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used to make better seats and valves at Central Rubber Company, Belvidere, III" and Henry Pratt Company, Inc., Chicago, 111., respectivety 

10,000 Good Turns - all easily done with CHEMIGUM I 

Qu1te new in concept is the "butterfly" valve pictured here. It quickly and surely controls 
the flow of highly corrosive liquids at pressures up to 150 pounds and, in tests, easily sur
vives 10,000 cycles - the equivalent of 20 years' service. 

Much of the valve's success stems from the use of CHEMIGUM in its integrally molded 
seat. CHEMIGUM was chosen because of its easier processing, better bonding and excel
lent resistance to petroleum products, chemicals, water and wear. 

How can CHEM/GUM help your product take a turn for the better? Full details are yours 
by writing Goodyear, Chemical Division, Dept. R-9457, Akron 16, Ohio. 

Chemlgum-T.l\1. The Goodyear Tire & Rubber Company, Akron, Ohio 

CHEMICAL DIVISION 
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WHO MAKES FINE MOTORS THIS SMALL? 

Globe Industries makes motors this small to make your 
design more compact, reliable and salable. If you make 

miniature instrument packages for space exploration - if 

you build airborne and ground support equipment - if you 

want to design smaller typewriters, computers, recorders 

or other products, look at these 3 motors: 

TYPE VS-The smallest, most powerful precision minia

ture d.c. motor for its size. Only y.-" flat, four VS motors fit 

in a regular cigarette pack with room to spare. It has the 

power to lift its own weight to the top of the Empire State 

Building in 1 minute! Typical continuous torque-.25 oz. 

in.; typical intermittent torque-.5 oz. ins. We can design 

gear units, governors and brakes to meet MIL specs also. 

TYPE SS - Only Ye" in diameter, Type SS d.c. motors 

typically produce continuous duty torques of .3 oz. in.; 

intermittent torques to .6 oz. ins. With the basic Type SS 

motor you can specify any of 21 planetary gear speed reo 

ducers or 28 spur gear speed reducers. Governors and 

brakes are available also. DeSigned to meet MIL specs. 

TYPE MM - The most widely used precision 1�" d.c. 

motor in the world, MM motors typically produce .5 oz. in. 

in continuous duty applications - 1.0 oz. in. intermittent 

duty. Choose from 101 ratios of planetary gear speed reo 

ductions. Brakes, governors and clutches can be included. 

MIL specs are invited. 

For details about these motors request Bulletin VSM. 

Globe Industries, Inc., 1784 Stanley Ave., Dayton 4, Ohio. 

GLOBE INDUSTRIES, INC. 

PRECISION MINIATURE A.C. & D.C, MOTORS. ACTUATORS, 

TIMERS, GYROS, STEPPERS, BLOWERS. MOTORIZED DEVICES 
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Basic as bread . . .  is the role of electronic instrumentation in human progress. 

And often, as close to home. Here, a food processor rei ies upon a. Beckma n oxygen 

analyzer to guarantee the freshness and flavor of orange juice. There, using ultracentri

fuge, electrophoresis apparatus and chromatograph, immunochemists isolate ragweed 

allergens in the fight to control hay fever. Farther afield, a Beckman high temperature 

ceramic potentiometer helps launch and guide a missile. Everywhere, in the pursuit of 

quality, the quest for a cure, the maintenance of leadership-Beckman is part of the 

plan. And wherever they are-in the laboratory, in the factory or in space-Beckman com

ponents, instruments and systems are basic. They are the things on which Beckman 

builds its success ... upon which users of Beckman products build theirs . 

. 
, 

• 

Beckman 

BECKMAN INSTRUMENTS, INC. ELECTRONIC COMPONENTS,INSTRUMENTS, SYSTEMS ... FOR ANALYSIS, MEASUREMENT, COUNTING AND CONTROL 

EXECUTIVE OFFICES: FU LLERTON, CALI FORN IA I DIVISIONS: BERKELEY· H ELI POT' INTERNATIONAL· SCI ENTI FIC & PROCESS I NSTRU M ENTS • 

SPECIAL PROJECTS· SPINCO· SYSTEMS I SUBSIDIARIES: BECKMAN INSTRUMENTS, G.m.b.H., GERMANY· BECKMAN INSTRUMENTS, LTD., SCOTLAND 

© 1960 B. I. t. Be 60144 
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General Electric 
RTY* 

LIQUID SILICONE RUBBER 

Cures at room temperature, 
useful from -70°F to +600°F 

General Electric's expanding family 
of RTV silicone rubber compounds 
all cure at room temperature. They 
contain no solvents; resist tempera
ture extremes, moisture, ozone, 
weathering and aircraft fuels. Avail
able in a wide range of viscosities 
from 120 poises (lower than any 
other silicone rubber compound) to 
12,000 poises. Important applica
tion areas include: 

SEALING AND CAULKING 
Aircraft manufacturers use RTV 
for pressure sealing of cabins and 
cockpits, fire walls, fuel tanks and 
hot air ducts. Protection for elec
tronic packages is provided by 
caulking assemblies and sealing 
seams and lead holes with RTV. 

ELECTRICAL INSULATION 
Good electrical properties and out
standing heat resistance have led to 
RTV's use in coil impregnation and 
encapsulation of motors and trans· 
formers. Can be poured, sprayed, 
painted, or applied by dipping. 
Cure times can be varied from min
utes to several days. 

MOLDING AND TOOLING 
Parts cast in flexible RTV molds 
reproduce with precision detail. 
Built-in parting agent assures easy 
release. RTV eliminates such com· 
mon problems as excessive shrink
age and separate release agents. 

*Room Temperature Vulcanizing 

For more information and a free test sample, 
write (briefly describing your application) 
to General Electric Company, Silicone Prod
ucts Department, Section 10, Waterford, N. Y. 

• 
GENERAL 
ELECTRIC 
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THE COVER 

The photomicrograph on the cover shows magnetic domains in a thin 
single crystal of yttrium iron garnet, magnified 330 diameters. This magnet
ic oxide, a new relative of the ferrites [see page 92], shows the general 
properties of these materials: it is strongly magnetic and at the same time 
an electrical insulator. The photograph was made by transmitted light, 
with the crystal placed between nearly crossed polarizers. Polarized light 
interacts with the magnetization in such a way that the separate domains
regions where all the individual atomic magnets are aligned in the same 
direction-appear in different colors. In the dark green areas the magnetiza
tion is pointing up out of the paper; in the yellow areas it is pointing down 
into the paper; in the red areas it lies in the plane of the paper. Because 
of their high electrical resistivity some magnetic oxides can be penetrated 
by high-frequency alternating magnetic fields. Frequencies up to about 100 
megacycles per second cause the walls between the domains to move, as 
the magnetization tries to follow the changing direction of the field. At 
higher frequencies the field and the magnetization interact in different 
ways. Garnet crystals transmit electromagnetic radiation at frequencies as 
high as those of visible light. The photograph was made at Bell Telephone 
Laboratories under the direction of J. F. Dillon, Jr., who discovered the 
transparency of garnet crystals and studied domain structure in them. 
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YOU'D 
BE 
SURPRISED ... 

• . .  at the number and variety of general products 
assignments currently "in the works" at Verto!. 
Many companies have learned that Vertol's ex
tensive know - how and experience in aircraft 
materials, structures, powerplants, instrumenta
tion and systems - coupled with a new kind of 
"shirt-sleeve" ingenuity - offer a unique capa
bility for getting things done. 

Take antennas, for example. Vertol has mechani
cally designed, fabricated, tested and trans
ported antennas in many shapes and materials 
- from a small reinforced plastic dish to the 
complete 105 ft. FPS-28 system including bear
ings, drive mechanism and tower. 

Why not find out how this new combination of 
know - how and ingenuity can efficiently and 
economically deliver the goods for you. Write 
General Products Department 

5 
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After 31 years of continuous growth and 

We're changing 

The Bendix 
To reflect our dynamic growth in such fields as 

electronics, missiles and space, automotive, weapons systems, 

computers, machine tools, instrumentation, nuclear technology, 

hydraulics, meteorology, electrical, marine and 

others, we are dropping �� Aviation" from our 

corporate name on June 1, 1960. We do not wish to convey 

the impression that our products and skills are limited 

to the field of aviation alone, although aviation products 

accounted for billings of $388,700,000 in 1959. 

Today Bendix-through 25 divisions and 16 sub
sidiary and affiliate companies around the world
serves many fields. 

Our success in the rapidly expanding age of avi
ation has long obscured the fact that the Bendix® 
automobile starter drive was the company's first 
major product. Bendix introduced the type of four
wheel brakes that over the years has been used on 
most makes of cars. Bendix also pioneered auto
motive power brakes and power steering. Our auto
motive business in 1959 totaled $114,300,000. 

A notable trend in Bendix' recent history is the 
utilization of electronics in many of our major fields 
of activity. These range from automobile radios to 

aircraft and industrial communications and auto
matic flight controls ... from electronic computers 
and data processing to numerical tape control 
systems for machine tools . . . and from transistors 
and ship-to-shore telephones to sonic cleaning and 
undersea sonar detection equipment. Approximately 
40 % of Bendix products are electronic, including 
air defense radar which today guards 25 million 
square miles of the earth's surface. 

Missile and space equipment accounted for 
$103,000,000 of our total business of $689,692,312 
in 1959. In addition to being the prime contractor 
for two important missiles, Talos and Eagle, we 
are also a supplier of components and sub-systems 
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diversification as Bendix Aviation Corporation ... 

our name to 

Corporation 

for most u. S. missiles. Bendix is likewise taking 
an active part in Project Mercury and in satellite 
communications. The first is the program to put a 
man into space. The second will mark a new era in 
communications by using a satellite in orbit as a 
relay station for global radio messages between 
earth stations and aircraft. 

Bendix also has a growing and diversified nuclear 
program. Since 1949 we have operated the Kansas 
City Division for the Atomic Energy Commission. 
It is a large manufacturing organization employing 
7,500 people engaged in the atomic weapons pro
gram. We also supplied control mechanisms for 
nuclear submarines and nuclear industrial power 
plants, and we are playing a part in developing 
the newest U. S. atomic power plants for aircraft, 
missiles and space vehicles. 

Thus, as we drop "Aviation" from our corporate 
name, but not from our programs, we face a 
tomorrow where the range of our opportunities 
is broadening at a breathtaking rate. 

�� 
CORPORATION 
Fisher Bldg., Detroit 2, Mich. 

A thousand diversified products 
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ANALOG 
COMPUTERS 

I t's no secret that people who make 
analog computers spend a lot of 

time talking to each other. Pity the 
chap who's trying to figure out how 
all this palaver applies to him. He's 
in a semantic jungle. � EXPLORING 

\/ THE JUNGLE 

�'N'1'C'��4'�� 

First, let's define what kind of com
puters we're talking about. At Donner, 
we're concerned with two types
general purpose and fixed purpose. 
Quickly, general purpose analog com
puters solve equations describing 
lumped parameter, dynamic systems 
expressed in linear or non-linear differ
ential equations, or transformed (La 
Place) equations. They are used to 
directly simulate systems described by 
these equations. They are also used to 
analyze sections of these systems. In 
other words, this type of computer 
gives you freedom and Hexibility lim
ited only by your imagination. 

THE FIXED PURPOSE COMPUTER 

Actually, there's not much difference 
between general purpose and fixed 
purpose computers. The point is that 
fixed purpose computers fit neatly into 
your system to do a specific job. You 
don't have to worry about program
ming-that's built in. All you do is turn 
the knobs. It may interest you to know 
that 80 to 90 per cent of analog com
puting equipment sold is fixed purpose. 
At Donner, fixed purpose gear is one 
of our big specialties. It comes in 'a 
wide variety of sizes. Typical of light
weight devices is the solid state "think" 
device developed by Donner for the 
Polaris missile which monitors Hight 
performance. If, for example, in the 
initial portion of the Hight, the missile 

8 

does not achieve sufficient velocity by 
a predetermined time, the Donner sys
tem aborts the Hight. The missile gets 
the go-ahead only as programmed. 

Another fixed purpose computer is the 
on-line wind tunnel data reduction 
computer recently built by Donner for 
the National Research Council of 
Canada. This computer receives, proc
esses, and analyzes signals from force 
transducers mounted on a scale model. 
Such coefficients as lift and drag are 
continuously and simultaneously 
studied. 

JJ� E .cc 
= = 

COMPUTERS FOR ANALYSIS 

ARE OfTEN USED 

Fixed purpose analog computers are 
used in linear and non-linear program
ming. Here, they solve problems of 
gasoline blending, game theory, lo
gistics, military tactics, and operations 
research: 

Other fixed purpose analog computers 
are used to study spectral density and 
variation coefficients. The spectral 
density computer is used to make 
Vibration, noise and system transmis
sibility studies. Statistical evaluation of 
non-continuous or discrete process can 
be performed with variation coefficient 
computers. In this application, 
achieved values are put in and average 
value, standard deviation, and vari
ation coefficient instantly computed 
out. 

COMPUTERS FOR INFORMATION 

CONTROL, SIGNAL CONDITIONING, 

AND PROCESSING 

Three other examples of fixed purpose 
analog computers in use are a missile 
tracking computer, signal conditioning 

computer, and process control com
puter. 

The missile tracking computer receives 
distance and angular displacement in
formation from tracking radars. From 
this information, the computer pro
vides a continuous plot of the missile's 
position in cartesian coordinates. 

Signal conditioning computers modify 
frequency, phase or amplitude to re
store or control signal characteristics. 
They are used for hybrid computer 
links, pre amplification of low level 
transducer signals, spectrum segmen
tation with active filters, or automatic 
control of dynamic range. 

Process control computers receive sig
nals from transducers, linearize the 
signals, compare them with set points 
both fixed and variable, and provide 
control signals with rate, reset, and 
proportional adjustments. 

LET'S 

HEAR 

FROM 

YOU 

Enough talk. We've given you a rough 
idea what Donner has done for other 
people. Let's find out how this applies 
to you. Send us a brief description of 
your problem; a paragraph or two will 
do. We'll write back telling how Don
ner can help and send you a Tech Note 
if it applies. If writing's, a chore, our 
engineering rep will be happy to dis
cuss methods of solving your problem 
with Donner's computer systems. Just 
contact us for his name. Either way, 
you'll get information that applies to 
your particular problem. Please address 
Dept. 99. 

O 0 n n f R 
SCIENTIFIC 

CDMPANY 

CON COR D. CAL I FOR N I A 

26 
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Solid State Components from Hydro-Aire 

may Solve Your Electronic Systems Problem 

Today, Hydro-Aire offers you special skills in the development of solid state compo
nents to help you solve your systems problems. The Hydro-Aire Electronics Division 
has been created, staffed and tooled to provide flexibility in design, on-time delivery 
and reliable performance. These capabilities are now producing precise answers for 
project engineers at Martin, Boeing, Space Technology Laboratories, General Elec
tric, Litton Industries, Magnavox, Autonetics, and many others. 

For a prompt answer to your inquiry, write Electronics Division, Hydro-Aire, 3000 
Winona Avenue, Burbank. A note on your letterhead brings your copy of our new 
Electronics Brochure. 

Qualified Electronics Engineers are invited to investigate opportunities at 
Hydro-A ire by contacting Mr. Harold Giesecke. 

HYDROAIRE 
�BURBANK. CALIFORNIA 
Division of CRANE CO. 

Solid·state devIces In· 
clude time delay devices. 
voltage regulators. power 
supplies, Inverters. 
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SENSORS SIMULAToRS DJSPLAY DEVICES 

JNTEL'LIGENC£ StJJtVEYING GEOPHYSJCS 

.:INSTRUMENTAT!o)( V£HICLE TRAc�IltG AVIONICS 

Aero Service Corporation 

Oldest Flying Corporation in the World 

announces the formation of 

AERO SYSTEMS 

ENGINEERING 

DIVISION 

Partial list of clients served by Aero on 
Department of Defense prime and sub·controcts 

AIR MATERIEL COMMAND 

CORPS OF ENGINEERS, U.S. ARMY 

STRATEGIC AIR COMMAND 

U.S. NAVY BUREAU OF WEAPONS 

EASTMAN KODAK COMPANY 

IBM CORPORATION 

RADIO CORPORATION OF AMERICA 

RAMO·WOOLDRIDGE 

WESTERN ElECTRIC CORPORATION 

... a modern, fully equipped facility staffed to 
undertake services, research, and development in 
fields related to photogrammetry, geophysics, 
special simulators, training devices, avionic tests, 
and data handling and analysis. The new AERO 
Division offers the benefits of 41 years of experi
ence by Aero Service Corporation, authority on 
airborne geophysics and cartographic sciences. 
We invite you to write for our facilities report. 

