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GvidanCe-a,,.o,v,e and ins'an'aneou5! Imperative to 

the missile that seeks out and destroys an enemy! 

Imperative to the automatic homing that brings an 

airliner to its destination. Into these guidance 

computers go RESOLVERS which translate positioning 

data into electrical impulses. Because of their 

vital role, the Armed Forces demand RESOLVERS of the 

highest precision ... and Ketay supplies them. 

�& 70 GUIDED ""55'&'5 

COMPUI'ERS 'OR 'NDUSI'RY, roo 

Industry, too, is using RESOLVERS. For example, RESOLVERS 

are used in analog computers which are saving 

thousands of man-hours in solving mathematrical 

problems relating to research, quality 

control, and production techniques. 

Ketay is a major supplier of RESOLVERS to both the military 

and leading industrial firms. They are specialists 

in the design, development and manufacture of 

SYNCHROS • SERVO MOTORS . RATE GENERATORS . 
RESOLVERS • MAGNETIC AMPLIFIERS . GEARS AND GEAR 

TRAINS • SERVO MECHANISMS • POTENTIOMETERS • 

AIRBORNE INSTRUMENTS • ELECTRONIC EQUIPMENT. 

When high precision and fine quality are important 

. . . look to Ketay! 

·�tay'HS'RUMIH'CORPORAnOH 
V 555 Iroadwoy, New York 12, N. Y. 

Pacific Division: 12833 Simms Avenue, Hawthorne. California 

Research & Development Division. New York, N. Y. 
Kinetil Instrument Division, Commack, N. Y. 

© 1955 SCIENTIFIC AMERICAN, INC



Dr. John R. Elliott is shown with apparatus 
used in the preparation of polymers. He 
was born in Nebraska in 1916, received 
his B.S. from Iowa State (1937), his 
Ph.D. from Univ. of Illinois (1943). He 
joined G.E. in 1943 and has been head 
of the Research Laboratory'S O,.ganic 
Chentist,·y Section since 1953. Dr. 
Elliott's interests have centered around 
silicones, organometallic compounds, 
metal hydrides, and thermally stable 
polymers in general. 

New 
long 

electrical insulation with 
life at high temperatures 

G.E.'s Dr. �ohn R. Elliott develops thermostable polymers 

In recent years, it has become evident that insulating 

materials are limiting electrical design progress in 

some areas because conventional materials break 

down at the higher operating temperatures involved 

in high-performance equipment. 

Some years ago, Dr. John R. Elliott and his associ­

ates in the General Electric Research Laboratory's 

Organic Chemistry Section began a fundamental 

study of polymers. Their objective was to learn the 

relationship between the structure of polymers and 

their mechanical and insulating properties. 

From the knowledge obtained, Dr. Elliott and his 

associates have succeeded in developing new insulat­

ing polymers with excellent thermal stability and 

mechanical properties. One of the most promising of 

these materials is General Electric's thin-film, heat­

resistant "Alkanex" wire insulation recently an­

nounced for use in electric motors. The studies 

initiated by Dr. Elliott are expected to have a signifi­

cant effect in the field of electrical insulation, giving 

design engineers the freedom they need in meeting 

modern requirements with safety and compactness. 

lhJgress Is Ovr Most Imporl-tint Prot/vel 

GENERAL _ ELECTRIC 
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What means most 
to an Engineer 7 

PROFESSIONAL 
RECOGNITION 

GOOD 
SALARY 

UNEXCELLED 
FACILITIES 

SUBURBAN 
LIVING 

RCA offers all These . . .  and more! 
RCA offers career opportunities 

for qualified EL ECTRICAL and 

MECHANICAL ENGINEERS ... 
PHYSICISTS . . .  METALLURGISTS 
. . . PHYSICAL CHEMISTS . . .  
CERAMISTS . . . GL ASS TECH­
NOLOG ISTS. 

Positions now open in Systems, 

Analysis, Development, Design 

and Application Engineering. 

Your choice of long range work 

in commercial or military fields. 

At RCA you'll work in an atmos­

phere conducive to creative work 

- laboratory facilities unsur-

passed in the electronics industry 
... constant association with lead­
ing scientists and engineers. 

Delightful suburban living easily 
available. Modern retirement pro­
gram . . . liberal tuition refund 
plan for advanced study at recog­
nized universities . . . modern 
company paid benefits for you 
and your family. 

Individual accomplishments 
readily recognized. Ample oppor­
tunity for increased income and 
professional advancement. 

Join the team at RCA and grow 
with the worldleaderinelectronics. 

Personal interviews arranged in your city. 
Please send a complete resume of 
your education and experience to: 

MR. JOHN R. WELD 
Employmenl Manager, Depl. A-l B 

Radia Corparalion of America 

30 Rockefeller Plaza, New Yark 20, N.Y. 

SYSTEMS-ANALYSIS-DEVELOPMENT­
DESIGN-APPLICATION ENGINEERING 

in 'he following fie/cis: 

AVIATION ELECTRONICS (FIRE CONTROL, PRE. 
CISION NAVIGATION, COMMUNICATIONS)­
Radar-Analog Computers-Digital Com­
puters-Servo-Mechanisms-Shock & Vibra­
tion-Circuitry-Heat Tr Dsfer-Remote Con­
trols-Sub-Mimaturization-Automatic Flight 
- Transistoriza tion-A u toma tion 

RADAR-Circuitry-Antenna Design-Servo Sys­
tems-Information Display Systems-Gear 
Trains - Stable Elements - Intricate 
Mechanisms 

COMPUTERS-Digital and Analog-Systems Plan­
ning - Storage Technique - Circuitry - Servo­
Mechanisms-Assembly Design-High Speed 
Intricate Mechanisms 

COMMUNICATIONS - Microwave - Aviation -
Mobile-Specialized Military Systems 

MISSILE GUIDANCE-SystJemsPlanning and Design 
-Radar and Fire Control-Servo-Mechanisms 
-Vibration and Shock Problems-Telemetering 

COMPONENT PARTS(COLOR&MONOCHROMETV) 
-HV Transformers-Coils-Deflection Yokes 

SEMI·CONDUCTORS-Transistors-Diodes 

ELECTRON TUBE DEVELOPMENT'-:Receiving­
Transmitting-Cathode-Ray-Phototubes and 
Magnetrons-Power Tubes-Camera Tubes 

ELECTRONIC EQUIPMENT FIELD ENGINEERS­
Specialists for domestic and overseas assign­
ment on military electronic Communications, 
Navigational Aids, and Guided Missiles. 

e RAO'O CORPORAr'ON of AMERICA 
�® 
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No"" ... stick-Ieel lor jets 
at hall � Im.1 the ""eight! 

Aerodynamic pressure� generated by 
the tremendous speed of jet planes 
made it necessary to power their con­
trol surf aces_ This left the pilot of the 
airplane without any "feel" control 
through his stick. 

Actuators were needed to supply 
this stick "feel" _ . . and they had to be 
of minimum weight and size. 

To meet these requirements AiRe-

search designed highly.efficient units 
as light as two pounds. Now an even 
smaller stick "feel" linear actuator has 
been developed by AiResearch. It 
handles operating loads up to 150 
pounds ... static loads to 500 pounds 
- and it weighs only one pound! 

It is the smallest, lightest unit in this 
field! Again AiResearch shows its 
ability to top previous performances 

with a smaller, lighter power package. 

In the past decade AiResearch has 
developed and produced more than 
350,000 actuators for every possible 
aircraft application. Why don't you 
put the proved ability of this high­
quality engineering and manufactur­
ing team to work on your problems? 
Your inquiries are invited and will 
receive immediate attention. 

Qualified 6cientists, engineers and craftsmen are needed now. Write for information. 

Los Angeles 45, California • Phoenix, Arizona 

Designers and manufacturers of aircraft components: RE""GUATIOH SYSTEMS • PHEUMATIC VALVES AND (OHTROl.S • TEMPUATUftE (ONTIIOLS 
CAIIN AIR '

COMf'USSOItS • TU.IINE MOTOItS • GAS TUItIINE [NGINES • 
'
CAIIN 'InSUItE CONTROLS . HEAT TltAN$FU EQUIPMENT · ELEcnO-MECHANICAL EQUIPMENT · ELECTRONIC COMPUTERS AND (:ONTltOl.$ 
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W. W.Lindsay, Jr., Electronics Committee 
Chairman (left), Sherwood C. Frey, 

Navy Studies Department Manager (seated), 
and R. P. Buschmann, Company Studies 

Department Manager (right), 
examine relationships between plane 

and radar performance. 

Operations Research and Systems Analysis 

Dr. L. Alaoglu, Mathematics Committee 
Chairman Oeft), and Ed Quilter, Capt. 

U.S.N., Ret., Consultant (right), discuss 
alternate overseas transport routes 

between the U.S. and Europe. 

A relatively new concept in Aeronautical Science, 
Operations Research at Lockheed projects 
creative thinking five to fifteen years in the future. 

Since Operations Research was established at 
Lockheed in 1949, its studies and interests have 
covered the entire spectrum of aeronautical 
endeavor, forecasting and evaluating future research 
and development trends. 

The growing importance of Lockheed Operations 
Research has created openings in a wide range 
of fields, including the following occupations: 

4 

1. Meteorologists, Climatologists or Specialists 
in Oceanography 

with degrees in Meteorology or allied subjects; 
at least five years' experience; and potential additional 
capability in some other field such as Mechanical 
or Electrical Engineering. 

2. Electronics Engineers 

with a Master's Degree in Electronics or Physics 
and at least five years' experience, including 
micro-waves or communications. 

3. Missile Fire Control and Guidance Engineers 

preferably with a Master's Degree and at least 
three years' experience ion fire control systems. 

4. Nuclear Weapons and Effects Scientists 

with a Ph.D. in Physics or Mathematics and at least 
three years' experience in current and future nuclear 
weapons packaging practices, yields and effects. 

5. Aeronautical Engineers 

with a Master's Degree in Aeronautical Engineering; 
at least ten years' experience in engineering 
departments such as structures, preliminary design 
and aerodynamics; and ability to create, design 
and evaluate spectra of complete aircraft systemr; 
of the future. 

an important future 

for scientists and engineers 

who work in the future 

6. Guided Missiles Aeronautical Engineers 

with a Bachelor's Degree in Aeronautical Engineering 
and at least three years' experience in aerodynamics 
and design of missiles. 

7. Economists 

with a B.A. Degree and experience in cost 
accounting or bookkeeping; experience in aircraft 
and missile systems costing desirable. 

8. Physicists and Mathematicians 

with a degree and inclination toward 
operations research and systems analysis. Ability 
to apply probability theories and advanced 
mathematical techniques desirable. 

9. Operations Researchers or Systems Analysts 

with degrees or training in Operations Research. 

10. Air Force Operational Experience 

The position requires an Aeronautical Engineering 
Degree; experience as a senior pilot with fighter, 
logistics or cargo experience; and experience at staff 
or headquarters level in the Air Force. 

Lockheed offers you increased salary rates noW in effect; 
generous travel and moving allowances; an opportunity to 
enjoy Southern California life; and an extremely wide 
range of employee benefits which add approximately 14% 
to each engineer's salary in the form of insurance, 
retirement pension, sick leave with pay, etc. 

Those interested should contact E. W. Des Lauriers, 
Dept. SA·0-2, for a brochure describing life and work at 
Lockheed and an application blank. 

Locl�heed 
Aircraft Corporation 

Burbank California 
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UNHEARD-OF STRENGTH IN STEEL PARTS . . •  ; 

with a heat treatment developed by Cleveland Pneumatic 

Now YOU CAN DESIGN highly stressed steel 
parts that will weigh less than you ever 

thought possible ... 

At Cleveland Pneumatic, we have developed 
ways to give steel parts far greater strength 
and durability than have ever been considered 
possible ... tensile strengths of 260,000 psi in 
alloys that only a few years ago were limited 
to 180,000 psi. Years of intensive research 
in our plant have developed the necessary 
precise controls ... in designing, heat treating, 
machining and plating and in the important 
intermediate processing. 

Right now, this combination of Cleveland 
Pneumatic's heat treatment and machining 
is doing almost unbelievable things for the 
strength-to-weight ratios of highly stressed 
steel parts in aircraft. Weights are being reduced 
without reducing strength ... or strength can 
be increased without" beefing-up" the size 
and weight of parts. 

Wouldn't you like to have your designers and 
engineers talk with us about using Cleveland 
Pneumatic high-heat-treat and machining 
methods in your assemblies? Write to: 

Cleveland Pneu:rnatic 
� �� CLEVELAND 5, OHIO I 

Department D·25S 

BALL·SCREW MECHANISMS
-

. AIR-Oil IMPACT ABSORBERS . World', largest Manufacturer of Aircraft landing Gears 
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1954 - Roll-out of America's first jet transport, the Boeing 707 

Engineers-you can grow with Boeing 

New career opportumtJes continue to 
open up at Boeing-as they have for the 
last 38 years. You can find direct appli­
cation for your education and experience 
-in Research, Design or Production. 

At Boeing you'd work with engineers 
who developed: The world's first all­
metal, 3-mile-a-minute commercial trans­
port. The first pressurized airliner. The 
first effective four-engine bomber (the 
B-17). Today's fastest operational 
bomber (the six-jet B-47). The even 
more advanced B-S2 eight-jet global 
bomber, and the 707, America's first jet 
transport. Boeing engineers continue to 
design "years ahead," doing research on 
nuclear-powered aircraft and supersonic 

6 

flight. They are also developing a new 
Air Force defense weapons system, based 
on the Boeing F-99 Bomarc pilotless 
interceptor. These long-range programs 
project Boeing progress far into the 
future. 

One measure of the satisfaction of 
Boeing careers is given in the chart be­
low. It shows that 46% of Boeing engi­
neers have been with the company for 
five or more years; 2S% for 10 or more 
years; and 6% for IS or more years. 

�t::c ::::'c['::::1cO���1�O� .... 1�O� .. 
50� 

Here are other advantages: Boeing 
promotes from within and holds regular 
merit reviews to assure individual recog­
nition. Engineers are encouraged to take 
graduate studies while working and are 
reimbursed for all tuition expenses. Of 
technical graduates at Boeing, 28% hold 
Mechanical Engineering degrees, 24% 
Electrical, 19% Aeronautical, and 9% 
Civil. The remainder is comprised of 
other engineering graduates, physicists 
and mathematicians. 

For full Boeing career information, send 
resume of your educational and experience 

background to: 

JOHN C. SANDERS, Staff Engineer - Personnel 

Boeing Airplane Company; Dept. B-9, Seatlle 14, Wash. 

BOEING 
SEATTLE, WASHINGTON WICHITA, KANSAS 
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New! HIGH REGULATION Power Supply 

Model 712B Power Supply is deliberately designed to give you 
the finest performance obtainable plus broadest usefulness and 
the lowest price consistent with quality. It offers high regula­
tion, low internal impedance, low ripple, and the exceptionally 
fast transient response of 0.1 milliseconds. It also provides four 
Outputs for maximum applicability, and less than 50 millivolts 
change (no-load to full-load) at any regulated Output voltage. 
The instrument has a 0 to 500 volt, 200 rna regulated supply, 
and a fixed 300 volt tap making available a 50 rna, 300 to 800 
volt variable supply for klystron operation. Continuously vari­
able bias voltages, separate voltage and current meters, and 
generous overload protection are provided. 

To insure long, trouble-free operation, Model 712B has 
sealed transformers and chokes, oil-filled filter condensers, and 
is fully fused. Only high quality components are used, and no 
electrolytic condensers are employed. 

OTHER -hp- POWER SUPPLIES 
-hp- also offers two other high stability, high regulation DC 
or AC power supplies. -hp- 710B provides output continuously 
variable 100 to 360 volts with regulation of 1 % and hum less 
than 0.005 volts. -hp- 7UA is similar except hali voltage range 
of 0 to 450 volts. -hp- 710B, $100.00; -hp- 711A, $225.00 f.o.b. 
factory. 

Model 712B will meet the most exacting requirements of 
heavy duty laboratory or production work. It is particularly 
useful in powering temporary setups, oscillators, small trans­
mitters, complex systems and certain types of klystrons. 

For complete information, see your -hp- field 
representative or write direct 

HEWLETT-PACKARD COMPANY 
29485 Page Mill Road • Palo Alto, California, U. 5. A • 

.----------------------------- SPECIFICATIONS-----------------------------. 

OUTPUT VOLTAGES: 

DC Regulated High Voltage: 0 to 
+ 500 volts (without switching), 200 mao 
max. load. 
DC Regulated Fixed Bias: -300 volts, 
50 mao max. load. 
DC Variable Bios: 0 to -150 volts, 5 mao 
max. load. 
AC Unregulated: 6.3 volts CT, 10 amps 
max. load. 

REGULATION: 

(for line voltage 115 volts ± 10%) 
DC Regulated High Voltage: less than 
50 millivolts change no-load to full-load at 
any output voltage. 
DC Regulated Fixed Bias: less than 50 
millivolts change no-load to full-load. 
DC Variable Bias: Regulated against line 
voltage changes. Internal impedance 0 to 
10,000 ohms depending on bias control 
setting. 

RIPPLE: less than 500 microvolts. 

INTERNAL IMPEDANCE: 

DC Regulated High Voltage: (For fre­
quencies above 20 cps.) 
Full-load: 0.1 ohm in series with 25 pH 
max. 
No-load: 1 ohm in series with 50 pH max. 

RECOVERY TIME: Upon application of full­
load: 0.1 millisecond max. 
Upon decrease from full-load to: 

(a) 0 mao -0.5 millisecond max. 
(b) 25 mao -0.1 millisecond max. 

Maximum transient voltage -1 volt. 

METERING: Current Meter: 0 to 200 mao 
(high voltage only). 
Voltmeter: Three ranges, 0 to +500 
volts, 0 to + 1 50 volts and 0 to -150 volts. 
Panel switch connects meter to DC regu� 
lated high voltage or DC variable bias 
and selects range. 

TERMINALS: Either positive or negative DC 
regulated high voltage terminal may be 
grounded. Positive terminals of both bias 
supplies and negative terminal of DC reg­
ulated high voltage are common. 

OVERLOAD PROTECTION: AC line, DC reg­
ulated high voltage, DC regulated fixed 
bias and filament supply are separately 
fused. DC regulated high voltage drops 
to zero if bias fuse blows. 

POWER SUPPLY: 115 valls -+- 10 valls, 
50/60 cps, 450 watts. 

-

MOUNTING: Cabinet or Rack. Rack Mount_ 
10!" high x 19" wide x 14!r" deep. De­
tachable End Frames with handles for 
bench use, $7.50 pair. (Specify -hp- AC-17 
End Frames.) 

WEIGHT: 69 Ibs. net, shipping weight 108 Ibs. 

PRICE: $350.00 f.o.b. factory. Cabinet mount 
$ 1 5.00 extra. 
Data subject to change without notice. 

� INSTRUMENTS I COMPLETE 

�® COVERAGE 
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urviva 
Ditched in the middle of nowhere 
... the key to survival might well 
be a correct choice of direction. 
Sailing for days with nothing but 
the horizon for company, then 

'suddenly landfall! You're thank­
ful for a lot of things . . . but 
you're most thankful for the de­
pendable, accurate little USG 
wrist compass that was in your kit. 

This rugged, jeweled, card­
type instrument is designed to 
suppress overswing with "eddy 
damping". With a deflection of 
30° off magnetic north, the com­
pass comes to a heading in two to 
three seconds. Tip it any way you 
please, and if the tilt does not 
exceed 15° it's still accurate. Drop 
it overboard and it floats. It's 
non-corrosive ... non-electrostatic 
... unaffected by high altitude ... 
resistant to shock. This transpar­
ent plastic-cased compass with­
stands severe vibration as well as 

UNITE UGE 

••• SIGHTED! 

temperatures in the range of) 
minus 65°F. to plus 160°F. 

Meeting such rigid service 
requirements was no simple task. 
The inherent complexity of the 
design and the manufacturing 
problems encountered presented 
a challenge to the ingenuity of 
USG engineers. This little wrist 
compass is another tribute t o  
USG's background and experi­
ence in instrument development. 

While this was a "special" 
project, it is typical of the many 
instrumentation problems USG 
engineers are called upon to solve 
... particularly in development 
of temperature or pressure sensor 
or actuator elements. 

Whether for armed forces or 
for industry, the background and 
facilities of USG are ready to 
help solve your instrumentation 
problems. Why not contact us? 

FOR OVER 50 YEARS 

United States Gauge, Division of American Machine arid Metals, Inc., Sellersville, Penna. 
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LETTERS 
Sirs: 

The explorer Paul Du Chaillu, in his 
Exploration and Adventures in Equato­
rial Africa, mentions "an affiiction which 
is common in Africa, and is called Gou­
amba,-but for which we happily have 
no name." He fails to give any descrip­
tion of the disease, but adds "Gouamba 
is the inordinate longing and craving of 
exhausted nature for meat; the vegetable 
diet here is not of a satisfying nature, at 
best." This was in 1856. It occurred to 
me that this might be a still earlier men­
tion of kwashiorkor, the protein defi­
ciency disease described by Hugh C. 
Trowell in your December issue. 

JOHN DARDESS, M. D. 

Chatham, N. Y. 

Sirs: 
The interesting article "Kwashiorkor"  

in your December issue says that the 
nutritional disease by that name was 
evidently described first in 1906. No 
other information appears as to how 
long it has affiicted the people of ex­
tensive tropical and adjacent temperate 
areas. 

In The Atlantic for December, 1953, 
John F. Brock, M.D., pOinted out that 
in Africa the disease (which your ar­
ticle reports as occurring, in its most 

Scientific American. February, 1955; Vol. 192, 
No. 2. Published monthly by Scientific American, 
Inc., 2 West 45th Street, New York 36, N. Y.; 
Gerard Piel, president; Dennis Flanagan. vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. Entered at the New York, N. Y., Post 
Office as second. class matter June 28, 1879, under 
act of March 3, 1879. Additional entry at Green­
wich, Conn. 

Editorial correspondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 2 West 45th 
Street, New York 36, N. Y. Manuscripts are sub­
mitted at the author's risk and will not be returned 
unless accompanied by posta/ite. 

Advertising correspondence should be addressed 
to Martin M. Davidson, Advertising Manager, 
SCIENTIFIC AMERICAN, 2 West 45th Street. New 
York 36, N. Y. 

Subscription correspondence should be ad­
dressed to Circulation Manager, SCIENTIFIC AMERI­
CAN, 2 West 45th Street, New York 36. N. Y. 

Change of address: Please notify us four weeks 
in advance of change. If available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
year, $5; 2 years, $9; 3 years, SI2.50. Canada and 
Latin America: 1 year, S6; 2 years, SID; 3 years, 
814. All other countries: 1 year, S8; 2 years, $12; 
3 years, S16. 
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New TOOLING for MANAGEMENT 

- the world's most flexible electronic digital computer 

The purpose of an ElectroData computing system is 

to give you answers to the tough problems faster and 

with greater accuracy. 

ElectroData opens the door to a new world of profit 

possibilities. It makes thousands of calculations and 

logical decisions in a fraction of a second. It turns out 

facts and figures for business and technical manage­

ment that up to now have either cost too much or 

taken too long. 

ElectroData Corporation manufactures electronic dig­

ital computer systems, magnetic tape storage and other 

auxiliary equipment-backed by 17 years of industrial 

electronic experience. 

Isn't it just good business to let us show you how 

this new kind of tooling for management will create 

new profit horizons? Write for our latest brochure. 

Department 92, ElectroData Corporation, 717 No. 

Lake Avenue, Pasadena 6, California. 

ElectroData brings a new concept of practical flexi­

bility to the fields of electronic computation and data­

processing. It has opened the eyes of businessmen 

accustomed to thinking of a modern computer as a 

million-dollar collection of complex equipment. You 

don't have to be a giant of industry to invest in an 

ElectroData system. You can start with a basic com­

puter ... add to its capacity as your business grows. 

E,lectroData 
AN AFFILIATE OF 

Consolidated Engineering Corporation 
OF PASADENA, CALIFORNIA 

ElectroData Corporation maintains a nation-wide sales and service organization 
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Full' 

3··D detail 

For 

FASTER 

EASIER 

ANALYSES 
Get vivid images ... lifetime trouble-free use 

SHOCKPROOF • • •  for lifetime 
dependability • Ready whenever 
you need it ... in the lab or in the field 
... because prisms can't jar loose despite 
the punishment of year-after-year prac­
tical use. Double support locks them into 
lifelong alignment ... clamps at the top, 
gibs at the bottom. 

DUSTPROOF ••• for bright, de­
tailed images • Even on field 
trips, you get "laboratory clean" images. 
Patented Neoprene ring inside prism 
housing fits flush on prism surface, seals 
out dust ... one of the reasons why B&L 
Stereomicroscopes are dustpl·oof for life. 

NIW.I 

. . . with a Bausch & Lomb 

Stereomicroscope 

SEE ACTUAL 3-D PHOTOMICROGRAPHS, 

GET THE FUlL STEREO STORY, 
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IN THIS UNIQUE NEW CATALOG 

WRITE for free Catalog D-15. 
Data on all models. Ingenious Se­
lecto-Chart chooses exact model 
you need. Bausch & Lomb Optical 
Co., 69438 St. Paul St., Rochester 
2, New York. 

STEREOMICROSCOPES 
America's only . 
complete optical 
source ... from 
glass to finished 
product. 

easily recognized and most frequently 
fatal form, in children under three years 
of age) results from changes introduced 
by "missionaries and educators from the 
West"; to them it was acceptable that 
infants be breast-fed for six or nine 
months, but it just was not right that 
breast feeding continue to the age of 
18 or 24 months. Nothing in your arti­
cle seems to conflict with the assumption 
that changed cultural practices account 
in large part for the presence of the 
disease in young children. 

Perhaps this conclusion may be 
drawn: In many areas kwashiorkor as a 
common and severe affliction of young 
children is largely the result of sudden 
interruption of practices which had 
served as important adaptations to en­
vironmental conditions. 

ALEXANDER LINCOLN, JR. 

Meredith, N. H. 

Sirs: 
Whenever I read Scientific American 

I am irresistibly led to make a comment. 
The account of Robert Hooke by E. N. 

da C. Andrade [SCIENTIFIC AMERICAN, 
December, 1954] is elegantly done. 
There is, however, one little episode in 
Hooke's career which throws a good deal 
of light upon his character. 

We know that Hooke and Newton 
were bitter antagonists. When Hooke 
discovered the connection between a 
tension and the longitudinal deforma­
tion that accompanies it (the now­
famous "Hooke's law" which every 
schoolboy can recite), he feared that his 
discovery would be stolen by unscrupu­
lous men. So what did he do? He pub­
lished it in the form of an anagram 
which read: ce iii 110SSS tt 'ltv. 

Years later he divulged the proper 
order of the letters to be: ut tensio sic vis. 
This is to say, as the extension, so the 
force .... 

JULIUS SUMNER MILLER 

EI Camino College, Calif. 

Sirs: 
This is a late but sincere appreciation 

of George vVald's excellent article The 
Origin of Life [SCIENTIFIC AMERICAN, 
August, 1954]. To me it is one of the 
most fascinating but at the same time 
logical discussions of the subject written 
in recent years. 

May I suggest two small points which 
may be of interest. Professor Wald states 
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Excellent flame resistance in vinyl wire insulation 
and nitrate plastics has been achieved with TRI. 
CRESYL PHOSPHATE. Developed by Celanese, 
this organic chemical also increases the safety factor 
in hydraulic fluids. Its versatility is demonstrated by 
its use as an additive in premium motor fuels, where 
it is boosting both gasoline performance and sales. 

As a "double.duty" basic material in the production 
of alkyd paints and enamels, Celanese* PENT AERY. 
THRITOL meets both the highest quality standards 
and the tightest cost schedules. The product of 
Celanese continuous processing methods, P.E. is 
typical of the emphasis on development of materials 
that increase production efficiency and lower costs. 

10 C/ •• 

0.5 

0.5 

. For product improvement • . . for production efficiency � �. 

FIND THE ANSWER 
... with Celanese* Chemicals 

"How can chemical raw materials cut our 

production costs and contribute to improved 

products?" Celanese has answered that ques· 

tion many times. 

Pioneer in high volume production of 

petrochemicals, Celanese has set new stand. 

ards for direct processing methods • • •  easy· 

to·process chemical forms • . •  production 

flexibility to keep pace with industrial needs 

BASIC REASONS 

Acids 

Alcohols 

Aldehydes 

Anhydrides 

Vinyl Monomers 

Esters 

Glycols 

Ketones 

Polyols 

Plasticizers 

Salts 

Oxides Solvents 

Hydraulic Fluids 

• • •  and a stable price structure to stimulate 

long.term planning. 

Celanese Technical Service can work with 

your research and engineering groups in 

making organic chemicals work better for 

you. Ask us to show you how. 

Celanese Corporation of America, Chemi· 
cal Division, Dept. 582.B, 180 Madison Ave., 
New York 16. 

FOR IMPROVED PRODUCTS 

In textiles, plastics, 

agriculture, paper, surface 

coatings, electrical and 

building materials and equipment, 

pharmaceuticals. 

II 
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MAGNETIC TAPE RECORDING 
helps produce better designs faster 

12 

• 
• 

• 
• 

• 
• 

• 

Inside this mobile ground station, test 
flights of the Avra Canada CF.100, RCAF 
all·weather interceptor for continental 
defense, are "seen" and "heard" with 
magnetic tape recorders. 

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

AVRO USES AMPEX 

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

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

Let Ampex Evaluate Your Needs 

Because "live memory" techniques can now be 

applied in so many ways (test cycling, machine con­

trol, process regulation, etc.) why not investigate 

the possibilities for your operation - or ask for our 
16-page illustrated bulletin. Contact your nearest 

Ampex representative, or write·wire Dept. 0·1892 

934 Charter Street, Redwood City, California 

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

DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enferprises, las Angeles; Southwestern 
Engineering & Equipment, Dallas and Houston; Canadian General Electric Company, Canada. 

that the early organisms depending on 
energy from fermentation were living on 
borrowed time. They had to take the 
evolutionary steps to fully photosyn. 
thetic organisms before their food sup· 
ply, organic materials produced pre· 
viously without the intervention of living 
matter, was exhausted. Would not a 
predator.prey relation have obtained 
somewhat similar to those of today? Pre· 
sumably such food materials were still 
being synthesized to some extent. If the 
increasing "fermenter" organisms built a 
population beyond their food supply 
would they not be cut down in numbers 
until the population did fit the food sup­
ply? Such balancing of populations is of 
course operative in all predator-prey re­
lations among modern organisms. Would 
not the stabilization of fermenters and 
food supply very materially increase the 
available time for the series of evolu­
tionary steps necessary to produce pho­
tosynthetic organisms? ... 

I believe I detect in Professor Wald's 
article belief in a "theory of inevitabil. 
ity." Given a planet with suitable con­
ditions and time, life is not only prob­
able but inevitable. Living matter of at 
least the cellular stage and up always 
exhibits some degree of awareness of its 
environment. It must in order to adjust 
itself to its environment. Thus increas· 
ing awareness must have had great sur­
vival value. Given time, space and num­
bers of organisms was it not inevitable 
that a self-aware (self-conscious) or­
ganism should eventually evolve? On 
Earth it turned out to be Homo .... 

In respect to the letters written about 
Professor Wald's article, certain addi­
tional remarks seem in order. From Mr. 
Irwin's letter I gather that he believes 
there would be no laws of probability 
operating in the Universe if men were 
not around to try them out; a peculiarly 
human viewpoint. 

Professor Probst's reference to Le­
comte du NOllY's "Human Destiny" 
should be countered by asking for quota­
tions from the rest of the book. It is one 
of those unfortunate books that is packed 
with errors from cover to cover. May I 
refer Professor Probst to footnote 3 on 
page 44 of George Gaylord Simpson's 
The Meaning of Evolution for a com­
plete condemnation of the book. The 
only reason for reading the book is to be 
able to answer the questions of students 
who read it eagerly because of its attrac­
tive title. 

Lehigh University 
Bethlehem, Pa, 

F. J. TREMBLEY 
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No, they're bubbles made of ALCOA Alumina 
by The Carborundum Company 

Illustrated above is a cross-sectional 
view of something new in lightweight 
refractory material, a castable high­
temperature cement made from ALCOA 
Alumina by The Carborundum Com­
pany, Perth Amboy, New Jersey. It's 
one of the world's best insulators in the 
upper temperature ranges of furnace 
operations. Mixed with water, the cast­

able containing these pure alumina 
bubbles can be poured, begins to harden 
almost immediately thereafter. 

Because ALCOA Alumina is so highly 
refractory, these cements withstand from 
28000 to 3100°F depending on the type 
used. And, because ALCOA Alumina is 
one of the most stable and inert mate­
rials in existence, these cements show 

little or no shrinkage even at extreme 
heats . . . are inherently resistant to 
furnace atmospheres and combustion 
gases. Further, because of dead air space 
in the thousands of tiny alumina bubbles, 
you get an excellent insulator, one that 
lets a furnace heat up fast. 

Carborundum finds that alumina 
bubbles can be used almost anywhere 
you need a top-quality refractory with 
the convenience of a castable. Back-up 
linings for nonferrous melting furnaces 
. . . burner blocks for core ovens . .. 
boiler furnaces ... malleable annealing 
furnaces ... side-wall back-ups. These 
bonded alumina bubbles are also offered 
as prefired brick and in special shapes. 

If you are looking for better refractory 

performance at higher operating tem­
peratures, look for refractories contain­
ing ALCOA Alumina. You'll find they 
last longer, require fewer tear-downs, 
are actually most economical. 

ALCOA does not make refrac­
tories, but we will gladly discuss with 
you the properties and characteristics of 
the various ALCOA Aluminas. Write to 
ALUMINUM COMPANY OF AMERICA, 
CHEMICALS DIVISIO N, 729-8 Alcoa 
Building, Pittsburgh 19, Pennsylvania . 

ALCOA 
A���A 

------IJ® 

CHEMICALS 
ALUMINUM COMPANY OF AMERICA 
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You Remember the Toy ... 

HERE'S THE REAL M�COY! 

..... mfy GYROS . . .  amazingly precise 

navigate planes, guide missiles, point 

O
NE of the first gyroscopes on record is credited to 
Bohnenberger; the date, 1810. Compared to today's 

precision-made gyros, of course, it was in the toy class. 

The evolution of the gyro from a novelty to a 
definite place of importance in the field of aviation and 
our national defense program is worth noting. 

The value of a gyro is in direct ratio to its accuracy. 
Thus, even if early applications had been apparent, the 
gyros of the 19th century could not have met the re­
quirements. 

Some of the first practical applications of the gyro 
were in instruments for airplanes. And while most 
Bendix Gyros today still find their way into commercial 
and military airplanes, they also do many other jobs­
help point guns, stabilize aerial photographic platforms, 
direct and stabilize radar antennas and many others. 

It should be explained that a gyro does not stabilize 
or control anything directly-except itself. 

But its peculiar ability to hold itself fixed, almost 
unwaveringly, in any designated position despite the 
movements of the object to which it is attached, pro­
vides the gyro's user with a vital requirement-a firm, 
stable reference point on which to base calculations or 
corrective actions. 

Developing and manufacturing gyros and gyro-con­
trolled instruments for blind flight, automatic pilots 
and the famous Bendix Polar Path t compass which has 
made polar navigation practical, is another facet of the 
Bendix Aviation Corporation's diverse operation han­
dled by our Eclipse-Pioneer Division, Teterboro, N. J. 
Contacting E-P will get you quick answers to problems 
involving aviation instruments and components. 
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"t " ops that help fly and 

guns, take pictures, aim radar! 

For the complete picture of Bendix and ideas on how some 
of our thousand products can contribute to the efficiency of 
your business, write to the address below for the brochure 
"Bendix and Your Business." 

ENGINEERS: Bendix diversity 

offers unlimited opportunity to 

experienced men and undergradu­

ates. Write for the interesting 

brochure "Bendix and Your Fu­

ture." 

BENDIX AVIATION CORPORATION 

Fisher Building Detroit 2, Michigan 

PRINCIPAL DIVISIONS AND BASIC PRODUCTS 

ECLIPSE-PIONEER, TETERBORO, N. J. 
aviation instru111ents and c0111ponents; foundry. 

SCINTILLA, SIDNEY, N. Y. 
aviation ignition syste111s; industrial engine 

111agnetos; diesel fuel injection; electrical 
connectors; ignition analyzers. 

RED BANK, EATONTOWN, N. J. 
electron tubes; dyna111otors; inverters; 

AC-DC generators. 

BENDIX RADIO, TOWSON, MD. 
radar; auto, railroad, 1110bile 

and aviation radio; television. 

ECLIPSE MACHINE, ELMIRA, N. Y. 
bicycle coaster brakes, Stro111berg* carburetors, 

electric fuel PU111PS, starter drives. 

ZENITH CARBURETOR, DETROIT, MICH. 
auto111otive, 111arine and s111all engine carburetors. 

BENDIX-SKINNER, DETROIT, MICH. 
111icronic filters. 

PACIFIC, NORTH HOLLYWOOD, CALIF. 
tele111etering equip111ent; hydraulic and electric 

actuators; depth recorders; boat steerers. 

BENDIX FRIEZ, TOWSON, MD. 
111eteorological instru111ents, precision 

instru111ents and recorders. 

BENDIX PRODUCTS, SOUTH BEND, IND. 
auto111otive brakes, carburetors, power steering; 

aviation brakes, landing gear, fuel 111etering. 

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

CINCINNATI, CINCINNATI, OHIO 
auto111atic viscosity regulators, nuclear products. 

BENDIX COMPUTER, Los ANGELES, CALIF. 
digital c0111puters. 

HAMILTON, HAMILTON, OHIO 
jet engine controls and aircraft pU111pS. 

LAKESHORE, ST. JOSEPH, MICH. 
power steering and auto111otive devices. 

UTICA, UTICA, N. Y. 
aviation c0111ponents. 

MONTROSE, SOUTH MONTROSE, PA. 
aviation c0111ponents. 

PIONEER-CENTRAL, DAVENPORT, IOWA 
aviation instru111ents and c0111ponents; 

ultrasonic cleaners. 

YORK, YORK, PA. 
electronic devices; test equip111ent. 

BENDIX-EcLIPSE OF CANADA, LTD. 
Windsor, Onto 

BENDIX INTERNATIONAL 
New York City 

*REG. u.s. PAT. OFF; 
tEXClUSIVE TRADE N"ME OF BENDIX AVIATION CORPORATION 

15· 
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IS A PRODUCTIVE WORD 

TIDE Of HUNGER 
A great tide of world· wide hunger is rising over the earth. Stark 
figures show with chilling clarity that more than a billion people are 
already near starvation. With 70,000 new mouths to feed each day 
on 40,000 fewer acres of cultivated soil, it's easy to see why man is fast outrunning his own food supply. Abundance is now an 
urgent, desperate need. 

utJtIlt OF f ttE SOIL 
The secret of abundance lies hidden in the soil 'waiting to be discovered by small steady advances in agriculture. Sometimes 
science gives a large assist with a new concept in thinking. Qne of 
these is believed to be the new chemistry of chelation and the 
powerful Versene ® chelating agents. Exciting experimental evidence backed by practical commercial use now proves that these chelated chemicals for agriculture can return lost fertility to the soil and give it new growing power. 

CHUUuav O' AaUNDANCi 
It is now known that the Versene® metal chelates do far more than 
cure agricultural "anemia." Properly applied, they stimulate growth 
. . .  re-green leaves . . . restore bloom . . . speed crop . . .  improve 
quality . . .  multiply yield. Application increases trace· metal 
availability which exerts a vitamin-hormone effect on the enzymatic 
system of the plant. The balanced metabolism which resulta permits 
maximum growth and productivity. 

When you have a problem in metal ion control- in agriculture, industry or medicine - tell us about it. We have a quarter of 
a century of experience that may be of help. 

F R A MINGHAM, M ASSACHUSE TTS 
CoPyri9ht 1'/55, Versene •• Incorporated 

50 AND tOO 
YEARS AGO 

FEBRUARY, 1905: "The electric 
horn is undoubtedly the most novel au­
to horn. It was exhibited at the Paris 
Automobile Salon by M. Legenare of 
Rheims, France, and is the invention of 
M. Colas. It is operated by current from 
a battery, which, being transformed with 
the aid of a Ruhmkorff coil, causes a tel­
ephone receiver diaphragm in the horn 
to vibrate when a button is pressed in 
the steering wheel. The receiver is an 
ordinary telephone, one composed of a 
permanent circular magnet in the field 
of which is a coil that attracts the dia­
phragm. This receiver can be screwed 
on any horn in place of the usual piece 
containing the reed. The horn can be 
blown as long or loud as one pleases by 
simply pressing a button. Its note may 
be varied by adjusting the trembler. The 
horn is much more powerful than those 
usually employed. A battery of six ac­
cumulators giving 12 volts is used to 
operate it." 

"The Aero Club of Paris has asked 
permission from the municipal authori­
ties to make experiments in aviation in 
the Galerie des Machines in February. 
Under the head of aviation, among other 
experiments will be some in mechanical 
aerial direction. The building is so large 
that the results will be almost the same 
as would be obtained in the open air, 
with the difference that the disturbing 
effect of wind need not be feared." 

"Among the prizes offered this year by 
the Paris Academy of Sciences is the 
Pierre Guzman prize (100,000 francs), 
for the discovery of a means of communi­
cating with any celestial body other than 
the planet Mars; failing the award of the 
capital sum, the interest will be awarded 
every five years for a work important to 
the progress of astronomy." 

"The prizes tor the year 1904 have 
been awarded, we learn from La Nature, 
by the Paris Society for the Encourage­
ment of National Industry. The grand 
prix of the Marquis d'Argenteuil has 
been awarded to Auguste and Louis 
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Part of the control equipment of a modern dial system-dial telephony's equivalent of a brain. It 

goes into action the instant you dial a call, selecting the telephone you want to reach and directing the 
switches that set up the connection ... just as the brain directs the muscular actions of the body. 

TIis question can't be answered until we learn 
more about the nature of thought. But dial telephone 
systems do simulate many of the processes of the 
human brain. For example, when a number is dialed, 
Bell's newest switching system-

COUNTS the dial pulses 

REMEMBERS them 

DECIDES ON the best route to a nearby town 
or across the nation 

BELL TELEPHONE 

TESTS to see jf the route is clear 

SELECTS an alternate if the first route is busy 

REPORTS difficulties in circuits, if any 

Today's automatic switching reflects the creative think­
ing of many scientists and engineers at Bell Telephone 
Laboratories. Each year your dial telephone is able 
to do more for you. And this is but one phase of the 
continuing effort to keep your Bell telephone service 
the world's best. 

LABORATORIES 
IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 

17 
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� Automatic Measurement 
of Direct Current Voltages from 

00.001 to 999.99 volts 

� Accuracy within 0.01 <10 
of Measured Voltage 

� Five Decimal Digits 
Clearly Display Measured Voltage 

VOLTMETER 

+ 8 5 2 04 3 

NON·LlNEAR SYSTEMS' 

DIGITAL VOLTMETER 
MODEL 519 

A self-balancing digital potentiometer that averages 40 read­

ings per minute, clearly presented in an easy-to-read, in-line 

numerical display of five illumined digits. Polarity and deci­

mal point automatically indicated; no range switching re­

quired. One simple adjustment calibrates instrument to 

internal standard cell. Maximum error less than 0.010/0 of 

measured voltage or 00.001 volts, whichever is greater. Range 

of 00.001 to 999.99 volts. Full price: $4,000." 
Accessories available for remote readouts and for automati­

cally printing, typing, or punching permanent records. Two, 

three, and four digit instruments also available. 

FG1' complete specifications and full information 
fOnceming specific applications, write Dept. 2A 

*Published price is lIet, 
f.o.b. Del Mar, Cali/. 
Factory-direct sales. DEL MAR, CALIFORNIA 
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Lumiere for their discoveries in photog­
raphy." 

"Much concern is felt for the fate 
of Dr. Charcot, who is leading an Antarc­
tic expedition which started more than 
a year ago. It is known to have en­
countered a terrible storm in April last 
year and has not been heard of since, nor 
have any traces of its movements been 
discovered by Uruguay, which sent out 
a party to its rescue. M. Charles Rabat, 
a member of the committee of the So­
ciety of Geography of Paris, intends to 
organize another search party to ascer­
tain its fate." 

FEBRUARY, 1855: "A great number 
of petitions have been sent in to Congress 
against extending the three patents for 
reaping machines, viz: Hussey's, Mc­
Cormick's, and Moore and Hascall's." 

"A question of great importance with 
divines and men of science at the present 
day, is that of the age of our planet, and 
the different changes- which have taken 
place upon it, as related in Genesis. In 
the last number of the Bibliatheca Saara, 
the Rev. John O. Means, of East Med­
way, Mass., presents his views at great 
length on this subject, and takes the lat­
ter view of the question, namely: that 
the days mentioned in the first chapter 
of Genesis, if interpreted to mean indefi­
nite peTiads of time, would reconcile 
science and the Scriptures in every 
particular. He employs some strong 
arguments in favor of this view of the 
question. Sir Charles Lyell believes that 
it must have taken 67,000 years to form 
the delta of the Mississippi, and 35,000 
years for the Niagara River to form its 
present channel from the Falls to 
Queenstown. Nearly all the eminent 
geologists believe this, and they consider 
the facts to prove it are so strong that 
they cannot be gainsaid. Mr. Means rea­
sons strongly to prove that the meaning 
of the word day in the first chapter of 
Genesis is an indefinite period of time, 
and makes out a very strong case in 
favor of the world being perhaps a mil­
lion years of age, according to the Mo­
saic account of creation." 

"Dr. Gideon B. Smith, of Baltimore, 
says the seventeen-year locusts will make 
their appearance this year along the east­
ern coast of Maryland to Carlisle, Pa., 

© 1955 SCIENTIFIC AMERICAN, INC



I 

When there-s improvement 

... there-s a treasury 'In ® 
PLASTIC 

Space saving insulation ... 
machined from KEL-F 
Plastic rod. 

Miniature Test Jacks for 500 
volt RMS "HF" circuit ... injec­
tion molded of KEL-F Plastic. 

Contact Bar insulated with 
KEL-F Plastic ... injection mold­
ed directly to beryllium-copper. 

- When you have to squeeze more and more into 
less and less space ... when materials lack the spe­
cific properties you need for miniaturization, we 
suggest you look into the possibilities of KEL-F 
Plastic. 

The development of KEL-F Plastic, a fluoro­
carbon polymer, was inspired by a vital problem 
of miniaturization in the field of electronics. What 
it accomplished then, it can repeat for your 
products. 

KEL-F Polymer is a dense, tough thermoplastic 
with outstanding resistance to the effects of high 
and low temperatures. In wire insulation, tube 
sockets, connector blocks, printed circuit bases, 
transistor seals, and other applications its zero mois­
ture absorption, non-wettability and dimensional 
stability can provide high level performance under 
severe conditions of temperature and humidity. 

The compressive strength is high. Bearing loads 

of 8,000 psi result in only 4% to 5% permanent 
set. KEL-F Plastic can actually be used for struc­
tural members. Electrical properties are outstand­
ing. They include superior resistance to arcing, 
surface flash-over and thermal cycling. 

