 4 7 
• Strontiu m-90 
• Technetiu m-99 

As the nation's principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in ­
formation concerning compounds for 
source fabrication. Oxides , fluorides, 
chlorides, and plate sources are avail ­
able. What ever your needs, we are 
ready to help you. Write to : Isotopes 
Division, Oak Ridge National Labora­
tory, P . O . Box X, Oak Ridge, Tennessee. 

I SO T O P E S  D IV I S I O N  
Oak Ridge National Laboratory 

Operated by 

UNION CARB IDE  CORPORATION 
for the 

U. S.  ATOMIC EN ERGY COMMISSION 

See the O R N L  exh ib i t­
B O O T H  209 

at  the ATOM FAIR 
in C leve land ,  Apr i l  6- 1 0 
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red radiation. To match such efficiency 
we would need a mechanism that auto­
matically exchanged our dark winter 
clothing for white linens with the advent 
of hot weather. 

There appears to be an upper limit of 
bulk beyond which behavioral and 
physiological adaptations can no longer 
secure adequate regulation of a reptile's 
internal body heat. At the Archbold 
Biological Station in Florida, E. H. 
Colbert, R. B. Cowles and I conducted 
a suggestive experiment with a five-foot, 
30-pound alligator as the subject. We 
found that it took the summer sun 7.5 
minu tes to increase the animal's temper­
ature by two degrees. To see what this 
signifies for large reptiles, let us con­
sider the plight of a 10-ton dinosaur 
under the same circumstances. This 
creature would have to bask in a blazing 
sun for more than an hour to elevate its 
body temperature to the same extent. 
Suppose our hypothetical dinosaur were 
active in daytime, and subject to cooling 
at n ight, as it would be in any desert 
region today. If its temperature dropped 
even four or five degrees below its 
threshold for activity, the dinosaur 
would have to bask for a large part of 
the following day in order to regain the 
threshold temperature of activity. The 
odds favor the deduction that dinosaurs, 
at least the larger ones, lived under 
fairly constant environmental tempera­
tures. This is an important piece of evi­
dence favoring the conclusion that the 
earth's climate was once quite uniformly 
tropical, for the distribution of fossils 
shows that the large dinosaurs roamed 
the earth far beyond the borders of the 
modern tropics. 

All the truly large reptiles still abroad 
� in the world today-pythons in Asia 
as long as 33 feet, anacondas in South 
America as long as 28 feet, monitor liz­
ards in Indonesia as long as 10 feet, 
crocodilians in the Americas as long as 
23 feet and tortoises in the GalApagos 
Islands weighing more than 500 
pounds-are residents of the tropics . 
The only exception is the enormous 
leatherback turtle Dermochelys, which 
is known to reach and possibly to exceed 
1,500 pounds and is perhaps the largest 
living reptile . But this creature is pro­
tected by the constant warmth of its 
oceanic environment. The occasional 
specimen that turns up on the coast of 
Nova Scotia is probably carried there 
by the Gulf Stream. 

In general the tropics afford stable 
temperatures that fluctuate in the nar­
row and comfortable range from 68 to 
86 degrees year in and year out. The 

hottest places on earth are found not in 
the tropics but in the desert regions of 
the zones so inappropriately called "tem­
perate." In winter these same deserts 
may be bitterly cold, and the daily fluc­
tuation in temperature throughout the 
year far exceeds any encountered in the 
tropics. The night temperature of a 
tropical forest may drop only a few de­
grees below that of the day. Thus none 
of the large reptiles is ever exposed to 
either the freezing or the high tempera­
tures encountered by reptiles in the 
middle-I a titude deserts. 

The green iguana ( Iguana iguana), 
the largest lizard found on the American 
continent, illustrates the dependence of 
large reptiles on the constancy of the 
tropical temperature-environment. This 
animal, widely distributed in the low­
lands of Latin America, reaches a length 
of at least 5 . . 5 feet and a weight of 13 
pounds. In a population we studied on 
the west coast of Mexico we found that 
the body temperature of the green 
iguana fluctuates much more than small­
er lizards living in the same area or in  
the deserts 700 miles to the north. Green 
iguanas spend virtually all of their time 
high up in the crowns of large trees. 
feeding on leaves, buds or fruits dur ing 
the day, and sleeping at  night with on h­
branches or foliage to conceal them from 
predators and to protect them from heat 
loss .  They evidently do some basking; 
we found that the temperatures of near­
ly 50 iguanas were 10 to 15 degrees 
above the level of the air. But it is doubt­
ful that there has ever been sufficient 
stress from heat fluctuations in the en­
vironment of the green iguana to induce 
adaptive changes in its behavior. 

\'Ve had an opportunity to test this 
supposition by exposing several green 
iguanas to summer conditions in the 
desert. Instead of fleeing from the heat 
of direct sunlight, as any reptile native 
to the desert would have done, they l it­
erally sat in the sun until they died. The 
increase in their body temperatures was 
slowed a little by respiratory cooling 
when their breathing turned to panting, 
but this merely prolonged their discom­
fiture before breathing stopped. Green 
iguanas are equally unprepared for ex­
posure to low temperatures . One speci­
men at the San Diego Zoo had to be 
moved indoors overnight because it 
showed no disposition to seek shelter of 
its own accord. However, one evening 
preceding a cold snap the creature 
.chanced to be overlooked. Next morning 
it was found in a state of cold narcosis, 
suspended by a single claw accidentally 
hooked to a twig. 

Considering that all reptiles would be 
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prroven again and again :Burroughs 205 Computer 

Designed to handle with ease a wide range of computational problems, the Burroughs 205 is delivering results 

daily in a great variety of scientific and business applications . . .  from refinery design to inventory control, wind 

tunnel test analysis to insurance premium billing, telemetered 'data reduction to operations research. The 205 

was selected to work on these and countless other tasks because of its speed, 4080 words of memory, ease 

of program loading, vast magnetic tap e storage capacity and multiple-card processing versatility . . .  features 

which make the 205 to day's best dollar-for- dollar computer value. The 205 is just one part of a complete line 

of Burroughs electronic data processing equipment, helping hundreds of industrial users to save precious man­

hours and 10 solve important problems. Write for 205 brochure, ElectroData Division, Pasadena, California. 
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We wish we could afford a newer automobile with an emblazoned 
banner for eacb of these gentlemen * ,  to tel l  the whole 

relay-using world of their accomplishments.  For these are th� 
soul s who design that sel dom-heralded product - the plebeian Sigma 

relay. Unlike more renowned S igma engineers, they can n ever 
go home at n ight and say " Today I built a relay that will make 

history " ;  i n stead, their efforts will only keep someone's j uk e  box, 
remote-control led toy, electric blanket or burglar alarm worki ng. 

Here are five of their achievements that are about as experienced as relays 
can be; the " 4 " ,  " 5 "  and " 4 1 " have proved themselves since 

early WW Il d ays, the others almost as long.  Being old standbys 
also means they're for sale and deliverable in quantity. 

* Perhaps you recognize th e man on the spare tire 
as Mackinaw L. Mundane of April 1 958 fame. 

AC 
B u i lt- i n  rectifiers. Operation compa­
rable  to DC performance, except for 
coil overload capacity and speed. 

S haded po le  version, for 60 cycle 
positive O N-OFF operation o n l y .  
Standard sensitivity 0.3 volt-ampere.  
Type l 1 F  - 1 lj2" x 1 lj2" x 1"  h i g h ,  
wt. l o z .  max. 

S h aded po le  SPOT design.  Sensi­
tivity 0.06 to 0.40 volt-ampe re, 60 
cps (specials for 1 6-400 cPS.) Long 
l i f e ;  Q u i et, i nexpensive. Rati ngs u p  to 
5 amperes resistive. 

DPDT version of Series 41 , but with 
0,30 a n d  0,50 volt-ampere standard 
sensitivit ies.  Standard frequency 60 
cps, specials 1 6-400 cps. Contacts 
rated 2 or 5 amperes. Econom ical of 
power. 

Series 5 

Series 1 1  

D C  
Rugged, l i g htweight  general-pu rpose 
SPOT design with adjusta b l e  p u l l - o n  
and d rop-out. Standard sensitivity 20 
o r  50 mw.,  rated 2 amperes resistive 
fo r 1 00,000 operations. 

Dual  co i ls, S POT, sensitivit ies from 
1 mw, to 2 watts. High sta b i l ity and 
shock resistance. Ava i l a b l e  adjust· 
ments i n c l u d e  precision DC, close 
d i fferential, meter protection, b reak­
de lay, etc. 

Smal l ,  low cost ( $ 1 .50-2.45) SPOT 
relay. I d eal fo r remote contro l  u n its 
for toys and TV sets, door openers , 
etc. M echanical  l i fe 1 00,000,000 
ope ratio ns. Fou r  mtg . styles, u n ­
enclosed o n l y .  

DC sensitivit ies 4 0  t o  200 mw.  Fast, 
bounce-free switch i n g ;  useful fo r 
keyi n g ;  speeds to 1 00 pps. Shock 
and constant acceleration u p  to 1 00 g 
w i l l  not cause damage. 

DPDT version of Series 41,  b u t  with 
1 00 and 200 mw. standard sensit ivi­
ties. Can serve as output relay of  
many e lectro n i c  co ntro l s ;  often used 
where U L  approval i s  requi red . 
Contacts rated 2 or 5 amperes. 

Bulletins on any of these Series on request. 

IG 
SIGMA INSTRUMENTS, INC. 

. 40 Pearl St.,  So.  Braintree 85, Mass. 
AN AFFILIATE OF THE F ISHER- PIERCE CO. (S Ince  1939) 
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just about equally vulnerable to cold 
and heat were it not for their behavioral 
adaptations, it is remarkable that so 
many lizard species are established in 
the temperate zone. It should be noted 
that snakes and turtles also have adapt­
ed themselves by much the same means 
to survive in rigorous climates.  Snakes 
in particular have gotten around the sur­
face-to-mass limitation by the lengthen­
ing of their bodies, which exposes more 
surface per unit of mass to absorb solar 
energy. In Canada snakes outnumber 
lizards and turtles combined, and in 
Europe one viper (Vipera herus ) has 
penetrated to regions within the Arctic 
Circle. However, one European lizard 
(Lacerta vivipara ) ranges even farther 
to the north, farther from the Equator 
than any other living reptile. 

In common with the majority of rep­
tiles near the northern limit of their dis­
tribution, both the snake and the lizard 
give birth to living young. Some snakes 
and lizards transfer nutrients and 
oxygen from maternal blood to the de­
veloping embryo by means of mammal­
like placental structures. Most of these 
live-bearing reptiles, however, incubate 
the eggs within the body of the female, 
where behavioral regulation of tempera­
tures keeps the eggs at heat levels with­
in the optimum zone for development. 
Such modification of the reproductive 
pattern, peculiar to lizards and snakes, 
gives them a leeway in dispersal not 
open to turtles and crocodilians .  Snakes 
and lizards are accordingly the most 
widely distributed reptiles, with lizards 
having a slight edge in number of 
species . Of the two groups it is the lizard 
that best exemplifies the complexity of 
adaptations involving the coordination 
of structure, physiology and behavior in 
response to the interplay of selective 
forces in the environment. 

p erhaps the most amazing behavioral 
adaptation is that of the em-less liz­

ard, which is almost never found abroad 
with its body temperature below 96 de­
grees .  We exposed its secret only by ob­
serving what it did in a laboratory cage 
provided with sources of radiant heat. 
From its overnight retreat, submerged 
in the sand, the em'less lizard first thrusts 
its inconspicuous head above the sur­
face ; there it waits until the blood 
coursing through a large sinus in its head 
has absorbed enough heat from the sun­
light to raise the temperature of its en­
tire body. When its temperature is well 
above the threshold for efficient activity, 
this wary reptile emerges from the sand, 
preheated and ready to take off at top 
speed. 
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S T E P S  I N  T H E R A C E  T O  O U T E R  S P A C E  

T h i s  n u c l e a r-fueled reco n n a i s s a n c e  craft 
is prepa r i n g  to l a n d  o n  M a rs '  o u te r m ost 
sate l l ite ,  D e i m o s - 1 2 , 5 00 m i l es away 
from the " red p l a net" ( c e nte r) and 35 
m i l l i o n  m i les away from t h e  E a rt h .  D e i ­
mos'  gravitat io n a l  p u l l  i s  so s l ight t h a t  a 
feat h e r l i gh t  l a n d i n g  c o u l d  be m a d e ,  a n d  
a take·off co u l d  be acco m p l i s h e d  with 
l itt l e  more t h a n  a s h ove of t h e  p i l ot ' s  
foot ! ( At D e i mos'  orb ita l  s p e e d ,  s u c h  a 
p u s h  wou l d  sta rt t h e  s h i p  b a c k  to Ea rth 
at  3000 m i l es per h o u r . )  

Mars Snooper 
a n d  t a i l - f i rst a s  a ra mjet a i r p l a n e . Pro­
p u l s i o n  for both i s  provided by a s i ng le  
ato m i c  heat sou rce , reacti n g  w i t h  hydro­
ge n for rocket t h rust,  and with atm os­
p h e r e  to power the ra mjets. 

Trave l to M a rs ,  b ra k i n g  for l a n d i ng,  
ta ke-off and re·e ntry a re accom p l i s h e d  
b y  roc ket-th r u st .  As t h e  s h i p  a p proa c h e s  
t h e  Ea rth ' s  a t m o s p h e r e ,  it  a s s u m es a ta i l ­
fi rst attit u d e .  T h e  " peta l doors" e n c lose 
t h e  rocket n oz z l e ,  and t h e  s h i p  i s  tra n s­
fo r m e d  i n to a h i gh speed,  r a m j et a i r-

p l a n e  with  M - s h a ped wi ngs.  Control  f i n s  
a re located i n  the n o s e  of t h e  craft ,  n e a r  
the c r e w ' s  q u a rters. 

* * 
. I n e rt i a l  navigat i o n  syst e m s  w i l l  p lay 

a n  i n crea s i n g  ro l e  i n  t h e  explorat i o n  of 
outer s pace.  ARIIIA ,  now p rovi d i n g 
s u c h  syst e m s  fo r  t h e  A i r  Force TITA N  a n d  
ATLAS I C B M ' s ,  w i l l  be i n  t h e  va ngu a rd 
of t h e  race to outer space.  ARIIIA . . . 
G a r d e n  C ity, New York. A D i v i s i o n  of 
America n Bosch Arma Corporat i o n _  

O u r  spaces h i p  i s  d es i g n e d  t o  f l y  i n  two 
d i rect i o n s-nose f i rst as a space rocket A�ERICAN BOSCH AR�A CORPORATION 

1 2 1  
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T R M E T H y L 

C e l a n e s e  h i g h  v o l u m e  p r o d u c t i o n  
-=- :::;::::::::::: -===:: 

a n d  l o w p r i c e  . . .  p u t t i n g' b O u n c e 
-::=::::::... � -

i n  u r e t h a n e  f o a m s  a n d  c o a t i n g s  i n d u s t r i e s  

L e f t t o  r i g h t :  
• C R A S H PA D D I N G  

• A I R C R A F T  C O N S T R U C T I O N  

• C L O T H I N G  I N T E R L I N E R S 

• R U G  U N D E R L A Y S  

• R E F R I G E R A T O R  I N S U L A T I O N  

• F U R N I T U R E  C U S H I O N I N G  

• A U T O M O B I L E  C U S H I O N I N G 

• P R O T E C T I V E  P AC K A G I N G  

• M A T T R E S S E S  A N D  P I L L O W S  

• A R C H I T E C T U R A L  P A N E L S  
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o L P R o P A  N 

To make urethane foam, rigid or resilient, you need a polyol. This is where an increasing 

portion of Celanese' 15  million lbs . capacity of trimethylolpropane is going, and where the Celanese 

low price is helping manufacturers of urethane foams and coatings to flatten costs 

and meet the competition of other materials .  

The same with alkyd resins- another end use where Celanese trimethylolpropane's high production and low 

price have enabled paint and coatings manufacturers to plan ahead with more confidence. 

Giving dependability to your raw material supply source is a continuing program at Celanese.  

Celanese Corporation of America, Chemical Division, Dept. 582-D, 180 Madison Ave . ,  New York 16. 
Canadian Affiliate: Canadian Chemical Compa1Jy Limited, Mon treal, Toronto, Vancouver. Celanese® 
Export Sales: Amcel Co. , I n c . ,  and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16, N. Y. 

E 
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Dr. Malcolm H. Hebb, P h . D  . . Harvard 
U n iversity ( 1 9 3 6 )  taught physIcs at 
Duke U n iversity and during World 
War I I  worked on submarine detec­
tion in the U n derwater Sound Labo­
ratory at H arvard. He j oined the 
General Electric Research Labora­
tory staff in 1949 and became manager 
of general physics research in 1952. 

F ree d o m  of i n q u i ry 
G e n e ral E l ectri c's D r. Malco l m  H .  H e b b  

d i sc u sses p ro g ramed and u n p ro g ra m e d  researc h  
Scientists i n  the General Physics Research Depart­
ment at the General Electric Research Laboratory 

are engaged in fundamental studies of semiconduc­

tion phenomena, the generation of light, the behavior 

of arcs, and a variety of other fields. Making certain 

that these men and women have the tools, the incen­

tives, and the freedom to seek out new knowledge is 

the particular concern of the department's manager, 

Dr. Malcolm H .  Hebb. 

Recently Dr. Hebb said : " Freedom of i nquiry is 

the very essence of research. Conceivably, there are 

two idealized approaches to industrial research. On 

the one hand, the work may be carried out on a strictly 

programmatic basis, in which all of the effort is aimed 

directly at fulfilling immediate needs. In this ap-

proach, the horizons of tomorrow are limited by the 

viewpoint of today. At the opposite extreme is  com­

pletely unprogramed research carried out in the hope 

that the results may somehow prove useful.  

"The practical course lies somewhere between these 

two extremes.  Actually, emphasis may shift from time 

to time, either from necessity or to take advantage 

of special opportunity. In a research program aimed 

at opening up virgin territory, to deny freedom of in­

quiry i s  to slam the door on discovery." 

Progress Is Ovr Most Imporfanf Protlvd 

G E N  E R A L  _ E L E C T R I C  
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ALIGNED CRYSTALS IN METALS 
Crystals have different properties in different directions. 

Alignment of the crystal grains -within a piece of metal can 

significantly alter its mechanical and n1agnetic behavior 

A 
man scaled down to the size of an 
atom would find a trip through a 
crystal a tedious expedition. Hop­

ping from atom to atom in any one di­
rection, he would find that every jump 
was as long as the last one, and that the 
arrangement of atoms to his left and 

by B. D. Cullity 

right, and above and below him, re­
mained the same. By changing his di­
rection he could vary the experience 
momentarily. He would find a different 
distance between atoms and a different 
set of surroundings, but then the new 
pattern would repeat itself until he 

changed direction again. An imperfec­
tion here and there in the crystal might 
offer some variety. But he would expe­
rience purer monotony only in a non­
crystalline, amorphous solid like glass. 
Here he could not tell from his surround­
ings which way he was gOing; the hap-.H TT 

1/ -Lf [\-
� -L 
/ -d r4.J. 

.( 

I 

I 

CRYSTALLINE GRAINS within a metal, shown here schematical­

ly, have regular lattices (black grids) but irregular boundaries. If 

the grains are randomly oriented (left) the metal will have the 

same properties in every direction. With "preferred orientation" 

{right} the metal's properties will vary from one direction to an­

other. The variations are often troublesome but sometimes useful. 

125 
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ARRANGEMENT OF ATOMS in a crystal varies with the directIOn from which it is viewed 

and thus accounts for directional difference5 in the crystal's properties. Shown here are cells 

of the iron·crystal lattice: cubical structures with an atom centered in each cube. Different 

arrays of atoms (colored dots) are produced by a plane passing through a face of the cube 

(top), through an edge and a face diagonal (center) and through a body diagonal (bot/olll) . 

126 

hazard arrangement of atoms would 
make one direction look more or less like 
another. 

If we can overlook the bleakness of 
this report from our imaginary explorer, 
we can find in it some valuable insights 
into crystal structure. Just because its 
structure is so regular, a crystal must 
look different on the atomic scale when 
it is viewed from different directions .  
Even for a full-scale man who must look 
at crystals from the outside, the distance 
between the corners of a cube appears 
longer across the diagonal of a face than 
along an edge, and the distance appears 
even greater on the diagonal through the 
center of the cube. Cubes and other 
regular shapes occur in crystal structures 
because each structure is built up from a 
characteristic unit cell bounded at its 
corners by atoms of the substance; the 
unit cell repeats a vast number of times 
until it forms an aggregate of visible 
dimensions . 

Crystal structure assumes its true sig­
nificance when we find that a crystal 
also has different properties in different 
directions. This fact can be demon­
strated by growing relatively large sin­
gle crystals in the laboratory. From such 
single crystals we learn, among other 
things, that a crystal of copper is much 
stronger when pulled in one direction 
than in another, that an iron crystal is 
easier to magnetize in one direction than 
in another, that a zinc crystal conducts 
heat much faster in one direction than 
in any other, and so on. 

These properties of crystals do not al­
\Va ys show up in pieces of metal or other 
solids large enough for some practical 
use. Most solids are polycrystalline; they 
are made up of a mass of microscopic 
single crystals, called grains, stuck to­
gether at their boundaries. 'vVith each 
grain oriented more or less at random 
with respect to its neighbors, the vari­
ation in properties with crystal direction 
averages out. Accordingly the material 
as a whole exhibits the same properties 
in all directions . 

I t is possible, however, to give all the 
. grains nearly the same orientation. 

The directionality of the properties in 
each little crystal is then magnified to 
the scale of the aggregate structure of 
the material. Such "preferred orienta­
tion" or "texture" is widespread in na­
ture and in technology. It occurs in 
metals, rocks, natural fibers and in part­
ly crystalline organic plastics [see "The 
Mechanical Properties of Polymers," by 
Arthur V. Tobolsky; SCIENTIFIC AMERI­
CA!\" September, 1957]. More is known 
about it in metals than in any other 
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SCIENTIFIC INST RUMENTS FOR RESEARCH AN D D EVELOPMENT 

STEREO-MICROCAMERA 

G.". 

NOW FOR AS LITTLE AS $4,000 ! 
Complete RCA X-Ray Diffraction Equipment 

for all Types of Film Studies 
Think of it-a complete x-ray diffraction facility for film studies can be yours now for less than 
$4,000.00. A typical installation could include: a Crystallotlex II X-Ray Diffraction Generator 
complete with two powder cameras, a tlat camera, and a stereo-microcamera, a copper target 
x-ray tube and camera carriers. Other combinations, with prices varying according to the selection, 
could include both one and two radian cylindrical cameras, tlat cameras and the very versatile 
70mm. film with one radian cylindrical camera which can be used for powder diffraction, sym­
metrical back retlection work and rotating crystal layer line diagrams. A wide variety of additional 
cameras, x-ray tubes with other targets, and attachments for special specimen handling are 
also available. 

Cameras used with the Crystallotlex II can be operated simultaneously at four x-ray ports, each 
of which is equipped with an individually timed shutter. Rating of this compact table mode! is 
25 to 60 KV in 5 KV steps. Tube current control is continuous from 0 to 40ma. Overall size of the 
unit is 24" wide x 32" high x 22" deep. The Crystalloflex II can also be tilted so that the tube may 
be operated horizontally. All these features make this generator an excellent tool for chemists, 
metallurgists, physicists and biologists whose research projects usually entail a high volume 
and wide variety of film work. 

RCA also offers the Crystallotlex IV console model generator, and the world's most complete line 
of attachments and accessories for x-ray diffraction and spectroscopy including an excep­
tionally versatile group of cameras, pole figure goniometer, single crystal layer line and micro­
tluorescence attachments. 

Contract services on RCA X-Ray diffraction equipment and electron microscopes are available 
through eleven regional offices of the RCA Service Company. 

FOT m01'e in! ormation about this advanced equ'ipment 01' a quotation on you'r require­

ments, w,-ite: Radio CQ1'po"ation of America, Dept- S-111, Building 15-1, Camden, N.J. 

RADIO CORPORATION 0' AMERICA 
CAMDEN 2, N. J. 
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EASY 
> 

MEDIUM 

IRON CRYSTAL can be magnetized most 

easily along tbe edge of one of its cubical 

unit cells. Magnetization along a face diago· 

nal or a body diagonal is more difficult. 

group of materials. But we do not know 
enough about the condition either to 
produce it at will or to eliminate it en­
tirely in every metal and alloy. As a re­
sult, much attention is devoted to hold­
ing preferred orientation to a minimum. 
This is accomplished by empirically pre­
scribed cycles of rolling and heat-treat­
ing which are designed to achieve ran-

dom orientation of properties in the fin­
ished piece of metal. On the other hand, 
metallurgists have been learning in cer­
tain instances how to reproduce the 
oriented properties of the crystal in the 
aggregate. In a few materials crystal 
orien tation is already as critical a factor 
as chemical composition. The day of 
tailor-made textures is probably not far 
distant. 

Preferred orientation may or may not 
be a desirable property, depending upon 
the use of the material or on the kind 
of treatment it must undergo in manu­
facture . Consider the making of a car­
tridge case or, to take a less warlike 
example, a lipstick case. Both are long 
cylinders closed at one end. They are 
made by taking a thick disk of metal, 
clamping it around the edge and push­
ing its center into a cylindrical die. Dur­
ing this operation the metal is drastically 
stretched. If its grains are preferentially 
oriented, the metal will not flow evenly 
in all radial directions, and cracks and a 
scalloped edge at the open end of the 
cylinder will result. On the other hand, 
in forming an automobile fender from 
sheet steel a certain amount of the right 
kind of preferred orientation is desirable. 
Here the flow of metal is decidedly un­
symmetrical, and it is advantageous to 

\ 

have a starting material with different 
properties in differen t directions. 

The possibilities of this approach to 
the control of the internal structure of 
metals have been most successfully ex­
ploited in the design of magnetic alloys. 
About 25 years ago the metallurgist 
N. P. Goss set out to improve the prop­
erties of the silicon steel that makes up 
the "iron" core of transformers, elec­
tric motors and electric generators . This 
material is an alloy of iron and a few 
per cent of silicon. Its function is to act 
as a conductor of magnetic flux, much as 
a copper wire acts as a conductor of elec­
tricity . In the core of a transformer op­
erating on 60-cycle alternating current 
the flux must reverse its direction 60 
times a second. Efficiency requires that 
a minimum amount of energy be used to 
fill the core with flux and produce each 
reversal; in the language of magnetism 
the permeability of the material should 
be high and the hysteresis loss low. Goss 
found a way to produce steel sheet with 
these magnetic properties . 

His process is complicated, involving 
a sequence of rolling the sheet at room 
temperature, heating to cause recrystal­
lization, cold-rolling again to final s ize 
and reheating. The resulting sheet has 
its best properties in the direction in 

GRAIN ORIENTATION in sheet steel affects its magnetic proper­

ties; cubes symholize the unit cells within each grain. Rolling and 

annealing produce "singly oriented" sheet (left) which can be 

easily magnetized only in the rolling direction. More complex 

processing yields "doubly oriented" sheet (right) which can be 

easily magnetized in both the rolling and transverse directions. 
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The 
Perfect 

Solution: 
(it really sparkles) 

Some b u lk products of this Division are: 

u ... 
Iry this simple eye test Bradshaw," requested Smathers, the stately 

soft drink scion. "It'll prove to you that our bottles aren't as clean as 
theirs." 

"Now let's see," replied Bradshaw, the blue· blooded bottling baron, 
"I hold their bottle up to my right eye and our bottle to my left and 
. . . you're right Smathers I can see through theirs much better." 

"Sure, our research department tells us it's the Pfizer GLUCONATES 
in their washing solution that makes the difference-eliminates haze 
and rust spots. It also helps reduce maintenance costs by preventing 
rust and scale on washer equipment." 

"You know, Smathers, Pfizer GLUCONATES sure can clean up the 
bottle-washing picture." 

* * * * * * * * * * * * 

For really sparkling bottles combined with highly efficient washing 
operations you should be sure you have Pfizer GLUCONATES in your 
washing solution. If you are confronted with a bottle washing 
problem or any other problem which might be solved by a high­
quality organic chemical, think of Pfizer first. Chas. Pfizer & Co., Inc., 
Chemical Sales Division, 630 Flushing Avenue, Brooklyn 6, N� Y. 

CHEMICAL SALES DIVISION 

• • .  sells more than 100 organic chemicals for 

food, medicinal and industrial uses. 

CITRIC, GLUCONIC, TARTARIC, OXALIC ACIDS AND SALTS • ANTIBIOTICS • PLASTICIZERS • VITAMIN A, C, B" STABLETS' AND OTHERS 
'TRADEMARK 
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KENNAMETAL* 
Rotary Seal Rings provide 

substantially zero leakage at 
mile-a-minute rubbing speeds 
At rubbing speeds of 4200 to 5400 
ft./min., the hydraulically balanced seal 

shown above achieves substantially zero 

gas leakage. Excellent wear character­

istics of Kennametal and Kentanium * 
Seal Rings make possible unlubricated 

dry rubbing at peak speeds. 

Stein Seal Company, Philadelphia, 

Pa., solved major sealing problems on 

many applications by using Kenna­

metal and Kentanium parts in their 

hydraulic balanced seal design such as 

illustrated above. Using rings made of 

these hard carbide, wear-resistant com­

positions, it is possible to operate with 

higher spring forces and in much higher 

temperatures than when rings of con­

ventional sealing materials are used. 

The outstanding physical properties 

of Kennametal compositions provide 

many more answers to rotary seal ring 

problems in petroleum refining and 

transportation, high-pressure high­

temperature chemical production and 

nuclear power. 

Various grades of Kennametal com­

positions hold economical answers to 

your need for high YME, low thermal 

expansion, high resistance to abrasion, 

erosion, corrosion, impact and pres­

sures. For positive sealing, with little 

or no maintenance, mating surfaces of 

Kennametal Seal Rings can be lapped 

to a flatness less than two light bands, 

with a surface finish better than two 

micro inch. 

For more information, send for Book­

let B-1l1A, "Characteristics of Kenna­

metal." Write to KENNAMETAL INC., 

DepartmentSA, Latrobe, Pennsylvania. 

*Trademark 5785 
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which it is rolled. In the construction of 
the transformer core this direction is ar­
ranged parallel, as far as possible, to the 
direction of magnetic flux. 

Coss apparently did not understand 
why his product was as good as it was, 
but later research provided the reason. 
To understand this we must picture the 
unit cell of the iron crystal. It is a cube 
with an atom at each corner and one in 
the center. (This unit cell, incidentally, 
served as the motif of the Brussels 
World's Fair, in the form of a model sev­
eral stories high.)  Measurements on iron 
crystals showed that magnetization is 
easiest in a direction parallel to an edge 
of the unit cube, harder along a face 
diagonal and still harder along a diag­
onal through the body of the cube [see 
illllstration at llpper left on page 128 I. 
Analysis of the texture of the Coss sheet 
by means of X-ray diffraction disclosed 
that the crystal grains were highly ori­
ented with a single cube-edge direction 
parallel to the rolling direction Isee ilills­
tmtion at lower left on page 128 I. This 
explained the mystery of why the rolling 

PRIMARY 
WINDING 

PRIMARY 

WINDING 

C 

C 

I 
I I ;> 

I I � 

I 
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direction had exhibited superior magnet­
ic properties. The Coss "singly oriented" 
sheet is used today in large tonnage to 
reduce the size and operating cost of 
electrical equipment. 

H ow does the processing of the sheet 
- produce preferred orientation? We 
can distinguish two operations: cold­
rolling and annealing. When a metal is 
deformed by squeezing it through a pair 
of rolls in a mill, the grains slip in­
tern ally, somewhat as the cards in a deck 
slip with respect to one another when 
the deck is pushed over. The grains also 
rotate. The details of this rotation are 
not known, but it must be quite intri­
cate, inasmuch as each grain must rotate 
so as to conform to the rotation of its 
neighbors and still adhere to them at its 
boundaries. The end result, when the 
rolling is intensive enough, is that nearly 
all grains rotate into a preferred orienta­
tion. When the metal is then annealed, 
it recrystallizes, and entirely new crystal 
grains grow in the cold-worked matrix. 
These new grains also have a preferred 

c... I I 

c..... I I 

c..... I ! 

c... I I , 

c. 

b 
b 
b 
'.) 

SECOND ARY 
WINDING 

SECONDARY 
WINDING 

EFFICIENCY OF A TRANSFORMER depends partly on the grain orientation of its sheet 

steel core. A singly oriented core (top) permits the magnetic flux (gray lines) to follow the 

easy magnetization directions (colored lines) in all but the bottom portion of the core. In 

a doubly oriented core (bottom) the flux follows the easy directions throughout the core. 
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YOU MAY B E  �UST THE MAN TO HELP BURROUGHS 

SQUEEZE A MILLION TRANSISTORS INTO A CUBIC INCH 

OR EXPLORE FIELDS LIKE THESE: 

Statistical approaches to physiological 
processes 

Electro-chemical phenomena 

Radiation effects 

Plasma physics 

Magneto hydro-dynamics 

Electro-luminescence 

Cryogenics 

Superconductivity 

Semi-conductors 

And a lot of others 

Right now-today at Burroughs: plenty of room for excep­
tional engineers to help create the successors to Burroughs' 
big line of advanced electronic and electro-mechanical data 
processing equipment. Equipment that ranges from giant 
electronic computer systems to automatic accounting machines 
and more. 