SYSTEMS ENGINEERING 
A NEW DI VISIO N OF 

AERO SERVICE CORPORATION 
210 East Courtland Street 
Philadelphia 20, Pennsylvania 
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STEPS IN TH E RA CE TO OUTER SPACE 

Breaking a Space Traffic Jam 
By 1970 our solar system will be filled 

with expended satellites-whirling aim

lessly in space with dead batteries and 

electronic equipment, their missions long 

since completed. 

As space traffic increases, these dere

licts will have to be captured and broken 

out of orbit to keep flight paths clear. 

For this task, special towboats will be 

designed and crews trained. 

Here, step by step, is an account of 

such satellite capture and destruction: 

1. The towboat, driven by electro-particle 

propulsion, rockets into space at speeds 

reaching 25,000 m.p.h. Its reversible en

gines enable it to slow as it approaches 

the radar-located satellite, and match 

the derelict's speed as it moves into 

orbit behind it. 

2. Crewmen attach lines to the satellite 

(as in illustration). Then they haul the 

towboat forward and its nose cone is 

clamped to the satellite's rocket nozzle. 

3. The towboat's engines are then 

switched to full reverse and the linked 

machines gradually lose momentum, 

nosing into a spiral path toward the 

Earth below. 

4. When a safe point is reached, the 

towboat automatically releases the satel· 

lite and it is consumed by friction as it 

plunges into the heavier atmosphere. 

The towboat, regaining its speed, moves 

on to its next assignment - breaking a 

traffic jam in some other congested point 

in space. 

�A, now providing the inertial 

guidance system for the ATLAS ICBM 

and engaged in advanced research and 

development, is in the vanguard of the 

race to outer space. For this effort, 

ARJIIA needs scientists and engineers 

experienced in astronautics. ARJIIA, 
Garden City. New York. A Division of 

American Bosch Arma Corporation. 

AIWERICAN BOSCH ARIWA CORPORATION 

II 
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NEWS 

ABOUT 

PRODUCT DESIGN 

AND 

As the use of p!m"tics materials increases, more and more new product 

ideas are sparked in designers' minds. The result is new sales for the 

manufacturer and new convenience for the buyer. Just as often, these 

plastics materials are used to bring old products up to date-to give them 

longer life, more attractive appearance, greatly improved utility. Here 

are some examples of how Dow plastics do these jobs well ... 

MATERIALS PLASTICS STAR IN NEW 
PRODUCT DESIGN ... 

CAMERA CRADLES TO BABY BATHS! 

Four members of Dow's plastics family play starring roles more and more 

in design and production of new products of all kinds. For example, the 

newest of these plastics-Pelaspan®-provides an ideal solution to the 

problem of safely cradling fragile objects, such as delicate instruments' 

and cameras, during shipment. 

A major manufacturer of camera 
equipment faced a problem of prevent
ing damage to expensive movie cameras 
during shipment. Usual packaging ma
terials had the costly disadvantage of 
passing a high degree of shock on to the 
camera inside, rather than absorbing 

it. They found that form-fitting Pelaspan 
completely protects cameras, however, 
because it is so shock-absorbent. Even 
when these packages are dropped, there 
is no damaging "rebound" of the con
tents. Pelaspan is composed of expand
able polystyrene beads which, under 

moderate heat-steam or hot water
expand up to 40 times their original 
volume to form a smooth-surfaced 
foam. In a mold, Pelaspan expands and 
fuses, taking the precise shape of the 
mold, even to matching intricate con
volutions and contours. 

In addition to making a truly form
fitting package, a major design ad
vantage of Pelaspan is its property of 
variable energy absorption, which varies 
as the density of the foam. During 
expansion, density can be varied from 
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one pound to 10 pounds per cubic foot, 
making it easy to produce a shipping 
package having the exact degree of 
shock absorption needed. 

This camera producer also gained a 
plus-factor in the improved appearance 
of the new package. The smooth sur
face of clean, white Pelaspan makes 
it an attractive point-of-sale display 
package! 

Another of Dow's modern plastics 
family is Tyril®. This tough molding 
material is right at home in the kitchen 
... and in the dining room, too ... 
thanks to good look�. Among the great 
number of things being made from 
Tyril are hot dog cookers and beverage 
sets. Fruit and food acids won't affect 
it, and Tyril is virtually unbreakable! 
Tyril has the production virtues of ex
cellent flow and good moldability. 

Dow's newest high-impact thermo
plastic formulation is Styron® 440. A 
good example of the new products it 
makes possible is the rotary card file 
at right. Styron 440 gives this newly 
designed file extra impact strength. It 
won't warp, nor will rough treatment 
affect the appearance of the tough, 
lustrous shell. Inside, ribbed separators 
keep the cards in order . . . ribs that 
can be formed accurately, thanks to the 
excellent moldability of Styron 440. 

Sheet extruded from Styron 475 is 
the most widely used of all Dow 
thermoplastics. This versatile, econom
ical vacuum-forming material will easily 
take almost any shape and detail. For 
example, the new child's night light 
makes good use of the formability of 

� Styron 475 sheet to produce a life-like, 
� three-dimensional scene on the back-lit 

translucent facing. And in the baby 
bath shown here, Styron 475 sheet gives 
lasting strength to resist chipping and 
damage, as well as good looks that soap 
and oil won't harm. Won't dent, rust 
or scratch a table top, either. 

HOW ABOUT YOUR PRODUCTS? Have you considered how modern Dow 

plastics materials might increase the sales appeal of your products? So wide 

is the range of Dow materials and formulations that there's almost sure to 

be some which can not only improve your present products, but which may 

inspire new items for your line. There are literally dozens to choose from, 

each backed by specialized Dow assistance and counsel • • •  from color 

styling to production, on up to marketing help if you need it. For more 

information, write to THE DOW CHEMICAL COMPANY, Midland, Michigan, 
Plastics Merchandising Department 17SSEQ6. 

THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 
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FIREBIRD PRODUCTS 
for 

PLASMA SPRAYING 
New and exciting applications for 

NORTON FIREBIRD PRODUCTS are now 
possible. Commercial plasma spray 
equipment has extended the range of 
materials which can be utilized, so 
that now you can take advantage of 
the unusual and valuable properties 
of Borides, Carbides, and Nitrides in 
addition to Oxides as coatings. 

These materials are now available 
from NORTON COMPANY in powder 
form, sized specifically for the vari
ous types of commercial spray equip
ment used today. 

Investigate the possibilities of 
utilizing these high melting point 
products: their resistance to high 
temperature abrasion, erosion and 
corrosion and their electrical con
ductivity . . . both as coatings and 
shapes fabricated by Plasma Spray
ing. 

Write NORTON COMPANY, Electro
Chemical Division, 545 New Bond 
Street, Worcester 6, Massachusetts. 

r----------------, 

: Send for Bulletin, : 
: "Norton Materials for Plasma : 
: Spray Coatings." : 
L __________________ .J 

ELECTRO-CHEMICALS 
GIFTS OF THE FIREBIRD: compounds of silicon 

zirconium. boron. aluminum. magnesium 

titanium. chromium. including many borides 

carbides. nitrides. oxides 

75 Years of ... 
Making better products ... 

to make your products better 
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LETTERS 
Sirs: 

Immunoelectrophoresis, which was 
the subject of the interesting article by 
Curtis A. Williams, Jr. [SCIENTIFIC 
AMERICAN, March], is an important 
daughter technique of the general meth
od of immunochemical analysis of anti
gen mixtures by diffusion in gels. The 
importance of the latter, as a method of 
research, is great enough to make a more 
precise statement of its early history and 
successive stages desirable. 

Antigen-antibody precipitation in gels 
was Rrst performed in 1905 by H. Bech
hold with the aim of studying Liesegang 
rings. The multiple zones of precipita
tion, observed in tubes, were considered 
in fact to be Liesegang rings, as though 
they were due to only one antigen. No 
other interpretation was offered for 40 
years, though reactions in gels were 
sometimes used in plates for the purpose 
of bacterial identiRcation (e.g., by G. F. 

Petrie and D. Steabben in 1943). 
While looking for a method of analyz

ing mixtur�s of antigens, I had the idea 
of using diffusion in gels for this purpose 
and described this method in a paper of 
January, 1946. In these experiments the 
solutions of antigens and antibodies were 
in contact with each other in tubes; a 
technique involving diffusion of antigen 
and antibody toward each other through 
a pure gel was also suggested. In this 
study a single antigen gave a single 
precipitation zone; multiple zones were 
demonstrated to be due to the reaction 
of multiple antigens. Some two years 
later, Orjan Ouchterlony and S. D. Elek 
reported separately and almost simul
taneously studies using precipitation in 
agar plates for the purpose of identify
ing toxicogenic bacteria. The multiple 
zones which they observed were not con
sidered then to be Liesegang rings, but 
rather the effect of multiple antigens. 
These two authors developed techniques 
of immunochemical analysis using dif
fusion of antigens and antibodies through 
a pure gel, in agar plates. Other tech
niques have been devised since that time. 

The association of electrophoresis with 
immunochemical analysis in two steps 
(later called immunoelectrophoresis) 
was first performed in 1952 by M. D. 
Poulik, who used electrophoresis on pa
per (and more recently on starch gel). 
In 1953 Williams and Pierre Grabar 
combined immunochemical analysis 
with agar electrophoresis ill a technique 

more advantageous than Poulik's earlier 
one using paper. However, it seems, ac
cording to recent papers by J. Kohn, 
that the association of electrophoresis 
and diffusion, both performed on cellu
lose acetate paper, is very promising. 

I can hardly agree with Williams's 
opinion that "the plates are more useful 
in the study of complex systems" than 
the tubes. If it were so, how could it be 
that the greatest number of antigenic 
components, listed to date, of human 
serum and its fractions have been de
scribed in a work using neither plates 
nor immunoelectrophoresis, but the first 
described tube technique? In addition, 
the latter technique is the only one, so 
far as I know, that has permitted quan
titative determination of these antigens. 

Institut Pasteur 
Paris 

Sirs: 

JACQUES OUDIN 

I am indebted to Dr. Oudin for his in
teresting account of the early history of 
gel-diffusion methods in immunochemi
cal studies. Dr. Oudin, through his devel
opment of gel-diffusion in tubes and his 
quantitative investigations with this 
technique, has contributed more to our 
understanding of these phenomena than 
perhaps any other person. 

The early work of Dr. Poulik did not 
come to our attention until he published 
an account of agar-gel diffusion associ
ated with starch-gel electrophoresis in 
June, 1959. In 1952, when Dr. Grabar 
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DESIGN 
ENGINEERING 

CONSTRUCTION 
It's the man that makes the difference in building a new 

plant. Men-not companies-design, engineer and construct 

facilities. And the key to a successful job is the right man. 

Did you know that Vitro has designed and engineered 

over two billion dollars worth of new facilities. These proj

ects include nuclear and chemical process production units 

throughout the world. In addition, Vitro has built several 

hundred million dollars in petroleum plants. All of these 

projects, large and small, had one thing in common - men 

who were trained and experienced in the application of new 

techniques. Anpther example of why Vitro means more 

than atomic energy ... facilities engineering. 

w� rl t .. ,. CORPORATION OF AMERICA 
•• . .,  261 MADISON AVENUE, NEW YORK 16, N. Y. 

GENEVA. SWITZERLAND - MILAN. IfALY- BOMBAY. INDIA 
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TubeXperience in action 

Deep well pressure 
readings within .05% accuracy 

with help of Superior 
Ni-Span C* Bourdon Tubing 

Accurate down-well pressure read
ings, indicating changes of only 1 to 
4 psi at bottom-hole pressure of 
2000 psi, are hard to get, but ex
tremely important. They demand a 
pressure gage accuracy of at least 
0.1 % to make the vital engineering 
calculations which determine the 
petroleum reserves, the nature of 
the field, how fast the well can pro
duce, the nature of the material 
balance which governs methods of 
production, the size of pumping 

equipment needed, the amount of 
petroleum that can be delivered to 
a pipeline, and other valuable data. 

To achieve this accuracy and better 
it, Superior was asked for help in 
selecting the Bourdon tube material 
for an improved bottom-hole pres
sure measuring device. After careful 
study, its metallurgists recom
mended Ni-Span C nickel-iron
chromium alloy for the Bourdon 
element. This material was chosen 
for its relative insensitivity to tem
perature changes, coupled with su
periority in operating temperature, 
mechanical hysteresis, and elastic 
drift; also for its fatigue resistance 
and spring properties. 

The customer followed the sugges
tion and now this gage, which is 
unique in bottom-hole pressure in
struments for the reason that it 
utilizes a helix-wound Bourdon tube 
to transmit directly the effects of 
pressure to a recording stylus, is 
rated 99.9% accurate. In fact, with 
special care in operations and cali
bration, it can measure within 
.05% accuracy. 

Ni-Span C tubing now standard 
Ni-Span C redraw stock is now in 
inventory at Superior, available for 
immediate production in a range of 
sizes from .010 in. to Ys in. OD, up 
to .125 in. wall max. and from Ys in. 
to 1 VB in. OD in wall thicknesses 
up to .035 in. max. Shaped tubing 
can be produced to customers' 
prints. Perhaps you have an appli
cation that can benefit from the un
usual properties of Ni-Span C tub
ing. Write for Data Memorandum 
No. 19. Superior Tube Company, 
2052 Germantown Ave., Norris
town, Pa. 
-Registered trademark of International Nickel Co. 

NORRISTOWN, PA. 
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All analyses .010 ill. to Ys in. OD-certain allalyses in light walls lip to 2\12 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California 

FIRST STEEL TUBE MILL IN THE WEST 

and I began our studies, we also consid
ered relying upon paper electrophoresis,. 
but rejected it forthwith as inconvenient, 
imprecise and difficult to control. It: 
seems appropriate to mention at this' 
point that immunochemical analysis of 
electrophoretically separated fractions. 
of serum and other protein mixtures had. 
been a subject of investigation in several 
laboratories prior to 1952. Electropho-· 
res is of all descriptions, and immuno-· 
chemical analyses of a wide variety, in-· 
eluding gel-diffusion, were employed. We" 
gave our method the one-word name im-· 
munoelectrophoresis because the two ex-' 
peri mental operations were performed in. 
a single supporting medium, the entire' 
procedure being carried out with a mini
mum of laboratory manipulation. With-· 
out dwelling too long on this subject, I 
hope (and I know that I can speak for 
Dr. Grabar) that immunoelectrophoresis 
neither as a word nor as a method will be 
expanded in definition to include all pos
sible combinations of electrophoresis and 
immunochemical analysis. 

It is also our common hope that in 
the not-too-distant future immunoelec
trophoretic studies will be empowered 
with precise quantitative determinations. 
Whoever is responsible for this will have 
to rely heavily on the elegant work of 
Dr. Oudin and those who have taken di
rection from his lead. 

CURTIS A. WILLIAMS, JR. 

The Rockefeller Institute 
New York, N. Y. 

Sirs: 
Apparently rheologists do not spend 

much time in the kitchen. In "The Flow 
of Matter" [SCIENTIFIC AMERICAN; De
cember, 1959] Marcus Reiner reports 
that Karl Weissenberg's assistant "could 
hardly believe his eyes" when he ob
served a viscous liquid elimbing up the 
stirring rod. 

Anyone who has done a lot of baking 
cannot help but be familiar with this 
phenomenon. In beating certain cookie 
batters or bread dough (some bread rec
ipes call for one minute of beating) the 
batter climbs up the electric beater so in
dustriously that the cook has a fine time 
getting it back in the bowl. Dr. Weissen
berg is a dear friend of ours, and I am 
well aware that his contribution in this 
field is in the explanation of the effect, 
not in its discovery. 

MRS. H. E. SECRIST 

Dedham, Mass. 
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Another 

AMERICAN 

ELECTRONICS 

FIRST 

T he outstanding AMSTAT line of static power devices, 

offering a wide range of ratings useful in many appli

cations, is just one of the ways American Electronics 

serves today's electronics industry. The Precision 

Power Division is only one of ten American Electronics 

Divisions which provide more than 50 product lines 

and services used by the consumer, the military and 

industry. For a more comprehensive picture of these 

products and services write for the new brochure 

THIS IS AMERICAN ELECTRONiCS-available through the 

Product Information Department at the general office 

of the Corporation. 

A.STAT 
SOLID STATE DEVICES FOR 

PRECISE POWER CONVERSION 

The missile and space industry demanded a 

power con verter with a reliability far beyond the 

then-present state of the art. This was the 

challenge presented to research, design 

and development engineers of Amer

ican Electronics, Inc. and it was met 

when the Precision Power Division 

developed the first high-powered solid 

state 3 - phase inverter for use as the 

main power converter for missile appli

cations. This design is now just one of the 

AMST AT family of converters, inverters, fre

quency ch angers and regulators providing 

precise power conversion that meets exacting per

formance standards with greater- than-ever relia

bility. The same engineers who designed the AMST AT 

line can assist in selecting designs for the heart of your 

electronics circuits, can recommend and supply equally 

dependable rotary and static power supplies for factory or 

laboratory. On specific needs, consult the Precision Power 

Division, 9705 Klingerman Street, EI Monte, California. 