KEL-F Plastic is readily moldable by extrusion, 
compression, injection and transfer methods. 
Molding techniques are fully perfected, and 
molded components can be depended on to ex­
hibit all the inherent characteristics of the original 
molding material. 

KEL-F Plastic is available as a molding com­
pound, or it can be obtained in rods, tubing, sheets 
and RIm from a number of suppliers. It is also 
available in dispersions, suitable for bake-coating 
of metals and certain non-metals. The full story 
of KEL-F Polymer should be in your active file. 
W'rite us. 
®Registered trademark for The lIf. W. Kellogg Company's 

Fluorocarbon polYHlers. 

Miniature Rectifier and 
mount for parts ... injection 
molded of KEL-F Plastic. 

THE M. W. KELLOGG COMPANY 
Chemical Manufacturing Division, P. O. Box 469, Jersey City, N. J. 

SUBSIDIARY OF PULLMAN INCORPORATED 

© 1955 SCIENTIFIC AMERICAN, INC



This giant Lectrodryer operates continuously end automatically, 

lowering the dewpoint of thousands of cubic feE'" of gas per minute. 

The Consulting Engineer 

Said, "Put A Dryer Here.l . .  In 

20 

This huge Lectrodryer* grew out of that notation on a flow­

chart and a listing of the requirements. That's all our 

engineers need to design and build an efficient DRYer 

for air, gases and organic liquids, thereby relieving you 

of that responsibility. 

LECTRODRYER is the registered trade name for a 

complete family of DRYing machines-little fel10ws that 

handle a few cubic feet per hour, all the way up to giants 

like the above. They work at atmospheric pressure to as 

high as 6,000 psi. Charged with Activated Aluminas, they 

adsorb moisture to dewpoints below minus 1000 F. and 

are then reactivated without interruption. 

Dehumidifying working and storage areas, and then 

maintaining a constant DRYness, removing unwanted 

moisture from materials involved in processes-dozens of 

such applications are described in the booklet, Because 
Moisture Isn't Pink. 

For this and other free literature on DRYing, simply 

send your name to Pittsburgh Lectrodryer Corporation, 

336 32nd Street, Pittsburgh 30, Pennsylvania. 

LECTRODRYER 
:11 REGISTERED TRADEMARK U. S. PAT. OFF. 

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 

and also in Kanawha, Va., and Lexiug­
ton, Ky. They can be found in all the 
above places, wherever trees, shrubbery, 
or forests grew in 1838, by digging down 
one or two feet." 

"A new map of the Arctic Regions has 
been published by the British Admiralty, 
on which the names affixed to various 
localities by the American expedition 
sent out by Henry Grinnell, Esq., have 
been adopted; and in particular Grin­
nell's Land, discovered by said expedi­
tion, is entered conspicuously on the 
map, it having been on a previous map 
of the Admiralty called Prince Albert's 
Land." 

"The New York Tribune has lately 
been -;omewhat violent in its attacks 
upon the Smithsonian Institution. The 
whole anger of the Tribune may be con­
centrated in one sentence, namely, the 
majority of the Board of Regents have 
decided that the expending of the dona­
tion of Smithson to erect and maintain 
a huge library in Washington would be 
a violation of the will of the donor. Thc 
Board is right, as any uninterested man 
of common sense must allow who reads 
that will. The Virginia Sentinel takes the 
ground that the method of active opera­
tions by scientiRc investigations and by 
cheap publications of new discoveries 
for general distribution is the only way 
to carry out the will. The Sentinel says, 
'If a mammoth and indiscriminate libra­
ry had been the agency to which Smith­
son looked to accomplish his purpose, he 
would have said so, because he could 
have said so in a word: Prof. Agassiz, 
the distinguished man of science, has 
addressed"a letter to Mr. Upham, mem­
ber of Congress, in relation to the con­
troversy now raging about the manage­
ment of the Smithsonian Institution, in 
which he sustains the course pursued by 
Prof. Joseph Henry and the present 
Board of Regents. In the course of the 
letter he takes the ground that the 
Smithsonian Institution is not strictly 
an American institution, but that it was 
designed by its founder 'to increase and 
diffuse knowledge among men: He also 
mentions a curious fact, bearing upon 
the present controversy, going to show 
that the testator designed that his be­
quest should be appropriated to the 
publication, rather than to the accumu­
lation of books. He says that the whole 
bequ:st was originaliy made to the 
Royal Society of London, but after­
wards transferred to the United States 
because the Society refused to pUblish 
certain scientiRc papers submitted to 
them for that purpose." 
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CORNING GLASS BULLETIN 
FOR PEOPL.E WHO MAKE THINGS 

Three problems • • •  

one "E-C" answer 

How would you shield a complex, static­
sensitive hunk of machinery from stray 
electric charges and still keep its innards 
open to inspection? 

That's a problem IBM faced in design­
ing their now-famous electronic calcula­
tor-and solved with E-C glass. Ordinary 
glass wouldn't do. It wouldn't keep elec­
trons in line. Metal would have been 
ideal for the shielding job, but not so 

good for seeing through. E-C coated 
glass does the one and allows the other. 

E-C coated glass is a PYREX brand 
glass. It stands up well under physical 
and thermal shocks. But its main claim 
to fame is the transparent, conductive 
coating (about 20-millionths inch thin) 
that's permanently bonded to one side of 
it. It's this coating that keeps static 
charges from gumming up IBM's com­

plex circuits busy calculating. 

But there's more to E-C coated glass 
than shunting off unwanted electrical 
charges. Run a current through it and 

you've got a heating element that gives 
forth with a uniform, dry, controllable, 
radiant heat, up to 350° C. The emphasis 
is on uniform-no furrows of heat with 
coolth in between; no dead spots. 

This uniform heating element is 
already at work in medical sterilizers, 

drying ovens, room heaters, chicken 
brooders. 

And here's a third kind of application. 
Turn an E-C panel around and you have 
a highly efficient heat reflector. A well­
known steel company protects shear 
pulpit operators from the fiery heat of 
billets in process with transparent E-C 
panels. 

Product or process-the potential of 
E-C coated glass hardly seems tapped. 
We've learned a lot about it that we'd 

be glad to share with you. 

Multi-aptitude problem-So 
many folks have exhibited so much inter­
est in the ability of our VYCOR brand 
96% silica glasses to survive, unscathed, 
wide temperature variations (quick 
switches from below freezing to 1800° F. 
or higher) that its other attractions for a 
designer may fall into oblivion. 

This we don't want to happen, and 
you might not either. Actually, there are 
seven VVCOR brand glasses available to­
day-all high silica, but each compound­
ed to develop specific aptitudes. Glass 
7911, for example, we control especially 
for uniform, high transmittance of short­
wave ultraviolet. It has notably high 
electrical resistivity, too, and low power 
loss. Glass 7910 meets germicidal lamp 
requirements for transmitting ultraviolet 
at 254 millimicrons. Glass 7950 will ab­
sorb most of the visible light from a tung­
sten filamen t (2700° K.), bu t let infrared 
radiation pass freely. 

Our brand new bulletin B-91, "VYCOR 
brand Industrial Glassware by Corning," 
completes the story with all the basic 
data we can put in print about all seven 
VYCOR brand glasses-with curves and 
illustrations. It just might stimulate an 
application idea or two for you .. Would 
you like a copy? 

On becoming attached-Nothing 
personal-just a first step, we hope, 
toward informing you about ways of 
a ttaching glass to metal. 

We've found a lot of our customers 
have more than a passing interest in this 
subject. We do too, as you might im­
agine, what with some 50,000-odd 
formulas for glass hankering to be put to 
new uses. 

Below, for example, is one of the 
"recommended methods of attaching 
glass to metal structures" -from a bulle­
tin of that name! 

This particular one is a soldered joint 
between glass and metal. The glass panel 
has a metallized edge to accommodate 
soldering to the metal frame. 

The brochure (actually an editorial 
reprint from "Product Engineering") 
shows some 16 other types, including 
threaded joints, pressure-tight joints, 
spun-metal joints and electrical connec­
tions. We'd be delighted to send you a 
copy. 

* * * * 

Which brings us to our basic theme­
glass itself. That's a world amazing even 
to those of US who spend most of our 
waking hours exploring its apparently 
endless boundaries. 

What progress we've made to date, 
mostly working with folks who have 
materials problems to solve, is spelled out 
in a little volume we've offered before 
and offer again in light of the sustained 
demand for it. A copy of "Glass and 
You" will show how this centuries-old 
material fits 20th century technology. 
It's a good starting point for getting 
acquainted. May we send you a copy? 

.--- ��� a r7k., --------------
U CORNING GLASS WORKS, 30-2 Crystal Street, Corning, N. Y. 

I Please send me the information checked below: 

I 0 E-C glass; 0 "VYCOR brand Industrial Glassware by Corning"; 0 "Methods of 
I attaching glass to metal structures"; 0 IIGloss and You"; 0 Send a representative 

I to call on me. 

I I I 
Name ____________________ Title _______ _ 

Com po ny ____________________ ______ _ _ 

I Address, ____________________________ _ I City Zone State ______ _ 

� __________________________________ J 
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on the Chemical 

Newsfront 

POULTRY NOW CAN BE MASS-VACCINATED against Newcastle Disease 
by spraying new BIOLAToR* Newcastle Vaccine Dust Lederle into the 
house. One man now can vaccinate 10,000 birds an hour. Birds gain 
immunity by inhaling the new dust vaccine-a preparation of the live 
virus type. (No. 1) 

PROJECT #1000. On a third repeat order from the same client Chemical 
Construction Corp. , a Cyanamid subsidiary, was awarded

'
its 1000th 

job in .its 40th ye�;. Among �fe many projects completed during 1954, 
Chemlco placed on stream 1000 tons daily capacity for anhydrous 
ammonia. (No.2) 
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Special aircraft applications where a co­
polymer of trially 1 cyanurate and a maleic 
alkyd make glass cloth laminates with 
flexural strengths of 30,000 psi even after 
24 hours exposure to 500°F. 
Triallyl cyanurate, with its stable triazine 
ring and reactive aUyloxy group on each 
carbon, is used in copolymers to produce 
suell heat-resistant plastics. Recent price 
reduction gives tllis chemical added at­traction for new product development. 
(No. 3) 
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P APER DROP CLOTHS for painters, made by Fibleco Illinois 
Corporation, are among many new market-expanding paper 
products made possible by Cyanamid's i\IELoSTRENGTH® Resin. 
The MELOSTRENGTH':' Paper is made by Mosinee Paper Mills 
with MELOSTRENGTH Resin, which binds paper fibers strongly 
together so paper stays strong even when soaking wet. Because 
the paper is stronger dry, too, drop cloths stand up through 
hard scuffing, abrasion and other abuse. Such properties open 
many new uses for paper. (No.4) 

FOUNDA TION FOR THE 
NEW TRIM LOOK is often 
a foundation garment 
woven of rubber thread. 
When the rubber is  
compounded with Cyan­
amid's new ANTIOXI­
DAKT 425", these gar­
ments stay white, with 
minimum discoloration 
due to aging of the rub­
ber. AiS'TIOXIDANT 425, 
now in full commercial 
production, gives rubber 
highest resistance to dis­
coloration yet attain­
able. (No.5) 

��Cogitatiolls" 
AEROCAT TRIPLE A*, High Alumina Catalyst has 

proved its "alue in fluid cracking for the peb'oleum 
industry. It maintains 15-25c� higher equilibrium 
activity than regular 13 % alumina catalyst and 

permits greater freedom of operation, excellent 
selectivity, and lower stack losses. (No.6) 
Increasing speeds in papermaking processes tend 
to accentuate two-sided ness in the finished paper. 
Differences in color, structure and surface char­
acteristics on the two sides are the most usual 
effects of two-sided ness. The possibility of two­
sidedness always exists because paper is made from 
a dilute pulp poured on a wire screen followed by 
drainage of water through the wire. The fines in 
fibers, fillers and additives tend to be washed out 
of the bottom or wire side of the paper more than 
from the top or the felt side. A laboratory method 
has been developed to produce two-sidedness ac­
curately in sample papers. The method has been 
used to develop color formulations which give mini­
mum two-sided ness on mill-run sheet. Complete 
details are available in Technical Bulletin No. 827 
of Cyanamid's Organic Chemicals Division. (No.7) 
Wood waste can be converted to hardboard at low 
temperature cure and short cure cycle with new 
aminoplastic resins PDL-1-1969 and PDL-1-1970, 
which give high strength and do not discolor. Hard­
board is suitable for structural or furniture appli­
cations. (No.8) 
Architectural white enamels made with CYCOPOL® 

340-18 copolymer resin stay white longer and retain 
high gloss even under high humidity conditions. 
This new CYCOPOL resin has infinite solubility in 
aliphatic hydrocarbons and promotes excellent flow 
in enamels. (No.9) 
Relieve edema with DIAMOX® acet azoleamide 

Leder/e, the new oral diuretic and acid-base regu­
lator, which inhibits the enzyme carbonic anhydrase, 
and reduces acidification of the urine. Oral adminis­
tration of DIAMOX is easier than injection of mercu­
rial diuretics. DIA�IOX, a prescription drug, is par­
ticularly effective in congestive heart disease. (No. 1 0) 
More information on any of the products mentioned 
in these pages is available on request. Write to 
"Chemical Newsfront," American Cyanamid Com­
pany, 30 Rockefeller Plaza, New York 20, N. Y., or 
use the coupon below-simply checking the items 
on which you wish additional information. 

*Trade-mark 

--� ..... ------��. - -------
" CplIlanuil COMPANY 

AMERICAN 1 

o ROCKEFEllER PlAZA 
3 20 NEW YORK 

NEW YORK , 

SEN D more information on the following items mentioned 

in the February, 1955 issue of LIFE on the Chemical Newsfront: 
S.A. 

No.1, 2, 3, 4, 5, 6, 7, 8, 9, 10. Literature 0 Prices 0 Sample 0 of ___________ _ Name' __________________________________________ __ __ Company ________________________________________ ___ 

Address. __________________ ___ __ 

-.L .... _ ..... iiiiii.-.;;;;;;� .�� • .:.. __ --_---_--:.-.sta.te;;;;; 
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MICROBAROGRAPH 
BY 

�ncf�-�'i.J 
RECORDS BAROMETRIC PRESSURES MAGNIFIED 2% TIMES 

What's the pressure been? What is it now? What is the trend? 

The whole story is inked for all to see ... right on the chart 
of the Bendix*-Friez Microbarograph. Here clearly and pre­
cisely are shown the highs and the lows of pressure which pass 
the area ... these control our weather. 

Producing, as it does,. an expanded graph of atmospheric 
pressure, it registers minute changes on a scale of two and 
one-half inches of chart to one inch of mercury. 

Thus, the Microbarograph finds favor with the hurried 
forecaster ... the lines are so crisp and clean and so easy to read. 

The research meteorologist refers to the Microbarograph 
reference charts as of valuable assistance in compiling means 
and extremes of weather gone by. 

To order, ask for model #790. Specify approximate eleva­
tion above sea level. Recording periods daily, 4-day or weekly. 

Please specify which you prefer. "Reg. U. S. Pal. Off. 

FRIEl INSTRUMENT DIVISION OF BENDIX AVIATION CORPORATION 
1422 TAYLOR AVENUE . BALTIMORE 4, MARYLAND 
Export Sales: Bendix International Division, 205 E. 42 St., N. Y. 17, N. Y Of U. S. A. 
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THE AUTHORS 
BERNARD and JUDITH MAUS­

NER ("A Study of the Anti-Scientific 
Attitude") are, respectively, a social psy­
chologist and a physician-also husband 
and wife. The study they report here was 
made during the past two years while 
they lived near Northampton and Ber­
nard was assistant professor of psychol­
ogy at the University of Massachusetts. 
He has just transferred to the Psychologi­
cal Service of Pittsburgh as research psy­
chologist. Bernard was born in New 
York City and has three degrees from 
Columbia University, including a Ph.D. 
Judith, also born and educated in New 
York, has an M.D. from New York Medi­
cal College and has worked at Beth 
Israel and Bellevue Hospitals. The 
Mausners collaborate professionally and 
in their hobbies, which include playing 
chamber music (cello and piano) and 
bird watching. 

WALTER ORR ROBERTS ("Cor­
puscles from the Sun") is director of the 
Colorado High Altitude Observatory. 
He was one of the men who set up the 
coronagraphic station at the Observa­
tory, arriving there in 1940 "with the 
corona graph, a wife and a broken-down 
car." He writes: "1 started out in astron­
omy as an amateur telescope maker, one 
of the many followers of the Ingalls col­
umn. As a boy I used to make the 
pilgrimage to Stcllafane, the telescope 
makers' Vermont rendezvous. And under 
the tutelage of an enthusiastic older 
amateur in Brockton, Mass., I made a 
six-inch Pyrex reflector of Newtonian 
design in my high-school days." At Am­
herst College and later as a graduate 
student at Harvard University Roberts 
strayed into physics and physical chem­
istry. In 1939 he decided to be an as­
tronomer: "1 came in touch with Donald 
H. Menzel and astrophysics, and was so 
taken with it that I gave up plans to 
work in physical chemistry and went 
hard to work on the coronagraphic proj­
ect which Menzel was preparing for 
Climax, Col." Roberts is a 10-minutes-a­
day violinist. 

DONALD A. GLASER ("The Bubble 
Chamber") is assistant professor of 
physics at the University of Michigan. 
Born in Cleveland in 1926, he went to 
the Case Institute of Technology with 
the idea of becoming a mechanical 
engineer. After six weeks he decided 
against engineering and turned to 
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Can you plan your company's future position? 

A characteristic ingredient of every product of the Consoli­

dated Engineering group is Progress. Here's one example ... 

Not too many years ago, crude oil yielded only a few 

different grades of gasoline, several lubricating oils and 

some greases. Today, the petroleum industry makes hun­

dreds of profitable products, from aviation fuels to chemicals 

and plastics, that are changing everyday life. 

One of Consolidated's major products, the commercial 

mass spectrometer, appeared at the time when the petroleum 

and natural gas industries were ripe for expansion and mod­

ernization. By changing a laboratory curiosity into a practi­

cal industrial tool, Consolidated helped in no small measure 

to bring about the revolution in oil and gas technology. 

Through faster and more accurate product analyses, the 

mass spectrometer provided a new method for pin-pointing 

a company's financial and competitive position, aided in 

planning new and more profitable processes. The entire oil 

industry progressed ... to an entirely new level of growth, 

prosperity and technical achievement. 

Helping to open such doors to tomorrow is the everyday 

business of Consolidated. Its products ... and the techniques 

these products make practical ... have changed and are 

continuing to change every phase of business, from research 

to marketing and cost accounting. 

As a businessman, vitally interested in improving your 

competitive and profit picture, you will find Consolidated's 

latest brochure valuable. It tells how Consolidated can bring 

a new element of progress to your manufac­

turing processes and product design. Write 

for your copy of CEC Brochure 72. 

Consolidated Engineering INSTRUMENTS, EQUIP M ENT AND T ECHNIQUES 

fOR GREATER BUSINESS PROGRESS 

Corporation 300 North Sierra Madre Villa, Pasadena 15, Calif. 

Equipment and systems for measurement, analysis and process control by CONSOLIDATED ENGINEERING CORPORATION, Pasadena, California; electronic data process­

ing by ElECTRODATA CORPORATION (a/l affiliate) Pasadena, Cali/ornia; high-vacuum technology by CONSOLIDATED VACUUM CORPORATION (a subsidiary) Rochester, New York. 

COMPANY-OWNED ENGINEERING SALES AND SERVICE OffiCES THROUGHOUT THE UNITED STATES. 

25 

© 1955 SCIENTIFIC AMERICAN, INC



Formica scrutinizes the inscrutable 
helps customer develop first Ul approved 

explosion-proof lighting for hazardous areas 

Fig. I. Portable floodlight by Safe Lighting 
Inc., New York. Like all finished products, 
it appears simple, but manufacturer had 
to clear many a hurdle before winning the 
nod from UL. Formica made a significant 
contribution. 

Not so long ago a customer of ours 
was very close to perfecring a port­
able, explosion-proof light (Fig. 1) 
that could be used safely in arsenals 
manufacturing explosive gases, in 
refineries, in fuel tanks, even under 
water. Only a few obstacles remained 
in the way. 

Obtaining Underwriters' Labora­
tories approval required that the cable 
pass through a connector in which a 
pressure of 11 psi must be maintained. 

The light must be absolurely air­
and water-tight and must prevent con­
densation from forming inside. It must 
be light in weight for easy portability, 
and must withstand the impact of 
dropping 10 times from a height of 
3-ft. on to a concrete floor. 

PERPLEXING PROBLEM 
Obviously the problem of making an 
absolutely dependable pressure con­
nector was most perplexing. Previous 
attempts had failed to produce a con­
nector that wouldn't 'breathe' and that 
would provide all the other require­
ments. 

Formica was able to help with this 
seemingly insoluble problem by de­
signing an ingenious connector con-
sisting of three Formica parts (see Fig. 
2). The parts are made by molding 
macerated laminated plastic stock in 
combination with laminated plastic 
sheet, tube and rod stock. A metal 
boss is molded integral with one part, 

and it takes more than 1500 Ibs. pres­
sure to dislodge it. 

The pressure connector Formica 
produced maintains an air- and water­
tight seal that's good for more than 4000 
hours. And it was good enough to win 
the customer the first UL approval and 
listing for Class 1, Groups A, B, C and 
D hazardous locations for a unit of 
this type. 

The 3-part Formica component is 
delivered to the customer complete, in­
cluding fabricating ... even engraving 
of explanatory symbols. 

Fig. 2. Pressure connector component con­
sists of three Formica parts, each molded 
from a different combination of forms: (I) 
macerated stock combined with sheet and 
rod stock, (2) all·macerated stock, (3) com­
bination tube, sheet and macerated stock. 

MOLDING MAGIC 
Molded Formica has all the advantages 
of Formica sheets, tubes and rods, and 
is strong and durable. In this case, 
Formica's unique combination of prop­
erties provided great tensile strength, 
heat resistance up to 250°F, minimum 
water absorption, reliable electrical in­
sulation, corrosion resistance and light 
weight. 

Our customer was so well pleased 
with our component that he was moved 
to write us: "This unique producr is a 
splendid example of the cooperation 
between Formica and its customers, 
resulting in an important new contri­
bution to industry." 

Perhaps Formica's 42 years of re­
search and development exclusively in 
the field of laminated plastics can help 
you make an equally significant contri­
bution to your own company? Why 
not send us your requirements today? 

THE FORMICA COMPANY 
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4593 Spring Grove Ave., Cincinnati 32, Ohio 
'Standard' Formica laminated plastics sheets, tubes and rods • . .  and molded 
postlormed and fabricated parts • • •  give 'special' performance in difficult 

electrical. chemical and mechanical applications. 

physics. He went to do his graduate 
work at the California Institute of Tech­
nology under Carl D. Anderson, and for 
his Ph.D. thesis investigated high­
energy cosmic rays. Glaser claims that 
the encouragement to try his bubble­
chamber idea, which he had already 
been mulling over, came one night dur­
ing a beer session with some physicist 
friends: "After several pitchers of beer 
we began to wax philosophical about 
physics. One of the boys, looking dream­
ily into the pitcher of beer before him, 
saw the usual streamers of bubbles and 
remarked, 'Nuclear physics should be 
easy. You can see tracks in nearly every­
thing: Just for fun I actually exposed 
some beer to gamma rays the next day 
in the laboratory. Nothing happened." 
But as he explains in his article, he went 
on to more serious tests which succeed­
ed. Like several other authors in this 
issue, Glaser is a devotee of chamber 
music. While in high school he was a 
violist in the Cleveland Philharmonic 
Orchestra, and he still joins friends in 
quartets. 

GEORGE W. GRAY ("The Yerkes 
Laboratories"), a member of the staff of 
the Rockefeller Foundation, is a fre­
quent contributor of articles to SCIEK­
TIFIC AMERICAN; the most recent was 
"Human Growth" in the issue of Octo­
ber, 1953. 

LEONID HURWICZ ("Game Theory 
and Decisions") is a professor of eco­
nomics and mathematics at the Uni­
versity of Minnesota. Born in Moscow of 
a Polish family, he took a degree in law 
at the University of Warsaw in 1938. He 
came to the U. S. in 1940 and has been 
associated with the Cowles Commission 
for Research in Economics, off and on, 
since 1941. In 1945-1946 he held a Gug­
genheim fellowship. In 1948 Hurwicz 
assisted the Economic Commission for 
Europe, which surveyed the postwar 
economic prospects of the Continent for 
the United Nations. He has worked on 
economic applications of the new theory 
of games, which, he believes, has already 
made itself useful by giving economists 
mathematical models for problems of re­
source allocation. 

FRANKLIN C. McLEAN ("Bone") 
is emeritus professor of pathological 
physiology at the University of Chicago. 
He was born in Maroa, IlL, in 1888, 
went to the University of Chicago and 
took his M.D. at Rush Medical College 
in 1910. His career has been varied: he 
was a professor of medicine at Peiping 
Union Medical College in China, a lieu-
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plays a vilal role 

Pressure actuated switches for every 

requirement from zero absolute to 

12,000 psi. Meletron switches are used 

by every major manufacturer of air­

craft in the United States. 

in every success 
Ice shows have been one of the highly successful ventures in the 
entertainment world. The respective skills of acrobats, dancers, 

costume designers and illuminating engineers have been woven into 

spectacular routines by experienced directors. The measure of their 

success is determined by the number of customers at the box office. 

Experience plays a vital role in the manufacture of reliable pressure 

switches. Success in this field is also measured by the number of 

customers. We at Meletron are proud to number among our customers, 
every major manufacturer of aircraft in the United States. 

J. M .
. 

WALTHEW CO., Boeing Field, Seattle 8, Wash. THOMSON ENGINEERING SERVICE, 5H So. 
Summit St., Fort Worth 4, Texas and 307,/. Lau,. St., Wichita. Kansas. ROUSSEAU CONTROLS Ltd., 
2215 Beaconsfield Ave., Montreal 28, Canada. JOSEPH C. SORAGHAN & ASSOCIATES, 1612 Eye St., 
Northwest, Washington 6, D. C. 
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THE VALUE OF 
HERMETIC SEALING OF RELAYS 

The performance of some relays is improved 

considerably by hermetic sealing. Particularly is 

this the case on relays which have delicate springs, 

fine gauge wiring and small physical size. 

These types are naturally sensitive to the embarrassing 

consequences of unsympathetic environments and 

give much more rhythmic performances when protected 

by an encompassing metallic membrane 

from the wanton attacks of 

pliers, screw drivers, d If tf 
thumbs, or church keys. 

On the other hand, relays employing switch 

contacts which have to make and break electrical 

'/'"'I" 
circuits have an addiction, when hermetically sealed� 

(( . J ' .F. CH4)) to the production of various black deposits in the 

l"" 1 1 j' immediate vicinity of the switch. Some engineers 

V claim these result from traces of volatile 
* 

hydrocarbons trapped in the insulation. 

They suggest �hat hannf�t! effects of su
.
ch d

.
eposit� .• _�.:". 

are aVOided by uSing only materials hke ._�I E . 

granite, soal'stone or concrete. Unfortunately, these 

present certain difficulties in fabrication. 

In general, two expedients seem most successful to date. 

One is to ignore the deposits. They usually only reduce the life 

expectancy, important only if the relay is placed in service. 

(Since mOlt sealed relays spend their days on a shelf in a depot 

warehouse, this consideration may usually be dismissed.) 

The other was proposed by an Air Force captain who may as well 

remain nameless, both because he was actually trying to use 

equipment and because his most effective solution 

runs somewhat counter to entrenched 

government prejudice. He increases the life 

expectancy of relays (yes - Sigma relays, 

worse luck) approximately five· fold, by drilling 

in each carefully pressure· tested enclosure - - - ""m.lI ho' •• 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl Street, So. Braintree, Boston 85, Mass. 

tenant colonel in the Chemical Warfare 
Service and has written 148 research 
papers on various subjects. In the fore­
word to his forthcoming book, Bone, he 
notes that his interest in calcium goes 
back 20 years to researches with A. 
Baird Hastings, now at the Harvard 
Medical School, on calcium in the blood. 
"Following this, I began an exploration 
of the blood-bone relationship, and 
shortly thereafter, in collaboration with 
William Bloom, this led to a conscious 
effort to bridge some of the gaps be­
tween the chemical and morphological 
approaches to an understanding of bone. 
Our interests then broadened, until it 
became apparent that we were con­
cerned with every aspect of the physi­
ology and biochemistry of bone." Mc­
Lean has given much of his spare time 
to helping Negroes to enter medicine, 
especially through the National Medi­
cal Fellowships, Inc., of which he 
is secretary-treasurer. In 1953 the 
Chicago Commission on Human Rela­
tions cited him as having "given 25 
years of devoted effort to improving 
medical care for Negroes, breaking down 
barriers to their training in medical col­
leges and advancing them in the medical 
profession." 

EDWARD E. DAVID, JR. ("Ears 
for Computers"), is a supervisor on the 
staff of the Bell Telephone Laboratories. 
Born in North Carolina, he studied elec­
trical engineering at Georgia Institute 
of Technology, served on an aircraft 
carrier during World War II, then went 
to the Massachusetts Institute of Tech­
nology for graduate work on micro­
waves and noise theory, receiving his 
doctorate in 1950. At the Bell Labora­
tories he has been concerned mainly 
with underwater sound; he has also 
supervised research on some aspects of 
speech communication. He was recent­
ly selected by the Eta Kappa Nu honor 
society as one of the "Outstanding 
Young Electrical Engineers" of 1954. 

VICTOR A. GREULACH ("Plant 
Movements") is a professor of botany at 
the University of North Carolina. An 
Ohioan, he has a Ph.D. in botany from 
Ohio State University. Between 1940 
and 1949 he was on the faculty of the 
Texas Agricultural and Mechanical Col­
lege; during some of these years he was 
also associated with the Houston Mu­
seum of Natural History. Greulach's 
chief Reld of research is plant growth, 
especially the effects of growth inhibi­
tors. He wrote an article entitled "The 
Rise of Water in Plants" for SCIENTIFIC 
AMERICAN in October, 1952. 
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Inconel makes "pipe dreams" come true 
- in the strangest places! 

Where are we? Looking up at the 
underbelly of a huge gasoline-powered 
tractor truck, just in from a long-haul 
run_ 

You'll be interested in that exhaust 
pipe overhead. But don't touch it! 
It's red hot. 

Truck operators find most pipes a 
big source of trouble. When one 
"blows" on the highway, it means a 
delayed delivery ... lost time for the 
driver ... extra expense to the company. 

Saving dollars. An ordinary exhaust 
pipe seldom lasts over 40,000 miles, 
and usually has to be replaced several 
times a year. Think what might be 
saved if a pipe never had to be re­
placed! 

A pipe dream? Now it's a reality, 
thanks to the resourcefulness of a 

smart maintenance superintendent. 
Years ago, he started replacing worn­
out carbon steel exhaust pipes with 
new ones made of Inconel®. 

Crowding the million mark. Not a 
single Inconel pipe has ever been re­
placed. Several have already logged 
almost a million miles each. 

Right now, you may have a metal 
problem of your own. It doesn't have 
to resemble this one. Inconel - possi­
bly -·is not your answer. But remem­
ber, there are more than 50 other Inco 
Nickel Alloys available. Find out 
whether one of them offers the means 
of transforming a cherished "pipe 
dream" of yours into a reality! Let's 
talk it over sometime soon. 

A 
Nickel Alloys Perform Better Longer 

I�\ THE INTERNATIONAL NICKEL COMPANY, INC. 
, ••• , •••• 67 Wall Street New York 5, N. Y. 

Q. Where else is Inconel an outstanding 
success? 

A. In jet planes - specifically in flame 
tubes. Here Inconel stubbornly maintains 
its strength even when white hot. 

Q. Where would you be likely to see In­
conel? 

A. In a kitchen. Inconel sheathing is used 
on the surface heating units of most elec· 
tric ranges. Inconel .provides quick, even 
transmission of heat. It resists corrosion. 
It stands up under use - and abuse. 

Q. Where can you find more information 
on Inconel and half a hundred other prob­
lem-solving Inco Nickel Alloys? 

A. Write for our booklet, Standard Alloys 
lor Special Problems. It's free to all who 
ask for it. 
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HOW TO SPEND HUSH MONEY WISELY 
Excessive industrial noise seriously impairs production 
efficiency and can result in permanent injury to personneL 
What must you do to combat excessive noise? 
The first essential step is to define the problem with 
adequate data, then lay out a noise control program. 

Brush is prepared to help you with the first step. 
The Brush One-Third Octave Spectrum Recorder will 
automatically analyze and graphically plot your noise levels 
in narrow frequency bands. The Spectrum Recorder is in 
effect a "noise watchman" and can operate unattended 
for continuous noise measurements. The graphic recording 
provides foolproof data for legal purposes, 
reports and easy analysis. 

This is another example of how Brush instrumentation helps 
industry in all fields. For complete information write 

Brush Electronics Company, Dept. B-2, 
3405 Perkins Avenue, Cleveland 14, Ohio. 

BRUSH . • •  MEANS PIONEERING IN ELECrRONICSI 

MAGNETIC HEADS for recording 
severol channels of data on a 

single tape. 

RECORDING SYSTEMS for simul. H EADPHON E S for broadcast 
toneous measurement of several rnonitoring and laboratory use. 
variables. 

BRUSH ELECTRONICS 
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is an olltratinc unit of 
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THE COVER 

The painting on the cover depicts a 
bubble chamber, a new device of 
physics which makes the tracks of 
subatomic particles visible (see 
page 46). On the right side of the 
painting is a small glass bubble 
chamber. The large aylinder at the 
left is a source of penetrating radia­
tion. Here the radiation has caused 
a nuclear explosion in the chamber, 
leaving two tracks of bubbles. In 
the background is a bubble chamber 
of advanced design. 
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• 

pioneers a 

REVOLUTIONARY CONCEPT 
• In Metal Technology 

Complete Flexibility. Any pac· 
rern of tubing-any manufactur� 
ing design chat can be drawn on 
paper - can now be produced 
simply and easily imide perfectly 
bonded metal sheets. Dimensions 
of tubing can be fixed as desired. 

AutQ.matically Leakproof. Pat­
[ern channels must be leakproof 
or the Roll-Bond Sheet cannOt 
be made. Production mechanics 
prevent a leaking sheet from 
reaching complecion. Western 
Roll-Bond guarantees no leaks! 

The patented [Roll-Bond J Process gives 

new flexibility of design and manufacture to makers 

of heat exchanger products 

Die and Press Costs Eliminated. 
A complete redesign of any mb­
ing paneen COStS less than $50. 
no, S50.000 - is comple,ed in 
days, noc months. Traditional 
ideas of manufacturing COStS are 
shattered completely. 

First exhibited at the National Association of Purchasing Agents 
Show last May, the Western Roll-Bond Process has unlimited 
potentiaL Today, refrigeration - tomorrow, roll-bonding will be 
found in air conditioning units, radiators, home and industrial 
heating and power plants. The application of Western roil-bond­
ing to rhe field of structural design in the aircraft, construction, 
automotive and other industries may change the face and the 
future of America. 

One of America· s leading refrigerator manufacturers has de­
signed his 1955 line to take advantage of this Western roll-bond­
ing process for his evaporators. Already in production, he has 

Freel Actual Sample of 
Western Roll-Bond Process Metal 

Mlmagement, Engineering and 
Production men frequently ask for an actual 
piece of Western RolI·Bond Process Metal. 

freed himself of high die costs-ended all problems of leakage in 
a single stroke. Complete /lexibility of internal tubing design is 
now possible with this new process. At this moment, nearly every 
major manufacturer in the refrigeration field is. testing experi­
mental patterns that utilize the new process that has eliminatlitd 
one of the major technical problems of an industry. 

Now-right now-is the time to examine the potential applica­
tions of Western roll-bonding in your own business. Available in 
aluminum, and soon to become available in copper and copper base 
alloys, Western Roll-Bond may mean you can make your product 
more easily and more economically very, very soon. 

W��!!l!1tkoll-Bo.nd I 
rnet:als divisio .... WeItern Melals will be happy 

to supply samples on request. 
W,.ite to RolI·Bond Process, Western Brass, 

Depl. F, Ea.st All on, lJJ. 

OLIN MATHIESON CHEMICAL CORPORATION 
Plants . East Alton, III. - New Hoven, Conn. 
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HOWlO 
CORRAL 

A GAMMA 
RAY 

WHITE PLAINS 8-5800 

Improving methods for shielding people from 

the hazards of nuclear radiation is an important 

and continuing research project at NDA. For 

five years N D A scientists and engineers have 

made notable contributions toward understand­

ing and predicting radiation hazards. They have 

designed shielding equipment and facilities which 

assure adequate protection from both neutrons 

and gamma rays. Serving the U. S. Atomic 

Energy Commission in this field since 1948, 

N DA now provides similar services to industry. 

Technological contributions such as these 

have been made possible by the coordinated efforts 

of NDA's highly trained team of scientists, en­

gineers and technicians. Their capabilities in the 

fields of research, design, development and en­

gineering have been demonstrated repeatedly by 

their past achievements. Before your company 

initiates any project requiring advanced nuclear 

technology, consult NDA, for expert counsel. 

NUCLEAR DEVELOPMENT ASSOCIATES, INC. 
80 GRAND STREET, WHITE PiAINS, NEW YORK 
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New assembly-line adhesive makes 

sandwich panels stronger, 

more heat resistant 

With a new Armstrong Adhesive-D-253N-you 
can make sandwich panels that are far stronger and 
more heat resistant than those made with the best 
thermoplastic adhesives previously available. And 
these panels can be made with assembly-line speed 
and economy. 

D-253N is virtually a new type of adhesive that's 
intermediate between thermoplastic and thermosetting 
cements. It can hold a dead-load twice that of the 
best conventional thermoplastic adhesives, and its 
greater heat resistance makes it useful at tempera­
tures up to 1800 F. This remarkable improvement 
brings the speed, convenience, and economy of air-dry­

ing cements to many who have been obliged to use 

thermosetting adhesives. 

With Armstrong D-253N, skins of stainless steel, aluminum, 
plastic laminate, or hardboard can be bonded to cores of 

honeycomb, plywood, or foamed materials. Assembly-
line fabrication of these panels takes just a few minutes. 
Finished panels are strong and lightweight and can 
be used for such things as flush doors, table tops, 
and office partitions. 

For more information on D-253N and other Arm­
strong Adhesives, write Armstrong Cork Com-
pany, Industrial Division, 8002 Inland Road, 
Lancaster, Pennsylvania. In Canada, 6911 
Decarie Blvd., Montreal. 

@mstrong 
ADHESIVES. COATINGS. SEALERS 

• • •  used wherever performance counts 
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of the Anti-ScientifIc Attitude 
It has been clearly demonstrated that fluoridation tends to prevent 

tooth decay and does no harrn. Then why are many people violently 

against it? How the question was investigated in Northalnpton, Mass. 

M any people, particularly scien­
tists, believe that we are suffer­
ing in the U. S. from a national 

epidemic of irrationality-what Senator 
J. W. Fulbright of Arkansas has called 
the "swinish blight of anti-intellectual­
ism." The current outbreak has ex­
pressed itself in many manifestations, 
but they are reducible to two well­
recognized symptoms: a deep distrust 
of "intellectuals" and rejection of ideas 
or discoveries that conflict with en­
trenched beliefs. Can we do anything 
more than name the disease and describe 
its symptoms? It would be helpful to 
have more data on the causes of the 
malady and possible methods of com­
batting it. This article will report the re­
sults of a case study which may offer 
some light. The place of the study was 
the town of Northampton, Mass., and 
the occasion was a dispute over fluorida­
tion of the town's water supply. 

Fluoridation is an excellent example 
of the careful application of scientific 
knowledge to a problem. As David B. 
Ast, director of the Bureau of Dental 
Health in the New York State Depart­
ment of Public Health, has said, no 
other public health measure has ever 
been so thoroughly studied and tested 
before it was introduced. Ever since 
1908 it has been observed that people 
living in regions where fluorides occur 
naturally in the water have a remarkably 

by Bernard and Judith Mausner 

low incidence of tooth decay. In 1945 
controlled studies of artificial fluorida­
tion of the water supply were started in 
three communities: Grand Rapids, 
Mich., Newburgh, N. Y., and Brantford, 
Ontario. The nine-year results of these 
tests, plus many others, have convinced 
the scientists who have investigated the 
matter that artificial fluoridation can 
greatly reduce dental caries among chil­
dren who drink the water during their 
teeth-building period and that the pro­
cedure is perfectly safe. Fluoridation has 
been recommended by an impressive list 
of scientific organizations, including the 
American Medical Association, the 
American Dental Association, the Na­
tional Research Council and the U. S. 
Public Health Service. And more than 
1,000 communities in the U. S., with a 
total population of more than 17 million, 
have adopted it so far. 

However, from the beginning there 
has been opposition. The opponents, 
mostly laymen but also including a few 
scientists, have formed two national 
organizations-the National Pure 'Vater 
Association and the National Committee 
against Fluoridation-and many local 
committees to fight adoption of the idea. 
The issue has twice been argued before 
committees of Congress. In 57 out of 
104 communities where the question has 
been voted on by the electorate, the op­
ponents have defeated fluoridation. 

A content analysis of the anti-fluori­
dation argument shows that it has three 
main themes: (1) fluoridation is an ex­
periment which has not proved its value 
and may hold unknown dangers; (2) 
fluorides are poisons; (3) treatment by 
public agencies of the water that every­
one must drink is a step in the direction 
of socialized medicine and an invasion 
of individual rights. 

As for the first of these objections, 
public health and dental authorities be­
lieve that the effectiveness of fluorida­
tion has been so well proved that it need 
no longer be considered an experiment; 
objections that the case has not been 
proved, they feel, betray a lack of under­
standing of epidemiological research. 
Many people find it difficult to accept 
conclusions based on statistical analysis 
rather than on laboratory or clinical 
"proofs." The most careful evaluation to 
date of the supposed dangers of fluori­
dation, carried out by a committee of the 
St. Louis Medical SOCiety, found no good 
evidence that it is dangerous. Popula­
tions who have been drinking fluoride­
containing water for some time show no 
unusual death rate or incidence of degen­
erative disease, cancer or children's bone 
fractures-all dangers mentioned by the 
opponents. 

The poison theme is based on a fail­
ure to appreciate that a substance may 
be safe or even beneficial in small doses 
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AGREE NO OPINION DISAGREE 

QUESTIONNAIRE ITEMS 

PRO ANTI PRO ANTI PRO ANTI 

SCIENTIFIC BODIES LIKE THE AMERICAN DENTAL ASSOCIATION 

AND THE U. S. PUBLIC HEALTH SERVICE ARE THE BEST 92 50 6 15 2 35 

SOURCES FOR FACTS ABOUT FLUORIDATION. 

A GOOD REASON FOR OPPOSING FLUORIDATION IS THAT 
25 79 12 7 63 14 

iT INFRINGES ON INDIVIDUAL RIGHTS. 

FLUORIDATION IS NOT A STEP TOWARD SOCIALIZED MEDICINE. 65 39 7 19 28 42 

DENTISTS WILL PROFIT FROM FLUORIDATION BECAUSE IT 9 23 18 43 73 34 

MOTTLES (DISCOLORS) THE TEETH. 

-1 

SINCE FLUORINE IS ONLY BENEFICIAL TO CHILDREN, 25 85 I 12 6 63 9 

EVERYBODY SHOULD NOT BE FORCED TO DRINK IT. 

FLUOR IDA TlON HAS BEEN A SUCCESS WHEREVER IT HAS 45 6 49 37 6 57 
BEEN TRIED. 

CHEMICAL INDUSTRY IS FOR FLUORIDATION EVEN THOUGH 

IT MAY BE DANGEROUS BECAUSE THEY WILL BE ABLE 10 52 24 25 66 23 

TO PROFIT FROM SELLING THEIR FLUORIDE WASTES. 

VOTING ON FLUORIDATION IS AS SENSIBLE AS VOTING 
61 39 

ON THE USE OF PENICILLIN IN TREATING DISEASE. 
16 16 23 45 

PEOPLE SHOULD NOT BE FORCED TO DRINK SOMETHING 
65 93 10 3 25 4 

WITHOUT THEIR CONSENT. 

-

THE BENEFITS OF FLUORINE COULD NOT BE OBTAINED BY 
I 
I HAVING DENTISTS GIVE IT DIRECTLY TO CHILDREN IN 36 21 32 34 32 45 

THE SCHOOLS. I 
THE WATER COMMISSIONERS WERE TAKING ADVANTAGE 

OF THEIR POSITION IN STARTING FLUORIDATION WITHOUT r� 81 9 6 60 13 

CONSULTING THE PUBLIC. 

INTERVIEWS of the Northampton study were based on these 11 statements. The 397 people 
interviewed a week before the fluoridation vote were asked (l) to give their opinion of 
each statement and (2) to indicate whether they intended to vote for or against fluoridation. 
The responses of the pro· and anti·fluoridation groups are separated at the right in per cent. 

though it is toxic in large amounts. Op­
ponents of fluoridation have pointed out 
that sodium fluoride is a rat poison and 
fluorine is a component of deadly "nerve 
gases." This theme has inspired some 
bizarre, irrational fears. It has been sug­
gested that in the event of war saboteurs 
could poison our water by dumping large 
quantities of fluoride into the reservoirs 
from the fluoridation apparatus. Actually 
it would be hard to imagine a more cum­
hersome method for sabotaging water 
supplies. Enormous amounts of fluoride, 
more than is ever normally stored at a 
water-treatment station, would be re-
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quired to produce a concentration high 
enough even to mottle the teeth. Despite 
these sober facts, the lurid picture of a 

saboteur poisoning the entire population 
by pulling a switch has apparently been 
easy to evoke. One anti-fluoridation 
pamphlet has suggested that fluorida­
tion is a part of a subtle conspiracy on 
the part of our enemies to "paralyze, 
demoralize and destroy our great repub­
lic from within" by undermining us 
with a nerve poison in the water. 

The third argument, that fluoridation 
is an invasion of individual rights, raises 
a complex issue. In innumerable public 

statements the opponents of fluoridation 
have called it compulsory mass medi­
cation. However, so are compulsory 
smallpox vaccination and many other 
modern public health measures. The 
proponents of fluoridation consider that 
the invasioil of individual rights involved 
in compelling everyone in a community 
to drink fluoridated water is minor when 
weighed against the incalculable bene­
fits to our next generation from the re­
duction of dental disease. 

There has been a host of other objec­
tions to fluoridation: its cost (about 10 
cents per person per year) , the allega­
tion that it makes water taste foul (in 
the small amounts used the fluorides are 
actually tasteless) , the complaint that it 
kills goldfish and makes dogs and cats 
ill (actually there is no evidence of harm 
to animals) . The power of suggestion has 
been vividly demonstrated on several 
occasions. For instance, in New York's 
Westchester County and two or three 
other localities the announcement that 
the water would be fluoridated was fol­
lowed by a flood of complaints of bad­
tasting water, sudden aches and pains, 
and dead goldfish and dogs-even before 
any fluoride was put into the water! A 
witness before a Congressional commit­
tee declared that he had fainted from 
drinking two cups of coffee made from 
fluoridated water. 