We need men who can help us put the functional equivalent 
of a million transistors into a cubic inch of material. Or men 
who can help us produce equally advanced results in fields 
like those mentioned at the left. 

Men who can thrive on working without strait jackets. 

Men who can get the most out of our heavily budgeted 
research facilities. 

Men who can welcome the security of our cohesive research 
programs. How cohesive? Because their common aim is to 
improve information processing for both commercial and 
military use. How do the programs offer security? Because 
their cohesiveness allows you to shift readily from one to 
another without learning a new technology. 

We want men whose creativity will help us double our $300 
million yearly sales rate fast-and then redouble it even faster. 

Men who are frankly interested in increased responsibility. In 
swift promotion in careers that offer a wide choice of location. 
And, yes, in money. 

Are you as outstanding as these opportunities? Then outline your 
education and experience as briefly or fully as you wish, name 
the field you'd like to help us explore, and get that informa­
tion to A. L. Suzio, Administrator, Corporate Placement Serv­
ices, Dept. II2-A, Burroughs Corporation, Detroit 32, Mich. 

Burroughs Corporation 
··NEW DIMENSIONS / IN ELECTRONICS AND DATA PROCESSING SYSTEMS·· 
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STRAITS 
TIN 

REPORT 
MALAY�N 

New developments in �� 1 
the production, mar-

�: kebng and uses of tm , 
BUREaU 

Tinned sheet steel, available 

up to 22 gage, has the strength of 

steel, and good formability in addi­

tion, The coating also serves as an 

excellent paint base and doesn't re­

quire a primer coat. For these reasons 

it is widely used in the automotive 

industry for air cleaners, oil filters, 

covers, vents and hot-air ducts. 

Modern pewter is nontarnishing 

and nontoxic, contains no lead, and 

does not darken or lose its surface 

finish. It contains 93% tin, 6% anti­

mony, and 1 % copper. Surface fin­

ish ranges from a bright, high polish 

to a subdued satin texture. It can be 

cleaned with soap and water. Frequent 

polishing is not necessary. 

De-icing problem? Perhaps 

this is the answer. Years ago a trans­

parent electroconductive coating, con­

taining tin, was developed for aircraft. 

The thin tin-oxide film is applied to 

glass. A low current passing through 

the coating generates sufficient heat to 

de-ice the glass, now standard equip­

ment on most commercial and mili­

tary planes. 

Phosphor bronze, a tin-cop­

per alloy containing up to 10% tin is 

used in over 30 different aircraft ap­

plications. Typical uses are for bush­

ings, bearings, springs, valves, contacts, 

thermostats and switches. 

Write today for more 

data on these items or 

for a tree subscription to 

TI N NEWS-a monthly 

bulletin on ti n supply. 

prices and new uses. 

The Malayan Tin Bureau 
Dept. 150, 1028 Connecticut Ave., Washington 6. D.C, 
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ALNICO CRYSTAL owes its magnetic strength to a magnetic material which precipitates 

in long thin plates (shaded) as the crys�al cools. Ordinary cooling (left ) produces plates 

parallel to all of the crystal faces. In a crystal cooled in a magnetic field I right) the plates 

grow only in the direction of the field (arrow) , more than doubling the magnetic strength. 

orientation, usually different from the 
preceding one. 

Actually the process of achieving a 
desired texture in a particular piece of 
metal is a good deal more complicated. 
Though theory is advanced, practice 
does not achieve results at will. For ex­
ample, the understanding of texture 
quickly suggested a way to improve on 
Goss's singly oriented sheet. Metallur­
gists saw that the texture might be 
changed so that the face of the unit cell 
of each crystal grain would be made 
parallel to the sheet surface .  This would 
bring two directions of easy magnetiza­
tion, rather than one, into the plane of 
the sheet [see illustration at lower right 
on page 128], In some metals this doubly 
oriented "cube texture" is easy to pro­
duce . But many man-years of research 
had to be devoted to achieving it in sili­
con steel. Details of the method, devel­
oped independently in 1957 in three dif-

ferent laboratories, have not yet been 
disclosed. Quite likely it requires an in­
volved sequence of rolling and heating 
operations. 

In the design of materials for penna­
nent magnets the theory and practice of 
texture control have recently achieved 
equally impressive results along quite 
different l ines. The properties required 
of a permanent magnet are just the op­
posite of those of transformer steel. In a 

transformer we want a material in which 
it is easy to reverse the direction of mag­
netization. But this reversal must be 
made as difficult as possible in a magnet; 
otherwise the magnetism of the material 
will not be permanent and might be re­
versed or even eliminated by any stray 
magnetic field it encountered .  What is 
more, the principle of preferred orienta­
tion applies here in the large as well as 
in the microscopic realm of crystal struc­
ture . The shape of the magnet itself has 

"FIBER TEXTURE" of iron wire is due to the preferred orientation of its grains. Unit cells 

of each grain are parallel (arrows) along a face diagonal, but occupy various positions 

around the axis of this diagonal. Organic fibers have a similarly oriented strncture. 
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A "SOUND" APPROACH TO RIDING COMFORT 

�� 
The "tuning out" of excessive shake and vibration 
by Oldsmobile engineers produces a comfortable, 
balanced ride that adds thousands of miles to the 
life of an automobile. 

One of the most critical areas of engineering in today's 
automobile is "ride". It is critical because an unsatis· 
factory ride means an unsatisfactory automobile. To pro· 
duce an over·all balanced and smooth ride, free from 
harshness and fatiguing vibration, Oldsmobile engineers 
begin the complex task of "tuning" the car in the early 
stages of a new model program. Not only is ride important 
from the comfort standpoint, but an improperly "tuned" 
car can literally shake itself apart after several thousand 
miles. 
The tuning operation is a series of intricate tests that 
determine a car's "shake" characteristics-where and how 
much the metal bends and twists. To produce beaming 
and torsional moments, a mechanical oscillator is at­
tached to the frame and vibrates the car in a frequency 
range of 7Y2 to 15 cycles per second. To measure the dis­
placement of the metal, a velocity pick-up is attached 

OLDSIVIOBILE).-

directly to the area under study. As the metal vibrates, 
a signal is produced by the pick-up and is fed to a vibra­
tion meter where it is integrated. T he resulting signal is 
then transmitted to an X-Y plotter that instantly converts 
it into a continuous magnitude-vs.·frequency trace. 

With this valuable information, refining can begin by al­
tering the structure of the various component parts. A 
complex network of infinite variation must be analyzed 
intensively to produce the mark of quality that stamps 
every Oldsmobile. 

Over the years, Oldsmobile's reputation for quality manu­
facturing and precision engineering has grown, step by 
step, until today it is a car of recognized distinction-in 
a class by itself. Oldsmobile's durability and long service 
life is further attested to by its continued leadership in 
resale value. You owe it to yourself to first examine, then 
test-drive, a truly outstanding automobile-the 1959 Olds· 
mobile. Visit your Local Authorized Oldsmobile Quality 
Dealer as soon as possible. 

OLDSMOBILE DIVISION, GENERAL MOTORS CORPORATION 

Pioneer in Prog ressive Eng ineering 

... Famous for Quality Manufacturing 
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how to 
keep a 
guppy 
happy 

Your pet fish-or your friends 

downstream will breathe easier 

and longer if activated charcoal 

keeps the water pure. Reducing 

stream pollution can often pay 

its way in profitable recovery of 

waste products, in better public 

relations. Well worth looking into. 

how to 
smell 
no evil 

Some people wear gas masks 

(containing activated charcoal). 

Others breathe air freshened with 

activated charcoal air purifiers. 

They (the people) work better, 

more safely. You save money by 

recirculating warmed or cooled 

air instead of blowing it away. 

Suggest you ask your plant or con­

sulting engineers about it. 

how to 
trap a 
ghost 

Before solvent vapors fly out the 

window, many smart users liter­

ally wring them out of the air into 

liquid form, good as new, at costs 

as low as 2c a gallon-with acti­

vated charcoal recovery systems. 

Bonus: you may also raise worker 

efficiency with the right atmos­

phere, reduce heating costs. 

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 E·188. Barnebey­

Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 
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an important effect: It is much harder to 
reverse the magnetization of a long nee­
dle or plate than that of a sphere or 
cube. Thus a good alloy for permanent 
magnets ought to contain a lot of little 
magnetic needles or plates, and these 
ought to be lined up parallel to the di­
rection in which we want to magnetize 
the material. 

In the famous alnico magnets we have 
just such a material. Alnico (named 

for its constituent aluminum, nickel and 

cobalt ) was developed, however, by 
men who used trial-and-error methods 
to push the art of making good magnets 
ahead of the theory of their behavior. 
Its superior properties derive in part 
from a speCial processing step: The alloy 
is heated to a high temperature, with­
drawn from the furnace and then sub­
jected to a strong magnetic field while it 
cools. The treatment more than doubles 
its magnetic strength. 

Only recently, some 15 years after the 
invention of the alnico magnet, have 

X-RA Y DIFFRACTION PHOTOGRAPHS show «rain orientation in aluminum. Uniform 

diffraction rings (top) produced when a beam :f X-rays is passed through heat-treated 

aluminum indicate that orientation of its grains is almost random. Nonuniform rings (bot­

tom) produced by cold-worked aluminum wire show that the grains in it are strongly aligned. 
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OUTSTANDING 

CREATIVE OPPORTUNITIES 

IN THE FIELD OF 

SOLID PROPELLANT ROCKETRY 

Astrodyne now is offering outstanding opportunities to qualified engineers with 

experience in solid propellant rocketry or related fields. 

On the foundation of its recognized background in superior solid propellant JATO 

units, gas generators, and large boosters, Astrodyne is developing advanced concepts 

and new solid propellant applications. New expanding long range research programs 

involve studies in structural analysis, propellant processing, polymer chemistry, 

combustion technology, high temperature materials, and lightweight structures 

and components. 

Qualified applicants will find immediate openings on programs calling for the 

highest order of creative and imaginative thinking. They will be teamed with Astro­

dyne's elite corps of experienced rocket research and production specialists. 

Investigate your future with Astrodyne today by contacting: 

Ralph E. Woodburn, Chief, Personnel Section, Room #4-D, Astrodyne, Inc., McGregor, Texas 

ASTRODYNE, INC. 
AN AFFILIATE OF NORTH AMERICAN AVIATION, INC. & PHILLIPS PETROLEUM COMPANY 
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THE RAW MATERIALS OF PROGRESS 

FLUOROCHEMICAL5, STABLE BELOW 00 
When extremes are the norm, inert fluids tame many 
problems. Fluorochemical FC 75, a 3M inert fluid, was 
specified for use in cooling the RCA transmitting tube 
shown above-a beam power tube capable of delivering a 
useful cw power output of 25 kw at 400 Mc. FC 75 per­
mitted design of the tube for operation at temperatures 
below 32°F. with essentially the same power output as 
that obtained with water cooling at temperatures above 

32°F. The most stable fluid ever developed, the properties 
of FC 75 have outstanding value in electronics, where it 
serves as a coolant and insulating fluid. Even under 
extended use at high voltage FC 75 maintains high dielec­
tric strength. It has wide liquid range, from -14soF. to 
212°F., with low viscosity. Nontoxic, non-flammable, it is 
thermally stable in excess of SOO°F. Get all the facts about 
this "do nothing" chemical. See what FC 75 can do for you. 

CHEMICAL DIVISION 
��-<.- ->-�� MINNESOTA MINING AND MANUFACTURING COM PANY f!_� 

� � 
• • .  WHERE RESEARCH IS THE KEY TO TOMORROW \ • - .  # 

��'>->-W<4�4 
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CUTS CORONA CRACKING Furatone NC-
1008, added to neoprene compound 
ignition cable jackets made by Belden 
Manufacturing Company, almost elim­
inates corona cracking, as seen in this 
comparison of two types of jackets. 
The new Furatone NC-1008 com­
pound cuts raw materials cost by as 
much as 8%, reduces scrap waste by 
50%, improves processing. 

ROTARY SWITCH SIZE REDUCED! Plastic 
rotors, made by Oak Manufacturing 
Company of KEL-F® halofluorocar­
bon, made possible the development 
of a smaller rotary switch only 1%!/f 
in diameter. The zero moisture ab­
sorption, high dielectric strength, low 
co-efficient of friction of the KEL-F 
rotor aided in miniaturization. KEL-F 
is chemically inert, resists thermal 
shock, has high impact strength. 

oratBOO°F. 
See what 3M Chemicals can do for 
you! For free literature, write on your 
company letter­
head, specifying 
product interest, 
to 3M Chemical 
Division, Dept. 
WH-49, St. Paul 
6, Minnesota. 

3M CHEMICAL DIVISION, MANUFACTURERS OF: 

Acids • Resins • Elastomers • Plastics 

• Oils, Waxes and Greases • Dispersion 

Coatings • Functional Fluorochemicals 

• Inert Liquids and Surfactants. 
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ANGLE BETWEEN WIRE AXIS 
AND HORIZONTAL PLANE (DEGREES) 

DIFFRA CTION INTENSITY at different angles reveals the type of orientation in an alumi­

num wire. Peaks in the curve at 0 and 70 degrees show that the unit cells in most of the 

grains have their body diagonals parallel to the axis of the wire. The smaller peak at 55 de­

grees indicates that unit cells in some of the grains have their edges parallel to the axis_ 

the physics and metallurgy underlying 
the behavior of the alloy been worked 
out in any detail. A combination of 
X-ray diffraction, electron diffraction 
and electron microscopy has shown that 
its properties ,  whether it is cooled in a 
magnetic Reid or not, are due to the pre­
cipitation of a magnetic phase of the 
alloy in the form of long, thin plates in­
side the crystals. These plates of precipi­
tate lie on planes parallel to the faces of 
the unit cube of the crystals. If the pre­
cipitation takes place during normal 
cooling, the plates have three different 
orientations in a single crystal because 
they can form parallel to any of the three 
nonparallel faces of the unit cube. The 
magnetic properties are then very good. 
They can be made even better by apply­
ing a magnetic Reid during precipita­
tion. The plates then grow only in the 
direction of the Reid, because magnetic 
cooling produces a preferred orientation 
of the precipitate within each crystal 
[see illustration at top of page 132]. 

The final touch was added to this pic­
ture of imposed directionality when a 
way was found to line up the crystals 
themselves, as well as the precipitate 
plates inside each crystal. Alnico is so 
brittle that rolling to produce a pre­
ferred grain-orientation is impossible. 
But a speCial way of solidifying the 
molten alloy will produce the same ef­
fect: Long, parallel grains freeze in such 
a way that a cube-edge direction in one 
grain is parallel to a similar direction in 
all the others . Then magnetic cooling 
preferentially orients the precipitate in 
the same direction. 

Modern theory, working from expe­
rience with alnico magnets, has guided 
the development of an even more prom­
ising material. It is composed of extreme­
ly fine, elongated particles, made by a 

special electrolytic process, of iron or an 
iron-cobalt alloy. The particles are mixed 
with an organic or metallic binder, and 
the shape effect is exploited by orienting 
them pat'alle! to one another in a mag-
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wrile 
in confidence 10 

w. P. Key 

• nuclear products 

• aircraft design 

• operations research 

• special products 

At the GEORGIA Division of 

LOCKHEED positions of significant 

scope and responsibility are open to 

qualified Engineers and Scientists 

in the fields of: 

SYSTEMS ANALYSIS 

RADIATION SHIELD ANALYSIS 

THEORETICAL PHYSICS 

NUCLEAR ENGINEERING 

REACTOR OPERATIONS 

MATHEMATICS 

DESIGN ENGINEERING 

STRUCTURES ENGINEERING 

FLIGHT TEST 

METALLURG Y 

OPERATIONS RESEARCH 

SPECIAL PRODUCT DESIGN 

Engineering and Technical Placement 

Lockheed Aircraft Corporation 
834 W. Peachlree 51., N.W. 

Allanla 8, Georgia 

netic field. These fine-particle magnets 
promise to surpass alnico V in useful­
ness. Their magnetic strength is just 
about as high but, unlike alnico, they 
can be machined and their properties 
can be varied to fit specific applications. 

"P olaroid" sunglasses afford an in-
structive example of preferred ori­

entation that accomplishes an entirely 
different kind of objective. Much of the 
light reflected from such horizontal sur­
faces as lakes and highways is horizon­
tally polarized: that is, the light waves 
vibrate mainly in a horizontal plane in­
stead of in all planes parallel to their 
direction of travel. On the other hand, 
various crystals have the property of 
preferentially absorbing lighL that vi­
brates at right angles to a particular 
crystal direction: their axis of polariza­
tion. By tilting the axis of polarization 
at right angles to horizontally polarized 
light, the horizontal components that 
cause "glare" may be filtered out. But 
single crystals are out of the question 
for sunglasses . Edwin H. Land of the 
Polaroid Corporation solved this prob­
lem by taking a mass of tiny crystals, 
arranging them with their polarization 
axes parallel and enclosing them in a 
sheet of clear, transparent plastic. More 
recently the long, tangled molecules of 
the plastic sheet itself have been forced 
into parallel alignment: the sheet is then 
treated to give it polarizing properties. 

Metal wire and rod and organic fibers 
of both natural and synthetic materials 
exhibit a distinctive kind of preferred 
orientation. The crystal grains are paral­
lel only with respect to a single crystal 
direction. Thus in cold-worked iron wire 
the grains are oriented with the face 
diagonal of each unit cube parallel to 
the wire axis. The grains, however, rna)' 
have any rotational position about this 
axis, somewhat like beads on a string. 
This "fiber" texture is set up by the me­
chan ical stresses in the drawing or roll­
ing of the material. 

Fiber texture provided a major metal­
lurgical headache in one form of fuel 
element for nuclear reactors. These are 
cylinders of natural uranium, cut from 
rolled rod. The rolling operation, how­
ever, caused the grains to take up a fiber 
texture. In fact, it produced a double 
fiber texture: two sets of grains each with 
its own preferred crystal direction paral­
lel to the rod axis . This double texture, 
coupled with some of the peculiarities 
of uranium itself, had some startling 
consequences. When the rod was re­
peatedly heated and cooled, each ther­
mal cycle caused a small increase in 
length. After several thousand cycles the 
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OPPORTUNITIES FOR ENGINEERS 
In Air Traffic Control 

A chance to own a share in America's future security. 

Air Traffi( Control - Experience 
with systems comprising radar 
search, computers, display and 
vehicle command. System syn­
thesis, analysis and equipment 
development experience needed. 

Telemetry and Guidan(e-Design 
experience on components and 
sub-systems in advanced mili­
tary equipment for drone and 
weapon control. 

Radar Surveillan(e - System and 
equipment design experience 
in high power heavy ground 
radar installations necessary. 
Acquaintance with associated 
data handling, computers and 
decision equipment required. 

Te(hni(al Writing - Maintenance 
manuals, instruction books, 
progress reports, technical 
proposals and presentations. 

Correspondence regarding these positions should be addressed to: 

Director, Scientific and Tuhnical Personnel 

CROSLEY DIVISION-AVeO • 
1329-F ARLINGTON STREET, CINCINNATI 25, OHIO 
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N OTABLE ACH I EVE M E NTS AT J PL . . •  

Months before Pea rl H a rbor, J PL h a d  

tested America 's fi rst l i q u i d  roc ket e n ·  

g i n es u s i n g  sponta neously i g n i t i n g  pro· 

pel la nts. By Apri l 1 942, a s i m p l e  n itric 

ac id·a n i l i n e  propu lsion system was de· 

signed i nto a n d  s uccessfu l ly tested in 

an A · 2 0 · A  B o m b e r  for a j et · a s s i st e d  

ta keoff. For h ig h · a l t i t u d e  a t m o s p h e re 

resea rc h pu rposes, J PL then used the 

hypergo l ic  l iqu id  rocket system i n  the 

WAC CORPORAL. Placed as a second 

stage o n  a V·2 rocket, th is  beca m e  the 

B U M PER WAC roc ket that  esta b l ished 

a World ' s  a lt itude record of 242 m i les 

i n  February 1 949. 

At the req u est of U . S. Army O rd n a n ce, 

the J et Propu lsion Laboratory now bega n 

to develop a long·ra nge gu ided ba l l istic 

m i s s i l e  s y s t e m ,  i n c o r p o r a t i n g  t h e  

p rov e n ,  s m o o t h · b u r n i n g  l i g h t · w e i g h t  

ac id·a n i l i n e  system .  These a c h i evements 

s p a rked the d e ve l o p m e n t  of a w h o l e  

series o f  roc ket veh i c l es. I n  1 954, t h e  

Army accepted t h e  J PL developed COR· 

• 

PO RAL, w h i c h  beca m e  America's fi rst tac· 

tical gu ided ba l l istic m issi le  system; its 

accu racy exceeded design req u i re ments. 

U n der the d i rection of the Natio n a l  

Aero n a utics a n d  Space Ad m i n istrati o n ,  

the experienced J e t  Propu lsion Labora· 

tory research and development tea m i s  

n ow working o n  stora ble,  h ig h · perform· 

a n c e  hypergol ic  l i q u i d  propu lsion sys· 

t e m s  w i t h  w h i c h  s p a c e  v e h i c l e s m a y  

soon orbit t h e  moon a n d  p l a n ets. 

C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  

O P P O RT U N I T !  E S  N O W  

O P E N  I N  T H E S E  f i E L D S  

J ET PROPULS I O N  LA BO RATO RY 
A Research Faci l i ty o f  t h e  Natianal  Aeranautics a n d  Space A d m i n i stration 

PASA D E N A ,  CA L I  FO R N I A  

� A P P L I E D  M A T H E M A T I C I A N S · P H Y S I C I S T S · S Y S T E M S  A N A L Y S T S · C H E M I S T S . I B M · 7 0 4  P R O G R A M M E R S  

r E L ECTRO N I C, MECHAN I CAL,  CH EM I CA L ,  PROPU L S I O N ,  I NSTRUME N TAT I O N ,  M I CROWAV E, AERO NAUT I CA L  A N D  STRU CTURAL E N G I N E E RS 
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rod grew to many times its original 
length . A special heat-treatment has 
since eliminated the troublesome tex­
ture, but the growth phenomenon itself 
has continued to arouse considerable sci­
entific interest. 

The most plausible explanation of the 
growth mechanism lies in the crystal 
structure of uranium. All three edges of 
the unit cell are of different length ; when 
a uranium crystal is heated, it expands 
in two of these directions and actually 
contracts in the third. In the reactor fuel­
element rod the crystal direction that 
contracts on heating is oriented parallel 
to the rod axis in one texture component 
( A ) ,  while a high-expansion direction is 
oriented parallel to the axis in the other 
component ( B) .  During the heating cy­
cle, grains of component B tend to ex­
pand lengthwise more than the A grains, 
and when the temperature becomes high 
enough, they permanently elongate by 
slipping with respect to the A grains at 
the grain boundaries. During cooling 
this kind of slip cannot take place, and 
another process takes over. Tensile stress 
develops in the B grains, because they 
want to contract more than the A grains 
and yet are prevented from doing so by 
the rigidity of the A grains and the stiff­
ness of the grain-boundary material at 
lower temperatures. This stress causes 
slip inside the B grains and further 
elongation of the rod. Thus growth con­
tinues during every cycle, by slip at the 
boundaries during heating and slip in­
side the grains during cooling. The 
whole mechanism has been aptly called 
"thermal ratcheting." The A grains are 
the "jack" and the B grains are the 
"ratchet," but a ratchet that is stretched 
rather than lifted. 

N ot all fiber textures lead to such 
dramatic, and undesirable, be­

havior. Actually there is no good reason 
why particular fiber textures cannot be 
obtained that will give wire and rod bet­
ter strength and elasticity than they now 
have. The impressive advances in mag­
netic alloys by the control of texture set 
a standard for those of us who are work­
ing toward this objective. In our labora­
tories at the University of Notre Dame 
we are investigating the control of fiber 
texture and the relation between texture 
and mechanical properties, with the aim 
of selectively altering the properties of 
wire and of devices made from wire. 
More important, we hope to achieve bet­
ter basic understanding of how texture 
develops in a material, because such 
knowledge will eventually make it possi­
ble to control and adapt textures to each 
application. 

water treatment ( (weak links" 
can be boosting 

your operating costs 
There are five i m porta nt l i nks in the i dea l water 

treatment cha i n  . . .  five basic  req u i rements for 

trou b le-free water condit ioni ng. 

If a ny one is  missi ng or fu nctioni ng i m properly, 

the ent ire steam-water cyc le is affected lea d i ng to 

operat i ng prob lems, efficiency losses a nd,  sooner than 

necessary, cost ly downtime and repa i rs. 

Dearborn engi neers wi l l  survey your  complete system 
from raw water to condensate return • . .  uncover 
potenti a l  weak l i nks . . .  col lect data for a precision 
water treatment progra m scientifica l ly deve loped 
to meet you r  exact needs. 

Such programs provide for cont i n u i ng posit ive 

contro l  . . .  often resu lt  i n  su bstant ia l  savi ngs. 

Write for Bulletin which tells why and gives details of Dearborn's 

unique Water Treatment Consulting Service. 

D E A R B O R N  C H E M I C A L  C O M PA N Y  
Executive Offices : Merchandise Mart, Chicago 5;" 
Plants and Laboratories : Chicago • Linden, N. J. 
Los Angeles . Toronto . Havana . Buenos Aires 
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Fi l m  of T E N I T E  P O LY ET H Y L E N E  
m akes stro n g , s park l i n g-c l ear bags 

Tenite Polyethylene bag extruded, printed and 

fabricated by Texas Plastics, Inc., Elsa, Texas, for 

Spada Fruit Sales Agency, Inc., Tampa, Florida, 

packers of "PeeDeeCo" brand oranges. 

The clarity and sparkle of  Tenite Poly­
ethylene film enhance the appearance of 
the product it protects. Food, clothes, hard­
ware, toys . . .  look fresher, keep cleaner 
and sell easier . . .  when packaged in film 
extruded from Tenite Polyethylene plastic. 

When used to package oranges, for ex­
ample, these sparkling bags provide many 
sales-producing advantages. From packer 
to purchaser, they display the fruit attrac­
tively while protecting against dirt, dust 
and handling damage. Here, the excellent 
printability of the film permits full-color 
reproduction of the old-style mesh bag, a 
tempting glass of orange juice and the com­
pany brand. For packaging other products, 
the directions for use, product advantages, 
ingredients or other information can be 
printed on the film. 

While the strength of this Tenite Poly­
ethylene film qualifies it for bagging heavy 
items such as oranges, its toughness in 

POLYETHYLEN E 
an Eastman plastic 

slightly thicker gauges also makes it a 
logical material for packaging pointed or 
sharp-cornered articles such as dime-store 
quantities of nails, screws, toy blocks and 
similar products_ 

In bagging candy, chemicals or baked 
goods, the moisture resistance of this ver­
satile plastic film means added protection 
against product deterioration. 

Film of Tenite Polyethylene appeals to 
packaging men who need a material that 
meets a broad range of specifications. It 
has excellent resistance to puncture and 
doesn't tear easily. It has remarkable clar­
ity and g loss. It is tough, inert, waterproof. 
printable, heat-sealable and . . .  economi­
cal. Why not let us help you explore the 
possible usefulness of this versatile plastic 
in your packaging plans. For more informa­
tion, write EASTMAN CHEMICAL PRODUCTS, 
INC. ,  subsidiary of Eastman Kodak Com­
pany, KINGSPORT, TENNESSEE. 
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T H E RE 
I S  
N O  
B ETT E R  
WAY 

T H A N  
W I T H  

L IQU I D  
O XYG E N  
Liquid oxygen is the safest, most efficient 
oxidizer commercially available for mis­

sile and rocket propulsion systems. It is 
stable, non-toxic, non-corrosive, and easy 
to dispose of when necessary. That's why 
it  is used in !RBM and ICBM motors. 

Large volumcs of liquid oxygen can be 
\ stored indefinitely in LINDE dcsigned and 

built storage units - right where it is 
needed. Vaporiz ation losses are minor ­
can be held to less titan S per cent per year. 

Using LINDE's methods, liquid oxygen 
can be transferred safely from storage ­
with o u t  pumps - te n  times faster than 
previously. 

LINDE can supply large quantities of 
li quid oxygen almost anywhcre in the na­
tion-quickly, and at a cost of only pen­
nies per pound. 

If you arc concerned with . the n ation's 
vital missile and rocket development pro­
�ram, take advantage of LINDE's more 
than 50 years of experience in pro ducing, 
transporting, and storing liquid oxygen. 
C all the LINDE office nearest you, or write : 

LINDE COMPANY, Division of Union Car­

b i d e  Corporation,  Dept.  R·4, 3 0  E ast 
42nd Street, New York 17, N. Y. 

HLinde" and "Union Carbide" are 
regis t e red trade- marks of Union Carbide Corporation. 
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The Sex Gas of Hydra 

Usually this small animal reproduces by budding, but it can 

also deIJelop 1nale and female organs for sexual reproduction. 

What factors determine which method of reproduction it uses? 

H
ow does a single egg cell differ­

< entiate into muscle cells, nerve 
cells, blood cells, gland cells-to 

the whole society of cells that makes up 
an organism? To use a homely analo­
gy, what makes a nursery full of babies 
grow up into such different types as 
doctors, soldiers, lawyers, policemen 
and so on? The process of differentia­
tion assumes still further fascination 
when we consider how well it is regu-

by W. F. Loomis 

lated. It is one of the most highly repeat­
able phenomena known to science. Wit­
ness the amazing similarity between the 
individual members of a swarm of gnats, 
a school of fish or a murmuration of spar­
rows, between the horseshoe crab and its 
ancestors of millions of years ago. Errors 
do occur, as in malformed monsters and 
other aberrations of growth, but they are 
the exception rather than the rule. So­
cieties also have been known to give rise 

to too many soldiers and policemen. 
The self-regulating power of differen­

tiation seems almost magical. It will re­
sist even deliberate attempts to derange 
it. If an egg is split at the two-cell stage, 
each half reorganizes to produce a com­
plete animal, the result being identical 
twins. On the other hand, two separate 
two-cell embryos pressed firmly together 
will fuse to form a single embryo. Clear­
ly forces that are a function of the whole 

HYDRA is a tiny water animal commonly found in ponds. With 

the tentacles surrounding its mouth it catches water fleas or other 
animals for food. This specimen, enlarged about eight diameters, is 

an asexual form of Hydra littoralis, the type used by the author. 
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organism are at work in the growth of 
the embryo. Each part contributes its 
share and responds in turn to some over­
all field of force. What is the physical 
or chemical nature of these forces? 

About five years ago, with questions 
like this in mind, I began to study the 
reproductive habits of the hydra. I 

thought that this relatively simple ani­
mal �ight present the questions in min­
iature; so to speak. A hydra is a little 
animal smaller than a mosquito. Found 
in almost every pond in the world, it 
consists of a short tube ending in a tuft 
of tentacles [see "The Indestructible 
Hydra," by N. J. Berrill; SCIENTIFIC 

FEMALE HYDRA has an already fertilized egg (round slructure on the right side of the 

animal) still attached to the site where it was formed. On the left side of the animal a bud 
is forming asexually. Hydra can reproduce both sexually and asexually at the same time. 

MALE HYDRA has rows of testes containing sperm which burst out through the nipple­
like protrusions when they are mature. Testis on lower right side of animal is about to burst. 
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AMERICAN, December, 1957]. The whole 
organism has only 100,000 cells, whel:e­
as a man has about 10 trillion. The hydra 
cells, moreover, are of only seven dif­
ferent types. So the problem of differ­
entiation is reduced in hydra to seven 
specific questions: How do each of these 
seven types of cell arise from a single 
fertilized egg? 

In addressing myself to the hydra, I 
sought to limit my inquiry to one par­
ticular cell: the reproductive or sex cell. 
Sexual maturation is not a fixed part of 
every hydra's life cycle, as it is in higher 
animals. In the warm months the hydra 
flourishes by asexual reproduction; a bud 
appears on the wall of the tube, grows 
into a side tube, puts out tentacles, 
pinches off and begins life on its own. By 
this route, male as well as female hydras 
directly enjoy the pleasures of parent­
hood. At times, however, their reproduc­
tion proceeds sexually. The tissues of 
adult hydras differentiate to form organs 
that reveal some to be male and some fe­
male. Upon fertilization, eggs are formed 
that can survive severe winter weather 
in which adult hydra die. The sexual 
offspring, being the product of two par­
ents and hence somewhat different from 
either, also possess the advantage of 
increased diversity that enables the spe­
cies to adapt to change in the environ­
ment. 

For my purposes it was of particular 
interest to know that, in the opinion of 
earlier investigators, the appearance of 
sexual forms in a population of hydra 
depends upon the condition of the 
water. To modify and control the water 
around the hydra seemed a simpler 
matter than manipulating the internal 
processes of the animal itself. My aim 
was to make hydra grow sexual organs 
on command. If this could be done, then 
might not something be learned about 
the forces that control cellular differ­
entiation? 