1------------------[ 
I American Electronics products and services I 
I include: ACTUATORS . ELECTRO.MECHANICAL I 
I ROTARY COMPONENTS AND ASSEMBLIES. GROUND I 
I SUPPORT EQUIPMENT . LEAK DETECTION EQUIP· I 

I ME NT AND TESTING SERVICE . MAGNETIC TAPE .1 
I RECORDERS . MEASURING AND READOUT EQUIP· 

I 
I ME1IIT. PERIPHERAL DATA PROCESSING EQUIPMENT I 
I • PRECISION BORING MACHINES. RELIABILITY AND 

I 
I ENVIRONMENTAL TESTING SERVICE. REVENUE AND 

I 
I 

TRAFFIC CONTROL SYSTEMS · ROTARY POWER I 
I EQUIPMENT . SERVO ROTARY COMPONENTS AND 

I 
I ASSEMBLIES . STATIC AND SOLID STATE DEVICES 

I 
L __________________ � 

AMERICAN ELECTRONICS, INC. 
1725 WEST SIXTH STREET, LOS ANGELES 17, CALIFORNIA 

MANUFACTURI NG AND SERVICE PLANTS IN LOS ANGELES. CULVER CITY. EL MONTE 

AND FULLERT ON. CALIFORNIA; BROOKLYN. NEW YORK. AND NORWOOD. MASS. 

TECHNICAL REPRESENTATI VES LOCATED THROUGHOUT THE UNITED STATES. 
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• Today's big nevvs In 

automatic control 

lSI announces 

a completely integrated service for power 

and process control ... information handling ... pipeline 

and industrial automation 

FILLING THE VO ID IN PRACTICAL CONTROL 

The recent combination of Information Systems Incorpo
rated (I. S.I.), all the Panellit operations, and the Genesys 
Corporation is made to order for your control requirements. 
I. S.1. now offers an exceptionally broad and well integrated 
service with the unique advantage of experienced engineer
ing and proven hardware designed for reliable, economical 
control systems. 

The expanded family of advanced I. S.1. and Genesys 
Digital Control Computers is now teamed with Panellit's 
wide experience in control instrumentation. Equally impor
tant, the conscientious policy of "small company" custom 
service has not been sacrificed by this corporate growth. 

FROM THE SMALLEST 
TO THE LARGEST PROJECTS 
If you need a single $200 Annunciator, or a fully automated 

Co�puter Control System, I. S.1. delivers optimum reliability 
backed by the coordinated capabilities of a major company 
in the automation field. No other source can match this single 
service or turnkey flexibility. 

FOR MANAGEMENT FACED WITH THE PROB

LEMS OF EXPANDING AUTOMATION -The new 
I. S.1. Facilities Brochure will help you evaluate I.S.I.'s con
trol engineering, electro-mechanical and electronic capabili
ties. Please write the President ... 

INFORMATION SYSTEMS INCORPORATED lSI 10131 NATIONAL BLVD., LOS ANGELES 34, CALIFORNIA 

b 'd' f C'0NCF� 
a SU Sl wry 0 -rUG.HT 

BOARD OF DIRECTORS: A. F. Sperry. Chairman 01 the Board· C. K. Johnson. President. I.S.I. and V.P .. Chance Vought· F. O. Detweiler, President, Chance Vought· l. M. Sperry, Investments and Trusts· F. E. Burnham, V.P. Finance, Chance Vought 
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prove that you can cut polishing costs with F ormbrite, 
Anaconda's superfine-grain drawing brass. 

FORMBRITE is springier, harder, more scratch resistant than 
the usual drawing brasses in the same standard tempers. 
Yet it retains remarkable ductility for forming and drawing
even such deep-drawn products as pen barrels: And Form
brite costs no more than ordinary drawing brass, despite its 
superiority. Get full details from your Anaconda representa
tive or write: The American Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American Brass Ltd., New 
Toronto, Ontario. 6048 

FORMBRITE® 
Superfine-Grain Drawing Brass an 

® NACOND 
product made by The American Brass Company 

19 

© 1960 SCIENTIFIC AMERICAN, INC



20 

Presented proudly 

The � 160B-a new 15 Me oscilloscope built 
to exacting MIL specifications; most versatile 
oscilloscope ever offered. 
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Here are some of the outstanding features: 

New plug -in versatility Horizontal plug-ins. New 166 series hor-

izontal (time axis) plug-ins add a whole new dimension of flexibility to the basic oscilloscope. 

First two of the series are: c5j) 166C Display Scanner making the 160B the world's first 

major scope with an X-Y recorder output. This output covers the full scope bandwidth and 

makes possible large, high resolution, permanent X-Y records of repetitive waveforms. c5j) 
166D Sweep Delay Generator establishing new convenience for conventional sweep delay 

measurements. A unique mixed sweep feature permits detailed analysis of one pulse in a 

wavetrain while retaining a display (on a slower time scale) of the entire wave preceding 

the pulse of interest. Thus, you view the exact pulse or segment desired while still retaining 

presentation of the earlier display. Extremely high magnifications are possible with appro

priate settings of sweep controls. 

Vertical amplifier plug-ins. New 162 series plug-ins will include new amplifiers permit

ting scope operation under many different input conditions. Typical plug-in is c5j) 162A Dual 

Trace Amplifier, 20 mv/cm unit permitting simultaneous viewing of two phenomena or 

differential amplification of signals dc to 14 Me. 

Military quality - Using premium components throughout, the 160B is 

designed to meet the highest standards of ruggedness, accuracy and dependability. It follows 

MIL-E-16400B for shock, vibration, humidity and temperature. Premium features include 

high stability tube-transistor circuits, regulated dc filament voltages, power transistors in 

efficient heat sinks, circuits on translucent epoxy-glass, simplified layout. 

Easy to operate - Model 160B control array is traditional and logical. 

No special training is required to operate the 160B. Your set-up time and measurements are 

simplified with improved preset triggering and an automatic beam-finder. The first means 

that one preset adjustment insures optimum triggering for almost all conditions (even 

signals down to 2 mm deflection). The second means that with the press of one button the 

beam is instantly located and "held" until you center your trace. 

S P E e  F 
SWEEP GENERATOR: 

Intemal Sweep: 24 ranges, 0.1 J.lsec/cm to 5 sec/cm: vernier to. 
15 sec/cm 
Magnification: 7 ra.nges, to 0.02 J.lsec/cm 
Triggering: 2 mm minimum, internal, power line or vertical input 
signal. External 0.5 v peak to peak 
Trigger Point: Going voltage, ':"30 to +30 v 
Sawtooth Output: ...,50 to + 50 v 
Gate Output: 50 v pulse 

HORIZONTAL AMPLIFIER: 
Bandwidth: dc to 1 MC 
Sensitivity: 7 ranges, 0.1 v/cm to 10 v/cm; vernier to 25 v/cm 
Input Impedance: 1 megohm, 30 pI shunt 

CALIBRATOR: 

Type: 1.000 cycle square wave, 1 J.lsec rise, decay time 
Voltage: 9 ranges ± 3%,0.2 mv to 100 v peak to peak 
Current: 5 ma peak to peak, ± 3 % 

C AT o N S 
CATHODE RAY TUBE: 

Type: 5AMP mono-accelerator, flat lace, Pl, P2, P7, P ll screen; 
5,000 v accelerating potential 
Deflection Sensitivity: 20 v approx'i intensity modu!otion 20 v 
pulse to blank 

PRICE: � 1608 Oscilloscope, $1,850.00 

� 162A PLUG-IN AMPLIFIER 
Sensitivity Range: (Each channel) 0.2 v/cm to 50 v/cm, 10 rcnges; 

0.02 v/cm to 20 v/cm. Accuracy ± 5% 
Pass Band: Dc coupled, de to 14 MC: 0.025 J.lsec rise time 

Ac coupled, 2 cps to 14 MC 
Differential Input: 80th attenuators may be switched 10 ono chan

nel and adjusted separately. Common Mode Rejection at least 
40 db at max sens.; at least 30 db with attenuators 

PRICE: � 162A Plug-In Amplifier, $350.00 . Data ,ubiectto change without notice. Price, f.o.h. lactcry. 

HEWLETT· PACKARD COMPANY 
1019S Page Mill Road Palo Alto, California, U.S.A. 

Cable "HEWPACK" DAvenport 6-7000 
Field 1'epTesentatives in all principal a1'eas 

HEWLETT-PACKARD S.A., Rue du Vieux Billard No.1, 
Geneva, Switzerla;ld 

Cable "HEWPACKSA" Tel. No. (022) 26.43.36 G038 
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EAI Transistorized Analog Computer 

A WIDE RANGE OF 
SOLUTIONS AT 
DESIGN ENGINEERS' 
FINGERTIPS ... 
PACE

®
TR-lO, the first all transistorized desktop 

analog computer, puts proven high-speed compu
tation right where it's needed - on the desks of busYI 
engineers. With this easy-to-use simulator, you can 
quickly solve many problems without waiting for 
scheduled access to large-computing systems_ Though 
compact in size, the TR-IO is a full-fledged analog 
computer capable of providing solutions to a wide 
range of design problems. Up to 20 amplifiers, plus 
linear and non-linear computing components are 
contained in one compact cabinet with no external 
racks. The TR-IO permits rapid evaluation of dif
ferent design approaches. It demonstrates the per
formance of a conceptual or drawing-board design 
prior to construction. Thus it saves time and money 
normally required for multiple test models with 
cut-and-try engineering. 

Here's How The TR-IO Saves 
Engineering Time 

The TR-IO is especially useful in solving problems 
in such diverse areas as servo-system design, heat flow, 
chemical reaction analyses, suspension systems stud
ies and many other problems involving dynamic 
conditions. Fast answers to problems posed by new 
design ideas immediately determine feasibility of 
projects. With the TR-IO, engineers can explore new 
ideas as they occur - concentrate valuable time on 
the most promising area of study. 

(Applications notes are available describing typical 
problem solutions.) 

How Do You Use The TR-IO? 
First-Represent in equation form the physical sys-
tem to be studied. 

Second-Select through a simple computer diagram 
the computing components required to perform the 
calculation (programming). 

Third-Interconnect these components on the com
puter (problem patching) and set problem parame
ters with adjustable controls. 

Fourth -Run the problem with results presented 
graphically on an accessory recorder or oscilloscope_ 

You now have an electronic analog model of the 
physical system under study. You can manipulate 
design parameters quickly, running comparative 
solutions without becoming involved in repeated 
calculations. With the TR-IO you can rapidly de
velop truly optimum designs. 

For complete details of TR-IO, write for free copy 
of Bulletin AC 934-AA_ 

� PAC E TR -10 Analog Computer, including 
components for addition, subtraction, multiplica
tion, division, integration and generation of powers, 
roots, logs, antilogs and arbitrary functions. 

EA I ELECTRON I C ASSOCIATES, IN C. ,"me B,,",., N,w ]"''7 
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• METALS 

• • • news about metals and metal chemicals 

JUNE - JULY, 1960 

99.97% Metallic Chromium -- Alert to the special problems of the alloy 

industry, UCM has developed a grade of chromium metal which contains very low 
carbon, nitrogen, and metallic impurities. Called ELCHROME LG, the product is 
especially well-suited for addition to alloys, such as some nickel- and cobalt-base 

alloys, which require minimum amounts of these impurities. ELCHROME LG is 

commercially available in flake and powder forms. Typical analysis of flake: 

0.015% iron, 0.001% carbon, 0.001% nitrogen, 0.025% sulfur, 0.001% lead, and 

less than 0.01% copper. For additional data request CR2-S7. 

* * * 

Wear-Resistant Coating for Service up to 18000! -- Union Carbide Metals' 

chromium carbide is being used in a wear-resistant coating developed by the Speedway 
Laboratories of Linde Company, Division of Union Carbide Corporation. Designated 
as LC-lA, the chromium-carbide-base coating is applied using Flame-Plating 
techniques. In one application, the coating is being evaluated for wear problems 

encountered in jet engines at service temperatures up to l800°F. 
Bulletin CCl-S7 gives data on chromium carbide. For information on LC-IA, 

contact Linde Company, Flame-Plating Sales Department, Indianapolis 24, Indiana. 

* * * 

Cold Reductions of More than 95% -- Excellent cold-working characteristics 

mean wider utility for vanadium metal in the form of thin strip or foil. In cold 
rolling l6-in. wide sheets reductions of more than 95% are possible without 
excessive work hardening. The need for intermediate process anneals is thereby 
decreased. Possible applications for vanadium strip and foil include X-ray tube 

parts, as well as several uses in the atomic energy field. Bulletin VM2-S7 

gives general data on vanadium. 
* * * 

Columbium-Base Alloys in Nuclear Age Metallurgy -- Two new columbium-base 
alloys are suggested for possible nuclear reactor applications. These alloys 
contain additions of titanium and zirconium (Cb-65) or aluminum and vanadium 
(Cb-22). The alloy additions help achieve higher strength and better oxidation 

resistance than in pure columbium, while maintaining essentially the same low 
neutron cross section. Arrangements are being made whereby one or both of these 
alloys will be available in the near future for field testing. Request Bulletin 
CBA3-S7 for general information on columbium-base alloys Cb-22 and Cb-65. 

* * * 

New Uses for Aluminum Carbide -- Long known as a source material for 
methane gas, aluminum carbide is finding newer uses as a chemical intermediate and 
catalyst. It is now employed, for example, as a catalyst in the manufacture of 
terephthalic acid. Research has also been done on aluminum carbide as the starting 
material for new organic chemical syntheses. And in radiochemistry, it can be 
used to prepare tritinated methane for measurement of tritium. UCM supplies 

aluminum carbide in development quantities, 1 in. by D. Data sheet ALC1-S7 gives 
properties and analysis. 

* * * 

Union Carbide Metals Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 

"Elchrome" and "Union Carbide" are registered trade marks of Union Carbide Corporation 
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Philco pioneers in advanced electronics ... 
In space and in the air, on land, on sea, and in the ocean depths-wherever advanced 
electronics plays its part-you will find dramatic proof of Philco leadership in 
technology, capacity and versatility. For here is an organization fully staffed and 
fully equipped to pioneer and contribute in every phase of the art ... to solve 
the most complex problems ... to create totally new devices ... to manufacture 
the finest electronic products and systems. 

Philco leadership in the field of advanced electronics is recognized throughout 
the world. And Philco stands ready to serve. Look to the leader ... look to Philco. 

Weapons Systems. Satellites. Space Instrumentation. Guided Missiles. Global 
Communications. Radar. Data Links. Fire Control Systems. Underwater Ordnance· 
Air Traffic Control. Data Processing Systems. Closed Circuit TV 

Government and Industrial Group, Philadelphia 44, Pennsylvania 
Communications and Weapons Systems Division . Computer Division 

Sierra Electronic Division . Western Development Laboratories 
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GRAPHITAR& 
(CARBON-GRAPHITE) 

water-lubricated 

bearings in "canned" motor pumps 

give exceptional performance 
• 
In 

high-pressure, high temperature 

fluid systems 

Special hermetically sealed motor-pumps, known 
also as "canned" motor pumps, were developed 
by Westinghouse Electric Corporation to handle 
radioactive water with zero leakage_ These same 
pumps have proven a convenient means of pump
ing high temperature fluids for a number of 
nuclear reactors and other high pressure, high 
temperature fluid applications. 

The thrust bearing utilized in the "canned" motor 
pump is a self-equalizing, water-lubricated, 
pivoted-pad bearing with inserted GRAPHITAR 
bearing surfaces. The radial sleeve bearings are 
also made of GRAPHITAR and are designed to 
be lubricated by the pumped fluid only ... in 
the case of pumps used in nuclear reactors, only 

radioactive hot water is employed as lubrication. 

GRAPHITAR is utilized extensively in tough 
applications because of its many unusual proper
ties. It is non-metallic, resists chemical attack, has 
self-lubricating properties, a low coefficient of fric
tion, is mechanically strong, hard as steel and 
lighter than magnesium. GRAPHITAR will not 
warp and shows no expansion or contraction in 
extreme temperature changes. 

This versatile engineering material, 
GRAPHITAR, may well solve one of your 
difficult design problems. For further in
formation on GRAPHITAR and its many 
applications, send for ou r engineering 
manual No. 20. 