I 
n short, the objections to fluoridation, 

however unrealistic or unfounded, 
have deep psychological roots. To what 
extent does the general public share the 
fears and attitudes of those who have 
campaigned against fluoridation? It was 
this aspect that we set out to investi­
gate in Northampton, where the issue 
came to a referendum. Before the elec­
tion we (Allan Leavitt, Sidney Robbins 
and Bernard Mausner) surveyed the 
attitudes of leaders of the community 
and a representative sample of the city's 
population. 

The fluoridation controversy in North­
ampton had followed a typical course. 
A local committee of the Dental Society 
had recommended fluoridation after an 
investigation of its merits made at the 
mayor's request, and the City Council 
had then held hearings, voted approval 
of the step and appropriated money to 
carry it out. 

Opponents of fluoridation continued 
to argue against the practice, and the 
foremost objector, a professional chem­
ist, actually installed a still in his home 
to prepare fluoride-free water. He was 
elected mayor some months later, and 
on taking office attempted to halt appro-
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priations for fluoridation. An ad hoc 
anti-fluoridation committee obtained the 
signatures of more than 10 per cent of 
the town's voters on a petition demand­
ing that fluoridation be stopped. A local 
judge issued an injunction against it. 
The injunction was loosely worded; it 
banned the addition of all chemicals to 
the water. The water commissioners 
therefore halted chlorination as well as 
fluoridation, and one melodramatic eve­
ning issued a radio appeal to the public 
to boil drinking water. This literal inter­
pretation of the injunction was greatly 
resented by the public. The injunction 
was eventually voided, but by that time 
opponents of fluoridation had succeeded 
in having a referendum on the subject 
placed on the ballot for the following 
November. 

The pro-fluoridation leader�, mainly 
dentists, felt that the weight of scien­
tific evidence and authority was so 
strong that they did not need to cam­
paign intensively; moreover, they were 
justifiably unwilling to make enemies in 
the town. The anti-fluoridation forces, 
on the other hand, continued vigorous 
activity. They kept up an active tele­
phone and letter-writing campaign. The 
night before the election the local news­
paper carried two advertisements. One, 
signed by a majority of the dentists and 
physicians in town, soberly explained the 
virtues of fluoridation and urged its 
adoption. The other, sponsored by "The 
Northampton Non-Political Anti-Fluori­
dation Committee," was couched in 
these terms: 

"
DO YOU KNOW THA T-

" . . .  Fluoridation is mass medication 
regardless of the needs or wishes of the 
people . . . .  

"Fluoride is a poisonous waste from 
aluminum manufacture. It is dangerous 
and costly to dispose of. . . .  

"Fluorine is a powerful poison that 
gradually deprives the body of calcium 
whether children or adults, with ill ef­
fects on organs as well as bones . . . .  

"Fluoridation could play into the 
hands of our enemies. America is too big 
to be conquered by invasion, but with 
fluoridation machines at the reservoirs, 
the population in important centers 
could easily be wiped out or made non­
resistant. ... 

"J. Edgar Hoover, head of the FBI, 
has warned the public to be on guard 
against any attempts at poisoning of 
public water supplies. (AP Dispatch, 
Feb. 27, 1951.) 

"
THINK THIS OVEI\. 

"
LET US KEEP NORTHAMPTON

'
S WATER 

PURE AND NORTHAMPTON SAFE ! VOTE 
'
NO

' 

30 

0 LU 25 z 
0 
i= V) LU 20 :J 
0 
V) 
Z 
0 V) 15 
<>:: LU c-
u... 
0 10 
co:: LU '" 
::E 

5 :J 
Z 

0 

.J 1-;-""" V � 
V \ 

• V. ., 
/ 

1/ �V 1\ .1 • 

V • ,/ \ \ ./ 
• � 

. / 
V \ 

. .. v. � I 

-10 -8 -6 - 4 -2 0 +2 +4 +6 +8 +10 
OPINION 

ATTITUDE toward fluoridation was derived from opinions expressed during the interview. 
Scores in the minus direction indicate pro·fluoridation opinions; those in the plus direc· 
tion, anti·fluoridation opinions. The scores of those who expressed their intention of voting 
for fluoridation are in black; the scores of those who expressed their intention of voting 
against it, in color. This demonstrates that opinions were consonant with voting intentions. 

;::-
Z LU 
U 

co:: LU c-
O LU 
z 
0 
i= V) LU 
:J 
0 
V) 
z 
0 V) co:: LU c-

;::-
Z LU 
U 
'" w c.. 
0 w 
z 
0 
i= V) LU 
:J 
0 
V) 
Z 
0 V) co:: LU c.. 

75 

60 

45 

30 

15 

O 

75 

60 

45 

30 

15 

0 

NONE ONE OR MORE 

CHILDREN UNDER TWELVE 

LESS THAN HIGH SCHOOL HIGH SCHOOL OR MORE 

EDUCATION 

OTHER ELEMENTS were also correlated with voting intention. In both of these bar charts 
the percentage of people who expressed their intention of voting for fluoridation is ill 

black; the percentage of people who expressed their intention of voting against it, in color. 

37 

© 1955 SCIENTIFIC AMERICAN, INC



ON THE FLUORIDATION REFERENDUM ON 

l'OVEMBER 3, 1953." 
Fluoridation was defeated by a vote 

of two to one. 

I
n our opinion survey, made during the 

week before the election, we inter­
viewed a sample of 397 potential voters, 
selected on a quota basis to give accurate 
representation of the sexes and age and 
occupational groups in the town. That 
our sample was indeed representative 
was proved by later tests. 

The persons interviewed were asked 
their opinions on pro- and anti-fluorida­
tion statements representing the major 
themes in the controversy; on each item 
the respondent was asked to express his 
opinion on a five-point scale: agree 
strongly, agree, no opinion, disagree, 
disagree strongly. He was also request­
ed, at the end of the interview, to indi­
cate how he expected to vote. 

The questionnaire was designed to 
answer two questions: first, how pro­
and anti-Ruoridation attitudes were dis­
tributed in the population; second, what 
role each theme played in determining 
how people would vote. 

Who were against fluoridation? They 
were predominantly people of the older 
age groups, people without children un­
der 12, people of the lower income 
brackets and middle- or lower-class oc­
cupations. Support for Ruoridation came 
mainly from the younger groups and 
those in professional, .managerial and 
other white-collar occupations. One of 

the most striking differences was in ed­
ucation. A large proportion of the anti­
Ruoridation voters had failed to finish 
high school. Among high-school and col­
lege graduates, the majority favored 
Ruoridation. Yet there was a large num­
ber of graduates, even some with post­
graduate education, who accepted the 
anti-fluoridation arguments. 

Thus the demographic factors show 
two independent trends: ( 1) the young­
er people are more likely to be for Ruori­
dation than older ones, probably in part 
because they are more likely to have 
children under' 12, and (2) the people 
of higher education, occupations and in­
comes are more likely to be for it than 
those of lower social status. 

The pro and anti groups were signifi­
cantly different in their responses to spe­
cific arguments or statements about Ru­
oridation. The disagreement between 
them was especially clear-cut on the 
question whether Ruoridation had been 
a success wherever tried. The anti voters 
overwhelmingly refused to accept re­
ports of its success or to accept scientific 
organizations as the best authorities on 
fluoridation. Many of them felt that pub­
lic health officials, dentists and the chem­
ical industry were in a conspiracy to 
impose the measure on the public; they 
agreed with the statements that "dentists 
will profit from Ruoridation because it 
mottles the teeth" and that the "chemical 
industry is for Ruoridation, even though 
it may be dangerous, because they will 
profit from it." 

The questionnaire is discussed 
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The question concerning acceptance 
or rejection of scientific authority is 
what especially interests us here. Almost 
95 per cent of those approving Ruorida­
tion accepted scientific organizations as 
reliable sources of information on the 
subject. Among the anti voters those 
with little education tended to reject 
scientific authority. However, in the anti 
group two thirds of those with better 
than high-school education professed to 
accept the authority of the scientific or­
ganizations. Their opposition to Ruorida­
tion suggests either a failure of commu­
nication from the scientists, which is un­
likely in this well-educated group, or an 
unconscious rejection of these sources. 
The deciding factor may be not the spe­
cific content of education but rather the 
set of attitudes toward scientists devel­
oped during schooling. 

The anti-Ruoridation voters on the 
whole seemed to be more impressed by 
the few deviant scientists and profes­
sional people who opposed Ruoridation 
than by the organized medical and scien­
tific groups that favored it. Some, in­
deed, as we learned in a later survey, 
voted against it under the impression 
that "dentists and chemists say it .. . is 
bad for children's teeth." In any case, a 
layman, not being trained to evaluate 
authorities, generally must commit an 
act of faith in choosing among conRict­
ing points of view. This suggests that a 
major function of education should be 
the establishment of criteria, if these can 
be defined, for weighing authorities. 

We were struck by the pervasive atti­
tude of suspicion among those who op­
posed Ruoridation. They were suspicious 
not only of scientific organizations but 
of the scientists themselves. To them, as 
to all those who fear the "egghead," it 
seems perfectly reasonable to suppose 
both that scientists would lend them­
selves to a conspiracy with enemies of 
our country, and that, at the same time, 
they would permit themselves to be used 
by a giant monopoly. During the cam­
paign in Northampton (as elsewhere) 
it was rumored that the American Den­
tal Association and the U. S. Public 
Health Service had been subverted by 
the Aluminum Company of America; the 
Dental Association was said to have re­
ceived large research grants from 
ALCOA as the price for favoring Ruori­
dation. Thus even those opponents of 
Ruoridation who did not see a saboteur 
lurking in every corner were able to in­
vest it with an odor of conspiracy by 
claiming that Ruoridation was being pro­
moted for profit. 

The fear of conspiracy, which has 
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been such an important component of 
the anti-fluoridation. cause, is often 
strengthened by the manner in which 
fluoridation is introduced. Usually it is 
an;anged primarily in conferences be­
tween local dentists or public health au­
thorities and town officials and techni­
cians; public hearings are often held, but 
they rarely achieve wide publicity. The 
anti-fluoridation forces often move inta 
the battle with full vigor only after flu­
oridation has been started. It is hardly 
surprising that they are able to convince 
a large portion of the population that 
fluoridation has been "put over" on 
them. In Northampton, for instance, 82 
per cent of the antis, and even 32 per 
cent of the pros, agreed with the state­
ment that the water commissioners had 
taken advantage of their position to start 
fluoridation without consulting the pub­
lic. This despite the fact that there had 
been public hearings and an appropria­
tion by the town council before treat­
ment of the water began. The same se­
cjuence of events apparently occurred in 
Williamstown, Mass., in Seattle and in 
Cincinnati. The Cincinnati case is espe­
cially interesting because one person, a 
radio announcer, succeeded in creating 
violent anti-fluoridation sentiment in a 
City in which fluoridation had been ac­
cepted without much debate. 

The case of Mt. Clemens, Mich., offers 
a contrast. There the director of water 
purification, on deciding that fluorida­
tion was a desirable procedure, brought 
into play the active cooperation of such 

Feelings ran high 

groups as the Parent-Teachers Associa­
tion, the District Health Service, the 
school health services and local U. S. 
Public Health Service officials. The cli­
mate of public opinion was carefully 
prepared. Speeches presenting the facts 
were made at a large number of public 
meetings. There were demonstrations of 
the virtues of fluoridation by the P.-T.A. 
in a local home exposition. When fluori­
dation was introduced, there was no op­
position, and so far as we have been able 
to determine there has been no opposi­
tion since. 

Undoubtedly for many of the 1,000 
communities in which fluoridation is 
now a routine matter, such careful prepa­
ration was not necessary. This suggests 
an interesting research project: to com­
pare communities which have erupted 
into a volcano of protest over fluorida­
tion with those in which it was adopted 
with relatively little controversy. 

C
an scientists draw any lessons from 
the anti-fluoridation outbreaks? The 

strength of the opposition to fluoridation 
can be attributed to three important fac­
tors. Firstly, the anti-fluoridation argu­
ments are understandable, easy to fol­
low. Their weaknesses are often difficult 
for a layman to grasp. Secondly, these 
arguments are grounded in some of the 
most widely held ideas and emotions of 
our culture. In their appeal to respect 
for individual rights, to fear of poison, 
to a watchful conservation of public 
funds, they ring a bell for most people. 

Thirdly, they are clearly related to the 
Zeitgeist, the current suspicion of scien­
tists, the fear of conspiracy, the tendency 
to perceive the world as menacing. 

In contrast, the proponents of fluori­
dation have all too often ignored public 
psychology in presenting their case. 
They have relied too heavily on the fiat 
of organized science and have tended 
to dismiss opponents as "crackpots" and 
to deride their arguments. The greatest 
flaw has been the failure to prepare the 
public adequately. As a result there de­
velops a polarization of attitudes which 
makes it very difficult to change opinion. 

While it would be foolhardy to at­
tempt generalizations about anti-intel­
lectualism on the basis of this one phe­
nomenon, our analysis of anti-fluorida­
tion sentiment does suggest a pattern for 
the study of other manifestations. In ex­
amining any anti-intellectual movement 
we can ask what kinds of people par­
ticipate in it, what fundamental motives 
and thought processes support it. If the 
fluoridation case is any indication, we 
shall find the motives understandable, 
if irrational. In our attempts to over­
come anti-intellectual feelings we can 
try to avoid the errors of relying on 
prestige, of name-calling and of failing 
to reach people before issues become 
polarized. Unfortunately the pressure of 
events often makes this last step impos­
sible. However, an attempt, at least, to 
understand anti-intellectualism and to 
meet it on its own ground should make 
it easier to defeat. 
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Corpuscles from the Sun 
The connection between these solar particles and terrestrial effects 

such as magnetic stornlS and the aurora has long been known. But 

what lS the mechanism that accounts for these effects In detail? 

B
etween us and the sun, 93 million 

miles away, there is a daily traffic 
of radiation as familiar and pre­

dictable as yesterday's sun tan or tomor­
row's sunrise. Less familiar, and much 
harder to explain, is the fact that across 
that vast distance the sun bombards us 
not only with light and heat but also 
with streams of particles of its own sub­
stance. Although we cannot see or feel 
them, they have astonishing effects upon 
the atmosphere of the earth. Bursts of 
corpuscles from the sun account for the 
spectacular aurora borealis-a phenome­
non that has always entranced and mys­
tified mankind. And they are respons-

by Walter Orr Roberts 

ible for the great magnetic storms in the 
atmosphere whose violence and dramat­
ic effects were brought to light by the 
age of radio. 

A magnetic storm is as impalpable as 
magnetism itself, yet it can be a vivid 
experience. The one that occurred on 
Easter Sunday, 1940, the most violent 
on record, is deeply impressed on my 
memory. As a graduate student at the 
Harvard College Observatory, I was sta­
tioned that evening at the Observatory's 
small telescopes in Cambridge. As twi­
light came on, I noticed that the sky 
was not darkening normally. Soon a bril­
liant aurora lit up the northern sky, ex-

SPECTRA made by Aden B. Meinel of the Yerkes Observatory demonstrate that neutral 
hydrogen atoms bombard the upper atmosphere during an aurora. The red line that is 
emitted by hydrogen atoms runs dowu the middle of both spectra. The spectrum at the 
bottom was made in the directiou of the maguetic horizon; the spectrum at the top, in 
the direction of the maguetic zenith. The middle line at the bottom is due to hydrogen 
in the atmosphere. The corresponding line at the top is spread out toward the left, or 
violet, end of the spectrum. This indicates that the hydrogen atoms responsible for the top 
line are moving through the upper atmosphere toward the spectrograph at high speed. 
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traordinarily bright even against the 
glow of the lights of Boston. Great 
plumes of light stretched like search­
lights from the far north to the zenith; 
ribbons of light, some with a reddish 
hue, moved swiftly across the sky. 
- Meanwhile a magnetic storm swept 

over the world. Short-wave radio com­
munication between Europe and the 
U. S. was cut off for many hours. Tele­
type machines all over the eastern U. S. 
began typing gibberish. Wirephoto net­
works broke down. The magnetiC dis­
turbance induced extra currents as high 
as 60 amperes in high-voltage power 
lines, blowing some major circuit fuses 
and plunging large areas into darkness. 
Twenty-two power companies reported 
serious interruptions of their transmis­
sion lines. At the dozens of geomagnetic 
measuring stations around the world, the 
needles measuring the earth's magnetic 
field behaved wildly. 

The particle streams from the sun may 
have important effects on our weather. 
In 1953 a great corpuscular bombard­
ment toward the end of August was fol­
lowed by days of intensely hot weather 
in the eastern U. S. Geomagnetic rec­
ords show that the dust-.bowl period of 
the 1930s was also a period of magnetic 
storms very similar to those of 1953. 
Thus there is every reason to investigate 
these solar beams and to try to forecast 
their occurrence and their consequences. 

T 
he possibility that beams of electri-
fied particles might be reaching the 

earth from the sun was first suspected a 
century ago. At 11 a.m. on September 
1, 1859, Richard C. Carrington, an as­
tronomer at the British Royal Observa­
tory, noticed a brilliant eruption on the 
face of the sun-a phenomenon now 
known as a "flare." At the instant of the 
flare there was a sudden fluctuation in 
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the strength of the earth's magnetic 
ReId. Then on the following two days a 
violent magnetic storm was recorded by 
instruments at the Kew Observatory. 
Balfour Stewart, its director, suggested 
that the magnetic disturbance on the 
earth was related to the sun's eruption, 
but the idea was so unbelievable that 
everyone except Stewart and Carring­
ton dismissed the sequence of events as 
a coincidence. 

In time, as more and more such coinci­
dences were observed, geophysicists 
realized that the magnetic disturbances 
in the earth's atmosphere must indeed 
stem from the sun. The deBection of 
magnetic needles at the moment of the 
solar Bare must be caused by intense 
ultraviolet radiation, and the later mag­
netic storm must be due to electriRed 
particles which take a day or two to 
travel from the sun to the earth. Around 
the turn of the century various investiga­
tors recognized that the same streams of 
particles also must be responsible for the 
aurora, 

Such particles of course would be fun­
neled toward the poles by the earth's 
magnetic ReId, thus accounting for the 
"northern" and "southern" lights. But it 
still remained to be proved that clouds 
of electrified particles could actually 
stream from the sun to the earth. The 
Rrst to offer a sound theory of how it 
might occur were Sydney Chapman and 
V. C. A. Ferraro of England. They sug­
gested that during a Bare the sun ejects 
a powerful stream of protons (hydrogen 
nuclei) and electrons. The ejected clouds 
of ions are, as a whole, neutral in charge, 
because they consist of roughly equal 
numbers of protons and electrons. They 
travel intact through space, and they 
plunge into the earth's upper atmos­
phere as great aggregates of particles. 
Their impact excites atoms in the atmos­
phere to luminescence and gives rise to 
the spectacle of the aurora. It also gen­
erates in the atmosphere powerful elec­
tric currents which produce the magnetic 
storms. 

How the corpuscles travel through 
space is still in dispute. The Alfven 
school of "magneto-hydrodynamicists," 
for instance, maintains that the Chap­
man-Ferraro theory is basically incor­
rect, and that the solar corpuscles, as 
well as cosmic rays, are accelerated by 
magnetic and electrical Relds in space 
[see "Electricity in Space," by Hannes 
Alfven; SCIEKTIFIC AMERICAN, May, 
1952]. In any case, the existence of the 
corpuscular visitors from the sun has 
now been veriRed by direct evidence: 
namely, by identiRcation of neutral 

AURORAS were photographed at Goose Bay in Labrador by Master Sergeant James H. 
Godsey, Jr., of the U. S. Air Force. All three photographs were made on the same street. 
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CORONA of the sun was photographed during the eclipse of June 
30, 1954. The photograph was made at Mellen, Wis., by Kenneth L. 

Hallam and John Bahng of the Washburn Observatory. At top and 
bottom are "polar streamers"; at left and right, "equatori(,) plumes." 

atoms of hydrogen in the spectrum of 
an aurora. The spectral lines of the hy­
drogen corpuscles are shifted greatly to­
ward the violet, and this Doppler effect 
testifies to the high speed at which the 
corpuscles are traveling when they ar­
rive in the earth's atmosphere. 

W
hat produces the beams of corpus-
cles from the sun in the first place? 

This has been the primary problem ever 
since they were discovered. Carrington 
observed that the great eruption he saw 

occurred near a large sunspot region. 
Sunspots, signaling some tremendous ac­
tivity on the face of the sun, are an 
obvious place to look for the source of 
the corpuscular streams. The most vio­
lent magnetic storms and most brilliant 
auroras have generally come a day or so 
after a large sunspot crossed the center 
of the sun's disk. Astrophysicists were 
interested and dismayed to discover, 
however, that streams of corpuscles and 
the attendant magnetic storms frequent­
ly come when the face of the sun is 

innocent of spots and seemingly placid! 
They eventually had to divide mag­

netic storms into two types: (1) the most 
violent ones, apparently stemming from 
sunspots, and (2) milder disturbances 
which come, as Julius Bartels of Ger­
many first observed, at regular intervals 
of 27 days-just about the period of one 
complete rotation of the sun as we see it. 
The second type of storm lasts for days 
instead of hours. For a long time astron­
omers scanned the sun closely for some 
visible sign of the source of these dis-

SPICULES are small jets of luminous material that shoot out into the atmosphere of the sun. In this photo­
graph the disk of the sun was blotted out by the corona graph of the Colorado High Altitude Observatory. 

SINGLE SPICULE was recorded 
by the coronagraph of the Colo-

42 

© 1955 SCIENTIFIC AMERICAN, INC



SUNSPOTS were photographed on May 17, 1951. This was an un· 
usually large group of spots of the kind accompanied by terrestrial 

magnetic disturbances and auroras. The photograph was made 
with the 60·foot tower telescope of Mount Wilson Observatory. 

turbances, but they found no clue that 
made sense. Sometimes the storms came 
when the sun's face was completely free 
of blemishes, sometimes just after spots 
had passed. 

In 1944 C. W. Allen, an astronomer 
at the Commonwealth Solar Observatory 
in Australia, made a key discovery which 
showed how the pieces of the puzzle 
could be put together. But as is often 
the case in science, his clue to the solu­
tion came a little too early to be fully 
appreciated. Recently we at the Colo-

rado High Altitude Observatory have 
taken up his suggestions and developed 
a tentative hypothesis which .seems to 
give a consistent, plausible picture of 
the origins of both the periodic and the 
sunspot types of magnetic storms. 

Allen's crucial discovery was that 
three days after a sunspot region crosses 
the center of the sun's face, magnetic 
storms of the periodic type often are 
suppressed. If the sunspot is small and 
inactive, there is likely to be a period 
of from one to five days when relatively 

few corpuscles arrive from the sun. It 
is as if a cone of space above the sunspot 
center has been swept clear of corpus­
cles; we have called it a "cone of avoid­
ance." When the center of the cone 
passes over the earth, magnetic disturb­
ance falls to a minimum; at its edges, the 
disturbance intensifies. 

Allen concluded that sunspot regions 
in some way deflect corpuscular streams 
coming from undisturbed areas of the 
sun's surface. A sunspot area itself ejects 
a stream of corpuscles only when it is 

rado High Altitude Observatory. The second photograph was made two 
minutes after the first; the third, five minutes; the fourth, seven 

minutes; the fifth, eleven minutes. The lifetime of this large spicule 
was 17 minutes. The average spicule lasts for four to five minutes. 
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CONE OF AVOIDANCE is depicted schematically. The arc at the bollom is the edge of 
the sun. In the middle of the arc is a sunspot. The magnetic field of the sunspot deflects the 
corpuscles streaming out of the sun so that they are concentrated at the edge of the cone. 

large and active. When it does, the 
stream reaches the earth in one day and 
causes a violent magnetic storm. But the 
lesser streams from other parts of the 
sun's face, which are responsible for pe­
riodic storms, travel m�re slowly and 
take three days to reach the earth. 

We have no� added to Allen's picture 
some speculations based on his findings 
and on a discovery of our own concern­
ing the probable source of the corpus­
cles responsible for the periodic storms. 
Some years ago, while making motion 
pictures of the edge of the sun with the 
coronagraph, which simulates an eclipse, 
I made some careful photographs of an 
edge which was almost completely free 
of the great tongues of eruption known 
as prominences. To my amazement, 
when I developed the film I found that 
the apparently smooth edge of the sun 
was studded with tiny, short-lived spikes 
of incandescent gas. These "spicules" 
play a part in our hypothesis. 

W
e suggest that the spicules, distrib­
uted all over the surface of the sun, 

shoot tiny jets of gas into the sun's at­
mosphere. The gas consists principally of 
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hydrogen, dissociated into protons and 
electrons because of the high tempera­
ture. These particles, erupting from hun­
dreds of thousands of jets, do not fly out 
in all directions but are focused and con­
centrated in streams by the weak general 
magnetic field of the sun's atmosphere. 
The corpuscles stream from the poles of 
the sun in diverging curves and escape, 
perhaps through their own kinetic ener­
gy, in the direction of the plane of the 
sun's equator. As they pass outward 
through the sun's atmosphere, their di­
rection is influenced not only by the sun's 
general field but also by magnetic fields 
associated with sunspot regions. The 
clouds of ions are constrained to move 
parallel to the lines of force of these 
fields. As a result they fan out and leave 
the particle-free cones of avoidance that 
Allen observed. The fact that particles 
are concentrated at the edges of such 
cones is confirmed by the observation 
that the periodic type of magnetic storm 
on the earth intensifies just before and 
just after the lull that is believed to sig­
nalize the passing of the center of a cone 
of avoidance. 

We postulate that the sunspot regions 

generate other streams of corpuscles 
quite separate from those originating 
from the spicules. The sunspot regions 
do not invariably produce such streams; 
some apparently are only weak gener­
ators of corpuscles. These cause no 
magnetic storm but merely shape the 
spicule streams around a cone of avoid­
ance. Sunspot areas of the more active 
type, however, eject extremely powerful 
streams which fly straight out into space 
and apparently travel about two or three 
times as fast as the spicule particles; that 
is, at about three to four million miles 
per hour. Some of them may reach the 
velocities of cosmic rays. 

Apparently even the most active sun­
spot regions are erratic in their produc­
tion of corpuscular streams; at all events, 
they do not necessarily cause a magnetic 
storm each time they point toward the 
earth. On the other hand, the spicule 
streams focused toward the earth by 
local magnetic fields on the sun are more 
regular and persistent; such disturbances 
tend to repeat every 27 days or so as 
the sun makes a complete rotation and 
again turns toward the earth the zone 
from which the stream stems. 

Our hypothesis is not the only possible 
explanation of all the observed facts. For 
example, K. O. Kiepenheuer of Germany 
has suggested that the sources of the 
corpuscles are not sunspots or spicules 
but certain hydrogen clouds in the sun's 
atmosphere known as "filaments." How­
ever, radio astronomy has recently yield­
ed a discovery which strengthens our 
picture. The French astronomer J. F. 
Denisse and his German colleague 
U do Becker have detected powerful 
emissions of radio energy coming from 
sunspot regions that produce violent 
magnetic storms, while little or no radio 
noise comes from spots associated with 
our cones of avoidance. The dense clouds 
of electrified particles that we have pos­
tulated as shooting forth from active 
sunspot regions might well produce 
strong radiations at radio wavelengths. 

T 
here are many investigations that 
may be made to test our hypothesis. 

Allen suggested that important informa­
tion could be obtained if only it were 
possible to observe the sun's corona from 
day to day; he believes that the long 
white streamers in the corona are streams 
of corpuscles, and that if we could note 
when they point toward the earth, we 
could forecast magnetic storms. These 
streamers will be closely examined from 
now on, not only during lunar eclipses 
of the sun but also insofar as possible 
with the coronagraph. 

© 1955 SCIENTIFIC AMERICAN, INC



HYPOTHESIS OF THE AUTHOR and his colleagues is also de· 
picted. At the top is the sun, which rotates on its axis about once 
a month. At the hottom is the earth, which moves along its orbit in 
the same diref"tion but much more slowly. The curved red area is a 
stream of high·energy corpuscles from a sunspot; they take about a 
day to reaeh the earth. The curved black lines are less energetic 
corpuscles from spicules that take about three days. The curved 
dOlled line is the axis of the cone of avoidance. Thus over a period 

of five days the earth first moves through a region of normal cor· 
pusculat· density, then is swept by the high·energy corpuscles, then 
by the low·energy corpuscles concentrated at the edge of the cone 
of avoidance, then by a region of subnormal corpuscular density 
and finally by the corpuscles concentrated at the other edge of the 
cone of avoidance. Actually the cone is usually observed only 
when a sunspot is inactive. All the corpuscles travel in straight 
lines, but the streams are curved by the rotation of the sun. 
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THE BUBBLE CHAMBER 

The cloud chamber traces the path of a subatomic particle with 

droplets In a vapor. The ne\v bubble chamber does the same \vith 

bubbles In a liquid. Therein lie certain advantages to physicists 

I
n their exploration of the submicro­

scopic world of atomic nuclei, physi­
cists are like men groping in a dark 

cave with a flashlight that goes on for 
only an instant and each time lights only 
a tiny corner of the cave. Occasionally 
the flash catches some activity or event­
either a familiar particle behaving in a 
familiar way or some strange new par­
ticle whose behavior is altogether baf­
fling. From these scanty glimpses nuclear 
physiCists are attempting to identify the 
particles and the forces at play in the 
dark, violent world of the nucleus of 
the atom. It would help if they had a 
better flashlight. 

by Donald A. Glaser 

Let us look for a moment at the events 
they are trying to observe and at the 
observing devices that have been avail­
able up to now. Physicists are probing 
the nucleus by bombarding it with par­
ticles, preferably particles with enough 
energy to break up the nucleus into its 
constituent parts. The projectiles may 
come from cosmic rays, particle acceler­
ators in the laboratory, nuclear reactors 
or other sources. When a high-energy 
particle hits the target nucleus, any of a 
number of different things may happen: 
it may ricochet off and leave the struck 
nucleus unchanged; it may break the 
nucleus into fragments; it may give birth 

BUBBLE TRACKS in liquid hydrogen were produced by Luis W. Alvarez and his group 
at the University of California. Their 2.5·inch chamber, operated at about 400 degrees be­
low zero Fahrenheit, was exposed to neutrons. Tracks show paths of recoiling protons_ 
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to entirely new particles, or it may be ab­
sorbed. These events generally take 
place in something less than a millionth 
of a second. From that very brief glimpse 
the physicist seeks to determine the en­
ergy, the electric charge, the size or mass 
and the forces of interaction among the 
particles involved. 

He has had two ways of seeing and 
measuring these happenings. The first 
is the Wilson cloud chamber. In a cham­
ber supersaturated with a vapor, a flying 
charged particle leaves a visible trail of 
liquid droplets, which condense on the 
ions the particle has produced by hitting 
vapor and gas atoms in its path. The 
density of droplets along the particle's 
track indicates its velocity and charge; 
its response to a magnetic field shows 
its momentum and whether its charge is 
positive or negative; its occasional dis­
ruption of the nucleus of an atom in its 
path, or its rebound from such a nucleus, 
tells something about the forces in the 
nucleus. Sometimes the particle breaks 
down ("decays") into lesser particles 
which make divergent tracks. But these 
interesting events occur only rarely in a 
vapor-filled chamber, because collisions 
in the gas are infrequent. To improve the 
chances of the particle hitting a nucleus, 
one can put a series of lead plates in the 
chamber or increase the pressure (i.e., 
density) of its gas. Nonetheless, _ the 
cloud chamber has important limita­
tions. The density of the track is very 
difficult to measure accurately. Particle 
tracks are lost from sight in the leatl 
plates, so that the length of the track 
cannot be precisely calculated and de­
tails of collisions are hidden. After one 
particle has passed through, it takes a 
comparatively long time to clear the 
chamber for the next event, espeCially 
when the chamber is pressurized. 

The second device for recording nu-
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clear events is the photographic emul­
sion. It goes to the other extreme: it traps 
particles in a solid instead of in a vapor. 
In passing through the emulsion a par­
ticle leaves a trail of "exposed" silver 
grains which shows up on development. 
Nuclear physicists use special thick 
emulsions, stacked up in a number of 
layers to lengthen the tracks of particles 
passing through. The nuclear emulsion 
has several advantages: It is simple, 
compact and can be carried anywhere, 
even into the upper atmosphere by 
balloons and rockets. A particle charg­
ing into the dense emulsion has a high 
probability of colliding with nuclei; 
hence there is a good chance that the 
emulsion will show interesting events, 
including scattering, disintegrations and 
the formation of new particles. How­
ever, the emulsion also has its draw­
backs. Its very density makes collisions 
so frequent and the particle path so 
crooked that the effect of a magnetic 
field cannot be measured. And from the 
moment it is manufactured an emulsion 
begins to collect random particle tracks 
from cosmic rays and terrestrial radio­
activity; by the time the film is developed 
it is difficult to disentangle separate 
events and impossible to tell when the 
various tracks were made. Moreover, it 
takes tedious scanning under a high­
power microscope to find the tracks at 
all. 

C
ould some compromise be found 

which would eliminate the defects 
and combine the respective virtues of 
the cloud chamber and the emulsion? It 
would be handy to find a particle-trap­
ping medium which would be dense 
enough to afford the frequent collisions 
and precise tracks of the emulsion, and 
flexible enough to be amenable to mag­
netic fields and to give the good-sized, 
single picture of the cloud chamber, 
with a quick recovery after each expo­
sure. In May, 1952, I began to try a new 
approach to the problem, and I soon de­
cided to explore the possibility of a 

liquid medium. 
What kind of reversible process in a 

liquid could show the path of a flying 
particle and quickly erase the track after 
its passage? It would have to be a proc­
ess that magnified the tiny effect of the 
atomic particle itself, as the condensa­
tion of droplets in supersaturated vapor 
magnifies the ionization produced by a 
particle in a cloud chamber. It occurred 
to me that a superheated liquid, like a 
supersaturated vapor, might provide the 
desired unstable equilibrium that could 
be triggered by a small stimulus to yield 

a large effect. Physical chemists have 
long known that in a clean, smooth­
walled vessel a very pure liquid may be 
heated above its usual boiling point 
without boiling. When the superheated 
liquid does begin to boil, it erupts with 
considerable violence, sometimes smash­
ing the vessel. In chemical processes sub­
ject to this hazard bits of broken glass 
or other "boiling stones" are often thrown 
in to provide triggering points for boil­
ing and thus prevent superheating. I 
wondered whether a flying particle 
might, under suitable conditions, trig­
ger the formation of the microscopic 
bubbles that start the boiling process. 
If so, it might make a visible track in a 

superheated liquid. 
Before undertaking any experiments, 

it seemed worth while to consider the 
question theoretically to see whether the 
idea could possibly work and what liq­
uids would b� most promising to try. I 
started with the supposition that a 
charged particle passing through the 
liquid might produce small clusters of 
ions of the same sign (negative or posi­
tive) . Pushed apart by their mutual re­
pulsion, the ions might leave tiny cavi­
ties, or bubbles, in the liquid. If such a 
mechanism actually operated, the speci­
fications for a liquid that could record 
the tracks of particles were clear: the 
liquid should be nonconducting, so that 
the ions would retain their charges; it 
should have low surface tension, so that 
the force tending to collapse a cavity 
would be weak, and it should have high 
vapor pressure, which would tend to en­
large each cavity formed in the liquid. 
Worked out in detail, the theory gave 
the rather sharp prediction that ether 
(the ordinary anesthetic) , when super­
heated to about 285 degrees Fahrenheit, 
should work as a track-forming liquid. 

I made the first test very simple, be­
cause the whole idea seemed a long shot. 
I sealed some pure ether in an appa­
ratus consisting of two narrow glass 
bulbs (about four inches long and a 
tenth of an inch in inside diameter) con­
nected by a capillary tube. The vessel 
was not completely filled with liquid: 
there was a little space left for vapor 
from the liquid ether. Now one of the 
bulbs was immersed in a hot bath at 
285 degrees and the other heated to 320 
degrees. As a result, the higher vapor 
pressure in the hotter bulb forced liquid 
into the other one so that the latter was 
filled with liquid. Since the heating 
raised the pressure within the vessel to 
considerably more than that of the at­
mosphere, the liquid did not boil. Then 
the hotter bulb was removed from its 

PENTANE·FILLED CHAMBER designed 
by R. H. Hildebrand and his colleagues at 
the University of Chicago demonstrates that 
different types of particles produced recog­
nizably different tracks. In the top photo. 
graph a pi meson from a synchrocyclotron 
enters at the left, undergoes an elastic 
scattering, then ejects an electron (wavy 
track) from a pentane molecule. In the bot· 
tom photograph an incoming pi meson ex­
plodes a carbon nucleus and three slow, 
heavy charged particles are emitted. The 
density of hubhles along a track, which may 
be as high as 250 to the inch, is an index of 
the ionizing power of the passing particle. 
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hot bath. Its vapor quickly cooled and 
the pressure dropped to one atmosphere. 
The superheated liquid in the 285-de­
gree bulb remained quiet for as long as 
several minut.es. But when a bit of radio­
a.ctive cobalt was brought near, it 
erupted instantly into violent boiling! 

Further experimen.ts with other liq­
uids and other sources of radiation con­
firmed this discovery: ionizing radiation 
could indeed trigger boiling in a super­
heated liquid. We cannot say this proves 
the theory that electrostatic force forms 

the bubbles; it may be that the dash of 
a particle into the liquid simply adds a 
little triggering heat, like the plunge of 
a hot needle. But in any case the trig­
gering action was a fact. 

The next step was to find out whether 
the process could be localized so as 

to form a track of bubbles. This time I 
used a somewhat larger bulb (half an 
inch in inside diameter) filled with ether; 
it was cpnnected by a capillary tube to 
a piston-fitted cylinder with a hand crank 

nRST EXPERIMENT demonstrated that particles can trigger boiling in a superheated 
liquid. When the left· hand, 320·degree bath was removed, the pressure in the sealed tubes 
fell from 21 atmospheres to one atmosphere and liquid ether in the 285·degree bath at 
right became superheated. The ether boiled when it was exposed to radioactive cobalt. 
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which could quickly lower the pressure. 
High-speed movies, at the rate of 3,000 
pictures per second, were made of the 
happenings in the bulb when the pres­
sure was reduced. Sure enough, the pic­
tures disclosed a track of tiny bubbles 
when a particle darted through the su­
perheated ether. The experiment also 
demonstrated that the larger the cham­
ber, the shorter the time it can maintain 
its superheated condition, because of the 
greater likelihood of intercepting a stray 
bit of radiation. This bulb remained 
quiet for only a few seconds after the 
pressure was lowered. 

The bubble type of chamber soon 
proved to be a very sensitive recorder. 
Even fast mu mesons, which ionize only 
lightly, made visible tracks in the super­
heated liquid. The chamber was placed 
under four inches of lead and between 
twe Geiger counters connected by an 
electronic coincidence circuit, so that 
whenever a particle passed through both 
counters (and of course the chamber 
between), the firing of the counters set 
off a flash, illuminating the apparatus 
for a camera whose shutter was left open 
in the darkened room. The purpose of 
the lead screen and the twin counters 
was to restrict the photographed events 
to cosmic rays, and the particles were 
known to be mu mesons. 

By delaying the light flash to go on 
at a given time after the counters fired, 
we were able to photograph the bubbles 
at any stage of their growth. The bub­
bles grow to a tenth of a millimeter in 
diameter within a few microseconds 
after the particle has passed through the 
liquid. We also found that the number 
of bubbles along a given length of track 
depended sharply on the temperature. 

The tracks of mu mesons are not very 
interesting, because these particles rare­
ly break up atomic nuclei. We therefore 
sought a way to make the instrument 
photograph other events. When bubbles 
erupt in the superheated liquid, they 
emit a distinct "plink" sound. To use 
this sound as a trigger for the light flash, 
David C. Rahm, in our laboratory at the 
University of Michigan, clamped a pho­
nograph pickup to the wall of the bubble 
chamber and connected it to an amplifier 
which flashed the light whenever the 
phonograph needle sensed a vibration. 
The method did not, however, yield 
sharp pictures, because sound travels so 
slowly that the bubbles in the chamber 
had grown too large by the time the pic­
ture was made. 

At the University of 'Chicago R. H. 
Hildebrand and his colleagues built a 
chamber like the one just described ex-
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cept that they filled it with liquid pen­
tane instead of ether. They exposed it 
to a beam of pi mesons from the Chicago 
synchrocyclotron. Their very beautiful 
pictures show that bubble tracks may 
be light or heavy, depending on the type 
of particle that produces them, and that 
the density of bubbles along a track is 
an index of the ionizing power of the 
responsible particle. Their chamber can 
be compressed and expanded once a 
second. It should be able to collect data 
very rapidly on the interaction of pi 
mesons with the nuclei of hydrogen and 
carbon atoms in the pentane. 

Having demonstrated that the bubble 
chamber idea worked, we pro­

ceeded to the task of building one large 
enough for practical laboratory use. 
Flat glass windows were needed to make 
good pictures. It turned out to be im­
possible to make an all-glass chamber 
strong enough to withstand the neces­
sary pressure changes. It therefore had 
to be made of metal, with small glass 
windows. However, this introduced a 
serious problem: rough spots on the 
metal and at the joints caused the liquid 
to start boiling. The rise in pressure due 
to the release of vapor by the boiling at 
the wall counteracted the reduction of 
pressure when we expanded the cham­
ber, so that it was impossible to attain 
the desired degree of superheating. We 
found that we could get around this dif­
ficulty by expanding the chamber very 
quickly. In other words, the volume of 
the chamber was increased faster than 
vapor was evolved at the wall. The de­
sired drop in pressure and superheated 
condition was maintained for several 
thousandths of a second. 

We first built a two-inch chamber of 
duralumin and glass, with a diaphragm, 
actuated by compressed air, which could 
fully expand the chamber in five thou­
sandths of a second. The liquid remained 
sensitive for seven thousandths of a sec­
ond. We then incorporated the same 
design features in a larger pentane-filled 
version in which the liquid volume is six 
inches long, two inches wide and three 
inches high. This chamber is now in use 
with the Cosmotron at the Brookhaven 
National Laboratory. We have made 400 
excellent pictures of tracks of protons 
from this accelerator. Two of the pic­
tures appear on the next page. 

These track photographs are as easy 
to read as the best cloud chamber rec­
ords and are about 10 times as accurate. 
The bubbles grow so fast that the tracks 
can be photographed before swirling 
motions in the liquid distort them. The 

TWO·INCH CHAMBER is made of dumlumin and glass. It connects through the thin 
pipe with a magnetically-operated valve which reduces the pressure in five milliseconds. 

LARGEST BUBBLE CHAMBER built so far, measuring six by three by two inches in· 
side, is being tested at Brookhaven National Laboratory. The glass window is at the left. 
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trails in cloud chambers are usually con­
siderably distorted by convection cur­
rents. Also, the density of bubbles in a 

bubble-chamber track may be a better 
index of particle energy than the droplet 
density in a cloud chamber. 

But the most dramatic difference is in 
the frequency with which interest­

ing events are recorded. The six-inch 
bubble chamber catches as many of these 
as would an ordinary cloud chamber 140 
feet long! A typical series of such events 
is shown at the left of the lower photo­
graph below. A pi meson entered the 
chamber from the left, was stopped in the 
liquid and decayed to a mu meson; the 
latter, after traveling about three milli­
meters in the liquid, stopped and decayed 
into an electron. Such complete records 
of pi-mu-electron decays show up rarely 
in nuclear emulsions; in cloud chambers 

they are virtually unknown. (The path 
of a mu meson in a cloud chamber would 
be more than three yards long!) Yet the 
first 22 bubble-chamber pictures from 
Brookhaven, taken in 11 minutes, con­
tained eight of these events. Among 
other interesting features in the pictures 
reproduced here is the destruction of a 
carbon nucleus with the creation of a 
pair of pi mesons. One especially inviting 
puzzle that still awaits analysis is the 
strange zigzag track down the middle of 
the upper photograph on this page. 

Another advantage of the bubble 
chamber is that it may be filled with a 

light-atom liquid, which does not deflect 
particles much and therefore will permit 
magnetic-field experiments, or with an 
extremely dense liquid, which will pro­
duce a great amount of scattering, as an 
emulsion does. 

Often nuclear physicists wish to bom-

bard a single "elementary" particle­
e.g., protons-to see what fragments may 
be produced. They direct the bombard­
ing beam at liquid hydrogen as the tar­
get and observe the results by means of 
detectors placed around it. The bubble 
chamber makes it possible to have the 
target material within the chamber itself. 
Superheated liquid hydrogen will boil 
and show particle tracks. Luis W. 
Alvarez and his group at the University 
of California have made pictures of pro­
tons in the liquid hydrogen recoiling 
from collisions with incoming neutrons 
[see photograph on page 46]. 

It appears that the bubble chamber 
will become a standard detection instru­
ment for work with the high-energy par­
ticle accelerators in laboratories, and 
that it will speed up the rate at which 
we can gain information about strange 
particles and nuclear forces. 

BUBBLE·CHAMBER PICTURE shows the two·billion·electron· 
volt proton beam of the Cosmotron at the Brookhaven Laboratory. 

The protons enter the chamber from the left. At lower left a carbon 
nucleus has been disrupted. Zigzag track in the center is a mystery. 

RARELY SEEN EVENT, the decay of a pi meson into a mu meson 
and then into an electron, was caught in this photograph. Pi me-
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son enters just above center of left edge, moving down to right. 
Mu meson leaves a short track and electron goes off upward to left. 
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______ Kodak reports to laboratories on: 
a great day for photography ... a possibly outmoded philosophy ... an idea 

for making extra copies of oscillograms 

Faster, faster 

Where this man sits and writes pam­
phlets about photography 15 foot­
candles hit his face. That's just with­
in the lower limit of illumination 
recommended for office work. No­
body, of course, snapshoots at that 
Iow a level. But good gracious, this 
picture was made with a $6.95 cam­
era (our esteemed Brownie Hawk­

eye), unassisted by any additional 
light source, at its one and only set­
ting of //15, 1/4 0th of a second! Im­
agine what an adjustable camera 
would have done under the circum­
stances. 

How in the world, etc.? The catch 
is that our Brownie was loaded with 
a new kind of film, Kodak Tri-X 

Film. Not really a catch, for you, 
too, can now buy it at any film count­
er. Such husbandry of photons! 
Currently available in No. 620, No. 
120, No. 135-36 exposure rolls, and 
No. 523 film packs. No sacrifice of 
graininess. Exposure index nomi­
nally 200 but not too meaningful be­
cause latitude is of a type the defin i­
tion-framers hadn't anticipated. 
This is quite an announcement. 