� the outset I had to cope with more 
immediate problems. No one had 

ever worked out a way to grow hydra 
under controlled conditions. Since col­
lected hydra cost 10 cents each, they 
had to be made to release their vast 
reproductive powers in the laboratory. 
The hydra's principal food is the live 
water flea, Daphnia, which the hydra 
traps and kills with the stinging cells of 
its tentacles, swallows by the peristaltic 
action of the muscle cells of its tube 
and digests in the juices secreted by 
the digestive cells within. But there was 
no reliable method for raising Daphnia 
in the laboratory either. Fortunately 
hydra will also eat living brine shrimp_ 
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MEN 

WITH 

OPEN 

MINDS 

progress report on Aeronutronic 

Men with open minds hold the key 
to the future. They're creative 
men. They're skilled men. And they 
face the vast problems of the 
future eagerly and with confidence. 
They know that tomorrow -for 
America and the world -is what 
they make it. 

These are the men - exceptional 
scientists and engineers-who are 
at home at Aeronutronic. 

. 

Ford Motor Company created 
Aeronutronic to conceive, design, 
and manufacture new products to 
meet the needs of a new age. Here 
advanced research, space sciences, 
missile technology, range systems, 
space vehicles, computers, and 
tactical weapon systems are major 
fields of research. 

In the Ford tradition, the men 
at Aeronutronic go as far and as 
fast as skill and brains can carry 
them. Such men are needed at 
Aeronutronic's new 200-acre 
Research Center at Newport 
Beach, California. Engineers and 
scientists will find unequalled 
opportunities with Aeronutronic. 
Why not look into it today? 

For information regarding positions. intereBts. 

facilities or products. write to Mr. K. A. Dunn. 

Aeronutronic Systems. Inc., Bldg. "6 .. 123.1, Air Wall. 

Glendale, Calif<>rnia, <>r call CHapman 5-6651. 

AERONUTRONIC 
a subsidiary of FORD MOTOR COMPANY 

NEWPORT BEACH, GLENDALE. SANTA ANA AND MAYWOOD. CALIFORNIA 

OFFICE OF AOVANCED RESEARCH· COMPUTER DIVISION 

SPACE TECHNOLOGY DIVISION. RANGE SYSTEMS DIVISION 

TACTICAL WEAPON SYSTEMS DIVISION 
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BOLEX 
REFLEX 

Perfect 16mm movie 
macro photography 
The Bolex H-16 Reflex is the ideal movie 
camera for macrophotography. Reflex sys­
tem enables you to view and focus through 
the shooting lens-eliminates parallax prob­
lems even in critical close-ups with exten­
sion tubes. Bolex extension tubes used in 
different combinations provide larger-than­
life photographs of very small objects. 
Other H-16 Reflex features include film 
rewind, built-in filter slot, settings for single 
frame use. Optional electric motor shown 
provides continuous 100 foot run at choice 
of five governed speeds. The Bolex H-16 
Reflex starts at $360.00. As shown, with 
Bolex Unimotor, Extension Tubes, Switar 
IN F:1.4 RX normal, Switar 16mm F:1.8 
RX wide angle, and Switar 50mm F: 1.4 RX 
telephoto lenses, $837.50. 

The Bolex 16mm professional 
titler serves as a precision optical bench 
for macrocinematography and other exact-

ing movie r equirements. 
The camera cradle of the 
Bolex Titler permits rigid 
positioning of camera. 
Moveable lights allow ideal 

lighting control. Basic 
Bolex 16mm Titler, 
as shown, $169.50. 
(Camera illustrated 
optional at extra cosL) 

All prices include 
Federal Excise Tax 

where applicable. 

PAlllARO Incorporated. 100 SIXTH AVENUE. NEW YORK 13, N. Y. 
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Dried brine-shrimp eggs, available at 
tropical fish stores, hatch after a couple 
of days in salt water, and provide a de­
pendable source of food. Hydra fed on 
newly hatched brine shrimp multiply 
at a prodigious rate, doubling their num­
ber nearly once a day. 

Water was another problem that had 
to be solved. My first hydra were all 
raised in pond water, carried to the lab­
oratory by the bucketful. They died 
when placed in distilled water or in tap 
water. For a while I was happy to find 
I could grow the creatures in distilled 
water if I added some calcium salt. But 
the difficulty of preparing many gallons 
of distilled water every day still limited 
the production of hydra. Why would 
they not thrive in tap water which orig­
inally came from a pond? Evidently 
the water became contaminated in the 
course of bringing it into the laboratory. 
Was the poison chlorine? Fluorine? The 
answer turned out to be copper from 
the pipes through which the water was 
conducted in the laboratory. A simple 
chemical treatment rendered the copper 
harmless and made tap water safe for 
growing hydra. 

Now I could obtain thousands and 
thousands of hydra by growing them on 
brine shrimp in tap water. The abun­
dance of the creatures made it possible 
to study the effects upon their life 
processes of acidity, temperature, osmot­
ic pressure, rate of feeding and a half­
dozen other variables. With the knowl­
edge thus gained I felt ready at last to 
tackle the problem of making hydra 
differentiate sexually. 

Since sexually mature hydra are 
often found in nature as winter ap­
proaches, investigators had tried to in­
duce the production of sexual forms by 
placing hydra in refrigerators. The re­
frigerated animals sometimes developed 
sexually, but not always. Other investi­
gators tried to correlate rate of feeding 
with sexual development; one man even 

believed that low rates of feeding turned 
hydra into males, while higher rates of 
feeding made them into females. It is 
known today, however, that males and 
females are quite distinct in most species 
of hydra, all the buds of a male becom­
ing males, and all the buds of a female 
becoming females. 

Since neither chilling nor changing 
.... the feeding rate seemed to be reli­
able methods for indUCing sexuality, I 
looked for another foothold from which 
to attack the problem. I remembered 
that I had once discovered sexual hydra 
in July in a stagnant aquarium tank. At 
that time I had been excited to see any 
sexual forms at all and had been disap­
pOinted when they reverted to the asex­
ual state several days after I had turned 
on the bubbler of the aquarium. I now 
attempted to duplicate this lucky acci­
dent and found that stagnation re­
peatedly produced sexual development 
while aeration prevented it. Since the 
sexual hydra had originally appeared 
in hot weather, it was clear that stag­
nation within the icebox had more to do 
with the induction of sexuality than 
lowered temperature did. Moreover, in 
a certain goldfish bowl in the laboratory 
hydra turned sexual so regularly that 
the bowl became known as the "sex 
bow!." This bowl had only a small sur­
face for its large volume, so here was 
another example of how reduced aera­
tion could induce sex in hydra. 

Controlled experiment now showed 
that identical cultures of hydra could 
be made sexual or asexual depending 
upon how often the water was changed 
or how much it was aerated. I con­
cluded that aeration must prevent sex­
ual development by introducing oxygen 
into the otherwise stagnant water, while 
the lowered concentration of oxygen in 
stagnant water induced sex. 

The testing of this hypothesis required 
a sensitive technique for measuring the 

WEEK-OLD HYDRA CULTURE has become relatively crowded, and many individnals in 
it have formed sexual organs. All these hydra came from one male, so only males are present. 
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Zuppa to Zabaglione 
Italian coffee for two puts a fascinating finish to a thoroughly enjoy­

able dinner at one of New "York's most interesting restaurants. Dining 

well, like so many of the leisurely pleasures of life, calls for a relaxed 

and worry-free frame of mind. 

An organization like ours can make a surprisingly large con­
tribution to this desirable mental state. How? By taking over major 

responsibility for the direction of your investment program, for 

example, and by providing sound guidance on many other phases of 

family financial planning. 
Our responsible personal financial services can make life more 

pleasant and more secure for you and your family. Why not write for 
a free copy of "

HOW TO GET THE MOST OUT OF YOUR INVESTMENTS.
" 

FIRST 
NATIONAL CITY TRUST 

CO�IPANY 

Dept. M, 22 William Street, New York 5 

Affiliate of 
The FIRST NA TlONAL CITY BANK of New York 
MEMBERS FEDERAL DEPOSIT INSURANCE CORPORATION 
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\A����---- STINGING CELL 

GLAN D CELL ------i==H:::=""' 

SPERM ---�t;':'�C5 

MUSCLE CELL -----+--';i-----" 

INNER LAYER 

I NTERSTITIAL CELL ---�\ 

EGG -------',cl-""" .. ':f-(-:/ 

MUSCLE CELL-----folro 

OUTER LAYER 

DIAGRAMS OF A HYDRA cut lengthwise and crosswise show its 
tubelike structure. The stinging cells aid in capturing food; the 

gland cells, in digestion; the interstitial cells, in regeneration. The 

muscle fibers, too small to be drawn, extend along the length of 
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MUSCLE CELL 

OUTER LAYER 

MUSCLE CELL 

INNER LAYER 

.• j;;��=*� GLAND CELL 

INTERSTITIAL CELL 

the animal in the outer layer aud circle the animal iu the inner 

layer. The layers are separated by jellylike material. The sperm and 

eggs for sexual reproduction are not produced by the same in· 

dividual of this species, but are so drawn for the sake of simplicity. 
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oxygen dissolved in the small quantities 
of water that held our cultures. Since 
there was no such technique available, 
I had to develop one. As soon as it was 
perfected, it showed that water in which 
sexual forms appeared always had a low­
er oxygen content than water in which 
nb sexual forms developed. 

The next step was to induce sexual 
differentiation artificially by reducing 
the oxygen content of the water. The 
first experiments were promising. But 
as my control over oxygen concentration 
improved, the results became worse and 
worse, producing sexuality without ap­
parent relationship to this supposedly 
critical factor. Eventually I was forced 
to conclude that, while lowered oxygen 
pressure usually accompanied sexual 
differentiation, it did not actually cause 
the h·ansformation. 

What did induce the sexual change? 
Certainly it was something gaseous, for 
aeration of the cultures continued to 
keep them asexual while stagnation 
regularly made them sexual. At about 
this time my father, Alfred Lee Loomis, 
suggested that if lowered oxygen was 
not the cause, perhaps increased carbon 
dioxide was. 

In accord with this notion, I at once 
tried out all the standard methods for 
increasing the concentration of carbon 
dioxide in the water. But no amount of 
bicarbonate added to water and no 
manipulation of the acidity of the solu­
tions would induce sex in aerated cul­
tures. What other gas could accumulate 
in the stagnant cultures? Ethylene, the 
gas given off by ripening fruits? Am­
monia? Sensitive tests for these and 
other gases were uniformly negative. 

Research often resembles the parlor 
game of 20 questions. Perhaps my ques­
tion was too specific. I had been asking: 
"Are you Napoleon Bonaparte?" Per­
haps I should have been asking the 
more general question: "Are you alive 
or dead?" In accord with this reflection 
I stopped trying to guess the nature of 
the gas and turned to characterizing it 
chemically. 

First I had to prove that stagnant or 
"sexy" water really did contain a 

"sex gas." Knowing that aeration re­
moved the gas from the water, I shook 
samples of "sexy water" with air in a 
closed syringe and then shook the "sexy 
air" in the syringe with clean samples of 
water to see if enough of the gas would 
enter into solution to make the hydra 
sexual. Daily for three weeks I passed 
the gas from "sexy water" to the air 
and back again into clean water and 
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infinity! 
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ELECTRONIC ENGINEERS AND SCIENTISTS. As we explore 
the infinity of outer space, we must calion the still-untapped 
potentials in the field of electronics. Can you make any sig­
nificant contribution to our efforts? We offer recognition for 
your ability, advancement commensurate with your accom­
plishments. The need lies in Trajectory Studies, Space Nav­
igation Systems, Spatial Power Gener�Human Engi­
neering ... actuallyallareas of electronics. Write or phone 
William Spangler, Manager, Professional Employment, Dept. 
SA4, The Martin Company, Baltimore 3, Maryland. 

I 

where the North 
meets the South 
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then cultured a batch of hydra in it. 
By the end of this time it was clear 
that there really was a sex gas, for all 
the hydra so treated had become sexual 
while untreated hydra had not. 

Next I analyzed samples of the sex 
gas by various sensitive techniques. Un­
fortunately the tests yielded a complete 
blank. No gases, other than those found 
in normal air, were detectable. The an­
alyses did show, however, that sexy air 
contained increased amounts of carbon 
dioxide. What could this mean? 

At this point I became indebted to 
Robert K. Crane, of Washington Univer­
sity in St. Louis, for the suggestion that 
"pC02" might be the inducing stimulus. 
"What is pC02 and how does it differ 
from CO2?,'' I asked him. He replied that 
pC02 refers only to the pressure of free 
carbon dioxide gas dissolved in the 
water and does not include any other 
forms of dissolved carbon dioxide such 
as bicarbonate. 
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It was easy to test this hypothesis. I 
simply grew hydra in water that had 
been shaken with carbon dioxide gas. 
Within a week testes and ovaries began 
to form on the treated hydra. Unfor­
tunately sexuality also appeared in un­
treated hydra in the control vessels. 
Did the control solution, by any chance, 
also have a high pC02? I shook the wa­
ter for the controls with a large amount 
of pure oxygen to wash out any carbon 
dioxide that it might contain; I then split 
the water thus treated and shook some 
of it with a mixture of oxygen and car­
bon dioxide. The end of the long trail 
appeared at last. In water treated with 
oxygen plus· carbon dioxide quadrupli­
cate cultures of 10 hydra each turned 
sexual after growing for nine days. In 
water treated with pure oxygen the ani­
mals remained completely asexual. This 
and subsequent experiments convinced 
me that pC02-the pressure of dissolved 
carbon dioxide gas-was the volatile 

2 
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variable that controls sexual differentia­
tion in hydra. 

Very little was known about pCO�, 
and, as with dissolved oxygen, there was 
no standard technique for analyzing it in 
small quantities of water. The next step 
was to devise such a method. One way 
that suggested itself was to shake the 
water in a syringe containing carbon­
dioxide-free air. The carbon dioxide gas 
that thereupon appeared 1I1 the air 
could then be measured. With some re­
finement, this method proved accurate 
and reliable. My measurements revealed 
that water in gaseous equilibrium with 
normal air has a carbon dioxide pressure 
of .03 per cent of one atmosphere, iden­
tical with that of the air, and shows this 
pressure regardless of its acidity or bi­
carbonate content. In the solutions that 
turned hydra sexual, carbon dioxide 
pressure proved to be as high as 1.2 per 
cent of an atmosphere. It was apparent 
that such pressures could develop only 

3 4 

NEWLY FORMED HYDRA BUDS (le/t.hand column) were ex· 
posed to water containing different amounts of dissolved carbon 
dioxide gas. "7ith no rise in pC01 (first row) the bud grew into a 

normal hydra with six tentacles in two days. At pC01 01' 4 per cent 
of an atmosphere (second row) the bud grew slowly and produced 
only three tentacles. Higher levels inhibited buds even more. 
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COMMUNICATION SYSTEMS 

Positive and reliable communications are the lifelines 
of new strategic weapons, hypersonic aircraft, satel­
lites, and air defense. Resistance to nuclear radiation 
damage is an additional prerequisite for some of these 
advanced weapon systems. 

The Bendix Systems Division, using the Ford 
Nuclear Reactor at the nearby University of Michigan, 
is developing radiation-resistant Mission and Traffic 
Control equipment. This work is being conducted by 
Bendix as a contractor to the Air Force. The objective 
is an M&TC subsystem providing extreme reliability 
under severe environmental conditions and over long 
operating periods. 

Hypersonic aircraft and re-entry vehicles require 
that communications overcome the attenuation of 
surrounding ionized air. Bendix is carrying out 

that resist nuclear radiation 
propagation investigations and experimenting with 
designing special digital and voice communication 
systems. This work is under way at the Systems 
Division, Radio Division, and Pacific Division of the 
Bendix Aviation Corporation. 

Positive communications also require resistance to 
jamming. Advanced research at the Bendix Systems 
Division has evolved techniques that combine jam­
ming resistance and security of transmission. 

Advanced communications know-how is being 
applied to additional programs for which the Systems 
Division has system management and engineering 
responsibility-such as the Navy EAGLE System 
and the Air Force AN/AMQ-15 Weather Recon­
naissance System-and is applicable to many others. 

Bendix Systems Division �nc(!/ 
ANN ARBOR, MICHIGAN AVIAT IO� CORPORAT ION 
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GR ESS R EPORT 

Internally-cooled blades 
and vanes for gas-turbine engines 

THE NEED-Present un cooled gas turbines have bumped 
against the top thermal limits of the metals currently used for 
turbine components. Only by finding ways to increase the turbine 
inlet temperatures without affecting temperatures of such parts 
as turbine blades and vanes can gas-turbine engines of greater 
thrust and efficiency be made. 

THE OB.JECTIVE-An investigation was made in the TAPCO 
Group of Thompson Ramo Wooldridge Inc., to develop a way 
to produce internally-cooled blades and vanes. By cooling these 
parts, turbine inlet temperatures can be increased as much as 
200°F over present limiting temperatures. This increase should 
permit much higher thrusts to be developed. 

Cooling of turbine components can be achieved either by air 
or water. Air-cooling seems to be more convenient to apply. For 
this reason, TAPCO investigations have been directed to the 
production of blades and vanes with internal air passages. 

THE METHODS-Fabrication methods reviewed includes 
powder metallurgy, casting, rolling, forging, and extrusion. TAPCO 
established projects on rolling, forging, and extrusion methods. 

THE RESULTS-Practical methods have been developed at 
the TAP co Group for drilling holes economically in such alloys 
as Udimet 500, Waspalloy and other blade materials. 

Extrusion of pierced preforms has been accomplished by 
the TAPCO Group. 

TAPCO engineers and metallurgists have developed practical 
methods of rolling pierced preforms to produce blades of 
accurate finished size and contour while maintaining the integrity 
of internal air passages during forming operations. 

Both tapered and straight air passages have been achieved 
by methods and equipment suitable for mass production of 
air-cooled blades. 

Limitations on the commercially feasible rolling of air-cooled 
blades and vanes have been established after considerable 
research on several rolling methods. 

TO SUM Up-The TAPCO Gr o u p  o f  T h o m p s o n  Ra mo 
Wooldridge Inc. is able to produce air-cooled blades and vanes 
from materials currently available to meet the requirements of 
gas-turbine manufacturers for higher turbine inlet temperatures. 
When may a T APCO engineer call to give you complete infor­
mation and design data? 
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TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 

Dept. SA- 4259 Cleveland 17, Ohio 

in water that was not in equilibrium 
wi th the air. 

Stagnant water containing hydra 
could meet this specification, for the con­
stant respiration of the animals generates 
a steady supply of carbon dioxide gas. 
The gas, it is true, continually escapes 
into the air from the surface of the wa­
ter, but if the surface is small in relation 
to the volume, or if there are enough 
animals in the culture, carbon dioxide is 
produced faster than it is lost. As a re­
sult the pC02 level can rise as high as 
20 to 40 times normal. It thus became 
clear that stagnation reproduces sexual­
ity by permitting high pC02 levels to 
build up, and aeration prevents it by 
blowing off the accumulated carbon 
dioxide gas. 

,\ t one time I had been controlling 13 
ft different variables such as tempera­
ture, crowding, stagnation and rate of 
feeding, in the attempt to control sexual 
differentiation. Now I could see that 
these variables had significance solely as 
they affected the single variable pC02• 
The high pC02 level generated by the 
crowding of hydra in a stagnant pond 
explains why sex is not a part of the life 
cycle of an isolated hydra but does ap­
pear when a hydra multiplies into a 
swarm. We have thus come upon a 
chemical factor that controls cellular dif­
ferentiation in the individual and is it­
self regulated by the growth of the 
whole colony! 

The next question was whether pC02 
could control the differentiation of hydra 
cells other than the sex cells. While 
sexual differentiation depends on exter­
nal pC02, it seemed possible that inter­
nal pC02, set up within the organism 
by the respiration of its cells, might also 
affect cell development. Carbon dioxide 
occurs as a free gas in tissue cells, for it 
is even more soluble in fat than in wa­
ter and passes through fatty cell walls 
faster than any other substance, includ­
ing water. We may visualize a group of 
CO2-producing cells as generating a 
gradient field of carbon dioxide pres­
sure, higher at the middle of the cell 
cluster and weaker toward the peri­
phery. The field will adjust to changes 
in mass; for instance, if some of the 
tissue is cut away, the gradient field au­
tomatically shifts its center of concentra­
tion to the middle of the remaining 
group of cells. This picture of the pC02 
field suggests an explanation of the fact 
that a hydra'S tentacles always grow 
from the tip of the hydra's tubelike stalk. 
Being free on one side, terminal cells are 
subject to a lower pC02 than cells else­
where in the tube, which are surrounded 
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on all sides by other carbon-dioxide-pro­
ducing cells. 

The hypothesis that lower carbon 
dioxide pressure permitted the terminal 
stalk cells to differentiate into tentacles 
suggested a simple experiment. It oc­
curred to me that raising the pC02 of 
the surrounding water ought to keep the 
terminal cells from differentiating into 
tentacles. Using hydra just beginning to 
sprout buds, I raised the pC02 of the 
water higher and higher and found that 
the eventual number of tentacles was re­
duced from the normal six down through 
five, four, three and finally to none at all 
when the pC02 was raised to 10 per cent 
of an atmosphere. We may then specu­
late that the tentacles normally grow at 
six equally spaced intervals because each 
sets up around itself a field of pC02 in­
hibition. The pC02 applied artificially 
from the outside increases the width of 
these fields so that fewer and fewer ten­
tacles appear. This gives some idea of 
how steep the pC02 gradient might be 
within a tissue. If my interpretption is 
sound, then the normal stalk cells sand­
wiched in between their neighbors must 
be exposed to a pC02 of about 10 per 
cent of an atmosphere to prevent them 
from forming tentacles. 

Could pC02 gradient be a general 
mechanism for controlling growth 

and differentiation? Carbon dioxide is 
produced in the respiration of all living 
cells. In fields as far apart as ecology, 
embryology and tissue culture, we know 
of carbon dioxide effects that would now 
appear to be the result of pC02• More 
than 20 years ago A. M. Banta at the 
Carnegie Institution of Washington 
laboratory in Cold Spring Harbor, N. Y., 
found that some gas generated in a 
crowded culture of Daphnia causes 
these creatures to differentiate sexually, 
and that apparently the same gas given 
off by other creatures in a crowded 
natural population in pond water in­
duces sexual differentiation in individual 
Daphnia. The crowding of frogs' eggs 
has long been known to alter their rate 
of development. In 1923 C. H. A. 
Clowes at the Marine Biological Lab­
oratory in Woods Hole, Mass., showed 
that cell division in marine eggs slowed 
up when carbon dioxide gas accumulat­
ed, and returned to normal when the 
level of the gas was decreased. For years 
workers in tissue culture have adjusted 
the acidity of their fluids by introducing 
carbon dioxide gas into the culture me­
dium, but they could not explain why 
they had to use this particular method in 
preference to simpler ways of controlling 
acidity. Time and again the trail has led 

The best way to keep a piece of metal from having heat-stroke 

is to cool it. 

That's just what engineers of the TAPCO Group have done with 

turbine-engine blades to increase the operation temperature and 

efficiency ... without overheating them. 

Precisely-located, precisely-sized radial holes through the blades 

carry blasts of cooling air from root to tip. This allows turbine inlet 

temperatures to be increased as much as 200°F safely, efficiently. 

To know more about TAPco capabilities to make air-cooled 

blades and vanes, as well as systems and components of any 

space-age vehicle, write to the address below. 

TAPeo GROUP 
Thompson Ramo Wooldridge Inc. 

Dept. SA-4159 • Cleveland 17, Ohio 
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... the product that puts "can-do" in "do-it-yourself" paints! 
The electron micrograph behind the young lady shows why millions of Americans can become 

expert painters, and can afford to paint more often. It shows the spherical configuration and 

uniform size of resin particles in Velsicol's W-617 emulsion paint base. W-617 is a water emul­

sion of light colored thermoplastic hydrocarbon resin. The average diameter of W·S17 resin 

particles is .125/micron. Natural rubber latex particles have an average diameter of .fiOO/micron. 

latices and emulsions of small particle size have more binding power. They will take higher 

pigment or filler loadings without losing film strength. Penetrating characteristics are improved. 

The uniform size of the dispersed resin particles increases film smoothness. W-617 is one of 

many new products of Velsicol research 

that is now in commercial production. 

For more news about this product, and 

other developments of Velsicol research, 

please mail the coupon. 

MAIL COUPON FOR LITERATURE! 

� LOOK FOR THIS MAN 

A 
... !lour Vdsicol UqH'()�('nta­
tiV6. 1vho can help !JOU wahl! 

. . better 1Jroduct,<; for l()s�! 

Self-adjusting DC motor 
speeds from AC lines! 

rwe'; VELS�O� CH EM IC;:L CO;';O�T ;oN 
-

I • 330 East Grand Avenue, Chicago 11, III. I International Rellre$entalive. Velsicol International COlp. CA 

I P. O. Bo� 1687 • Nusau, Bahamas. 8 WI ' . .  

1 0 Please send technical literature on W·S17. 

I 0 Please have salesman call. 

I 0 Please send test sample. 

1 Name. ____________________________ ___ 
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HELLER ELECTRONIC 

CONTROL-Of-POWER 
MATCHED COMPONENTS 

TWO INSTRUCTORS for in­

strumentation courses in training school 

conducted by long. established, major 

instrument·manufacturer. Previous 

teaching experience desirable, with de· 

gree in physics or electrical, mechani· 

cal, or chemical engineering. Duties 

include organizing and conducting 

one·week to three·month courses, reo 

peated several times yearly, for field· 

engineering trainees of company and 

for customers' instrument·technicians. 

Subject matter covers operating prin. 

ciples, construction, installation, and 

maintenance of indicators, recorders, 

controllers, and telemetering equip· 

ment for pressure, temperature, flow, 

liquid. level, etc.; self·balancing poten· 

tiometers and bridges; pneumatic and 

electric valves; etc. These are new 

jobs created because of steadily increas· 

ing demand for company's products 

and services. Salary is open and will 

be made definitely attractive to the 

right men. 

2T60 ELECTRONIC 
CONTROLLER 

with matching 
1/50 H.P. 

DC MOTOR 

$84 

SPECIFICATIONS 

• Thyratron tube operated controlter 
gives step less operation . Input: 110-
120V., 60 cy. single phase . Output: 
0-120 V., 200 ma.DCto armature . 1/50 
H.P. ball bearing, gear head, shunt 
wound, DC motor. Reversible • Arma­
ture speed 0-4000 RPM • Armature and 
gear shafts both extended • Motors in 
stock with following gear ratios: 6, 18, 30, 
100, 300, 1120 to 1. 

GERALD K. HELLER CO. 
1819 Industrial Rd_, Las Vegas, Nev. 
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Write C. F. Johnson, Manager of Education 
THE BRISTOL COMPANY 

Waterbury 20, Connecticut 

to carbon dioxide. But no one apparently 
had thought until now that it might be 
pC02 that matters, rather than the total 
amount of dissolved carbon dioxide. It 
was like finding that many fruits cure 
scurvy but never discovering that the 
active principle is vitamin C. 

Could pC02 possibly be the long­
sought inhibitor of cell growth in the 
adult body? Under normal conditions 
some inhibitor must prevent the body 
cells from growing even though they are 
capable of multiplying rapidly in a heal­
ing wound or in a tissue culture. Recall­
ing that pC02 at 5 to 10 per cent of an 
atmosphere progressively inhibits the 
budding of tentacles in the hydra, it may 
be significant that the body carefully 
regulates the pC02 of the arterial blood 
to exactly 5.3 per cent of an atmosphere. 
Since all normal adult cells generate car­
bon dioxide, it may be that their growth 
is inhibited by this product of their own 
respiration. Embryonic cells, on the oth­
er hand, produce energy not only by 
respiration, but also by the fermentation 
of glucose to lactic acid, a process that 
does not produce carbon dioxide; they 
are able to grow continuously so long as 
they obtain energy by both fermentation 
and respiration. Upon maturation they 
lose their fermentative capacity and 
simultaneously become nongrowing 
adult cells. 

,More than 30 years ago the noted 
German biochemist Otto Warburg 
showed that cancer cells resemble em­
bryonic cells in deriving large amounts 
of energy from the fermentation of 
glucose into lactic acid. Is this fermenta­
tive ability the means by which cancer 
cells pierce the inhibitory barrier of 
pC02? Although the chances of a muta­
tion that increases fermentative abilitv 
are small, such a mutant tissue ceil 
would be able to resist the inhibition 
of pC02 and hence would be able to 
grow wildly in cancerous fashion. Just as 
streptomycin-resistant bacteria arise in 
cultures inhibited by streptomycin, 
would not the primeval forces of nature 
urge tissue cells to mutate in various 
ways in a continuing effort to escape the 
continuing inhibition of pC02? 

The French biochemist Pierre Emile 
Duclaux once wrote that the proper test 
of a theory was its ability to stimulate 
further experimentation. The pC02 
theory suggests endless experiments, and 
by this test the decision to use hydra 
for the study of differentiation was a 
fortunate one. The tiny hydra has led to 
the discovery of a chemical gradient-a 
field of force-that apparently affects 
both the rate of cell division and the 
process of cellular differentiation. 
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COMPUTER ENGINEERS & SCIENTISTS 

�23.009 
0.154 

Some News of Moment to Engineers 
and Scientists who have participated in Operations Research & 
Systems Analysis-from Computer Department of General Electric 

IN WASHINGTON, D. C. NEXT W EEK-
and in ensuing weeks, a group of men - whom the engineering world 
is beginning to call "scientific generalists" -will sit around a table with 
representatives of the Air Force, defining the problems and formulating 
the conceptual bases of an unprecedented DATA PROCESSING SYS­
TEM. This system will handle evaluation and distribution of continuing 
variables on a scale never before attempted and transcend present 
potentials in Man-Machine Relationships. 

These men are drawn from many disciplines-mathematics, psychology, 
computer and systems engineering, philosophy, communications. In 
common, they have these attributes: unusual abilities to listen, synthe­
size, communicate, collaborate, and take a broad, all-encompassing 
view of multiphase problems. 

The program, initiated early in 1958, is being conducted for the Air 
Force by General Electric's Computer Dept., from its Washington, D. C. 
offices and headquarters in Phoenix, Arizona. 

CONCURRENTLY, SUPPORTING TEAMS OF SPECIALISTS 
ARE ENGAGING IN INTENSIVE RESEARCH. As a result, previ­
ous constraints limiting extremely high-volume, high-speed information 
storage and retrieval performance are disappearing. Major break­
throughs in computer concepts and technology are moving rapidly 
into the realm of the possible. 

STEADY STAFF EXPANSION 
in both Phoenix and Washington, D. C. has created a number of open­
ings for specialists -from the "scientific generalist" to the engineer 
with 3 to 5 years' experience in the computer field . 

•.............................................................••••........•.. 

YOU ARE INVITED TO INQUIRE ABOUT THE SCOPE OF THE FOLLOWING ASSIGNMENTS: 
INFORMATION SYSTEMS ANALYSIS (Index Concepts) PhD preferred. 
HUMAN FACTORS (Analysis & Training) PhD, MS • SYSTEMS INTE­
GRATION • COMMUNICATIONS ANALYSIS (Document Control) • 

COMPUTER SYSTEMS ANALYSIS (Reliability Factors, Hardware Speci­
fications) • OPERATIONS ANALYSIS (Over-All Systems) • SYSTEMS 
ANALYSIS (Optimum Equipment Applications) • OPERATIONS ANAL­
YSIS (Document Retrieval, Specifications) • LIAISON-AIR FORCE (Com­
puter Systems & Component Specifications) 

•.............•....................................................•......•... 

Write, in confidence, to: Mr. J. E. Torrey, Div. 59-MD 
COMPUTER DEPARTMENT 

GENERAL . ELECTRIC 
13430 N. Black Canyon Highway, P.O. Drawer 270, Phoenix, Arizona 
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CAPABILITIES FOR DEFENSE 

Westinghouse electrical systellls, 
using first brushless generator, 
proved in thousands of flight hours 

NOW IN FULL-SCALE PRODUCTION. The world's first aircraft brushless generators have 
a key role in advanced electrical systems provided by Westinghouse far today's military 
and commercial aircraft. The 40 kva units above are standard in Boeing 707 jetliners. First 
introduced in 1954 by Westinghouse Aircraft Equipment Dept., lima, Ohio, these depend­
able generators have performed thousands of flight hours on the Boeing 707 and the 
Air Force B-58. 

LEADER IN AIRCRAFT ELECTRICAL SYSTEMS. 
Westinghouse has been producing aircraft electrical 
systems since World War I-has built more a-c 
electrical systems for aircraft since World War" 
than any other company. Shown is the brushless air­
cooled generator with control apparatus. 

NAVY -The North American A3-J, completing flight tests preparatory to joining 
the fleet, uses the Westinghouse electrical system, including oil-cooled brushless 
generators. 