THE UNITED STATES GRAPHITE COMPAN2y 
DIVISION o F T H E WICKES COR P OR ATION, S A GINAW 6, MICHIGAN 
GRAPHITAR® CARBON-GRAPHITE • GRAMIX® POWDER METALLURGY • MEXICAN ® GRAPHITE PRODUCTS • USG® BRUSHES 
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This is 

SYLVANIA ELECTRONIC SYSTEMS 

26 

now serving as 

G_overnment systems managers 

for all subsidiaries of 

General Telephone & Electronics Corporation 

Offering single source capabilities for integrated 

Communications-Data Processing-Electronic Display Systems 

Now Sylvania-long experienced in the field of defense systems research, development and production
offers this far more comprehensive yet unified source of systems management and capability. Systems
oriented in concept and personnel, Sylvania Electronic Systems now integrates under one direction all the 
skills and facilities of one of the world's leaders in communications and electronics-General Telephone & 
Electronics, and its subsidiaries, including: 

SYLVANIA ELECTRIC PRODUCTS INC. · AUTOMATIC ELECTRIC COMPANY 

GENERAL TELEPHONE & ELECTRONICS LABORATORIES INC.· LENKURT ELECTRIC CO., INC. 

GENERAL SYSTEM OPERATING COMPANIES of General Telephone & Electronics 

LEICH ELECTRIC COMPANY · ELECTRONIC SECRETARY* INDUSTRIES, INC. 

HOW SYLVANIA ELECTRONIC SYSTEMS BENEFITS YOU: Sylvania Electronic Systems makes it 
possible to obtain complete defense systems of the highest quality, of specified performance, delivered on 
schedule at competitive costs. When you work with Sylvania Electronic Systems you enjoy the many 
advantages of: 

One-Source Procurement • One-Source Authority and Responsibility 

Quick-Reaction Capability • Efficiency • Financial Accountability • Experience 
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Communications Systems 

SYLVANIA ELECTRONIC
'SYSTEMS offers skills 

and experience covering the complete electro
magnetic spectrum in the media of air, space, 
water, ground. This integrated systems group in
cludes the capabilities of the 32 domestic and 
international telephone operating companies in 
the General System. This group offers the most 
advanced equipment and development capabil-

ities in dial telephone systems, automatic 
electromechanical and electronic switching 
systems, central office and terminal equipment, 
toll and exchange voice, telegraph, and data 
carrier transmission systems for wire, cable and 
radio applications, microwave relay and mobile 
radio systems and advanced low detectability 
and secure communications systems. 

Data Processing and Display Systems 

Sylvania leadership in digital data processing is 
typified by its most recent achievement: design 
and development of MOBIDIC. This solid state, 
mobile computer will give field armies real-time 
solutions to many intelligence and reconnais
sance problems, almost instantaneous answers 
to operational problems involving logistics, inven
tory control, etc. Sylvania has also pioneered in 

developing electronically driven electrolumines
cent display equipments and systems. SYLVANIA 
ELECTRONIC SYSTEMS has subsystem manage
ment and development responsibility for the 
data processing portion of the Air Force BMEWS 
program, including new and advanced concepts 
of 3-dimensional data take-off circuitry and 
equipment. 

Detection and Tracking Systems 

SYLVANIA ELECTRONIC SYSTEMS has an ad
vanced capability in high resolution, electron
ically scanned radar. Example: Sylvania has man-

agement and development responsibility for the 
Army's ANI MPQ-32, a mobile arti Ilery detection, 
tracking and fire control system. 

Intelligence and Reconnaissance Systems 

In recent years, Sylvania has developed numerous 
types of broadband receivers, signal analyzers, 
and sensing devices across the entire spectrum. 
Advanced anti�intrusion devices are now under 

development. In addition, Sylvania is develop
ing and managing several other highly classified 
programs in this area. 

Electronic Warfare Systems 

Sylvania leadership in electronic warfare is 
typified by its advances in countermeasures and 
counter-countermeasures against all known 
types of electromagnetic radiation. Sylvania 

manages the passive defense system for the 
B-58, and maintains a quick-reaction capability 
and facility for Army ground-based electronic 
warfare activities. 

FOR FULL INFORMATION on how Sylvania Electronic Systems might be of special serv

ice to you, please call or write Sylvania Electronic Systems, a Division of Sylvania Electric 

Products Inc., 'vValtham, Massachusetts. 

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 

rorGENERAL TELEPHONE & ELECTRONICS 
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No. 14 of a series 

Eastman 910 Adhesive 
solves another 

production bottleneck 
Hilliard Corporation, of Elmira, N. Y., 
manufacturers replaceable oil-filter ele
ments for military and industrial use. 

The element consists of a perforated 
metal tube surrounded by a pleated 
paper cylinder. The paper cylinder is 
held tightly against the tube with snug
fitting paper retaining bands. 

Vital to proper filter operation, the 
bands are formed by wrapping a strip 
of wax-impregnated paper around a 
mandrel, then overlapping the dew axed 
ends and bonding them together with 
a drop of Eastman 91.0 Adhesive. 

Use of this fast-setting adhesive re
duces the time for this operation by 
50% compared with a hot iron heat
sealing method employed formerly. 

Eastman 910 Adhesive is making 
possible faster, more economical 
assembly-line operations and new de
sign approaches for many products. It 
is ideal where extreme speed of setting 
is important, or where design require
ments involve joining small surfaces, 
complex mechanical fasteners or heat
sensitive elements. 

Eastman'910 Adhesive is used as it 
comes, No mixing, no heating. Simply 
spread the adhesive into a thin film 
between two surfaces. Light manual 
pressure triggers setting. With most 
materials, strong bonds are made with
in minutes. 

What production or design problem 
can this unique adhesive solve for you? 

Bonds Almost Instantly 

with Contact Pressure 

No Heat • . .  

No Catalyst ... 

For a trial quantity ('h-oz.) send five dol
lars to Armstrong Cork Co., Industrial 
Adhesives Div" 9106 Inland Road, lan
caster, Pil., or to Eastman Chemical 
Products, Inc., Chemicals Div., Dept. 5-6, 
Kingsport, Tenn. (Not for drug use) 
See Sweet's 1960 Prod. Des. File, 7/E 
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50 AND tOO 
YEARS AGO 

[SkIENTIFI£IIlMERI£� 
JUNE, 1910: "The action of Congress 

in passing a bill making a preliminary 
appropriation for the work of raising the 
wreck of the Maine is for several reasons 
highly commendable. Chief among these 
is the opportunity to give decent burial 
to the unfortunate men who were car
ried down in the wreck of the ship and 
have remained entombed for the past 
12 years. Second are those which affect 
the sensibilities and honor of a European 
power with whom we are at present, and 
hope ever to be, on terms of friendly 
understanding; for it is a fact that the 
Spanish Government felt very keenly the 
implication that the destruction of the 
Maine was brought about by Spanish 
agency. The raising of the Maine will 
be well worth all the trouble and cost 
if it brings to light clear evidence that 
the explOSion was due to internal causes, 
that is to say, to the spontaneous and 
therefore accidental combustion of the 
explOSives contained in the forward 
magazines." 

"Prof. Fritz Haber claims to have 
solved the problem of the direct synthe
sis of ammonia from its elements, nitro
gen and hydrogen. If the process is as 
practical and economical as its inventor 
claims, its introduction will quickly 
cause a revolution in a comparatively 
new but already important branch of 
industry: the manufacture of artificial 
nitrates. Prof. Haber states that the com
bination of hydrogen and nitrogen is ef
fected at a temperature of about 1,000 
deg. F., and a pressure of 200 atmos
pheres. The presence of a catalyzer is re
quired to accelerate the combination. 
For this purpose Prof. Haber employs 
uranium, but the rarity of this element 
appears incompatible with its employ
ment on a commercial scale." 

",.\ spur to the development of the art 
of flying has been afforded by the phe
nomenal achievement of Glenn H. Cur
tiss in making his recent flight from Al
bany to New York at the unprecedented 
speed of over 50 miles an hour. Apart 
from the fact that so great a distance was 

covered at so high a speed, there are 
other considerations which largely ac
count for the powerful hold which this 
flight has taken upon the public imagina
tion; such, for instance, as the altogether 
untried nature of the course, the almost 
complete absence of suitable landing 
places and the absolute composure with 
which, when an emergency landing had 
to be made, the aviator circled in his 
path, and swooped down, birdlike, upon 
a small open clearing above the rocky 
cliffs. When the news of his accomplish
ment was flashed throughout the coun
try, its effect was positively electric. The 
last doubt as to the practicabilit y of long
distance, cross-country Hying yanished." 

"Dr. Robert Koch, the father of pre
ventive medicine, died on May 27th. 
Lister and Pasteur developed the germ 
theory of disease; Koch made of this 
theory the science of bacteriology. Pas
teur declared it to be within human 
power to banish all parasitic diseases 
from the face of the earth; Koch clearly 
demonstrated how this business was to 
be gone about. In 1882 came his truly 
epochal isolation of the tubercle bacillus, 
the essential cause of tuberculosis. Upon 
this foundation preventive measures 
were intelligently formulated. Koch 
elaborated various tuberculins diagnos
tic of tuberculosis; their curative proper
ties have proved disappointing, yet they 
were the basis of the wonderfully effec
tive antitoxins of diphtheria, tetanus, 
meningitis, pneumonia and other dread
ful infections. And Koch's achievements 
in tuberculosis were only a part of his 
service to mankind. In 1883 he discov
ered the cholera bacillus, which is re
sponsible for the disease. In the investi
gation of other world scourges-cancer, 
bubonic plague, blood poisoning, tryp
anosomiasis cattle plague, anthrax, ma
laria-Koch's part has been most vital, 
either as discoverer or as originator or 
developer of prophylaxis and curative 
methods." 

"Prof. E. E. Barnard informs us that 
on June 6th he obtained a very good 
photograph of Halley's comet. The plate 
showed the tail drifting off into space, 
and a new one forming in a different 
direction." 

"In dissolving the injunction granted 
in favor of the "Vright brothers against 
Curtiss by Judge Hazel, and the similar 
injunction granted by Judge Hanel 
against Louis Paulhan, the Circuit Court 
of Appeals has followed a long-estab
lished precedent in patent law. Rarely is 
infringement so clearly established that 
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HOW TO SCRIBE 

A "PERFECT" CIRCLE 

IN OUTER SPACE 

Bell Laboratories guidance system achieves unprecedented 

accuracy in steering Tiros weather satellite into orbit 

Equipped with TV cameras, tape recorders, solar 

cells and antennas, the world's most advanced 

weather satellite, the NASA Tiros I, had to be placed 

in a precisely circular orbit at a specified altitude to 

do its job well. 

The "shot" was a virtual bull's-eye. The mean 

altitude was within one mile of that planned. And 

Two Bell Laboratories engineers, T. J. Grieser and D. R. Hagner, look 

over the second-stage section of the Air Force Thor-Able missile used 

to launch the NASA Tiros weather satellite. 

the deviation from this mean was less than Y2 per 

cent, making it the most-nearly-perfect circular orbit 

ever achieved with a space vehicle by either the 

United States or Russia_ 

The dependability and accuracy of Bell Labora

tories' ground-controlled Command Guidance Sys

tem has been proven before-in the successful test 

flights of the Air Force Titan intercontinental bal

listic missile, and in last year's Air Force Thor-Able 

re-entry test shots from which the first nose-cone 

recoveries were made at ICBM distance. Now, with 

Tiros, the system contributes to a dramatic non
military project. Other uses are in the offing_ 

This achievement in precise guidance again illus

trates the versatility of Bell Laboratories' research 

and development capabilities-directed primarily 

toward improving your Bell Telephone service. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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ALMOST T OO PURE 

TO DRINK ... 

and what 

it means to the 

RELIABILITY 

of a 

silicon rectifier 

Water, after passing through a 

specially-designed water purifying system 
in the new Fansteel rectifier plaht, 
is almost too pure for human consumption. 
Minerals and other "impurities" that the 
human body needs - and can most 
conveniently get from water - have been 
removed. Electrical resistivity of this water
true measure of its purity-is a 

fantastic 18,000,000 ohm-centimeters. 

Here is water that is softened, de-ionized, 
de-mineralized . . . and still isn't good enough 
for Fansteel rectifiers. So it is passed

' 

through sub-micron filters to remove all 
matter coarser than 0.5 micron, organic or 

inorganic. (Never o nce, throughout its 
purification process, is the water permitted 
to contact air. ) Finally, at the last second, the 
water is "filter-polished" to remove any 
impurity which might still remain. 

Now the water is ready for use - in 
tlie critical chemical cleansing process of 
Fansteel silicon rectifier junctions. 
Thorough washing of the silicon rectifier 
junctions in this ultra-pure water results in 
contaminant-free junctions . . , and 
another assurance of complete Fansteel 
silicon rectifier reliability. 

Look at any other phase of our 

manufacturing operations -large or small
and you'll see like examples of 

-uncompromising thoroughness and care. 

We can't afford to take any short-cuts 
- not when reliability is at stake. 

Fansteel Metallurgical Corporation 
North Chicago, illinois, U.S.A. 

� 
WHERE RELIABILITY DICTATES STANDARDS 

/ 

a court is justified in restraining the m'ill
ufacture and use of an invention before 
the question of patent validity is de
cided. As a result of the interlocutory 
decrees of Judges Hand and Hazel the 
Wright brothers have controlled flying in 
this country for the last six months. Un
less he filed a bond with the court, no 
aviator who used a machine equipped 
with ailerons, or wing-warping devices, 
operated in conjunction with a vertical 
rudder could make, sell, or fly his appa
ratus in this counb-y. With the reversal 
of the decision of the lower court by the 
Circuit Court of Appeals, the develop
ment of aviation in this country is now 
unhampered." 

JUNE, 1860: "The population of the 
world is now estimated at 1,279,000,000, 
viz.: Asia, 755,000,000; Europe, 272,-
000,000; Africa, 200,000,000; America, 
50,000,000; Australia, 2,000,000." 

"The Suez Canal, to unite the Red Sea 
with the Mediterranean, has been com
menced at Port Said, where two large 
moles, running out nearly a mile into the 
sea, are being constructed. About 1,700 
European workmen and several thou
sand natives are employed on the 
works." 

"The advent of the Japanese Embassy, 
and the interest in this but partially 
known people, has induced us to give 
some account of their achievements in 
the agricultural and mechanical depart
ments. Being compelled to make the 
most of their not very extensive and 
rather poor soil, they have arrived at a 
very high state of perfection in the arts 
of agriculture. Where the land is inac
cessible to the plow, it is cultivated by 
manual labor. Like the Chinese, they 
pay great attention to manuring and to 
irrigation. The short time the Embassy 
has already been with us shows how 
eager they are to profit by the experi
ence of foreigners, and to imitate their 
useful arts. The inhabitants of Japan are 
already supplied with microscopes, tele
scopes, clocks, watches, knives, spoons, 
&c., made by themselves from European 
models. They manufacture Colt revolv
ers and Sharps rifles, and it is said that 
they have made improvements upon 
them. At Nagasaki works have been 
erected for the manufacture of steam
engines without European assistance." 
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FOR THE AIR FORCE, MSVD 

engineers test three-axis 

stabilization system. Lamp 

simulates Sun. Similar sys

tem will assure station-keep

ing capability in orbit of 

U.S. communication satellites. 

. .. center for missile and space technology research 
and development at General Electric 

Progress in space vehicle navigation 
As space vehicles probe further and further away 
from the Earth, and as their missions become 
more and more complex, the need for accurate, 
high-precision space navigation and control 
becomes increasingly vital. 

General Electric Missile and Space Vehicle 
Department engineers are now developing and 
testing space vehicle control equipment for the 
24-hour-orbit communication satellite program. 
They have already designed and flight-tested on 
space vehicles a three-axis stabilization system as 
well as orbit computation and correction tech
niques. Using the Earth and Sun as reference 
points, this MSVD three-axis system successfully 
controlled the attitude in space of U.S.A.F. Atlas 
and Thor re-entry vehicles during a major portion 

of their ballistic flights. The control accuracy 
attained on these flights could be duplicated on 
flights further into space, using other planets and 
stars as check-points. 

For more information about MSVD's space 
navigation and control work for the Air Force 
and its other contributions to U.S. space tech
nology progress, write to Section 160-73A, 
General Electric Missile and Space Vehicle De
partment, Philadelphia 4, Pennsylvania. 

GENERAL . ELECTRIC 
MISSILE AND SPACE VEHICLE DEPARTMENT 

A Department of the Defense Electronics Division 

Scientists and Engineers interested in career opportunities in Space Technology, contact Mr. T. H. Sebring, MSVD 
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For the Babcocli a- Wilcox C01JljJllny: 

a Burroughs 205 computer baclied the 

tea/fn that introduced 

atomic po�()er to the merchant fleet .. , 
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another Burroughs c01nputer 

is helping build one of the 

world's largest steam boilers ... 

and still another is speed

ing a vast research and 

development progral1t 

History has already eannarked July 21, 1959, 

in remembrance of launching the N. S.  

Savannah-the world's first nuclear merchant 

ship. This graceful queen of the seas may 

well be the precursor of a vast atomic mer

chant fleet-ships operating quietly and effi

ciently on nuclear engines. 

Yet months before touching water, the 

Savannah's nuclear propulsion system was 

obtaining hundre�s of "trial runs" on a 

Burroughs 205 computer at The Babcock & 

\Vilcox Company's Atomic Energy Division 

in Lynchburg, Virginia. 