We also have a companion an­
nouncement about color. A new 
35mm color film with approxi­
mately thrice the speed of Koda­
chrome Film has just gone on the 
market. To process it to full-color 
transparencies calls for no major 
capital appropriation and no chem­
ical engineering talent but merely 
for a Kodak Ektachrome Processing 
Kit, Process E-2, priced at $1.80. 
(It's really operable at the home 
darkroom level, but if you'd rather 
not bother, your Kodak dealer can 
handle it for you for processing by 

processors equipped to do the work.) 
This new film we identify as Kodak 
Ektachrome 135 Fill1l (for 35mm 
miniature cameras, 20 exposures for 
$1.85) and Kodak Ektachrome 828 
Fill1l (for cameras like the Kodak 

Pony and Bantam, 8 exposures for 
$1). Photographic characteristics 
have been changed substantially 
from the sheet and roll film Kodak 

Ektachrome because the new film is 
intended to be viewed at large mag­
nifications, as in projection, and the 
other isn't. 

In sum: 
1) The scope and even the style of 

black-and-white photography have 
been vastly extended by dispensing 
with the need for added light in 
many situations and in others per­
mitting flash or flood lamp to bite 
far deeper into the gloom than ever 
before. 

2) Color photography by 35mm 
camera can now be done in much 
less light than before, with results 
ready for inspection 65 minutes 
after the last shutter click. 

II's a great day for photography. 

Behind the quotes 

"s-Diphenylcarbazone" (Eastman 
44 59) appears in our catalog with a 
cynical pair of quotation marks 
around it. The punctuation betokens 
our essential honesty, indicating we 
know that Eastman 4459 is not 
really s-diphenylcarbazone. It is a 
double compound of 

s-diphenylcarbazone 

• 

and s-diphenylcarbazide. 
Sure, we can separate them, but 

that would greatly bump up the 
price of the reagent. Outmoded 
though the philosophy may be, we 
still feel that the cost of a reagent is 
of some practical importance. Be­
sides, we're not so sure that separa­
tion of the components of this rea­
gent would be a good idea. 

After all, analysts have been buy­
ing it from us for years for argento­
metric titration of cyanides and mer­
curimetric titration of chlorides in 
biological fluids. To confuse the 
name of this tried and true reagent 
just because some academically 
minded organic chemists happen to 
know that in half the molecules the 
nitrogen bond has been reduced­
that strikes us as a dirty trick. 

Nothing (short of selling you 10 grams 
of"s-Diphenylcarbazone" for $3) would 
make us happier Ihan sending you ab­
stracts of the procedure for free. Also 
our List No. 39 of some 3500 Eastman 
Organic Chemicals, if you haven'l re­
ceived your copy as yet. Distillation 
Products industries, Easlman Organic 
Chemicals Department, Rochesler 3, 
N. Y. (Dil"ision of Eastman Kodak Com­
pany). 

Plug 

Reproduction is more to us than 
merely one of the basic biological 
functions; to us the word signifies 
the major market for our silver-sen­
sitized paper. We read it literally to 
mean the copying of all manner of 
records and provide a large array of 
means, ranging from a little marvel 
of the age caJled the Veri/ax Copier 
(3 copies in 1 minute for less than4 ¢ 
each) to simple sheets of Kodagraph 
Contact Paper. 

A free plug for the latter, doubly 
welcome because we hadn't planted 
it, gladdened our eyes in a recent 
issue of Electronics. Little did it 
matter to us that the kind writer in 
his enthusiasm asserted a virtue for 
Kodagraph Contact Paper which 
even we have never claimed-that 
it requires only subdued room light 
instead of a proper darkroom for 
handling without danger of fogging. 
Just pleased that the fellow has a 
smart little scheme for using the 
paper in making inexpensive high­
quality copies of cathode-ray tube 
oscillograms to include in manuals 
and laboratory reports. 

For the details of his scheme, or for 
general guidance on the host of materials 
and methods for the photographic repro­
duction of intelligence, write Eastman 
Kodak Company, Graphic Reproduction 
Division, Rochester 4, N. Y. 

Prices quoted are subject to 
change without notice. 

This is one of a series of reports on the many products 

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 
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A nother up-to-date 
product gets ... 

TALKING POINTS 
and SAVINGS with 

DUREZ PHENOLICS 

These materials offer you a fruitful ap­
proach to savings on the production line 
as well as buyer benefits for your prod­
ucts. Either result is profitable ... both 
are doubly so. 

For example, a major part of finishing 
cost on this new Peirce Magnetic Belt 
Dictation unit was saved by using Durez 
for the five-piece molded case and dial 
panel. The desired color and qualiry of 
finish is applied by a low-cost process 
that would have been impossible on 
metal parts. Being self-insulating, the 
material prevents shorts in units. In two 
belt drum parts it also contributes to 
constant signal output needed for dis­
tortion-free recording. 

Whether or not you are already using 
plastics, it will pay you to inquire into 
the phenolics today. Interesting new de­
velopments by Durez are extending the 
industrial importance of these highly 
versatile materials. 

Call on our 34 years of specialized 
experience for help in solving your ma­
terials problems. You'll find interest­
ing reports in our illustrated monthly 
"Plastics News." 

Write Dur ez Plastics & Chemicals, 
Inc., 802 Walck Road, N. Tonawanda, 
New York. 
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PHENOliC PLASTICS 
THAT ',T 
TODo4 Y'S PRODUCTS 
lor the new Competitive Era 

A.A .A .5 . Meeting 

T
he 121st meeting of the American 
Association for the Advancement 
of Science at Berkeley last month 

was notable for some emphatic talk on 
the security question. When retiring 
president Edward U. Condon, the latest 
victim of security investigations, rose to 
deliver his address, the assembly greeted 
him with a standing ovation. Warren 
Weaver, presiding president, introduced 
Condon as a victim of "sickness in our 
country." The harassment of Condon, he 
said, was "the horrid result of political 
pressure . . .  and of the pathological ar­
rogance of demagogues with small and 
nasty minds." 

Before the meeting the A.A.A.S. board 
of directors had published a statement 
urging the Government to make a posi­
tive approach to security, with more em­
phasis on encouraging scientific output 
and less on "secrets." The theme was 
repeated by a number of speakers at the 
meeting. George W. Beadle, president 
for 1955, deplored the "tendency to ex­
tend security procedures to unclassified 
areas." He called on university adminis­
trations to "resist with vigor" attempts 
by the Government to control the selec­
tion of personnel working on unclassified 
research projects. Joel H. Hildebrand, 
president-elect of the American Chemi­
cal Society, said that "fear of attack by a 
Congressman" has caused officials to 
"withdraw support of research, involv­
ing no question of security whatever, 
that could yield great results of value in 
the relief of human suffering. In such a 
case the principal loser is the public, not 
the scientist." Vannevar Bush, president 
of the Carnegie Institution of Washing-

SCIENCE ANI 
ton, in accepting the $1,000 William 
Procter Prize from the Scientific Re­
search Society of America, observed: 
"We have useful men denied the op­
portunity to contribute to our scientific 
efforts because of their you thful indis­
cretions. Worst of all, we have the evil 
practice of ruthless, ambitious men who 
use our loyalty procedures for political 
purposes." 

The Association elected Paul B. Sears, 
professor of botany at Yale University, 
to serve as its president in 1956. It 
elected a woman to its board of direc­
tors for the first time-Margaret Mead, 
anthropologist with the American Mu­
seum of Natural History. 

More than 100 symposia were held 
on major topics, including resources and 
population, viruses, tissue differentia­
tion, air pollution, water supplies, high­
energy physics and mathematical statis­
tics and probability. 

A symposium of the American Psy­
chiatric Association was devoted to two 
new drugs which were said to "represent 
a significant advance in psychiatric 
medicine." The "remarkable new seda­
tives" are reserpine, a plant alkaloid, and 
chlorpromazine, a synthetic preparation. 
They not only quiet mental patients but, 
according to the reports, compose and 
clarify the patients' minds so that they 
become accessible to psychotherapy. In 
more than 1,000 cases there was a high 
percentage of successes in treating anxi­
ety and chronic schizophrenia which had 
failed to respond to other therapy. The 
psychiatrists emphasized that the drugs 
are not 100 per cent effective, that they 
do not in themselves cure mental disease 
and that their long-term value is not yet 
established. Among the physicians re­
porting were Leo E. Hollister of the 
Palo Alto Veterans Administration Hos­
pital, Lester H. Margolis of the Univer­
sity of California School of Medicine, 
Anthony A. Sainz of the Iowa City Vet­
erans Hospital and Nathan S. Kline of 
the Rockland State Hospital in New 
York. 

The A.A.A.S. awarded its $1,000 
Newcomb Cleveland Prize for an out­
standing paper to Daniel Alpert of the 
Westinghouse Electric Corporation, who 
has developed a vacuum pump yielding 
a vacuum hundreds of thousands of 
times higher than any achieved previous­
ly. It ionizes gas particles and sweeps 
them away with electrostatic fields. 
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THE CITIZEN 
Daniel 1. Arnon of the University of 

California reported success, for the first 
time, in carrying out complete photo­
synthesis outside a living cell. He used 
isolated chloroplasts, the chlorophyll­
containing particles of plant tissue. 

Winston Harvey Price, of The Johns 
Hopkins School of Hygiene and Public 
Health, won the $1,000 Theobald Smith 
Award in medical science for his work 
on the epidemiology of rickettsial dis­
eases and on the changes in virulence of 
rickettsial organisms [see "Rickettsiae," 
by Marianna R. Bovarnick; SCIENTIFIC 
AMERICAN, January]. The $1,000 John 
Scott Award went to Robley C. Williams 
of the University of California Virus 
Laboratory for his improvements in elec­
tron microscopy. 

Some other papers at the meeting: 
Paul Weiss of the Rockefeller Insti­

tute for Medical Research told of a new 
discovery concerning a mechanism by 
which the human body regulates its 
growth. Each organ of the body manu­
factures a specific substance which stops 
growth when it reaches a certain con­
centration. It is thought to produce this 
effect by combining with and thereby 
blocking compounds which otherwise 
would serve as templates for building 
new cellular material. Some growth-pro­
moting substances apparently act by 
counteracting the braking substance. 

The "law of the red shift," meaning 
the spectral shift of starlight which indi­
cates that galaxies are racing away from 
one another and the universe is expand­
ing, holds throughout space as far as 
the new 200-inch telescope on Palomar 
Mountain can see, reported Allan R. 
Sandage of the Mount Wilson and Palo­
mar Observatories. In a 20-year study 
just concluded, nearly 800 galaxies were 
examined and all found to obey the rule 
of higher velocity with increasing dis­
tance. The most distant groups appear 
to be receding from the earth at 36,000 
miles per second-about a fifth the speed 
of light. 

Daniel Mazia of the University of 
California reported important new in­
formation on the chemistry and behavior 
of the mitotic apparatus, which is re­
sponsible for separating chromosome 
sets for the formation of two new cells 
when a cell divides. The apparatus, 
formed at the time of division, is a rather 
elaborate structure consisting of a spin­
dle, two little bodies called centrioles 

Please send me 

o Tall Toles and Fabulous Facts, a painless introduction to silicones. 

o 1953·54 Reference Guide to Dow Corning Silicone Products. 

Name __________________________________ ___ 
Titlo _________________ . _______________ _ 
Compony __________________________ ___ 
Address ______________________________ _ 
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PROBLEM. To cut tooling costs, achieve dimensional 
stability, surface hardness and reduction in weight. 

SOLUTION. Impregnating, hard-setting ARALDITE 
Epoxy Resins further compounded provided the answer 
for dies of the type shown here now in regular produc­
tion for Chrysler automobiles. 

(Courtesy At/antic Mig. Co. & Chrysler Corp.) 

ENCAPSULA TED MAGNETIC BLOWOUT 
COIL FOR CIRCUIT BREAKER 

PROBLEM. To develop an insulated blow­
out coil having high dielectric and me­
chanical strength and thermal stability. 

SOLUTION. The unit was vacuum cast 
by I. T. E. Circuit Breaker Co., using an 
ARALDITE E poxy Resin further com­
pounded by Houghton Laboratories, Inc. 

For details on Araldite Epoxy Resins 
formulations • • •  Ciba Company Inc., 
Plastics Division, 627 Greenwich Street, 
New York 14, N. Y. or • • •  

Aries Laboratories Inc . . . . . . . . . . . . • . . .  New York, N. Y. 
E merson & Cummings Inc . . . . . . . . . . . . • . .  Canton, Mass. 
Furane Plastics Inc ...... ....... . .. los Angeles, CalH'. 
Houghton laboratories Inc . . . . . . . • . . . . . .  Olean, N. Y. 
Rubber & Asbestos Corp . . . . . . • . . . . . .  Bloomfield, N. J. 
Rezolin Inc . • • . • . . • • • . . . • • . . • . . . .  los Angeles, Calif. 

and other parts. Mazia succeeded in iso­
lating the structure intact by dissolVing 
the rest of the cell away, and learned to 
his surprise that the whole mitotic ap­
paratus, complex as it looks under the 
microscope, is made of a single kind of 
protein. He also found that the protein 
molecules are linked together in chains 
and the chains packed together in fibrous 
bundles; presumably the structure is 
formed at the time of division from pro­
tein molecules already present in the 
cell. :Vlazia suggested that the two cen­
trioles, one at each end of the apparatus, 
are responsible for organizing the struc­
ture by emitting a bonding substance 
which links the fibers side by side in 
bundles. 

Multiple Jeopardy 

�ter Edward U. Condon had been 
.L cleared of "security risk" charges 
for the fourth time (by an industrial se­
curity board representing firms with 
mili tary contracts), Secretary of the 
Navy Charles S. Thomas last fall quickly 
overruled the board and asked it to re­
consider the case. Last month Condon 
decided that he had had enough. He 
withdrew his application for clearance, 
resigned as research director of the 
Corning Glass Works and retired to 
Berkeley, Calif., where he will engage in 
private, nonclassified research for Cor­
ning and other clients. 

Said Dr. Condon: "I am now unwill­
ing to continue a potentially indefinite 
series of reviews and re-reviews . . . .  " 

An editorial in the New York Herald 
Tribune expressed the sympathy of many 
for Dr. Condon's decision: "To go 
through with a test of one's reputation 
. . .  is in all ordinary circumstances what 
is expected of an upright man. Yet are 
the circumstances ordinary when there 
appears to be no finality to a verdict? 
When decisions reached after careful in­
vestigation are thrown back, for no 
stated reason, into the crucible?" 

On the Passion for Facts 

The Reece Committee, ending its in­
vestigation of U. S. private founda­

tions, last month brought in its expected 
verdict, which had been outlined by its 
chairman before the investigation began. 
It found the big foundations (Rocke­
feller, Carnegie, Ford et al. ) guilty of, 
among other things, subverting U. S. 
ideals and fostering an "irresponsible 
mania" for seeking facts in social science. 

The report of the House Special Com­
mittee to Investigate Tax-Exempt Foun­
dations and Comparable Organizations 
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MClior Advance in l)IFF�IOI\I-PUMP� 

F. J. STOKES MACHINE COMPANY 
5500 Tabor Road, Philadelphia 20, Pa. • 

Higher Pumping Speeds in Critical Ranges Examples: the 

6-inch booster exhausts 760 cfm at 50 microns, 1400 cfm at 
15 microns, with an ultimate pressure of .06 microns. The 
16-inch diffusion pump exhausts 11,000 cfm at 1 micron. 

Shorter Pumping Cycles for ALL high vacuum processing 

equipment. 

Higher Forepressures Examples: at blankoff, 2.4 mm. for the 

6-inch booster; 0.35 mm. for the 16-inch diffusion pump, both 
at normal heat input. 

Sizes Available NOW Diffusion Pumps: 4, 6,10,14 and 16 inches 
Booster Pumps: 4, 6,10 and 16 inches 

The revolutionary design of the new Stokes Ring-Jet':' 
Diffusion and Booster Pumps is a major development in 
diffusion pumps ... a high point of achievement in Stokes' 
50 years of building high vacuum equipment. 

Here, briefly, is a description of the old and the new ... the 
development which has given Stokes Ring-Jet Pumps such high 
pumping capacity. Diffusion pumps have as limiting factors 
(1) the cross section of the air flow path, and (2) the distance 
from the jet to the condensing surface. 

The new Stokes Ring-J ets replace the conventional jet cone with 
a ring of jets. This increases the cross-sectional area of the air 
flow path without increasing the distance to the condensing sur­
face ... increases pumping speeds on some models more than 50%. 

Increased pumping speeds, shorter pumping cycles, 
smaller mechanical pumps, operation against higher 
forepressures, are outstanding advantages of the new 
Stokes Ring-Jet Pumps. Fill out the coupon 
for full information. 

"'Patents Pending 

Please send me complete specifications and performance curves on: 

o Diffusion Pumps 0 Booster Pumps 

Application: ______ . ___________ _ 

Name' ____________________ _ 

Company' ____________________ _ 

Address 
Cily' ______ _ . _____ State' _______ _ 

STOKES 
STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages, 
Industrial Tabletting, Powder Metal and Plastics Molding Presses, 

Pharmaceutical Equipment 
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was signed by its chairman, B. Carroll 
Reece, and his two Republican col­
leagues, Jesse P. Wolcott and Angier L. 
Goodwin. The latter signed with "strong 
reservations and dissent from many of 
its findings and conclusions." The two 
Democratic members of the Committee, 
Wayne L. Hays and Gracie Pfost, dis­
sented in toto, calling the conclusions a 
"crackpot view" and the investigation 
"a complete waste of public money." 

The report declared that an "intellec­
tual cartel" made up of professional 
foundation administrators has "promoted 
a great excess of empirical research as 
contrasted with theoretical research" in 
social science. It charged that some of 
the large foundations had shown "a dis­
tinct tendency to favor political opinion 
to the left," had promoted propaganda 
for "collectivism" and had "directly sup­
ported 'subversion' in the true meaning 
of that term-namely the process of un­
dermining some of our vitally protective 
concepts and principles." 

The Committee minority said, in part: 
"Some of the statements of fact and 
opinion contained in the report are un­
true on their face, others are at best 
half-truths and the vast majority are mis­
leading." The foundations, in the words 
of Dean Rusk, president of the Rocke­
feller Foundation, said: The conduct of 
the investigation violated "elementary 
principles of fairness and justice." 

The New York Times said: "The soon­
er [the investigation is] forgotten, the 
better it will be." 

Wonder Germs 

"Virtually all the staphylococci that 
cause hospital infections are resist­

ant to penicillin. Nearly three quarters of 
them are also resistant to streptomycin, 
aureomycin and terramycin." So said a 
recent lead article in the British journal 
The Lancet. The burgeoning of resistant 
strains of bacteria, especially staphylo­
cocci, and particularly in hospitals, has 
occasioned a good deal of anxious com­
ment in the past few months. 

Chester W. Howe, a Boston physician, 
reported in The New England Journal 
of Medicine that post-operative infec­
tions may actually be increasing because 
of extensive use of antibiotics in hospi­
tals. Resistant bacterial strains, he ex­
plained, tend to replace the less virulent 
Rora normally carried by hospital per­
sonnel, particularly in their nasal secre­
tions. Also, surgeons operating under 
"antibiotic cover" may unconsciously re­
lax their standards of aseptic techni,!ue. 
In several experiments hospital staphylo­
coccus infection rates have been sub-
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Gaskets, washers, wick lubricators are just a few 

applications of felt. Felt reduces vibration, con­

trols noise, ·seals oil in, water out. American 

makes many types of felt, in rolls, sheets, and 

in parts cut to your blueprints, ready for assem­

bly. Tell us what you make, or are designing, an/ 
we will send technical information � 
along with our suggestions. /,' /;,,1' 
FREE! Catalog containing 47 samples of ,( ,d, GENERAL OFFICES: 
felts plus 24-page booklet of Wool Felt ' 58 GLENVILLE ROAD 
Standards. Write for Catalog 185-52. GLENVILLE, CONN.

' 

personally! 
it yours; 

Universal's New 
DESK-TOPPER 
complete, portable, professional 

Drafting Ensemble 
Your own personal drafting and 
layout machine complete with fold­
ing board and carrying carton! 
Handy, lightweight, easy to use, 
easy to store! Take it wherever you 
go! Saves time on drawings, plam; 
and sketches. See your drafting 
materials dealer, or write for folder. 

ftfade by the tnakers of the 
Universal BOARDMASTER 
, , . the world's finest draft­
ing tnachine ... the ultitnate 

in drafting perfection! 

UNIVERSAL 
DRAFTING MACHI NE CORPORATION 

CLEVELAND 2. OHIO 
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INTRODUCING MATRIX 
THE STRATEGY GAME 

BASED ON THE THEORY OF GAMES 
Two players take turns placing their numbered markers. 
They could assemble a MATRIX that looks like this: 

The player who placed the black tiles selects a hori. 
zontal row on his indicator; the player who placed the 
white tiles selects a vertical column on his indicator. On 
the first play of this matrix both players s:ll1ultaneollsly 
reveal their indiealors SCi as shown. WHITE scores 4 
points. If you were BLACK, in what proportion should 
you distribute your choices among the rows ABC D to 
be Slire of winning this l)arti�'ular game over a series of 
plays rcgaldlcss of ",hal WHITE may do'? 

MATRIX. THE STRATEGY GAME based on the 
Theory of Galllcs includes an 8x8 board, 16 gold slamped 
plastic markers. two indicators, score pad, pencil and a 
24 pa/!e booklet. The booklet tells yOll how to play 
�IATRIX. It also dearly explains how to arri\'e at all 
arithmetical approximation of the solution of a matrix 
proLlem. In addition it gives examples of the applica· 
tions of the Theory of Games to conAict situations ill 
marketing: and military strategy. 

MATRIX llIay be enjoyeJ at JllallY levels from high 
school to dOf'toratc. But more important, as it enter· 
tains, l\IATRIX teaches fascinating, new thought 
processes. 

GET THE TIMELY UNIQUE MATRIX. 
THE STRATEGY GAME. 

SEND $4.98 CASH. CHECK. OR MONEY ORDER 
(a $5 bill if you wish) 

To KING ENTERPRISES. 
NEW CITY. ROCKLAND COUNTY. NEW YORK 

NAME .. 

ADDRESS .. 

CITY... . ............................ ............ STAT E .... . 

stantially reduced by sterilizing the 
noses of staff members with drugs not in 
common use. 

The New York County Medical So­
Ciety warned: "If the present trend of 
overdosing with antibiotics continues, 
soon physicians may have little or noth­
ing with which to combat infections, 
particularly in the case of staphylococ­
ci." The Lancet agreed with many au­
thorities that combinations of drugs may 
be the best answer to resistant staphylo­
cocci, as they have been to resistant tu­
berculosis germs . 

Chemistry of Behavior 

A n important advance in the attempt 
.t\. to connect mind with matter was 
announced last month. A team of psy­
chologists and biochemists at the Uni­
versity of California discovered a "close 
relationship" between chemistry and be­
havior in rats. 

The behavior involved is the animal's 
reaction to an unsolvable maze. The rat 
is confronted with a succession of dou­
ble-branched forks along a path to a box 
of food. At each fork it must choose be­
tween a lighted and a dark alley, one of 
which leads to a dead end. After every 
run, the arrangement of lights and of 
dead ends is changed. vVhen it finds 
there is no dependable route through 
the maze, the rat bases its choice of 
alleys on what the California psycholo­
gists call "hypotheses." Some individu­
als make a "visual hypothesiS," preferring 
the light or dark route, others make a 
"spatial hypothesis," tending to go right 
or left. The tendency to be a visual rat 
or a spatial rat is hereditary. 

David Krech, the psychologist who 
had devised this test, undertook a bio­
chemical study with M. R. Rosenzweig, 
E. L. Bennett and Barbara Krueckel. 
They measured the concentration of the 
nerve enzyme, cholinesterase, in the 
brains of 20 rats which had been tested 
in the maze. The assay was made on 
tissue from the sensory and motor areas 
of the cortex. Half of the rats were 
strongly visual, half strongly spatial. In 
the motor region of their brains there 
was no significant difference between the 
groups in cholinesterase concentration. 
But in the sensory areas the spatial group 
had significantly more cholinesterase 
than the visual group. 

·Writing in Science, Krech and his 
colleagues suggest two possible explana­
tions for their results: (1) cholinesterase 
activity may directly control the specific 
trait involved in dealing with this maze 
problem (visual v. spatial), or (2) 
higher concentrations of the enzyme may 
make an animal "more generally adap-
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can a piece of steel be? 
• Plenty! Because steel is one of the most ver­
satile of all materials, it can play tricks on you ... 

can be mighty temperamental, even obstinate. 

But, properly controlled, it works for you precisely 

the way you want it to! 

For generations, National-Standard's Athenia 

Steel Division has specialized in the behavior 

engineering of high carbon steel for the most 

exacting services. Here, they've learned how to 

take the fullest advantage of steel's versatility. It 

results in specially engineered, rigidly contrQlled 

steels that do a better job in all kinds of products 

from umbrella ribs and pen points to camera 

springs and piston rings. 

Perhaps defense production brings you new 

problems in the application or behavior of steel. 

National-Standard and Athenia offer you the kind 

of engineering and development service that has 

speeded production and cut costs for many and 

many a manufacturer. 

ATHENIA STEEL . •  Cliftoll, N. j . . . . . . . . . . . . . . . . . . . Flat, High Carbon, Cold Rolled Spring Steel 

NATIONAL·STANOARO . .  Niles, Micb . . . . . . . . . . .  Tire Wire, Stainless, Fabricated Braids and Tape 

REYNOLDS WIRE. • Di.'·OIl, l//illois. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Industrial Wire Cloth 

WAGNER LITHO MACHINERY • .  jers,), Cit)', N. j . . . . . . . . . . . . . . . . .. . .  Metal Decorating Equipment 
DIVISIONS OF NATIONAL·STANDARD (0. 

WORCESTER WIRE WORKS . . Worcester, Mass . .. . . . . Round and Shaped Steel Wire, Small Sizes 
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It all depends • • •  
A single pound of stainless slee] 
strip, .0005" thick by !6" wide, 
extends a quarter of a utile, and 
lllakes a whole year's supply of dia· 
phragms for olle of Ollr Clistomers. 

From this unique source at American 
Silver's min-which uses highly spe­
cialized rolJing, annealing and slitting 
equipment-yoll can procure those 
clifficult·to-obtain strip specifications 
in most ferrous, non-ferrous and pre-
cious metals. 

• One pound or thousands. 
• Very close tolerances (down to 

:±:.OOOl"). 

• Very thin gauges (down to .0005") 
• All metals (ferrous, non-ferrous, 

precious, t.hermostat and clad). 

Tell us what you'd like to accomplish; 
we'll be glad to make our recommendations. 

.. a Industrial Metals Division 
� AMERICAN SILVER COMPANY, Inc. 

36-12 Prince Street, Flushing 54, N. Y. 
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NO AMBIGUITY 

FAST RESPONSE 

A shaft position to digital con­
version component for data 
handling systems and digital 
computers. Multi-brush pick­
offs eliminate ambiguity. 
Adapted to be used in digital to 
analog conversion systems and 
closed loop systems. Standard 
unit handles 13 digits; 7, 17, 
and 19 digit models also avail­
able. Multi-channel converters 
designed to be time-shared 
with one scan network. Cus­
tom models may be ordered to 
your specifications. 

SPECIFICATIONS: 
Dia. 2 in. WI. 8 oz. 
Length: 2·3/4 to 5", according 
to model 
Torque: Under 0.2 oz. in. 
Meets applicable military 
specifications 

Write for catalog inforlllation. 
Computers and Controls 

• 

Get This Informative 
Free Booklet on New 
Uses for Straits 'Tin 

New, 20-page booklet tells impor­
tant story of Straits Tin and

' 
its 

many new uses today. Fully illus­
trated. Includes sections on new tin 
alloys, new tin solders, new tin 
chemicals. Covers tin resources and 
supply, Malayan mining. Booklet is 
factual, informative - could well 
prove profitable to you. Mail cou-

-��������--------­
THE MALAYAN TIN BUREAU 

Dept. J, 1028 Connecticut Ave. 
Washington 6, D.C. 

Please send me a copy of your free 
booklet on new uses for Straits Tin. 
Name _____________ _ 
Firm Name ____________ _ 
Street _____________ _ 
Cily ________ Zone __ State __ _ 

tive," possibly more "intelligent." Tests 
of both of these notions are underway. 

Electrochemical Sorting 

A ne,�, f�st metho
.
d for separating and 

punfymg protems has been devel­
oped by Alexander Kolin, a physicist at 
the University of Chicago. It is based on 
the fact that dissolved proteins, like a 
number of other substances, form either 
positive or negative ions depending on 
the acidity or alkalinity (pH) of the 
solution. In strongly acidic solutions the 
ions are positive, in strongly alkaline 
solutions, negative. There is some value 
on the acid-alkaline scale at which the 
protein molecules remain neutral. This is 
known as the isoelectric point, and is 
different for different proteins. Kolin's 
technique utilizes the difference. 

A thin layer of protein solution, �bout 
three tenths of an inch across, is inserted 
between a pair of liquids, one acid and 
one alkaline, which are "buffered" to 
maintain a constant pH. Across the solu­
tion, therefore, the pH changes continu­
ously from acid to alkaline. On the acid 
side, where the protein ions are posi­
tive, there is a positive electrode; on the 
alkaline side, a negative electrode. Thus 
the positive and negative ions are re­
pelled by the electrodes and pushed to­
gether toward the narrow zone in which 
they have no charge. The location of the 
zone varies, depending on the isoelectric 
point of the molecule, so that each zone 
contains molecules of one kind only. The 
make·up of a protein mixture can be 
read from the pattern of concentration 
bands, and the pure materials can be ex­
tracted with delicate pipettes. 

Kolin's method resembles the widely 
used technique of electrophoresis, which 
depends on differences in the rate at 
which various protein ions move in elec­
tric fields. The author claims two advan­
tages for his approach. First, it is faster. 
A mixture of hemoglobin and cyto­
chrome C was completely separated in 
two minutes; the same separation would 
take hours by electrophoresis. Second, it 
separates all the components, rather than 
just the fastest and slowest as in electro­
phoresis. 

Kolin plans to apply his separation 
technique to other materials that have 
isoelectric points, such as cells, bacteria 
and viruses. 

I.G.Y. 

T he world-w�de geophysical research 
program called the International 

Geophysical Year does not start offiCially 
until August, 1957, but for many of the 
participating scientists it is alreadv un-
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 

Do you 

fit into 

this picture? 

At North American you will use the nation's 
finest experimental and test facilities: subson­
ic, supersonic, and tri-sonic wind tunnels, ther­
modynamic laboratory, electro-mechanical 
laboratories, rocket engine field laboratory. 

Many opportunities for recent graduates, 

organization, facilities and experience keep 

Opportunities in Guided 
Missile Engineering at 
North American Aviation: 

ELECTRO-MECHANICAL 
Microwave Antenna 
Microwave Components 

Radar 
Computers 
Fire Control 

Servo-Mechanisms 
Product Engineering 
Standards Engineering 

Technical Writing 

AEROPHYSICS 
Preliminary Analysis 
Preliminary Design 

Systems Analysis 

Structures Engineering 

Aeroelasticity & Flutter 
Weight Engineering 

Aerodynamics 

Electrical Design 
Flight Test Engineering 
Flight Test Instrumentation 

PROPULSION 
Stress & Dynamic Analysis 
Controls 

Combustion Devices 

Turbines & Pumps 

Valves & Regulators 

Field Test Engineering 

Rocket Engine Instrumentation 

Propellant Research 

Missile Power Plant Systems 

and a number of high- level positions are 
available to experienced engineers. You are 
invited to send your resume to: North 
American Aviation, Incorporated, Engineer­
ing Personnel Manager-12214 Lakewood 

'I Boulevard, Downey, California. 

I 

North American Aviation, Inc. 
years ahead in aircraft ... atomic energy • • •  electronics . . •  guided missiles ... research and development. 

6 1  
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about aerial navigation 

... AND FORD INSTRUMENT COMPANY 

When flying at 600-plus knots, the 
modern jet pilot doesn't have time 
to search out familiar landmarks to 
tell him where he is, or how to reach 
his destination. 

New computers and instruments 
developed by the engineers of Ford 
Instrument Company have been 
solving the problems of modern 
plane navigation as well as guid­
ance of pilotless missiles. Compact, 
light, accurate and dependable, 
Ford systems are helping our air­
men maintain supremacy in the air. 
Design and production of preci­
sion equipment is a Ford specialty. 

ENGINEERS: 

Ever since 1915, when Hannibal 
C. Ford built the first gunfire com­
puter for the U. S. Navy, Ford 
Instrument Company has been a 
leader in applying the science of au­
tomatic control to American defense 
and peacetime industry. For more 
information about Ford's products 
and services, write for free illus­
trated brochure. 

J: FORD INSTRUMENT lJ' COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Ave., Long Island City 1, N. Y. 

FORD IS CONSTANTL Y ADD ING TO ITS STAFF OF ENGINEERS. IF YOU CAN QUALIFY, THERE MAY BE A POSITION FOR YOU 
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der way. A number of them are now in 
the Antarctic aboard the U.S.S. Atka, a 
Navy icebreaker, preparing for the 1957-
58 U. S. program there. 

One of the most ambitious efforts will 
be an attempt to establish an observatory 
on the South Polar Plateau, separated 
from the coast of the Antarctic continent 
by 700 miles of mountain ranges and 
glaCiers. The Atka is now scouting for a 
coastal base to serve as a staging area 
for the observatory. The expedition is 
also examining the ocean icepack for 
possible observation sites and trying to 
determine whether snow fields can be 
compacted into airplane landing fielcls. 
The party will inspect Admiral Richard 
E. Byrd's installation at Little Amelica 
to see whether any of the buildings and 
equipment abandoned there seven years 
ago are still useful. 

The U.S.S.R. and other Communist 
governments have just joined the I.C.Y., 
bringing the number of cooperating na­
tions to 38. The Soviet Aoademy of Sci­
ences urged the international committee 
of the I.C.Y. to expand its program to 
include studies of earthquakes, of the 
earth's weight and densit)' and of the 
electric currents that flow through it. 

Bigger and Better 

E ach major advance in the size and 
speed of electronic computers makes 

possible an attack on new questions 
which there was previously no use in 
asking. Such an advance was formally 
celebrated last month when the Navy 
accepted delivery from the International 
Business Machines Corporation of the 
Naval Ordnance Research Calculator 
(NORC) . 

John von Neumann, of the Institute 
for Advanced Study and the Atomic En­
ergy Commission, said the new machine 
would make feasible forecasts of weather 
over an entire 11emisphere 30 to 60 days 
in advance. The computations would 
take NORC only a day. Twenty-four­
hour forecasts, w11ich with the best pre­
vious computers took 24 hours, could be 
completed in four or five minutes. Calcu­
lation of the tidal circulation of all the 
oceans, including complex marginal mo­
tions near the shore, would be a few 
days' work for NORC, and the hydro­
dynamics of the earth's liquid core "be­
comes probably accessible for the first 
time." 

NORC can do 15,000 complete arith­
metical computations per' second and has 
a memory with a capacity of 2,000 
words. In a four-hour errorless test run 
the machine did more work than any 
previous calculator has performed dur­
ing its entire lifetime, von Neumann said. 
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WYANDOTTE'S 
AMAZING, NEW 

PLURONICS* 
A new series of block-polymer chem­

icals is changing the course of sales 

and profits for manufacturers of vis­

cose rayon and cellophane, home 

and laundry detergents, shampoos, 

mechanical-dishwashing, dye-leveling 

and water-conditioning compounds 

- and the end is nowhere in sight. 

For the Pluronics make it easy to 

formulate products that are com­

pletely dust-free, non-caking and 

exceptionally free-flowing; products 

that offer distinct advantages over 

competition. 

Only a thorough evaluation can give you the full scope of the Pluronics' 
benefits. Pictured here is a test to determine the cloud point of nonionic 
surfactants, and a check on the melting point of Pluronic F-68 ... first 
100%-active nonionic commercially available in flake, powder or solid form. 

What's new about the Pluronics? 
The Pluronics are a new series of 100%-active nonionic 
surface-active agents, based on a chemical concept not 
previously used in the synthesis of non ionic surfact­
ants. They provide an over-all balance of desirable 
properties: ease of formulation, stability, controlled 
sudsing, a range of surface-active properties, low 
hygroscopicity, dedusting properties, and a low order 
of toxicity. 

The unusual flexibility of the Pluronics make them 
especially interesting ... it is possible to prepare a 
Pluronic to meet any requirement of molecular 
weight or hydrophilic-hydrophobic balance, within 
the established range. 

What's different about them? 
The Pluronics are the first commercial example of a 
block-polymer-type surface-active agent . . . made 
from a hydrophobic polyoxypropylene base with hy­
drophilic polyoxyethylene groups attached to either 
end. This use of polyoxypropylene as the hydrophobic 
portion of the molecule is unique, the secret being to 
build a polyoxypropylene chain long enough to be 
water insoluble. The hydrophobic base may be varied 
in molecular weight, and any percentage of the hydro­
philic groups can be added. The Pluronics range in 
molecular weight from 1800 to 8000. This compares 
with the usual range in molecular weight for surface­
active agents of from 300 to 700. 

(CONTINUED ON NEXT PAGE) 
*REG. U.S. PAT. OFF. 
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What about formulating? 
Pluronics are easy to formulate . . . you can choose 
from liquid, paste, flake, powder or solid-cast. Liquid 
Pluronics can be spray-blended by special spray sys­
tems, an ordinary sprinkling can, or nail-punctured 
drums suspended above mixing apparatus. Pluronics 
blend easily with common builders; permit you to 
compound a quality product using only solid materials. 

Where are Pluronics used? 
The Pluronics are already in commercial use in water 
conditioning, in the manufacture of viscose rayon and 
cellophane, in dye leveling, shampoos, boiler-water 
compounds, mechanical - dishwashing compounds, 
home and laundry detergents, and in metal-cleaning 
formulations. Promising new applications are being 
reported continually. The Pluronics have a wide range 
of characteristics. For example, L62 is a good wetting 
agent . . . F68 is an excellent dispersing agent . . .  
L64 combines a balance of wetting, dispersing and 
emulsifying characteristics that make it exceptionally 
effective as a detergent. These characteristics give the 
Pluronics unique advantages over other surface-active 
agents. They merit your full and careful evaluation. 
Brief summaries of a few of their uses are given here. 

* * * 

Flexibility of Pluronics 
helpful in metal cleaning 
The field of metal cleaning is unusually complex, due 
to the many variables in the type of cleaning, the 
types of metals to be cleaned, types of soil to be 
removed, and the processing that metals are to receive 
after cleaning. Most metal-cleaning operations, there­
fore, require a cleaning compound designed to fit the 
particular process. 

The Pluronics have proved especially valuable in 
metal-cleaning formulations for a number of reasons. 

Most important, perhaps, is their exceptional flexi­
bility. With the Pluronics, you can tailor the product 
to meet your precise needs. 

The Pluronics are stable and effective over the 
entire range of pH, in both acid and alkaline solu­
tions. The suds range of the Pluronics is wide - from 
no foam to moderate foam. You can choose a Pluronic, 
or combination of the Pluronics, with the exact suds­
ing characteristics you require. Another important 
benefit:  in electrocleaning, the controlled sudsing 
properties of the Pluronics preclude excessive hydro­
gen entrapment and reduce explosion hazards. 

Test the Pluronics thoroughly • • •  use the coupon 

for more information. 

The Pluronics control suds 
in laundry detergents 
Large-scale makers of laundry detergents have 
recently introduced com pounds con taining one or 
more of the Plul'onics. Why ? Because they found that 
the Pluronics, with their over-all balance of desirable 
properties, are the most versatile agents of their type 
available today. 

Some of these properties are : controlled sudsing, 
ease of formulation , stability in solution, compatibility 
with a wide variety of materials, high detergency, and 
permanent dedusting effect with no moisture pickup. 

Pluronics' inherent flexibility makes it easy to fornm­
late compounds with optimum characteristics. Suds 
level, carbon soil removal and whiteness retention 
can be varied easily to suit particular requirements. 

Perhaps the Pluronics could give your product the 
same market advantage. Why not investigate today ? 

Pluronics important in 
water treatment 
Commercial usage by major producers of boiler-water 
compounds has proved the Pluronics to be one of the 
most valuable recent developments in the industry. 

Compare suds levels of home detergents 
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High-slldsing property of typical 

popular detergent. 

A ction of low- or "controlled-sudsing" 

pop1llar detergent. 

Very low slldsing of new detergent 

containing Pluronics. 
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There are two main reasons for this: 1) their foam 
depressing characteristics, and �) their exceptionally 
effective dispersing power for calcium and magnesium 
salts. Other properties of the Pluronics that have 
proved beneficial in boiler-water treatment, as well 
as in some water-conditioning applications, are: their 
compatibility and stability with acid or alkali solu­
tions over a wide temperature range, and their 
unusually low order of toxicity. 

Are these your requirements for a surface-active 
agent ? . . .  for more information, use coupon below. 

Pluronics improve mechanical­
dish washing compounds 
Nowhere have the Pluronics played a more dramatic 
role than in the mechanical-dish washing field. Here 
they found an almost immediate acceptance, due to 
their unique combination of desirable properties. The 
most important are: 

1 .  An ability to eliminate staining and streaking 
usually caused by improper rinsing. 

�. Exceptional low-foaming properties. 

3. Better, more permanent dedusting effect than 
othcr surface-active agents. 

4. No increase in the hygroscopicity of the com­
pound. 

No other single nonionic surfactant can duplicate 
this unique combination of desirable properties. For­
mulators using the Pluronics in their mechanical­
dishwashing compounds have a distinct product 
advantage - a product advantage that pays off in a 
distinct sales advantage. 

If you manufacture mechanical-dish washing prod­
ucts, you should investigate the Pluronics thoroughly 

• • .  use coupon for further information. 

What about stability? 
The Pluronics are stable in both acid and alkaline 
solutions, even at elevated temperatures. 1Vloreover, 
their surface-active properties remain relatively con­
stant over the entire range of pH. Since the Pluronics 
are not precipitated by calcium or magnesium ions, 
their detergency performance in formulated products 
remains relatively uniform, regardless of the water 
hardness. 

What about sudsing? 
The Pluronics series offers a wide range of foaming 
properties, enabling you to choose a particular 
Pluronic with exactly the sudsing characteristics you 
require. Pluronics L61 and L6� are esscntially non­
foaming, generating less foam than any other com­
mercially available surfactant. 

Pluronics L64 and F68 generate moderate foams, 
making them particularly useful in those applications 
where foam is desirable. 

Pluronic L61 can be used effectively to depress 
the foam of any of the other Pluronics. 

What about dispersing power? 
Pluronic F68 and Pluronic L64 are exceptionally 
effective dispersing agents for calcium and magnesium 
salts. The Pluronics, by keeping these inorganic salts 

in suspension, reduce the amount of adherent hard 
water deposits in boilers and pipes when uscd in 
water-treating compounds. The use of the Pluronics 
also renders the scale that does precipitate softer and 
more easily removed, due to the Pluronics' rcwetting 
effect. I CONT INUED ON NEXT PAGE) 

What users say about the Pluronics t 

" W e  have found Wyand otte 
P luronics v a l u a b l e  in our a l kal ine 
c leaning preparations, a s  wel l  a s  
in  other formu l a tions used f o r  the 
preparation of meta l surfaces." 

Detrex Corporation 
Detroit, Mich. 

"The a d d ition of a s m a l l  a mount 
of P luronics to our mechanical  dish­
washing compounds h a s  overcome 
some problems which we have been 
trying to solve for yea rs." 

Eastern Chemical Corporation 
Reading, Pa. 

"The Plu ronics in our  compound 
control the foam, p rovi d e  i m p roved 
rinsa bi l ity, good d eterg ency a n d  
better wetti n g .  W h a t  m o r e  could 
we a sk?" 

Etsol Synthetic Products 
Detroit, Mich. 

"Recently, we tested the Plu ronics, Wyand otte's 
nonionic surfa ce-a ctive a g ents. As a resu l t, we 
a re now using the P luronics in  certain a re a s  of our 
wate r-cond itioning se rvice. They have d efinitely 
been a n  a i d  to us in solving water-conditionin g  

" W e  tested l i teral ly hundreds of p rod ucts. 

p ro b l e ms." 

None of them fi l l e d  the b i l l .  Then the Wyand otte 
rep resenta tive su g g ested P luronic F68.  We found 
it  fitted our needs exactly. There is  no way of 
m e a suring in  d o l l a rs the value of a d evelopment 
l ike this." 

Allen S. Wrisley Co., Chicago, III. 
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What about rinsability? 
The Pluronics provide maximum effectiveness as 
rinsing agents, in proportions as low as 2%. Labora­
tory evaluations, field tests and established com­
mercial usage have shown the Pluronics to be superior 
in the promotion of free-rinsing - especially valuable 
in the mechanical-dishwashing field. 

Staining and streaking due to improper rinsing have 

been decreased by as much as 90% by the inclusion 
of a very small amount of the Pluronics in mechan­
ical-dishwashing compounds. 

What about dedusting? 
The dedusting effect of the Pluronics is much more 
permanent than that of many othcr surface-active 
agents, yet products incorporating the Pluronics 
remain free-flowing. 

The liquid Pluronics, even at concentrations as low 
as 0.5% by dry weight of the formulation, are effec­
tive dedusting agcnts. They dedust not only during 
the compounding operations themselves, but also the 
finished product. 

Compounders report that many dedusting agents 
lose their effectiveness after a period of time, whereas 
the use of half as much Pluronics gives effective 
permanent dedusting. This superiority is believed to 
be due to the much higher molecular weight of the 
Pluronics. They have no tendency to migrate. 

What about hygroscopicity? 
One of the problems of using anionic surface-active 
agents is the rapid increase of hygroscopicity in pro-

portion to active-agent content. This hygroscopicity 
is also quite apparent in many of the nonionics. 

An unusual feature of the Pluronics is thcir low 
order of hygroscopicity. Not only are the Pluronics 
relatively nonhygroscopic themselves, but they actu­
ally decrease the hygroscopicity of other components 
of formulations in which they are used. 

For samples and more information . . . 

The Pluronics make it easy to formulate products 
with optimum characteristics, products that are com­
pletely dust-free, non-caking, and exceptionally free­
flowing, products with distinct advantages over com­

petition. Evaluate them as a basis for an entirely new 
approach in formulating . . .  the Pluronics may be 
the key to compounding concepts that open up new 
avenues of progress for your company. But only a 

thorough evaluation can give you the full scope of the 

Pluronics' benefits. For samples of the Pluronics, data 
sheets summarizing their physical and surface-active 
properties, and other technical and price information 
- call your Wyandotte representative or mail the 
coupon today. Wyandotte Chemicals Corporation, 

Wyandotte, Michigan. Offices in principal cities. 