AIR FORCE-The Convair B-58 Hustler employs the West­
inghouse electric power system, including oil-cooled 40 kva 
brushless generators. 
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LONGER SERVICE LIFE and greater reliability 
result from the elimination of commutators, car­
bon brushes and collector rings, shown at right. A 
single internal rectiAer bundle, held by girl, 
replaces them. High-temperature silicon diodes, 
produced by Westinghouse research in semi­
conductors, make this possible. 

OIL-COOLED GENERATOR for Convair B-58 
Hustler achieves maior breakthrough of temperature 
barrier in electrical generator design-is cooled by 
Mll-l·7808 oil, having inlet temperature 'of 3 000 F. 
Usual generator troubles are eliminated-no 
brushes, commutating or slip -ring parts to wear, 
Results: greater economy, less frequent overhaul. 

AUTOMA TIC FUNCTION S I M U LATOR, 

one of the newer testing te chniques used 
by Westinghouse, assures more reliable 
protective devices for electrical systems. 
This machine sub iects protective control 
panel to as many situations as it will 
encounter in flight opero tions. 

BRUSH LESS VERSUS BRUSH-TYPE GENERATOR. Both generators are 
40 kva. The brush less generator on the left above uses less space and 
weighs less. longer life is assured-air·cooled brushless generators are 
guaranteed for 3,000 flight hours, bearings up to 1 ,500 hours. Brushless 
generators with even greater life are under test at Westinghouse. 

COM M E R CIA L-The Boeing 707 uses Westinghouse electrical system, 
including air-cooled brushless generators-proved in thousands of flight 
hours. 

ROBOT CIRCUIT TESTER uses punched tape to check circuitry of 
control equipment with 1 00% accuracy, 60 times faster than 
previous techniques. Westinghouse automatic circuit-testing facilities 
speed production, eliminate chance of human error, imp rove· p roduct 
reliability. 

Westinghou se 
DEFENSE PRODUCTS 

1 000 CONNECTICUT AVENUE, N. W., WASHINGTON 6, D. C. 

AIR ARM DIV ISION 

AVIATION GAS T U R BINE DIVISION 

ELECTRON ICS DIVISION 

AIRCRAFT EQUIPMENT DEPARTMENT 

ORDNANCE DEPARTMENT 

YOU CAN BE � • • •  I F  ITS Westi nghouse 
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IMPORTED FROM WEST GERMANY 

REVOLUTIONARY 
Pocket-Size Slide Rule­

Adding Machine 
13 SCALE 

WORLD-FAMOUS 

FABER-CASTE LL 

SLIDE RULE 
CA, B, C, D, CI, K, P, 

TRIG, AND LOG.LOG) 

ON ONE SIDE. , • 
� 

on the other side • • • 
ADDIATOR, 

ONE OF 
THE WORLD'S 

SMALLEST 

PRECISION 

ADDING MACHINES 
C adds and subtracts to 
999,999 in seconds • • .  
never makes a mistake) 

Now at last. for engineers, scientists. chemists. physicists, 
teachers, businessmen.  students-an amazin g com bination 
10g - loD slide rule and adding machine that does all your 
com putations and calculations quickly and accurately. yet is 
not much bigger than a pocket comb and fits easily into your 
pocket. 

From world-famous 197 -year-old }'abcl'-Castell 
of Germany comes this remarkable, work-saving, 
time-saving, money-saving- instrument. Use the 
slide rule for lightning fast computations of pro­
portions, squares and square roots, cubes and 
cube roots, multiplication, division, trigonometric 
and logarithmic calculations, compound multipli­
ration and division, etc. Unusual feature is the 
"p" scale that makes it 110ssible to find the sine 
and cosine of any angle in a unit circle, knowing 
only the length of onc side, and without even de­
termining the angle. This remarkabie 5" Darmstadt 
slide rule is mach inc engraved (markings are 
clear, sharp, and NEVER wipe or wear out), and 
made of revolutionary Hgeroplast" . . .  the exclusive 
new 111astic that's heat-proof, damp-proof-and 
can't be affected by chemicals . . .  guarantees per­
manency and utmost accuracy even unde,· extreme 
laboratory or field conditions. Then to add or sub­
tract up to 999.999 in just se"onds. simply turn 
the machine over and use ADDIA'!'OR, the world's 
smallest precision adding ma.chine. Use it to add 
everything . . .  columns of figures, problems, scores, 
grocery tapes, business expenses, budgets, banI, 
statements, etc. Saves you time, money and mis­
takes every day. Over 4.000.000 ADDIATORS now 
in use throughout the world. Made of lifetime 
aluminum and brass. Just push numbers to be 
added with stylus .... answer pops up automatical­
ly in clear, easy-to-read answer window. Included 
at no extra cost-automatic credit balance window, 
a n exclusive feature of ADDIATOR. TRY IT AT 
NO RISK. 

Try this remarkable complete calculator. You'll 
find it a most handy, useful, time-sa\'ing machine. 
The price is only $9.95 including detailed instruc­
tion book, substantially less than the price of the 
ADDIATOR and Darmstadt slide rttle when bought 
Sel)al'ately. 

See how beautifully made this invention is . .. 
how prircless it i� to you. If after a week's trial 
you a l'e not delighted, your entire purchase price 
will be refunded. 

Don't delay! Order today! Beautiful green 
leathel' carrying case is included. Durability, ac­
curacy and performance are guaranteed. 

Darmstadt 5" Model.. . . . . . .. . . .. . . . . . .. . . . . . . .......... $ 9.95 
Darmstadt 10" Model.. ...................... ............ $ 1 8.95 

ALSO AVAILABLE: OTHER MODel SLIDe RULES 
fOR SPECIAL APPLICATION. Write: 

HARRISON HOME PRODUCTS, DEPT. 4SA 
8 Kingsland Avenue, Harrison, New Jersey 
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MATHEMATICAL GAMES 
The mathe1natical diversions 

of a fictitious carni{Jal 1nan 

br Martin Gardner 

T
he James Hugh Riley Shows, Inc., 
is one of the country's largest non· 
existent carnivals. When I heard 

it had opened at the edge of town, I 
drove out to the lot to see myoId friend 
Jim Riley; we had been classmates some 
20 years ago at the University of Chica­
go. Riley was then taking graduate 
courses in mathematics, but one summer 
he joined a carnival as a "talker" for the 
girlie show, and during most of the sub­
sequent years he had been, as the car­
nies say, "with it." To everyone on the 
lot he was known simply as The Profes­
sor. Somehow he had managed to keep 
alive his'passion for mathematics, and 
whenever we got together I could always 
count on picking up some unusual items 
for this department. 

I found The Professor chatting with 
the 'ticket collector in front of the freak 
show. He was wearing a white Stetson 

hat and seemed older and heavier than 
w hen I had last seen him. "Read your 
column every month," he said as we 
pumped hands. "Ever thought about 
writing up Spot-the-spot?" 

"Come again?," I said. 
"It's one of the oldest games on the 

lot." He grabbed my arm and pushed 
me down the midway until we came to 
a concession where a red circular spot a 
yard in diameter was painted on the 
counter. The object of the game was to 
place five metal disks one at a time on 
this spot in such a way that they com­
pletely covered the spot. Each disk was 
about 22 inches across. Once a disk had 
been placed the player was not permit­
ted to move it, and the game was lost if 
even the tiniest bit of red remained visi­
ble after the fifth disk was down. 

"Of course," said The Professor, "we 
use the largest possible spot that can 
still be covered by the disks. Most peo­
ple think the disks should go like so." 
He arranged them symmetrically on the 
spot as shown in the illustration below. 
The circumference of each disk touched 

An inferior method of placing the disks ill "Spot.the·spot" 
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Report from IBM Yorktown Research Center, New York 

LOW TEMPERATURES FOR HIGH-SPEED CIRCUITRY 
Certain metals and alloys lose their resistance to electricity at 
temperatures close to absolute zero. They become "super-con­
ductors." Investigations by Dr. D. R. Young and others at the 
IBM Yorktown Research Center are directed toward tbe utili­
zation of this unique property in the development of small­
size, high-speed switches with increased logical capacities. 

Interestingly, when a "super-conductor" is exposed to certain 
magnetic fields, it reverts instantly to an ordinary conductor. 
One experimental switching device that takes advantage of 
this property has been constructed at IBM. In essence, it is 
a "sandwich" of glass, tin, silicon monoxide and lead. The 
device is immersed in liquid helium to bring it close to abso­
lute zero. The tin strip becomes a "super-conductor," so cur­
rent flows readily through it. When a current is applied to 

tbe lead strip it creates a magnetic field. As a result, the tin 
strip is no longer a "super-conductor" and now has electrical 
resistance ... it is "off." Remove the magnetic field and it 
is "on" again. This then is an "on-off" device, or switch, that 
is expected to work at speeds much greater than present 
switch capacities. There are no moving parts to wear out 
and 1,000 such devices can be mounted on a bit of glass only 
a few inches square. 

In addition to these experiments, the studv of matter at very 
low temperatures is being applied to other areas at IBM. The 
immediate objective is to apply the results to the develop­
ment of device formulations which will greatly accelerate 
arithmetic speed and increase the logical capacity in electronic 
computers of greatly reduced size. 

IBM® RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept. 659D, 590 Madison Avenue, New York 22, New York 
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II scientific mirllcle • • •  
2 MINUT[ 

'1 A J" 
"WONOER RuvI 

FOR !)f}lfNC[ ... 
/NOU!}{RI. .. BU!JN� ... 

SLIDE-O-FILM 
Mabs Proiection Slides From Any Negative 

A t Low Cost In Fully Lighted Offices • • •  
Without Chemicals or Darkroom! 

CORONET calls new Slide-O·Film "Wonder 
Film," because ... it's a miraculous Physical 
process. Exposed by light ... Developed by 
Heat. Anyone can do it in minutes! 
Slides of New Products and Processes ... Lab 
Setups • • •  Training Series ... Sales Presen· 
tations • • •  for research directors, executives 
and sales engineers now made in instances 
where cost and time formerly made it 
impossible! 
IN ADDITION - Slide·O-Film makes nega­
tives from color slides, 8 or J 6MM movies 
and Polaroid'@ Transparencies. 

r ---------------------...,---- , 
CHARLES BESELER COMPANY . 1 235 South 18th St., East Orange, N. J. I 
Send todoy, Free B",I" SlIDE·Q·FILM SAMPLE and I 
Informotion Booklet. : 

I NAME ............ _____ • _____________ .. _. __ ..... _, 
I ADDRESS -.- -----•• -------.. ---. ---.. , .-.-------'1 
I CITY ...... __ .. ... . _ ... ZONE ...... STATE ....... � 
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The correct method 0/ placing the disks in "Spot.the.spot" 

the spot's center, and the centers of the 
disks formed the corners of a regular 
pentagon. Five minute areas of red were 
visible around the spot's rim. 

"Unfortunately," Riley continued, 
"that doesn't quite do it. To cover the 
maximum circular area, you have to ar­
range them this way." He pushed the 
disks with his finger until they assumed 
the formation shown in the illustration 
above. Disk No.1, he explained, has its 
center on diameter AD and its circum-

ference on point C, which is slightly be­
low the spot's center (B). Disks No. 3 
and No. 4 are then placed so their edges 
pass through C and D. Disks No. 2 and 
No. 5 cover the rest of the spot as shown. 

Naturally I wanted to know the dis­
tance of BC. Riley couldn't remember 
exactly, but he later sent me the refer­
ence to an article in which this difficult 
problem is worked out in detail: "On the 
Solution of Numerical Functional Equa­
tions, Illustrated by an Account of a 

A truncated hexagon that will cover any area with a "diameter" of 1 
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NEW VOUGHT CRUSADER FOR FLEET NEXT YEAR! 
Navy orders fourth version of flexible, economical fighter 

For the fourth time in three years, a new Crusader type 
is extending the power of the Fleet. Chance Vought's 
FBU-2N has been ordered by the Navy for delivery next 
year. It will deploy alongside the Navy's swiftest photo­
planes and two first line day fighters - all Crusaders. 

The FBU-2N is another step in Crusader growth. Speed 
of this newest version has been advanced to near 
Mach 2. It will carry the deadliest air-to-air missiles. 
It is instrumented and radar-equipped for supersonic 

combat in darkness or bad weather. 
This will be a new capability for the Fleet. Yet it is 

being acquired at low risk and cost. The FBU-2N's basic 
design has been proved simple, serviceable and econom­
ical ... compiling an enviable performance record in a 
year of foreign duty with two Fleets. 

Again, the growth provisions of the Vought Crusader 
have provided immediate, low-cost upgrading of the 
Fleet's aircraft inventory. 

OUG.I:IT AIRCRAFT 
INCORPORATED · DALLAS . TEXAS 
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Now available in standard tube, 
crucible and combustion boat shapes 

For temperatures to 4600oF. (2538°C). 
Possesses one of the highest melting points 
of all commercial refractories. 

Great chemical inertness. Won't erode 
when melting steel or high temperature al­
loys • • •  or react when firing titanates or 
sintering metals • • •  or embrittle platinum. 

Leco zirconia ware ... crucibles for 
melting special alloys, tubes for high­
temperature combustion or gas synthe­
sis, heat treating and sinteringfurnaces, 
and kiln furniture. We will be happy 
to quote on custom ware. 

Leco also specializes in Zircon (Zr5iO.l Ware 

Write Today Jor TECHNICAL DATA CATALOG 
LABORATORY EQUIPMENT CORP. 

4004 Hilltop Road, 51. Joseph, Michigan 

INFRARED 
• 

STAFF 
SCIENTIST 

Ph.D. degree with direct research 
experience consisting of a minimum 
of 10 years in Infrared weapon sys· 
tems analysis and design. 

• 

LABORATORY 
MANAGER 

Ph.D. degree - minimum 10 years 
experience in Research & Develop· 
ment of solid state devices for the 
improvement of Infrared detectors 
and transmitting materials. 

• 
Address your inquiry to 

Mr. H. Marriner; 
include a detailed background of 

your past accomplishments. 

®�,���:� 
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20·20 JERICHO TURNPIKE 
NEW HYDE PARK, L. I., N. Y. 

Popular Puzzle and Its Solution," by 
Eric H. Neville (Proceedings of the 
London Mathematical Society, Second 
Series, Vol. 14, pages 308-326; 1915). 
If the radius of the spot is unity, the dis­
tance Be is a trifle more than .0285 and 
the smallest radius possible for the disks 
is .609418. If the disks are placed as 
shown in the illustration on page 160, 
they must have a radius of .6180340 in 
order to cover the spot completely. The 
curious feature of the problem is the 
smallness of difference between the 
areas covered by the two methods of 
arranging the disks. Unless the spot is 
about a yard in diameter, the difference 
is scarcely detectable. 

"This reminds me," said I, "of a fas-
cinating minimal-area problem still 

unsolved. You define the diameter of an 
area as the longest straight line that will 
join two points on it. The question is: 
What are the shape and area of the 
smallest plane figure that will cover any 
area of unit diameter?" 

The Professor nodded. "The smallest 
regular polygon that does it is a hexagon 
with a side of 1/\1'3; but about 30 years 
ago someone improved this by chopping 
off two corners." He took a pencil and 
pad of paper from his jacket and 
sketched the pattern reproduced in the 
illustration at the bottom of page 162. 
The corners are sliced off along lines 
tangent to the inscribed circle (which 
has a unit diameter) and perpendicu­
lar to lines from the circle's center to 
the corners. 

"Is that the best solution so far?," I 
asked. 

Riley shook his head. ''I've heard that 
a few years ago someone at the Univer­
sity of Illinois sliced off another small 
piece, but I don't know the details." 

we sauntered down the midway and 
stopped in front of a concession 

where three enormous dice were tum-

bling down a corrugated incline to a flat 
surface below. Large white digits from 
1 to 6 were painted on the counter. A 
player could put as much money as he 
wished on any digit. The dice were 
rolled. If his number appeared once on 
the dice, he received back his bet plus 
the same amount of money. If the num­
ber appeared twice, he got back his bet 
plus twice the amount. If the number 
showed on all three· dice, he got back 
his bet plus three times the amount. Of 
course if the number did not show at all, 
he lost his bet. 

"How can this game show a profit?," I 
asked. "The probability of a certain 
number showing on one die is 1/6, so 
with three dice the probability is 3/6 or 
1/2 that the number will show at least 
once. If the number shows more than 
once, the player can win even more than 
he bets, so it looks to me like the game 
favors the player." 

The Professor chuckled. "That's just 
how we want the marks [carny slang for 
suckers] to figure it. Think about it 
again." When I did think about it later, 
I was astonished. Perhaps some readers 
will enjoy calculating just how much, in 
the long run, a player can expect to re­
ceive back for every $10 that he puts out. 

Before I left the lot, Riley took me 
into one of his "cook houses" (as he 

called them) for a bite to eat. Our coffee 
was served at once, but I decided not to 
touch it until our sandwiches came. 

"If you want to keep your coffee hot," 
The Professor said, "better pour your 
cream now instead of later. The hotter 
the coffee is the faster its rate of heat 
loss." 

I dutifully poured my cream. 
When The Professor's ham sandwich 

arrived, sliced neatly through the mid­
dle, he gazed at it for a moment and 

The "sandwich theorem" in two dimensions 

© 1959 SCIENTIFIC AMERICAN, INC



PREMIERE ENGAGEMENTS NOW! 
ALL SEATS RESERVED . AVAILABLE AT BOX-OFFICES OR BY MAIL 

New York RKO PALACE· Los Angeles EGYPTIAN • Chicago McVICKERS(OpensApriI22nd) 
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Increasing Space Frequency 
Phosphor bronze reticle and space frequency trnmr characteristics Of circular aperture reticle. 

TARGET DISCRIMINATION 
IN INFRARED 

DETECTION SYSTEMS 

The pioneering field of infrared detection offers many challenging 
opportunities to scientists and engineers at Ramo-Wooldridge for 
advanced studies in the solution of target discrimination problems. 
Research is continually under way at Ramo-Wooldridge in the inte­
grating of infrared detection devices with the latest electronic systems 
techniques for enhanced target detection on the ground and in the air. 

The phosphor bronze reticle, or image chopper, illustrated above, 
was developed by Ramo-Wooldridge. It indicates a marked stride in 
space filtering discrimination concepts, and is used for target signal 
enhancement in guided missiles, anti-aircraft fire control and air 
collision warning applications. 

The reticle is used in the focal plane of an infrared optical system 
and is rotated to chop the target image for the desired space filtering. 
It is also employed in time filtering, such as pulse length discrimina­
tion, or pulse bandwidth filtering. 

Space filtering is critical to infrared systems, because of its ability 
to improve the detection of objects located in the midst of back­
ground interference. In a manner similar to that used in the modifi­
cation of electronic waveforms by electrical filtering, space filtering 
enhances the two-dimensional space characteristics of a target. The 
size and features of the target are highlighted and the undesired 
background eliminated. 

Scientists and engineers With backgrounds in infrared systems­
or any of the other important areas of research and development 
listed below-are invited to inquire about current opportunities at 
Ramo-Wooldridge. 

Electronic reconnaissance and 
countermeasures systems 

Analog and digital computers 

Air navigation and traffic control 

Antisubmarine warfare 

Basic research 

Electronic language translation 

Information processing systems 

Advanced radio and wireline 
communications 

Missile electronics systems 

said, "Have you ever come across a pa­
per by Tukey and Stone on the general­
ized ham-sandwich theorem?" 

"You mean John Tukey and Arthur 
Stone? Two of the co-discoverers of 
Hexagons?" 

"The same." 
1 shook my head. "I don't even know 

about the ungeneralized ham-sandwich 
theorem." 

Riley took out his pad again and drew 
a line segment on it. "Any one-dimen­
sional figure can always be bisected by 
one cut. Right?" 1 nodded while he drew 
two irregular closed curves, then a 
straight line that sliced both of them 
[see illustration on page 164]. "Any pair 
of areas on a plane can be exactly bi­
sected by one straight line. Correct?" 

''I'll take your word for it." 
"It's not hard to prove. There's an 

elementary proof in What Is Mathe­
matics?, by Richard Courant and Her­
bert Robbins. It makes use of Bolzano's 
theorem." 

"Ah, yes," 1 said. "If a continuous 
function of x has positive and negative 
values, it has to have at least one zero 
value." 

"Right. It seems trivial, but it's a pow­
erful tool in all sorts of existence proofs. 
Of course in this case the proof doesn't 
tell you how to construct the line. It only 
proves that the line exists." 

"Where do ham sandwiches come in?" 
"When we move on to three dimen­

sions. The volumes of any three solids, 
of any size or shape, placed anywhere 
in space, can always be exactly and si­
multaneously bisected by a plane-like 
bisecting two pieces of bread and a slice 
of ham in between. Stone and Tukey 
generalized this for all dimensions. They 
proved that there is always a plane that 
bisects four four-dimensional solids 
plaqed anywhere in four-dimensional 
space, or five five-dimensional solids, and 
so on." 

T he Professor drained his cup, then 
pointed across the counter to a pile 

of doughnuts. "Speaking of slicing solids, 
here's a question you might ask your 
readers sometime. What's the maximum 
number of pieces you can get with three 
plane cuts through one doughnut? It's a 
problem 1 thought of myself." 

1 closed my eyes and tried to visualize 
it while the merry-go-round calliope 
wheezed off key, but the problem made 
my head throb and 1 finally gave up. 
Next month's department will include 
the answer to the dice problem, and two 

. months from now we will discuss the 
best solutions received on the doughnut 
question. 
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(I) 
AIRBORNE 

INSTRUMENTS 
LABORATORY 
A DIVISION OF CUTLER-HAMMER, INC. 

160 Old Country Road, Mineola, l. I., N. Y. 
Pioneer 2-0600 

.of-the SPACE AGE 
Future historians will refer to 1959 as Year II of the Space Age. In the Year I we have 
proven the feasibility of space vehicles. What will Year II bring? In our telescoped 
sense of time ... the analogy to Columbus' second voyage ... and the opening of the 
New World, is inevitable. 

Electronic systems for space vehicles that are still on the drawing board is the 
goal of Airborne's Project STAR (Space Technology and Advanced Research). The 
staggering problem that faces electronics researchers is how to design space-borne 
equipment that will operate reliably without human attention over indefinite periods 
of time, under conditions of an environment uniquely hostile to present engineering 
techniques. 

The entrance of Airborne into Space Technology was a natural step. Since our 
inception we have concerned ourselves with applying electronic technology to the 
problems of flight. Space technology, and other new challenging areas open to 
electronic engineers at Airborne, have created select positions in the following fields: 

Advanced Electronic Design Engineering • Product Design • Operational 
Analysis • Data Processing • Reliability • Circuit Design • Electronic 
Counter-measures • Field Engineering • Radar Systems • Antenna Design 
Systems Analysis and Management • Microwave Systems • Air Traffic Control 

General Benefits Program and Relocation Expenses. Send resume to Howard J. 
Gresens who will arrange an appointment at your convenience. 
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SPACE COMMUNICATIONS: As man's explorations reach farther into outer 
space, it becomes necessary to make great improvements in communi· 
cations. One of Lockhe�'s many contributions in this :field is a 
miniaturized satellite tape recorder, able to store three million pieces of 
scientific data anywhere in its travels and on return to rante of earth 
stations. transmit it on command. Marconi's original sending key depicts 
man's first successful attempt, to communicate by wave impulse. 

EXPANDING THE FRONTI·ERS OF. 
S�ACE TECHNOLOGY 

Lockheed's activities in the missile field �gan before World War II • 

when the company designed and flew a pilotless aircraft for the 
Army Air Corps. today the Missiles and Space Division embraces 
every facet of research· and development; engineering, test and 
manufacture. Ithas complete capabjIity in more than 40 areas of 
science and technology, from concept to operation: 
The Division's advanced research and development programs now 
under intensive study provide a fascinating challenge to creative 
engineering. These programs include: man in space; space 
communications; electronics; jonic, nuclear and solar propulsion; 
magnetohydrodynamics; oceanography; computer research and 
development; operations research and analysis; human'engineering; 
electromagnetic wave propagation and radiation; materials and 
processes 'and others; 
Programs such as the .Navy Polaris FBM; Discoverer Satellite; 
Army Kingfisher; Air Force Q-5 and. X-7 reach far into the future 
and reqUire a bold andimagin,ative app.t;oach where only theory now 
exists. 1t is a rewarding future which scientists and engineers'of 
outstanding talent and inquiring mind are invited to share. 
Write: Research and Development Staff, Dept 1),.36, 
962 W. EI Camino Real, Sunnyvale. California. 
"The organization that contributed most in the past year to the 
advancement of the art of missiles and astronautics." 

NATIONAL MISSILE INDUSTllY CONFERENCE AWAJU). 

"-"'-_.&...L.L.A....A. . ........ -.I' V MISSILES AND SPACE DIVISION 
SUNNYvA!.E, PALO ALTO. VAil NUYS. SNITA CRUZ:. SANTA MAN .... CAUFOItHIA 
CAPE CAHAVERAL. F�ONOA • ALAMQGOftDO. HEW M£l(JCO 
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CLOSEOUT! MECHANICAL DRAWING SET 
Regular Price Sl B.OO-Our Price Only $6.00 Ppd. 

American m f r .  couldn't com ­
pete with foreIgn imports­
thus you get a terrific bar­
gain, even far below import 
prices. 10  handsome pieces in 
velvet-lined case. Nickel 
p lated brass-precIsion A m ­
eriea n - m ade. 'Ve guarantee 

you ' l l  be satisfied or money refunded. 

5to�k No. 50. 200-5 . . . . . . . . . . . . . . .. . . . . . . . . $6.00 Postpaid 
Qua ntity Pri�e: 5 Sets for $5.50 ea�h Postpaid 

10 Sets for $5.00 ea�h Postpaid 

Sturdy. I m p royed M od e l ! 
SeC a thrilling spark display as you 
set ofT a m iniature bolt of light­
n ing. A bsolutely safe and harmless . 
S t u rd i ly made-it stands ]4" high. 
'I'll rll the hundle and two 9" plastic 
d i scs I'otate in opposite directions. 
" I c t a l  cull ector brushes pick up the 
s t a t i c  electricity, store i t  in the 
Lc:ytlcll j a r  type condenser until dis­
cha rJ-tcd by the jumping spark. 
Countless tricks and experiments. 
24 IJagc i n s t ruction booklet included. 

. . . . . . . . . . . . . . . . . . . .  $1 2 .95  Postpaid 

Take Te lephoto 

Shots Thru 

7 X 50 
MONOCULAR 

'l'hl�  I s  fl l i C  q u a l i t )' ,  A U I \' rl l'illi m ad e  instrum ent-war 

surplus ! A r l u a l ly lh uf U . S .  UII\'(. 7 x iiO B i nocular. Used 

for g C l 1 c r a l  ol ls�rnl t i oll bulh d a :r and l I i ght and to take 

fasc i n a t i n g  telephoto shut� w i t h yuur camera. Brand new. 

$� ';' l a t u e .  t ) u e  t o  ,l a t l a l l c l'I c  {' I /I I I I IC I I I L I I I I  we close these out 
at a lJ a rgal l L  price. DirectivlIs ami m o u n t i n g  hints included. 

5to�k No. 50.003-5 . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 5 . 00 Pstpd. 

I N FRARED S N I P E RSCO P E  
TELESCOPE & PARTS 

Scc i ll t he dad, -w ithout. being ob­
SCHcll, \\'al' Su rplus Snipers cope 
M-2. contaim the famous IP25A 
imagc t ube . Gu\, ' t  cost about $1200. 
Instrum cn t 1.:0111 1 1 1 e te .  ready to use. 
Includcs i'ower i 'aek, infrared light 
sou rce, Will operate from 6 V auto 
battery. lla ttel'Y or transformer avail­
able.  

5to�k No. 85 .053-5 . .  $1 50.00 fob. 
Sa\'e s t i l l  morc money ! Build your 
own Sni IJCrSCOpc ! We will furnish i n ­
struct ionS-llarts,  includin g :  Power 

Packs, IP25A ifllage l u b c s ,  light uniLs, 6 lters,  etc.  }?or de­
tails-request FltEF'; catalog " S " ,  

GIANT MAGN ETS ! TERRIFIC BARGAINS ! 

"'ar surplus-Alnico V type ! HOl'se- �� r 
shoe shape. 1'I'cm

.
endou

.
s lifting

. 

' . . . . • .. . . ..: : c 
power. 5 lb, size. DlInenSlOns : A- '-- . .  �'; 

-. . :�·r I 
3 \it. " ; B-2 0/,' ; C-4'YIG" : 0-1l,4 " : . 

-,,: ,, >  I,,! 
E-'l \it. "  ; F-2 % " .  Strength is a bout 

. 
'<'" 

2,000 Gauss. 'Vill lift over 125 Ibs.  ��::L.f 
5to�k No. 70. 1 83-5 . . . . . .  = . . . . . . . . . . . . . $ 8 . 50 Postpaid 
1 5� %  lb.  size. A p p roximately 5 ,000·6,000 G auss rati n g .  

W i l l  lift over 2 5 0  I b s .  
5to�k N o .  85 .088-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . $22.50 F. O . B. 
Shipping wt. 22 Ibs.  Barri n gton, N .  J.  

American Made­
Over 500/0 Saving 

STEREO M ICROSCOPE 
Years in development. Equals $300 to $400 instrument.. Precision American 
m ade. Used for checking, inspecting, 
small assem bly work. Up t o  3" work­
ing distance. Clear, sharp, erect 
image. Wide. 3 dimens ional field. 2 
sets of objectives on rot ating tu rret. 
23X and 40X. 
Sto�k No. 85 .056-5 . . . . . . . . . . $99 .50 

f,o. b .  Barr i ng to n ,  N.J .  
L o w  Power Supplementary Lens Attachment f o r  above Stereo 
-prorldes 1 5X down to 6X with clear, extra large ll h N  
field at 6X. 

5ta�k No. 30.276-5 . . . . . . . ... . . . . . . . . . . . . . . . . .. . . . .. . . .. . . . .. . . $7.50 

1 70 

See the Stars. M o on . Planets Close U p !  
3" ASTRONOM ICAL R EFlECTING TELESCOPE 

60 to 1 60 Power-An Unusual Buy ! 

•• ;;;::;;;.iiiiiiiiiiil-' Famous Mt. Palomar Type 

• You'll  see the Rings of Saturn, the fascina t i n g  planet Mars, 
huge craters on the Moon, Star Clusters. Moons oC Jupi ter in 
detail, Galaxies! Equatorial mount with lock on both axes. 

Aluminized and overcoated 3" diameter high-speed f/ l 0  m irror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Bm'low Lens, giving you 60 to 1 60 power. An Optical Finder 
Telescope, always so eSl'ient ial, Is also ineluded. Sturdy, hard­
wood, pOl·table tripod. 

Free with scope: Val u a b l e  STA R C H A R T  and 2 7 2  p a g e  " Astro n o m y  Book. " 

5to�k No. 8 5 .050-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $29.95 Postpaid 

4 '/4 " REFLECTI N G  TELESCOPE ! Up to 270X! 

Bracket attaches per­
Ill anenrly to reflecting 
or refract ing tele­
scopes. Uemo\'able rod 

holds camera over e}'e­
piece to take pictures 
of Moon . , , or ter­

restrial  t elephoto shots of distant objects.  
White metal projection screen permits you 
to see the sun spots ! Includes brackets, 
28%" rod, projection screen, screws, direc­
tions. 

With this scope you can see everything as 
abo\'e but with greater power plus will 
:;plit finer stars . M i rror has twice the 
l i g h t  gat hering power. Mirror guaranteed 
to gh'e theoretical  limit of resolution. 
Hack and pinion focu sing,  hardwood tri­
pod, real equatorial mountlng-only one 
adjustment follows stars ! Aluminum 
t u b e .  6 power finder telescope. 2 stand­
ard size eyep ieces and mounted Barlow 
lens gire you powers of 40X, 90X. 120X, and 270X, Low-cost accessory 
eyepiece available for higher powers. Freo 
handbook and Chart. Shipping weight 
25 Jbs. 

5to�k No. 70. 162-5 . . . . . . $9.95 Postpaid Stock No. 85 .006-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $74.50 f.o.b_ 

E RECT I MAGE LOW POWER M I CROSCOPE 
5X.  l OX .  20X 

$80.00 Value-Only $ 1 9 . 95 
Extremely sturdy with rack and pinion 
focusing, color corrected optics, turntable 
microscope body for inclined \'iewing, three 
different powers, long working distance under 
objectives, sufficient eye relief for easy view­
ing. Made from war surplus optical instru­
ment so that :rou actually get $80 . 0 0  of value. 
Weighs 4 lbs . ,  13" high, 1 0 - DA Y FREE ;;;,�:_:-.�;""_O'ou.o obj ectives available for po\\'ers of 15X, 

WAR S U RPLUS BARGA I N 5 1  

AER IAL  CAMERA LENSES 
Big variety • • •  at a fraction 

of Government cost ! 
f 6,  24" f.!.  with shutter, diaphragm 
and lens cone-used, Weight t5 Ibs. 

Stock No.  85.059 - S  ... .  $39.50 F . O . B .  U tah 
Same as above, but new. Weight 25 Ibs.  

Stock No.  85.060 · S  . . . . . . . . . .  $59.50 F . O . B. U ta h  
t 8 ,  4 0 " f . l .  no mount or shutter. Weight 6 %. Ibs.  