Long before the vessel was launched these 

computer runs predicted changes that were 

to take place in the heart of the nuclear reac

tor. With the aid of these data, decisions were 

made as to the optimum size of the reactor, 

the lifetime of the fuel elements, amount of 

fuel needed, approximate costs and myriad 

other specifications. 

Of course, a simulated run could have been 

made with a desk calculator - but it would 

have taken one year to complete a single run. 

The 205 has completed the same job in just 

a few hours. 

This is the latest installment in a success 

story that started in November, 1955 - the 

installation date of the Burroughs 205 at the 

Atomic Energy Division. Aside from the 

N. S. Savannah project, the same computer 

contributed immeasurably to other reactor 

designs, and other engineering work involv

ing stress and thermal calculations, plus cost 

accounting data processing. 

A recognized pioneer in the application of 

electronic data processing equipment, B&'V 

was one of the first companies to develop its 

own automatic programming system. The 

effect of this powerful programming aid

called DUMBO-is to extend the capabilities 

of the 205 to hundreds of engineers without 

special knowledge of computer characteris

tics and techniques. 

B& \V engineers at Lynchburg are now able 

to write a plan for the computer to follow; 

DUMBO then automatically translates the 

plan into 205 language for electronic data 

processing. 

With valuable 205 experience on design 

problems of a different nature, B & W's Boiler 

division (at Barberton, Ohio) has now 

installed a larger Burroughs 220 computer 

system to handle its increasing activities. 

Now in the design stage, with the aid of the 

220, is one of the largest steam boilers ever 

conceived. \Vhen finally erected, the new 

steam boiler will stand as high as a 22-story 

skyscraper, produce 4,900,000 pounds of 

steam per hour, and generate sufficient power 

to light a city of 5,000,000 population. 

Whether designing mammoth power equip

ment or a small industrial boiler, the 

Burroughs 220 has become a vital tool from 

initial bid through final design. The Burroughs 

220 is helping to win orders with fast-but

realistic proposals, slashing costs and lead 

time at every possible opportunity. 

B & vv, whose product range includes tubular 

products, refractories, and marine boilers, as 

well as stationary steam generators, is also 

spearheading the development and construc

tion of nuclear stationary and marine pro

pulsion power plants. In all these programs, 

B & W depends upon the most modern ana

lytical processing equipment. 

At the company's Research and Develop

ment Center based in Alliance, Ohio, a third 

Burroughs computer has recently gone "on 

the air." This Burroughs 205 was purchased 

to process data for a variety of research ex

periments in the fields of heat transfer, fluid 

flow, stress analysis, and thermodynamics. Its 

immediate impact has been to free creative 

engineering talent from routine calculations 

and to reapply valuable human resources to 

the pursuit of new sources of economical 

energy. This 205 has already developed 

research data otherwise inaccessible. 

All three Burroughs computers are helping 

B & W to meet a wide range of the nation's 

power requirements in the most efficient and 

economical way possible. Hundreds of other 

industrial and commercial users are confinn

ing similar experiences. 

Burroughs' complete line of electronic data 

processing equipment is backed by a coast

to-coast team of computer specialists, able to 

advise on how Burroughs can help you in 

your business. For additional information, 

write General Manager, Data Processing Sys

tems Group, Detroit, Michigan. 

Burroughs Corporation � "NEW ",MEN"O"'!" --""'" """"'"" P'�=''''' 'Y"'�" 
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lOT" retainer bearings are 

available in c hrome o r  

stainless steel, o p en o r  

shielded, from .5000" O.D. 

to 3.3465" O.D. in standard 

widt hs. Also available: 

extra - wide shielded sizes 

with increased lubricant 

space for still longer life. 

For complete- technical in

formation write for Engi

neering Data Sheet T-1. 

BAR DEN "T" retainer 

combines aluminum and phenolic 

for greater strength, superior performance 

Doubles bearing life in high speed applications 
Power tools, gyro rotors, aircraft and missile accessories and other high speed applications 

require bearings that combine high load capacity and endurance at speed. To meet these 

exacting demands, Barden developed the "T" ball retainer which combines the advantages 

of phenolic with the strength of aluminum. 

The two-piece "T" retainer has laminated phenolic center sections bonded to high-strength 

aluminum alloy side plates. It is securely joined by body-bound rivets tightly headed against 

metal at both ends. The retainer's thin cross section permits maximum exposure of balls and 

raceways to lubricant. Outer ring piloting provides optimum lubricant circulation. 

These features, together with high load capacity, result in longer, trouble-free bearing life. 

For exaf!1ple, double shielded, grease lubricated "T" retainer bearings have operated con

tinuously in textile spindles for more than 18,000 hours at 30,000 RPM. 

Like other Barden advances in engineering and manufacturing, "T" retainer bearings solve 

a specific performance problem. Other Barden Precision ball bearings satisfy such extreme 

demands as: 

• High temperatures (to above 4000 F.) • Low torque (to 10 dyne-cm. for 2 lb. load) 

• High speeds (to over 300,000 RPM) • Concentric rotation (to .00005" max. T.I.R.) 
The complete Barden line includes sizes from .0469" bore to over 3" O.D., all manufactured 

to Barden Precision standards of dimensional accuracy, uniformity and reliability. Refer to 

Sweet's Product Design File (8hjBa) for Barden catalog and bearing selection guide. 

for reliability • • •  specify BARDEN PRECISION BALL BEARINGS 
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THE BARDEN CORPORATION, 216 Park Avenue, Danbury. Connecticut 
Western office: 3850 Wilshire Boulevard. Los Angeles 5, CalifornIa 
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Stunt Box-your Big Plus 
with Teletype printers 

Built into Teletype Model 28 page printers is a control 
device called the Stunt Box. The function of this unique 
component is to provide extra control facilities for both local and 
remote operations. Thus-in addition to transmitting, receiving 
and recording messages and data-the page printer can be 
used for a variety of switching, remote control and 
selective calling tasks. 

The Stunt Box reduces costs by simplifying equipment 
needs and systems arrangements. It is the Big Plus-the 
extra value in Teletype Model 28 page printers and automatic 
send-receive sets. 

Teletype Corporation manufactures this equipment for 
the Bell System and others who require the finest in data 
communications equipment. 

Write for free 20-page brochure, "The Teletype 28 
Stunt Box," to Teletype Corporation, Dept. 18F, 
4100 Fullerton Avenue, Chicago 39, Ill. 

Typing Tape Punch 

Send·Receive Page Printer Automatic Send·Receive Set 

TELETYPE® 
CORPORATION 
SUBSIDIARY OF Western Electric Company INC. 
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FROM 
MINIATURE MODULES WITH STANDARD COMPONENTS DELCO RADIO 

NEW IDEAS 
They are building block modules. They are a product of Delco Radio's 

newly developed, three-dimensional packaging technique. They are used 

to build light, compact, reliable airborne and special purpose digital computers 

for missile control. Each module, vacuum encapsulated with epoxy resin, contains 

up to 35 standard components per cubic inch-averaging more than 50,000 per 

cubic foot. The modules perform all the standard logic functions. They meet or exceed all MIL-E-5272D 

(ASG) environmental requirements and will operate over a temperature range of -55°C to +7 1 0c. They 

can � assembled in groups on printed circuit boards. There are 10 basic types and 15 variations of Delco FOR 
DEFENSE 

Building Block Modules. With them, Delco Radio can quickly and easily build a compact, 

reliable computer for airborne guidance or any other military application. For complete 

details, write to our Sales Department. Physicists and electronic engineers: Join Delco 

Radio's search for new and better products through Solid State Physics. � E LCO 
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PIONEERING PRECISION PROD UCTS THROUGH SOLID STATE PHYSICS 1�¥i!?l�TYO 
Division of General Motors· Kokomo, Indiana P 
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He juggled the 
hottest potatoes 
in the Seawolf 

· .. the fuel elements for its nuclear 
power plant. 

Periodically, spent elements must 
be removed and replaced with fresh 
ones. The problem-utterly original 
and fiendishly difficult-was to do the 
job safely, quickly, and, above all, 
surely. 

This AMF engineer designed the 
refueling system that did the job. 
One of his major problems was the 
fuel elements' liquid sodium envi
ronment. Sodium burns fiercely 
when brought in contact with either 
air or water. Yet, it had to be 
exposed during element transfer. 
Solution: an inert helium blanket to 
isolate the sodium. 

Though awesomely intricate, the 
refueling machinery had to be de
signed to work in cramped quarters. 
The high radioactivity of the envi
ronment made the handling problem 
still more difficult. 

That's why, though remotely con
trolled, all apparatus is manually 
operated. It removes the element 
and transfers it to a disposal con
tainer with complete safety, accu
racy, and a degree of reliability that 
approaches the supernatural. 

Single Command Concept 

The solution of this first-time-in
history problem is one more example 
of AMF's resourcefulness. 

AMF people are organized in a 

single operational unit offering a 

wide range of engineering and pro
duction capability. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training ... 
and to complete them faster ... in 

• Ground Support Equipment 
• Weapon Systems 
• Undersea Warfare 
• Radar 
• Automatic Handling & Processing 
• Range Instrumentation 
• Space Environment Equipment 
• Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 

-

AMERICAN MACHINE & FOUNDRY_COMPANY 
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"Music's most glorious voice" ... perfected by Hammond Organ Company 

Where no metal but Palladium 
In any keyboard musical instrument easy operation and precise 
response to the artist's "touch" is all-important. 

Palladium, in the form of 1296 small cross-wire electrical 
contacts in the standard Hammond two-manual organ, faith
fully and reliably transmits the artist's touch. As the key is 
depressed nine lightly loaded spring finger contacts select the 
harmonics and the musical interpretation is instantly carried to 
electronic equipment which, in a blending of art and science, 
produces "music's most glorious voice". 

Hammond uses pure palladium as a wire face on nine bus 
bars that extend the entire length of the keyboard. An alloy of 
palladium and ruthenium is used on the contact spring fingers 
to insure trouble-free operation. The non-tarnishing and wear
resisting palladium contacts produce high fidelity response, 
even with a low operating voltage and a feather-touch. No other 
metal has been found to do this as economically. 

In accelerated tests of contacts using this combination of 
pure and alloyed palladium, a lifetime of music was pro
duced without a failure-forty million perfect notes with
out a distorted one. 

It could pay you to use a platinum metal 

Your problem might be readily and economically solved with 
platinum metals-where reliable make and break electrical con
tact is indicated, such as in low noise, high fidelity transmission 
... where wear-resisting, non-tarnishing surfaces are required, 
such as for printed electrical circuits ... where a combination of 
severe corrosion and erosion must be met, as in the case of spin
nerettes for rayon production ... where peak catalytic efficiency 
is required as in the refining of high octane gasoline ... where 
underwater hull protection is a problem ... or where product 
purity must be retained despite high temperatures, as in the 
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Only a platinum metal does it. Individual contact fingers (this illustration shows one, 
enlarged) are fitted with Va inch lengths of 0.005 inch diameter palladium alloy wire. These 
fingers work against pure palladium wire-faced bus bars which extend the length of the 
keyboard. An important supplier of wire and other forms of the platinum metals is Engel
hard Industries, Inc., Newark, N. J. 

will do the job as 

case of lens glasses ... the platinum metals have proved to be the 
most economical for certain critical equipment. 

Industry is going to higher temperatures and higher pres
sures. Perhaps your own progress has been blocked by the limi
tations of materials to withstand such severe conditions. The 
platinum metals have removed many barriers. Have you con
sidered them for your problems? 

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

well ... 
Can these properties of the 

Platinum Metals help you? 

Superior Wear Resistance 

Exceptional Chemical Inertness 

High Temperature Stability 

Peak Catalytic Activity 

Low Vapor Pressure 

The six platinum 
metals are: 

PLATINUM 

PALLADIUM 

RHODIUM 

RUTHENIUM 

IRIDIUM 

OSMIUM 

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

(���> PLATINUM METALS DIVISION 

The International Nickel Company, Inc., 67 Wall Street. New York 5, N. Y. 

© 1960 SCIENTIFIC AMERICAN, INC



NEW JERSEY 
... here's where 

the busi ness is 

A third of the nation's buying 
power will be within overnight de
livery distance from your plant 
in New Jersey. There's no other 
place you could serve so many 
good customers so quickly and 
conveniently. 

There are other good reasons 
why New Jersey is the right loca
tion for your new manufacturing 
or distribution facility. To help 
you find the right spot, the serv
ices of a staff of industrial location 
experts are available to you with
out cost and in complete confi
dence. Write for 40-page "New 
Jersey Industrial Guide". 

NEW.JERSEY 
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Bureau of Commerce, Section 951· N 
Department of Conservation 
and Economic Development 

520 East State Street 
Trenton 25, New .Jersey 

in the 
geographic 
center of 

the world's 
richest 
market 

THE AUTHORS 
JAMES COOKE BROWN ("Log

Ian") is a social psychologist on the fac
ulty of the University of Florida. He was 
born in 1921 in the Philippine Islands. 
His college career was interrupted by 
service in the Air Force in England dur
ing World War II, and he took his B.A. 
in philosophy and mathematics in 1945 
at the University of Minnesota. He re
mained there to take his Ph.D. in sociol
ogy in 1952. After that he taught at 
Wayne University and Indiana Univer
sity, and then engaged in commercial re
search for two years. In 1955 Brown 
went to Florida, where he has been do
ing research in the structure of inter
personal relations. He has published 
science fiction, worked on a Utopian 
novel which, he reports, "doesn't quite 
jell," and invented the game of "Careers." 
As for Loglan, he says: "My interest in 
it is almost as old as I am. I studied 
Esperanto and similar languages as a 
boy and had designed three unworkable 
schemes before leaving college." Brown's 
Loglan project began to take form when 
he came across the work of Benjamin 
Lee Whorf, and, he says, "between 
Whorf and the logicians and my own 
conviction that human life is largely the 
result of deliberate invention, the Loglan 
project was born." The work in Loglan, 
according to Brown, has been helped a 
great deal by the Basic English studies 
of Charles K. Ogden and his associates 
in England, and by the word-frequency 
studies of the principal European lan
guages conducted by Edward A. Thorn
dike and his students in the U. S. The 
syntactical studies of the Danish philol
ogist Otto Jespersen and the analyses of 
conversational language published by 
Hans Reichenbach have been especially 
helpful to Brown. Finally, he reports 
that his wife, an anthropologist, has con
tributed directly to the project, for she is 
"the world's champion Loglan word
maker." 

KINSEY A. ANDERSON ("Solar Par
ticles and Cosmic Rays"), a cosmic-ray 
physicist, currently holds a Guggenheim 
Fellowship and is spending a year at the 
Royal Institute of Technology in Stock
holm. He was born in 1926 in Preston, 
Minn., served in the Navy in 1945 and 
1946 and took his B.A. in physics at 
Carleton College in 1949. He acquired 
his Ph.D. in 1955 at the University of 
Minnesota, where John R. Winckler 
taught him the value of the balloon tech-

nique for studies such as those described 
in his article. Anderson went from 
Minnesota to the State University of 
Iowa, where he became assistant profes
sor of physics in 1958. He has sent up 
more than 50 instrumented balloons in 
remote arctic and auroral-zone locations, 
and reports that "during the I.G.Y., bal
loons rivaled satellites as a means of ob
taining scientific information, and they 
continue to be extremely useful." 

JOHN S. EDWARDS ("Insect Assas
sins") works on aphid physiology in the 
School of Agriculture at the University 
of Cambridge. A native of Auckland, 
New Zealand, he was born in 1931 and 
acquired his B.S. and honors M.S. de
grees at the University of Auckland. In 
1956 he took a research studentship at 
Cambridge and worked under V. B. 
Wigglesworth, studying assassin-bug 
physiology for his Ph.D. Before his M.S. 
studies on a cerambycid beetle, he had 
been interested in ecology-principally 
alpine, forest and soil communities. The 
beetle work converted him to insect phys
iology and biochemistry, which he re
ports has the one drawback of providing 
him with no real excuse to get out into 
the open. 

C. LESTER HOGAN ("Ferrites") is 
vice president of Motorola Semiconduc
tor Products, Inc., and was formerly Gor
don McKay Professor of Applied Physics 
at Harvard University. He was born 40 
years ago in Great Falls, Mont., and 
earned his B.S. in chemical engineering 
at Montana State College in 1942. After 
working for a year as a research engineer 
at the Anaconda Copper Mining Com
pany in Great Falls, he spent three years 
in the Navy and then took his M.S. in 
physics at Lehigh University. He stayed: 
on the faculty there for three years and 
took his Ph.D. in 1950, specializing in 
the solid state and electromagnetic 
theory. From 1950 to 1953 he did re
search at the Bell Telephone Laborator
ies. In January, 1952, he published a 

basic paper entitled "The Ferromagnetic 
Faraday Effect at Microwave Frequen
cies and Its Applications." He joined the 
Harvard faculty in 1953 ,and went to 
Motorola in June, 1958. 