�tI�'q"B 
CHEMICALS 

H EA D Q UA R TE R S  F O R  A L KA L IES 

Soda Ash . Caust ic  Soda . Bicarbonate of Soda . Ch lor ine  

M u riat ic Acid . Calci u m  Carbonate . Calci u m  Chlor ide . G ly­

cols • Chlor i nated Solvents . Synthetic Deterge nts . Agricul­

tura l l n secticides - Other Orga n i c  a n d  I norga n i c  Chemicals  

CLIP A N D  MAIL THIS COUPON FOR DATA A N D  SAMPLES. � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - c 

Wyandotte Chemica l s  Corporation, D e pt.  2525,  Wya ndotte, M i c h i g a n · 

66 

Please send: 

o Data on the use of Plu ronics in  meta l-c leaning 
formul a tions 

o Samples  of Pluronics l61 ,  62, 64, F68 for meta l ­
c leaning p roducts 

o Data on the use of P luronics in home and commerci a l  
l a un d ry d eterg ents 

o Samples  of P luronics l44, 6 1 ,  62, 64, P75, F68 for 
l a u n d ry d etergents 

o Data on the use of Pluronics in water-tre a ting 
a p p lica tions 

o Samples  of Pluronics l61 ,  64, F68 for wa ter-conditioning 
compounds 

o Data on the use of Plu ronics in mechanical -dishwa shing 
compounds 

o S a m p l e s  of Pluronics l61, 62,  F68 for d ishwashing 
p roducts 

D H ave a Wyandotte rep resenta tive c a l l  on me. 

o Data on Pluronics for ___________ _ 

_________________ a p p lication 

N a m e  __________________ _ 

Firm, ____________ Title ______ _ 

Add ress _________________ _ 

City ____________ _ State ___ _ 
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The Yerkes Laboratories 

Not to be confused with the Yerkes Obser()atory of astronomy, they 

are dedicated to primate biology. Within their sunny Florida confines 

workers of many disciplines study the chimpanzee, and ()lCe ()ersa 

F
ronting the public highway near 
Orange Park, Fla., not far south 
of J acksonviIle, is a parklike de­

velopment enclosed by. a high woven­
steel fence topped with an electrified 
wire. It is occupied by a cluster of mod­
ern buildings, which include offices, lab­
oratories, a library and other working 
quarters of a scientific establishment. 
But the center of interest is a housing 
development to which these quarters are 
adjuncts. For here live nearly three score 
chimpanzees, forming perhaps the most 
remarkable nonhuman community any­
where on earth. Most of the inhabitants 

by George W. Gray 

were born on the premises, and from 
birth have been reared and observed 
with elaborate care. There is a nursery 
for the youngsters, a maternity ward for 
expectant mothers, a small hospital for 
the sick, and a collection of spick-and­
span apartments, each consisting of an 
indoor "bedroom" with a connecting 
outdoor "living room" cage, for the gen­
eral population. 

On the morning we arrived at the 
Yerkes Laboratories of Primate Biology, 
the colony was unwontedly quiet, for the 
residents were all locked in their bed­
rooms while attendants cleaned their 

cages with hoses and mops. When the 
housekeeping was finished, life resumed 
its normal stir. The dark forms of the 
Messrs. and Mesdames Anthropoid ap­
peared in the cages; an occasional rau­
cous howl or shriek rent the air. We set 
out to get acquainted with the colony 
under the escort of Henry W. Nissen, as­
sociate director of the Laboratories, who 
cautioned: "You'll find some vigorous 
characters, and as many different person­
alities as there are chimpanzees." 

Appropriately, the first cage was oc­
cupied by Alpha, the first animal to be 
born here. She celebrated her 25th birth-

THE LABORATORIES are located near Oran g e  Park, Fla. In the 
center one of  the 60·odd chimpanzees walks across  a n  outdoor pen. 

Most o f  the animals live in apartments consisting of  an indoor and 
outdoor cage. The Laboratories also have a nursery and a hospital. 
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PATI is probably the oldest chim panzee in the Lab oratories. Her 
age is e stimated at 34 years. She was presented by Ro salia d'Abreu. 

BOKAR AND COMA are father and daughter.  Bokar is in the fore­
ground. He likes to slam his bedroom door to attract attention. 

day last September. Alpha was drowsing 
in the sunshine; at our approach she 
arose and thrust long fingers through the 
wide mesh of the steel screen. It was an 
exploratory gesture, also an invitation to 
come a little closer. Dr. Nissen held out 
his sleeve so that she could reach the 
cuff links. She bent to the task with com­
plete concentration, her sensitive lips 
moving in unison with her fingers as she 
undid the links and loosened the sleeve. 
When we offered a pencil and a piece of 
paper, she took them and began a crude 
scribbling on the concrete floor. We pro­
vided a penny, thinking it might be use­
ful for drawing a circle, but she slipped 
the coin into her mouth. When we 
looked in on her again an hour later, she 
had the pencil firmly clasped between 
the toes of her right foot and fragments 
of the paper clutched in her left foot. As 
she saw us, she pursed out her lips to 
display the penny. 

Alpha is friendly, even-tempered, 
level-headed but not brilliant. Her 
mother died at her birth, and the four­
pound infant was taken into the home of 
a member of the staff and raised there 
through her first year. She has been the 
subject of many psychological experi­
ments. Alpha now weighs 140 pounds, is 
about four feet, four inches in height, 
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and has the characteristic brown eyes 
and beetling brow-ridges of her species. 
Chimpanzees are born with blue eyes 
which change to brown in a few weeks. 

Alpha's eldest offspring is Alf, now 14 
years old. He was in a nearby cage, 
dancing around and clapping his hands 
in a jovial effort to attract attention. Alf 
has inherited his mother's sunny dispo­
sition and is one of the most lovable and 
trusting apes of the Orange Park com­
munity. His maternal grandfather Pan 
was also a famous dancer and hand­
clapper, so Alf comes by his showman­
ship naturally. 

But the greatest clown of that morn­
ing tour was Ken. He is a husky 15-year­
old, and as we approached he began a 
slow dance. Gradually the tempo speed­
ed up until suddenly he leaped up, 
grasped a steel bar of the cage roof and 
drew himself up and down in a trapeze 
act, all the while bobbing his head in a 
comical way. After about a dozen of 
these contortions Ken dropped to the 
floor and crouched motionless, as though 
waiting for applause. During these gym­
nastics, Ken's consort Flora (a daughter 
of Alpha) sat quietly in a corner, as 
bored as any wife who has had to listen 
too often to the same joke. 

The next cage housed Hal and Ami. 

As a child Ami was one of the most af­
fectionate in the nursery, but during 
adolescence her personality changed 
radically, and now, at age 18, she is 
soured on the world. Nobody ever gets 
a welcoming gesture from Ami, and no 
one attempted any fingers-through-the­
bars visiting with her. Hal's disposition 
is not much better. We stayed back from 
the cage, but, as it turned out, not far 
enough back, for suddenly Hal spat a 
six-foot stream of muddy water he had 
been saving for just such a target. We 
retreated to a washroom to swab off the 
spots, and then completed the tour with­
out further mishap. Altogether we visit­
ed 58 chimpanzees, including babies in 
the nursery. 

It is in the laboratory tests that the 
chimpanzees' individual personalities 
come into sharpest focus. For example, 
Bokar, a cage exhibitionist who will 
boisterously slam his bedroom door back 
and forth to attract a visitor's attention, 
shows indifference to the human species 
when the chips are down. He will go 
through the rigmarole of a problem for 
the bit of banana or other food reward 
that awaits a successful performance, 
but don't expect from him any spirit of 
cooperation. There are other hedonists 
like Bokar-Soda and Helene are exam-
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DON AND GAMMA groom each other. Don, whose arm is at the left, 
has pulled most of the hair out of his arms, shoulders and che st. 

LAD AND EASTER, who are five years old, hug each other. Hug gin g 
is common amon g the younger animals. It makes them feel secure. 

pIes among the females-who are inter­
ested only in the loaves and the fishes. 
The extreme misanthrope is Bula, who 
hates all human beings-and the longer 
she has known a man the sharper is her 
hatred. Bula has bitten more staff mem­
bers than any other animal in the colony, 
but surprisingly she gets along well with 
fellow apes. 

Some chimpanzees show stubborn 
streaks. Portia, an extremely keen prob­
lem solver, will frelluently make a run 

of 10 to 18 correct solutions in a row, 
and then, right on the heels of this good 
performance, will perpetrate an un­
broken run of errors. She calls the wrong 
turn so repeatedly that one can only con­
clude that she is missing purposely to 
foul up the experiment. In a different 
class from Portia, but e(lually difficult, 
is Rob. When the going is hard in a test, 
Rob will simply sit motionless, staring 
as in a trance. He has been known to 
huddle in one position for more than 30 
minutes, with his legs extended and his 
arms rigid-a condition that approaches 
catalepsv in a human being. Indeed, 
some of the chimpanzees show behavior 
which a psvchiatrist might call schizo­
phreniC. They go through little rituals, 
crouching in a corner and rubbing a 
hand ceremoniously, or sitting motion-

less for hours in apparent catatonia­
"just stir-crazy," as one staff man 
phrased it. 

But many in the colony have a genu­
ine liking for people, and these enter 
upon the tests with a seeming desire to 
work with the experimenter and to excel 
in performing the task. Wendy and her 
son Jed are of this type; so are Alpha and 
Alf and many others. They are warm­
natured, openhearted, trustful and trust­
worthy-a pleasure to work with. 

The chimpanzee colony is a world in 
itself-and mirrors traits which are all 
too familiar components of the human 
scene. 

How It Came About 

This unique outpost of biological re­
search has been operating in the Florida 
savanna since 1930. The idea had been 
born 30 years earlier when Robert M. 
Yerkes, then 26 and a graduate student 
and instructor in psychology at Harvard 
University, began to dream of an insti­
tute where he could study the total bio­
logic and psvchic development of ani­
mals in relation to the environment. He 
conceived that the most useful subjects 
would be members of the order of pri­
mates, particularly the great apes, and 

he set out to learn all he could about 
these animals. Little was then known 
about them, and Yerkes traveled about 
to make personal observations at first 
hand in zoos and private collections. One 
of the largest collections was that of a 
wealthy Cuban woman, Madame Rosa­
lia d'Abreu, who had assembled some 80 
apes and monkeys on her estate near 
Havana. When she learned of Yerkes' 
interest, ;vradame d'Abreu invited the 
scientist to visit her pets. He spent sever­
al months there in systematic study. 
Chimpanzees seemed by all odds the 
most promising material for psycho­
biological research. They were more 
tractable than gorillas, more alert and 
cooperative than orangutans. In the 
summer of 1923 Yerkes bought two 
young chimps, recent arrivals from the 
Belgian Congo. He took them to his farm 
in New Hampshire, and within a few 
weeks they had won places for them­
selves in the household-but alas! before 
a year had gone Panzee was dead of 
tuberculosis and Chim of pneumonia. 

Yerkes outlined his idea for an insti­
tute in a letter to Science in 1916 which 
evoked much interest, but not until 
1924, when he was appointed to a pro­
fessorship at Yale University. did he ob­
tain backing for his dream. Yale agreed 
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to include a primate laboratory in its 
Institute of Psychology, and the Rocke­
feller Foundation soon afterward voted 
$40,000 for a four-year test of Yerkes' 
idea-the first of its continuing subsidies 
for the project. 

The mortality of chimpanzees in cap­
tivity had been so great that many au­
thorities doubted that a colony could be 
maintained to permit sustained research. 
The first task therefore was to determine 
whether or not the animals could be kept 
under conditions of experimental con­
trol. A few days after the Rockefeller 
grant was received, a ship bringing five 
young chimpanzees from Sierra Leone 
docked in Brooklyn. Yerkes, notified by 
telegraph, hurried to look them over and 
selected a three-year-old male and a 
four-year-old female, for which he paid 
$1,200. (The ages, of course, were only 
estimates.) This was the summer of the 
famous Scopes trial in Tennessee, in 
which William Jennings Bryan prose­
cuted a young high-school instructor for 
teaching Charles Darwin's theory of evo­
lution, contrary to the law of the com­
monwealth. Yerkes named the male 
chimp "Bill," after the prosecuting at­
torney, and the female "Darwinia," soon 
shortened to "Dwina." 

Bill and Dwina thus have the distinc­
tion of being the first "settlers" of the 
Yale anthropoid colony. They spent the 
summer on the Yerkes farm in New 
Hampshire. In September they were 
joined by another pair of chimps pur­
chased from a ship's officer, who had 
picked them up in a West African port 
and was so fed up with the supervision 
of his pets by the time the ship reached 
Boston that he was glad to sell the two 
for $500. They were promptly named 
"Pan" and "Wendy," after the Peter Pan 
characters. 

A brick barn on Prospect Street in 
New Haven was remodeled to house the 
four apes, and there it was soon demon­
strated that the rearing of chimpanzees 
was feasible and the use of them in 
scientific research practicable. Before 
the four years were up, Yerkes began to 
look for a permanent site for the labora­
tory, and he decided it should be located 
in a more tropical climate. A survey com­
mittee of eminent biologists endorsed the 
expansion, and the Rockefeller Foun­
dation appropriated additional funds to 
purchase a 200-acre tract at Orange 
Park, to erect buildings and equipment 
and to meet operating expenses of the 
laboratory for 10 years. 

The new buildings were completed in 
the spring of 1930. The architect turned 
them over to the University on June 9, 
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and the following day Bill, Dwina, Pan 
and \Vendy arrived from New Haven. 
Dwina was pregnant and the staff was 
looking forward to the first birth in the 
colony. It occurred on September 11, 
when the baby Alpha was successfully 
delivered. Dwina, however, contracted 
puerperal septicemia and died two 
weeks later-the first recorded case of 
childbed fever in an anthropoid ape. 
Her pregnancy had afforded the first 
systematic observation of a chimpanzee's 
reproductive process from conception to 
birth. The ape's gestational period was 
determined to be 245 days, compared 
with 280 days for a human mother. 

Gifts and additional purchases of 
animals, plus the returns from a gradual­
ly rising birth rate, increased the size of 
the colony. By 1941, when Yerkes re­
tired as director, the laboratory popula­
tion totaled 45. It was by far the largest 
collection of chimpanzees that had ever 
been assem bled for use in scientific work, 
and the fact that more than half of them 
had been born in Orange Park was a 
testimonial to the success of the breeding 
program. The colony had grown in use­
fulness and in research results as well as 
in numbers. In 1942 the station was in­
corporated separately and named, in 
honor of its founder, the Yerkes Labora­
tories of Primate Biology. It ceased to be 
a division of Yale and was sponsored 
jointly by Yale and Harvard. Karl S. 
Lashley, professor of neuropsychology at 
Harvard, was appointed to succeed 
Yerkes as director, under a supervisory 
board of scientists. 

Subjects for Research 

"Compared with other laboratory ani­
mals, chimpanzees are expensive, not 
only in cost of maintenance but also in 
the time required for an investigation," 
says Lashley. "Their use is justified only 
in studies for which they have a unique 
value, and a major task of my office is to 
identify the problems for which these 
animals are the preferred subjects. Thus 
far the main investigations have been in 
the fields of cerebral function, compara­
tive intelligence and sex physiology. Ex­
ploratory studies indicatE' that the apes 
may also be useful for the investigation 
of nutrition, aging, personality and psy­
chopathology." 

Asked to name the most it'nportant 
single contribution that has come from 
research in the Laboratories, Lashley an­
swered that he would unhesitatingly se­
lect "Carl vie Jacobsen's discovery of the 
reduction of temper tantrums in chim­
panzees by brain lesions." This dis-

covery, which led to the human opera· 
tion of prefrontal lobotomy, is indeed a 
landmark in modern neurological his­
tory. It provides a striking example of the 
unique value of the chimpanzee in cer­
tain fields of medical experimentation. 

Jacobsen was a member of the Yerkes 
staff from 1930 to 1937 (he is now exec­
utive dean for medical education in the 
University of the State of New York). He 
was interested in psychoneurology, and 
a great deal of his work was focused Oil 

the function of the frontal lobes of the 
brain. When the research involved sur­
gery, he had the collaboration of John 
F. Fulton, neurosurgeon and professor 
of physiology in the Yale Medical 
School. 

In 1933 a study was begun with two 
chimpanzees of very different tempera­
ments. Lucy was a calm and even-tem­
pered six-year-old; Becky, a year or so 
younger, was an excitable neurotic who 
fell into a rage whenever she made a 
wrong choice in a test. Jacobsen made 
various tests of the two chimps' learning 
ability and memory. Then by a delicate 
operation he and Fulton cut out about 
half of the prefrontal area from each 
animal's cerebral hemisphere. After the 
wounds had healed, the intelligence tests 
were repeated, and the animals reacted 
pretty much as before-Lucy with de­
liberation and composure, Becky with 
tantrums when she failed to solve a prob­
lem and obtain the food reward. The 
experimenters then made the operation 
more radical: they removed the remain­
ing half of the forepart of each animal's 
brain. In the case of high-strung Becky 
this produced an astonishing change. 
She was no longer annoyed when she 
made the wrong choice; she merely 
shrugged her shoulders and went on to 
the next test, quite indifferent to failure 
or disappointment. 

.T acobsen and Fulton reported this ex­
periment at an international medical 
conference in England in 1935. The 
Portuguese neurologist Egas Moniz ex­
pressed great interest in Becky's changed 
behavior. It suggested, he said, that 
anxiety states in men and women might 
be relieved by surgical means. And with­
in a year Moniz, in collaboration with a 
Lisbon surgeon, had operated on 50 
hopeless mental patients in Portugal. 
They did not remove tissue, as had been 
done with the apes, but severed the 
pathways between the prefrontal region 
and the brain stem bv skillfully cutting 
the connecting nerve fibers. A fair per­
centage of the 50 patients reported re­
lief from obsessions, fears, anxieties and 
other compulsive states. Other surgeons 
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STRIPED PAPER CHAMBER is used by Robert 1. Fantz to test 
the vision o f  a n  infant chim panzee that has been raised fro 111 birth 

in total darkness.  The test is made by turnin g the chamber and ob. 
serving whether the eyes of the animal follow the movin g  stripes. 
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TRANSLUCENT PLASTIC DOME is placed over the head of an infant chimpanzee which 
lives i n  darkness 221h hours a day. This i s  done for the remaining hour and a half to assay 
the effect of light without objects on the development of visual perception in the chimpanzee. 

took up the operation, and at latest ac­
counts it is said to have assisted several 
thousand psychotic persons in many 
countries toward a more tranquil life. 

"If the influence on the development 
of 'psychosurgery' ascribed to Jacobsen's 
experiment is correct," said Lashley, 
"then this single study has been worth 
more, in terms of the usual cost and re­
turns of psychiatric research, than the 
entire investment in the construction and 
maintenance of the Yerkes Laboratories." 

Studies of the Brain 

The great value of Orange Park, the 
director went on, is not in spectacular 
discoveries but in the steady accumula­
tion of data on fundamental problems. 
"Basic conceptions of instinct and of the 
nature of learning have been signifi­
cantly modified, I think, by work done 
at the Laboratories. The studies of cere­
bral function have contributed to the 
development of an experimental attitude 
among clinical neurologists, as is illus­
trated by the Greystone project in New 
Jersey, with its systematic appraisal of 
the over-all effects, both good and bad, 
of prefrontal lobotomy." 
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Jacobsen's pioneering experiments 
were followed by other investigations of 
the great roof of the brain-the cerebral 
cortex. It is a structure which man shares 
with the chimpanzee, the monkey and 
other anthropoids. The human cortex is 
about three times as large as the chim­
panzee's, which in turn is double or triple 
that of the monkey, but in each primate 
the familiar landmarks are found: a gen­
eral division of the cortex vertically into 
two hemispheres, and subdivisions of 
each hemisphere into certain regions­
the oCcipital lobe at the rear, the parietal 
lobe just above it, the temporal lobe at 
the side and the frontal lobe under the 
forepart of the skull. 

Neuropsychology is Lashley's special­
ty, and since he came to Orange Park its 
studies of cerebral function and neuro­
logical structure have been conducted 
under his personal direction. Two exam­
ples suggest the scope and pertinence of 
this research. 

The first is the study of "associative 
areas" -regions lying between the sen­
sory and motor centers of the cortex. 
These associative areas are supposed to 
be the "storehouses of memory." It had 
been observed, for example, that patients 

with tumors or injuries in these areas 
often suffered agnosia-loss of the ability 
to recognize objects by touch, vision or 
sound. When Lashley took up his duties 
at Yerkes, few experimental studies of 
the associative cortex had been reported, 
and he decided to concentrate on this 
part of the brain. Since monkeys would 
serve for most problems, he confined the. 
experiments to them except in explora­
tions of the prefrontal cortex, where 
chimpanzees were used. 

The results have been surprisingly 
negative. The monkeys were first trained 
in speCific discriminatory habits: for ex­
ample, in using the sense of touch, to 
choose a prism and reject a cylinder if 
both were smooth, but to grasp the cylin­
der and reject the prism if both were 
rough. When the animals had learned 
this lesson, portions of the associative 
area of the parietal lobe were removed 
from their brains. It was found that the 
monkeys discriminated between prism 
and cylinder quite as well as before the 
operation. A similar test was made of 
their discrimination between colors, and 
again injury to the associative area of the 
visual cortex failed to impair the animals' 
memory of the choice of colors. It was 
only when the temporal lobes were com­
pletely excised that serious defects 
showed up in vision and touch; partial 
removal had little effect. Similarly, the 
five chimpanzees whose prefrontal lobes 
were removed showed no loss of memory 
or learning ability. 

"It seems clear," says Lashley, "that 
current conceptions of the function and 
mode of action of these so-called asso­
ciative areas are due for a drastic revi­
sion. They are not 'storehouses of mem­
ory,' nor do they appear to have localized 
functions. Any part of the cortical region 
seems capable of carrying out the func­
tions of the whole. Studies by my asso­
ciate, Kao Lang Chow, have shown, for 
example, that the same nerve cells in the 
primary visual cortex that retain visual 
memories are also continually active in 
other functions connected with seeing." 

Another project in neurological re­
search with important human implica­
tions is focused on brain scars. The Navy 
is financing this study, because it is natu­
rally interested in brain damage from 
wounds. Neurologists know that while a 
sizable portion of the human brain may 
be cut out without apparent ill effects, a 
very small lesion, such as a cut or a com­
pression, may cause severe trouble-epi­
lepsy, paralysis, agnosia. At the Yerkes 
Laboratories Paul J. Hutt and Hiroshi 
Odoi, under Lashley's direction, have 
performed scarring operations on 38 
monkeys, using 13 different ways of in-

© 1955 SCIENTIFIC AMERICAN, INC



flicting injury. Only one produced any 
obvious change in behavior. A small le­
sion in the left convolution at the top of 
the temporal lobe caused severe disor­
ganization of the animal's responses to 
stimuli. The location of the sensitive area 
has been pinpointed, and Hutt and Odoi 
plan to explore the matter further. 

Body and Behavior 

In 1939 Nissen began a long-term 
study of the physical and behavioral de­
velopment of chimpanzees. He has been 
assisted by numerous associates over the 
years, and the research results fill many 
volumes of notes. In consequence of this 
study, more is known of the growth and 
development of the chimpanzee than of 
any animal below man, with the possible 
exception of the laboratory rat. 

Sixteen infant apes, including several 
pairs of brothers and sisters, were sepa­
rated from their mothers soon after birth 
and installed in the nursery, where they 
could be under continuous observation. 
Thirteen have now been followed into 
maturity. During this long period they 
were regularly measured, photographed, 
X-rayed and tested for pulse rate, heart­
beat, respiration rate and other charac­
teristics. In addition, the growth and de­
velopment of other infants were followed 
somewhat less intensively. 

The studies show that the physical 
growth curve of the chimpanzee fairly 
well parallels that of the human being, 
although man on the average is larger 
and heavier. Detailed comparison of the 
growth of the chimpanzee with that of 
other animals and man may lead to a 
surer understanding of the interrelations 
in the growth of different parts of the 
body, as determined by heredity and as 
modified by environmental factors. 

The study also includes a systematic 
observation of the sexual cycle, the time 
of ovulation and the pattern of sexual 
physiology and behavior. The influence 
of sex hormones on the temperament of 
primates has been investigated; the ex­
periments show that dominance and ag­
gressiveness increase under the influence 
of male hormones and decrease with fe­
male hormones. The program offers an 
opportunity to explore instinctive ele­
ments in sex behavior which it is believed 
may be generalized to man. Studies of 
pubescent individuals indicate that the 
chimpanzee's sex patterns are less stereo­
typed than those of lower animals. 

The oldest chimp at Orange Park 
whose birth date is precisely known is 
Alpha, now aged 25. 'Vendy, bought by 
Yerkes in 1925, was estimated to be two 
years old then, which would make her 

TEST APPARATUS is wheeled up to Kathy's cage by Hiro shi Odoi. On the shelf of the 
apparatus are two test objects. These cages house chimpanzees  from three t o  seven years old. 

TWO BLOCKS on the shelf of the test apparatus are of different colors. Here Hank puzzles 
over which he must take in his hand in order to  b e  rewarded with a bit of  orange.  

TWO PLAQUES, one bearing two different objects and the other two identical objects, are 
presented to Dolly. She is suppo sed to  choose the plaque with the two identical objects. 
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OPERATION IS PERFORMED on a monkey by lack Orbach to 
determine the effect of brain lesions on the behavior of the animal. 

BRAINS ARE SLICED and examined by Ruth Orbach. Because 
chimpanzees are expensive, nlonkeys are used for 1110s1 operations. 

31. There is a still older member of the 
colony: Pati, a former pet of Madame 
d'Abreu who was presented to the Lab­
oratories in 1931, is estimated to be 34. 
Nissen believes that the life span of the 
chimpanzee approaches that of man­
somewhere between 50 and 60 years. 
Another quarter century at Yerkes 
should provide the answer. 

In their study of the behavioral de­
velopment of the chimpanzee, the Yerkes 
psychologists have attempted to follow 
their subjects with the same kind of ob­
servations that Arnold Gesell has made 
of the human infant. They have recorded 
such items as postural control, sensory­
motor development, the beginnings of 
play, of social behavior and of more com­
plex adaptive behavior. The investiga­
tors-Austin Riesen, Elaine Kinder and 
others-have found that the young chim­
panzee develops more rapidly than a 
human infant in sensory and motor coor­
dination, but it falls progressively be­
hind in perceptual and manipulative 
ability. The ape's tendency to explore 
with lips and tongue rather than with 
the hands seems significant. 

Social Behavior 

Yerkes says that he has never known 
a chimpanzee who was naturally and 
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persistently unsociable. "Even in its rela­
tions with human beings a young ape 
shows impressive friendliness once its 
timidity and natural caution have been 
replaced by confidence and trust," he ob­
serves. Chimpanzee youngsters readily 
accept other animals on friendly terms 
as playmates, but if the other animal 
shows fear it is almost certainly in for 
trouble. In his book Chimpal1zees, Yerkes 
tells of putting a woodchuck in a large 
room with a five-year-old chimpanzee. 
"All might have gone well if the wood­
chuck had stood its ground when the 
chimpanzee approached. Instead, it 
scurried away, chased by the ape. Be­
fore long both became excited and began 
to use teeth and claws defensively. To 
save the woodchuck for later experimen­
tal use, it was necessary to remove it. 
One lesson is clear. If an animal is to get 
along with a chimpanzee, it must stand 
its ground calmly when approached, 
since retreat or other show of timidity 
encourages pursuit and aggression." 

Instances of cooperation are numer­
ous. On one occasion a caretaker 
brought some grape juice for Josie, a 

chimp who a few hours before had given 
birth to a baby. Josie took the grape 
juice in her cupped lower lip, but in­
stead of swallowing it she turned to 
Wendy, who was watching expectantly 

in the next cage, and poured the lipful 
of juice into Wendy's extended lip. She 
did this again and again until the care­
taker's cup was almost empty. 

Then there is the story of how Moos, 
il youngster who had been ill, helped his 
'·doctor." Because he was refusing hard 
foods, a staff member decided to exam­
ine Moos's teeth. The young ape cooper­
ated fully, opening his mouth wide and 
allowing the examiner to probe wherever 
he wanted to. When, finding nothing 
wrong, the examiner turned to leave, 
Moos pulled the man back, raised his 
upper lip and pointed to an area of his 
upper jaw. Sure enough there was a 
slight swelling, and subseyuent examina­
tion showed that a permanent tooth was 
in process of eruption. 

Easter (born on Easter Sunday, 1949) 
began at an early age to show a mechani­
cal turn of mind and a remarkable pro­
ficiency in escaping from his cages. One 
day an investigator took Easter out to 
train him in some learning tests. He 
locked in Easter's cage mate, Lad, to 
keep him from interfering with the ex­
periment. Lad protested, whimpering 
and scratching on the locked door. Easter 
soon went to his rescue. Although the 
lock was an unfamiliar one-a long bolt 
passed through two eyes and secured by 
a nut screwed on the end-Easter soon 
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unscrewed the nut and freed his chum. 
Nissen tells of a female chimpanzee 

who picked an attendant's pocket of his 
bunch of keys, tried the keys in the lock 
one after the other, finally hit on the 
right one and let herself out. After a 
half-hour exploratory tour of the 
grounds, she apparently became bored 
and allowed herself to be lured back. 
"It is almost certain," says Nissen, "that 
this animal had had no previous expe­
rience in the use of keys." 

Chimpanzees habitually serve one an­
other in the ritual of grooming. This is 
sometimes called "flea-picking," but er­
roneously, for a flea would find it difficult 
to get a footing on these sharp-eyed, 
sensitive animals, which daily examine 
their own skins and one another's in the 
search for foreign particles, pimples, 
abrasions, bits of loose skin and other 
excrescences. There is evidence that be­
ing allowed to groom is esteemed as 
great a privilege as being groomed. 
While grooming is primarily an act of 
toiletry, it often involves therapeutic 
services: the chimps extract splinters 
and other particles embedded in the 
skin, cleanse wounds and soothe injuries. 
Yerkes believes that grooming in the 
chimpanzee "represents a genetically im­
portant pattern of social response from 
which may have evolved some of our 
forms of social service." It may be a 
"forerunner of human hair and skin 
dressing, nursing, medical and surgical 
treatment." 

Depri vation 

The extent to which intelligent be­
havior is dependent on experience has 
been studied at Orange Park in various 
ways. One procedure has been to de­
prive subjects of practice in the use of 
a sensory faculty for a long time. Thus 
12 chimpanzees have been raised in 
darkness. Snark and Alfalfa, a male and 
a female, were placed in a darkened 
room soon after birth and kept there, 
with the usual diet and care, for 16 
months. When they were brought out, 
their eyes showed sensitivity to light but 
were unable to respond to complex pat­
terns. Eventually, after many months, 
Alfalfa developed recognition of objects, 
but Snark's sight progressively dimmed 
and finally failed completely [see "Ar­
rested Vision," by Austin H. Riesen; 
SCIENTIFIC AMERICAN, July, 1950]. Ex­
amination indicated that the optic nerve 
had degenerated. Tests with other chim­
panzees showed that if an infant is al­
lowed only an hour and a half of light 
each day, this brief daily use of its eyes 
is sufficient to develop sight. 

"It appears," said Nissen, "that the im­
provement in seeing ability which takes 
place progressively from birth up to 
about five months is a matter of practice 
in seeing objects. We kept an infant 
chimpanzee under a plastic dome which 
gave unpatterned light but did not pro­
vide any objects or images to look at­
and found tliat this animal was almost 
as badly off as those raised in total dark­
ness. The ability to see is not an inherent 
endowment, but has to be learned 
through experience." 

There have been other deprivation ex­
periments, and each confirmed the con­
clusion that perceptual faculties do not 
come with the mere presence of sense 
organs but are acquired through use. 

Viki 

Suppose that one were to go to the 
other extreme and, instead of restricting 
a chimpanzee's experiences, give it the 
rich experience of upbringing in a hu­
man household as a member of the fam­
ily. This experiment has been made by 
several researchers at Orange Park. One 
baby chimp lived in a home for a year, 
another for nine months, another for two 
and a half years. But far and away the 
most important "adoption" was that of 
Viki, born on August 28, 1947. Imme­
diately after birth she became the sub­
ject of an experiment which was destined 
to last nearly seven years, to pile up an 
unprecedented wealth of information 

and pictorial records, and to make her 
the most engaging ape in the history of 
primate research. 

When Keith J. Hayes completed his 
postgraduate work in psychology at 
Stanford University in the spring of 
1947, he and Mrs. Haves had a clear 
idea of what they want�d to do. As she 
recorded it in her book, The Ape in Our 
House: "If we ever found the oppor­
tunity we would adopt a newborn chim­
panzee and raise it as a human in all 
respects, giving it everything the human 
child needs: loving care, security, play­
mates, toys and sympathetic guidance. 
We decided that such a chimpanzee 
must be observed constantly for its entire 
life span. During its course of develop­
ment, its body and brain must be com­
pared not only with human beings its 
own age, but also with caged apes. The 
home-raised chimpanzee would provide 
psychologists with an evaluation of basic 
anthropoid intelligence, and, in addi­
tion, its unique upbringing would pre­
pare our subject for many studies never 
before possible." 

Dr. and Mrs. Hayes did not have to 
wait long for the opportunity. Soon after 
he got his Ph.D. the young psychologist 
was offered an opening at Yerkes and 
told that an infant chimpanzee would be 
provided. Viki, the daughter of Vera and 
Bokar, was three days old when Mrs. 
Hayes first saw her in the Yerkes nurs­
ery. The sight startled her. The newborn 
baby "looked like a monstrous spider, 

CUBE IS BALANCED by infant chimpanzee observed by Cathy Hayes Nissen. The manipu­
lation of a cube is one of the tests used by Arnold Gesell to measure development of behavior. 
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I 
VIKI imitates a photograph held by Mrs. Nissen.  Viki  is the chimpanzee, now dead, raised 
by Mrs.  Nissen and her former husband, Keith Hayes. Man in the photo graph is  Dr. Hayes.  

with long skinny arms and legs thrashing 
out from a solid potbelly. Most of her 
scant four pounds was concentrated in 
that middle, which was topped by an 
adhesive-tape navel dressing. The skin 
of her body was light brown, taut and 
shiny-smooth." 

Six years of nurture and training in 
the Hayes home converted Viki into an 
SO-pound bundle of habits, skills and 
reasoning. She was able to match six­
year-old children in solving many dis­
crimination problems. She turned the 
switch of the electric fan, and when it 
failed to go on, she checked the wall 
socket and plugged in the wire. When a 
lamp remained dark after she had turned 
the switch, she removed the bulb and 
screwed in a fresh one. She wielded the 
carpet sweeper, dialed the telephone, 
applied her ear to the clock. The ticking 
of timepieces fascinated · her, and once 
they found Viki on the floor holding her 
ear to a magazine picture of a watch. 

At the age of three Viki performed 
with appropriate skill on such problems 
as form boards, peg boards, picture puz­
zles, block piling and buttoning. She 
solved problems which involved obtain­
ing a prize by throwing a ball to knock 
it down, by pushing it out of a tunnel 
with a stick, by burning a string with a 
candle flame, by operating a light switch 
on the wall which released the prize 
magnetically from the ceiling, or by 
turning three levers in a certain sequence 
to open a box. The tests were given to 
four human children of the same age, 
and they excelled Viki only in the solu­
tion of the lever problem. A laboratory 
chimpanzee, nine months older, was 
completely baffled by all the tests except 
the one in which a ball was thrown to 
knock down the reward. 
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The one area in which the observers 
found Viki clearly and substantially in­
ferior to human children was in language 
ability. "Although Viki learned to say a 
few words by the time she was three 
years old," explained Hayes, "she learned 
them with great difficulty, and the na­
ture of her difficulty was significant. As 
an infant she babbled much less than 
human babies do, and even this vocaliza­
tion had disappeared by five months of 
age. Since it appeared unlikely that she 
would speak spontaneously, we began a 
speech training program. The first step 
was aimed at teaching her merely to 
vocalize on command. The task was sur­
prisingly difficult. It took her five months 
to learn to produce a hoarse staccato 
grunt, and it was quite unlike her nor­
mal spontaneous sounds. 

"By manipulating Viki's lips we were 
able to make her say 'mama.' She learned 
to make the proper mouth movements 
herself and then was able to say 'mama' 
unaided-softly and hoarsely, but quite 
acceptably. By the time she was two and 
a half years old she had learned to pro­
nounce approximations of the whispered 
words 'papa' and 'cup.' We did not ma­
nipulate her mouth in teaching these 
words, but simply insisted that she copy 
our example of a certain combination of 
play sounds. She soon learned to address 
the proper experimenter as 'mama' or 
'papa: and to say 'cup' when she wanted 
a drink."  

Several years ago Dr. and Mrs. Hayes 
ventured this diagnosis : "When Viki is 
compared with various human individ­
uals who display a similar degree of lan­
guage deficiency, we find that she bears 
little resemblance to those whose trouble 
is caused by feeblemindedness or bv ab­
normality �f speech organs. But i; cer-

tain respects she appears to resemble 
those cases, known as aphasics, whose 
defiCiency is caused by abnormal brain 
structure, congenital or acquired. Like 
many aphaSiCS, Viki is deficient in lan­
guage comprehension as well as in 
speech, though here the deficit is less 
striking." 

Even so, her powers of communica­
tion seemed remarkable. We visited her 
one afternoon in the yard of the Hayes 
home, about a mile from the Laborato­
ries. Hayes, not present at first, arrived 
later in his car. As he drove up, Viki im­
mediately began to click her teeth to­
gether. "That's her word for 'Let's go 
riding: " Hayes explained, and an­
swered, "All right." From the fenced-in 
yard she bounded through the house and 
emerged a few seconds later from the 
front door. After she had hopped into 
the car, Hayes said: "Close the window." 
Viki turned the handle and wound the 
window up about half way. "All the 
way," he commanded, and she wound it 
all the way. 

She had other ways of communicat­
ing. "In her younger days," explained 
Hayes, "we used to carry extra diapers 
on automobile rides; so, when she 
wanted to go riding, she would bring a 
handful of diapers. After we removed 
the diapers from the bathroom, she 
brought a handful of cleansing tissue in­
stead. A few evenings ago she began to 
tease for a ride. She clicked her teeth. 
Then she brought the tissue. I thought I 
would make her work a little harder, so 
I said, 'All right, if you get my scarf. '  I 
had hung the scarf on a bathroom hook, 
but wasn't sure that Viki knew. She went 
directly to the bathroom, brought the 
scarf and started wrapping it around her 
neck. I said, 'No, put it on me.' And she 
did. Then I told her to get the door key. 
She had often led me to the desk, opened 
the drawer and pointed to the key, but 
she had never before actually taken it. 
Now she went instantly and brought the 
key. Then we went for our ride." 

Another kind of communication is pic­
torial. "We can convey a message to her 
by drawing a picture, but Viki has shown 
no ability to draw pictures herself. Yet 
she has a fondness for mechanical things, 
and not only uses tools but invents them. 
This has always occurred in the realm 
of play. Once she noticed that an empty 
condensed-milk can rattled-there was a 
bit of loose solder inside. Later, having 
lost this can, Viki dropped a small hair­
pin through the hole of another can and 
made a rattle. On another occasion she 
made a sort of eolithic ax. While she 
was in the yard playing with a brick, 
the brick broke, leaving a nice sharp 
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edge. She used this piece for digging, 
pounding and cutting. Viki has used 
screwdrivers, hammers, saws, sandpaper 
and every sort of household tool. If the 
accustomed can opener won't work on 
an unfamiliar container, she is able to 
adapt to another tool and get the job 
done. She can handle things very pre­
cisely, pick up quite small objects and 
use fingers and thumb in opposition. She 
seems to appreciate fully such qualities 
as the strength of materials, weight and 
balance. I have seen her set a cup on the 
table, then notice that it is dangerously 
near the edge and move it to a safe 
position." 

Our visit to Viki was on March 26 of 
last year. She was the picture of robust 
health, and in fact had grown so strong 
that a small cottage had been fitted up 
for her. There were a refrigerator, a din­
ing table, can openers, electric fans-all 
her beloved gadgets. The plan was to 
install her there in May, supervising and 
observing her during the day and leaving 
her to sleep alone at night. But Viki 
never got there-and the cottage stands 
vacant and idle. 

She was taken sick in late April, and 
in the course of the next three weeks 
physicians attended her. She was under 
barbiturate sedation during part of her 
i llness, and on May 4 was given a trans­
fusion of human blood-type 0 Rh-nega­
tive-with no ill effects. Despite 24-hour­
a-day nursing she gradually grew weaker 
and on May 11 succumbed to epidemic 
encephalitis. 

Ape Ailments 

When chimpanzees at Orange Park 
need medical or surgical attention, a 
physician is called, for veterinarians are 
not trained in the ape's near-human anat­
omy and physiology. On one occasion a 

heavy steel slide fell on a chimpanzee 
and broke its left arm and pelvis. The 
chimpanzee was laid on a stretcher, put 
under anesthesia and taken by ambu­
lance to a Jacksonville hospital. There, 
with five doctors and eight nurses in at­
tendance, the broken humerus was set, 
and then the patient, still under anes­
thesia, was returned to the Laboratories. 
No one outside the group that attended 
him knew that the covered figure from 
Orange Park was not a human patient. 

While the mortality rate at Orange 
Park has steadily declined in recent 
years, Viki's was the 62nd death, and the 
second caused by encephalitis. Dysen­
tery and pneumonia have been the most 
frequent causes of death, but there has 
been a wide range of diseases ; it appears 
that chimpanzees are susceptible to all 

the ills that man himself is heir to. This 
fact makes the animal of strategic value 
to medical research. Members of the 
colony have been used in extensive stud­
ies of bacillary dysentery and infantile 
paralysis; the polio investigation, which 
was carried on at the Yale Medical 
School, has involved a dozen of the more 
than 50 chimpanzees born at Yerkes in 
the last 10 years. A study of the effects 
of body radiation was recently begun at 
Orange Park under a contract with the 
Atomic Energy Commission. This re­
search is seeking to determine what ef­
fects radiation may have on behavior 
and, if possible, to differentiate between 
general symptoms (such as postradiation 
nausea) and direct effects on the central 
nervous system. Ten chimpanzees, rang­
ing from infants to mature adults, are 
the subjects. 

Lashley is hopeful that the chimpan­
zee will be useful for exploring problems 
of human genetics. L. H. Snyder, the 
well-known human geneticist of the Uni­
versity of Oklahoma, spent two weeks at 
Orange Park studying differences among 
the animals in relation to their parentage. 
He suggested that selective breeding be 
used to develop distinct races differing in 
measurable physical or behavioral traits, 
and that these races then be crossed for 
study of genetic patterns. A program of 
this kind would extend over many gener­
ations. But it seems practicable, if funds 
for such a long-term project become 
available. The physical data accumu­
lated on inherited characteristics such as 
skin pigmentation and body proportions, 
when combined with data on behavior, 
should provide material for a genetic 
analysis, especially if combined with a 
comparative study of racial types of 
chimpanzees in nature. 

Warren Weaver of the Rockefeller 
Foundation has playfully suggested that 
research at the Yerkes Laboratories may 
not be unilateral. As to this we can only 
speculate, but irrespective of whether or 
not the chimpanzees are also studying 
the scientists, there can be no doubt that 
the Yerkes scientists are deeply absorbed 
in their subjects. The intricate variety 
and daily surprises of the research mate­
rial are endlessly stimulating. Every hall 
of science is, of course, a place of pre­
occupation-the focus of adventurous 
curiosity, enthusiasm and dedication. 
But while there are hundreds of labora­
tories studying rats, dogs, guinea pigs 
and other conveniently available organ­
isms, in all the world there is only one 
laboratory colony of the sensitive, near­
human, almost embarraSSingly intelli­
gent chimpanzees-in other words, only 
one Orange Park. 

Stab i l ized vo ltage 
at any level 
you select 

Take a standard Sola Constant 
Voltage Transformer ( a  static­
magnetic regulator) , then add an 
adjustable auto-transformer and a 
harmonic neutralizer circuit. Essen­
t i a l l y ,  y o u  have the unit s h o w n  
above - the Sola volt. 

The Solavolt delivers any voltage 
you desire from 0 to 130 volts and 
stabilizes it within ±1 % even when 
input ranges from 95 to 125 volts. 
Also, the output wave contains less 
than 3% harmonic distortion. For 
general laboratory work, instrument 
calibration, testing, or for applica­
tions involving elements which are 
sensitive to power frequencies har­
monically related to the fundamen­
tal, a Solavolt often is the practical, 
economical answer. 

Each unit has three 
outputs. Two are ad­
justable, the third is 
fixed. 

T h e  S o l a v o l t  i s  
available from your 
electronic distributor 
in e i t h e r  250va o r  
500va capacity. 

Write for SOLA Circular 29B-CVL-193 

If you use or produce electrical.o_r 
electronic equipment, voltage stablh­
zation may be a problem. A Sola 
sales engineer will be happy to meet 
with y o u  to determine if a S o l a  
Constant Voltage Transformer may 
be your answer. A wide variety of 
stabilizers are available from stock; 
or custom units can be designed and 
manufactured in production quan­
tities for special requirements. 

SO LA 
�� 

T R A N S FO R M E R S 
Sola Electric Co., 4633 W. 1 61h SI., Chicago 50 

7 7  
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GAME THEORY AND DECISIONS 

In ,vhjch Smith plays a game with Jones ano Colu111bus plays a ganle 

'with nature to illustrate ho,v this conlpal'atiYely ne"r 1113th en1.atical 

tool can be used to grapple ,vjth problen1.s involving uncertainties 

W
e are often forced to make 
decisions without complete in­
formation as to the conse­

quences of the possible alternative ac­
tions. Such is the case, for instance, when 
an individual must decide in May 
whether to take his vacation in July or 
in August, when a nation must decide 
on the size of its defense program though 
uncertain about other nations' intentions, 
when a scientist must decide on a plan 
for an experiment. Uncertainty is present 
in many decision problems, big and little, 
routine and unusual. 

Some problems involving uncertainty 
can be treated scientifically by means of 
the mathematics of probability. The 
modern sciences of genetics and physics 
are largely based on probability theory. 
But what of the innumerable kinds of 
situations in which the probabilities can­
not be computed? Think, for instance, of 
Columbus' problem when his crew de­
manded that he turn back. Could he 
have evaluated the probability of find­
ing land to the west before food and 
water gave out? 

Within the last few years mathemati­
cians have begun to develop a systematic 
theory of "rational" decision-making in 
problems involving such uncertainties. 
Like the probability theory, originally 
developed in the 17th century from 
studies of simple games of chance (e.g., 
dice), the new theory has grown out 
of studies of a "laboratory model"­
in this case certain simple games of 
strategy against a thinking opponent 
(e.g., chess and poker). 

by Leonid lIurwicz 

havior by von Neumann and the econo­
mist Oskar Morgenstern. The theory 
then "caught on," and there has been a 
multitude of studies and papers develop­
ing it in a great many directions. 

The theory of games and the theory 
of decision-making met on the territory 
of statistical inference. It had occurred 
to Abraham Wald, one of the founders 
of modern statistics, that statistical in­
ference could be thought of as a game 
played against nature by the statistician 
attempting to uncover its secrets. Wald's 
principle of "minimizing the maximum 
risk," indeed, turned out to be equivalent 

to a principle of choosing a strategy in a 
game. 

Game theory is so complex and heav­
ily mathematical that it cannot be pre­
sented in a comprehensive fashion in one 
article. But many of us are not so much 
interested in the details of the theory as 
in its underlying logic, and of that one 
can get a rough idea from some simpli­
fied examples. 