Stock N o .  70, 1 86 � S . .  . .  . . . . . . . .  $49. 50 Postpaid 
t 5 . 6 .  20" f . l .  telephoto with shutter. Weight 6 %. Ibs.  
Stock N o .  70, 1 87 · 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $65.00 Postpaid 
f 4 . 5 ,  6 %" f .l .  with shutter and diaphragm, Weight 

�t��k �o�z�O, 1 89 _ S  .............. . . . .  . .  . .  $24. 50 Postp a i d  

MAKE YOU R  OWN POWE RFU L 
ASTRONOMICAL TELESCOPE 

G R I N D  Y O U R  O W N  ASTRO N O M I CA L  M I RROR 
Kits conta in mirror blank, tool, abrasives, diag­
onal mirror and eyepiece lenses. You build instru­
ments ra nging in value from $75 .00  to thousands 
of dollars. 
5to�k No.  

70.003-5 
70.004-5 
70.005-5 
70.006-S 
70.007-5 

Dia . Mirror Thickness Price 
4'/.' 'A" $ 7 . 50 postpaid 
6" 1 " 1 1 . 95 postpa id 8" P ia" 1 9 .50 postpaid 

1 0" PA" 30.75 postpaid 
1 2" 2'1a" 54.75 postpa i d  

POWER MICROSCOPE 
A m az i n g  Val ue-Equal of a $75.00 In. 
strumenU 3 Achromatic Objective Lenses 
on Revo l v i n g  T urret ! I m ported I 'I'he color­
corrected, cemented achromatic lenses in 
the objecti-res give you far superior results 
to the single lenses found in the micro· 
scopes selling in thIs range. Results are 
worth the difference I Fine rack and 
pinion focusing. 

5to�k No. 70.008-5 . . . . $1 4.95 Pstpd_ 
MOUNTED 500 POWER OBJECTIVE • • • Threaded f o r  easy attachment on 

above microscope. Achromatic lenses for 
tine viewing. 3 mm. focal length. 

Sto�k #30. 197-5 . . . . . . . . . .  $5.00 Pstpd. 

8 POWER ELBOW TELESCOPE-WAR SURPLUS 
$200 G Oy't Cost-O nly $ 1 3.50 

Big 2 "  objecti,e, focusing eye­
piece 28mm foea I length­
Amici erecting system-turret 
mounted fillers, clear, red, 
amber and neut ral-reticle il­
lumination. Spal'J.:ling, elea l' ,  
b r ight ima ge-G o fteld ( 32 ,)  ft .  
at 1 ,000 ylls, ) .  Foeus a djusts 
1 5  ft. to  infinity. 28mm :F , L. eyepiece alone is 
worth more than $ l :l . G O .  
5to�k N o .  70. 1 73-5 . . . . . . . . . . . . . . . . . . . .  $ 1 3 . 50 Postpaid 

WA R S U R P L U S  AMERICAN-MADE 
7X50 Binoculars 

B i g  Sa \-ings ! Brand new I Crys­
tal clear \'iewing-7 power. 
E\'ery optical element is coated. 
An exeellent night glass-the 
size recommended for satellite 
\'iewing. lndi,idual eye focus. 
Exit pupil 7mm. Approx. field 

at 1 .000 yds. is 376 ft. CaITying case included. 
American 7 x 5 0 ' s  norma lly cost $ 1 9 5 .  Our war 
surplus price sa \-es you real money. 
Stock No. 1533·S . . . . . . . . . . . . . . . . . . . . . .  only $�����n�lsu

tfe�; 

R E P L I CA G RATI N G- Low, Low Cost 
Take Unusual Color Photos At Night! 

It's here-after decades of effort, Replica 
Grating-on film-at .ery low price. 
B reaks up white light into full spectrum 
colors. An exciting display. 13.400 lines 
per' inch. Diffraction Grating has been 
used to answer more Questions about tho 
structure of the material world and the 
uni \-erse than any other single device_ 

Use it for making spectroscopes, for experiments, a s  a 
fascinating no-reit.y. First time a\'a iJable such large size-­
s o  cheaply-comes i n  clear piast i c  protector. 
Sto�k No. 50. 202-5-includes 2 pcs. 8 "  x 5y,, "-1 
transmission type.  1 reflecting type. $2.00 pstpd_ 

W RITE 
FOR FREE CATALOG·S 

96 pa g es!  Over 1 .000 items. O ptics for the 

Space Era ! H u g e se lectian af lenses. 

war surplus  o ptical instru­
ments. pa rts and accesso­
ries. Telescopes. Micro .. 
scapes. Satel l ite Scopes. 
Binocula rs, I nfrared Snip­

Request 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Ston g 

S
hortly after World War II a group 
of physicists wrapped a coil of wire 
around a glass tube in which water 

had been sealed, put the assembly be­
tween the poles of a magnet and sent a 
high-frequency current through the coil. 
When the frequency was raised or low­
ered through a critical range, the current 
flowing in the coil varied sharply. This 
occurred precisely at the point where 
the frequency of the oscillating magnetic 
field set up by the coil resonated with 
the magnetized nuclei of hydrogen 
atoms in the water. Further experiment 
showed that other atoms as well as mole­
cules of many kinds react in the same 
way. Of more interest, however, was the 
observation that the current varies 
uniquely for each kind of substance sen­
sitive to the test. In the dozen years since 
these relatively simple experiments were 
made the technique has given rise to an 
instrument called the magnetic-reso­
nance spectrometer which rivals the 
power of the optical spectroscope for 
investigating the structure of matter 
[see "Magnetic Resonance," by George 
E. Pake; SCIENTIFIC AMERICAN, August, 
1958]. 

In the course of applying the new 
technique to the analysis of biological 
substances, a group working under Miles 
A. McLennan in the Bioelectronics Sec­
tion of the Aero Medical Laboratory at 
the Wright Air Development Center 
has designed a simple version of the 
magnetic-resonance spectrometer that 
amateurs can make at home. It should 
serve not only as an introduction to an 
interesting new field of experimental 
physics but should also make an attrac­
tive classroom demonstration or science­
fair project. 

According to the "classical" theory of 
physics, all elementary particles of mat­
ter spin on their axes like tops, and those 

How amateurs can build a simple 
magnetic-resonance spectrometer 

that have an electric charge (e.g., elec­
trons and protons) generate magnetic 
fields. (The classical picture has now 
been superseded by the quantum-me­
chanical view, but it will suffice for the 
purposes of this discussion.) Particles 
bound in atoms and in molecules not 
only spin but also move on orbits. This 
motion adds to the field generated by 
the spin. The fields of neighboring par­
ticles merge; depending on the structure 
of the atoms or molecules and on the di­
rection in which the magnetic forces 
point, the fields tend to cancel in some 
cases and to reinforce in others. In con­
sequence all atoms and molecules are 
characterized by unique patterns of in­
teracting magnetic forces. 

What will happen to these tiny mag­
nets if they are subjected to the influence 
of an external magnetic field? It was this 
question that led to the development of 
the new technique. In the case of the 
single-proton nuclei of the hydrogen 
atoms of water, the magnetic axes nor­
mally point in random directions. It 
might therefore be supposed that an ex­
ternal field would cause the proton axes 
to line up in the direction of the field. 
This, however, does not happen. Instead 
the field causes the protons to precess, or 
wobble like a spinning top that has been 
tipped from the vertical. We might say 
that each particle now has two axes, one 
about which it spins and the other about 
which it precesses. The axes on which 
the particles precess line up with the 
external field, but attempts to align the 
axes on which they spin get nowhere. 
Increasing the strength of the external 
field merely causes the particles to pre­
cess faster. In fact, the rate of precession 
varies in proportion to the field strength 
and is equal to the intensity of the field 
( expressed in gauss) multiplied by 
4,228.5. Thus when a sample of water 
is placed between the poles of a typical 
magnetron magnet with a field strength 
of 1,450 gauss, the hydrogen nuclei pre­
cess at the rate of 6,131,325 revolutions 
per second. 

It is possible to disturb the particles, 
however. They can even be flipped over 
so their "north" and "south" poles are 

reversed. This is accomplished by setting 
up a second external field at right angles 
to the first and causing it to oscillate or 
reverse direction precisely in step with 
the rate at which the particles are pre­
cessing. In the case of water in a biasing 
field of 1,450 gauss the critical frequen­
cy is 6.1 megacycles. Energy is absorbed 
by the particles from the oscillating field 
during each alternation, just as a tuning 
fork is set into vibration by the sound 
waves to which it is resonant. Resonance 
between the particles and the oscillating 
field can be established by adjusting 
either the frequency of the current 
through the coil or the strength of the 
biasing field (which determines the rate 
at which the particles precess). As the 
oscillating-field frequency approaches 
resonance the particles absorb energy. 
As they recede from resonance the bor­
rowed energy is emitted, part being re­
turned to the coil and the remainder be­
ing shared with neighboring particles. 

In most substances the exchange of 
energy between the particles and the 
coil is surprisingly sluggish with respect 
to the speed of most atomic processes. 
Some particles respond immediately at 
resonance, but others require intervals 
ranging from a few seconds to several 
minutes. This complicates the design of 
magnetic-resonance spectrometers be­
cause their electrical circuits must be 
made extremely stable and their output 
must be observed with the aid of pen 
recorders. 

It turns out, however, that the addi­
tion of ferric nitrate to water increases 
the susceptibility of the particles to the 
outside field and radically decreases the 
time required for energy exchange with­
out affecting the rate at which the par­
ticles precess. According to the Aero 
Medical Laboratory group, no complete­
ly satisfactory explanation for the action 
of ferric nitrate has been advanced. It 
may be that ferric ions in solution de­
crease the magnetic interaction of the 
particles and thus render them more sus­
ceptible to the influence of external 
fields. Whatever the explanation, ferric 
nitrate dissolved in water makes it pos­
sible to demonstrate the phenomenon of 
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"BIG" LENSES ?e�� ���c
r
tJ��l ¥�n����1� 

the largest in the United 
States available for immediate delivery. Perfect magnesium 
fluoride coated and cemented aehromatic telescope objectives. 
Aluminum tubing and cells available for lenses listed below. 
Send for complete list of other diameters and focal lengths. 
Oia. F.L. EACH Oi.. F.L. EACH 
2l{," 10" $12.50 3N' 15" $21.00 
2%" 15" S 9.75 3fn" 24%" $22.50 
21h" 241,6" $12.50 31,4" 40" $30.00 

��:: ��:: �:�:�g �S:':' if?::: :g��g 
We can supply ALU MIN U M TU BIN G for the above lenses. 

MOUNTED AIR SPACED OBJECTIVES 

OIA. 
3Y4" 
41/8" 

The finest American Made, hand�corrected 
air-spaced astronomical objectives; 

mounted in black anodized aluminum cells. 
F.L. PRICE 
��: 8�:l�� m:33 

PRICE 
Not Coated $28.00 
Not Coated 560 . 00 

6" DIA. AIR SPACED 
ASTRONOMICAL 

TELESCOPE OBJECTIVE 
Hard coated on 4 surfaces 

f/l0-60" focal length MOUNTEO $175.00 
UNMOUNTEO $150.00 

focal length MOUNTED $175.00 
UNMOUNTED $150.00 

f/15-90" 
The effective 3perture of the above lenses is six inches. 
The black anodized aluminum mount fits into seven 
inch dia. aluminum tubing. 

8 POWER ELBOW TELESCOPE 8xSO 

ASTRONOMICAL TELESCOPE MIRRORS 
Precision polished to 1/4 1 Dia. F.L. Post pa i d 
wave and aluminiz(!d. Mir- 3�" 4�" $ 9.75 
ror mount, rack and pin- 41,4" Pyrex 45" $13.50 
ion, tubing available. 6" Pyrex 60" $25.00 

Free Catalogue "MILLIONS" of Lenses. etc. 
We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

CALCULATIONS 
Easily Solved on the 

BINARY CIRCULAR SLIDE RULE 
In Arithmetic, Algebl'a and Trigonometry. Any number 
of facLors can be handled in long and difficult calcula­
tions. The "e" scale of the BIKAUY rule is 25 inches 
long, with graduations 25 % further apart than those 
of a 20-inch slide rule. The CI, A, Ie and Log scales 
are divided as closely as a 20" straight rule. The Log­
Log scale extends from 1.0015 to 1,000,000. Gives trig 
functions from 0 to 90 degrees on back, with indicator 
reading. Engine divided scales in black, o\'crlaid with 
:yellow, on alternate scales on white coated aluminum. 
Permanently accurate. Dia. 8lh inches. Prlcc-$10.25 
in case. AI)Pro\'ed at leading Univ. Used by largest 
firms in U.S. 

ATLAS SLIDE RULE-Precision MADE 
'l'he "Atlas" slide rule solves problems in Multiplica­
tion, Division and Proportion. Gives results with a 
maximum error of less than 1 in 35.000. lias two "C" 
scales. One is 25" long and the other is a spiral of 
25 coils. Equivalent to a straight rule 50 ft. long. 
Reads answers to 5 places. ACCURATELY CEN­
'l'EHED. Used In largest U.S. Laboratories. Chemists, 
Physicists and Engineers ha\'e found thIs rule in­
\'aluable for its great accuracy. Dia. 8th", same con­
struction as "Binary". Trig functions from 0 to 90 
degrees on back. Price-$13.50 in case. 

MIDGET 
CIRCULAR SLIDE RULE 

Similar to Binary. Has C, CI, A. LL and Binary scales. C scale is 12" long. Precision made. accurately cen­
tered. remains accurate. Trig functions on back. with 
indicator. 3/4 million sold. Price-$4. in case. 4" dia. 
Same construction as above rules (no yellow). 

Descriptive Literature free. Satisfaction Guaranteed. 
Sold at Bookstores & Engineering Equipment stores. 
01', Order direct. INSTRUCTION BOOK FREE. 

GILSON SLIDE RULE CO. 
Box 1237 SA, Stuart, Fla. 

Slide Rule Makers since 1915 

1?2 

fIeld modulcltion coils 
20 turn:; - no. 30 cotton 
covet'ed wit'c on each 

l�mm )( 75 mm 

test tube 

side �.,.,;;;;;;��g:��� 'Ps 'x 3� "diit.50ft 
iron polc 

piCCe5 
sample coil 
32 turns in two 
tayen; of 
nO.2� 
enamele 

type 220 A 150 

surplus magne ron 

magnet ......-----
Magnet assembly of the magnetic-resonance spectrometer 

magnetic resonance with relatively sim­
ple apparatus_ 

The experiment consists of placing a 
test lube containing the solution of ferric 
nitrate in the pulsating field of a mag­
netron magnet and, by means of an os­
cilloscope, observing the exchange of 
energy at resonance between the sample 
and a coil around the test tube which is 
energized by a vacuum-tube oscillator. 
The energy absorbed during a single flip 
of the particles is too small for detec­
tion by conventional electronic devices. 
Hence in this experiment the frequen­
cies are brought in and out of resonance 
60 times per second. The frequency of 
the vacuum-tube oscillator is held con­
stant while the rate of precession is var­
ied by modulating the biasing field of 
the magnetron magnet. This is accom­
plished by plaCing a second coil ener­
gized by 60-cycle alternating current 
between the poles of the magnetron 
magnet; the flux of this modulating coil 
alternately reinforces and opposes that 
of the magnet. The rate of precession 
varies in proportion. The vacuum-tube 
oscillator is equipped with two controls, 
one for adjusting the frequency to the 
average rate at which the proton axes 
precess and the other for adjusting the 
amount of energy fed back from the 
plate circuit of the vacuum tube to the 
grid circuit. The latter control regulates 

the intensity at which the tube oscillates. 
With this control the oscillator can be 
put into or out of operation or, when 
desired, set at the marginal oscillating 
condition. The modulating coil is wound 
with a space in the center to admit the 
test tube, and placed so that its axis is 
concentric with the biasing field [see 
illustmtion above]. 

With the sample in position the oscil­
lator is turned on and adjusted as closely 
as possible to 6.1 megacycles, the aver­
age frequency at which the protons pre­
cess. The feedback control is adjusted 
for the marginal condition at which os­
cillations are barely sustained. At this 
critical pOint current flowing in the 
plate circuit of the oscillator tube is 
highly responsive to changes of energy 
in the coil around the test tube. The in­
tensity of the plate current is observed 
by connecting the plate circuit to the 
vertical terminals of the oscilloscope as 
shown in the illustration on page 174. 
A spot of light will appear on the screen, 
indicating that a fixed value of plate 
current is flowing_ The modulating coil 
of the biasing magnet is now energized_ 
If the frequency of the oscillator has 
been adjusted to the average rate of 
precession, the spot of light will expand 
into a vertical line, indicating that the 
plate circuit is responding to energy ex­
changed between the coil and the patti-
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ELECTRONICS 

Inertial Guidance & Navigation • Digital 
Computer Development • Systems Engi· 
neering • Information Theory· Telemetry· 
SSB Technique· Doppler Radar· Counter· 
measures · Radome & Antenna Design 
• Microwave Circuitry & Components ' 
Receiver & Transmitter Design' Airborne 

Navigational Systems· Jamming & Anti· 
Jamming • Miniaturization·Transistoriza· 

tion • Ranging Systems '. Propagation 

Studies ' Ground Support Equipment 

A new $14,000,000 Research Cen­
ter - to be completed this year - is 
part of Republic's far-ranging R&D 
programs aimed at major state-of· 
the-art breakthroughs in every flight 
regime and environment. 

ENGINEERS- SCIENTISTS 

Engineers and Scientists at Republic Aviation - with a 

turn for dry professional humor-say that they're asked 

to solve every problem of upper atmosphere and 

space flight with the factor 

This human application of the relativistic theory 

of space-time relationships is predicated on the conviction 

that the creative content of technological thinking 

can be immeasurably expanded and enriched-

given a propitious environment. 

That the environment at Republic is propitious, 

is evident from the results. 

Engineers and scientists like it. They thrive on it. 

Technical ideas of a "revolutionary" character­

rather than "evolutionary" -are appearing at a rate 

that exceeds the norm of even 5 years ago. 

In every professional area -research, development, 

experimental engineering -the goal is the same: 

PING TIME 
in terms of technological progress 
� in exotic propulsion systems for 

space operation - plasma propulsion ... advanced 

nuclear power applications ... 

� in integrated electronic systems for 

flight vehicles to operate at every altitude 

� in supersonic and hypersonic weapons systems, 

both manned and unmanned 

. . . . . . . . . . . .. . . . .. . .. . . . . . . . . . . . . . .... . ... .. . . .. . .. . . ... . . .  

. . 

For an invigorating environment. where 
new ideas flourish. look at the range of 

opportunities at Republic 

THERMO. 
AERODYNAMICS 

Theoretical Gasdynamics • Hyper· 

Velocity Studies • Astronautics Pre· 
cision Trajectories' Airplane/Missile 

Performance· Air Load and Aeroelas· 

ticity • Stability and Controls· Flutter 
& Vibration • Vehicle Dynamics & 
System Designs • High Altitude 

Atmosphere Physics' Re-entry Heat 

Transfer · Hydromagnetics • Ground 
Support Equipment 

PLASMA PROPULSION 

Plasma Physics ' Gaseous Electronics 
• Hypersonics and Shock Phenomena· 
Hydromagnetics • Physical Chemistry 
• Combustion and Detonation· Instrumen· 
tation • High Power Pulse Electronics 

NUCLEAR PROPULSION 
& RADIATION PHENOMENA 

Nuclear Weapons Effects · Radiation 
Environment in Space · Nuclear Power & 
Propulsion Applications . Nuclear Radia· 
tion Laboratories 

Send resume in complete confidence to: 

Mr_ George R. Hickman, Engineering Employment Mgr. Dept. 3D. 

Farmingdale , Long Island. N ew York 
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* Gives Graphic Picture-Saves Time, Saves 
Money, Prevents Errors 

* Simple to operate-Type or Write on Cards, 
Snap in Grooves 

* Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

* Made of Metal. Compact and Attractive. 
Over 350,000 in Use 

Full price $4950 with cards 

I F R EEl 24-PAGE BOOKLET NO. C-200 
Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55 West 42nd Street. New York 36, N. Y. 
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cles. The display can be made more in­
teresting by connecting the horizontal 
plates of the oscilloscope to the 60-cycle 
power supply which energizes the modu­
lating coil. Typical patterns are shown 
on page 176. 

In the apparatus designed at the Aero 
Medical Laboratory the magnetic bias­
ing field is supplied by a Type 220A 150 
surplus magnetron magnet. The pole 
faces of the magnet were replaced by 
soft iron disks 3 1/2 inches in diameter 
and 7/8 inch thick to provide a field over 
a large area. For maximum response all 
protons must precess at the same rate, 
which means that all must be acted upon 
uniformly by the modulated biasing 
field. The intensity of the field will vary 
with the distance between the pole 
faces. Hence these must be made par­
allel and free from surface irregularities. 
Surplus magnets from magnetrons of the 
radial-cathode type usually bear a small 
white dot on the base which gives an 
approximate figure in gauss for the field 
strength that may be expected in the air 
gap. The magnet used in the instrument 
constructed at the Aero Medical Labora­
tory is rated at 1,450 gauss. It was 
modulated by a coil consisting of 20 
turns of No. 30 cotton-covered magnet 
wire wound on a Bakelite tube 1 5/8 
inches in outside diameter and 7/8 inch 
long. Ten turns of the coil are wound 
at one end of the tube and 10 turns are 
wound in the same direction at the other 
end. A hole 5/8 inch in diameter is cut 
in the center of the coil form to admit 
the test tube. A second hole 3/8 inch in 

ft'Gquency 
contt"ol 
140-9.0 fl�'f' 

diameter is made at right angles to the 
first to admit a length of coaxial cable 
for linking the oscillator coil to the 
source of high-frequency current. The 
modulating coil is energized by the 
transformer which supplies the tube 
heaters, and it sweeps the strength of the 
biasing field 50 gauss above and below 
its mean value. 

The test tube is 12 millimeters in di­
ameter and 75 millimeters long. A two­
layer coil of No. 22 enameled magnet 
wire, consisting of 16 turns per layer, is 
wound on the straight portion of the 
tube as close as possible to the closed 
end. The tube and coil are mounted 
vertically in the Bakelite form on which 
the modulating coil is wound. 

The circuit construction is conven­
tional. The oscillator is designed around 
a 6AK5 pentode tube. When used with 
an oscilloscope of high sensitivity, out­
put from the oscillator may be taken at 
the junction between the 22,000-ohm 
resistor and the 200,000-ohm resistor in 
the plate circuit. With 'scopes of lower 
sensitivity, such as the Heathkit Model 
0-10, a Single-stage amplifier using a 

6AU6 pentode is added as shown in the 
circuit diagram. A variable capacitor, 
such as the Hammarlund Type MC-
140-M, is used for adjusting the fre­
quency of the oscillator. These compo­
nents are assembled on an aluminum 
chassis three inches high, five inches 
wide and six inches long. Input and out­
put connections are made through RC 
58/U coaxial cable equipped with UC 
290/U and UC 88/U terminals. Power 

510K 
:t4W 

.-1.p.1' 
:zoo v 

osci lIa tion 
level c.ontt'ol 

to poweT 
supply ground 

Circllit diagram for the magnetic-resonance spectrometer 
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TURBID LIQUID 
REFRACTOMETER 

Too ripe or not too ripe? That is the question 
the canner asks himself before committing 
his corn or peas to the tin. The Turbid Liquid 
Refractometer gives him the answer and 
saves you from possible indigestion. 

This bit of scientific legerdemain is accom­
plished by (1) mashing the vegetable in 
question, (2) pouring the resultant turbid 
juice into the refractometer, (3) reading the 
index of refraction which is a measure of 
ripeness. This value is accurate to one unit 
in the fourth decimal place, no less. 

Most likely you are unmoved by this in­
strument (the curious may request Bulletin 
159). However, it does typify the well-nigh 
impossible optical measuring problems we 
are adept at solving. We'd like to help you 
with yours. One of these might aid you: 

Bulletin 161-A 2B-page catalog of precision meas­
uring microscopes for laboratory and shop. 

Bulle.in 163-A 6-page folder on Michelson lnter­
ferometers for industrial and educational uses. 

Gaertner 1236 Wrightwood Ave. 

Chicago 14, Illinois SCIENTIFIC CORPORATION 

liill: hiii-1:. iii 11 
IDMUUblfj.!:l·i§¢@i.h, 
.'ii',):(,'M"3'ii!f$("Wf' 

This valuable 3a-page book 
is yours for the asking! 

With artiflcial satellites already launched and space 
trovel almost a reality, astronomy hos become today's 
fastest growing hobby. Exploring the skies with a tele­
scope is a relax ing diversion for father and son alike. 
UN,rRON's handbook contains full-page illustrated 
articles on astronomy, observing, tele$copes and acce$· 
sories. It is of interest to both beginners and advanced 
amateur$. 

Content. inclu<le-
• Observinl the sun, 

moon, planets and 
wonders of the sky 

• Constellation map 

• Hints for observers 

Please rush to me, free of charte. UNITRON's new Observer's 
Guide and Telescope Catalot 6.P. 
Name _____________ _ 

St .. et--___________ _ 

City State-___ _ 

L _________ ...1 
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may be taken [rom any supply capable 
of delivering 100 milliamperes of direct 
current at 150 volts to the tube heaters 
and 60-cycle alternating current at 6.3 
volts to the modulating coil. 

The test solution is prepared by dis­
solving .4 gram of ferric nitrate in 100 
cubic centimeters of distilled water. Two 
cubic centimeters of this solution are 
added to the test tube and placed in the 
biasing field. Power is applied. After the 
horizontal-sweep circuit of the oscillo­
scope has been made synchronous with 
the 60-cycle modulating voltage, a pat­
tern should appear on the screen. The 
pattern may resemble a horizontal figure 
eight, as shown at left in the illustration 
below. This indicates that the frequency 
of the oscillator coil lies outside the lim­
its within which the particles are pre­
cessing and that resonance is not estab­
lished. To search for resonance, set the 
oscillator capacitor for minimum fre­
quency (the plates of the capacitor 
meshed fully) and adjust the intensity 
(feedback) control to the pOint where 
the oscillator is on the verge of going 
out of operation. Then increase the fre­
quency slowly while observing the 
'scope. It may be necessary to trim the 
feedback control occasionally to main­
tain the marginal oscillating condition. 
The procedure can be simplified with 
the aid of a short-wave radio receiver. If 
the receiver is equipped for continuous­
wave reception, the oscillator signal will 
be heard as a shrill whistle. If not, it will 
make a rushing sound, perhaps accom­
'panied by a 60-cycle hum. The receiver 
is particularly useful in checking the 
point at which the oscillator goes out of 
operation when adjusting the feedback 
control. If the receiver is calibrated, it 
may be used to calibrate the oscillator. 
If not, the receiver can be calibrated 
easily by tuning in on the time signal of 
Station WWV. 

When resonance is established, the 
display will resemble the center figure 
below. Usually two peaks appear which 
are jOined at the bottom by loops. This 
indicates a displacement (phase differ-

ence) in the time at which Signals arrive 
at the vertical and horizontal plates of 
the 'scope. The Heathkit Model 0-10 
'scope is equipped with a line-sweep 
switch and a phase control for manipu­
lating the display. When these are prop­
erly adjusted, the peaks coincide as 
shown in the figure at right below. 

What does the display mean? The 
height of the figme is proportional to the 
number of protons resonating with the 
oscillator; the width of the figure, to the 
range through which the particles pre­
cess. Accordingly if all of the particles 
were precessing at precisely the same 
rate and all flipped over preCisely at 
resonance with the oscillator, the pat­
tern would resemble an inverted "T." 
The spectrometer could then be said to 
have perfect resolution. Evidently in this 
instrument all the particles do not pre­
cess at the same frequency. Part of the 
explanation lies in the interaction of 
magnetiC forces within the test sample. 
The fields of neighboring protons merge 
in such a way that some particles are 
partially shielded from the influence of 
the outside field. But in this instrument 
the breadth of the peaks is largely ex­
plained by cross-sectional variations in 
the strength of the biasing field. Particles 
in regions of high-field intensity precess 
at higher rates than those in regions 
where the field is relatively weak. These 
differences are preserved when the field 
is modulated. Some particles are swept 
into resonance with the oscillator earlier 
or later than others, and the displayed 
peak is broadened accordingly. The 
width of the peak illustrated is about 20 
gauss, which means a difference of some 
85,000 revolutions per second in the rate 
of precession of the slowest and fastest 
particles. 

With an instrument of high resolution 
many substances show fine multiple 
peaks. This is due to the complex mag­
netic interaction between systems of par­
ticles and the consequent shielding of 
the biasing field. Many substances are 
not sensitive to an external magnetic 
field because the magnetism of their 

Nuclear magnetic·resonance patterns on an oscilloscope 
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Career 
Opportunities 

at NASA 

SPACE TECHNOLOGY 
Space vehicle development, including basic planning, 
development, contract coordination, and operational 
programming and planning for manned and unmanned 
satellites. Systems studies for auxiliary power supplies, 
air regenerative systems, instruments, guidance and 
communication equipment for space vehicles. 

Space probes: Development and operation of vehicles, 
payload and instrumentation, programming and opera­
tion of flight, trajectory, communication systems, and 
ground support systems for near space and deep space 
probes. 

Beltsville 

SPACE MECHANICS 
Experimental and analytical study of orbital mechanics 
including parameters of preliminary and refined orbits, 
ephemerides, lifetimes, equator crossings and perturba­
tions. 

Beltsville; Langley; Ames 

PROPULSION AND PROPULSION 
SYSTEMS 

Developmental studies of boosters, launchers, multi-stage 
engines, guidance and attitude control systems for space 
vehicles. 

Basic research on the interrelationships between elec­
trical, magnetic and thermodynamic energy, and appli­
cation of such knowledge to space propulsion. 

Magneto hydrodynamics: Research on plasma and 
ion accelerators for space propulsion and auxiliary power 
systems. 

Research on reactors and reactor shielding for aero­
nautical and space propulsion systems. 

Beltsville; Lewis 

AERODYNAMICS AND FLUID 
MECHANICS 

Investigation of the thermodynamics and transport prop­
erties of gases at high temperatures as encountered in 
entry into planetary atmosphere. 

Research on performance, stability and control, auto­
matic guidance, and navigation for subsonic, supersonic, 
and hypersonic aircraft. 

Aerodynamic heating and satellite re-entry phenomena. 

Langley; Ames; Lewis; High-Speed Flight Station 

(Positions are filled in accordance with 

Aeronautical Research Announcement 61B) 

NASA directs and implements the Nation's re­
search efforts in aeronautics and the exploration 
of space for peaceful purposes and the benefit of 
all mankind. We offer unique opportunities in 
basic and applied research to scientists and engi­
neers with degrees in the various disciplines. 

Briefly described here are representative cur­
rent NASA programs. Openings exist in all of 
these programs, at the facilities named. 

INSTRUMENTATION AND 
COMMUNICATION 

Research and development of new sensing devices and 
instrumentation techniques in electronics, optics, aero­
dynamics, mechanics, chemistry and atomic physics. 

Systems studies and evaluation of control, guidance, 
navigation, and communication equipment for space 
vehicles and other high performance applications re­
quiring rugged and compact design. 

All Facilities 

GEOPHYSICS, ASTRONOMY AND 
ASTROPHYSICS 

Experimental programs and evaluation studies of astro­
nomical and geophysical measurement and scientific 
equipment used in space vehicle payloads. 

Studies of fields and particles in space, investigations 
of the composition of planetary atmospheres, and de­
velopment of instrumentation and experimental tech­
niques for these investigations. 

Beltsville 

STRUCTURES AND MATERIALS 
Investigation of the characteristics of high temperature 
structures and materials. Study of fatigue, structural 
stability, and other problems of structural dynamics. 

Solid State Physics: Study of the elementary physical 
processes involved in mechanical behavior of materials, 
such as fractures; the nature of the corrosion process; 
and physical-chemical relationships governing behavior 
of materials. 

Langley; Ames; Lewis 

MATHEMATICS 
Application of advanced mathematical techniques to the 
solution of theoretical problems in aeronautical and 
space research, involving the use of large modern com­
puting equipment. 

All Facilities 

RESEARCH FACILITY 
ENGINEERING 

Translation of research specifications into complete ex­
perimental facilities, involving mechanical, electrical, 
structural, architectural and machine design, and con­
struction engineerIng. 

Langley; Ames; Lewis 

Please address your inquiry concerning any of the 
programs listed here to the Personnel Director of 
the appropriate NASA research center: 

Langley Research Center, Hampton, Virginia 
Ames Research Center, Mountain View, California 
Lewis Research Center, Cleveland, Ohio 
High-Speed Flight Station, Edwards, California 
Beltsville Space Center, 4555 Overlook Ave., 
Washington, D. C. 

N A S A National Aeronautics and Space Administration 
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Cornell Aeronautical Laboratory and • • •  

ALL-WEATHER 
RETURN-TO-CARRIER FLIGHT 

A hundred jet aircraft scream toward their distant carrier. Some are 
disabled; others, critically low on fuel. Their landing must be swift; 
timed to the second. This systems problem was assigned to Cornell 
Aeronautical Laboratory scientists and engineers by the Bureau of Ships 
seven years ago. Project name: PACO-Problems of All-Weather 
Carrier Operations. 