L. PEARCE WILLIAMS ("Humphry 
Davy"), assistant professor of the history 
of science at Cornell University, is now 
in Oxford, England, working on a biog
raphy of Michael Faraday to be pub
lished in England by Chapman and Hall. 
Williams was born in 1927 in Harmon, 
N. Y., and entered Cornell in 1944. After 
service in the Navy, he returned to Cor-
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I nventory of 500,000 items updated in 20 minutes! 

THE HEART OF THE COMPUTER is 
this circuit board containing Philco Tran
sistors. In a single large-scale computer 
there are 800 similar circuits, using over 
50,000 Philco Precision-Etch Transistors. 

EXCLUSIVE PHILCO PRECISION
ETCH PROCESS in operation on world's 
first automatic transistor production lines, 
designed and built by Phil co. Electro
chemical jet stream (1) etches tiny depres
sion on surface of germanium blank (2) 
with tolerance controlled by infrared rays 
to 1/150 the thickness of a human hair. 

·Tradernark Philco Corp. 

PHILCO patented 

PRECISION-ETCH* 
TRANSISTORS 
lead the way to faster data processing 
Philco Precision-Etch Transistors have revolutionized electronic data 

processing. In the world's first fully-transistorized large scale computers, 
they make possible speeds beyond human comprehension ... to update 
an inventory of half a million items in 20 minutes ... to compute a 
10,000 man payroll in less than 5 minutes ... to solve countless business 
and scientific problems in a matter of seconds! Matching their fantastic 

speeds are the amazing reliability and long life of Philco Transistors, 
which have operated millions of hours without failure. They are used by 
almost every important manufacturer of transistorized computers ... 

and in missiles, satellites, communications, control systems and 
entertainment products. 

SPECIFY PHILCO Transistors in all electronic equipment you buy • . .  or build. 

CONSULT PHILCO for information or assistance in transistorizing your product. 

PHILeO/LANSDALE DIVISION, Lansdale, Pa. 

PH I LeO 
11=-.... 1 9"tl/IllOUAJ lor Q� t/ie li/or&t r9ver 
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capacitm' 

Cool engineering 
controls fluorescent 

ballast heatin5 
A fluorescent lighting ballast is a 

simple thing. Inside its black metal 

case it has a transformer and a 

capacitor imbedded in insulating 

material along with a sheet of fiber 

insulator. It sits in the metal chan

nel of a lighting fixture. It puts out 

a high voltage to start the fluores

cent lamp and then acts as a cur

rent-limiting device at a lower 

voltage to keep it going. 

And-be warned-ballasts heat 

up when they work. People in the 

business know that ballast heat has 

got to go somewhere - otherwise, 

ballast life is shortened and lighting 

maintenance becomes expensive. 

To get at the seat of the problem, 

engineers at Sola Electric Co. 

pulled the components of their new 

ballast out of the case and put them 

back in upside down. 
This defies tradition by remov

ing the fiber insulator from the 

ballast's mounting surface and posi

tioning it under the label surface. 

No longer trapped inside the 

ballast by the insulator, normal 

heat generated by the ballast now 

is free to go its own way. It flows 

directly through the metal fixture 

housing and is quickly conducted 

away-the fixture itself becomes a 

big, efficient heat radiator. 

This simple but effective move 

is characteristic of the Sola ap

proach even in small matters. If 

your electrical needs involve volt

age regulation or controlled a-c or 

d-c power, you'll find valuable as

sistance at Sola-where complex

ity-for-its-own-sake isn't tolerated. 

SOlAII� 
A DIVISION OF 
BASIC noouCTS COIPOUTION 

Sola Electric Co., 4633 W. 16th St., Chicago 50, III. 

42 

nell, where he received his Ph.D. in 
1952. He set out to study chemical en
gineering, anq along with other engineer
ing students was required to take Henry 
A. Guerlac's course in the history of sci
ence. The combination of science and 
the humanities found in the history of 
science made him an ardent convert to 
that field. He wrote his doctoral disserta
tion on science and the French Revolu
tion, and then taught at Yale University 
and the University of Delaware before 
joining the faculty at Cornell. 

JOHN R. PLATT ("How We See 
Straight Lines") is a professor of phYSics 
at the University of Chicago who says he 
is "interested in the interactions between 
light and matter all the way from inter
stellar dust to the kind of matter that has 
arms and legs." He took up the study of 
visual organization when he began to 
wonder what happens to light-energy 
and signals after they are absorbed by 
the pigments of the retina. He was par
ticularly intrigued when he learned that 
this problem had baffied the great 19th
century physicist and physiologist Her
mann von Helmholtz. "It is a pity," Platt 
says, "that physicists today have so com
pletely forgotten about these basic puz
zles of perception of the external world." 
Most of Platt's publications have been in 
the field of electronic theories of chemis
try and of the spectra of organic mole
cules, especially biological compounds 
and pigments. He was born in Jackson
ville, Fla., in 1918, and took his B.S. at 
Northwestern University at the age of 
18. He earned his Ph.D. at the Univer
sity of Michigan when he was 23 years 
old. He has been at the University of 
Chicago for the past 15 years. In 1951 
and 1952 he held a Guggenheim Fellow
ship at the University of London. 

ROBERT F. ACKER and S. E. 
HARTSELL ("Fleming's Lysozyme") 
are, respectively, assistant chief of the 
cancer chemotherapy department at 
Microbiological Associates, Inc., in 
Bethesda, Md., and professor of bacteri
ology at Purdue University. Acker was 
born in Chicago in 1920, took his B.A. 
in chemistry at Indiana University in 
1942 and his M.A. there in bacteriology 
in 1948. He studied under Selman A. 
Waksman at Rutgers University from 
1950 until he acquired his Ph.D. in 
microbiology in 1953. At Rutgers he 
worked on antifungal antibiotics. He 
then went to Purdue, where he studied 
mold metabolism. In 1954 he became 
assistant professor of bacteriology at 
Iowa State College, where he investi
gated cell walls and lysozyme. He took 

up his present position last summer, and 
he is now studying antitumor agents 
in mice, mouse tumor-cell genetics and 
the long-term preservation of tissue 
cultures .. Hartsell, a native of Benton 
Harbor, Mich., acquired his B.S. in 
bacteriology at Michigan State College 
in 1927. He earned his M.S. in 1929 
at Yale University and acquired his 
Ph.D. there in 1933. He was on the re
search staff of the department of animal 
diseases at the Connecticut State Col
lege until he joined the Purdue faculty 
in 1936. While studying the spoilage 
of powdered eggs for the armed forces 
in 1944 and 1945, he became interest
ed in lysozyme; he has since studied 
all aspects of the effect of this enzyme 
upon bacteria. 

H. G. BACHMANN ("The Origin of 
Ores") is engaged in research at the 
Mineral and Crystallographic Institute 
of the University of Gottingen. He was 
born at Remscheid in Germany in 1928, 
and became interested in chemistry and 
rock-collecting at the age of 10. He de
fines a mineralogist as "one who lacks the 
experimental skill to become a chemist, 
who is not fond enough of hiking to be
come a geologist and who finds mathe
matics too high an obstacle to becoming 
a physicist," but his mineralogical ex
perience belies this definition. He took 
his Ph.D. at the University of Bonn in 
1953 and then spent two years in the ser
vice of the Turkish Government, "criss
crossing Asia Minor by jeep, on foot and 
on mule and horseback." Says Bach
mann: "I covered more than 20,000 
dusty miles in search of ceramic raw ma
terials and other mineral deposits." The 
antiquities of Turkey whetted his appe
tite for archaeology, and in 1956 he ob
tained a post as geological advisor to the 
U. S.-German team excavating sites of 
the ancient kingdom of Kommagene in 
southeastern Turkey (see "The Tomb of 
Antiochus I," by Theresa Goell and 
Friedrich Karl Doerner; SCIENTIFIC 
AMiRICAN, July, 1956). Then he re
ceived a fellowship with the National 
Research Council of Canada to study the 
crystal chemistry of vanadium com
pounds. He became a "rock-hound" 
again, touring mining sites in the U. S. 
and Canada. He returned to Germany 
in 1958. 

HERBERT DINGLE, who in this 
issue reviews the symposium Measure
ment: Definitions and Theories, edited 
by C. West Churchman and Philburn 
Ratoosh, is professor emeritus of the his
tory and philosophy of science at Uni
versity College London. 
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Naugatuck PARACRIL OZO 

Now an oil-resistant rubber with color 
•.. any color • . . any shade ••• for almost any rubber product 

Color is a facet of function. Color identifies ... emphasizes 
... warns • • •  attracts or repels. 

Color, properly used, is beauty. Color appeals. Color sells. 

And now all the color you can use is yours in a synthetic 
rubber compound so tough, so oil, chemical, weather, and 
ozone resistant, it actually outperforms other rubbers. No 
longer need you think in terms of gray, brown, and black 
for any weather-resistant rubber. 

Paracril®OIO-a unique blend of acrylonitrile-butadiene 
rubber and vinyl developed in the Naugatuck Chemical 
laboratories of U. S. Rubber-is already demonstrating its 
product-improvement power in a wide range of highly suc
cessful applications. And it's ready and waiting to do the 
same for your product. 

Take a look at Paracril 010. Full information is immedi
ately available from your nearest Naugatuck Representative 
or the address below. 

Naugatuck Chemical @ 
• • • • 657P Elm Street RUBBER DIvIsion of United States Rubber Company Naugatuck, Connecticut 

Rubber Chemicals · Synthetic Rubber· Plastics' Agricultural Chamic.l • •  Reclaimad Rubber· latices· CANADA: Naugatuck Chemical. Divi.ion. Dominion Rubber Co .. ltd .• Elmir •• Ontario' CABLE: RubeljJDrt. N.Y. 
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Electronic tank-level indicator by Minneapolis-Honeywell Regulator Co., Aeronautical Div., Minn. 13, Minn, 

THE INSIDE STORY: taking a level look into a sealed tank 

This tank-level indicator electronically measures the 
level of fuel or oil in military aircraft. Its readings 
are based on precise measurements of electrical 
capacitance; its accuracy depends on maintaining 
exact mechanical and electrical tolerances in the 
presence of corrosive fluids, at temperatures up to 
375°F. That's why a two-piece electro-mechanical 
seal is molded ofDu Pont TEFLON® 100 FEP fluoro
carbon resin, .. why six tiny "spacers" are made of 
a tough TEFLON TFE resin ... why TFE resins are 
used as insulation on the wire. In addition to vir
tually complete chemical inertness, high insulating 
properties and resistance to high temperatures, 

TEFLON resins offer extremely low coefficients of 
friction, which permit the easy-sliding assembly of 
the electronic tank-level indicator. 

The introduction of the new melt-processible FEP 
resin makes possible the easy mass production of 
complex shapes. To find out more about the many 
opportunities for improved design with the family 
of TEFLON TFE and FEP resins, write to: E. I. 
du Pont de Nemours & Co. (Inc.), Polychemicals 
Dept. T-39-6, Room 2526, Nemours Bldg., Wil
mington 98, Delaware. 

In Canada: Du Pont of Canada Limited, P.O. 
Box 660, Montreal, Quebec. 

<® POtID !!;OER�N'?S� ® 
�lG.US,PAT.Off. 

TEFLON is Du Pont's registered trademark for its family of 
fluorocarbon resins, including TF£ (tetrafluoroethylene) 
resins and FEP(jluorinmed ethylene propylene) resin. 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 
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Minuteman · Jupiter . Snark. Polaris . Titan · Thor • Atla� 

ORDEAL BY ROCKET FOR SPACE-AGE BEARINGS 

Successful missile firings depend on split-second operat

ing precision in all moving parts. Achieving this calIs for 

antifriction engineering of the highest standards ... and 
for bearings that continue to operate smoothly and reli

-ably under the toughest stress conditions wherever they 
may be encountered. 

Development of high performance bearings for the space 

age is an important part of Torrington's research pro

gram. Working in close cooperation with missile manu-

facturers, Torrington engineers have already produced 

needle bearings capable of operating efficiently at 800°F. 
New bearing designs and materials are currently being 

tested at temperatures of 1200°F and beyond. 

In helping missiles to fly better, more reliably and more 

accurately, Torrington Bearings are playing a pioneer

ing role in the space age. It is only one part of Torring
ton's continuing effort to improve bearings in design, 

material and performance. 

THE TORRINGTON COMPANY 
Torrington, Connecticut · South Bend 21, Indiana 

PROGRESS THROUGH PRECISION-IN BEARING DESIGN AND PERFORMANCE 
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DIAMONDS AT WORK 

Industrial diamonds are, first and foremost, tools. They're used in many 

to do many jobs. Diamonds keep hardest carbide tools sharp and efficient. 

Diamond wheels shave jet runways to perfect smoothness. Diamond tools 

speed up production of precision aluminum parts for automobiles. Diamonds 

machine close-tolerance ceramic components for electronic systems. 

These jobs could be done with other cutting and abrading tools. 

every case, diamonds do them better. Not only better: more e 
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work more efficiently than anything else. 

not economy, what is? 

� If you cut, sharpen, or smooth In your business, you can probably use 

diamonds to advantage. Wide assortments are available in any quantity to 

your diamond wheel and tool maker. See him for more information. 

(y INDUSTRIAL DISTRIBUTORS (SALES), LTD. 

INDUSTRIAL DIAMONDS 

CUT PRACTICALLY 

EVERYTHING . . •  

ESPECIALLY YOUR 

PRODUCTION COSTS 

Industrial Distributors (Sales), Ltd., is the world dis
tributor of natural industrial diamonds . . .  the most 
efficient cutting, polishing and abrading substance 
known to man. Industrial Distributors sponsors the 
Diamond Research Laboratory. Its work is devoted 
exclusively to investigations on all phases of the 
diamond. The Laboratory stands ready to offer in
formation and assistance to all users of industrial 
diamonds. Please address your inquiries to: The 
Diamond Research Laboratory, P.O. Box 104, 
Crown Mines, Johannesburg, Union of South Africa. 
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In development test . • .  

This directly-recorded Visicorder chart shows a 
canceller test of a number of letters through a 
new mail-handling machine developed by Emer
son Research Laboratories for the U.S. Post Office 
Department. The Visicorder test took only 3 
hours to solve a 3-week problem: Why letters 
changed speed as they went through the machine. 
Constant speed is necessary to register cancella
tion on the stamp every time. Motor speed varia
tions, belt slippage, and letter slippage in the 
drive rollers were responsible. A synchronous 
drive motor, a timing-belt drive, and a better 
grade of rubber in the drive rollers were added 

to solve the problem at a vast saving in engineer
ing time. The Emerson machine is designed to 
cancel 30,000 non-uniform letters per hour. It is 
under evaluation tests in the Post Office Depart
ment Laboratory, Washington, D.C. 

these are records of leadership 

In production . • .  

This comparison test of a production gyroscope 
was directly-recorded on a Model 906A Visi
corder oscillograph by the test department of 
Whittaker Gyro, Van Nuys, Calif. Whittaker is a 
division of Telecomputing Corporation. The 
record shows how the Visicorder compares con
trolled angular velocities as a reference base to 
simultaneously-recorded variables, and how a 
dual static reference trace galvanometer simul
taneously establishes a base line and a calibra
tion line on the chart. In these and in hundreds 
of other scientific and industrial applications, 
Visicorders are bringing about new advances in 
product design, computing, control, rocketry, 
nucleonics and production. 

For injormation on how to apply the unlimited use
julness oj the Visicorder to your specific problems, 
phone your nearest Honeywell Industrial Sales Office. 

The Honeywell Visicorder 

provides j1lSt4ntly�readablet 

high-sensitivity dala a/frequencies 

from DC 10 5000 CPS. 
There aTe models with 8, 14, 24, 
or 36-channel capacities. 

Visicorder records 2/3 aellla/ size. 

Honeywell 

���'P�� 

I 

Reference Data: Write for specifications on Visicorders 9068, 1108 and 1012. 
Minneapolis-Honeywell Regulator Co., Industrial Products Grollp, Heilalld Division, 5200 E. Eval1s Ave., Denver 22, Colorado 
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The most ideal electric power sources yet devised for the 
operation of space vehicles are the nuclear and solar heated 
plasma thermionic systems which are in work in ASTRO, 
Marquardt's division for research into the space age. 

Planned to replace the heavier, and more complex turbo
electric systems, ASTRO's designs employ the plasma diode 
thermionic converter to transform nuclear or solar energy 
into electric power without the use of moving parts. 

The conversion is extremely simple. Nuclear or solar energy 
heats a refractory metal plate ( a cathode) to a temperature 
far beyond the melting point of steel. This causes electrons 
to be boiled off and collected by a cooler plate-thereby cre
ating electrical energy. Cesium plasma is contained between 
the two plates which form the cell. The positive cesium ions 
help the electrons along during their movement from the 

heated to the cooled elements of the cell, thus, increasing the 
amount of current that can be made 

\
to flow. 