Among games of strategy it is con­
venient to distinguish between games of 
pure chance and what we shall call 
games with strategic uncertainty. In a 
game of pure chance (e.g., dice) wheth-

• • • 

• 

• 

John von Neumann constructed the 
theory of games in the 1920s (earlier the 
mathematician Emile Borel had also had 
some ideas on the subject), but the 
subject did not achieve prominence until 
the publication in 1944 of the now classic 
Theory of Games and Economic Be- Could Columbus have used the theory of games to 
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er a player wins or loses, and how much, 
depends only on his own choices and on 
luck. In a game with strategic uncer­
tainty (e.g., poker) he must think about 
an additional factor: What will the other 
fellow do? Our main interest is in games 
involving strategic uncertainty, but we 
shall find them easier to understand if 
we first devote some attention to how 
one might apply general principles of 
"rational" conduct to games of pure 
chance. 

S
uppose that I am invited to place a 

bet on the outcome of a simultane­
ous throw of two dice: I will be paid 
$10 if two aces (single clots) show, 
otherwise I shall have to pay $1. Should 
I accept the bet? To answer, we start 
by doing a little computing. On the 
average a double ace will appear once 
in 36 throws. Hence I can expect that 
in 36 throws I shall win $10 once and 
lose $1 35 times. The "mathematical 
expectation" would be a loss of $25, 
about 69 cents per throw. If all I cared 
about was the mathematical odds, I 
would obviously refuse to bet on such 
terms, since my expectation when not 
playing is zero-which is better than 
minus 69 cents! In fact, if I cared only 
about the mathematical expectation, I 
would insist that if I am to pay $1 when­
ever I lose, I ought to be paid at least $35 

••••••• 

ide whether it was really worth while to sail on? 

when the two aces come up; for only then 
would I be, in terms of my expectation, 
no worse off than if I refrained from 
betting. 

But we know that people do make bets 
on a roulette wheel or in a lottery where 
their expectation is negative, i.e., where, 
on the average, they must expect to lose. 
Of course, one could say that this only 
shows how irrational they are. Yet sim­
ple examples will show that a reasonable 
person will sometimes refuse a bet with 
a positive expectation and accept one 
with a negative expectation. 

Imagine, for instance, a rich man who 
has walked far from his house, is tired 
and plans to take a bus home. The bus 
fare is 20 cents and it so happens he has 
only 20 cents in his pocke� At this point 
someone offers him the following bet: A 
coin will be tossed; if heads come up, 
he will be paid $1, if tails come up, he 
will have to pay 20 cents. In other words, 
he is offered five to one on what should 
be an even money bet. Yet we can be 
pretty sure that the rich man would not 
be lured into the game, for winning a 
dollar would mean very little to him, but 
having to walk home would be a darned 
nuisance. 

Thus the amount of money one can 
expect to win or lose per throw is not 
all that matters. What does matter is the 
amount of satisfaction (or discomfort) 

associated with the possible outcome of 
a gamble. If one is willing to measure 
satisfaction in numerical units, there is 
a way to explain the rich man's decision 
in mathematical terms. Suppose that 
walking home would mean to him a loss 
of five units of satisfaction while winning 
a dollar would mean a gain of only three 
units of satisfaction. In units of satisfac­
tion rather than in dollars his expectation 
on each toss of the coin would be nega­
tive. 

On the other hand, the expectation in 
terms of satisfaction units may be posi­
tive when that in terms of dollars is nega­
tive. Imagine that it costs $2 to buy a 
ticket in a lottery where there is one 
chance in a million of winning a million 
dollars. Since one would have to bet $2 
a million times in order to win a million 
dollars once, on the average, the expec­
tation here is minus one million dollars, 
or minus $1 per drawing. But to a person 
with drab prospects in life the gain of 
one million dollars might mean, say, 10 
million units of satisfaction as against 
only four units being lost when $2 is paid 
out. For such an individual the outcome 
in a million drawings, in satisfaction 
units, would be 10 million minus four 
times one million, which amounts to an 
expectation of gain of one and a half 
units per drawing. 

Is it meaningful to speak of satisfac-
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Rabelais's Judge Bridlegoose couldn't see the dice 

tion units? Isn't satisfaction an inner psy­
chological phenomenon that defies nu­
merical measurement? It turns out that 
such measurement is possible if one is 
willing to postulate that the individual 
will always try to make his decision so 
as to maximize the expectation. Of 
course we have to construct a satisfac­
tion scale, but, as in measuring tem­
perature, we are free to select the zero 
point and the unit arbitrarily. Suppose, 
for instance, that I locate the zero of my 
scale at my present money holdings and 
decide that a $10 gain would mean one 
positive satisfaction unit. Imagine, fur­
ther, that I am offered $10 for a correct 
call on the toss of a coin at various odds 
and that I am unwilling to bet $8, eager 
to bet $4 and more or less indifferent as 
to betting $7 against the $10. Assuming 
that my behavior is consistent with 
choosing the course of action leading to 
highest expectations, it must be that to 
me a loss of $8 means losing more than 
one unit of satisfaction, a loss of $4 
means losing less than one unit of satis­
faction and a loss of $7 is just about 
equivalent to one unit of satisfaction. 
Thus my satisfaction scale can be con­
structed by experimental methods. 

In what follows the numbers in our 
examples can be interpreted as units of 
satisfaction. But readers who feel some 
reluctance to indulge in satisfaction 
measurement may prefer to think of the 
units as dollars. 

The idea of computing expectations in 
terms of satisfaction units dates back at 
least to Daniel Bernoulli, who in the first 
half of the 18th century formulated a 
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concept which he called the "moral ex­
pectation." Now the computation, with 
the new approach via maximizing expec­
tations, has been put on a rigorous theo­
retical basis by the recent work of von 
Neumann and Morgenstern, Jacob Mar­
schak, Milton Friedman, L. J. Savage 
and others, while Frederick Mosteller 
and others have done some interesting 
experiments. 

�t us proceed to games possessing 
strategic uncertainty. If you knew 

the chances of the other fellow's playing 
one way or another in a poker game, you 
could determine the best strategy simply 
by computing expectations as in a game 
of chance. But in most social games peek­
ing is frowned upon. It is precisely this 
lack of knowledge as to the opponent's 
probable strategy that gives poker its 
additional element of uncertainty and 
makes it so exciting. 

In order to get a better picture of the 
problem, we shall consider an artificially 
simple game. Jones plays against Smith. 
J ones is to choose one of the three letters 
A, B or C; Smith, one of the four Roman 
numerals I, II, III or IV. Each writes his 
choice on a slip of paper and then the 
choices are compared. A payment is 
made according to the upper table on the 
opposite page. The figure zero means 
that neither pays; a positive number 
means that Smith pays that amount to 
Jones; a negative number, that Jones 
pays Smith. Thus if Jones chooses A and 
Smith chooses II, for example, Smith 
pays Jones $100. 

Let us put ourselves in JOlles's shoes 

and see how he might make his- choice. 
If he peeked and knew what Smith had 
chosen, the answer would be simple; for 
instance, if he knew Smith had selected 
II, he would choose A, because C would 
get him only $2 and if he chose B he 
would have to pay Smith $1,000. Sup­
pose that Jones happens to know only 
that Smith has eliminated III and IV 
and the chances are even as between 
I and II. If he played A, his expectation 
would then be minus 50 (dividing minus 
200 plus 100 by 2); if he played B, it 
would be minus 500 (0 minus 1,000 di­
vided by 2); if he played C, the expec­
tation would be lJf (1 plus 2 divided by 
2). Thus in terms of the expectation C 
is the best choice. 

But ordinarily Jones will have no such 
'information. Nonetheless there are prin­
ciples which can guide his play; we 
shall present a few of them. The first is 
"the prinCiple of insufficient reason," as­
sociated with the names of the mathema­
ticians Thomas Bayes and Pierre-Simon 
de Laplace. This principle would require 
that Jones behave as if Smith were 
equally likely to make any of his four 
choices. He would compute his expecta­
tions on that basis, and would find that 
if he chose A his expectation would be 
49.5, for B it would be 0 and for C it 
would be 2.5. Thus A would be the best 
choice. 

If Jones is an optimist, he might make 
his choice on the basis of another prin­
ciple we shall call "visualize the best." 
In that case he would choose B, because 
it offers the opportunity for the largest 
pay-off ($1,000). 

On the other hand, Jones may be a 

conservative man, even a pessimist. It 
would then be natural for him to follow 
the "visualize the worst" principle, 
named by mathematicians "minimax," 
because it amounts to minimizing the 
maximum possible loss-the principle 
suggested, as we have seen, by Waldo 

Pascal applied mathematics to gambling 
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Smith v, Jones 

Jones would then choose C, for while it 
affords no possibility of a large gain, its 
"worst" is a gain of l. 

Similar computations on Smith's be­
half would show that the principle of 
insufficient reason and the "visualize the 
best" principle lead to the choice of II, 
while "visualize the worst" favors I. We 
should note that under no principle 
would it make sense for Smith to choose 
IV, because I is superior to IV if Jones 
chooses A or C and just as good as IV 
if Jones's choice is B. In the jargon of the 
decision theory, IV is "inadmissible," 
Similar comparison shows that III also 
is inadmissible. Thus the principle of in­
sufficient reason, postulating that all 
four of Smith's choices are equally likely, 
is actually ruled out for Jones; he knows 
that Smith will never play III or IV. 

Suppose that Smith knows Jones to be 
of the "visualize the best" school. He can 
collect $1,000 from Jones by playing II, 
anticipating that Jones will play B ac­
cording to the optimistic principle. On 
the other hand, if Jones gets wind of 
this reasoning by Smith, he may switch 
to A and win $100. Thus a stable pat­
tern of behavior is not likely to be estab­
lished. 

But things are strikingly different when 
both players visualize the worst, so 

that Jones plays C and Smith plays I. 
In this case it makes no difference 
whether the two players know each 
other's strategy; they can still do no bet­
ter than play C and I, respectively. In 
other words, the "visualize the worst" 
principle apparently is spyproof-if 

either player had hired a spy to find out 
the other's strategy, he would have 
wasted his money. 

Now it is easy to construct a game in 
which this principle seemingly is not 
spyproof. For instance, suppose we give 
each player only two choices-the first 
two choices of the preceding game, with 
the same pay-off schedule [see lower 
table at left 1, In the new game if both 
players visualize the worst Jones will 
choose A and Smith I. But now if Jones 
knows that Smith is operating on this 
principle, he will switch to B, because he 
would lose $200 by playing A and break 
even by playing B. Certainly Smith has 
good reason to guard against espionage. 

So it seems that the "visualize the 
worst" policy is not always spyproof 
after all. But at this point one of the 
most ingenious ideas of the theory of 
games enters the stage. The idea is to 
let chance play a role in the choice of 
strategy, that is, to use a randomized or 
"mixed" strategy. 

Suppose that Jones marks A on 10 
slips of paper and B on three slips, then 
mixes them up very thoroughly and pro­
ceeds to draw blindly to determine his 
play. What is his expectation? On the 
average he will play A 10 times and B 
three times in 13 games. If Smith were 
to play I all the time, Jones would lose 
200 units 10 times and break even three 
times, thus losing 2,000. If Smith were 
to play II all the time, in 13 games Jones 
would, on the average, gain 100 units 
10 times and lose 1,000 units three times; 
the total net loss again would be 2,000. 
Were Smith to alternate between I and 
II, whether according to a system or at 
random, Jones's expectation would still 
be minus 2,000 for 13 games. Thus his 
randomized strategy would yield the 
same result no matter what Smith did­
and the result would be better than the 
worst he could expect (a loss of 200 per 
game) if he played A all the time, which, 
on the "visualize the worst" principle, is 
the best of the "pure" (nonrandomized) 
strategies. 

This example shows that a mixed 
strategy may be better than the best pure 
strategy. It does not, of course, imply 
that any strategy using random choices 
has this property. The fact that the slips 
were marked A and B in the ratio 10 to 
3 was of crucial importance. Had there 
been five As and five Bs to draw from, 
for instance, the outcome would have 
been inferior to playing "pure" A. It can 
be shown by algebraic computation that 
the 10-to-3 ratio yields the optimal stra­
tegy for Jones. 

Let us now recall that what started 

the story of 
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us on the investigation of the mixed 
strategies was the fact that Smith's best 
"pure" strategy, namely I, was not spy­
proof. �Tith mixed strategies in the pic­
ture, has the situation changed? To 
answer the question we must first find 
Smith's optimal strategy, which turns 
out, like jones's, to be of the mixed va­
riety; in his case he must play I and II 
in the ratio 11 to 2. On the assumption 
that Jones plays A, this mixture gives 
Smith the expectation of a gain of 2,000 
units in 13 games (11 times 200 plus 2 
times minus 100). And his expectation 
is exactly the same if he assumes that 
Jones will play B; Smith then wins 1,000 
twice and breaks even 11 times for a 
total gain of 2,000 in 13 games. Indeed, 
it would make no difference if Jones were 
to alternate, in any manner whatsoever, 
between A and B. Thus Smith's strategy 
is spyproof in the sense that it would not 
help Jones to know that Smith was play­
ing I and II in the ratio 11 to 2; Jones 
could still do no better than play 10 As 
to three Bs. 

The preceding example illustrates a 
general phenomenon discovered and 
proved by von Neumann: in "zero-sum" 
two-person games (i.e., in games where 
the amount lost by one player equals the 
amount gained by the other) the "visu­
alize the worst" principle is spyproof 
provided mixed strategies are not dis­
regarded. 

�t us go back to Columbus and see 
whether the theory of games would 

have helped him in his dilemma, or at 
least how it might have formulated the 
problem for him. We start by setting up 
in table form Columbus' two possible 
choices (to turn back or keep going), 
the uncertain factual alternatives (that 
land was near or not near) and the prob­
able consequences of Columbus' deci­
sions in either case [see top table at 
right J. Now as an experimental approach 
suppose we assign very hypothetical 
and preliminary values in satisfaction 
units to the various consequences [mid­
dle table at rightJ. That is to say, let us 
assume that Columbus, attempting to 
envisage how disappointed he would 
feel if he later learned that he had 
turned back on the verge of discov­
ering land, appraises this disappoint­
ment as a loss of 50 satisfaction units; 
that he values the saving of life by turn­
ing back from a hopeless quest as a gain 
of 20 satisfaction units, and so on. Let 
us also make one further assumption: 
that Columbus feels he can make some 
kind of estimate as to the probability of 
land being near. 

If he supposed that the chances of 

land being near were 3 to 1, he would 
compute the expectation of "satisfaction" 
(actually dissatisfaction!) from turning 
back as follows: 3 times minus 50 added 
to 1 times 20 and the sum divided by 4-
i.e., minus 32.5. In other words, if he 
turns back, the net expectation is a loss 
of 32.5 satisfaction units. On the other 
hand, if he keeps going, the expectation 
is a loss of 175 satisfaction units (3 times 
100 added to 1 times minus 1,000 and 
the sum divided by 4). Since the expec­
tation of loss in going on is so much 
greater than that in turning back, Co­
lumbus' decision would be: better turn 
back. On the basis of the satisfaction 
values we have postulated, it would have 
taken a probability of 9 to 1 that land 
was near to induce Columbus to keep 
going. 

Would he actually have insisted on 
such high odds in favor of success? If 
not, it must be that the satisfaction units 
we have assigned to the various possible 
consequences are unrealistic; perhaps we 
have overvalued Columbus' fear of death 
and undervalued his eagerness for the 
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prize of discovery. We may therefore 
construct another table of values which 
might be considered more realistic [see 
lowest table on the opposite page]. On 
this new basis a probability of 3 to 1 that 
land was near would have been sufficient 
to make Columbus decide to keep going. 

But what if he had no idea as to the 
chances of land being near? The theory 
of games and decision-making would still 
have offered him several means of calcu­
lating his expectations. He might have 
followed the principle of insufficient rea­
son, the strategy of "visualize the best" 
or the strategy of "visualize the worst." 
On the basis of the satisfaction figures in 
our last table Columbus would have 
found it worth while to keep going no 
matter which of these principles he ap­
plied. But on the basis of the first figures 
[middle table] he would have turned 
back unless he belonged to the "visual­
ize the best" school-which may not be 
too unrealistic an assumption. 

It may seem strange that principles for 
making decisions should be served 

cafeteria style-take your choice. Is there 
not some way of proving that only one 
of these principles is truly rational? A 
great deal of thought has been devoted 
to this problem, mainly via attempts to 
find logical Raws or paradoxes which 
would eliminate one or another of the 
principles from consideration. For in­
stance, it has been argued that nature, 
being presumably nonmalicious and not 
out to inRict maximum loss on its "oppo­
nents" (investigators), might well use 
an "inadmissible" strategy though a 

smart player would not. Also, some argue 
that there is no need for spyproofing 
against nature, and this raises doubts as 
to whether a principle leading to the use 
of randomized strategies is reasonable. 
In defense of the rationality of random­
ized decision-making, one is tempted to 
recall Rabelais's Judge Bridlegoose, who 
decided lawsuits by the throw of dice 
and was known for his wisdom and fair­
ness until his failing eyesight made him 
commit errors in reading the spots. (Less 
facetious arguments in favor of random­
ized decision-making also are available!) 

The development of methods for ra­
tional decision-making where uncer­
tainties exist certainly has a long way to 
go. The field is still rife with differences 
of opinion. Nevertheless, it is highly in­
structive to study the tools we have, and 
particularly to notice how often the var­
ious principles, despite the difference of 
their underlying assumptions, all lead to 
very similar if not identical conclusions 
as to the best decision to take in a given 
situation. 
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BONE 
The rigid frame\vork of the body IS a remarkably active and 
versatile tissue. Of current physiological interest is its dual 

function In n1aintaining the level of calcium In the blood 

B one is a busy and in many ways 
quite amazing tissue. It houses the 
factory (the bone marrow) that 

produces most of the cells in the blood; 
it stores minerals and doles them out as 
needed to other parts of the body; it re­
pairs itself after an injury; it grows, like 
any other living tissue, until the body 
reaches adulthood. Not the least of its 
wonderful properties is the fact that 
while it is growing and constantly build­
ing itself, it also serves as the rigid 
structural support for the body, like the 
steel framework of a building. Some 
years ago I was vividly reminded of this 
while the Grand Central Terminal in 
New York City was being rebuilt. Dur­
ing the whole reconstruction, which took 
several years, trains ran on schedule in 
and out of the station; the terminal func­
tioned as usual. Just so, as the bones are 
being built, the body goes on with its 
normal daily activities. 

The key to bone's unique manner of 
growth and to its outstanding quality-

by Franklin C. McLean 

hardness-is its mineral building mate­
rial, often called the "bone salt." For a 
century this mineral has been a subject 
of controversy and thorny investigation. 
It has now become possible at last to 
describe the nature of the mineral and 
its physiological functions in the body. 
The mineral is composed chiefly of cal­
cium, phosphate and carbonate. Espe­
cially interesting is its calcium. The 
mechanism by which bone takes up, 
stores and releases calcium into the blood 
in measured amounts to keep the level 
constant forms a fascinating chapter in 
modern physiology which will be the 
subject of this article. 

A bone grows by a continual process 
of tearing down and building up a 

little at a time. As it grows, it steadily be­
comes stronger. Its growth in thickness 
and growth in length go on by somewhat 
different methods. The body's long bones, 
for example, grow in thickness as fol­
lows: bone-destroying cells called osteo-

CRYSTAL of bone is hydroxyapatite. This model of a single crystal is cut to show the 
unit cells of its molecular structure. The model enlarges the crystal some five million times. 
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clasts erode the inside of the bone, en­
larging the marrow cavity, while bone­
forming cells called osteoblasts at the 
same time build up the bone on the 
outside. Fractures of bone are repaired 
by much the same method: first a soft, 
fibrous scar, called a callus, provisional­
ly joins the broken ends; then osteoblasts 
gradually replace this soft tissue with 
hard, new bone. Meanwhile osteoclasts 
trim off any fragments or jagged edges. 
of bone that might interfere with func­
tion and any excess bone made during 
the rebuilding. 

Growth in length takes place by a 
method more like the extension of a tun­
nel under a river than the rebuilding of 
the Grand Central Terminal. During the 
childhood period before it reaches full 
growth, every long bone is capped near 
each end by a disk of cartilage. One 
might think of the disk as corresponding 
to the chamber in which tunnel drillers 
work and which advances as they bore 
under the river. The disk grows in thick­
ness away from the bone, and as it grows, 
bone-forming cells coming in from be­
hind convert the rear part of the cartilage 
into bone-like men coming up with con­
crete to replace mud in the wake of the 
tunnelers. The cartilage disk is made up 
of columns of cells in a honeycomb-like 
structure [see photogmph at the top of 
the opposite page], so that the advance 
of the bone is like myriads of parallel 
tunneling operations rather than a sin­
gle one. Each operation removes a col­
umn of cartilage cells and deposits a 
hard mineral, comparable to concrete, 
in the tunnel walls. Eventually, as each 
long bone reaches its predetermined 
limit of growth, the cartilage stops grow­
ing and is completely replaced by bone. 

Nature has designed the growth sys­
tem and the structure of bone to give the 
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CARTILAGE DISK at the end of the leg bone of a puppy is shown 
in longitudinal section by this photomicrograph. The cartilage 

COLLAGEN FIBERS in a human leg bone are shown by this elec­
tron micrograph. Normally the fibers are ohscured by crystals, but 

is the light material at the top. The dark material at the bot­
tom is the bone, which tunnels into the cartilage during growth. 

here they have been made visible by removing the calcium from 
the bone. The electron micrograph was made by R. A. Robinson_ 
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can help you solve problems 
like these: 

• automatic control system design, 
simulation 

• chemical kinetics studies 
• electron optics studies 
• flight simulation 
• nuclear power plant simulation 
• performance data analysis 
• shock isolation, vibration studies 

with _ . NALOG 
CD

I
LECTRONIC 

• - IMULATING 
QUIPMENT 

Now for the first time you can have the 

many advantages of working closely 

with a local, independently-operated 

computer facility - and at the same 

time draw upon the pooled experience 

and techniques developed by a na­

tional network of active computer or­

ganizations. 

Competently staffed and fully equipped 

EASE facilities are available now for 

your lise or consultation. Why not 

visit the nearest one listed below to 

discuss research. design or develop­

ment problems involving mathemati­

cal analysis or system simulation? 

RICHMOND, CALIF. (San Francisco area) 
Berkeley division, LAndscape 6-7730 
LOS ANGELES, CALIF. 

Dynalysis, Incorporated 
E. Noneman: ARizona 7·6786 
BATON ROUGE, LA. 

Lousiana State University 
l. V. Mclean 

BIRMINGHAM, ALA. 

Southern Research Institute 
A. J. Thomas, Jr.: 54-2491 
ROSELAND, N. J. (New York City area) 
Gawler-Knoop Co. 
Allyn W_ Jones: Digby 4-8417 
ARLINGTON, MASS. 

Technical Operations 
Dr. J. E. LuValle: ARlington 5-8383 
(Gov't Proiects only) 

CHICAGO, DETROIT, MONTREAL­

facilities open soon. 

Computer application bulletins available 
on request ... please address Dept. 02 

M-50 

� Berkeley BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVE., RICHMOND 3, CALIF. 
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greatest degree of support with mlll!­

mum weight. The bones are hollow, in 
accord with the well-known engineering 
principle that a given weight of a rigid 
material is much stronger in the form of 
a tube than as a solid rod. But the space 
within the bones is not wasted; it is filled 
with the blood-forming bone marrow. 

As we have noted, bone is built large-

ly of a mineral, deposited in an organic 
matrix. The mineral includes not only 
calcium, phosphate and carbonate but 
also citrate, water and small amounts of 
other elements, especially sodium, mag­
.nesium, potassium, fluorine and chlo­
line. It resembles certain minerals widely 
distributed in rocks; indeed, it has the 
crystal stl'Ucture of the apatite family of 

CROSS ANATOMY is shown by this longitudinal section of the upper end of a leg bone 
of a rat. The gray band running from l!!ft to right above the center of the picture is the 
cartilage disk. The black material is the stained bone, which here 'again may be seen tunnel­
ing into the cartilage. The gray material running down the center of the bone is marrow. 
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WORLD'S HANDIES'I' HAND" 

ANY motion of the human hand 
and arm can be duplicated (and 
sometimes improved upon) by the 
General M ills Mechanical Arm. N ear­
ly every atomic energy installation 
in the country is now using this 
versatile instrument to perform 
hazardous operations safely. 

The unit offers superb control (it 
can handle a teacup with a dowa­
ger's finesse) and unusual strength 
(lifts 750-pound objects with its one 
hand). Fully coordinated controls 
are easily mastered and eliminate 
many of the restrictions found in 
hand-powered or position-controlled 
mechanisms. 

The Mechanical Arm was con­
ceived, designed, engineered and 
built entirely by General Mills. It's 
a good example of the sound plan­
ning and precision craftsmanship 
that identify every job turned out 
by the Mechanical Division, includ­
ing prime and subcontract produc­
tion and contract research. 

DAVE YOU A PROBLEM 
in these fields? 

General Mills can help you with 
electronic and electro-mechanical 
research, design, development, pro­
duction engineering and precision 
manufacturing in connection with .. 

o automation 0 aircraft systems 0 in­
dustrial instrumentation and control 
o specialized precision instrumenta­
tion 0 navigation and missile control 
systems 0 electro-mechanical compu­
ters 0 remotely-controlled manipula­
tors 0 telemetering (radio and wire) 
o fine-particle technology 0 meteoro­
logical and high-altitude research. 

HA VE YOU SENT for your copy of this in­
teresting booklet? It tells the whole story 

of the Mechanical Division, 
and a copy will be gladly 
sent in response to your 
request on your company 
letterhead. Address Dept. 
8-4, Mechanical Division 
of General Mills, 1620 Cen­
tral Avenue, Minneapolis 
13, Minn. 

MECHANICAL DIVISION OF General Mills.Inc. 
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enscopes 
For 

"HOT SPOT" 
Remote Observation 
A custom designed industrial periscope 

is very often the answer to "Hot Spot" 

remote control handling, instrumenta­

tion and observation. We have designed 

and manufactured m any such peri­

scopes, 

If you have a problem calling for a 

periscope or .for any precision optical 

system, check with us. For nearly half a 

century Kollmorgen has designed, de­

veloped and manufactured precision 

optical products including Industrial and 

Naval Periscopes, Fire Control Devices, 

Projection lenses and Navigational In­

struments for Industry and for the Armed 

Services. 
Send for Bulletin 301 

PTant: 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, Hew York 7, New York 
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CALCIUM FEEDBACK 

PARATHYROIDS 

STABLE l BONE ----+ .. 

BLOOD-BONE 
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MINERAL 
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« 
I-
o 
I-

FEEDBACK MECHANISM regulating the level of calcium in the blood is illustrated in this 
diagram. The normal concentration of calcium in the blood plasma is 10 milligrams per 100 
cubic centimeters. Seven milligrams of this is supplied by the fraction of bone mineral be· 
tween the bone crystals. When the level falls below 10 milligrams, the parathyroid glands 
secrete a hormone which promotes the release of calcium from the stable crystalline reserve. 

minerals. The mast abundant mineral af ( arganic matrix, made up af a pratein 
this graup in nature is fluarapatite. klJawn as callagen. And the remaining 

The crystals af the bane mineral, as 
analyzed by X-ray diffractian studies, 
seem to. have a chemical campasitian like 
that af fluarapatite, except far hydraxyl 
(OH) groups in place af the fluarine. 
The hydroxyapatite has the farmula 
3 Ca;] (PO.I) 2 • Ca (OH)z. This accaunts 
far the calcium and phasphate, but 
where are the carbanate and citrate, the 
ather chief canstituents af bane mineral? 

The lacatian af these substances has 
been ane af the chief saurces af cantra­
versy. It used to. be thaught that the 
bane mineral vvas a single campaund, 
jained malecule to. malecule cantinuaus­
ly throughaut the bane. There is naw, 
hawever, abundant evidence that the 
mineral is discantinuaus and inhama­
geneaus in structure. It may be cam­
pared to. a wall af bricks and martar. 
The bricks are the crystals af hydroxy­
apatite; the martar is largely made up af 
carbanate and citrate ians, bath af 
which are tao. large to. be admitted to. the 
crystals af hydraxyapatite. Included in 
the martar are ather ians faund in bane 
-chiefly sadium and magnesium, as weil 
as a fractian af the cal cium. Running 
thraugh it also. are the fibers af the 

space in the martar is filled with a semi­
liquid substance which transparts mate­
rials to. the bane mineral fram the cir­
culating blaad and vice versa. A tracer 
dye or radiaactive material introduced 
into. the blaad stream saan reaches much 
af the bone mineral thraugh this fluid 
medium. 

The twa fractians af the mineral-the 
crystals and the intercrystalline partian 
-have markedl y different physical and 
chemical properties. The crystals are 
relatively stable in structure and resist 
salutian in aqueaus fluids, but are subject 
to. rapid ian exchange reactians at their 
surfaces. They ate extremely small: in a 
single gram there are so. many crystals 
that their surface areas are reparted to. 
add up to. mare than 100 square meters. 
Calculatians fram these figures lead to. 
the rather startling canclusian that the 
tatal surface area af the crystals af bane 
salt in the skeletan af a 154-paund man 
exceeds 100 acres! 

The intercrystalline fraction, esti­
mated to make up about 4 per cent of 
the mineral by weight, is much more 
soluble than the crystals, and its metallic 
elements, notably calcium. are easily re-
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Carboloy Trends 
.or Design 

and Developments 
Engineers: 

How to simplify design with permanent magnets 

How to slow down wear with cemented carbides 

Model demonstrates permanent­
magnet functions 
Even to design engineers, perma­
nent magnets are often a puzzle. 
But most engineers do know that 
permanent magnets can simplify 
design and improve their products 
- reduce size and cost, too. To 
demonstrate some of the basic 
functions of permanent magnets, 
Carboloy magnet engineers de-

vel oped this working model. (See 
it at our Booth 530, IRE Show, 
New York, March 21-24.) Here's 
what it demonstrates. 

Magnetic control of torque. The 
adjustable, frictionless hysteresis 
brake (A), which transmits torque 
to turn the vertical 8-pole magnet, 
is an example of how Carboloy@ 
permanent magnets can convert 
mechanical motion to thermal 
energy. Here, as in the following 
applications, there is no physical 
contact between the magnets and 
the component being controlled. 

Magnetic driving. The vertical 
magnet drives the horizontal 8-
pole magnet (B) at the same 
speed transmitted by the hyster­
esis brake ... another use of the 
principle of converting mechani­
cal motion to thermal energy. 

Magnetic suspension. The alu­
minum disc and shaft assembly 
is suspended and held in position 
by two pairs of concentric, ring-

t y p e  C a r b o l o y  m a g n e t s  (C ) ,  
located at the top and bottom of 
the shaft. This mechanical holding 
principle is also used for snap 
action, separation, and lifting. 

Magnetic braking. Utilizing eddy 
current effect, the brake assem­
bly (D) establishes magnetic 
fields of opposed polarity to the 
field of the braking mechanism 
... thus, when pivoted into posi­
tion, it controls the speed of the 
disc and shaft. The eddy current 
effect - like instrument action, 
motor action, acoustic action, and 
e l e c t r o n  b e a m  c o n t r o l- i s  
derived from permanent magnets' 
ability to convert electrical energy 
to mechanical motion. 

In addition, permanent magnets 
can also convert mechanical 
motion to electrical energy (gen­
erator action, magneto action, 
sound pickup). Our magnet engi­
neers can give you technical 
assistance in the design and appli­
cation of Carboloy permanent 
magnets. Write for Magnet Desigp. 
Manual PM-101 and Technical 
Data Sheet PM-116. 

Cemented carbides are an 
engineering material 
To those who think of cemented 
carbides as exclusively a material 
for dies and cutting tools, this will 
be news: Design engineers are 
finding thousands of uses for 
cemented carbides as an engineer­
ing material. That's because where 
friction, erosion, corrosion or 
abrasion occur, carbides outlast 
steel from 10 to 50 times . . . and 
in some cases even outlast the 
machine they are protecting. 

Carbides are the hardest metals 
made by man - second only to 
the diamond in hardness. With 
their high hardness, they combine 

many other physical properties 
important to the designer: high 
transverse rupture strength, high 
compressive strength, high modu­
lus of elasticity. 

Carboloy cemented carbides are 
made in a wide range of grades 
. . . hence, almost any combina­
tion of physical properties can be 
produced. Standard grades are 
stocked in a variety of sizes and 
shapes; and any combination of 
grade, size and shape can be 
made to fit particular design 
requirements. 

Here are some of the many 
applications where designers are 
utilizing carbides' unique prop­
erties to reduce sharply America's 
annual multimillion-dollar wear 
bill: sandblast nozzles, paper-slit-

ting knives, textile guides (shown 
above), powder metallurgy dies, 
petroleum balls and seats, tabulat­
ing machine wear parts, ceramic 
molds, gages, pulverizer blades 
and fishing reel bearings. 

These are just samples of the 
wear problems our engineers have 
solved. Let us help you with 
your design problems involving 
wear. And we can also assist with 
designing into your product our 
other Created-Metals: Hevimet 
(for high density and radioactive 
shielding uses), Thermistors (for 
minute temperature control), and 
vacuum-melted metals. 

IICarboloy" is the trademark for products of the Carboloy Department of General Electric Company 

CARBOLOY 
DEPARTMENT OF GENERA� E�ECTRIC COMPANY 

11199 E. 8 Mile Ave., Detroit 32, Michigan 

CARBOLOY CREATED-METALS FOR INDUSTRIAL PROGRESS 
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advanced 
technique 

fighter situation 
display by AVION 

Fighter Situation Display, 
(ESD) is an automatic, 
contjnuous indication on 

a map of the aircraft 
position during flight. 

Developed by Avion for 
)ne Air Force, FSD '

eliminates mantial com· 

putation and facilitates 
pin point l1avigation. 

Avian's flexibility 811d 
.jngenuity, coupled with 

extensive experience in 
Electronics, Mechanics 
and Optics can better , t""""" 

f Investigate the career op-
I portunities in our expand. r ing organization. 

I 

AYION 
INSTRUMENT CORP. 

SU.SIDI"RY 01' Q C t INDUSTRIES. INC. 

299 Higbway No. 17, Paramus. N:J. 
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turned to the circulating blood by sim­
ple solution. 

M ore than 99 per cent of the calcium 
of the body is in the bones. But 

calcium is also important to the body in 
other respects. It is necessary for the 
clotting of blood, for the beating of the 
heart, for the contraction of the skeletal 
muscles and for the normal functioning 
of the nervous system. To insure that 
these functions are carried out continu­
ously in an optimum manner, the con­
centration of calcium in the blood plas­
ma must be maintained at an approxi­
mately constant level. This is accom­
plished by a self-regulating mechanism 
which draws on the large reserve of cal­
cium in the bones. 

Everyone is familiar with the fact that 
warm-blooded animals have a thermo­
statically controlled mechanism which 
automatically keeps the body tempera­
ture relatively constant in spite of large 
fluctuations in the temperature of the 
external environment. In recent years 
such self-regulating processes have ac­
quired the name "feedback." The con­
dition that is being regulated is itself the 
stimulus activating the regulatory me­
chanism; information about the output 
is fed back to an earlier stage of the proc­
ess so as to influence its action and there­
by control the output. The role of feed­
back in the regulation of the calcium­
ion concentration in the blood plasma is 
ol)ly now beginning to be understood in 
all its implications. The regulating sys­
tem is rather complex, and can be best 
understood in terms of a mechanism 
made up of two parts. 

I am writing this in a large room in 
a Vermont house during a cold spell. At 
one end of the room is a fireplace, which 
supplies a fairly constant amount of heat 
to the room, but only as long as I keep it 
supplied with fuel; it has no self-regula­
tory mechanism. At the other end of the 
room is a gas-fired floor furnace, con­
trolled by a thermostat. Whenever the 
temperature of the room drops below a 

certain level, the thermostat feeds this 
information back to the furnace and 
heat is supplied by automatic control. 
Thus the room is heated from two sepa­
rate sources, one of which is automatic 
and the other not. 

Similarly bone furnishes calcium to 
the blood plasma in two ways, one of 
which is not regulated physiologically. 
Like the fireplace that delivers a con­
stant amount of heat to my room, the 
labile part of the bone's mineral struc­
ture-the intercrystalline fraction-yields 
up a considerable and constant supply 
of calcium to the blood. It does so by 

eVO.SOGoLOW 

UNDER PRESSURE? No wonder! At this very 
minute air pressure is pushing down on the 
top of your head with a force of more than 
500 Ibs. You don't notice it- it's no problem 
- but the dirt in this air can be . . •  

SCRUBS AIR CLEAN OF DESTRUCTIVE DIRT! 
Engines and compressors last longer when 
abrasive dirt and grit can't get in to damage 
polished pistons, cylinder walls, rings and 
valves. Air-Maze o i l-bath filters literally 
"scrub" intake air clean in a bath of oil. 

BAD AIR GETS FRESH START! Air-Maze air 
filters keep damaging dust and grit out of 
hotels, office buildings, stores - wherever 
clean air is required. Available in a large 
variety of types and sizes including unit 
panels, rotating curtains and self·washing 
electrostatic precipitators. 

IF YOU B UILD OR U S E  engines, compres­
sors, air-cond i t i o n i ng and vent ilating 
equipment, or any device using air or liquids 
- the chances are there is an Air-Maze filter 
engineered to serve you better. Representa­
tives in all princi pal cities. For condensed 
product catalog, write Air-Maze Corporation, 
Dept.D, 25000 MilesRd.,Cleveland28, Ohio. 

AI BsMAZI 
The Filter Engineers 

AIR FILTERS. SPARK ARRESTERS. LIQUID FILTERS 
SILENCERS. OIL SEPARATORS. GREASE FILTERS 
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simple solution, and this traffic between 
the bones and blood depends only on 
chemical dynamics. The exchange goes 
on with extraordinary rapidity; under 
certain conditions as much as 100 per 
cent of the calcium in the plasma may 
be replaced every minute. This exchange 
alone can keep the level of calcium in 
the plasma at 70 per cent of rhe normal 
calcium content-the normal level being 
about 10 milligrams per 100 cubic centi­
meters. 

The rest of the calcium is supplied, 
in just the amount needed to maintain 
the normal level, by means of a feed­
back mechanism involving the para­
thyroid glands-four tiny bodies em­
bedded in the thyroid. When the level 
of calcium ions in the plasma falls below 
normal, the parathyroid glands increase 
their secretion of hormones. The hor­
mones, in turn, promote the dissolution 
of components of bone. Thus they are 
able to wrest calcium from the stable 
crystals, as well as from the labile frac­
tion of the bone mineral. Like the ther­
mostat in my Vermont house, which is 
able to call on an independent source of 
fuel, the parathyroid hormone has access 
to a source of calcium not readily soluble 
in an aqueous medium. 

It is probable, although this is still 
somewhat controversial, that the para­
thyroid hormone exerts its influence by 
controlling the activity of the bone-de­
stroying cells, the osteoclasts. How these 
celIs dissolve bone is not understood. 
One current hypothesis is that they may 
remove calcium from the bone mineral 
by forming a chelating agent-the re­
cently discovered type of compound that 
has the ability to grasp metallic ions and 
take them out of a substance in which 
they are strongly bound [see "Chela­
tion," by Harold F. Walton; SCIENTIFIC 
A.MERICAN, June, 1953]. The prototype 
of these agents, commerCially named 
Versene, has a much greater affinity for 
calcium than does the bone mineral it­
self; a Versene solution readily dissolves 
calcium out of the bone crystals. There 
is no positive evidence that osteoclasts 
actually produce a chelating agent. But 
it may well be that the body does form 
such an agent to dissolve the crystals of 
the bone mineral. 

T his brief article has touched on only 
a few highlights of the current re­

search on the physiology of bone. The 
subject is now beginning to come into 
its own, and it is opening up fresh per­
spectives which suggest interesting new 
investigations and should lead to a bet­
ter understanding and more effective 
treatment of bone disorders. 

� 
ENGINEERING SERVICE CORPORATION 

LOS ANGELES, CALIF. 

maps 70 hilly 
acres in one week 

•• • at half the 
cost of ground 
methods •• • with 

SECTION OF FINISHED MAP 

Los Angeles realtors need fast action. Property must be mapped, 
laid out in lots, and approved by the Planning Commission, 
all within the realtor's 30-day option period. Engineering 
Service Corporation has found that in rough or rolling terrain 
"the fastest and cheapest way to get the data is by aerial methods." 
For instance, their B&L Multiplex Equipment enabled them to 
prepare accurate maps of this hilly 70-acre tract (scale: I" 100 ft., 
with 5 ft. contours) within one week! 

WRITE for complete informadon on the 

world's finest photdgrammetric equipment, 

including Multiplex, Auto·focus Rectifier, 

and Twinplex. Bausch & Lomb Optical Co., 

69838 St. Paul Street, Rochester 2, N. Y. 
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EARS FOR COMPUTERS 

Audrey (-which stands for Auton1atic Digit Recognizer) can "hear" 10 

numbers and 16 of the 40 basic sounds 111 English, but has a little 

trouble with those spoken by people other than one of her designers 

H
ow often, on waking of a cold 

morning, we have wished for a 
robot we could command to 

shut the bedroom window. To design a 
machine that could "hear" and "und�r­
stand" speech is certainly an old dream 
of mankind. In our age of technology we 
can think of myriads of ways to put such 
a machine to work-from printing a dic­
tated speech to answering the telephone 
or operating a factory on spoken com­
mands. 

Some recent experiments suggest that 
we may at last be on the way to making 
the dream a reality. This article will de­
scribe an experimental computer which 
can "recognize" some elements of speech, 
can discriminate between the spoken 
numbers from zero to nine and can trans­
late a code number into a command to 
perform a given task. 

A machine of this kind obviously 
needs three things: an "ear" to "hear" 
speech, a "brain" to interpret it and 
"muscles" to

' 
carry out the appointed 

task. These components are at hand: a 
microphone can hear, a computer can 
interpret properly prepared data, and a 
motor can do the work. The problem is 
to analyze speech into its meaningful 
sounds and design a computer which 
will recognize the meanings. 

Just what kind of information is there 
in human speech? And what are the 

characteristics that make an English 
word understandable whether it is 
spoken in the treble of a child in Ten­
nessee or in the very different accent 
and pitch of a fanner in Maine? Clearly 
some properties of the spoken word are 
necessary for understanding, others ir­
relevant. Such qualities as pitch, inflec­
tion and loudness or stress convey 
shades of meaning, but to begin with 
we shall do well if we can identify the 
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key features that would enable the ma­
chine to "recognize" words. 

A human being, by combining ma­
nipulations of the vocal cords, oral and 
nasal cavities, tongue, mouth, teeth and 
lips in various ways, can make hundreds 
of different sounds. But only about 40 
distinct sounds are used as the basic 
building blocks of English speech. Our 
language has, for example, some 10 
common vowel sounds, illustrated by the 
following words or syllables: heed, hid, 
head, had, hod, hawed, hood, who'd, 
hud (as in Hudson) and heard. Each of 
these words is identifiable even though 
it may be pronounced in slightly differ­
ent ways by different speakers (for ex­
ample, "llOid" or "herd" for heard). The 
40 basic sounds are called phonemes, 
and phoneticians have adopted symbols 
to represent them. 

The question is, can a computer be 
made to distinguish these 40 phonemes 
from one another and derive meaning 
from a sequence of them? The first re­
quirement is to translate an acoustic 
wave into some measurable physical rep­
resentation. Recently developed devices 
which make speech "visible" have sug­
gested how this may be done. One such 
device records the energy "spectrum" of 
a person's speech; that is, it analyzes the 
sound at a given instant into the relative 
amount of energy at each frequency in 
the band covered by the speaker's voice 
[see top illustmtion on page 94]. By elec­
tronic means it makes each energy con­
centration visible as a dark spot on a 
paper sheet. As the recording proceeds, 
the series of spots form dark bars [see 
bottom illustmtion on page 94]. These 
bars show how the pattern of energy dis­
tribution changes as the speaker utters 
successive sounds. 

Since the pattern changes at about 
the same rate that a speaker enunciates 

phonemes (about 10 per second), we 
can suppose that each given pattern rep­
resents a phoneme. The problem then 
is to identify each phoneme with a spe­
cific pattern. This is not a simple matter, 
because the frequency pattern combines 
the phonemic characteristics of the 
sound with irrelevant qualities of the in­
dividual speaker's voice, such as pitch; 
a man, a woman and a child produce 
different bar positions in pronouncing a 
given phoneme. However, it has been 
found that the ratio of the bar positions 
tends to be more nearly the same for the 
types of voices than the positions them­
selves; hence the bar ratios may, in a 
crude way, identify phonemes. 

It is interesting that the human ear, 
as phYSiologists have discovered, per­
forms an energy-frequency analysis of 
incoming sounds and transmits the data 
to the brain cortex. It may be that the 
brain recognizes a phoneme by "match­
ing" the pattern of incoming sound with 
its own pattern for pronouncing it. 

I n designing a voice-actuated machine, 
one might logically use electronic 

coincidence circuits which would meas­
ure the bar ratios and match them with 
a set of predetermined coincidences 
stored in the machine to identify the 
phonemes. A second coincidence detec­
tor would assemble the phonemes re­
ceived from the first one and similarly 
match a series of them with stored se­
quences to recognize words. 

Unfortunately it is found that the bar 
ratios do not identify phonemes, as 
spoken by different subjects, with suf­
ficient reliability to permit the building 
of a finely discriminating machine. It 
may be easy enough to distinguish 
among a few commands using very dif­
ferent sounds; for example, there would 
be little difficulty in discriminating be-
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tween the commands "open" and "shut." 
But phonemes or combinations of them 
that sound much alike (e.g., "shut" and 
"shoot") are too perplexing. 

Reliability might be greatly improved 
by considering the dynamic aspects of 
speech; that is, instead of attempting to 
identify a phoneme merely from the 
static measurement of the speech wave 
at a given instant, we might also take 
into account the preceding and follow­
ing values of the bar ratios. The study 
of interactions among phonemes-th� 

phonemic context-may well help in 
their identification. This promising idea 
is being investigated by many research­
ers. But for the present the machine to 
be described here is based on the avail­
able energy-distribution method. 

T he situation that confronts us, in ef­
fect, is that the machine must make 

sense out of speech which is contam­
inated with a great deal of structure 

which is superfluous for understanding 
and makes it difficult to recognize the 
essentials. Two means are available to 
circumvent this difficulty. The first, al­
ready mentioned, is to limit the ma­
chine's vocabulary to easily distinguish­
able words. The second is to make use 
of the redundancy of human speech. We 
generally use many more words and 
phonemes in speech than we need to 
convey our meaning in writing (com­
pare it with the abbreviated language 
of a cablegram, for instance). It is this 
redundancy in common speech that en­
ables us to understand what people are 
saying even when their words are dis­
torted by emotion, poor pronunciation 
or speech defects. Similarly a machine 
may be expected to extract the correct 
meaning from a sentence or phrase even 
though it might be uncertain about in­
dividual words or phonemes. Both meth­
ods-the limited vocabulary and the lin­
guistic context-have been utilized, 

though not simultaneously, in the ma­
chine now to be described. 