In order to link the carrier to the flight group beyond the horizon ... 
establish mutually compatible flight paths ... control an efficient landing 
sequence (with provision for emergency landings and wave-offs) . . .  
and to land the planes automatically o n  a n  unstable deck, electronics in 
every conceivable form has been focused on the problem. 

Systems engineering, traffic control philosophy and the inter-relation 
of aerodynamics and electronics all play a part in the systems design 
and experimental support work of C.A.L:s project team. Their efforts 
have resulted in significant contributions to equipment development 
including T ACAN, Data Link and Traffic Control Computer, Transition 
and Wave-Off Computer, and Automatic Landing System with Deck 
Motion Predictor. 

PACO typifies the broad scope and professional maturity of research 
projects at c.A.L. If you are interested in becoming a member of one of 
our small, closely knit research teams, write today for the factual, well 
illustrated, 32-page report entitled, "A Community of Science." Mail the 
coupon now for your free copy. 

FREE 
REPORT 

• CORNELL AERONAUTICAL LABORATORY, INC_ 

OF CORNELL UNIVERSITY 

I:.--;.���-----------------�;--' 
I CORNELL AERONAUTICAL LABORATORY, INC. 

I Buffalo 21, New York 

I Please send me a copy of "A Community of Science." 

I Name 

I 
I Street 

I I 
I City Zone State I 
I 0 Please include employment information. I 
L ________________________ � 

spinning particles cancels out. But those 
substances that do respond can be iden­
tified by the characteristic pattern which 
shows up on the 'scope. The resolution 
of the apparatus described here is not 
high enough for fine spectroscopic work. 
As indicated earlier, it is intended to 
serve as a simple demonstration of the 
magnetic-resonance effect. 

Modifications to adapt the apparatus 
for limited applications would include 
the provision of larger pole faces on the 
magnetron magnet to provide a more 
uniform biasing field. In contrast with 
the 20-gauss peak-width displayed by 
the apparatus, the best instruments made 
today resolve to a few ten thousandths 
of a gauss; this means that irregularities 
in the biasing field must be kept below 
this figure. High resolution also requires 
preCise and calibrated control of the in­
tensity, frequency and amplitude of the 
biasing field. In this demonstration the 
high sweep-rate of 60 cycles per second 
is made possible by limiting the experi­
ment to a test solution of ferric nitrate. 
Few substances are so responsive. 

Incidentally, the magnetic-resonance 
spectrometer can also be used for meas­
uring the strength of magnets. The mag­
net to be tested supplies the biasing field. 
It is modulated as described above, and 
the oscillator is adjusted to resonance. 
The strength of the unknown field in 
gauss is equal to the frequency of the 
oscillator when it is at resonance divided 
by 4,228.5. 

James H. Bly of the High Voltage En­
gineering Corporation in Burlington, 

Mass., recommends a change in the de­
sign of the particle accelerator described 
in this department last January. "In gen­
eral, I think it is fair to say that we like 
the design approach to this machine 
very much," Ely writes. "However, we 
are somewhat concerned over those por­
tions of the article that are concerned 
with the hazards involved. We agree 
wholeheartedly with what was said con­
cerning the hazards of glass breakage 
and the use of mercury. We feel strong­
ly, however, that there is inadequate dis­
cussion of the poten tial hazards due to 
X-rays and electrons. Even though the 
experimenter restricts himself to targets 
of low atomic number, there will inevita­
bly be some generation of high-energy 
X-rays when using electrons of 200 to 
300 kilovolt energy. If currents as high 
as 20 microamperes are achieved, we are 
sure that the resultant hazard is far from 
negligible. In addition, there will be sub­
stantial quantities of scattered electrons, 
some of which will inevitably pass 
through the observation peephole. AI-
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I Systems Specialists I � � I 
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� 

� I � rom I � I � I � I � mE I 
� MITRE � I I � I � � � I 
i Systems Engineers and Scientists are afforded a unique opportunity I 
� � I to join, during its formative stages, this non-profit organization created I � I � to provide system engineering support to the Air Defense Systems I 
i Integration Division (ADSID) of the United States Air Force. i � I � � � Men with outstanding capabilities in the problems associated with large- I � I � scale subsystems such as: I I I � � � COMMUNICATIONS SYSTEMS � � � � DETECTION SYSTEMS � I I I DATA PROCESSING SYSTEMS � I I I WEAPONS SYSTEMS � � I I � I I I are invited to make confidential inquiry. I � I � I 
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� 244 Wood Street· Lexington 73, Massachusetts i � I � � 
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HERE is where 
you come in ... 

... back in 1911 Magnavox 

develop ed and patented the 

first loudsp eaker. Since then, 

the name Magna v o x  has 

been synonymous with sight 

and sound the world over. 

Today, Magnavox is a dy­

namic, m o v i ng force in 

government and industrial 

electronics and would like to 

hear from engineers who 

qualify in these expanding 

activities. 

... on the ground floor of these 
exciting, long-range projects. Write 
now ... arrange for confidential 
interview with R. E. Eary, Technical 
Staffing Director, The Magnavox 
Company, 2131 Bueter Road, Fort 
Wayne, Indiana. 

lVIagna'Vo:x. 

though it is conceivable that it would 
be safe to look through this peephole 
from a distance of two feet, we are very 
doubtful that this is in fact the case. We 
believe the article would have been im­
proved considerably if these hazards had 
been more thoroughly explored." 

The apparatus described has been in 
operation for a year and has been tested 
exhaustively for radiation hazard. The 
article might well have pointed out, 
however, that one invites trouble by re­
maining near particle accelerators when 
they are in operation, or even by staying 
in the same room with them during pro­
longed periods of operation. F. B. Lee, 
who designed the apparatus, does not 
share Ely's concern about the hazard of 
scattered electrons from the peephole. 
As a precaution, however, the peephole 
may be covered on the inside by a small 
piece of window glass which will plug 
the hole completely for electrons. As an 
alternative the neon tube can be ce­
mented in the peephole and connected 
with its circuit through a pair of con­
tacts (an arrangement that would per­
mit the high-voltage terminal to be re­
moved when desired) . The lamp could 
then be observed at a distance with the 
machine in operation. 

George Gaylord Simpson, curator of 
fossil mammals and birds at the 

American Museum of Natural History, 
calls our attention to a hazard of a dif­
ferent sort. He writes: "In your Febru­
ary issue 'The Amateur Scientist' urges 
more amateurs to collect fossils and as­
sures them that 'on public lands U. S. 
citizens can gather as many as they 
want.' That statement has two grossly 
incorrect implications. 

"First, the applicable laws and regu­
lations make no distinctions in favor of 
U. S. citizens. Some other countries do 
discriminate against collection of fossils 
by noncitizens. To scientists it is a matter 
for pride that our country does not do so, 
and the fact should be known. 

"Second, the collection of fossils on 
public lands is regulated by law, and the 
activities pursued by your correspondent 
and recommended to others are illegal. 
The pertinent Federal law is 34 Stat. L. 
225, implemented by the 'Uniform Rules 
and Regulations' issued jointly by the 
secretaries of the Interior, Agriculture 
and Defense. Fossils in the public do­
main may be collected only under writ­
ten permits issued by the department 
having jurisdiction over the land in 
question. Such permits can be issued 
only 'to reputable museums, universities, 
colleges, or other recognized scientific or 
educational institutions, or to their duly 

© 1959 SCIENTIFIC AMERICAN, INC



Today mankind is embarked on the most 

exciting voyage of discovery since Columbus 

sailed beyond the rim of the known world. 

In a physical sense, it is a voyage that ranges 

from investigation of the infinitesimal compo· 

nents of matter to exploration of the vastness of 

the cosmos. 

But at Sandia Laboratory it is a voyage of 

the mind-a voyage beyond the rim of our pre· 

sent comprehensions, to unlimited destinations. 

At ollr laboratories in Albuquerque, N. M. and 

Livermore, California, we perform research and 

development pertaining to nuclear weapons and 

certain allied non· military projects for the Atomic 

Energy Commission. We need men with the 

knowledge, the experience, and the desire to ven­

ture beyond the rim in many fields of science 

and engineering. At present, we have challenging 

opportunities in these specific fields: 

PHYSICS and MATHEMATICS-Scientists at PhD 

level for both fundamental and applied research. 

Both physicists and mathematicians are needed 

at our Albuquerque location, mathematicians only 

at Livermore. 

EXPLOSIVES CH EMISTRY -Chemists or chemi· 

cal engineers with advanced degrees and exten· 

sive experience in this field, at both Albuquerque 

and Livermore. 

STATISTICS-Experienced statisticians with MS 

or PhD degrees and interest in statistical methods 

and quality control, particularly in statistical de· 

sign of experiments. Required at Albuquerque 

only. 

QUALITY CONTROL-Industrial, mechanical, 

and electrical engineers with experience in quality 

control methods development and training assign· 

ments, at Albuquerque only. 

STRESS ANALYSIS-Experienced mechanical or 

aeronautical engineers, preferably with advanced 

degrees, at both Albuquerque and Livermore. 

HUMAN ENGINEERING-Experienced personnel 

with advanced degrees in psychology plus engi­

neering degrees, at Albuquerque only. 

HEAT TRANSFER-Aeronautical or mechanical 

engineers with MS or PhD degrees for analytical 

and experimental research and development in 

aerodynamic heating and heat transfer problems, 

at Albuquerque only. 

ELECTRICAL or MECHANICAL ENGINEERING­

experienced personnel with BS or MS degrees, 

at both Albuquerque and Livermore. 

Sandia Laboratory offers many advanced and 

specialized facilities to further work of its scien· 

tists and engineers. Liberal employee benefits, 

including generous vacations and holidays, insur· 

ance and retirement plans, educational aid pro· 

gram, add to Sandia's attractiveness as a place 

to work. Albuquerque, a city of over 225,000 with 

a mild, dry climate and friendly Southwestern 

atmosphere, is a delightful place in which to live. 

Livermore, located in the San Francisco Bay area, 

offers suburban advantages close to metropolitan 

San Francisco. 

IF YOU ARE INTERESTED in a career at Sandia, 

our illustrated brochure will tell you more about 

the opportunities we offer to advanced scientists 

and engineers. Write to Employment Section 569E 

at either Albuquerque, N. M., or Livermore, 

California. 

SANDIA 
CORPORATION 

ALBUQUERQUE. NEW MEXICO 
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L I N C O L N 

L A B O R A T O R Y 

continue s  to augment its staff. 

We invite inquiri e s  from persons 

with superior qualifications. 

A broc h u re i s ava i l a b l e  w h i c h  i s 

g e n e ra l l y  d e s c r i p t i v e  of 

Li n c o l n  L a b o rato ry p ro g ra m s  

i n t h e  fo l l o w i n g  a r e a s :  

A I C B M  SYSTE M S  STU D I ES 

N E W  R A D A R  T EC H N I QU E S  

RAD I O  P H Y S I C S  

S O L I D  STAT E P h y s i c s ,  C he mistry, and Metal lurgy 

C O M M U N I C AT I O N S :  

Tech niques 

Psyc h o l o g y  

T h e o r y  

I N F O R M A T I O N  P R O C E S S I N G ,  

D I GITAL C O M PUTER T E C H N O LOGY 

R e s e arc h and D e v e l op m e nt 

M .  I .  T. L I N  C O L  N 
L A B O R A T O R Y  

B O X  1 8  

L E X I N G T O N  7 3 ,  M A S S A C H U S E T T S  

authorized agents.' Conditions for grant­
ing a permit are very stringent and in­
clude the requirement that all fossils 
must be preserved in a public museum 
and be accessible to the public. 

"The so-called 'Antiquities Act,' Stat. 
L. 225, and the accompanying regula­
tions were intended primarily for the 
protection of archaeological sites and 
objects, but it has been ruled that they 
apply equally to all paleontological 'an­
tiquities: that is, to fossils. Many paleon­
tologists, including me, think that the 
application to fossils is unduly restrictive 
and that the regulations could and 
should more realistically take account of 
differences between archaeological and 
paleontological collecting. Nevertheless 
these restrictions are now in effect, and 
your article urges your readers to com­
mit illegal actions that would make them 
liable to arrest and to confiscation of 
their collections. 

"The rationale of the Antiquities Act 
is that amateur or unregulated collectors 
of 'antiquities' can and frequently do 
cause irreparable harm-a consideration 
that rarely applies to amateurs in other 
sciences. That danger is particularly 
present in archaeology, and the most 
stringent regulation of collecting in 
that field is certainly justified. In pale­
ontology the danger is slight in some 
circumstances but is also frequently 
serious. Professional paleontologists 
are therefore properly cautious about 
encouraging amateurs. It is true, as 
your article states, that amateurs 'can 
render substantial help to paleon­
tologists.' When they do, we are 
grateful. More often, however, ama­
teurs cause the permanent loss of price­
less scientific data, and then we are defi­
nitely not grateful. 

"Amateurs would be encouraged by 
most paleontologists if all of them would 
just follow a few simple suggestions. 
First, never collect a fossil unless (a ) 
you know beyond any doubt that it has 
no research value, or (b) it is in obvious 
danger of destruction before a paleon­
tologist can get to it, or (c ) you can and 
do collect by professional standards, in­
cluding the making of precise records of 
locality and stratigraphy. Second, if  
those conditions are not met, leave the 
fossil alone and notify a paleontologist. 
Third, if you do collect a fossil, submit 
it to a paleontologist, who will give you 
at least an approximate identification. If 
it has no unique research value, you may 
properly add it to your personal collec­
tion. If it does have such value, present 
it to a public institution-you will, inci­
dentally, thus have a permanent memo­
rial as its discoverer." 

© 1959 SCIENTIFIC AMERICAN, INC



what is 

Energy conversion is our  business 

A thermometer reading? 

Internal motion of body particles? 

What is absolute zero? 

What happened to the 3rd law of 
thermodynamics? 

How is temperature defined in the 
"pinch effect"? 

A complete and thorough knowl­
edge of temperature is important to 
Allison because energy conversion 
is our business and we use temper­
atu re in making our conversions. 

U sing the knowledge obtained from 
our inquiries, Allison is applying 
its systems engineering concept to 
new research projects. In this effort 
we complement our own capabil­
ities by drawing upon the physical 
a n d  i n t e l l e c t u a l  r e s o u r c e s  o f  
G e n e r a l  M o t o r s  C o r p o r a t i o n ,  i t s  
Divisions, a n d  other individuals 
a n d  o r g a n i z a t i o n s .  T h u s  w e  
i n c r e a s e  t h e  effect i v e n e s s  w i t h  
which we accomplish o u r  mission 
- exploring the needs of advanced 
propulsion and weapons systems. 

I f  y o u  h av e  a d v a n c e d  a c a d e m i c  
recognition a n d  appropriate experi­
ence in the field of science and 
research, we would like to hear from 
y o u .  W r i t e  R. C. S m i t h ,  Salaried 
Personnel, Dept. E-l. 

Division of General Motors, Indianapolis, Indiana 
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THE LIBRARY OF SCIENCE, America's 
leading scientific book service, brings to 
serious, advanced readers in all walks of 
life the truly authoritative information from 
the frontiers of science today. It offers its 
Qlore than 43,000 members their choice of 
the enduring volumes-both new and classic 
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makes these books available at substantially 
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those listed below. As a member, you need 
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MATHEMAT ICS I N  
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By Morris Kline 
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Edited by 

Edward Hutchings, Jr. 
The latest findings in the 
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LIST PRICE $6.00 
Member's Price $4.95 

ROCK ETS, M I S S I L E S  
, S P A C E  T R AV E L  

By Willy Ley 
New, revised edition of 
this d e fi n i tive s ource 
book on rocket develop­
ment and space travel. 

LIST PRICE $6.75 
Member's Price $S.25 

THEOR I E S  OF THE U N I V E R S E  
Edited by 

Milton K. Munitz 
Space, Time and the Cre­
ation of the Universe ­
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mology from Plato to the 
present day. 

LIST PRICE $6.50 
Member's Price $4.9S 
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by Ernest Nagel 

COLLECTED PAPERS OF CHARLES SAN­
DERS PEIRCE: VOL. VII, SCIENCE AND 
PHILOSOPHY; VOL. VIII, REVIEWS, 
CORRESPONDENCE AND BIBLIOGRAPHY. 
Edited by Arthur W. Burks. Harvard 
University Press ( each volume $8 ). 

A lthough American contributions to ft philosophy during the past 50 
years are by no means negligible, 

there is a fair consensus among histori­
ans of ideas that Charles Sanders Peirce 
remains the most original, versatile and 
comprehensive philosophic mind this 
country has yet produced. Nevertheless, 
except to members of the profession, his 
name and achievements are relatively 
unknown, despite the fact that men with 
world-wide reputations, such as William 
James and John Dewey, have repeatedly 
acknowledged their profound indebted­
ness to him. 

Peirce was born in 1839 and died in 
1914 .  His father was a distinguished 
professor of mathematics at Harvard, 
and stimulated his son's interest early in 
life in science and philosophy. For a 
time Peirce was associated in various 
capacities with the U.  S. Coast and Geo­
detic Survey; during this period he made 
internationally recognized contributions 
to astronomy, geodesy and photometry. 
Bul: his chief claims to be remembered 
rest on other grounds. He was a pioneer 
in mathematical logic and in the logical 
analysis of the foundations of mathe­
matics. He created a substantial portion 
of the calculus of relations, a branch of 
study initiated by Augustus De Morgan; 
he showed how this calculus can be 
fused with the logical algebra developed 
by George Boole ( thereby constructing 
a unified theory of logic that in its essen­
tials is adequate for analyzing the con­
tent and structure of all mathematical 
reasoning); and in unpublished papers 
he anticipated by many years some of 
the relatively recent work on decision 
procedures in formal logic. Moreover, 

BOOKS 
Charles Sanders Peirce, a prodigious 

but little-known American philosopher 

he was a profound student of the logic 
of scientific inquiry and of the condi­
tions for the significant use of language. 
He formulated what subsequently came 
to be called the pragmatic theory of 
meaning, and is thus a spiritual ancestor 
not only of various forms of pragmatism, 
but also of logical empiricism and opera­
tionalism. In a series of brilliant essays 
he laid the foundations for a frequency 
interpretation of probable inference, and 
outlined a statistically grounded ration­
ale for inductive reasoning. 

But Peirce was also a philosophic 
system-builder in the grand manner. He 
proposed, and developed with great in­
genuity, a set of fundamental categories 
under which everything actual and pos­
sible is to be subsumed; and he gave 
intriguing sketches of a comprehensive 
evolutionary cosmology, according to 
which the uniformities found in the 
world are the products of a habit-form­
ing tendency for spontaneous variations 
to acquire patterns of regularity. At a 
time when belief in strict determinism 
was scientific orthodoxy, he advanced 
cogent arguments based on scientific 
data for the reality of a "chance" ele­
ment in the universe, and for a statistical 
interpretation of the laws of nature. In 
addition, Peirce lectured and wrote ex­
tensively on the history of science, on 
psychology and telepathy, on philology 
and literary criticism, on ethics and the­
ology, and on much else. 

It is safe to say that no thinker since 
Leibniz in the 17th century has ex­
hibited Peirce's mastery over so many 
diverse disciplines, or possessed his 
wealth of seminal ideas for cultivating 
them. Nevertheless, except for five years 
as an instructor at J olms Hopkins during 
its early days, Peirce held no academic 
post. He was a creative thinker of high 
order. But he was also somewhat erratic 
by temperament, unconventional in his 
private life, and decidedly undiplomatic 
in his manner toward men in positions of 
authOrity. Peirce's personal traits un­
doubtedly explain President Charles W. 
Eliot's refusal not only to appoint him 
to the Harvard faculty, despite strong 
urging by William James, but also to 

sanction any lectures by him on uni­
versity property. 

However this may be, Peirce's re­
peated failure to secure a teaching posi­
tion at an institution of higher learning 
was a misfortune, for himself as well as 
for the subsequent history of philosophy. 
From 1891 until his death he lived the 
life of a recluse in Milford, Pa., subsist­
ing on a small inheritance, the scanty 
sums he earned by free-lance writing 
and the precarious bounty of friends. 
When not driven to undertake writing 
jobs for the sake of money, he devoted 
most of his waking hours to putting 
down on paper his teeming ideas. He 
planned a series of books, all of them 
ambitious and at least one of them in 
12 volumes; but he managed to com­
plete only one of them, and he found a 
publisher for none. His manuscripts 
amply testify to the zealous care with 
which he sought to give his ideas literary 
form. He made repeated drafts of arti­
cles and chapters, abandoned what seem 
like excellent beginnings only to start 
fresh fragments, and inserted innumer­
able annotations into his published pa­
pers .  But although some of the products 
of his labors appeared in various periodi­
cals, and although he gave occasional 
public lectures, his isolation left a mark 
upon him . He lacked the opportunity 
that a post at an outstanding university 
would have given him to participate in 
critical discussions of his ideas . There 
was no steady external pressure upon 
him to communicate his thoughts to 
those not already familiar with them; in 
consequence, he frequently tended to 
manifest his undoubted literary gifts in 
a private jargon. Moreover, since his 
solitary reflections were not forced to 
conform to any time limits, his writing 
became prolix and often exhibited no 
obvious lines of relevant development. 
In a moment of extreme self-deprecia­
tion, he characterized himself as "a mere 
table of contents, so abstract, a very 
snarl of twine." Late in life he remarked 
that his publications in logic were "sim­
ply outcroppings here and there of a 
rich vein which remains unpublished. 
Most of it I suppose has been written 
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Now! At Your Finger' Tips 

By Joh'; TUI'kevich, Eugenc Hig­
gins P"ofesso,' of Chemistry and 
Ludmilla B. Turkevich, LectUl'er in 
Russian, both at Princeton Univeo" 
sity. 

Never befo"e has the "need·to·know" 
been greater or more urgent. This unique 
volume enables you to develop a knack 
for recognition of Russian terms as you 
quickly familiarize yourself with the 
basic points of grammar. It is easily 
adaptable to your needs-whether a 
mere deciphering of titles, a reading of 
graphs, or a thorough study of Russia's 
scientific literature. 

I PLANNED WITH CARE I 
The first section gives you a chance to 
learn pronunciation correctly, to de· 
velop a recognition of scientific cognates, 
and to orient yourself to the novelties 
confronting yon. In these early chapters, 
new words are introduced constantly, 
with exercises both from Russian and 
into Russian. Readings, with notes, begin 
very soon in chemical nomenclature, as 
chemistry is common or basic to so many 
sciences, and then proceeds, as your 
proficiency increases, into texts from 
aeronautical engineering, biology and 
physics. Vocabulary lists at the bottom 
of text pages cut preparation time and 
speed your progress. All grammar and 
basic vocabulary are helpfully summa­
rized for reference in the appendices. 

ESSENTIAL TODAY 

In onr race for survival today the vast 
literatnre in Russian must be directly 
available to the individual scientist. This 
important book will give yon the facility 
you need. Order a copy 
today! 192 pages $4.75 

--FREE EXAMINATION COUPON-l 
D.VAN NOSTRAND CO., Inc. 
120 Alexander SI. 
Princeton, N. J. Dept. A 

Send me for ten days free examination 
RUSSIAN FOR THE SCIENTIST 
(Turkevich). Within 10 days I will remit 
purchase price of $4.75 plus small de­
livery cost or return book and owe noth· 
ing. 

Name ________ ______ ____ __ 
Address, ________________ ________ _ 
City Zone_State __ _ 
SAVE: Remit wi.h order and we pay de­

livery cost. Same return guarantee. 
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down; but no human being could ever 
put together the fragments. I could not 
do so myself." It is difficult to deny at 
least the partial justice of these self­
assessments. It is equally difficult to dis­
miss as unfounded the conviction that 
had Peirce lived in a community of his 
peers, he would not have had the occa­
sion to pass such judgments on his own 
work. Nor is the conjecture unwarranted 
that had Peirce's personal fortunes been 
different, the state of logical and philo­
sophical studies would today be much 
further advanced. 

Most of Peirce's voluminous literary 
estate eventually became the property of 
Harvard University. The manuscript ma­
terial was in great disorder; even after 
funds for publishing a complete edition 
of his writings were obtained, the prepa­
ration of the material for the printer was 
a taxing and expensive undertaking. Ten 
volumes of Collected Papers were origi­
nally planned, six of which appeared be­
tween 1931 and 1935. The two new 
volumes recently published do not in­
clude everything else he wrote. But for 
various reasons, among others the fact 
that some of the material is now badly 
out of date, these latest volumes are also 
the Rnal ones, at least for the present. 
They are valuable additions to the avail­
able Peirce corpus. They contain his 
more important reviews of philosophical 
books, as well as revealing selections 
from his philosophical correspondence. 
They also include philosophically sig­
nificant portions of his strictly experi­
mental contributions to physical and 
psychological science, and so provide 
material for appreciating how Peirce's 
experience as a laboratory scientist sup­
plied the stimulus for his theory of mean­
ing and his espousal of indeterminism. 
Above all these Rnal volumes contain 
invaluable discussions of the logic of 
science, in which Peirce ampliRes, clari­
fies and illustrates important doctrines in 
his theory of knowledge. 

If Peirce's technical contributions to 
mathematical logic are left out of ac­
count, it is his analyses of scientiRc 
method that assure him a place in the 
history of thought and make him a Rg­
ure of contemporary relevance. Peirce 
viewed science as an enterprise carried 
on by a theoretically endless community 
of investigators, employing a distinctive 
logic of inquiry. It is an enterprise seek­
ing to remove doubt by establishing 
stable beliefs, because it is directed to­
ward Rnding a deRnite answer to any 
question or doubt that may be raised, 
where the resolution of the question will 
not depend on the idiosyncrasies of any 
investigator. However, unlike other in-

stitutions that also aim at achieving Rrm 
beliefs free from doubt, science is the 
only one that recognizes that any given 
belief may be erroneous, and that there­
fore builds into its method of answering 
questions ways of progressively correct­
ing deviations from the truth. Peirce was 
impressed by the fact that few of the 
propositions proclaimed throughout the 
history of mankind as indubitable have 
survived the continuing inquiry that 
makes up the history of science. He 
therefore rejected the conception, en­
shrined in an influential tradition that 
still retains its hold on many minds, that 
true beliefs can be established by ap­
peals to self-evidence, whether in logic, 
mathematics, physics, ethics or everyday 
affairs. Such appeals seemed to him to 
set arbitrary barriers to the exercise of 
critical thought, and to violate the fun­
damental canon of reason never to block 
the way of inquiry. 

But even though all claims to knowl­
edge are fallible, and are in principle 
always subject to emendation, some 
claims are better than others. In particu­
lar, the claims of science are stronger 
than are beliefs otherwise supported, 
because the former are the products of 
a general policy of assessing conclusions 
in the light of the available evidence­
a policy that in the long run yields a 
larger fraction of beliefs requiring little 
or no subsequent revision. Accordingly 
Peirce's doctrine of fallibilism does not 
imply a wholesale and stultifying skepti­
cism. On the contrary, those who sup­
pose we can doubt everything overlook 
the crucial fact that genuine doubt is 
possible only if some things are not 
doubted. In consequence those whose 
quest for certainty takes the form of a 
search for an indubitable Archimedean 
point upon which knowledge is to 
rest, render a serious disservice to the 
cause of critical intelligence. For al­
though they claim to put all doubtful 
beliefs into question, they are dog­
matically if unwittingly assuming many 
highly questionable things that it has 
never occurred to them to regard as any­
thing but indubitable. In any evept 
Peirce worked out in considerable de­
tail a thoroughgoing experimental and 
fallibilistic theory of knowledge, whose 
scope includes not only the positive sci­
ences but also logic, mathematics, ethics 
and everyday affairs. 

As Peirce saw it, a supreme task of 
logic is to classify, examine and evaluate 
the types of argument by which men 
seek to Rnd settled answers to their ques­
tions. According to him logiC is the sci­
ence that teaches whether efforts to pro­
duce a settlement of opinion-a settle-
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Have you a "budding Scientist" 
in your family? 

The LITTLE BOOK of POPULAR SCIENCE 
containing 12 FUN-TO-DO EXPERIMENTS in SCIENCE 

The Grolier Society, publishers of the lO-volume BOOK OF POPULAR SCIENCE, offers you an exciting 
new way to kindle your child's interest in science and guide him toward a fine career. 

RIGHT NOW your child needs a knowledge of 
science to help him with school and home 

work. And - as our colleges, government, 
business and industry demand more and 
more scientists and engineers-his opportuni­
ties for a rewarding career in science will be 
unlimited! 

about science from the only library' of its kind. 

THE BOOK OF POPULAR SCIENCE 

To stimulate your child's curiosity about 
science and nature, The Grolier Society has 
prepared The LITTLE Book of Popular 
Science. This illustrated booklet contains 12 
safe, see-and-do Projects and Experiments 
your child can perform himself with clean, 
everyday things found in any home. He will 
learn how to make a siren from cardboard 
and a coat button-a working electroscope 
from a couple of toy balloons-a stethoscope 
from a funnel and a rubber tube. These 
action-packed adventures in science will show 
your boy or girl how much fun it is to learn 

Written by 132 successful� practising scien­
tists-like the rocket expert WILLY LEY, 
t h e  "Fa t h e r  of Ra d i o "  DR. LEE DE 
FOREST and Johns Hopkins' Professor' of 
Biology DR. BENTLEyeGLASS-THE BOOK 
OF POPULAR SCIENCE makes' "hard" subjects 
easy. It answers any question your child is 
likely to ask about the· stars, plants and ani­
mals, atomic energy, electricity, the weather, 
and hundreds of other subjects-all in the 
child-winning, story-picture style which The 
Grolier Society pioneered so successfully in 
The Book of Knowledge. The ten wonderful 
volumes in THE BOOK OF POPULAR SCIENCE 
contain more than 4,300 pages .. .4,386 photo­
graphs, drawings, charts and diagrams, many 

=�� _________________ ., 'in beautiful color ... and more 
than 150 engrossing experi­
ments like those in the free 
booklet. The Editor of School 
Science and Mathematics calls 
it "excellent . • .  up-to-date ... 
indispensable." 

The Only Science li­
brary of Its Kind in 
the World. Hundreds of 
Chapters-33 on the 
UNIVERSE. 37 on the 
EARTH. 18 on LIFE. 31 
on PLANT LIFE. 55 on 
ANIMAL, MARINE. BIRD 
and INSECT LIFE. 21 
on MAN. 42 on MAT· 
TER and ENERGY. 45 
o n  INDUSTRY. Plus 
many more on TRANS· 
PORTATlON, COMMUN· 
ICATION, HEALTH, 
soclm. SCIENCE IN 
THE HOME and 1$0 
PROJECTS and EXPERI· 
M E N T S .  New 1159 £ditlDft. 

Start Your Child 
Toward Success Now 

With crowded classrooms and 
heavy homework assignments, 
even the most gifted children 
appreciate enjoyable helps to 

learning. To get the fun-packed booklet of 
Projects and Experiments and learn how 
THE BOOK OF POPULAR SCIENCE may win 
high grades and a bright future for your 
child, send the coupon today. Your Free gift 
and full information will be mailed with no 
obligation to you whatever. 

rl The Grolier ;:ietY Inc., ��SA-4 II 575 Lexington Ave., N. Y. 22, N.Y. 

I Gentlemen: Please mail to me free, I 
without obligation, The LITTLE Book I of Popular Science and full informa,tion I 
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AN INVITATION 
TO JOIN ORO 

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak­
ing. It employs the services of 
mathematicians, physicists, econo­
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non­
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe­
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision­
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien­
tific capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com­
petitive with those of industry and 
other private research organiza­
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea­
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges. 
Schools are excellent. 

For lurlber in/ormation write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFICE§] 

The Johns Hopkins University 
6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

ment that "shall be independent of all 
individual limitations, independent of 
caprice, of tyranny, of accidents of situ­
ation"-are rightly directed. He regarded 
logic so construed as having not only 
utmost practical value, but also as essen­
tial for a high civilization. "The theory 
of any act in no wise aids the doing of 
it," he declared, "so long as what is to 
be done is of a narrow description, so 
that it can be governed by the uncon­
scious part of our organism. For such 
purposes, rules of thumb or no rules at 
all are the best. ... But when new paths 
have to be struck out, a spinal cord is 
not enough; a brain is needed, and that 
brain an organ of mind, and that mind 
perfected by a liberal education. And a 
liberal education-so far as its relation 
to the understanding goes-means logic. 
That is indispensable to it, and no other 
one thing is ." And he added that because 
so many scientific men have never 
stopped to reflect on the rationale of 
their habitual procedures of investiga­
tion, they do not in his opinion stand 
much higher intellectually than "an ap­
prentice in a machine shop." 