ASTRO's plasma thermionic power studies typify but one 

aspect of The Marquardt Mission. 

Creative engineers and scientists are needed. 

� ASTRO DIVISION 

a rCf !Li!a�1t 
CORPORATE OFFICES: VAN NUYS, CALIFORNIA 

• ASTRO . COOPER DEVELOPMEr�T DIVISION . OGDEN DIVISION . POMONA DIVISION . POWER SYST EMS GROUP 
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REYNOLDS METALS COMPANY, REYNOLDS 

INTERNATIONAL, INC., AND THEIR U. K. AFFILIATES. 

THE BRITISH ALUMINIUM CO. LTD., 

AND REYNOLDS T. I. ALUMINIUM, OPERATE: 

Bauxite or Fluorspar Mines in British 

Guiana, France, Ghana, Haiti, 

Jamaica, Mexico, and the 

United States 

Alumina Plants in the United 

Kingdom, and the United States 

Reduction Plants in Canada. Norway, 

the United Kingdom, and the 

United States 

Fabricating Plants in Australia, Canada, 

Colombia, Cuba, West Germany, India, 

Mexico, Philippines, the United 

Kingdom, the United States, 

and Venezuela 

Sales Offices and Sales Agents 
throughout the world 

Watch Reynolds TV Shows: 

"Adventures in Paradise", 

"Bourbon Street Beat" and 

"All Star Golf"-ABC-TV 

poW'er a car ... 

One of Detroit's new compact cars features America's first 
mass-produced aluminum engines-cast exclusively of 
Reynolds Aluminum. And the most famous imported luxury 
car also has an aluminum engine. Proof that automobile ex
perts agree: "big" car or "small" car, the more aluminum, 
the more efficiency, economy, performance. Other Reynolds 
Aluminums-different alloys stamped, rolled, and extruded
reduce weight, add lasting beauty in all the fine new cars. 

© 1960 SCIENTIFIC AMERICAN, INC



povver a light bulb . . .  povver a rocket 

Flick a light switch, and many Reynolds Aluminums go to work
carrying power from generator to light bulb. Examples: aluminum 
wire and cable account for more than 95% of all new U.S. overhead 
transmission lines . . .  aluminum extrusions are widely used in sub
stations and generators, bus duct, and rigid conduit systems . . .  
aluminum sheet in lamp bases. These are just a few of the product
improving, cost-reducing electrical uses for Reynolds Aluminums 
-aluminums that are excellent conductors of electricity, easy to 
fabricate, light in weight, strong, rustfree. 

One of the intriguing new developments of this rocket age is solid 
fuel. And one of the magically versatile Reynolds Aluminums plays 
a big role in these exotic missile propellants. A Reynolds Aluminum 
-an atomized aluminum powder-helps provide thrust powerful 
enough to drive a missile into outer space. Aluminum powders 
can provide dramatic effect in fireworks, destruction in bombs, or 
protective finishes in industrial paints and coatings. Other Reynolds 
Aluminums-sheet, plate, and extrusions-are used in missile air 
frames and skin, and ground support equipment. 

WHY REYNOLDS ALUMINUM? 

We've tacked the "s" onto "aluminum" to make the point 
that there is more than one aluminum, that there are 
actually many aluminums doing many different jobs. 

There is also more than one aluminum producer. And 
these producers, like their metals, do different jobs. 

Reynolds key job is the alloying of metal and manpower 
into better products. There is ample proof that Reynolds 
does this job well-both in its own products and in assisting 
customers with their products. 

Example: Reynolds Wrap, the original aluminum house
hold foil, outsells all other brands combined. 

Example: Aluminum from Reynolds is used exclusively 
in America's first mass-produced aluminum automobile 

engine, and in the first major railroad order for 1200 
aluminum freight cars. 

Example: Reynolds foil is used to package more products 
than any competitive aluminum foil. 

Example: Reynolds has led in the development of alu
minum for homes, commercial and industrial buildings, 
and farms. 

. 

Reynolds engineering, styling and design, and marketing 
services are teamed with the highest quality aluminums to 
help you get the very most from the aluminum you use. 
Put this metal and manpower to work for you. Contact your 
nearest Reynolds sales office or write Reynolds Metals 

Company, Richmond 18, Virginia. 

* Reynol ds Aluminum: the singular metal that is very plural indeed 
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Tobias Dantzig ... on m.athem.aticians 

"The mathematician may be compared to a designer of 
garments. who is utterly oblivious of the creatures whom 
his garments may fit. To be sure. his art originated in the 
necessity for clothing such creatures. but this was long 
ago; to this day a shape will occasionally appear which 
will fit into the garment as if the garment had been made 
for it. Then there is no end of surprise and of delight 1 

"There have been quite a few such delightful surprises. 
The conic sections. invented in an attempt to solve the 
problem of doubling the altar of an oracle. ended by 
becoming the orbits followed by the planets in their· 

courses about the sun. The imaginary magnitudes invent

ed by Cardan and Bombelli describe in some strange way 
the characteristic features of alternating currents. The 
absolute differential calculus. which originated as a 
fantasy of Riemann. became the mathematical vehicle 
for the theory of Relativity. And the matrices which 
were a complete abstraction in the days of Cayley and 
Sylvester appear admirably adapted to the exotic 
situation exhibited by the quantum theory of the atom." 

...-Number, The Language of Science, 1930 

THE RAND- CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization conducting multidisciplinary research in the physical and social sciences and engineering on problems related 
to national security and the public interest. RAND social scientists draw on political science. sociology, psychology, history. and other 
social sciences for insight into the political uses of military capabilities in peacetime and the political and social contexts of weapon 

employment in wartime. They apply special area and language knowledge to many of these problems. 
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Loglan 

This logical language lS now being synthesized on modern linguistic 

principles, largely to examine the hypothesis that the world view of the 

n1embers of a culture is determined by the structure of their language 

I n the closing decades of the 17th cen
tury the philosopher-mathematician 
Gottfried Wilhelm von Leibniz pro

posed the development of a "universal 
symbolism" that would speed the growth 
of scientific thought in the same drama
tic way that the development of mathe
matics was then advancing the art of sci
entific computation. As a mathematician, 
Leibniz was doubtless aware that mathe
matical methods are limited to tracing 
the deductive consequences of quantita
tively stated premises. As a philosopher, 
he was certainly aware that scientific 
thinking consists of more than deduction 
alone. He knew that inductive, or gen
eralizing, operations are also involved, 
and he would have argued that hypoth
esis formation, or "creative imagina
tion," is decisive in the development of 
science. Thus Leibniz intended his uni
versal symbolism to embrace mathe
matics and imitate its "ratiocinative pow
er," but he meant it to go far beyond 
mathematics, to encompass the whole of 
scientific, indeed of all rational, thought. 
By this means, he predicted, the rational 
powers of man would be marvelously 
extended. 

In the intervening centuries little 
progress has been made toward the real
ization of Leibniz's vision. It is true that 
the period has seen the development 
of modern logic, and the extension 
of mathematics itself in non-numerical 
domains. The theory of games and of 
statistical inference appear to have 

by James Cooke Brown 

broadened the scope of formal reasoning 
in precisely the direction anticipated by 
Leibniz's proposal. But the universal 
symbolism, in the sense of an all-encom
passing scientific language, has yet to 
come. The Western scientist, like the 
man in the street, still does his reasoning 
largely in the familiar Indo-European 
languages, and so within the confines of 
the grammatical rules and metaphysical 
categories they carry over from the past. 
If ratiocinative power has increased, it 
has not been in the universal sense that 
Leibniz proposed. 

The central notion underlying Leib
niz's vision may be stated in a question. 
Is it true that. the "rational power" of 
the human animal is in any significant 
measure determined by the formal prop
eities of the linguistic game it has been 
taught to play? A whole school of anthro
pologically oriented linguists, following 
the late Benjamin Lee Whorf of Hart
ford, Conn., believe they have found com
pelling evidence that the answer to this 
question is yes. These investigators, 
arguing largely from the astonishing dif
ferences to be found among the gram
mars and lexicons. of preliterate peoples, 
and between these languages and our 
own, believe that the structure of the 
language spoken by a people determines 
their world view; that is, it sets limits 
beyond which that world view cannot 
go. Thus the native speaker of any lan
guage is fated to see reality, and to think 
about it, exclUSively on the terms and by 

the rules laid down for him by that lan
guage-unless he learns a new one. 

Other linguists and psychologists have 
found reason to doubt the Whorfian 
thesis of linguistic determinism. They 
feel that, in principle at least, all lan
guages are mutually intertranslatable; 
that they can all be most fruitfully re
garded as dealing with the same "real
ity"; that "thought," scientific or other
wise, is somehow independent of the 
specific character of the linguistic ma
chinery in which it is expressed. The 
biologically oriented psychologist would 
argue further that any such attribute as 
"intelligence," "rationality," "problem
solving ability" and so on is a property 
of the behavior of the individual organ
ism, resulting from its hereditary endow
ment on the one hand and its particular 
history of reinforcement on the other. 

But Whorf's doctrine, that human 
. thought is largely determined by the 
formal properties of the pre-existent 
social forms embedded in the structure 
of language, is slowly gaining experi
mental attention. Whorf does not ex
plicitly embrace Leibniz's program of a 
universal symbolism. Yet implicit in his 
view of the nature of language is just this 
possibility. For if language is a human 
artifact, the power of the human mind 
need not be restrained by existing lan
guages; the possibility that the inventive 
human animal will create still more pow
erful linguistic instruments is certainly 
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21 LOGLAN 
. .. .. .... � .. ---� . 

PHONEMES 
. . .. . . .. . .. _ . 

_ ..... _ ..• _--_. ..... . . .. .. .. ---_ ... . .. . ...... . -----.. 

A FATHER 

E MET 

� ' -" "--�" ... . ......•. _---_ .... -
w MACHINE; ALSO, � BEFORE VOWELS, 0 
> Y AS IN YET 
'0 

0 NOTE; ALSO, 
BEFORE R, 
6 AS IN OR 

U LUTE; ALSO, 
BEFORE VOWELS, 
W AS IN WOE 

. . .. .. .... . . . . . . . . .. _-

B BOY 

C SHE 
----...... . .  

0 DOG 
....... _ .. _-_ . .  

F FAT 
.. .. . .... . --�--. . . .. . ....... _ .... -

G GO 

J AZURE [FRENCH JEAN ] 

K COAL 
V) >-z « LATE; ABLE z 
0 V) •.... ---... -... . ., -,._--_ ... 
Z 
0 
u M MAN 
-0 

N NO 

P PET 

R RAIN; BROTHER 
................. _"._-

S SEW 

T TON 

· V VERY 

Z ZEPHYR 

j 

I 

/ j 

; 

j j 

.I 
-

.I 

IN OJ 
ONLY 

.I 

j 

j 

j 

j 

.I 

j 

NO 

j 

LOG LAN SPEECH SOUNDS comprise the five vowels and 16 
consonants most widely distributed among the eight languages 
spoken by the 1,700 million people of the "target population." A 

check mark indicates that some similar version of the Loglan sound 
occurs in the natural language. Only l, v and z are not common to 
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RUSSIAN SPANISH JAPANESE FRENCH GERMAN 

j j j j j 

j j 

j 

j 

j 

j 

j j 

j j 

J 
I j 

,I .I 

IN OJ 
ONLY 

j 

j j 

j 

.I 

j j 

.I .I j j j 

.I .I j 

j j j j 

j j j .I 

j NO 

j 

all eight languages. In some languages c ("sh" ) and j ("zh") Occur 
only in the comhinations tc ("ch" of "chum") and dj ("j" of 

"jam"), obliging a speaker of one ()f those languages to separate 

the Loglan sound out of the psychologically unitary native 
sound. Loglan words are spelled phonetically with these letters. 
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very real. In this sense we may speak of 
the new linguistic doctrine and the older 
philosophical hope as expressions of the 
same hypothesis. That hypothesis has 
apparently been similatly presupposed 
in an engaging activity of Western phi
lologists: the construction of internation
al auxiliary tongues. 

Until recently, however, a thorough
going empirical test of what we will now 
call the Leibniz-Whorf hypothesis has 
not been possible. The necessary experi
mental apparatus has simply not existed. 
The languages (and their speakers) 
available to the linguistic experimenter 
are either the natural languages, with 
their vast traditions and structural ir
regularities, or artificial languages such 
as Esperanto, Interlingua and Novial, 
which have been created primarily in 
the interests of international communi
cation. Unfortunately these artificial lan
guages are all modeled so closely on the 
European plan that they offer little ad
vantage to the experimenter over the 
natural languages themselves. In either 
case, the formal properties of these lin
guistic systems are not, and cannot be, 
deliberately controlled. 

It was to supply an instrument for ex
perimental investigation of the Leibniz
Whorf hypothesis that we undertook our 
work on Loglan in 1 955. Loglan was to 
be an artificial language, but one espe
cially designed to test the thesis that the 
structure of language determines the 
forms of thought. It was to have a small, 
easily learned vocabulary derived from 
the word stock of as many of the major 
natural languages as proved feasible 
(though it was not intended to be an 

auxiliary international language). Its 
rules of grammar and syntax were to be 
as few and regular as possible. It was to 
utilize a short list of speech sounds 
(phonemes) common to the natural lan
guages [see table on opposite page], and 
it was to be phonetically spelled. 

But most important, Loglan was to 
incorporate as many of the notational 
devices of modern logic and mathematics 
as could be adapted to its use. Our 
Whorfian assumption here was that these 
powerful calculi carry in their structures 
precisely those psychosocial devices that 
give their human practitioners their ra
tional power; our only problem was to 
tease them out. Lacking the very knowl
edge needed to assess the "power" of a 

symbolic device, we have invoked in
sight and speculative hypothesis to pack 
the structure of Loglan with the formal 
properties that seemed most suitable to 
its experimental purpose. Vie cannot be 
sure that this imitative borrowing from 

mathematics and logic has maximized 
Loglan's "ratiocinative power." But we 
have at least succeeded in achieving a 

high degree of imitation. It would be 
surprising if, with such formidable 
models, Loglan were not superior to any 
of the natural languages in its ability 
to facilitate thought, if indeed thought 
is liable to such facilitation. 

O f the many criteria that guided us 
in the construction of Loglan, the 

easiest to satisfy was that of the "learn
ability" of its vocabulary. We do not yet 
know if the language as a whole will 
prove learnable with satisfactory speed 
under experimental conditions. But the 
vocabulary at least should prove remark
ably easy to master, whether the sub
ject's native language is English or Chi
nese. One of our objectives was to pro
vide an instrument that would be useful 
in experiments with subjects of different 
language backgrounds. It would not do, 
for example, to allow the vocabulary to 
imitate the English lexicon exclusively. 
Not only would this limit the range of 
any cross-cultural investigations we 
might later wish to make, but we could 
never be sure that it was Loglan and 
not English that was producing our ex
perimental results. We have therefore 
taken great pains to construct a vocabu-

lary that is international in both its con
cepts and its roots. 

To satisfy this requirement we happily 
hit upon a simple word-finding process. 
Well over two thirds of the world's pres
ent inhabitants speak one or more of just 
eight of its several hundred natural lan
guages, either as a native or as a second 
tongue. Counting both their native 
speakers and secondary speakers who are 
not native speakers of any of the other 
seven, these eight languages, in the ap
proximate descending order of the num
ber of their speakers, are: English, Man
darin Chinese, Hindi, Russian, Spanish, 
Japanese, French and German. The 
ninth language is Arabic, but the addi
tion of languages below the rank of eight 
geometrically increases the etymological 
labor of finding common roots, and only 
negligibly increases the total population. 
Now if one regards the 1 ,700 million 
speakers of the eight major languages as 
the target population of Loglan research, 
the relative statistical importance of 
each of them may be defined as the pro
portion of their speakers in the whole. 
On this basis the relative importance of 
English is approximately .28; Chinese, 
.25; Hindi, .1 1; Russian, . 10; and so on 
down through German, with .05. If 
these figures are even approximately cor
l'ect, English and Chinese are over-

BLANU ALL OF ENGLISH BLUE rBLU] 1 X .28 = .2B 

BLANU 

BLANU 

BLANU 

BLANU 

ALL OF CHINESE LAN .25 = .25 
.---............... ++-----_ .............. _ . .  _.------

1/2 OF HINDI NILA 

2/7 OF RUSSIAN GALUBOI 

1/2 OF SPANISH AZUL [ASULj 

NO COUNTABLE PORTION OF 
AO OR KON 

2/3 OF FRENCH BLEU [BLU j 

ALL OF GERMAN BLAU 

X .11 = .06 

.10 = .03 

X .09 = .05 

o X .06 = .00 

7 X .06 = .04 

1 X .05 = .05 

TOTAL LEARNABILITY SCORE 76 

THE WORD FOR "BLUE" in Loglan is blanu. In the "finding" of this word, words of 

corresponding meaning from the eight natural languages were respelled in Loglan pho· 
nemics. Trial words (including bIuIa and lablu as well as blanu) were then assembled 

from the phonemes in these words, and each was scored according to the system illustrated 
here. Only the phonemes common to and OCCUlTing in the same order in both the Loglan 

and the natural word are counted. Since blanu incorporates all of English "blu," it is given 
the maximum rating of 1 (top right) ; since 28 per cent of the target population speaks 

English, blanu receives a score of .28 on the English line. Addition of the scores for all 
eight languages gave blanu the highest "total learnability" score of .76. This expresses the 

probability that a person will learn the word from association with a familiar natural word. 
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whelmingly the most "important" mod
ern languages; their speakers constitute 
.'53 per cent of the target population. 