This machine, built at the Bell Tele­
phone Laboratories, is called the Auto­
matic Digit Recognizer, or "Audrey." It 
was originally constructed to recognize 
just the words denoting the digits from 
zero to nine. In order to do this, the 
computer has stored in it the energy­
frequency patterns of the 10 words as 
enunciated by the machine's chief de­
signers, K. H. Davis and S. Balashek. 
When the machine "hears" a word, the 
incoming sound is first analyzed by a 
group of circuits into its spectral distri­
bution. This information is then fed to 
the computer, which compares it to each 
of the stored patterns and calculates 
which is the nearest "match." Within 
about a fifth of a second the machine 
lights a bulb that indicates which digit 
has been spoken. The machine always 
picks the most probable choice, unless 
the incoming sound has practically no 

A DDREY is photographed at the Bell Telephone Laboratories 
with S. Balashek, one of its chief designers. Just above and to the 
right of Balashek's head are four rows of symbols representing 

the sounds the machine can recognize. The bottom two rows in. 
dicate numbers; the top two, 16 basic sounds of English speech. 
As Balashek says "a" as in "had,"the corresponding symbol lights up. 
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resemblance to any of its stored patterns; 
in that case it simply gives no answer. 

Audrey makes few mistakes when 
Balashek speaks to her, but she responds 
incorrectly about 10 to 30 per cent of 
the time to other males. Probably her 
general performance would improve if 

the patterns stored in her were averaged 
from a number of speakers instead of 
from only two. Audrey's construction 
does not permit her to respond well to 
females' or children's voices. However, 
the addition of further circuitry might 
enable her to do so. 
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The same signals that operate the 
indicator lamps can be used to ring tele­
phones or perform other tasks coded 
into the machine's number language. 
Also, an automatic printer can record 
the numbers on paper as they are spoken. 
Such a function might be useful for ap-
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SOUND SPECTROGRAPH makes speech visible by dissecting it 
with 12 filters, each of which passes a band of frequencies in the 

range covered by the speaker's voice. The relative amount of energy 
in each band is then recorded on a moving paper tape (see below). 
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SOUND SPECTROGRAM is the record produced by the sound 
spectrograph. This spectrogram records the words: "Do you ever 
read this paper?" The words are related to the spectrogram by the 
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line immediately below it. Below this line are the corresponding 
phonemic symbols. The vertical component of the spectrogram is 
frequency in cycles per second; the horizontal component is time. 
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plications in which large amounts of 
data have to be recorded in a readily 
available form. 

Audrey has recently been modified so 
that she can speak a language which 
contains 16 phonetic elements. Although 
these elements do not necessarily corre­
spond to phonemes, Audrey's efforts to 
reproduce human speech are surprising­
ly understandable. This feat is accom­
plished with the aid of the listener, who 
recognizes the words from the context. 

kdrey represents a first step toward 
a vOice-typewriter which would au­

tomatically translate the spoken to the 
printed word. To design a machine 
which could accurately transform a 
phonemic transcription into printed 
English words, with the usual spelling, 
seems too much to hope for in the near 
future, but it seems a reasonable present 
objective to build one that will produce 
a printed phonemic English easily read 
by the average person after he has had 
a little training. 

Even this initial step toward an auto­
matic written transcription of speech 
will be an important aid in communica­
tion. Consider for a moment the com­
munication links between our cities. 
Like pipelines, these channels have a 
limited capacity. The latest microwave 
relay system has a capacity, or band 
width, of four million cycles per second 
for each channel. This is just enough to 
transmit one television program, or sev­
eral hundred telephone messages (each 
requiring a band width of 3,500 cycles 
per second) or some thousands of tele­
graph messages (each using a band 
width of 170 cycles per second). The 
wider the band width, the more expen­
sive the circuit. Hence there is a strong 
incentive to reduce the Signals that must 
be transmitted for a given message or 
program so that they will use a smaller 
part of the channel capacity. 

Some years ago H. W. Dudley of the 
Bell Laboratories invented a device, 
called the Vocoder, to compress voice 
signals. The raw speech is passed 
tlu-ough a bank of 10 or more filters 
which produce corresponding signals in­
dicating the energy distribution as a 
function of time. Such signals can carry 
nearly all the information present in the 
original speech, yet each occupies a 
band of only 30 cycles; all 10 can be 
transmitted over a 300-cycle band. At 
the receiving point an "inverse" piece of 
equipment remakes the speech accord­
ing to the energy picture it receives. 
Thus the Va coder reduces to about one 
tenth the band width necessary to send 
speech. The processing introduces some 

Ask yourself these questions: 

"Are we on the threshold of the Nuclear 
Age?" 

"Will the young men who pioneer in 
nuclear engineering today be the engineer. 
ing leaders of tomorrow?" 

If your answers are "yes", and you are 
interested in getting a foothold in this new 
field of engineering - please send us your 
resume immediately. 

Not all men can qualify. But if you are 
accepted, you will work on one of the most 
challenging problems of today-the develop­
ment of a nuclear-powered aircraft engine. 

Needless to say you'll have plenty of 
opportunities to gain professional recogni­
tion. And, at the same time, you will be 
building a sound well-rewarded career with 
Pratt & Whitney Aircraft. 

You'll have all the other advantages­
both tangible and intangible - which are 
offered by the world's foremost designer 
and builder of aircraft engines. 

THIS OPPORTUNITY is well worth investigat. 
ing. So be sure and send a complete resume 
immediately to Mr. Paul Smith, Office 11. 

Engineers 
Me.taII urgls\s 

PRATT & WHITNEY AIRCRA'T 
DlvhlOp of UnltM Atrpatr C�Pf'l 

East tyrtford 8 Connecticut 

95 

© 1955 SCIENTIFIC AMERICAN, INC



TONE GENET: "TOR is employed at the Bell Telephone Laborato· 
ries to produce vowel sounds. Ea!'h of the white keys corresponds 
to a different frequency. The low frequencies are at the left; the 

high frequencies, at the right. The amplitude of each frequency 
can be controlled by raising or lowering the key. In this photo· 
graph the keys are set to produce the vowel sound "a" as in "had." 

ELECTRICAL VOCAL TRACT can produce both vowel and con· 
sonant sounds. It operates by means of electrical analogues to 
five parts of the human vocal tract. These analogues are labeled: 

Back Cavity Shortener, Front Cavity Shortener, Tongue Hump No. 
1, Tongue Hump No.2 and Lip Opening. By adjusting their settings, 
various combinations of vowel and consonant sounds are produced. 

distortion, so that the reproduced speech 
is not of sufficiently high quality for 
some applications, such as radio broad­
casting. But it could serve satisfactorily 
in uses such as military communication. 

Dudley envisioned an even more effi· 
cient compression system based on a 
computer somewhat like that which later 
took form in Audrey. He suggested that 
the system would bTeak speech down 
into phonemes, transmit signals repre­
senting the phonemes and reconstruct 
the speech from phoneme building 
b10cks available in a synthesizer at the 
receiving end. In other words, coded 
signals rather than the phoneme symbols 
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themselves would be transmitted. It is 
estimated that in an idealized system 
the coded signals corresponding to 
speech could be sent with good fidelity 
over a band of no more than 10 cycles 
per second, though engineering factors 
would argue against carrying band· 
width reduction to this extreme. In the 
elementary form of the system envisaged 
by Dudley, the transmitted speech 
would be entirely artificial, devoid of the 
inHection or other characteristics of the 
original speaker's voice. As we have 
mentioned, the Audrey computer can be 
used to reduce speech to a series of 
phonetic elements. Signals correspond-

ing to the elements could be transmitted 
to a distant point in a band of about 30 
cycles per second. In order to restore 
some of the naturalness and quality of 
the original speaker, Audrey has ac­
quired a pitch circuit which permits her 
to reproduce inHections. This informa­
tion can be sent with an addition of only 
20 cycles per second to the band width. 

The computer equipment and circuits 
that are needed for such a system may 
seem too expensive, but as a matter of 
fact a great deal of electronic circuitry 
is already in use in communication sys­
tems throughout the country, and it has 
justified its cost. Moreover, experience 
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Chemical Genie of the CPI, Lithium's near­

magical properties recurrently offer the key 

to possibilities in countless fields of research. 

Many of its uses were unheard of a bare year 

or two ago. Today, more and more scientists, 

researchers and development engineers are 

finding lithium the "open-sesame" in hereto­

fore inaccessible areas of research. 

Lithium could well pave the way to even more 

amazing-and profitable-developments in 

the years to come. So take a long look at 

lithium, particularly if you have a production 

interest in organic chemicals, ceramics, air 

conditioning, greases, metallurgy, pharma­

ceuticals, brazing fluxes or atomic energy. 

Investigate this wonder metal. It could mean 

profitsjor you! 

I\UTHIUM CORPORATION 
II OF AMERICA, INC. 

A SuileC 
Rand Tower 

MiMeapolis 2, Minnesota 

MIN ES: Keystone, Custer, Hill City, South Dakota • Bessemer City, North Carolina • .  Cat Lake, Manitoba " Amos Area, Quebec 
CHEMICAL PL·ANTS: St. Louis Park, Minnesota · Bessemer City, North Carolina . RESEARCH LABORATORY: St. Louis Park, Minnesota 
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how do you 
measure 

Time is perpetual, without 
beginning or end. Yet segments 

01 Time can be measured by 
HAYDON' Timing Devices as 
precisely and as accurately 0$ 

the dimensions 01 a bloclc are 
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has shown that the cost of the com­
ponents of even the most complicated 
systems is steadily reduced as their tech­
nology advances. 

Application of voice-actuated ma­
chines to the fields of data processing, 
communications and automatic control 
is in its infancy. At first the versatility of 
the machines will be somewhat limited 
by the variability among speakers and 
the complicated interrelations between 
phonemes, words and sentences. How-

ever, many groups are doing basic re­
search in the speech field, and rapid 
progress is being made. The new theory 
of communication has focused the atten­
tion of scientists on the statistical nature 
of the process and has brought together 
workers from physics, engineering, 
physiology, mathematics, psychology, 
linguistics and phonetics. Their com­
bined insights should put speech on a 
measurable basis and bring us closer to 
the talking, and listening, robot. 

VOCODER is operated by Ralph Miller, its chief engineer. His voice, which has a fre· 
quency range of from 200 to 3,600 cycles per second, is compressed by the machine into a 
frequency band only 300 cycles wide. The meters at the top analyze the sound energy. 
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which way* 

to measure 

performance? 

BUSTMBTBBS 

TYPICAL SYSTEM 
OPERATIONAL DATA 

I. Accuracy: .015 in 100% of readings 
at room temperature • 

. 025 in 85% of read Ings 
at -55°C and + 70°C • 

• 035 In 15% of readings 
at -55°C and + 70°C. 

2. Altitude: No specific limitation. 
3. Power: 115V. 400CPS, single phase, 18VA 

4. Pressure Ratio Range: 1.2 to 3.4 
5. Pressure Ranges (operating): 

Pt,=2 to 50" Hg. Abs. 
Pt7=2.4 to 100" Hg. Abs. 

Pt7-Pt,=O.4 to 70" Hg. 
G. Temperature Range: -55°C to + 70°C. 

7. Weights: 
Transmitter: 2.2 Ibs. 
Indicator (inCluding integral 

amplifier): 1.8 lb. 
8. Response: Full Range in 7 seconds. 

to indicate PRESSURE RATIO 
to indicate DIFFERENTIAL PRESSURE 

ROLLSMJlN is ill productioll ••• 

on components for BOTH TYPES - for Remote or Direct reading 

'For over a quarter century, Kollsman has been making pre .. 

cision pressure sensitive mechanisms using displacement type 
diaphragms. This diaphragm can be called the heart of a 

thrustmeter pressure indicating system. 

Our long experience making displacement type diaphragms 

guarantees reliable thrustmeters. 

Proven Kollsman displacement type diaphragms, when 

fitted with Kollsman Synchrotels, comprise the transmitters 

for remote indicating types. Thousands of Synchrotels are now 

in use in other applications equally demanding of accuracy 

and durability. 

Tailor-made Thrustmeters can be supplied for any 

engine-airplane combination. Write for complete technical 

information� 

*The Pressure Ratio System has advantages for indicating optimum 

climb and cruise throttle setting, whereas the Pressure Differential' 
System has a definite advantage at take-off. 

kollsman INSTRUMENT CORPORATION 

80-18. 45th AVE., ELMHURST, NEW YORK. GLENDAlE, CALIFORNIA. SUBSIDIARY OF $� COIL PRODUCTS CO. INC. 
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Plant Movements 
Most plants stay in one place, but their parts twist, bend, open or 

close. And one kind of plant can move 99 times its own length in a 

second, which" for a man would work out to 400 'niles per hour 

Amost anyone asked to tell the dif­
ferences between plants and ani­
mals would mention that animals 

move while plants do not. Even in the 
restricted sense of locomotion this is not 
quite true. Some animals, such as corals, 
sponges and sea squirts, spend their en­
tire adult lives in a fixed position, while 
many plants are able to move freely from 
place to place. 

The slime molds slither about over old 
logs and stumps by means of pseudopo­
dia, much as an amoeba would. Many 
species of diatoms swim under their own 

by Victor A. Greulach 

power; through a microscope they can 
be seen gliding along in stately dignity 
like a ship in the distance. They are be­
lieved to move by the streaming of proto­
plasm along a slit in the side, rather in 
the manner of a sidewheel steamer. But 
most of the perambulating plants move 
themselves by means of the long, whip­
like structures known as flagella (or cilia 
when the organism has a great number 
of them). The flagel�a-using plants in­
clude some species of algae and bacteria, 
swimming spores of various algae and 
fungi and the swimming sperm of plants, 

mostly the plant species without seeds. 
Locomotion by flagella is more rapid 

than by protoplasmic streaming. Some 
of the plant organisms using it reach a 
speed of nearly three feet per hour. This 
may not seem fast to us, but in relation 
to the size of these microscopic creatures 
Jt is stupendous. A man running the 100-
yard dash in 9.3 seconds travels about 
seven times his height per second, and 
an F -68 Sabrejet at 650 miles per hour 
moves 25 times its length in a second. 
The zoospore of one fungus covers its 
own length as fast as a Sabrejet; the 

EXAMPLES of movements are sholVn in this illustration. The first 
and second drawings show the nastic movements of the crocus, 
which opens by day and closes by night. The second and third draw-

ings show turgor movements in oxalis. The fourth drawing sho1\'8 
the sensitive plant, the leaves of which collapse rapidly when they 
are touched. This is also due to a turgor effect. The sixth drawing 
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flagellated bacterium Pseudomonas aeru­
ginosa does a little better (31.7 lengths 
per second), and the zoospore of an 
Actinoplanes has been clocked at an 
amazing 99 lengths per second. To do 
as well in proportion to his size a man 
would have to be able to run at the rate 
of about 400 miles per hour! 

In recent years, especially since the 
advent of the electron microscope, con­
siderable attention has been devoted to 
the fine structure of flagella [see "Flag­
ella," by W. T. Astbury; SCIENTIFIC 
AMERICAN, January, 1951]. All flagella 
studied so far, both from plants and 
animals, as well as the tails of animal 
sperm, apparently contain 11 strands ar­
ranged in the same way-two thin central 
strands and nine thicker outer ones. The 
rapid lashing of a flagellum seems to be 
due to the rhythmical contraction of 
these strands, usually first on one side 
and then on the other. These movements 
are produced by the contraction of pro­
teins making up the strands-proteins 
like those in muscle. 

My main purpose in this article, how-
ever, is to consider not locomotion 

but the less known and astonishingly va­
rious movements within plants. They are 
generally slow-as slow as a plant's 
growth-yet as dramatic in their way as 

locomotion, particularly when shown in 
time-lapse motion pictures. 

The growth movements of a plant can 
be separated into three kinds: nutations, 
nasties and tropisms. Nutation is the 
spiral twisting of a stem as it grows. Gen­
erally it is most pronounced in vines. The 
stem tip first grows more rapidly on one 
side and then on the other. Apparently 
nutation (from the Latin word for "nod­
ding") is controlled by some internal 
mechanism, not by external stimuli. 

N asties (or, more euphoniously, nastic 
movements) are among a plant's more 
beautiful motions: a typical example is 
the opening of a flower. They are the re­
sult of differing responses of different 
parts of the plant structure to the same 
external stimulus. When you bring a 
flower bud into a warm room, the rise in 
temperature causes the inner side of the 
petals to grow faster than the outer side, 
and the petals open. A drop in tempera­
ture sometimes reverses the process and 
closes the flower: e.g., in the crocus. 
The drooping of jewelweed leaves at 
night and their elevation during the day 
is a nastic response to light. Pigweed 
leaves are horizontal by day and more 
vertical by night. Oxalis flowers close at 
night and open during the day, while 
other flowers such as the evening prim­
rose have the reverse response. Leaves 

shows the rapid turgor movement of Venus'.flytrap. The seventh 
drawing shows the geotropic response of a pea seedling. Planted 
horizontally, it bends and grows vertically. The eighth shows the 

phototropic response of philodendron, in which the leaves of the 
plant turn toward the light in a mosaic pattern. The last drawing 
shows the touch·oriented twining movements of the bindweed. 
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where resistance 
to deflection 
is important 
compare 

KENNAMETAL * 

with the hardest steel 

In mechanical devices, deflection 
of parts under load is always a 
problem. Consequently, one of 
the most important measures of 
serviceability of any material is its 
Young's Modulus of Elasticity ... 
the extent to which the material 
will deflect under load. 

Compare,  for instance, the 
Young's Modulus of Elasticity of 
the hardest known alloy steels with 
that of Kennametal. Steel has a 
YME of approximately 30 million 
p.s.i., compared to Kennametal's 
90 million. Under a given load, 
Kennametal will deform only 73 as 
much as steel. Or, to reach the 
same degree of deflection, you can 
load a Kennametal part from two 
to three times as much as the part 
made of steel. 

This characteristic of Kenna­
metal, in addition to its extreme 
hardness, high strength and re­
sistance to corrosion and abrasion, 
is being used to great advantage in 
a variety of applications. Why not 
put it to work for you? For addi­
tional information and a copy of 
Bulletin C-53, write: Dept. SA, 
KENNAMETAL INC., Latrobe, Penn­
sylvania. 

* Kennametal is the registered trademark of 
a series of hard carbide alloys of tungsten, 
tungsten-titanium and tantalum. 7187 
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DIATOMS are single·celled plants. These diatoms, which are enlarged some 70'0 diameters, 
move by means of extruding protoplasm through the narrow opening that runs fore and aft. 

can be made to bend downward by treat­
ment with plant hormones or by exposure 
of the plant to ethylene or other similar 
gases. As little as one part of ethylene per 
10 million parts of air makes tomato 
leaves bend down, so this plant can be 
used as an extremely sensitive test for 
gas leaks. 

Of all the growth movements of plants, 
the most interesting are their tropisms­
turning or bending in response to sOme 
outside stimulus. Everyone knows that 
a plant growing in a window bends 
toward the outdoor light. To explain this 
behavior by saying that the plant is seek­
ing light is to credit the plant with a pur­
poseful intelligence it does not possess. 
Actually the plant turns toward the light 
because the light reduces the concentra­
tion of growth hormone, or auxin, on thc 
more brightly lighted side of the stem; 
as a result the darker side grows more 
rapidly and the stem bends. The light 
stimulus acts on the terminal bud where 
the auxin is produced, not on the stem 
itself. In the case of ivy growing on a 
wall, this tropism has a fascinating con­
sequence: the shading of the leaf stalks 
by the leaves causes the stalks to bend in 
such directions that the leaf blades face 
the light with a minimum of overlap­
ping, hence they are arranged in a 
mosaic. 

Gravity is responSible for the tropism 
that makes a plant's stems and roots 

grow vertically. If a plant is placed in a 
horizontal position, the stems will bend 
upward near the tip and the roots will 
bend downward. Again auxin is respon­
sible. When a stem lies horizontal, the 
auxin becomes more concentrated on the 
lower side. This causes the stem to turn 
upward, but it has the opposite effect 
on roots, because a concentration of 
auxin that promotes the growth of stem 
cells inhibits the growth of root cells. 

Were it not for gravity tropism, called 
geotropism, agriculture would be im­
practical. Geotropism enables us to plant 
seeds any side up with confidence that 
the stems will come up. If plants grew. 
only in the direction of the growing 
point· on the seed, they might emerge 
from the ground at every conceivable 
angle, and the stems might even grow 
downward while the roots stuck up into 
the air. 

Some plants, particularly twining 
vines and tendrils, have a tropism to con­
tact. When a tendril touches a solid ob­
ject, the cells on the side away from the 
contact suddenly elongate more rapidly, 
while those on the side of contact may 
shrink; so the tendril coils around the 
object. The response occurs within a 
minute or so, indicating that pressure ef­
fects as well as growth may be involved. 

The general belief that plants have a 

tropism to water which makes their 
roots grow toward moist soil seems to be 
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Opportunity unlimited 

ttlt 
for progressive young men, 

top careers of the Ai,. Age, 

including educational opportunities and a lifetime Income 

-with the United States Air Force 

Deservedly the proudest young men of 
our day are those who have decided to 
enlist in the U.S. Air Force. They have 
a brilliant future in store. 

Trained in the most efficient aircraft 
built-as pilots or in supporting roles­
members of our Air Force enter an ex· 

Student members of 
tbe U.S. Air Force 
study a Douglas RB·66 

panding career. Realistically, their 
service offers opportunity to learn the 
specialized skills of the Age of Flight 
through on-the-job training and a chance 
to continue their educations through 
and beyond the college level. And, at an 
age when most civilians still grope for a 

Depend on DOUGLAS 

future, the man with the Air Force 
career is eligible to retire with a life 
income. 

As a designer and builder of modern 
aircraft, Douglas is in a position to judge 
the skills developed by Air Force train. 
ing. They couldn't be higher. 

First in Aviation 
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�JllANIUM 
'CARBIDE 

Structure. • • • • • • • . . . cubic 
Mp . . . . • • . . . . . .  5680°F. 
Hardness. . . . . . . 9 Moh seal 
Mesh Size • •  95% to 98%-325 

An extremely hard substance with good oxi. 
dation resistance at high temperature, Titanium 
Carbide offers definite advantages when used 
as a component in sintered steel cutting tools. 
Its properties are of current interest in turbine 
and jet engine parts research ... and the com· 
pound is being tested as a high temperature 
refractory material in reducing atmospheres. 
Also promising are applications in abrasives, 
nozzles and orifices. 

Production of high purity Titanium Carbide 
in commercial quantities is a recent develop. 
ment at TAM. * The average analysis of current 
production lots is charted: 

Total Carbon. . . 19.17% to 19.46% 
Free Carbon . .. 0.25%to 0.29% 
Combined Carbon 18.90%toI9.17% 
Ti . . 78.20%t079.10% 
Fe . . 0.22%to 0.33% 
**H2 0.014%toO.030% 
**02 0.630%toO.852% 
**N2 0.88% toO.I71 % 

(In quantity production-an average of 19% 
combined Carbon and a maximum of 0.3% 
free Carbon is maintained. "Vacuum fusion 
analysis without prior deabsorption. Experi. 
ence shows about 50% of these gases may be 
des orbed readily.) 

WANT TO KNOW MORE? For de­
tailed facts on Titanium Carbide as well 
as information on products of Zirconium 
and Titanium, call in our Field Engineers. 
Write our New York City office. 
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*TAM is a registered trademark 

NATIONAL LEAD COMPANY 
b:mltit't aud Sales Offices: . 

11 1 Broadway, New York, City 

wrong. Recent research indicates that 
growth of roots by attraction toward 
water occurs only to a limited extent in 
a few species of plants, if at all. The rea­
son that roots grow so thickly in moist 
soil, especially around drains, is simply 
that this environment favors the develop­
ment of the rootlets already there. 

We now come to movements pro-
duced by the swelling and shrink­

ing of cells-called turgor movements. 
The agent here is water: diffusing into 
and out of cells, it inflates or deflates 
them, and it may raise the internal pres­
sure in some plant cells to as high as 
several hundred pounds per square inch. 
Practically all leaves have pores which 

open when their guard cells are swollen 
with water and close when the guard 
cells are deflated, at night or when they 
lack sufficient water. The loss of pres­
sure at night is connected with the halt­
ing of photosynthesis. When the morn­
ing light comes, the photosynthetic ac­
tivity of the plant results in conversion 
of the insoluble starch in the guard cells 
into soluble phosphated sugar. The cells 
take up more water and swell. 

A familiar example of turgor move­
ment is the so-called "sleep movements" 
of plants of the legume, oxalis and other 
families. At night, or when water is 
short, their leaflets fold together. The 
reason is that they lose the support of the 
cushion-like swellings at the base which 

FLAGELLUM propels the fungus Rhizophidium through the water. At the top is an electron 
micrograph which enlarges the cell 7,500 diameters. At the bottom an intact flagellum may 
be seen at the left. From left to right is a flagellum which has separated into 11 fibrils. 
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NEW MISSILE SYSTEMS 

RESEARCH LAB 0 RATO RY 

The technology of guided missiles poses increasingly complex 

problems in virtually every field of science. 

To provide physicists and engineers with the most modern 

facilities for meeting those problems, Lockheed 

Missile Systems Division has begun construction n a 

laboratory for advanced research-·first step 

in a $10,000,000 research laboratory program. 

Scheduled for occupa Lion in early fall of 1955, it will augment 

existing Missile Systems Divi ion facilitie . 

Physicists and engineers able to make significant contributions 

to the technology of guided missiles are invited to write. 

� � MISSILE SYSTEMS DIVISION 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION . VAN NUYS·CALlFORNIA 
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But the principle behind the Alnor 
Dewpointer is so exacting that if that 
one half of one millionth of an ounce 
of transient water vapor were not 
sealed out-it would make an error 
of 100 at -600 F. In many fields today 
where the Dewpointer is used, such 
an error in dew point determination 
would be worse than no answer at all. 

That is the policy at Alnor. Take 
the most exact laboratory method of 
determining dew point, velocity, tem· 
perature-and design an instrument 
that will provide laboratory results 
under all conditions. 

Precision. Portability. Simple op. 
eration. These are the goals of Alnor's 
manufacturing and research divisions 
... looking at old problems . . • find. 
ing new and better answers for in. 
dustry. Each Alnor product is a result 
of this modern thinking • • •  designed 
to meet industry's production line 
methods. 

Modern principle behind the Dew­
pointer is explained in our Bulletin 
number 2051. Write for your copy. 

ILLINOIS TESTING LABORATORIES, INC. 
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ELECTRICAL ACTION POTENTIAL released by bending a trigger hair of Venus'-flytrap 
is recorded by oscilloscope trace_ The maximum represented by the tall peak is .13 volt. 

ordinarily hold leaves and leaflets firmly 
erect. Another example is the rolling up 
of grass leaves in dry spells; they roll in­
to a tube because certain rows of cells 
along their epidermis lose water more 
readilv than others. 

There are plants that exhibit much 
more rapid and spectacular turgor 
movements. The sensitive plant (Mim­
osa plldica), so called because it is sen­
sitive to touch, shuts its leaves very 
rapidly when stimulated by a touch, by 
heat, by electricity or by ether. Some­
times you can see one pair of leaflets 
after another close in sequence as the 
impulse travels down the leaf. 

In the barberry plant the lower parts 
of the pollen-bearing stamens are sensi­
tive to touch. When an insect touches 
them, the stamens suddenly snap in­
ward, dusting the insect with pollen. In 
the flowers of the trumpet creeper, ca­
talpa and some other plants, a touch 
causes the two halves of the stigma to 
come together. If the stigma becomes 
covered with pollen during the process, 
the two halves remain together, but if 
no pollen was trapped, the halves sepa­
rate within a few minutes. 

Venus'-flytrap, an insect-eating plant 
native only along the Carolina coast, has 
a complex set of movements. Its leaves, 
hinged along the midrib, rapidly close 
together when their upper surface is 
touched. Usually it takes two separate 
touch stimuli, spaced 1.5 to 20 seconds 
apart, to make the leaf close; it shuts 
within half a second after the second 
touch. When it traps an insect or other 

protein-containing object, the leaf re­
mains closed and proceeds to squeezc 
its prey by pulling its edges together. 

The aquatic bladderwort is another 
insect eater with rapid turgor move­
ments. On its stem are many small sacs 
about the size of a pinhead. Each of these 
"bladders" is a trap, and it is set by being 
partly collapsed, like a squeezed rubber 
ball. It has a hinged trapdoor with a 
sensitive trigger. When a swimming in­
sect or other small animal stimulates the 
trigger, the trapdoor suddenly swings 
upward and inward. A rush of water 
sweeps the animal into the bladder, and 
the door promptly closes. Inside, the in­
sect dies and is digested. In the mean­
time, however, the trap is reset, and it 
may reopen to catch a second insect. 

Still another insect-trapping plant is 
the sundew, which has small, sticky 
leaves with long tentacle-like hairs on 
the upper surface. When an insect be­
comes stuck on the leaf, the hairs bend 
around it, and as soon as the tips of the 
hairs touch it, the plant begins to se­
crete digestive enzymes. These hair 
movements are growth movements 
rather than turgor movements. 

All these plant movements-locomo­
tive, nutatory, nastic, tropistic, turgor 
and so on-are in addition to the usual 
restless traffic that goes on in any organ­
ism: the flow of water and food, the dif­
fusion of substances in and out of cells, 
the multitude of biochemical reactions. 
The plant in the field, far from being a 

creature which toils not nor spins, is a 

veritable beehive of activity. 
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Now ... the answer to high-resolution recording of test data 

... the Extended Range' � Recorder 

DESIGNED especially for recording variables 
which change over a wide range, this new Ele c­
troniK instrument records on a chart effectively 
55 inches in width. It has five equal measuring 
spans. Whenever the variable being measured 
reaches either the upper or lower limit of one of 
these ranges, the instrument automatically steps 
to the adjoining range and continues recording. 

Two indicating pointers show the range in use 
and the value within the range. Connected to 
each pointer is a pen; one draws a purple record 
showing the range, the other draws a red record 
of the variable itself. To get the complete read­
ing, you simply add both pen or pointer indica­
tions. 

The complete range is 10.2 millivolts, in five 

Closeup of indicating scale. Upper pointer shows 

millivolts withinthe span; lower pointer indicates 

millivolts to be added. Tota! reading: 4.58 mv. 

2-millivolt steps with ,an extra 0.2 millivolts on 
the high end of each span to provide an overlap 
that facilitates measurements near the change­
over point. Pen speed of 4 Yz seconds full scale 
affords rapid response to quickly changing vari­
ables. 

You'll find this new instrument particularly valu­
able in strain gage measurements and in dozens 
of other uses where high resolution aids interpre­
tation of data. Your nearby Honeywell sales engi­
neer will be glad to discuss your specific applica­
tion ... and he's as near as your phone. 

MINNEAPOLIS-HoNEYWELL RE,GULATOR CO., 
Industrial Division, Wayne and Wind rim 
A venues, Philadelphia 44, Pa . 

• REFERENCE OAT A: Write for Data Sheet No. 10.0·18, "Extended Range Recorder." 

H 
IDNIYWm Honeywell 

,B ROWN INST R U M E NTS 
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by James R. Newman 

THE LIFE OF JOHN STUART MILL, by 
Michael St. John Packe. The Mac­
millan Company ($6.50). 

J
ohn Stuart Mill, economist, philoso­

pher, social reformer and child 
prodigy, was one of the remarkable 

men of the 19th century. How remark­
able and how interesting has never be­
fore been so fully brought out as in this 
admirable biography by Michael St . 
John Packe, a history scholar of Magda­
lene College, Cambridge University. 
Mill has lacked neither biographers nor 
admirers; he was enormously influential 
in economic, political, social and philo­
sophical thought, so that even today, 70 
years after his death, few names are 
more familiar than his to educated per­
sons; he wrote a celebrated autobiogra­
phy which tells a great deal about his 
mental development and intellectual 
life. Yet to a large extent the man him­
self has remained veiled and forbidding. 
There was much about him that was ob­
scure-about his personality, his friend­
ships, his long-drawn-out love affair with 
Harriet Taylor, which for 20 years or 
more nourished the gossip of London 
society. The source materials which 
could shed new light on these matters 
and fill in many gaps of information were 
long withheld from public scrutiny by 
Mill's stepdaughter and her niece, and 
were later scattered when offered at 
auction. Fortunately, these materials 
have been reassembled and with their 
help Packe has undertaken a full-scale 
portrait. I cannot say that he has made 
plain everything that was not plain be­
fore, nor are all his conclusions and ap­
praisals equally compelling. But he has 
written a fascinating, sensitive book 
which brings into full view a hitherto 
half-hidden figure. Packe's Mill is a man 
who moves you, whom you like and dis­
like and pity as well as admire. 

The prodigiousness of prodigies blinds 
us to their other traits. vVhat lives inside 
the marvel is apt to be forgotten. But 
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A biography of a remarkable figure 
'of the 19th century: John Stuart Mill 

Mill the man is inexplicable if one fails 
fully to take into account his incredible 
childhood. His father, James Mill, was 
the eldest son of a Scotch shoemaker and 
of an energetic woman who had deter­
mined that her first-born should be well 
educated and rise in the world. James 
did not disappoint her. He became a 
journalist and scholar and married a 
pretty girl with a dowry of 400 pounds . 
In 1806 he produced a son-John Stuart 
-and in 1808 met Jeremy Bentham. The 
second event profoundly influenced the 
consequences of the first. James Mill be­
came a close friend and diSciple of Ben­
tham, the founder of Utilitarianism, who 
held as the summum bonum the greatest 
happiness of the greatest number and 
believed that there was no limit to the 
benefits a good education could confer. 
The two men set out to make of young 
J olm, then only three years old, a worthy 
disciple for their cause and an experi­
mental proof of their theories. 

James treated the tender mind of his 
son as a blank sheet upon which he 
could write what he liked. At three the 
boy began to learn Greek words. When 
he had mastered a vocabulary, he was 
introduced to Aesop's Fables. Next came 
Herodotus, then Xenophon. At age sev­
en John read Plato's Dialogues, which, 
he later felt, "would have been better 
omitted, as it was totally impossible I 
should understand [them]." His father 
was not the most patient of men; more­
over, "he demanded of me, " wrote John, 
"not only the utmost that I could do, but 
much that I could by no possibility have 
done." Yet if the son was not spared, 
neither was the father. There was noth­
ing to which he would not submit to 
further the child's education. He told the 
boy what to read, heard his lessons, dis­
coursed with him on long walks, drilled 
him in arithmetic. In the evenings they 
sat together on opposite sides of the 
table in the crowded living room, with 
one baby sister "howling in one corner " 
and another in another, John studying 
his Greek and James grinding away at a 
History of India he was writing. As there 
was in those days no Greek-English lexi­
con, John incessantly interrupted his 

father to ask the meaning of words. It 
is not surprising that the History, which 
was to have taken three years, took 10. 

John soon started reading on his own: 
biographies ,  accounts of voyages and ex­
plorations, histories ,  political works, the 
plays of Terence, the Iliad and the Odys­
sey, a translation of Plutarch, Aristotle's 
Rhetoric. At five "he was able to engage 
Lady Spencer, wife of the First Lord of 
the Admiralty, in an animated compari­
son of \"'ellington and Marlborough "; at 
six and a half he composed a Roman his­
tory in 1,500 words. Books of amuse­
ment were not denied to him. Robinson 
Crusoe was his chief delight; his father 
went so far as to borrow for his son the 
Arabian Nights, Don Quixote, Maria 
Edgeworth's Popular Tales and a "book 
of some reputation in its day, " Brooke's 
Fool of Quality. 

In John's eighth year "the pulse of his 
learning quickened." He added Latin, 
algebra and geometry to his curriculum. 
He raced through Cicero, Horace, Livy, 
Virgil, Ovid and Juvenal. Before he was 
12 he had pierced the mysteries of trig­
onometry, conic sections ,  the differential 
calculus and other portions ot higher 
mathematics. In this field he was mostly 
on his own, because his father was not 
much of a mathematician. John contin­
ued avidly to read history and to com­
pose ancient histories, including a full­
scale analysis of Roman constitutional 
law, all of which he later destroyed "in 
contempt of my childish efforts . "  His 
father interested him in the pleasures of 
poetry with Pope's translation of the 
Iliad. He read it again and again, at­
tempted to write verse in the same style, 
turned to Greek poetry, then to Milton, 
Goldsmith, Gray, Cowper, Spenser, 
Scott, Dryden, Burns. The boy was re­
quired to teach his little sisters and 
brothers, of whom in time there were 
eight. When he was eight and just be­
ginning Latin, his sister Wilhelmina, 
aged five, became his pupil in classics, 
and he was responsible for the answers 
to questions on Latin grammar put to her 
by her father. Wilhelmina was not re­
tarded; she read Cornelius Nepos when 
she was six, and dabbled in Caesar; the 
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other children kept pace-from Ovid to 
cube root-but Packe warns against con­
cluding they were erudite. In fact, "in 
later life they were under the impression 
that their own education had been some­
what sketchy. " 

John was coached most thoroughly in 
economics, logic and political theory. 
When he was 13 he was taken through 
"a complete course of political economy, " 
including lectures on Ricardo delivered 
by his father on their walks in the coun­
try. The inh'icate subject of money was 
carefully gone into, and lessons in logic 
became part of the daily fare. 

In 1820, when John was nearly 14, 
his father decided that he had taught 
his son all he could, and that the only 
thing left for the boy to learn was "how 
to take his place with other human be­
ings. " This was not easy, because John 
had been quarantined from other boys 
lest they corrupt him with their "vulgar 
modes of thought and feeling, " and he 
had been trained to know rather than 
to do. However, in spite of his training 
John was a modest, likable youngster; 
though inclined to be dogmatic, he had 
no conceit and always ascribed his ac­
complishments to his early education. 

It was arranged to expose him to the 
outside world by sending him to France 
to live for six months with Bentham's 
brother Samuel, who had a famiJ.y of 
children somewhat older than John. The 
trial was successful beyond expectation. 
The Benthams ran a relaxed, cheerful, 
agreeably disordered household, and in 
time John adapted himself to its ways. 
He went on picnics, attended peasant 
dances, visited the circus, looked through 
a telescope, became interested in botany. 
A French tailor fitted him for more fash­
ionable clothes; a gentlewoman taught 
him piano. Fencing, riding and dancing 
were added to his accomplishments, 
though it cannot be said he cared for 
these pursuits. He cut down on his 
mathematics and caught more butter­
flies, studied less logiC and practiced 
more sleeping. Six months stretched into 
a year. When he returned home in July, 
1821,  he was not the same boy. He had 
not lost his interest in intellectual pur­
suits, but he had glimpsed new sights 
that thrilled him, learned to live outside 
the confining circle of his childhood, 
seen in their daily habit the working 
folk hitherto known to him only "within 
the graphs of political economy." The 

M ill as he appeared shortly before his death in 1873 
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Is presented here with the magic and mystery which lie 
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o FORBIDDEN LANDS by Gordcm Oooper. It is • tragic 
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the United States 

Our 
American Weather 

by Dr. GEORGE H. T. KIMBLE 
Formerly Director I American 

Geographical Society 

One of the nation's foremost 
weather authorities describes 
just what kind of weather we are 
most likely to have each month of 
the year, and explores the 
weather seasonally and region­
ally, showing how it unfolds from 
coast to coast. Dr. Kimble ex­
plodes many old superstitions 
about the weather and upholds 
others, always explaining why 
the weather acts as unpredict­
ably as it does. Maps and photo­
graphs by Jean Paul T1·emblay. 
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Red planet 
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Astronomer, Mount Wi/son 
and Palomar Observatories 

Here are all the known facts, and 
some startling speculations, 
about the planet man may first 
reach by rocket. It answers with 
the latest scientific accuracy such 
questions as; 

• Can we reach Mars by rocket? 

• Will we find life, as we know 
it, there? 

• Are the canals on Mars real 
or illusory? 

• When-and how-will inter-
planetary travel be achieved? 

Dr. Richardson also explains the 
relationship of Mars to the Earth 
and the other plants, and de­
scribes the trials and triumphs of 
the astronomer. Illustrated with 
maps and photographs. $4.00 
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wonder child had outgrown its test tube. 
John's godfather, Sir John Stuart, had 

left 500 pounds to send him to Cam­
bridge, but his father decided that the 
University had nothing to teach the boy. 
He was probably right. When John was 
16 he accepted an invitation to speak 
before the Cambridge Union. "His mas­
sive power in disputation, uttered from 
a flimsy body in the creaking tones of 
16, stilled the brittle oratory of the 
adolescent giants. He left a great impres­
sion. " John founded a society of his own, 
named the Utilitarian Society, and its 
five members met fortnightly for three 
years to debate serious matters. 

In 1823 he was given a post as a junior 
clerk with the East India Company. He 
remained with that agency for 31 years 
until his retirement. Mill rose to the po­
sition of Chief Examiner, the highest in 
his department, and was very well paid. 
Thus financial security, like almost every­
thing else, came to him early. 

Another event, which might be said 
to have completed his education, oc­
CUlTed in 1823, when Mill was 17. He 
was arrested for distributing "obscene 
literature. " The circumstances did him 
credit. The famous reformer Francis 
Place, campaigning against Malthus' 
harsh "natural " correctives to over-popu­
lation, had published and distributed a 
birth control pamphlet titled "To Mar­
ried Working People. " Young Mill vis­
ited Place one day, filled with horror by 
two things he had seen while walking 
to his new job at India House: a stran­
gled newborn baby abandoned in St. 
James's Park, and criminals dangling 
from the gibbet at the Old Bailey. Place 
gave him some of his broadsheets, and 
Mill with a friend undertook to strew 
them through London. The boys were 
caught and brought before the Lord 
Mayor. He lectured them on their out­
rageous attempt "to corrupt the purity 
of English womanhood, " sentenced them 
to 14 days and then let them go after a 
dav or two. Years later, when he had 
gr�wn famous, Mill met the Lord :'1ayor 
at a banquet. "The Lord Mayor beamed 
civilly; 'I have had the pleasure of sitting 
opposite you before, Mr. Mill, ' he said. 
Mill agreed tartly: he would have a hap­
pier memory of the occasion, he replied, 
if the Lord :'1ayor had been as quick 
then as he was now in perceiving op­
posites : for he would have been able 
to discriminate between an attempt to 
prevent infanticide and the promotion of 
obscenitv. " 

Mill's
' 

autobiography depicted his 
childhood as "a weary drudgery," his 
home as "cheerless, godless, silent and 
afraid. " But Packe makes clear how 

much Mill owed to his father, not only 
intellectuallv but also for his character 
ethical outl�ok and social idealism. Mill 
never failed to finish what he started; he 
had an enormous capacity for work, amI 
he was usually engaged in a dozen un­
dertakings besides his regular job at In­
dia House. Articles, reviews, polemiCS, 
essays flowed from his pen on subjects 
ranging from the libel laws to the theo­
ries of Coleridge, from the economics of 
labor to the metaphysics of Sir William 
Hamilton, from contemporary politics to 
Tennyson's poetry. The journals to which 
he contributed sometimes paid him for 
his work, but often it was he who kept 
the journal going by digging into his 
pocket. Mill was unfailinglv generous; 
he never forgot the examples set by 
Bentham, Place and others who had 
saved his father and family from pov­
erty. Though he was far from wealthy, 
he gave money freely to charitable or­
ganizations, to workingmen's libraries, to 
the ';\loman's Suffrage Society, to "a 
Wiltshire poacher under prosecution," 
to girls' schools, to the Drinking Foun­
tain Association, to indigent writers and 
philosophers of every shade of opinion. 
The prickly, hapless mathematician and 
philosopher Auguste Comte, half mad­
man, half genius, gained from Mill's gen­
erosity, as did also the even more offen­
sive Thomas Carlyle. 

It may be urged, of course, that what­
ever Mill did for Carlyle was paltry in 
light of the latter's magnificent equa­
nimity in the famous affair of the burned 
manuscript. He had lent Mill the com­
pleted manuscript of the first volume of 
his French Revolution, the product of 
five months' literary labor. i\fill took it 
home, read it, and 

'
then with incredible 

carelessness swept the sheets, together 
with some old papers he was clearing 
out, into a bin for "kitchen use. " The 
stove consumed the lot, leaving only a 
few charred pages . Carlyle, who had 
destroyed even the notes of his work be­
fore sitting down to write, as was his 
habit, carried off the catastrophe with 
unexampled generosity and understand­
ing. "I feel, " he wrote Mill, "that your 
sorrow must be sharper than mine . . . .  " 

As an adult Mill began to find the 
friendship of which he had been de­
prived as a child. At the age of 20 he fell 
into a profound mental depression, sud­
denly discovering that he was incapable 
of feeling. After some months the crisis 
passed: "I was no longer hopeless , "  he 
wrote, "I was not a stick or a stone. " The 
experience brought a change in outlook. 
Thenceforward he gave to his sympa­
thies and passions a greater role. He 
recognized that he needed companion-
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ship and he sought it. He mixed more in 
society. The historian George Grote, the 
psychologist Alexander Bain, the poet 
John Sterling were among those who 
became his close friends. In time he also 
fell in love. 

At 24 Mill met Harriet Taylor, a 
young, beautiful, poetic, passionate, 
proud, clever woman whom Carlyle de­
scribed as a "living romance heroine, of 
the clearest insight, of the royal est voli­
tion .... " She had faults which Carlyle 
portrayed no less vividly-"she affects, 
with a kind of sultana noble-mindedness, 
a certain girlish petulance." This was a 
minor matter. More distressing was the 
fact that when Mill met her she was 
already married. Her husband, a pros­
perous London merchant who adored his 
wife, was destined to become the most 
long-suffering husband of history, de­
nied even the satisfaction of being forth­
rightly cuckolded. The instant Mill laid 
eyes on Harriet "a passion sprang out of 
the bushes like a hundred Ashantees, 
and he was carried away captive." For 
20 years they were lovers, but if all the 
biographers, including Packe, are right, 
they were lovers living in a state of "tech­
nical innocence." Harriet was the kind 
of girl who knew how to manage her 
relations with two men, giving neither 
exactly what he wanted but each enough 
to make him reluctant to give up what 
he had. Her husband first tried to break 
up the affair. When Harriet outtalked 
him, he resigned himself to the wretched, 
lonely life of a husband of convenience. 
Harriet spent a good part of each year 
in her country house or traveling in 
Europe with Mill, and even when she 
lived with her husband in London, Mill 
came twice weekly to dine and Taylor 
trotted off to his club to spare the lovers ' 
feelings. 

Mill knew that divorce was impossi­
ble and settled for inspiration and com­
panionship. (Harriet eventually became 
his wife in 1851, two years after her 
husband's death. ) Packe tries hard to 
convince us that Mill was not undersexed 
but was prepared to deny the appetite 
of the flesh for the higher spiritual pleas­
ures of abnegation. But I do not find 
Packe very enlightening or original on 
this aspect of the affair. There comes to 
mind Carlyle's brilliantly disagreeable 
question when Mill, who was always ail­
ing, took a trip abroad with Harriet to 
try to mend his health: "They are inno­
cent says Charity, they are guilty says 
Scandal: then why in the name of won­
der are they dying brokenhearted?" 