One of the overt signs of logical im­
maturity is the perennial occurrence of 
interminable and irresolvable controver­
sies concerning certain sets of issues­
controversies that in Peirce's judgment 
are generated because of the obscurity 
of our ideas. He maintained that most of 
traditional metaphysics is "moonshine" 
for just this reason; and he partly ex­
plained the successes of modern science 
in terms of the intellectual habits com­
petent scientists exhibit when they con­
strue the meanings of scientific concepts. 
With these habits in mind, it seemed to 
him nonsense to say, for example, that 
though we may understand precisely 
what are the effects of a force, what 
force itself is we do not understand. He 
therefore proposed that to make an idea 
clear we should consider what effects an 
object supposedly has that might have 
practical bearings, since our conception 
of those effects is the whole of our idea 
of that object. This is the famous "prag­
matic maxim" which James explOited for 
his own ends, and interpreted in a fash­
ion that Peirce found objectionable. 
Peirce stated his rule in a much clearer 
way when he said that "the intellectual 
significance of beliefs lies wholly in the 
conclusions which may be drawn from 
them, and ultimately in their effects 
upon our conduct. For there does not 
seem to be any important distinction be­
tween two propositions which never can 
yield different practical results ." The 
substance of Peirce's logical pragmatism 
was thus the recommendation that gen-

eral ideas are to be understood by ex­
ploring their consequences, and ulti­
mately in terms of their concrete appli­
cations. This recommendation, if ac­
cepted, certainly condemns much philo­
sophical discussion (including some of 
Peirce's metaphysical speculations) as 
idle play with empty words. It is a salu­
tary rule, for it is an effective help in 
preventing the identification of profound 
if difficult discourse with obscure and 
hollow rhetoric. 

Peirce's views on probable inference, 
though he left them in unfinished state, 
are especially noteworthy. He recog­
nized that at least two frequently con­
founded senses of the word "probable" 
must be clearly distinguished: the sense 
relevant in applications of the mathe­
matical calculus of probability; and the 
sense required in so-called inductive in­
ference, when some proposition (e.g., 
that Caesar crossed the Rubicon ) is said 
to be probable on the available evidence 
-that is, when the weight of the evi­
dence for a given hypothesis is esti­
mated. Peirce was a vigorous critic of 
the classical Laplacian notion, according 
to which the application of the proba­
bility calculus rests ultimately on the 
use of the Principle of Indifference (also 
known as the principle of the equal dis­
tribution of our ignorance). He argued 
that the probability calculus requires for 
its premises assumptions about the rela­
tive frequency of events in given classes 
of occurrences . He was therefore a pro­
ponent of a conception of probability 
that in one form or another is central to 
current statistical theory. 

On the other hand, Peirce did not 
think that a Similarly simple frequency 
interpretation is tenable for inductive 
probability. Unlike other students of in­
ductive inference, however, Peirce be­
lieved that induction is neither a ration­
ally unjustifiable act of animal faith, nor 
that induction can be justified only by 
appealing to some grand cosmic princi­
ple such as the doctrine of the uniformity 
of nature. He pointed out that every in­
ductive inference is an instance of some 
policy for accepting hypotheses on the 
basis of certain types of evidence. More­
over, since there are alternative policies 
for doing this, it is in principle possible 
to compare policies in terms of the suc­
cess-ratios with which the policies yield 
conclusions that stand up when sub­
jected to further experimental probing. 
In the end, therefore, Peirce advanced a 
frequency interpretation, though of a 
subtle and complicated kind, even for 
inductive probability. His approach to 
an old and vexing problem of logic has 
not been fully articulated and exploited, 
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AD505. YOGA: A SCIENTIFIC EVALUATIO N ,  Kovoor 
Behanan. Written under auspices of Institute of Human 
Relations at Yale; unabridged reprinting of 1st (probably 
only) serious scientific account. Author's obsen-aUons in 
India and controlled lab experiment in America. emphasis 
on physiological fact. Such topics as yoga philosophy & 
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esses, therapeutic effects. similar topics. Author's approach 
is rational: ")'lore experimental work, less m:ystery monger­
ing." Foreword by W. Miles, Yale. 17 photos. 290 pp. 

Paperbd. SI.65 

AD492. SY M BOLIC LOGIC and GA M E  OF LOGIC, Lew i s  
Carro l l .  Not modern symbolic logiC, but collection o f  mathe­
matical amusements based on classical logic. All genial 
wit & humor of the Alice books. Altogether over 400 recrea­
tions in these 2 books bound together. Counters for game of 
logic included. Solutions. Total of 330 pP. Paperbd. $1.50 

AD493. PILLOW PROBLE M S  and A T A N GLEO T A LE, 
Lew i s  Carro l l .  Together with above book comprises all 
Carroll's mathematical amusements. PILLOW PROB­
LEMS, until now avaiJable only as rare book costing up 
to $35, contains 75 delightful problems, while 'fANGLED 
TALE presents puzzles in story form. Solutions. Total of 
2S0 pp. Paperbd. $1.50 

A1)482. LI NEAR GROUPS W ITH EXPOSITION OF 
THE GALOIS FIELD. L. E. Dickson. Most thorough ex­
pOSition of Galois fields in English, with survey of known 
simple groups of finite order. In range of graduate student. 
327 pp. Paperbd. $1.95 

AD500. M ESO N PHYSICS, R. E. M arshak. Basic theory, 
plus expcl"imental results thru )052; emphasis on theory 
and real meson processes. 390 pP. Paperbd. $1.95 

AD424. CO M PUTATIO N A L  M ETHODS OF LI NEAR 
ALGEBRA, V. Faddeeva. 1st English translation, only 
known English work to provide systematic exposition of 
most important methods of linear algebra. 23 revised com­
putational tables. 263 pp. Paperbd. $1.95 

AD502. THEORY OF FUN CTIO N ALS & OF I N TEGRAL 
& I N TEGRAL DIFFERE N TIAL EQUATIO N S, V. Vol­
terra. 1st systematic treatise on domain of functionals: 
eXI)osition of theory, dealing primarily with integral equa­

tions. Xo previous knowledge needed. 266 pp. Paperbd. $1.75 

AD504. ADVA N CED CALCULUS, E. B. W i lson. Compre­
hensive most useful text, with immense amount cf funda­
mental. well presented material. )1iddle lerel. �lore than 
1300 exercises. 575 pp. Paperbd. $2.45 

AD501. TABLE OF I N CO M PLETE ELLIPTIC I N TE­
GRAL OF THE THIRD KI N D, R. Selfridge,  J. M axfield. 
1st complete 6 place table, auspices of U. S. Naval Ordnance 
test station. For engineers, physicists. etc. 830 pp. 

Clothbd. $7.50 

AD509. HISTORY OF THE CALCULUS & ITS CON­
CEPTUAL D.EVELOP�.lENT, C. Boyer. Fonnerly Concepts 
of the Calculus. Ii'rom Greeks to moderns. fundamentals of 
mathematical Utought. 370 PP. Paperbd. $2.00 

ILLUSIONS AND DELUSIONS OF THE 
SUPERNATURAL AND THE OCCULT 

auras 
peyotl 
telepathy & ESP 
poltergeists 
stigmata 
haunted houses 
witchcraft 

D. H. Rawcliffe, $2.00 
suspended animation 
levitation 

This is the first publication in America of the most comprehensive 
and most penetrating analysis of seemingly supernatural phe­
nomena ever prepared. Written by a pSYChologIst who has spent 
years investigating "psychic phenomena" of all sorts, it contains 
Illuminating discussions and explanations of hundreds of beliefs 
and practices, ranging from voodoo, black magiC. belief in vam­
pire and demons to the ouUa board, multiple personality, posses­
sion, ghosts. the Indian rope trick (which is possible) and other 
material. 

Dr. RawcUft'e's book, which is recognized as the standard survey 
of its field, is wide in range, and his treatment throughout is 
thorough, fair. and reasonable. He offers one of the finest examina­
tions of the evidence for ESP and PK adduced by Rhine and Soal, 
and provides a great deal of material on aspects of abnormal psy­
chology not usually discussed in books for laymen: oniomania, 
zoerastry, hemothymia, xenoglossia, etc. 

omens, prophecy 
fa ith heal ing 
hypnotism 
glamour 
shamanism 
visions 

The author carefully considers source material, and examines 
impartially, but strictly, eye-witness accounts and second-hand 
sources, experiments and observations, and shows the rationale of 
much that is sometimes considered supernatural or "beyond sci­
ence." He spends more than 100 pages conSidering the psycho­
logical mechanisms involved in types of delusions and hallucina­
tions, and throughout takes into account such factors as suggestion, 
mental dissociation, hysteria. and drugs which cause mental 
aberration. 

This book is indispensable for anyone who is interested in a 
scientific evaluation and explanation of the strange phenomena 
which sometimes occur or are claimed to occur. It will explain 
the factors which enable primith'e claptrap to survi\'e in our 
day, and will also show you many aspects of your own mind which 
you have probably not suspected. It is also one of the most inter­
esting books in its area. 

Preface by Julian Huxley. 14 photos. Formerly entitled, British 
edition, "Psychology of the Occult." Glossary of terms. 25-page 
bibliography. Index. 551 pp. AD503 Paperbd. $2.00 

werewolves, vampires 
mediums & spirits 
paranormal drugs 
psychokinesis 
dozens of 
other topics 

AD506. ELE M E NTARY STATISTICS, WI1'H APPLI­
CATIONS IN �lEDICINE & BIOLOGICAL SCIENCES, 
F. X. Croxton. Suitable for all sciences, all important con­
cepts & fonnulas covered. 420 PP. Paperbd. $1.95 

AD4!)1. FRO M EUCLID TO EDDI NGTO N ,  Sir Edmund 
W h i ttaker. ChangIng concepts from rediscovery of Euclid 
to modems. Foremost physicist presents basic ideas sep­
arated from math. 212 pp. Papcrbd. $1.35 

AD367. 101 PUZZLES IN THOUGHT & LOGIC, C. 
W y l i e. No math needed. Solutions. 12S pp. Paperbd. $1. 0 0  

AD285. H O W  T O  CALCULATE QUICKLY ,  H .  Slicker. 
'fried, true method. 9,000 problems, solutions. 256 pp. 

I)aperbd. $1. 00 

AD449-50. STUDIES O N  STRUCTURE & DEVELOP­
M E N T  OF VERTEBRATES, E. S. Goodrich. Unabridged. 
"l?or Illany a day will be standard work on \'ertebrate mor­
phology," J. OF ANA'£OMY. 754 illusts. Total 906 pp. 

2 vol. set, P8llerbd. $5.00 

ADlOU, VECTOR & TEN SOR A N ALYSIS, G. E. Hay. 
Start with simple definitions. 201 PO. Pal)erbd. $1.75 

AD164. I N TRO. TO SY M BOLIC LOGIC, Susanne Lan ger. 
Perhaps clearest introduction. 368 PO. Paperbd. $1.75 

AD460. ELE M E N TS OF N O N -EUCLIDEA N  GEO M ETRY, 
D. Sommerv i l l e. Progressive text with exercises. UniQue. 
lucid. 129 figures. 290 pP. Paperbd. $1.50 

AD494. I N TRO. TO GEO M ETRY OF N DI M E N SIO N S ,  
G .  Sommerv i l le. Only book i n  English. 60 diagrams. 
196 pp. I'aperbd. $1.50 

AD454. VECTOR A N ALYSIS, I N TRO. TO TEN SOR A N­
ALY SIS, A .  W i l ls. �eed on}:y elementary calculus for this 
clear exposition. Working examples. 312 pp. J)aperbd. $1.75 

AD452. I N TRO_ TO FOURIER METHODS & LAPLACE 
TRA N SFOR M ATION S, P. F ra n k lin. Uequires only simple 
calculus. Clear. 828 problems, answers. 300 pp. 

Paperbd. $1.75 

AD193. HIGHER M ATH FOR STUDE NTS OF CHE M ­
ISTRY & PHYSICS. J .  W .  M e l l o r. Analytical, integral 
calculus; infinite series. functions, Fourier's theorem, etc. 
tn practical approach based on concrete situations. 800 
vroblems. 650 pp. Paperbd. $2.00 

.. 
SAY IT language phrase books 
Cover most matters of travel, daily life abroad; no 
deadwood. Use for travel, supplement to texts, sclf­
study. Each contains more than 1,000 foreign 
language sentences, phrases, phonetic transcrip­
tion, English. Only completely indexed books on the 
market. 128 to 196 pp. each. Sewn binding, sturdy 
paperbound. 3% x 5"%.. 

AD811 Span ish 60¢ 

A D807 Japanese 60¢ 

ADS12 Swedish 60¢ 

ADS06 Ita l i a n  60¢ 

AD805 Hebrew 60t 

AD809 Port u g uese SO¢ 
AD814 N o r w e g i a n  75¢ 

AD804 German SO¢ 

A D817 Dutch 75¢ 

ADSIO Russ i a n  75¢ 

A DS15 Y iddi sh 75¢ 

A DS21 Turk i sh 75¢ 

ADS08 Po l i sh 75t 

AD813 M odern Greek SOt 
AD8l9 Esperanto 75¢ 

AD801 E n g l i sh (for German speakers) 60t 
AD802 E n g l i sh (for Spanish speakers) 60¢ 

ADS16 Engl i sh (for Italian speakers) 60¢ 

AD495. PHRASE & SE NTENCE DICTIO N ARY OF 
SPOKEN RUSSIA N .  Uussian-English, English-nussian. 
War Dept. Manual 'I'll 30-944. Over 20,000 immediately 
useful sentences, phrases. 570 pp. 6xO. l'apel"bd. $2.75 

AD496. PHRASE & SE N TE N CE DICTIO N ARY OF 
SPO K EN SPA N ISH, Spanish-English. English-Spanish. 
War Dept. )Janual T�l 30-900. Over 20,000 immediately 
useful sentences, phrases. 511 pp. raperbd. $1.75 

AD489. ON M ATHE M ATICS A N D M A THEM ATICIA N S  
R .  M or i tz. )�o�e than 1100 aphorisms, anecdotes, passages 
by mathematiCIans, and non-mathematicians on nature of 
math, speCific fields, etc. Best browsing book in field. 
410 pp. PaperIJd. $1.95 

AD395. TREES OF THE EASTER N & CE N TRAL U N IT­
ED STATES & CA N ADA, W. M. Harlow. Noted dendrolo­
gist covers 140 native trees with full text, o\'er 600 photos. 
Will enable you to identify any tree you are likely to see 
301 PI). Paperbd. $1.35 

AD198. M ATHE M A TICAL PUZZLES FOR BEGI N N ERS & E N THUSIASTS, G. Matt-Smith. 188 puzzles in in­
ference, algebra, number properties, etc. 248 PI). 

l'aperbd. $1.00 

AD394. FADS & FALLACIES IN N A M E  OF SCIE N CE 
M art i n  Gard n e r. Puzzle editor of Scientific American i� 
standard �ver�ge of cults, delusions, like Atlantis, Hying 
saucers. dlanetlcs, orgone energy. 395 PP. Paperbd. $1.50 

AD465. HOAXES, C. M acDouga l l. Prof. of Journalism at 
�orthwestern analyzes more than 350 hoaxes in art, science, 
history, current events. Delightful reading. 347 J)iJ. 

Paperbd. $1.75 

AD377. FOU NDATIO N S  OF PHYSICS, R. L i ndsay, H. 
M argenau. Bndge between semipopular &. technical treatise, 
covering basic ideas behind physics. "Unreservedly recom­
mended," NA'I'URE. 537 PI). Paperbd. $2.45 

AD370. CALCULUS REFRESHER FOR TECH N ICAL 
M E N ,  A. A. K l af. Cni<lue refresher in terms of 756 key 
Questions. Also 556 problems, odd-numbered with solu­
tions. Practical aspects. 440 pp. Pape/bd. $2.00 

All books standard 5% x 8" unless otherwise indicated. 

Dept ,  215AD, Dover Publications,  I nc, 

180 Yorick St" New York 14, N_Y, 

Please send me the following books: (key number, 
price) 

I am enclosing $ .......... in full nayment. Payment 
in full must accompany all orders except those from 
libraries or public institutions, who may be billed. 
Please add lOt for each book for postage if order is 
less than $5. 

Please Ilrint 

Xame . .. 

Address 

City . .... Zone . .. .... State ...... . 

GUARA N TEE: Sati sfact i o n  guaranteed. A l l  books 

_

r��� .:t�n�o�a:� �I...:e�� ___ -I 
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Keep Informed on Astronomy 
and Space Exploration 

�� TECESCOP 
The largest astronomical magazine in 
the world. Profusely illustrated, each 
month presenting articles by interna­
tionally known astronomers, observing 
and telescope making departments, 
star and planet charts, and up-to-date 
news on the fast-moving advances in 
the exploration of the universe. 

Subscription-U. S. and possessions: 1 year, 
$5.00; 2 years, $9.00. Sample copy, 50 cents. 
Canadian and foreign rates on request. 

OTHER SKY PUBLICATIONS 
DE LUXE ATLA S OF THE HEAVENS-Over 
35.000 celestial objects plotted, covering the 
entire sky to magnitude 7.75. Printed in many 
colors, the 16 charts are permanently bound 
in a heavy cloth cover. 16� by 23� inches. 
with color chart key on foldout fiap. $9.75 

FIELD E D I TION ATLAS OF THE HEAVENS 
-16 unbound charts, one color. $4.00 

THE HI STORY OF THE TELESCOPE, by Henry 
C. King. The only book in English to tell the 
complete story of the development of the 
telescope from Galileo to Palomar. $7.50 

Also available: Picture sets of the moon and 
celestial objects, star atlases, maps of the 
moon. Write for comprehensive catalogue. 

Send check 0'" money o,..der. 
SKY PUBLISHING CORPORATION 

313 Harvard Observatory 

Cambridge 38, Moss. 

For the fint time! 
A central source of 

science materials 
for young people 

Now, for the first time, one central 
source for the most stimUlating, en­
lightening and entertaining scienti­
fic materials for bright young minds 
... painstakingly tested and selected 
(or specially designed) in consulta­
tion with practicing scientists and 
educators. Thirty-six i llustrated 
pages of fascinating items for young­
sters from pre-school to high school 
age .. . in a wide range of science 
subjects from astronomy to magnet­
ism, from chemistry to nature study 
... with emphasis on projects for 
classroom use by teacher and student. 

WRITE FOR FREE CATALOG 
SCIENCE MATERIALS 

A Division of 
The Library of Science 

59 Fourth Ave . , Dept.M26 
New York 3, N.Y. 
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even by those who have adopted Peirce's 
views on this matter. It is nevertheless 
an approach that holds great promise as 
a viable alternative to the fatally inade­
quate answers others have proposed for 
the problem. 

Peirce's rejection of a metaphysical 
determinism was inspired, at least in 
part, by the development of statistical 
theories in physics as well as by his own 
experiences as a laboratory scientist. He 
called attention to the fact that no law 
in natural science is in precise agreement 
with the observed course of events. "Try 
to verify any law of nature,;' he de­
clared, "and you will find that the more 
precise your observations, the more cer­
tain they will be to show irregular de­
partures from the law." He therefore 
argued that it is just a priori dogmatism 
to maintain that all events take place in 
accordance with absolutely constant re­
lations of dependence; and he pointed 
to the occurrence of random fluctuations 
as evidence for the reality of chance and 
for the growth of novelty in the world.  
Moreover, he challenged the assumption 
that the regularities admittedly present 
in the universe must be regarded as ulti­
mate. This assumption blocks the way of 
inquiry, since it dismisses without war­
rant the possibility of explaining regu­
larity in terms of a statistical analysis of 
random variations . Had Peirce lived to 
see the advent of modern quantum theo­
ry, he could have easily convinced him­
self that though his prophecies about the 
structure of fundamental physical theory 
were not immediately realized, he had 
nevertheless prophesied truly. 

However, Peirce based his radical in­
determinism only partly on ostenSibly 
sound scientific evidence, for this doc­
trine was an essential ingredient in the 
speculative metaphysics he constructed 
and for which he claimed other support 
as well. He maintained that spontaneity 
or chance, regularity or law, and gen­
erality or a tendency for things to take 
on more or less fixed habits, are the three 
primal elements in the universe, alleg­
edly present in some form in everything 
that is real. He therefore devised a sys­
tem of categories, based on these primal 
factors and arranged in series of cognate 
triads, into which everything actual can 
supposedly be fitted. Peirce's almost 
compulsive penchant for triadic schema­
tization is not the only respect in which 
his metaphysics resembles that of Hegel. 
For Peirce also claimed that every sound 
philosophy must provide an evolutionary 
account of the world, and he had the 
courage to propose a grandiose evolu­
tionary cosmology. The net outcome is a 
highly original version of objective ideal-

ism. According to Peirce, mind is the 
ultimate "stuff" of the universe, and i s  
manifested in purest form in spontane­
ous or chance variation. However, be­
cause of the assumed universal tendency 
toward repetition or habit formation, 
mind eventually acquires more or less 
regular patterns of manifestation, and so 
comes to exhibit the "effete" or inert 
properties of matter. The tendency to­
ward the formation of habits is also con­
strued by Peirce as a tendency of ideas 
to become inclusive and general. He 
therefore finds the growth of civilization 
through the spread of ideas among men 
a capital illustration of his ground plan 
of the cosmos. 

Although Peirce gave ample hints of 
his speculative metaphYSiCS in numerous 
articles printed during his lifetime, most 
of its details have become available only 
with the publication of the Collected 
Papers. To some admirers of Peirce it is 
this side of the man that is most deserv­
ing of close study; and the renaissance of 
interest in Peirce that has taken place in 
this country during the past quarter­
century has been largely centered in 
Peirce the metaphysiCian . It is difficult 
to assent to these assessments of what is 
important in Peirce. It is certainly im­
possible to acquit him of the charge that 
he forgot his invaluable pragmatic max­
im when he turned his attention to meta­
physical construction; that he converted 
distinctions into causally efficacious 
agents; that he was indulging in poetic 
fantasy when he construed all regulari­
ties to be akin to thought, or when he 
saw an analogy between the regularities 
of inanimate nature and the habits that 
living organisms can acquire or drop; 
that he was dogmatizing without war­
rant when he claimed that regularities 
always require explanation but what is 
fortuitous does not; that he was badly 
mistaken in supposing that regularities 
can be explained without assuming other 
regularities in the explanatory premises. 
Indeed, on this last point he eventually 
admitted his error, for he declared that 
"uniformity or necessary law can only 
spring from another law; while fortu­
itous distribution can only spring from 
another fortuitous distribution." In any 
event Peirce the metaphysician of ob­
jective idealism has exercised only negli­
gible influence, and it is unlikely that 
this influence will ever be considerable. 
It is Peirce the logician and the analyst 
of science who has made intellectual his­
tory, and who has rendered heroic serv­
ice in the cause of intellectual sanity. It 
is the writings of this Peirce that can 
still be read with profit and a sense of 
great illumination. It is the thought of 
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How long has it been 
since your mind was stretched 
by a new idea ? 
Oliver Wendell Holmes once wrote: "A man's mind stretched by 
a new idea can never go back to its original dimensions." The 
truth of this statement cannot, of course, be denied. A child who 
suddenly realizes that the letters in the alphabet are not just 
isolated sounds and shapes, but meaningful symbols that form 
words, has grasped an idea that will lead to a continuing 
expansion of his mind. There comes a time, though, in the lives 
of too many of us when our minds become occupied only with 
knowledge we have already learned. When that happens our 
minds cease to grow. 

Unhappily, the more successful a person is in his daily work, the 
more likelihood there is that this unfortunate condition will 
result. As we become more and more absorbed with our specialty 
-whether it is law, medicine, engineering, science, business or 
any one of the hundreds of other engrossing occupations-we 
cease to absorb the new knowledge that leads to new concepts. 
With the years, the mind narrows rather than broadens because 
we cease to stretch it by exploring the great subjects of 
philosophy, government, religion-the great humanities which 
have produced our great men and great thought. 

If it has been some time since your mind was stretched by a new 
idea, the publication of the Great Books described below 
will be interesting and important to you. 

Essential in the library of every thinking person 

GREAT BOOKS 
Published by the 

Encyclopaedia Britannica 
in collaboration with 

the University of Chica go 

OF TH E WE STE RN W"ORLD 
noW" available direct from the publisher W"ith great neW" SYNTO PIC ON 

THE publication of this Private Li-
brary Edition of the GREAT BOOKS is 

regarded as an outstanding event in the 
fields of literature, philosophy and 
science. It is not just a reprint of books 
already in your library. The 54 volumes 
which comprise the GREAT BOOKS were 
published after 8 years of research by 75 
scholars at a cost of over two million dol­
lars. Many of the books have been espe­
cially translated into English. Many of 
them are out of print and unobtainable 
through normal channels. Together they 
include all the accumulated wisdom of 
3,000 years of civilization. 

T h e  list of a u thors is  impr ess i v e ­
Homer, Plato, Dante, Shakespeare, St. 
Augustine, Milton, Machiavelli, Fara­
day, Kepler and St. Thomas Aquinas­
to name just a few of the 74 authors and 
scholars whose works are represented in 
this special edition of the GREAT BOOKS. 
The area of thought is limitless. Every 
great idea that has shaped the lives of 
thinking men is explored-astronomy, 
ethics, philosophy, war, peace, religion, 
death, love, mathematics, medicine, sci-

ence, theology-l02 ideas that have occu­
pied great minds since man could think. 

But the magnitude of the GREAT BOOKS is not 
in its authors and su bject matter a lone. Pub­
l ished with them is the g reat new SYNTOPICON 

d esigned ta make yaur reading more mean­
ingful.  The SYNTO PICON is quite litera l ly a g reat 
teacher " living" in yaur hame • • •  a lways a t  
y o u r  disposa l t o  g u i d e  your reading • . •  inter­
pret the g reat ideas ...  make clear to you the 
most a b stract thoug ht. With the SYNTOPICON 

you will find new excitement in new ideas • • •  

new a bsorbing interests • • •  new understa nd­
ing of yourself and other people. 

We urge you not to miss this opportunity 
to enrich your mind with this Private 
Library E dition of the GREAT B O O K S .  
Send now for the free bookle� which de­
scribes this handsome edition in detail. 
Look it over . . .  think it over. But don't 
wait to mail in the coupon below. The 
supply of these booklets is necessarily 
limited. Avoid the chance of disappoint­
ment by mailing your coupon now! 

..�.---------:------------------, I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

G R E A T  B O O K S  OF T H E  WESTERN WO RLD, DE PT. 62-C 
425 N. M i c h iga n  Avenue,  Chicag o 1 1 , I l l inois  

Please send m e ,  free and without obltqatton, your handsome booklet which r.tctures and describes the revolutionary SYNTOPICON and the GREAT BOOKS 
n rull detail. Also, include complete Information on how I may obtain thts 

magnificent set, direct from the publisher, on your special budget plan. 

Name----------------(�p�loo���p�rl�·n�t�)-------------------
Address _____________________________ _ 
City, ________________ Zone _____ Srote' ______ _ 

_���������o���i���·2o�n� _ _ _ _ _ _  -.J 
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PHYSICS 
RESEA RCH 
POSITIONS 
C H I E F  P R OJ E C T  S C I E N ­
TIST-a position i s  available 
for a senior scientist to head a 
group of highly qualified Phys­
icists and Chemists. This is an 
unsurpassed opportunity for a 
doctorate man with a creative 
mind and scientific adminis­
trative ability to lead and work 
with a scientific team that is 
exploring many of the newest 
technological frontiers. 

SENIOR PHYSICISTS-doc­
torate level positions are avail­
able for theoretical and experi­
mental Physicists to conduct 
studies in modern and classical 
physics. The work is in radia­
tion, nuclear and solid-state 
physics and e n c o m passes : 
plasma phenomena ; magneto­
hydrodynamics ; electromag­
netic phenomena ; behavior of 
high energy particles a n d  
fields ; radiation emission ; ab­
sorption and transport ; space 
phenomena ; the development 
of new concepts, techniques, 
and equipment. 

ALLIED RESEARCH IS A 
2 0 0 - M A N  T E A M  i n c l u d i n g  
nearly 1 0 0  high-level scientists 
and engineers working on the 
frontiers of technology. The 
company has built a record of 
solid accomplishment across a 
broad technological spectrum 
-nuclear, radiation and solid 
physics-meteorology-physi­
cal chemistry-aero n autical 
and mechanical engineering­
instrumentation and systems 
engineering. We offer you sal­
ary and progress commensu­
rate with your accomplish­
ments-Relocation expenses­
Tuition assistance-Paid life 
and medical insurance-Pro fit­
sharing and other liberal bene­
fits, plus Management by Re­
search scientists and engineers. 

Please send resume, in com­
plete confidence, to Personnel 
Manager. 

ALLIED RESEARCH 
ASSOCIATES , INC. 

4 3  Leon Street, 
Boston 15, Massachusetts 

GArrison 7-2434 

R ESEARC H · ENG I N EER ING · DEVELOPMENT 

this Peirce that deserves to be mined for 
the wealth of insight it can yield con­
cerning the requirements that must be 
satisfied by successful quests for reliable 
knowledge . 

Short Reviews 

ENERGY FOR MAN, by Hans Thirring. 
Indiana University Press ( $6.95 ) .  

A distinguished Austrian physicist, 
known for his scientific and te�hnical 
researches, his popular writings on rela­
tivity and the hydrogen bomb and his 
membership in the Austrian atomic ener­
gy commission, presents what is  unques­
tionably the best survey yet made of the 
world's energy resources, from windmills 
to nuclear power. The world, says Thir­
ring, is faced with three great tasks that 
are interconnected: increasing food pro­
duction to keep pace with the steady 
rise in population ( he envisages an ulti­
mate stabilization of population at a ceil­
ing of between six and 10 billion ) ;  con­
serving, increasing and developing pow­
er resources; educating and re-educating 
the great body of mankind so that it can 
make better use of what its planet has 
to offer and learn to live and let live. It 
is with the second task that this book is 
concerned, but throughout Thin'ing's 
study we are made aware of the broad 
social outlook and deep feeling for hu­
man welfare which determine his ap­
proach to the technology of power. The 
book deals with every aspect of a com­
plex and extensive subject. It explains 
the concepts of power, energy and heat, 
including the laws of thermodynamics; 
the different types of engines used in 
power production: steam, internal com­
bustion, gas turbines, electric motors; 
the several sources of energy, such as 
coal, petroleum and natural gas, vege­
tation fuels ( wood, farm waste, alcohol, 
Chlorella ) ,  water power, solar energy, 
tidal power, wind power, ocean and 
earth heat, atomic energy; the life ex­
pectancy of fossil-fuel reserves; nuclear 
reactors and thermonuclear reactions . 
He makes strikingly clear how inefficient 
we are in the use of our dwindling ener­
gy reserves. For example, less than 5 per 
cent of the potential energy in crude 
petroleum consumed as gasoline in the 
average car is used to move the car; the 
other 95 per cent is spent "to extract 
and refine the crude oil, to carry the 
petrol to the filling station, to heat the 
water in the radiator and the gas in the 
exhaust, to operate motor-car auxiliaries, 
to overcome friction in gears and tires." 
Other glaring instances of waste occur 
in large power-stations whose enormous 
quantities of reject heat, representing 80 

per cent of the energy of the fuel con­
sumed, serve no better purpose than to 
warm the outer surroundings. ( "The re­
ject heat of a moderately large power­
station of 100,000 KW installed capacity 
suffices to heat a district of about 10,000 
houses ." )  He discusses several gigantic 
projects for hydroelectric plants in the 
U.S .S .R.  and Tibet. One involves creat­
ing an inland sea in Siberia ; another, the 
greatest of all, requires harnessing the 
enormous concentration of water power 
at the bend of the Tsangpo River in 
eastern Tibet, which would yield one 
and a half times the total hydroelectric 
production of the U. S. All such projects, 
however, as well as other ingenious de­
velopments (e.g., solar energy ) are of 
relatively minor importance compared 
with nuclear energy, which, says Thir­
ring, "will free us from the fear that our 
energy reserves will run out within quite 
a short period of history." But he warns 
of the accompanying danger of fission 
products, and of the ever-present men­
ace of a nuclear war, unless men can 
learn to control themselves as well as 
they can control the atom. He is not 
overly impressed with the advances 
made thus far in taming thermonuclear 
energy, but he does not regard it as too 
optimistiC to expect that this trick can 
be learned before the global thorium and 
uranium reserves are exhausted. This is 
not always an easy book, but it is a mas­
terly job, recommended without reserve 
to any thoughtful reader. 

MASTERS OF PHOTOGRAPHY, edited by 
Beaumont and Nancy Newhall. 

George Braziller, Inc. ( $ 12.50 ) .  THE 
PICTURE HISTORY OF PHOTOGRAPHY, by 
Peter Pollack. Harry N. Abrams, Inc. 
( $ 17.50 ) .  These volumes are pure de­
light, refreshing excursions which the 
eye and mind can take again and again . 
The Newhalls have prepared an album 
of some 150 choice examples of the 
photographs of David Octavius Hill and 
Robert Adamson, Eugene Atget, Ansel 
Adams, Alfred Stieglitz, Edward Stei­
chen, Edward Weston, Erich Salomon, 
Paul Strand, Henri Cartier-Bresson, 
Dorothea Lange and others . Each se­
lection is prefaced by a brief biograph­
ical sketch, and the publisher has made 
an elegant home for these treasures. 
Pollack's history is a much more ambi­
tious venture, presenting over 600 ad­
mirable reproductions of photographs, 
from Nicephore Niepce's epochal view 
from his window, caught on a pewter 
plate, to today's stunning technical and 
artistic achievements in black and white 
and in color. The accompanying text is 
short but to the point, describing the 
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PROB ING  N U CLEAR STRUCTURE 
A critical test of new ideas on nuclear structure and the theory of nuclear 

reactions lies in the measurement of the angular distributions of reaction 

products and their angular correlation. A high degree of precision in the" 

experimental data facilitates a detailed comparison with theoretical pre­

dictions. The unique equipment for the scattering program with the 

Argonne 60-inch cyclotron is specifically designed for a variety of new 

experiments. The remotely controlled 60-inch scattering chamber has 

been constructed to permit the accumulation of data of the highest preci­

sion at a much greater rate than previously achieved. 
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H a n d -t a i l o red a n d  h a n d - d ra p e d ;  

i n d iv i d u a l ly c u t  to yo u r  m e a s u re­

m e nts; made strictly accord i n g  

t o  t h e  I nterco l l egiate Code.  

( I f  you h o l d  a deg ree from Y a l e  
or  H a rvard, t h e  C o d e  now a u ­
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men who made the pictures, the sur­
rounding social circumstances and the 
main technical features of the art. Be­
cause Pollack is less concerned with 
methods and instruments than with the 
product, his is a history of photographs 
and photographers rather than photo­
graphic invention . But conceding this 
limitation and the fact that there are 
some curious omissions even within the 
framework which the author-selector has 
adopted, this is a richly satisfying and 
exciting book, containing not only the 
familiar classics but other wonderful 
pictures represynting almost every de­
partment of the photographic world 
from journalism and portraiture to doc­
umentation and scientific research, Here 
too the publisher, known for his art 
books, has provided reproductions of 
outstanding merit . 

A BIBLIOGRAPHY OF INTERNAL MEDI-
CIKE : COMMUNICABLE DISEASES, by 

Arthur L. Bloomfield . UniverSity of 
Chicago Press ( $ 10 ) ,  During his long 
teaching career as professor of medicine 
at Stanford University the author of this 
book became convinced that the peri­
odical and other literature of medicine 
has become so unwieldy that students 
and practitioners are in real danger of 
being completely cut off from "our medi­
cal past and Telapsing into a sort of 
modern Dark Age." A historical ap­
proach, an understanding of the de­
velopment of ideas, is essential, he says, 
for critical comprehension of a medical 
subject or of a disease, yet neither is 
within easy reach of the hard-pressed 
student who has all he can do to com­
plete the donkey work of his training, 
cram the facts he needs to pass his 
general examinations and keep up with 
"the new, the curious and the esoteric" 
which Specialty Board examiners are 
apt to spring on him. This selected bib­
liography, listing the important contri­
butions of modern medicine ( 19th and 
20th centuries ) with critical comments, 
is a very effective tool to remedy the 
neglect of medical history. Bloomfield 
has read through a huge mass of English, 
German, French and Italian writings 
on communicable diseases and has pre­
pared excellent summaries, which in­
clude substantial excerpts, of every ref­
erence of fundamental importance. 
Among the diseases he covers in all their 
aspects are typhoid and typhus, cholera,. 
dysentery, plague, Brucella infection, 
scarlet fever, erysipelas, gonorrhea and 
syphilis, tuberculosis, leprosy, diphthe­
ria, tetanus, malaria, influenza, the com­
mon cold, measles, smallpox, rabies, 
yellow fever, mumps, whooping cough. 
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Bloomfield writes clearly and interest­
ingly, with a nice feeling for the side­
lights that enliven a historical account. 
His book is much more than an anno­
tated bibliography; as an account of the 
evolution of ideas it is a notable con­
tribution to medical history and an in­
valuable supplement to medical educa­
tion. One looks forward to his extension 
of this fine work to other branches of 
internal medicine. 

THE PAPERS OF THOMAS JEFFERSON, 

VOL. XIV, edited by Julian P. Boyd. 
Princeton University Press ( $10 ). This 
volume in the magnificent Princeton 
edition of Jefferson's papers covers the 
period October, 1788, to March, 1789, 
when he was still busy as our Minister to 
France but was coming to the end of 
his stay. Among the major political docu­
ments are the complex negotiations for a 
Consular Convention, analyses of the 
crisis in whale fishery brought on by 
British dumping, exchanges on the for­
eign debt of the U. S . ,  Madison's denig­
rative appraisal of the Bill of Rights, 
letters on the first elections of the Fed­
eral Government. But apart from the 
writings on such weighty subjects, there 
is the usual delightfully varied assort­
ment of material about jefferson's per­
sonal life : his letters to and from friends, 
his financial transactions, his concern 
over the education of his daughters, 
his book purchases and his scientific and 
mechanical interests. The latter include 
botanical and agricultural questions, 
bridge design ( exchanges with his 
friend Tom Paine ) ,  paleontology (e.g., 
a fossilized skeleton of a glyptodon 
found in Buenos Aires ) , the construction 
of a cabriolet and a phaeton, architec­
ture, thermometry, a press for making 
"the best maccaroni." Jefferson knew 
how to make the most out of life, and 
these superbly edited volumes permit us 
to share this gift. 

NIELS HENRIK ABE L :  MATHEMATICIAN 
1 EXTRAORDINARY, by Oystein Ore. 
University of Minnesota Press ( $5.75 ). 
Though he died at the age of 27, Abel 
was one of the great mathematicians of 
the 19th century. He made brilliant con­
tributions to analysis and the theory of 
elliptic functions, he proved the impos­
sibility of solving the general equation 
of the fifth degree ( or higher ) ,  he wrote 
on transcendental functions, and his 
name has been given to equations, 
functions and integrals developed in his 
researches. The importance of his work 
was recognized in France and Germany, 
but he was unable to gain a permanent 
academic post in his native Norway. He 

The last work of "the world's leading" historzan of 

science and one of the world's greatest Izunzanists " *  

George Sarton 
HELLENISTIC SCIENCE AND CULTURE 
IN THE LAST THREE CENTURIES B.C. 

This immensely readable masterwork, completed shortly 
before George Sarton's death, deals with the age when 
the Hellenistic world stretched from Alexandria to the 
Black Sea, from Syria to Rome - the centuries when 
technology and medicine grew fast and strong, and 
geometry, ·astronomy, anatomy, alld grammar were es· 
tablished. Hellenistic arts and letters are explored as well 
as the sciences and the author discusses the importance 
of superstition versus rationalism in the evolution of the 
human race. Illustrated . $ 1 1 .00 
Dr. Sarton's earlier Historv of 'Science volume, ANCIENT 
SCIENCE THROUGH THE GOLDEN AGE OF GREECE, $ 1 1 .00 
*ASHLEY l\IONTAGU, Saturday Review 

11 Source Book 
in Greek Science 
Morris R. Coken and I. E. Drabkin 

The second printing of this authoritative anthology 
covering all fields of science. $7 . 50  

·And i f  you'd like t o  explore t h e  amazing works o f  the 
Ancient Greek Scientists for yourself you'll · find dozens 
of volumes to choose in the LOEB CLASSICAL LIBRARY · 
- from Aristotle on biology, astronomy, and physics 
and . Hippocrates on medicine to mathematics and Stra· 
bo's Geography. Each volume contains the original 
Greek side·by·side with English translations. Only $ 3 .00 
each. Send for complete list . 

A Nobel Prize- Winning physicist looks 
at life, science, and the individual -

The Way 
Things Are 

P. W. Bridgman 
An extraordinary · first·person report - both a brilliant 
affirmation of the importance of the individual, especially 
in science, and a complete re·evaluation of the major 
issues of our time. Unconventional and incisive, Dr. 
Bridgman .applies his ideas to ·philosophy, psychology, 
and the sciences - and to such social problems as taxa· 
tion and military service. $5 .75 . 
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INVENTORS! 
Don't make a move without 
kno wing these vital facts 

Do YOU K NOW what patent loopholes 
are on your side . . .  how to make 

an inexpensive patent search . . .  the 
most common causes of patent rej ec­
tions . . .  how to get financial backing 
· . . the dangers of "patent factories" 
· . . what kind o f  royalty contract to 
watch out for ? 

Hundreds of pitfalls stand in the 
way of turning your idea into income . 
M any an inventor has failed to cash in 
on the f ull potential o f  his idea-sim­
ply because he overlooked certain prac­
tical -but vital-consid erations !  

Get all the facts you need in  
brand-new 60S-page handbook 

For generations, I N VENTI O N S ,  PAT­
ENTs A N D  THEIR MANAGEMENT, 
by L.  K.  Berle  and L.  Sprague deCamp, has  
been called "The successful inventor's 
Bible." And now a brand-new, up-to-the­
minute edition has j ust come off the presses. 
Its 1 6  fact-packed chapters cover ever}lth illg 
a serious inventor 1 I I 11st know in order to 
succeed. You'll  discover a new formula for 
deciding in advance what  1leeds inventing 
· . . methods of getting a foolproof patent . . .  
tricks of the trade . . .  dangers that you can 
avoid . . .  tips on getting the best deal when 
manufacturing or marketing your inven­
tion. How to deal with infringements. How 
to keep accounts and reduce taxes. Valuable 
chapters on trade-marks and copyrights. You 
learn by the mistakes of o thers in scores of 
fascinating case histories, court decisions, 
and i l lustrated examples.  Over 600 pages of 
facts, photographs, and diagrams .  

Examine it seven days FREE 

I f  you act  at once, 
you may obtain a 
copy FREE for seven 
d a y s  e x a m i n a t i o n .  
J u s t  m a i l  the coupon 
today to D. VAN 
N O STRA N D  COM· 
PANY. I NC.. Dept. 
284. 1 20 Alexander 
St . .  Princeton. N .  J .  
I f  n o t  delighted, r e ­
turn book without the 
slightest further obli­
gation. 

.IFREE EXAMI NATIO N  COUPON� . 

D. Van Nostrand Compa n y ,  I n c  . •  Dept. 284 
120 Alexander Street, Princeton,  N. J .  

Please send me .  f o r  10 days ' FREE examination. 
IXYEXTIONS, PATEXTS AKD 'rHEIH MAN­AGE)'fEXT by Berle and deCamp. If not de­
l ighted. I will return book within ten days and 
owe nothing. Otherwise I will pay $3.50 down, 
plus small delh'ery cost , and remit $3.00 per month for three months as payment in ful1. 
):ame . . . . . . . . . . . .  (Piease . . pri.I�·t · ·i)·iai;;·iy) . .  · 
Address . 
City . . . . .  Zone . . . . . .  State . . . 
o SA rE ! Clleck lI ere if yOIl enclose $ 1 2 . 5 0  WITH 
cOl/pon . '1'lIe11 WE will pa.1! all.  (/elirery costs. Same 
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( In Canada : 25 Hollinger Rd. ,  Toronto 1 6 )  
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was lonely, wretched, poverty-ridden, 
burdened by familial cares and illness .  
His  neglect and suffering are a tragic 
monument of bureaucratic and academic 
stupidity. Ore's biography covers a great 
deal of the primary material in detail. 
It is an honest, scholarly and sympathet­
ic portrait, but not lively, nor very 
clear for the nonspecialist in its de­
scriptions of Abel's mathematical 
achievements. 

WILD PARADISE, by Guy Mountfort. 
Houghton MifRin Company ( $7 ) .  

On the southwest coast of Spain is a 
67,000-acre tract called the Co to Dofi­
ana, a wild and almost inaccessible 
region of marshes and deserts. Long a 
hunting preserve of grandees ( three of 
whom still own it ) ,  it is the last great 
wildlife sanctuary of Europe. Large 
flocks of migratory birds, representing 
half the species of Europe, sweep over 
the Co to skies ; the land is inhabited by 
red and fallow deer, wild boar, lynxes, 
ocellated lizards, mongooses, polecats, 
snakes, wildcats and genets. Mountfort 
organized three scientific expeditions 
( in 1952, 1956 and 1957 ) to explore 
this wild paradise. Roger Tory Peterson, 
James Fisher, Sir Julian Huxley and the 
noted bird photographer Eric Hosking 
were among those in the several parties. 
Their experiences and adventures, to­
gether with scientific descriptions of 
the ornithological and other species oc­
cLllTing in the Coto, and stories of the 
local people, are presented in this un­
commonly attractive book, which is 
written with infectious enthusiasm and 
is handsomely illustrated. 

MEDIEVAL ENGLAND, edited by Austin 
Lane Poole. Oxford University 

Press ( $ 17 .50 ) . This splendid survey is 
an almost completely rewritten successor 
to H. W. C. Davies' 1924 volume of the 
same name, which itself was a revised 
edition of F .  P. Barnard's Companion to 
English History .  Nineteen specialists 
have contributed up-to-date historical 
articles on various aspects of the medie­
val English scene : the landscape; do­
mestic, ecclesiastical and military archi­
tecture ; the art of war; shipping and 
communication; towns and trade ; coin­
age ; civil costume; arms and armor; 
heraldry ; religious life and organization; 
art, learning and education; handwrit­
ing; books ; science ; recreations .  The ar­
ticles teem with details that bring the 
period to life and make its ways seem 
less fabled and more real. One does not 
need to be an expert to appreciate the 
different accounts ; to give a single exam-

pIe, the essay on heraldry tells a delight­
ful and fully comprehensible story of 
the rise of a faSCinating art and conceit 
of manners. The book is finely illustrated 
with plates, cuts and maps, and there 
are helpful lists of reference works after 
each chapter. 

�TE BABYLONIAN ASTRONOMICAL AND 
RELATED TEXTS, copied by T. G .  

Pinches and J .  N .  Strassmaier ; prepared 
for publication by A. J. Sachs . Brown 
University Press ( $5 ) .  In the Babylonian 
archives of the British Museum is a large 
number of tablets, excavated in the late 
19th century, which are the principal 
sources for the study of late Babylonian 
astronomy. Most of the tablets were 
copied between 1895 and 1900 by the 
assyriologist T.  G. Pinches, and a few 
by J .  N. Strassmaier. About 1 ,350 cop­
ies, representing "a substantial frac­
tion" of the scientific portion of the 
archives, appear in this volume. They 
embody fragments of astronomical dia­
ries, normal-star almanacs, goal-year 
texts, planetary and lunar observations, 
horoscopes and other astrological topics, 
and mathematical tables. 

D
ICTIONARY OF PHYSICS, compiled and 

edited by H.  J .  Gray. Longmans, 
Green and Co. ( $ 16.50 ) . This desk vol­
ume, with contributions from a number 
of leading scientists, gives information 
on physiCS and its applications and in­
cludes a certain amount of material in 
closely related subjects such as astrono­
my, mathematics and electronics . Most 
of the articles are short but provide satis­
factory quick-reference data ; there is 
also a number of longer key articles 
(e.g . ,  on nuclear reactors, force, astrono­
my, atom, distortion ) ,  entries for the iso­
topes of each element, bibliographical 
data and many biographical sketches 
( the last a useful feature not found in 
most technical dictionaries ) .  Despite 
curious omissions-for example, no en­
tries occur for parity, nuclear fusion, 
magnetohydrodynamics-this is a sound, 
attractive compendium that will give 
good service to scientists, engineers, 
teachers and students in many fields . 

S
TATISTICS OF EXTREMES , by E .  J .  

Gumbel. Columbia University Press 
( $ 15 ) .  A study of the statistical theory 
of extreme values by the foremost inves­
tigator of the subject. The theory deals 
with two types of question : Does an in­
dividual observation in a sample taken 
from a distribution fall outside what may 
reasonably be expected? Does a series of 
extreme values exhibit a regular behav­
ior? ( "Reasonable" and "regular" must 
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of course be defined by an operational 
procedure. )  The oldest problems con­
nected with extreme values arise from 
floods. Until recently these were treated 
by purely empirical methods; now, how­
ever, the statistical nature of these phe­
nomena is recognized and new methods 
of analysis derived from the theory of 
extreme values are coming into use. 
Among other phenomena to which the 
theory can be usefully applied are an­
nual droughts, largest precipitation, 
snowfalls, maxima and minima of atmos­
pheric pressure and temperature, metal 
fatigue. 

THE WORKS OF GEORGE BERKELEY, 

BISHOP OF CLOYNE : VOL. VIII, ed­
ited by A. A. Luce; VOL. IX, edited by 
A. A. Luce and T. E.  Jessop. Thomas 
Nelson and Sons Ltd. ( 30 shillings 
each ) . These two volumes, the first con­
taining Berkeley's letters ; the second, 
notes and a general index to the work 
as a whole, mark the completion of a 
definitive nine-volume edition of the 
famous Irish philosopher's writings. Re­
views of the earlier volumes, and of 
Luce's life of Berkeley published sepa­
rately as a companion, have appeared in 
these columns as the set progressed; now 
with its completion Luce and Jessop are 
to be congratulated on the fruit of their 
labors, an exemplary scholarly achieve­
ment for which students of Berkeleian 
philosophy will be most grateful. 
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THE PHYSIOLOGY OF FOREST TREES, 

edited by Kenneth V. Thimann, William 
B. Critchfield and Martin H. Zimmer­
mann. The Ronald Press Company 
( $12 ) . A collection of papers delivered 
at a symposium held at the Harvard 
Forest in 1957. 

CALCULUS OF FINITE DIFFERENCES, 

by George Boole. Chelsea Publishing 
Company ( $4.95 ) .  A reprint of the 
fourth edition of a treatise on the calcu­
lus of finite differences by the famous 
19th-century English logician. 

FUNCTIONS OF REAL VARIABLES; 

FUNCTIONS OF A COMPLEX VARIABLE, 

by William Fogg Osgood. Chelsea Pub­
lishing Company ( $4.95 ) .  Two standard 
monographs based on the author's lec­
tures on function theory given at Har­
vard University and at the University 
of Peking in the 1930s are here bound 
together in one volume. 

SOUND PULSES, by F. G. Friedlander. 
Cambridge University Press ( $7.50 ) .  A 
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A career with IBM offers advance­
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You will enj oy professional free­
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specialists of diverse disciplines. 

Working independently or as a re­

spected member of a small team, 

your contributions are q u i c k l y  

recognized . This is a unique op­
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growth with a company that has 

an outstanding growth record. 

QUALI F I CATI ONS : B . S . ,  M . S .  or 
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technical monograph describing the 
theory of sound pulses-aperiodic dis­
turbances with clearly defined fronts­
and its recent developments. 

PRINCIPLES AND ApPLICATIONS OF 

RANDOM NOISE THEORY, by Julius S. 
Bendat. John Wiley & Sons, Inc. ( $1 1 ) .  
This book considers the problems of 
evaluating properties of random noise as 
it may affect our understanding of physi­
cal phenomena and the performance of 
electronic control-systems. 

INTRODUCTION TO THE DESIGN OF 

SERVO-MECHANISMS, by John L.  Bower 
and Peter M. Schultheiss. John Wiley & 
Sons, Inc. ( $ 13 ) .  Discussed here are the 
principal approaches to the design of 
feedback control-systems .  

BEHAVIORISM, by John B .  Watson. 
University of Chicago Press ( $ 1 .50 ) . A 
paper-back reissue of a classic of Ameri­
can psychology. 

THE GENETICAL THEORY OF NATURAL 

SELECTION, by Ronald A. Fisher. Dover 
Publications, Inc. ( $ 1 .85 ) .  This paper­
back is the second revised edition of a 
well-known exposition, first published in 
1929, of the theory of natural selection. 

CHAMBERS'S TECHNICAL DICTIONARY, 

edited by C. F. Tweney and L. E. C. 
Hughes . The Macmillan Company 
( $7.50 ) .  The revised edition of this com­
pact, dependable and inexpensive refer­
ence book includes an enlarged supple­
ment containing new terms in science 
and technology. 

ADVANCES IN CANCER RESEARCH; 

VOL . V, edited by Jesse P. Greenstein 
and Alexander Haddow. Academic 
Press, Inc. ( $ 10.80 ) .  Articles on tumor­
host relationships, carcinoma of the 
liver, protein synthesis with reference to 
normal and abnormal growth processes, 
new concepts of cancer toxins, chemical­
ly induced tumors, anemia in cancer, 
tumor antigens, carcinogenesis and me­
tabolism of fluorenamine and related 
compounds. 

PRINCIPLES OF GENETICS, by Edmund 
W. Sinnott, L. C. Dunn and Theodosius 
Dobzhansky. McGraw-Hill Book Com­
pany, Inc. ( $6.75 ) .  The fifth edition of 
this noted text in genetics has been com­
pletely revised. Much new material has 
been added, including a new chapter on 
varieties of sexual reproduction and an 
appendix chapter on statistical inference 
in genetics. The book has been entirely 
.l·eillustrated. 
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At the crossroads of opportunity for men with 
vision in Electronic Engineering. 

GOODYEAR 
AIRCRAFT 

CORPORATION 
ELECTRONIC LABORATORY 

WE HAVE OPENINGS IN OUR 
MODERN LABORATORIES FOR 
ADVANCED ENGINEERS AND 
SCIENTISTS IN ELECTRONIC 

RESEARCH AND DEVELOPMENT 
Long range research and 

development projects. 
Graduate studies available under company 

financed evening courses. 

LEISURE LIVING AT ITS BEST 
"IN THE VALLEY OF THE SUN" 

Send resume to: A. E. Manning 

Engineering and Scientific Personnel 

GOODJ'YEAR AIRCRAFT 
LITCHFIELD PARK 

PHOENIX, ARIZONA 
Similar opportunities available in our 

Akron, Ohio. Laboratory 

New "Mechanical Educator" to 
IMPROVE MEMORY 

Ina bUity to recall names, places, facts quickly is a 
common, often costly, shol'tcoming 1hat can 1.10W be 
casily overcome with the aid of a new ?-CVlCC �Ol' 
self-instruction, memory and concentration tram­
iug. This versatile new educational

, 
tool can also be 

used etTectively in language learnlllg, speech cor­
rection and improvement, in mastering tables, fOT­
mulae-anything to be memorized-faster than Her. 

DORMIPHONE Memory Trainer 
• Speeds up learning processes 
• Aids concentration 
• Provides entertainment 

Using a new recording 
principle, the Memory 
Trainer records, in· 
stantly plays baGk, and 
automatically repeats 
speech. music. or ans 
spoken or broadcast 
material by clock con· 
lrot. through a built· 
in sl)caker. No reels of 
tllpe to snarl or rewind. 
Completely portable. 
Ideal a id for home. 
srhool, industrial safe-
0' training use. So 

simple to use, children 
benefit-so helpful and 
practical, it is used by 
educators, psycholo· 
gists. people of all ages 
ilnd professions. 

I) 
SELf-

Easily removed. Can be stored or 
"erased" instantly and re-used 
repeatedly. Just record, 1!ip a 
switch for play-back and listen! 

Write TODAY for FREE folder 
with complete information. 

Modernophone. Inc. 
220·049 Radio City 

New York 20, N. Y. 

r-----------------1 
I MODERNOPHONE, INC. Circle 7-0830 I 220-049 Radio City. New York 20, N. Y. 

I I Gentlemen: Please send me your "'!lEE Booklet.. I am 
I �I_; �il����,e�1 r� gl e � e��\I� 

i 
I�'�la �1 f [e

ca � 1J3� tr 0; I�� e.
�

� �n�I�W��� I 
I lion-no salesman will call. I 
I N=� I 
I I 
I Address...... I 
I City... . . ... . ..... Zol1e ... .... 5tale... I 
I �1l' main interest in the Memory 'I'ruiner is for: I o Language Learning 0 Speech Improvement 
I 0 Memorization 0 School or Collcge \York I 
. -----------------� 
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PHYSICISTS - NUCLEAR ENGINEERS 

ENGINEERS and 

SCIENTISTS 
who value 

the opportunity 

to do original work, 

are invited to inquire 

about positions 

at the right. 

Please include 

salary requirements 

with resume. 

5 areas 

where the 

physicist 

of developing nuclear propulsion for aircraft and 
and applied 

onlMPnr< of unusual scientific interest are now open at General 

THEORETICAL INVESTIGATIONS 

Conduct theoretical investigations into areas of solid state physics with em­

phasis on effects of neutrons and photons on matter. (PhD) 

RADIATION HAZARD STUDIES 

Develop experimental and theoretical approaches to evaluation and limita­

tion of radiation hazard for personnel. (PhD or MS, BS with 5 years experi­

ence Health Physics) 

INTEGRATION of NUCLEAR THEORY and EXPERIMENTAL TECHNIQUES 

Develop improvements in reactor theory and methods of reactor analysis. 

Combine advances in nuclear physics, transport theory and handling of large 

numerical problems on digital computers. (PhD, MS) 

ADVANCED and PRELIMINARY 

DESIGN STUDIES of HIGH PERfORMANCE REACTORS 

To identify and evaluate reactor types and configurations for future require­

ments. Also REACTOR ANALYSIS and critical evaluation of existing and 

proposed reactor designs. Interpret results of mockup critical experiments. 

(PhD, MS, BS) 

NUCLEAR SHIELD PHYSICS 

A broad program requiring physicists and nuclear engineers, BS to PhD levels 

. .. shield physics experiments to develop fundamental data 

... shield design and analysis for both present and future nuclear propulsion 

systems 

... planning, design and analysis of shield tests of both partial and full-scale 
mockup configurations 

Write to: Mr. P. W. Christos. Div. 59-MD 
AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 

GENERAL _ ELECTRIC 
P.o. Box 132 Cincinnati 15, Ohio 

All scientists have the advantage of large-scale computing equipment at the site, as well as supporting programming personnel. 
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a 

BABE?* 

\L. 
... or 

a 

SHAI(E?* 
. . . . or a zerk?* or a jerk?* 

These words are part of the scientific shorthand 
used at Los Alamos, where rapid advancement in 
nuclear research constantly requires new symbols. 
:rhe Los AI

.
am�s Scientific Laboratory has open­

mgs f
.
or SCIentIsts and engineers interested in 

s�c� fIelds as thennonuclear power, experimental 
fIssIOn reactors, nuclear rocket propulsion. 

los 

*Babe = 20 KEV Shake = 10-8 sec. 

Jerk = 101s ergs Zerk == 10" ergs 

Write to: 
Personnel Director 
Division 59-40 
P.O. Box 1663 

alamos 
Of 'HE���!R;�!H�If!��oratory 

lOS ALAMOS. NEW MEXICO 

Bogert in Evolution, Vol. 3, No. 3, 
pages 195-211; September, 1949. 

TEMPERATURE TOLERANCES IN THE 
AMERICAN ALLIGATOR AND THEIR 
BEARING ON THE HABITS, EVOLUTION 
AND EXTINCTION OF THE DINOSAURS. 
Edwin H. Colbert, Raymond B. 
Cowles and Charles M. Bogert in 
Bulletin of the American Museum of 
Natural History, Vol. 86, Article 7, 
pages 331-373; 1946. 

ALIGNED CRYSTALS IN METALS 

FACTORS AFFECTING DIRECTIONAL 
PROPERTIES IN ALUMINUM WROUGHT 
PRODUCTS. Kent R. Van Horn in 
Transactions of American Society for 
Metals, Vol. 47, pages 38-76; 1955. 

MAGNETIC PROPERTIES OF CUBE TEX­
TURED SILICON-IRON MAGl\'ETIC 
SHEET. J. L. Walker, W. R. Hibbard, 
H. C. Fiedler, H. E. Grenoble, R. H . 
Pry and P. G. Frischmann in journal 
of Applied PhYSics, Vol. 29, No.3, 
pages 363-365; March, 1958. 

PHYSICAL STRUCTURE AND MAGNETIC 
ANISOTROPY OF ALNICO 5. PART I A:>;D 
II. R. D. Heidenreich and E. A. Nes­
bitt in journal of Applied Physics. 
Vol. 23, No. 3, pages 252-271; March, 
1952 . 

QUANTITATIVE METHOD FOR THE DE­
TERMINATION OF FIBER TEXTURE. 
B. D. Cullity and August Freda in 
journal of Applied Physics, Vol. 29, 
No. 1, pages 25-30; January, 1958. 

STRUCTURE OF METALS. Charles S. Bar­
rett. McGraw-Hill Book Company, 
Inc., 1952. 

THE STRUCTURE OF POLYCRYSTALLIl'E 
AGGREGATES. B. D. Cullity in Ele­
ments of X-Ray Diffraction, pages 
259-296. Addison-Wesley Publishing 
Company, Inc., 1956. 

THE SEX GAS OF HYDRA 

SEXUAL DIFFERENTIATION IN HYDRA: 
CONTROL BY CARBON DIOXIDE TEl\'­
SION. W. F. Loomis in Science, Vol. 
126, No. 3,277, pages 735-739; 
October 18, 1957. 

MATHEMATICAL GAMES 

GENERALIZED "SANDWICH" THEOREMS. 
A. H. Stone and J. W. Tukey in Duke 
Mathematical journal, Vol. 9, No.2, 
pages 356-359; June, 1942. 

THE AMATEUR SCIENTIST 

NUCLEAR MAGNETIC RESONANCE. Ed­
ward Raymond Andrew. Cambridge 
University Press, 1955. 

© 1959 SCIENTIFIC AMERICAN, INC



Why Boeing offers 

ENGINEERS and SCIENTISTS 

better opportunities to advance 

If there is a lingering doubt in your 
mind about the future in your 
present position, this message will 
be of particular interest-and value 
-to you. 

Opportunities for advancement are 
tied very closely to the growth 
prospects of the company you're 
with. Boeing, for instance, is ex­
panding rapidly in areas with an 
e x t r e m e l y  l o n g-r ange fu t u r e­
missiles and space- age projects. 
This growth provides outstanding 
opportunities for engineers and 
scientists to move up to higher 
levels of responsibility and income. It also promises 
career stability. Another advantage you enjoy at 
Boeing is a dynamic career environment that's con­
ducive to rapid advancement. You work in a small 
group, with high visibility for your individual talents 
and accomplishments. You are encouraged to take 

graduate studies in your special field, 
at company expense. You're eligible 
for management courses designed to 
help you get ahead faster. 

Assignments at Boeing are on some 
of the most exciting projects in the 
country: a boost-glide vehicle; Min­
uteman, an advanced solid-propel­
lant intercontinental ballistic missile 
system; BOMARC, the nation's 
longest-range supersonic defense 
missile; jet aircraft of the future; 
and company projects including 
orbital, lunar and interplanetary 
space systems. 

There are challenging, get-ahead opportunities at 
Boeing, now, for engineers and scientists of virtually 
all experience levels, with educational backgrounds 
from B. S. to Ph. D. Openings are available now in 
Research, Design, Production and Service. They 
could well be the answer to your future. 

Write today, for your free copy of the 24-page book "Environment for Dynamic Career Growth." 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

MR. STANLEY M. LITTLE, Boeing Airplane Company, 
P. O. Box 3822-SAB, Seattle 24, Washington. 

Send me the Boeing career booklet by return mail. 

Name ____________________________________________________ __ 

A ddress _______________ �City,--------'lState-------� 

Degree( s ), ____________________ Field of interest ________________ __ 

Experience' ________________________________________________ __ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* * 

* * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • 
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"COM PUTER PROGRAMMI NG at soc is a fundamental discipline rather than a service. This 

approach to programming ref/ects the special nature of soc's work-developing large-scale computer-centered systems. 

"Our computing facility is the largest in the world. Our work includes programming for real time systems, studies of 

automatic programming, machine translation, pattern recognition, information retrieval, simulation, and a variety of other 

data processing problems. SOC is one of the few organizations that carries on such broad research and development 

in programming. 

"When we consider a complex system that involves a high speed computer, we look on the computer program as a 

system component-one requiring the same attention as the hardware, and designed to mesh with other components. 

We feel that the program must not simply be patched in later. This point of view means that SOC programmers are 

partiCipants in the development of a system and that they influence the deSign of components such as computers and 

communication links, in much the same way as hardware design influences computer programs. 

"Major expansion in our work has created a number of new positions for those who wish to accept. new chailenges 

in programming. Senior positions are open. I suggest you write directly to Mr. William Keefer at the address below. 

He is responsible for prompt response to your correspondence. U 

Senior Computer Systems' Specialist 
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TOP FROM LEFT: LOCKHEED ELECTRA, BRISTOL BRITANNIA, VICKERS-ARMSTRONG VANGUARD. MIDDLE: BOEING 707, FOK­

KER/ FAIRCHILD FRIENDSHIP, CONVAIR 880. BOTTOM: DE HAVILLAND COMET, DOUGLAS Dc-8, SUD AVIATION CARAVELLE. 

ALL THE WORLD'S 
NEW JET AIRLlN��i COLLINS 

ELECTRONICS 

Step aboard a jet airliner anywhere in the free world, 
and you'll be traveling with Collins Electronics. 
Naturally, leading airlines have specified Collins 
communication and navigation equipment to assure 
the utmost in reliability and high performance. 
After two decades of working hand in hand with the 
airlines, Collins continues to pace the industry. Even 
now the company is introducing advancements in 
air traffic control safety and long range navigation. 

COLLINS RADIO COMPANY ' CEDAR RAPIDS, IOWA ' DALLAS. TEXAS ' BURBANK. CALIFORNIA 
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