Packe does, however, succeed in mak­
ing abundantly clear how profoundly 
Harriet influenced Mill's views. Within 
a few years after they met, their com-

panionship had become as close intel­
lectually as emotionally. He extended 
her horizons and she passed meticulous 
judgment on his ideas. "From 1846 on­
wards," Packe writes, "Mill 's entries in 
his chronological list of published works 
are marked with increasing frequency as 
a 'joint production with my wife,' and 
the Political Economy is so styled. The 
influence she had gradually extended 
over him now ended in complete as­
cendancy, and his further writings were 
'not the work of one mind, but of the 
fusion of two.' " It was a good influence; 
of this there can be no question. John 
Mill was a reasoning man, a scientific 
and "severe " thinker; but without much 
sense of the concrete or much poetry. 
Harriet supplied these qualities to his 
work; it was she who never permitted 
him to relax his vigilance against social 
injustice, who "helped to keep him a 
radical and a democrat." 

Mill's best-known writings are A Sys­
tem of Logic, PrinCiples of Political 
Economy and his famous essay On Lib­
erty. Packe scarcely gives more than the 
gist of Mill's writings and offers no 
critique in any real sense. Mill's Logic 
had as its main object the "rehabilitation 
of induction." He was a mechanist. He 
shared the 19th-century confidence in 
the final reducibility of the most diverse 
phenomena to mechanical actions. He 
adopted as a grand hypothesis the uni­
formity of nature, and as another major 
assumption the "Law of Universal Cau­
sation " which holds that "every event, 
or the beginning of every phenomenon, 
must have some cause, some antecedent, 
on the existence of which it is invariably 
and unconditionally consequent." Mill 
went so far in embracing the inductive 
method and rejecting the notion of ab­
solute truths that he dismissed the con­
clusions of geometry as mere deductions 
from arbitrary assumptions which are 
neither necessary nor true. As for the 
rest of mathematics, he held it to be 
founded on a science of numbers which 
consists only of "experimental laws based 
on the evidence of the senses." 

The Logic, like the Political Economy, 
was an immensely successful and influ­
ential book. At Oxford and Cambridge 
it was for a half-century the "ground­
work of natural science," says Packe. Its 
shortcomings, which are serious, arise in 
part from the fact that Mill "claimed 
for reason more than it could achieve,'i 
in part from the inadequacies of his 
notions of psychology. He hoped, of 
course, to apply his principles of logic 
to man and society, always of greater 
interest to him than the sciences them­
selves, and the concluding portions of 
his book are devoted to these considera-
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Analysis-Only Record - a ten-incb disc­
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playing record of the work being presented. 
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tions. But here he was soon mired in 
classical dilemmas and difficulties. It was 
all very well to say that human behavior 
was a phenomenon subject, like the be­
havior of a gas or the revolution of a 
planet, to causal laws, but where did 
this leave the freedom of the human 
will? Mill was unable to resolve the 
dilemma without, as Packe says, bend­
ing his logic. The results were not satis­
factory, but the attempt is noteworthy 
in demonstrating once more that Mill, 
though a worshiper of reason, was "first 
of all a humanist who carried the stern 
standard of utilitarianism into philoso­
phy itself." He would not accept con­
clusions "repugnant to the interests of 
mankind," whatever the cost to logical 
consistency. 

And so again in the essay On Liberty. 
It is "more of a hymn or incantation" 
than an impeccably reasoned discourse. 
Written jointly with his wife, this essay, 
perhaps more than any other of Mill's 
works, retains its stature today. Its out­
look is eclectic. Mill was incapable of 
glossing over the dilemmas of freedom. 
The individual's rights and the needs of 
society, majority rule and minority opin­
ions, "the tyranny of a few " and the 
"rough justice of the many," the evils of 
collectivism and the immorality of laissez 
taiTe-these were the conflicts and in­
compatibles he could not reconcile and 
would not deny. On one point, however, 
he was clear. Both morality and self­
interest required the encouragement of 
minority opinions, the preservation of in­
dividual differences. It was important, 
he advised Bertrand Russell's mother, 
Lady Amberley, to "establish a charac­
ter for strangeness." But individuality 
was not likely to thrive under the rule 
of the greatest number. He had read and 
admired Alexis de Tocqueville's Demo­
cracy in America, and he had taken to 
heart its warnings. Even as he worked 
for the advancement of the mass of men, 
for the enlargement of their power, he 
feared the accompanying pressures to­
ward conformity. 

"The worth of a State, in the long 
run, is the worth of the individuals com­
posing it; and a State which . . .  dwarfs 
its men, in order that they may be more 
docile instruments in its hands even for 
beneficial purposes, will find that with 
small men no great thing can really be 
accomplished; and that the perfection to 
which it has sacrificed everything, will 
in the end avail it nothing, for want of 
the vital power which, in order that the 
machine might work more smoothly, it 
has preferred to banish." 

Disraeli contemptuously called Mill 
a "finishing governess " when he first 
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heard him speaking in Parliament. Dis­
raeli was right, and other unflattering 
things could justly have been said of 
Mill . He was cold and dogmatic; he was 
capable of great cruelty to his mother 
and sisters, whom he despised; he was 
not a philosopher of the first rank; he 
was a codifier rather than an innovator. 
Nevertheless he was an admirable fig­
ure-courageous, independent, unswerv­
ing in his dedication to human welfare 
and the principles of liberalism, always 
stately and elevated in his outlook on 
public questions, one who used his su­
perb intellect only for good. Packe has 
shown him to us as an archetype of civi­
lized man. We have need of such finish­
ing governesses. 

Short Reviews 

AMERICAN SCIENCE AND INVENTION, 

by Mitchell Wilson. Simon and 
Schuster ( $10.00 ) .  Wilson is a physicist 
who once worked with Enrico Fermi; he 
is also a novelist whose Live with Light­
ning was well received. In this volume, 
consisting of a thousand pictures and 
130,000 words of supporting text, he 
presents a history of the machines and 
theories of ingenious men, from sail­
makers' tools and Benjamin Franklin's 
stove through Willard Gibbs's phase rule 
to synchrocyclotrons. His account is va­
ried, enjoyable and instructive. There is 
fun in it, and clearly-imparted informa­
tion for those who wish to read as well 
as browse. Like all such jumbo packages, 
it is at times thoroughly bewildering. 
Not every contrivance or concept here 
recorded is equally well explained­
Gibbs's terrifying phase rule, for exam­
ple, remains as snarled as ever. This is a 
very good book, worth owning, but it 
could have been better. 

NANGA PARBAT, by Karl M. Herrlig-
koffer. Alfred A. Knopf ( $5.00 ) .  

Nanga Parbat-meaning the naked 
mountain-is an awesome colossus stand­
ing at the far western end of the main 
Himalayan chain. It is 26,600 feet high, 
with no surrounding peaks to detract 
from its supremacy, and it rises so sharp­
ly in an almost unbroken sweep from the 
plains below that it is the highest single 
mountain face on earth. Many attempts 
have been made to climb it, beginning 
in 1895 with the ascent by the famous 
mountaineer A. F. Mummery. He disap­
peared with two porters and was never 
seen again. Six more unsuccessful expe­
ditions followed. A German expedition in 
1934 lost 11 men; in another, three years 
later, 16 men were crushed in their sleep 
by an avalanche. Nanga Parbat earned 
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and for both transmitters and receivers . 

A N T E N N A  A N D  WAVE G U I D E  E N G I N E E R S  
Applied research,  development and design of 
antennas and waveguide systems for military 
communications and radar equipment. 

RAD A R  I N D I CATO R SYST E M S  E N G I N EERS 
Planning, studying, proposing, a n d  advanced 
research,  development and design to include search, 
fire·control and missile guidance systems.  
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its reputation as the killer mountain. At 
last in 1953 a German-Austrian party 
got to the top. More precisely, one of 
their number, Hermann Buhl, a clerk in 
a Munich sporting goods store, did it. 
He set out alone from an advance camp 
and after an almost incredible journey 
lasting 40 hours, in the course of which 
he lost his food, his sleeping bag and 
most of his tools and equipment, he 
clambered to the top and got back alive. 
On the way he was forced to spend the 
night standing in sub-zero temperature 
on a ledge a few inches wide. The 
climbing history of Nanga Parbat awl 
the detailed story of the last expedition 
are told in these pages by its leader. It 
is an exciting account, a mixture of 
straightforward reporting and more per­
sonal expression. But there are unpleas­
ant overtones. The mountain climbers 
were churlish in their treatment of por­
ters, and the 1953 expedition was un­
surpassed in the ability of its members 
to fall out among themselves and engage 
in bitter public recriminations once the 
glorious adventure was ended. The in­
junctions and other brawling seem now 
to have subsided, with general agree­
ment that while Buhl may not be a 
pukka sahib, he is a peerless climber. 

JANE'S FIGHTIKG SHIPS, 1954-1955, 
edited by Raymond V. B.  Blackman. 

McGraw-Hill Book Co. ($23.00 ) .  The 
world's navies continue to swell and so 
does Jane's. In this 56th edition there 
are 535 new illustrations of new or con­
verted warships, bringing the total to 
well over 2,500. Numerous additions to 
the technical data and notes describe 
the latest scientific and engineering de­
velopments. Among these advances are 
high-speed turbines, giving better per­
formance with lighter weight; light­
weight Diesel engines; nuclear-powered 
engines; hydrogen peroxide plants; 
steam catapults; gun mountings, gun 
controls and weapons "which are becom­
ing separate engineering installations in 
themselves. " The increase in complexity 
of warships has, as Jane's points out, 
presented the authorities with a serious 
problem in the shape of a shortage of 
qualified engineers. Undoubtedly there 
have been changes in the requirements 
since the gallant Captain Corcoran com­
manded H.M.S. Nnafol'e. Some other 
items of intelligence in this year 's edi­
tion : the latest ship's guns have three 
times the previous rate of fire; Great 
Britain has built no aircraft carriers, 
battleships, cruisers, destroyers or large 
warships of any kind since the end of 
the Second World War; the U. S. Navy 
today is equal to all the major navies of 
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the world put together; the U.S .S .R.  now 
has 400 submarines, some of which have 
a range of 20,000 miles and a speed of 
20 knots ; U. S. atomic submarines will 
have three deck levels and will be capa­
ble of being propelled by either atomic 
power, Diesel engines or electric motors. 

'r HE PICTURE OF EVEREST, edited by 
Alfred Gregory. E .  P. Dutton & Co . , 

Inc. ( $ 10.00 ) . Here is an album of some 
40 color photographs of the country of 
Nepal and the highest mountain in the 
world, taken by members of the 1953 
British Everest expedition. M any of the 
shots are so breathtaking that one almost 
reaches out for the climber's oxygen 
equipment. The principal photographer 
represented is Alfred Gregory, but there 
are a number of fine pictures by other 
members of the expedition, including Sir 
Edmund Hillary, whose photographs at 
the top of Everest have deservedly be­
come world-famous. This is a book no 
lover of mountains and mountain-climb­
ing can possibly do without. 

D ESIGN OF THE UNIVERSE : THE HEAV-

ENS AND THE EARTH, by Fritz Kahn. 
Crown Publishers, Inc. ( $5.00 ) . Kahn, 
who is known for his earlier book Man 

in Structure and Function, presents a 
popular survey of the physical sciences : 
physics, chemistry, astronomy and cos­
mology, geology, meteorology. Despite 
numerous minor inaccuracies ,  oversim­
plifications and garish or confusing illus­
trations, this is a very readable book­
fast-moving, written with infectious zest 
and amazingly comprehensive. Kahn 
rushes in where many physicists fear to 
tread and manages to put on a good 
show for those who are not too captious. 

THE COLLECTED WORKS OF C.  G. 
JUNG, four volumes, edited by Sir 

Herbert Read, Michael Fordham and 
Gerhard Adler. Pantheon Books, Inc. 
( $17.00 ) .  These are the first four vol­
umes of a collection which will present 
in English all the works of the famous 
Swiss psychologist. The translations have 
been skillfully executed, and the typog­
raphy and book production are fully up 
to the admirable standards of Pantheon's 
Bollingen Series .  One of the volumes, 
called Psychology and Alchemy, has 270 
remarkable illustrations, largely drawn 
from old alchemical tracts, and but for 
the support of the Bollingen Foundation 
would normally sell for two or three 
times the price listed. 

SOVEREIGN REASON, by Ernest Nagel. 
The Free Press ( $5.00 ) .  One of the 

clearest of contemporary thinkers pre-
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no relation to the value of the recordings. These 
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at retail prices, in recordings of equal quality. 
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We were FORCED to make this "give-away" 

offer • • •  for only by putting our recordings in your 
hands can we convince you how extraordinary their 
tonal quality is. Performed by internationally-re­
nowned orchestras, conductors, and soloists. Cus­
tom-pressed on the purest vinyl plastic. Reproduced 
with a fidelity of tone which enCOlppasses the en­
tire mllge of human hearing • • •  50 to 15,000 cycles ! 
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not obligated ever to buy any recordings from us. 
You do, however, have the right to try - free of 
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You pay nothing in advance. And you are not obli­
gated to keep those you try . • •  even after you have 
played them and read the interesting music notes 
which accompany each selection. You pay only for 
those which-a/tel' h(11lillg tried them-you decide 
you really want to own. And for these, you pay only 
the low member's price of $ 1 .65 per long-playing 
disc, embodying on the average about 40 minutes 
of music by the great masters. A saving of about � 
off the IISlial retlli! price! 

Symphony No. 26 in E Flat. K. 1 84 
f<.ltlber!auds Philharmo nic Orc".,  

01/0 AckermaulI, Coudlle/jug 

BEETHOVEN 
Piano Sonata N o .  24 in F Sharp, 

Opus 78 
Graut !obaullese'I, Piauist 

BRAHMS 
The Academic Festival 

Utrecht Symphony, 
Paul Hupperts, COIlduct;lIg 

BERLIOZ 
T h e  Roman Carnival 

Netherlal1ds Philharmonic arch., 
Walter Goehr, Conducting 

VIVALDI 
Concerto I n  C for 

Two Trumpets and Orchestra 
Netherlands Philharmonic Orch., 
H. Sevenstern and F. Hausdoerfer, 
Trumpeters, O. A.ckermann, Cond. 

WAGNER 
Die Melstersln",er, Prelude, Act 1 

Zurich Tonhalle arch., 
0110 Ackermann, Conducting 

BACH 
Toccota and Fu",ue in D MInor 

Alexander Schreiner at the Organ 
of th. Tabernacle, Salt Lak. City 

DUKAS 
Sorcerer's Apprentice 

Utrecht Symphony, 
Paul Hupperts, Conducting 

MOUSSORGSKY 
Night 0" Bald Mountain 

N.therland. Philharmonic arch., 
Walter Go.hr, Conducting 

CHOPIN 
Fantaisie-Impromptu. Opus 6 6  

Robert Goldsand, Pianist 
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Think how much beauty and se· .- - - - - -- - - - - - - - - - - - _  
renity these recordings will add to 
your life-at a trifling cost. Think 
what a cultural advantage your chil­
dren will gain by having great music 
as an everyday inspiration. 

Majl Coupon Now 

The Musical Masterpiece Society, Int. Dept. ! 6.2 
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ALL 10 MASTERPIECES - FREE l 
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We obviously cannot keep "hand­
ing out" such magnificent long-play­
ing recordings indefinitely. Produc­
tion capacity limits the membership 
rolls; once filled, the offer has to 
be withdrawn. So avoid disappoint­
ment. Mail coupon with only 25� to 
help cover postage - today! The 
Musical Masterpiece Society, Inc., 
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�SAMPLE RECORD 
A full,  Two-sided 1 0" 

vinyl plastic record to show 

you how easy it is  to • • •  

S P E A K  A N O T H E R  L A N G U A G E  

I n  general, what's the easiest and best way to 
learn to speak a foreign language? By imitation, 
of course! Just the way you'd "plunge in" if you 
settled down in a foreign land. But you don't 
need to go abroad to learn. You can start speak. 
ing right in the privacy of your own home • . •  

more easily. more effectively, and fasterl 

Each Holt course on records is conducted by a 
native speaker. So you start speaking with the 
correct accent and inflection immediately • You 
don't struggle to catch his words. They are 
spoken clearly and at the right speed. You learn 
by Guitkd Imitation • • •  with pauses after phrases 
and sentences • • •  pauses that give you plenty of 
time to repeat and learn. You practice by yourself 
without annoying distractions or self·conscious .. 
ness. Every step in your learning is more effec .. ' 
tive because Holt's experts have planned it. 
that wa� 
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grolllld radar weapons control systems. 
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Hughes 
Resea rch and Deve l o p m e n t  La boratories 
Culver City, Los Angeles COlmty, Calif. 

Relocat ion of a pp l i cant  must  not cause 
d i s rupt ion of a n  u rgent m i l i tary project. 

The Pause with a Purpose • • •  Exclusive with 
HOLT SPOKEN LANGUAGE COURSES! 

SEND COUPON TODAY 
Rush your coupon with 2 5�* to cover cost of handling 
and mailing and we will  send you a full  2-sided non­
breakable sample record. You will also g et complete 
information on Holt course" which includes a s imple ref­
erence book that allows you to follow the records. 

HENRY HOLT & CO. 
Depl. 7L I , 383 Mad ison Ave., N. Y. 17, N.Y. 
Please send me the Holt sample record demonstra ting 
actual conversations in (check record you wish to 
receive) 

French Spanish 
I am enclosing 25� to· cover cost of handling a n d  

. mailing. No further obligation. 

· Name • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
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of all kinds can be easily solved on the 

B I N ARY C I RC U LAR S L I D E  RU L E  
'l'his rule will Quickly solve the s implest as well as the 
more difficult problems imoh'ing calculations i n  Arith· 
metic. Algebra and Trigonometry. Any number of fac­
tors can be handled in long and difficult calculations. 
The C scale of the Binary is 25 inches long with gr adu­
ations 2 5 %  further apart than those or a 2 0 - incb slide 
rule. The C I ,  A .  K, & Log scales are divided as closely 
as a 2 0 - inch slide rule. Log-Log scale extends from 
1 . 0 0 1 5  to 1 , 000,000.  Gives Trig. functions from 0 to 90 
degrees on back. Engine-divided scales yellow and black 
on white coated aluminum. l'ermanently accurate. Dla. 
8 *"". Price $8.50 i n  case, with instructions. Approved 
at leading Unt-\'. Used by many large firms in the U. S. 
Midget size 4"" dia. with case $3. 

. 

NEWLY IMPROVED 
A T L A S  S L I D E  R U L E  

The Atlas Slide Rule will QUickly solve problems in 
Multiplication. Division, and Proportion and give re­
sults with a m aximum error ot less than 1 in 3 6 . 000.  
The Atlas has two C scales.  One is 25" long and the 
second one is a spiral of 25 coils.  This Is  equivalent to 
a straight rule 60 ft. long and gives answers to 5 
figures. 

ChemIsts. Phys icists and Engineers have round this 
rule invaluable tor its great accuracy. Dia. 81,6". Easily 
portable. ·White coated aluminum with legible black and 
yellow scales. Price $ 1 1 . 0 0  in case with instructions . 

. 

Combination Atlas-Binary Slide Rule 
H n s  Atlas front scales o n  one side with 2 indicators, 
Binary front scales on reverse side with 2 indicators . 
No Trig. scales.  Made of metal, permanently accurate. 
Price $ 1 5 .00 In ease with instructions. 

Descriptive circulars free. Satisfaction guaranteed. 

GILSON S L I D E  R U LE CO. 
B o x  993 SA. Stuart, F la. 

Slide Rule M akers s i nce 1 9 1 5  

sents a collection of 16  of  his essays deal­
ing with problems of the philosophy of 
science. The book includes critical stud­
ies of the work of Charles S. Peirce, 
John Dewey, Alfred North Whitehead, 
Bertrand Russell and Sir Arthur Stanley 
Eddington. The apt title of the coHec­
tion is from an epigram of Thucydides: 
"It is a habit of mankind to entrust to 
careless hope what they long for, and to 
use sovereign reason to thrust aside 
what they do not fancy." Professor Nagel 
makes a worthier use of sovereign rea­
son to expose muddled ideas, sentimen­
tal self-deceptions, "malicious philoso­
phies of science," inconsistencies of theo­
ry and man-made perplexities and dilem­
mas. He brings to his task a sense of 
humor and an admirable gift for plain 
talk. His book is an intellectual treat for 
thoughtful readers. 

COAL, by Wilfred Francis .  St. Martin's 
Press, Inc. ( $ 17.50 ) .  The author 

summarizes the results of research con­
ducted here and abroad on the develop­
ment, structure and chemistry of plant 
life during the period in the earth 's  his­
tory when the great coal deposits were 
laid down, the transformation of differ­
ent types of plant tissues into different 
types of coal, the chemical content and 
physical characteristics of deposits in 
various parts of the world. The compre­
hensiveness of treatment and the many 
first-class illustrations make this an in­
dispensable work for students of fuel 
technology and coal chemistry. 

T HE GIANT CACTUS FOREST AND ITs 

WORLD, by Paul Griswold Howes. 
Duell, Sloan and Pearce, and Little, 
Brown and Company ( $7.50 ) . This 
readable, handsomely illustrated nature 
book is based upon field trips taken by 
the curator of the Bruce Museum of 
Greenwich, Conn., and his wife to the 
cactus belt in southwestern Arizona. 
The author describes the incredibly 
wonderful giant saguaros of the region; 
the villages of kangaroo rats; the pack 
or trade rats that "guard their trashy 
homes with cholla spines"; and beetles 
and the weevils that destroy the cacti; 
the ground squirrel and the cottontail 
that play together in the desert; the rat­
tlesnakes, Gila monsters, chuckwallas 
and geckos; the desert mantises; the 
short-horned grasshopper ( whose Latin 
name is Trimerotropis pallidipennis pal­
lidipennis ) ; the amazingly varied and in­
teresting bird life. The book has many 
fine photographs, drawings and a full­
color plate of 4 1  kinds of desert birds; 
also a useful chart showing who gets 
eaten by whom in the cactus forest. 
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scientists of our time. this is a unique 
account of man's knowledge of the ani­
mal world down through the ages. 

prIce $5.00 

by ANTONINA VALLENTIN 
A truly definitive and absorbing biogra· 
phy of the immortal genius who, 5 0 0  
years ago, laid the foundations for half a 

. dozen sciences. Retail price $5.00 

T H E  W O R L D  O F  
NATURAL H I S T O R Y  

by JOHN R .  SAUNDERS 
A personally conducted tour of that fabu­
lous treasure house. the American Museum 
of Natural History. Retail price $5.00 

I DEAS AND O P I N I O N S  
O F  A L B E RT E I NSTEIN 

Assembled under t h e  supervision of Ein­
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b y  GEORGE GAMOW 
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the universe through three billion years. 

Retail prIce $3.75 
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by CHARLES D. MICHENER 

and MARY H. MICHENER 
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b y  WALDEMAR KAEMPFFERT 
The dramatic stories behind the scientific 
wonders that have made headlines in re­
cent years. The author is a former Editor 
of Scientific American and is now Science 
and Engineering Editor of the N.  Y. Times. 

Retail prIce $3.75 
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THE AMATEUR SCIENTIST 

Conducted hy Albert G. Ingalls 

I
f you are an apartment dweller who 

cannot resist the lure of rocks, the 
chances are that you have a space 

problem. Joseph F. Burke, a business ex­
ecutive and amateur mineralogist of 
New York City, found a solution. He 
succeeded not only in clearing his den 
of 500 pounds of specimens but also in 
discovering a fascinating new side of 
his hobby. 

"The solution," he writes, "is micro­
mineralogy. My present collection con­
tains more than 500 different minerals 
but it weighs less than two pounds. The 
entire collection can be carried easily in 
a briefcase-along with a microscope and 
other accessories. Instead of the so­
called 'bragging rocks' that arouse envy 
at mineralogy club meetings, you work 
with chips ranging in size from small 
marbles to pinheads. You identify these 
by microphysical and microchemical 
methods and make them up into 'micro­
mounts' for observation under a low­
power microscope. Everything is scaled 
down but the fun. Some of the finished 
mounts enter your collection and others 
are reserved for exchange-just as in 
macromineralogy. 

"I started out as a big rock man, 
hooked by the same lure that first at­
tracts most amateurs-gem stones. About 
20 years ago my morning newspaper 
announced that huge garnets and tour­
malines were turning up in rubble com­
ing out of the Eighth A venue subway 
tunnel, then under construction. It 
seemed an opportunity to get rich quick. 
After investing a lot of lunch hours in 
the project, however, my dream faded. 
I had found only two good specimens 
and they were not worth much on the 
gem market. More important, I met sev­
eral similarly inspired 'excavation pros­
pectors' and we fell into the habit of 
ranging the City in search of other dig-
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About tiny mineral specimens and other 
matters, including a troublesome puzzle 

gings. The sidewalks of New York may 
not be paved with gold, but they cer­
tainly cover a wide variety of gems. To 
date the five boroughs have produced 
modest numbers of garnets, amethysts, 
agates, tourmalines, emeralds and aqua­
marines, plus scores of minerals such as 
rutile, pyrite, magnetite, calcite and 
some 160 others, a number of which are 
rare. 

"We soon found it difficult to examine 
a rock without wondering how it got 
that way and why. Gradually we learned 
how to take rocks apart and examine 
their constituent minerals. More than 
2,000 different minerals have been de­
scribed. Some are single elements, gold 
for example, but most take the form of 
chemical compounds, such as silicon 
dioxide, the clear glassy rock commonly 
known as quartz. 

"Weathering and the forces of erosion, 
we learned, do a lot of the disassembly 
work for you. Pink granite, for example, 
often weathers into beach sand that may 
contain fine grains of clear quartz, 
black magnetite and ilmenite, and glassy 
red fragments which are miniature gar­
nets. You find a lot of it along the east­
ern seaboard. Take a small horseshoe 
magnet along on your next trip to the 
beach and pass it over a thin layer of 
sand spread on a sheet of paper. You 
will doubtless find that it will attract 
certain of the black grains. These will 
be particles of magnetite-tiny lode­
stones. Float one on a miniature raft of 
wax paper. If the surface of the water 
is still, the raft will align one of its di­
mensions with the earth's magnetic field 
and you will have a small compass. The 
other kinds of grains lend themselves to 
equally interesting experiments. 

"By the time the Eighth Avenue sub­
way opened for business, my den had 
become crowded. Nice specimens are 
generally embedded in a matrix of min­
erals which are either in your collection 
already or in which you have no imme­
diate interest. You take the whole rock 
home anyway for trimming and dreSSing 
at your convenience. So the pile grows, 
and your space problem grows with it. 

"At about this stage I was presented 
with a new idea. While I was browsing 
through the mineral collection of the 
Staten Island Institute of Arts and Sci­
ences one afternoon, the late William T. 
Davis, one of the founders, joined me. 
He asked how my hobby was progress­
ing, and after hearing about the cramped 
quarters, suggested: 'Why not go in for 
micromounts?' He pointed out that if 
your interest goes beyond mere rocks, 
you can get as much information and 
satisfaction from chips as from boulders. 
An inexpensive 10-power microscope 
will enable you to cut your collection to 
a small fraction of its present size and, 
incidentally, free a lot of top-grade mate­
rial for exchange with other amateurs. 

"One look through a borrowed micro­
scope convinced me. It disclosed superb 
clusters of tiny crystals-far better and 
more easily identifiable than the few 
large crystals one might see with the 
naked eye. Thus the microscope is a 
powerful tool for identifying minerals. 

"To get started in micromineralogy 
you need little equipment: a rock, it 
microscope, a small floodlamp for light­
ing the specimen and a few trimming 
tools. You first locate the most interest­
ing area in the rock and then chip off 
and trim a piece. The microspecimen "­

may range from a sixteenth to a half inch 
across. The dressing tools that will facili­
tate the job include a small hammer, a 
vise, assorted dental picks (retired from 
professional service) , a pair of side cut­
ters and perhaps a file or two. Other 
supplies, such as carbon tetrachloride 
for cleaning the specimen, will usually 
be found in the kitchen. 

"When cleaned, the dressed specimen 
is ready for assembling into a micro­
mount: a pillbox of plastic or cardboard 
in which a short length of cork is ce­
mented for supporting the specimen. It 
is desirable to standardize the dimen­
sions of your micromounts. Boxes of uni­
form size stack nicely. If you mount 
each specimen so that the face you want 
to look at is at a fixed depth in the box, 
say a sixteenth of an inch, you can in­
terchange the specimens on the stage of 
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Tourmaline (Broadway and 21Bth Street, New York, N. Y.) Natrolite (New Street Quarry, Paterson, N. I.) 

Siliceous oolite (Center County, Pa.) Pyrolusite (Staten Island, N. Y.) 

Gold (Manhattan, Nevada) Copper (Broken Hill, New South Wales, Australia) 
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Mostly how to mount II micromineralogical specimen 

the microscope without refOCUSing the 
instrument. This is called 'parfocal' 
mounting, and it saves a lot of time 
when, for example, you are searching 
your collection for a specific type of 
crystal, surface texture or color to match 
an unknown mineral. 

"My boxes measure approximately 
one inch square by five eighths of an 
inch deep. You can procure such boxes 
from a drug supply house. When pur­
chased by the gross they come in a card­
board container measuring about four by 
four by six inches. You will also need a 
supply of corks in the quarter-inch and 
three-eighths-inch sizes. Other supplies 
include a tube of quick-drying cement, 
a bottle of India ink and a sheet of hard­
surfaced cardboard. If some of your 
minerals are speck-sized, you will also 

want a package of specimen pins (they 
replace the corks as supports) of the 
kind used by entomologists for mounting 
insect specimens. 

"In preparing the micromount, first 
cement a matching disk of cardboard to 
the small end of a cork. This subassem­
bly, together with the inner face of the 
box, is then blackened with India ink 
to reduce unwanted reflection. Next ce­
ment the under face of the specimen to 
the cardboard disk. When the cement 
has set, measure the height of the 
mounted specimen and cut it to par­
focal length by trimming the bottom of 
the cork. Then give the freshly cut end 
a coat of cement and center it in place 
against the bottom of the box. A pin 
thrust up through the center of the bot­
tom and into the center of the cork will 
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act as a positioning jig, Finally label 
the side of the micromount and its top 
with the serial number previously as­
signed to the specimen in your note­
book. 

"Photography affords a further means 
of compressing your collection, This is 
not to say that pictures are substitutes 
for specimens, Modern color prints, 
however, can prove highly useful on field 
trips where a bagful of micromounts 
would prove impractical. Photomicro­
graphs in color are surprisingly simple 
and inexpensive to make, 

"The objective lens of your micro­
scope will serve as the lens of the camera 
for making these photographs, Details of 
the camera's construction are illustrated 
by the group of drawings on the next 
page, The size of the camera varies with 
the focal length of the objective and the 
enlargement that you desire, If you con­
struct the camera around a plateholder 
four by five inches and use an objective 
of 20 millimeters focal length, for exam­
ple, an eighth-inch specimen will fill a 
negative placed approximately 25 inches 
from the optical center of the objective, 
The correct length for the camera is 
found by multiplying the equivalent 
focal length of the objective (etched on 
the barrel) by the desired diameter of 
the photograph and dividing this prod­
uct by the diameter of the area of the 
specimen which is to be included in 
the picture, 

"A simple lens cap will serve for a 
shutter, because the exposure time will 
be relatively long-from a few seconds 
to a few minutes, depending upon the 
speed of the film and intensity of the 
light, The exposure must be determined 
experimentally, The photomicrographs 
on page 1 2 1  were made under a light in­
tensity equivalent to that of a No, 5 
photoflash operating at 18 inches, The 
exposure time for Super XX film was 
one second, 

"In constructing the camera do not 
fail to include the rectangular diaphragm 
shown in the center of the lens exten­
sion, It protects the negative from light 
reflected by the walls, which may 
amount to as much as 4 per cent at 
grazing incidence, even though the in­
terior is finished in flat black. Bellows­
type cameras do not need diaphragms, 
because the corrugations deflect the in­
cident rays, Make certain, also, that the 
frosted surface of the ground glass is in 
the same plane, relative to the plate­
holder, as that normally occupied by the 
emulsion, If this precaution is not ob­
served, the pictures will be out of focus, 
Focusing, incidentally, is accomplished 
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by sliding the specimen toward or away 
from the objective. 

"A bound set of color prints of your 
collection will multiply its usefulness. 
On the back of each photograph you 
should write the name of the mineral, 
the crystal class to which it belongs and 
notes on its environment, physical prop­
erties, composition, distinguishing char­
acteristics and tests. The set will make 
an invaluable supplement to conven­
tional field guides, such as Edward 
Dana's Minerals and How to Study 
Them and Frederick Pough's A Field 
Guide to Rocks and Minerals. It will 
also save time by enabling you to make 
a quick check of some detail without 
disturbing the collection. 

"In the course of building up a col­
lection of micromounts and identifying 

gt'oove to 
Yec€-ive ridge on 

cut-film holder 

to s,"cuYe 
cut-fi 1m holder 

specimens, a beginner will discover 
many fascinating table-top tests. Some 
minerals, such as crystallized quartz and 
tourmaline, are piezoelectric: they de­
velop electrical charges on opposite 
crystal faces when subjected to stress 
applied either mechanically or by un­
equal heating. If such crystals are dusted 
with a mixture of finely powdered red 
lead and sulfur forced through a silk 
screen by a blast of air, the particles will 
separate and settle on the charged faces, 
the sulfur clinging to the positive face 
and the red lead to the negative. During 
the momentary frictional contact be­
tween the silk and the powder, the silk 
has robbed the red lead of some of its 
electrons and has given up electrons to 
the sulfur. Thus the two kinds of pow­
der take on charges of opposite polarity. 

r 

� Corner Detail �sl(ing tape 
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Details 0/ a camera for micromineralogical photograph" 
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A homemade bellows closed by two 
thicknesses of silk stocking makes a con­
venient duster. 

"Other interesting tests make use of 
the property known as fluorescence. 
Certain minerals, when viewed under 
ultraviolet light, glow with a character­
istic color. Inexpensive lamp bulbs de­
signed especially for emitting ultraviolet 
light are now available from dealers in 
electrical supplies. Reference texts writ­
ten for amateur mineralogists describe 
many other tests, including those for 
hardness, chemical behavior, radio­
activity and similar identifying char­
acteristics, which will keep an amateur 
busy for a lifetime even if he limits his 
prospecting to pebbles found in his own 
block." 

I n his article on making a microscope, 
in this department for June, 1954, 

Kenneth Uitti asked for a simple home 
method of anodizing aluminum for black 
optical goods. A. F. Stalcup, an amateur 
microscope and telescope maker of 
Clinton, Iowa, recommends the follow­
ing technique: 

"The only critical requirement in this 
process is cleanliness. The parts to be 
anodized must be scrupulously clean, as 
well as the aluminum conductors lead­
ing to the anodizing cell and all vessels 
used for mixing and storing solutions. 
Whenever possible, polish the work with 
No. 400 sandpaper, crocus cloth or a 
high-speed buff charged with polishing 
compound. Remove all grease, cutting 
oils, tool coolants and the like. 

"The following equipment should be 
set up in advance so that you can plunge 
the work into the bath as quickly as 
possible after polishing while the sur­
faces are fresh and uncontaminated. 
This helps to assure a uniform coating 
of oxide during the anodizing process. 

"The anodizing cell must be made of 
a substance which will not react with the 
solution. It can be an old battery jar, 
large fishbowl, glazed stoneware crock 
or similar container. It must be large 
enough so that the work can be im­
mersed completely. 

"The cell is filled with a 4 to 6 per 
cent solution of sulfuric acid. This con­
centration is not critical. Remember to 
exercise due precaution. Add the acid to 
the water, never the water to the acid! 
Next, connect the work to the anode or 
positive side of a six-volt storage battery 
by means of an aluminum conductor. 
Aluminum clothesline will do, but polish 
it before you use it. The negative side of 
the battery is similarly connected by an 
aluminum conductor to a piece of the 
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We are nolO adding 
a fetf) highly 

qualified engineers 
and physicists. 

10 our staff 
for work ill 

Autolnal,ion, 
Electronic Business 

Machines, 
Solid State Physics, 

Photoelectric ancl 
Thermal Detectors, 

Computation 
(Digital and Analog), 

allli Infrared Image 
Formation. 

Please address 
all inquiries to 

Mr. N. R. Olsen, 
Dept. 409 

. and there's virtually no engineering turnover 
at ECA. 

Why? Simply because engineers find 
enough diversity ... enough opportunity and 
professional growth to satisfy their most 
ambitious plans. They like being part of a 
comparatively small, closely integrated staff 
of highly creative men ... 
the atmosphere of academic freedom combined with 
high industrial pay. They enjoy to the 
fullest the very obvious advantages of working in 
Cambridge, Mass. 

And through it all is the stability inherent in an 
organization recognized as a leader in electronic 
and photoelectric controls for both commercial and 
military uses-reflected by a sales increase of 
500% in the past 5 years-adding up to solid 
expansion and growth for everyone concerned. 

ELECTRONICS CORPORATION OF AMERICA 
77 Broadway, Cambridge 42, Mass. 

6SX-130X-167X 
DYNASCOPE® REFLECTOR 

TELESCOPE 
Complef.ly 
assembled, 
ready for use. 

OPTICS 
ACHROMATIC TELESCOPE OBJECTIVES­
Perfect magnesium fluoride coated and cemented. 
'Ve have 12", 13". 15". 19 .... 20". 26", 28". 30", 34", 
and 36" :V.L. achromats and Aluminum Tubing. 
Send for List. 

Diameter 
54m/m (2',8") 
78m/m (3"'") 
8lm/m (3i\:") 
83m/m (3',0 H) 

Il0m/m (4%")* 
Il0m/m (4%H) 
·Not Coated 

Focal Length Eacb 
600m/m (23%") .. ....... $12.50 
381m/m (15") . .. ........ . .. . $21.00 
622m/m (24%") .. . ...... 522.50 

1016m/m (40") .. . . .... $30.00 
1069m/m (42';'") .... ...... . $60.00 

1069m/m (42"''') . ...... ... 567.00 

1. <4 inch • 
PARABOLIC Mirror 

MOUNTED COLOR·CORRECTED EYEPIECES 
Have a stock of precision war surplus lenses. Had 
t.hem mounted in precision 1 V4" outsld� diameter 
mounts. Result! You would pay 3 to 4 times more 
cl£cwhcl·e. Our price can't be beat!!! 

2. "·power Achro· 
matic Finder 

3. 3 Achromatic 
Eyepieces 

4. Rack & Pinion 
Focusing 

5. Folding Hard· 
wood Tripod 

Money Bade: 
Guarantee 

F.O.B. 
Hartford, Conn. 
ShippIng WeIght 

12 Ibo. 

J2.5M/M (1/2") F.L. Symmetrical eyepiece can· 
tnins two cemented achromats. 
Coated len5es .......... $6.75-Not Coated .......... $6.00 
16M/M (5/8") F.L. Extra Wide angle Errel can· 
tains five lenses. 
Coated Icnses ........ $13.50_Not Coated ........ $12.50 
18M/M (3/4") F.L. Symmetl'leal eyepiece contains 
two cemented achromats. 
Coated lenses .......... $6.75-Not Coated .......... $6.00 
22M/M (27/32") F.L. Kellner eyepiece contains 
cemented a<.'hl·omat and a non-achromatic lens. 
Coated lenses .......... $6.75_Not Coated .......... $6.00 
32M/M (11/4") F.L. contains a cemented achr'omut 
aud a non-achromat. Not Coated .................. $4.S0 

8X ELBOW 
TELESCOPE 

• 

A truly professional instrument for every 

astronomer. Resolves Epsilon Lyroe as 
four sharp,. brilliant gems and gives ex· 
cellent deflnition to all other heavenly 
bodies. Scientiflcally constructed; highly 
recommended. Never before sold at this 
astonishingly low price by us. 

This telescope will make an excepti.onal finder. f 
Objecth'e 52m/m Dia .• focussing enplece, turret· 
mounted filters. amber, red, neutral and clear. Il­
luminated cross-line reticle. Quick finding level 

Illustrated Brochure on Request or 
Send Check or Money Order. Depl. DSA3 

. CRITERION MANUFACTURING CO. 
331 Church Street Hartford I, Conn. 
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U�:J: . .. ��.� .. ��f8 .�Oe An�lr�n�r�� .... ......... $27.50 

Free Catalogue 
"M I LLIO NS" of Lenses, etc. 

We pay the POSTAGE-C.O.D.'s you pay postage 
-Satisfaction guaranteed or money refunded if 
returned within 10 days. 

A JAEGERS 691A Merrick Road • LYNBROOK. N. Y. 

purest aluminum available. A large sheet 
of aluminum kitchen foil will work, but 
be sure to double it several times to give 
it strength. Then clamp the foil to the 
conductor tightly to assure a good elec­
trical connection. The cathode area 
should be equal to or larger than the 
area of the work. Remember that you 
must not permit any metal other than 
aluminum to make contact with the sul­
furic acid solution . 

"The work and cathode are now 
plunged into the solution and permitted 
to anodize for about 30 minutes. The 
time is not critical. Be sure the work and 
cathode do not make contact in the cell, 
for that would short· circuit the battery. 

"In the meantime bring a solution of 
black Diamond or Rit dye to a boil. One 
25-cent package of dye to three quarts 
of water is about right for pieces the 
size of a microscope barrel. 

"At the end of the anodizing period 
remove the work from the anodizing so­
lution, pass it under a stream of filtered 
tap water and immediately plunge it into 
the boiling solution of dye. Work as 
quickly as possible. Let the part remain 
in the boiling dye for about 30 minutes. 
Upon removal from the solution, the 
part will present a sickly gray appear­
ance, but don't become alarmed. As soon 
as it is cool to the touch, wash off the 
surplus dye and rub the work down with 
a soft cloth. It will be blacker than a 
stack of black cats at midnight! Do not 
attempt to give a polish to any surfaces 
that may be critical with respect to re­
flection. With almost no effort on your 
part, they will take a beautiful polish." 

From time to time readers submit 
amusing mathematical and scientific 

puzzles to this department. They always 
turn out to be variations, new or old, of 
ancient classics, for there is only a hand­
ful of basically different puzzles and they 
have long been known. But some of them 
may not be familiar to the present gener· 
ation. We publish this month a classic 
submitted by Alvin von Auw, a profes­
sional journalist and amateur botanist. 

Mr. von Auw gives you 12 ball bear­
ings, and remarks that 1 1  are identical 
in weight, but the twelfth is slightly off 
weight. He also gives you a balance, 
each pan of which has a maximum ca­
pacity of five balls. You are permitted 
three and only three weighings. The ob­
ject: Single out the odd ball and state 
whether it is heavier or lighter than the 
remaining II. 

(If the problem begins to cost you too 
much sleep, a stamped, self-addressed 
envelope sent to this department will get 
you the answer.) 
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Imagine banking more blood in a year than 
has been shed by all American fighting men 
since Braddock's defeat. 

That's how many red blood cells a new 
Glycerine preservation process promises to 
make available-from today's normal supply 
of donated blood. 

Until now, it's been impossible to prevent 
red cells from spoiling after three or four 
weeks' storage. 

But by suspending cells in Glycerine at 
subzero temperatures, scientists have suc­
cessfully preserved them for over six months. 

And banking for as long as one to three 
years or more is a practical possibility. 

The unique balance of properties that 
won such wide acceptance for Glycerine in 
the past continues to open new doors to 
chemical progress. In paints, foods, pharma-
ceuticals, packaging ... for tomorrow's surge 
of new specialties ... in formulations and 
reactions yet unknown. Nothing takes the 
place of Glycerine. For your free copy of a 
16-page booklet on Glycerine properties and 
applications, write to-GLYCERINE 
PRODUCERS' ASSOCIATION' 295 
Madison Ave., New York 17, N. Y. 

• • 
SOFTENER' 

HUMECT�N\OLVENT • LUBRIC��:�D B�SE • 
C�RRIER 

N'T • �NTI.FREEZE • � 
EMOLLIE 
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• Stymied by a 

High.Temperature Barrier? 

• Looking for a 

High·Purity Material? 

• Searching for a 
material with 

Unusual Electrical 
Characteristics? 

You may find the answer in 
this new booklet on 

NORTON Refractory Grain 

IF you're concerned with industrial proc-
essing involving temperatures ranging 

upwards t6 4000°C and materials to contain 
your inferno - if you're looking for a high­
purity material such as high-purity fused 
alumina for coating electronic heater fila­
ments - if you're searching for a material 
with unusual electrical characteristics such 
as E 179 CRYSTOLON* Silicon Carbide for 
ligh tning arrestors - one of the many 
types of Norton Refractory Grain available 
may solve your problem. 

This new booklet describes in detail 
Norton Refractory Grain - produced and 
purified in electric arc and high temperature 
resistance furnaces - which is helping in­
du�try to improve existing products and 

processes and to create new ones. 
It's a valuable reference book with up-to­

the-minute information on the chemical and 
physical characteristics of such materials as 
CRYSTOLON* Silicon Carbide, ALUNDUM* 

Aluminum Oxide, MAGNORITE* Magnesium 
Oxide, Fused Zirconia and Boron Carbide. 
In it you'll find data on how these materials 
are produced; their behavior under varying 
conditions; available grain size and applica­
tions. 

These electrochemically refined materials 
may be just what you've been looking for to 
solve your problem. Write today for your 
free copy of "Norton Refractory Grain." 
NORTON COMPANY, Refractories Division, 
541 New Bond Street, Worcester 6, Mass. 

Refractory 
Grain 

. Ily Refined 
Electrochem,ca 

This latest Norton publi­
cation is 8\12" x 11"_ 
Twenty-four pages, with 
many charts_ tables and 
photographs in color. A 
wealth of practical in­
forma tion on the na ture, 
performance and applica­
tion of refractory grains. 

NORTON 
REFRACTORIES 

Engineered ... Il ... Prescribed 

a)akinf/ beffer prodllds ... 

to make YOllr prodllcts beffer 

"'Trade-Marks Reg. U. S. Pat. Off. end Foreign Countries 
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New Ideas in this Library of Ion Exchange 

This library, containing bottles instead of books, was 

founded in 1940-when Rohm & Haas chemists 
placed on its shelves AMBERLITE® IR-l-the first 

commercial resinous exchanger. Like many of the 
resins shown here, AMBERLITE IR-l is already anti­

quated, for obsolescence is characteristic of any rapidly 
advancing science. Others are the AMBERLITE resins 
of the present. Some anticipate the future: they await 

only a need-perhaps yours-for their properties. 

By consulting this library, scientists all over the world 

have found new ways to condition water, to isolate 

antibiotics, to purify sugar, to separate metals, and 
even to relieve human ills. You are invited to consult 

it at any time. It may hold for you the clue to a new 

process or a better process. 

AMBER-HI-LITES, a bi-monthly report 
on ion exchange, is available on request. 

'ji" 
AMBER·HI·LlTES 

ROOM & HAAS COMPANY 
THE RESINOUS PRODUCTS DI VISION. PHILADELPHIA 5. PENNSYLVANIA 
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