We then make a simplifying assump
tion. We assume that the probability of 
learning a new word in a second lan
guage on first, or very few, exposures is 
well approximated by the proportion of 
the phonemes in the corresponding na
tive word that one finds in it. This is, of 
course, an extension of the familiar prac
tice of studying "cognate roots" in sec
ond-language learning. The problem of 
finding the most learnable Loglan word 
-and Loglan words are found, not made 
-is thus reduced to finding a permissible 
sequence of Loglan phonemes that maxi
mizes the proportion of the target popu
lation who will find matching phoneme 
sequences in related words of their na
tive tongues. Thus the Loglan word 
blanu (English: blue), on the basis of its 
phoneme-match to words for blue in the 
eight major languages, has a learnability 
of .76. The score of .76 is obtained for 
blantt in the following way. The propor
tion of the phonemes in blantt that 
matches the phonemes in the most simi
lar natural word of corresponding mean
ing is first computed for each language 
[see table on preceding page J. This pro
portion we assume to be a best estimate 
of the ease with which the speakers of 
that language will learn the word blantt. 
We then multiply that proportion by the 
proportion of speakers in the target 
population who speak that language. 
The product of these two proportions is 
nothing but the joint probability of two 
events: first, that a subject drawn at 
random will be a Frenchman, say; and 
second, that he will recognize his own 
word blett in the Loglan blantt. The 
probability of the first event is only .06; 
of the second, by our assumption, .67; 
and of their joint occurrence, therefore, 
.04. The sum of the resulting probabili
ties over all eight languages is the proba
bility that some one of these eight alter
native joint events will happen: that a 
subject drawn at random will either be a 
Frenchman and learn blanu through 
blett, or that he will be a German and 
learn it through blau, or that he will be 
a Hindi-speaking Indian and learn it 
through nila, or that he will be a J apa
nese and not learn it (immediately) at 
all, and so on. Thus the probability that 
anyone in this vast polyglot population 
will (easily) learn blanu is .76. The 
nearest competitor for the job of repre
senting the concept "blue" is blula; a 
somewhat handsomer word from the 
standpoint of the English-trained ear. 
But the learnability score of blula is only 
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.67. Since no other word obtains a score 
equal to or greater than . 76, blantt is the 
Loglan word. 

Many Loglan words score 1 in at least 
one language; that is, they contain 

all the phonemes for the corresponding 
word in that language [see top table at 
rightJ. These words, however, had to 
survive the test of learn ability in other 
languages and achieve a high total learn
ability. Loglan distributes such favors 
impartially, giving the speakers of each 
of the languages, in proportion to their 
numbers, easy cognate routes into its 
polyglot vocabulary [see bottom table at 
right] . 

We have discovered over 1 ,000 Log
Ian words by this means. They com
prise the most frequent empirical terms 
(words for phenomena, say) in any lan
guage, and the ones least likely to be af
fected by direct interlanguage borrow
ing. Yet the average of their learnability 
scores is surprisingly high; about half of 
them have scores above .5, and the range 
of scores is from about .3 to .9. These 
figures indicate that our technique is not 
entirely arbitrary, and preliminary tests 
on English-speaking subjects suggest 
that the theoretical ratings tend, if any
thing, to underestimate the real learn
ability of the Loglan vocabulary. The 
figures also suggest that there is more 
phonetic similarity among the world's 
languages, even historically divergent 
ones, than is commonly supposed. The 
possibility of a universal human tongue 
may not be so remote after all. 

Another feature of the Loglan vocabu
lary that should make it easy to learn 
is that each part of speech has its own 
phonetic form or forms. It is no accident 
that words like blanu, as in the tables at 
right, are all five-letter words. They all 
possess, in fact, either of two similar con
sonant-vowel patterns. Blantt has the 
ccv'cv-form (that is, "consonant-con
son an t- stressed-vowel-cons on an t
vowel"). Words like bakso and cabro 
(pronounced "bahk'-soh" and "shah'
broh"), on the other hand, exhibit the 
pattern cv'ccv . These two five-letter 
forms are the only permissable forms of 
what we have called the simple Loglan 
predicate, a grammatical category that 
roughly corresponds to the combined 
class of English common nouns, adjec
tives and verbs [see table on page 58J. 
Loglan makes no fixed distinctions be
tween these well-defined Indo-European 
categories. By avoiding them it also 
avoids making the metaphysical distinc
tions between "processes" and "things" 
and between "substances" and "attri-

ENGLlSH·CONTAINING WORDS 

BAKSO [BAHK'SOHl BAKSO BOX 

BATLA [BAHT'LAH] BATLA BODLE 

CliFE [SHLEE'FEH] CliFE LEAF 

DZEGO [DZEH'GOH] DZEGO EGG 

FORMA [FOR'MAH] FORMA FORM 

GROCA [GROH'SHAH] GROCA GROW 

GRUPA [GROO'PAH] GRUPA GROUP 

KAPRE [KAHP'REH] KAPRE COPPER 

KETLI [KET'LEE] KETLI KEDLE 

LAKSO [LAHK'SOH] LAKSO LOCK 

KRUMA [KROO'MAH] KRUMA ROOM 
NARMI [NAR'MEE] NARMI ARMY 
NIGRO [NEEG'ROH] NIGRO NEGRO/BLACK 

PROZA [PROH'lAH] PROZA PROSE 

RIZNU [REEl'NOO] RIZNU REASON 

SAZNO [SAHl'NOH] SAZNO KNOW 

SEDBO [SED'BOH] SEDBO SAID/SAY 

TRATI [TRAH'TEEl TRATI TRY 

TRUCI [TROO'SHEE] TRUCI TRUE 

mCA [TEET'SHA] TITCA TEACH 

LEARNABLE WORDS in Loglan for speak-

ers of three of the eight languages of the 
target population incorporate all of the 

phonemes of the corresponding word in 
the natural language and in the same order 

LOG LAN 

.,.�"�"_"_m�'�'��m_Y -

MATMA [MOTHER] 

SUPTA [SOUP] 
. .... ......... ...... ·"·_·�_.···�.·"v._ 

BLANU [BLUE] 
BLUE 
BLU 

---�-�"'--�-�-,-" .. -"� , .. .. 

RISMI [RICE] 
RICE 
RAIS 

[EARTH. SOIL] 
DIRT DERTU DRT 

TRElU [RAIL] RAIL 
REL 

VITCU [SEE] VIEW 
VIU 

PLUCI [PLEASE] 
PLEASE 
PliZ 

FORLI [STRONG] 
FORT 
FORT 

SORLU [EAR] 
AURAL 
ORL 

KLESI [CLASS] 
CLASS 
KLAS 

GRODA [BIG] GROSS 
GROS 

MOST·LEARNABLE WORDS in Loglan 

have high "total learnability" scores meas· 

ured in terms of the phonemes that com
pose the corresponding words in all of the 

eight natural languages. Each natural word 
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FRENCH-CONTAINING WORDS CHINESE-CONTAINING WORDS 
.. ........ .... -

BOSNI [BOHS'NEE] BOSNI OS lBONE] CABRO [SHAH'BROH] CABRO SHAO [BURN] 

BRIKI [BREE'KEE] BRIKI BRIQUE [BRICK] DUNZO [DOON'ZOH] DUNZO DZO [DO] 

CEFU [SHEF'LEE] CEFLI CHEF [CHIEF] DZORU [DZOH'ROO] DZORU DZOU [WALK] 

FLAMI [FLAH'MEE] FLAM I FLAMME [FLAME] FLETI [FLEH'TEE] FLETI LEI [TIRED] 

GUDA [GLEE'DAH] GLIDA GUIDE [GUIDE] DJILE [JEE'LEH] DJILE JIE [NOUN RING] 

FEKTO [FEK'TOH] FEKTO FAIT [FACT] DJORI [JOH'REE] DJORI JI [ORDER] 

GRISI [GREE'SEE] GRISI GRIS [GRAY] LALDO [LAHL'DOH] LALDO LAO [OLD] 

GUSTO [GOOST'OH] GUSTO GOUT[ER] [TASTE] ULFA [LEEL'FAH] LILFA FA [LAW, LEGAL] 

KORLO [KOR'LOH] KORLO CORPS [BODY] MANDU [MAHN'DOO] MANDU MAN [DECEIVE] 

KROKU [KROH'KOO] KROKU CROC [HOOK] MATCI [MAHT'SHEE] MATCI CHI [MACHINE] 

LAVDO [LAHV'DOH] LAVDO LAV[ER] [WASH] METRI [MET'REE] METRI MEl [SISTER] 

MLEKO [MLEH'KOH] MLEKO LAIT [MILK] MUBRE [MOO'BREH] MUBRE MU [WOOD] 

MORTI [MOR'TEE] MORT I MORT [DEAD] NUMCU [NOOM'SHOO] NUMCU SHU [NUMBER] 

PORKO [POR'KOH] PORKO PORC [HOG] PETRI [PET'REE] PETRI PEl [DISTRIBUTE] 

PUDRU [POOD'ROO] PUDRU POUDRE [POWDER] PRANO [PRAH'NOH] PRANO PAO [RUN] 

SUVI [SLEE'VEE] SLiVI VIE [UFE] RETCA [RET'SHAH] RETCA CHA [DIFFERENT] 

TABU [TAHB'LEE] TABLI TAB LE [TABLE] SANRE [SAHN'REH] SANRE SAN l UMBRELLA] 

TCELA [CHEH'LAH] TCELA AILE [WING] STISI [STEE'SEE] STISI TI I [SENTENCE] 

TCENA [CHEH'NAH] TCENA CHAiNE [CHAIN] TIRNE [TEER'NEH] TIRNE TIE [IRON] 

VEGRI [VEG'REE] VEGRI VERT [GREEN] TOSKU [TOH'SKOO] TOSKU TOU [HEAD] 

in which they occur in that word. Thus, according to the assump- common to the Loglan and the English word, in bold·face type 

tions of the Loglan word-finding system, the 20 words at left in the third column. But these words had to score in other 
should prove to be immediately learnable by speakers of English. languages as well to be accepted in the Loglan lexicon. Similar 
The Loglan words appear in the first column; their pronuncia· lists can be drawn up for other major languages and repre-
tions in English phonetics, in the second column; the phonemes sent the Loglan words that their speakers would learn most easily. 

CHINESE HINDI RUSSIAN SPANISH JAPANESE FRENCH GERMAN SCORE 

_ 25 .11 .10 .09 .06 .06 .05 1.00 

MA MATA MAT MAMA OKOSAMA 
MA MATA MAT MAMA OKOSAMA 

--�--�� ----�-

TANG 
TAN .76 

LAN NILA 
LAN NllA .76 

MI RIZ REIS 
MI RIS RAIS .71 

TU DHARTI TERRE ERDE 
TU DARTI TER ERDA .71 

TIE LU REL RIELS RERU RALE RELING 
TIELU REL RIELS RERU RAL .71 

CHOU VID [IET] VISION 
TCOU VID- VIZIO .67 

��-.--

SHI KHU TANOSHIMI LUST 
CI KUC TANOCIMI LUST .65 

LI FORTE FORT 
LI FORTE FOR .65 

• __ .� __ ��m __ ···.� __ • 

RH GU SLUH OREJA OREILLE OHR 
RGU SLU OREHA OREI OR .65 

LEI KLASS CLASE CLASSE 
LEI KLAS KLASE KLAS .65 

._ •... _ .. __ . __ '_'h_ 

DA SHCHI- GRAND[E] GROS GROSS 
DA ROK[IOI] GRAND· GRO GROS _65 

CTCIROK-

is respelled in letters representing Loglan speech sounds, with the these high·scoring Loglan words. Because of its great number of 
letters in bold face indicating the speech sounds shared with the speakers and its typically short words, Chinese also makes a contri· 
Loglan word. As this table indicates, the common features of Eng. bution. Russian and Japanese show np with the smallest frequency. 
lish, Spanish, French and German, which are spoken by 52 per cent Hindi, with its short, consonant·rich words, is intermediate de· 
of the target population, predominate in the determination of spite its slight similarity to the other Indo·European languages. 

57 

© 1960 SCIENTIFIC AMERICAN, INC



butes" that have long troubled Western 
thought. It turns out that these distinc
tions are nonessential in a logical gram
mar. We wish to impose as little meta
physics as possible upon the speakers of 
Loglan; therefore we have avoided them. 

Not all Loglan predicates are of this 
five-letter form. Complex terms may be 
compounded of two or more elementary 
roots; for example, the word rizdonsu 
means "to reason" (literally "give rea
sons"), from l'izna (reason) and donslt 
(give). Such terms have characteristic 

eight- or ll-Ietter forms. This arrange
ment conforms to the mechanism found 
in natural languages which interrelates 
the frequency of use of any word, its 
length and the number of other words of 
that length in the vocabulary. The late 
George Kingsley Zipf of Harvard Uni
versity and other investigators have 
shown not only that the most frequently 
used words in any natural vocabulary are 
the shortest words, but also that there are 
much fewer short words than long ones. 
Conversely, the infrequently used words 
of a language tend not only to be numer
ous but also to be long. This empirical 
finding has been carefully worked into 
the formal structure of the Loglan vo
cabulary. Whether they be simple five
letter or complex eight- and even ll
letter terms, all of the Loglan predicates 
are instantly identifiable by their 
phonetic forms. 

The other classes of Loglan ,:vords, as 
shown in the table at the right, have 

correspondingly recognizable phonetic 
forms, and they equally reflect the re
sults of modern logical analysis of gram
mar. In collapsing the conventional 
European categories of noun, verb, ad
verb and adjective, the Loglan predicate 
embodies the realization that all such 
words may be treated alike for logical 
purposes. They share the distinguishing 
property of extralinguistic reference. 
They are the descriptive terms for the 
multitude of empirically distinguishable 
objects, actions, qualities and so on with 
which any language must deal. But for
mally considered, they are the inter
changeable counters of the linguistic 
transactions with which logic is con
cerned. Ignoring the distinctions be
tween nouns, verbs, adjectives and ad
verbs, Loglan draws other distinctions 
that conventional grammar either does 
not draw or draws faintly. Thus all 
the emotive or attitudinal elements of 
Loglan speech form a single phonetical
ly distinct class. Such elements are 
called indicators . They do not refer; 
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they only indicate the attitude of the 
speaker toward what he says, and 
form a category that embraces such ex
pressions as "yes," "no," "please," 
"hello," "ouch" and diverse others. Simi
larly, all the logical elements of speech 
are formally distinguished in Loglan. 
These are the words, or parts of words, 
in any language that relate other words 
to one another. Their reference is intra
linguistic; in short, they impart to speech 
its structure. In Loglan these logical ele
ments occupy several phonetic cate
gories: most numerous are the operators, 
of which there are several subtypes; then 
there are the five connectives, the con
junctions of ordinary grammar. 

The phonetic distinctions among the 
form-classes both transcend and re
inforce the logico-grammatical distinc
tions among them. No matter how 
Loglan words are combined into sen
tences, their distinctive character re
mains. Thus all predicates, and only 
predicates, have adjacent multiple con
sonants; all indicators and sentential op
erators, and only these words, contain 
vowel diphthongs. On the other hand, 
all Loglan words except proper nouns 
end in vowels. 

These regularities not only serve the 
purposes of grammatical distinction; 
they lead to a second interesting result. 
No matter how words of any of these 
classes are ordered in the flow of speech, 
their lexical separateness and their 
grammatical identity may be rapidly re
solved [see table on page 61 ] .  The 
reader is challenged to find a combina
tion of permissible word-forms that does 
not resolve. This remarkable property of 
Loglan contributes in turn to what may 
ultimately be one of its most useful char
acteristics: its audiovisual isomorphism. 
But more of this important matter later. 

W e have said that logic and mathe-
matics were our models. Therefore 

one might expect Loglan to be terse, ex
plicit and symbolically compact, and 
that the logical structure of its sentences 
would be plainly apparent. In large meas
ure the formal separation of empirical 
content from logical structure achieves 
this result. Thus the logically manipu
lable aspect of any statement in Loglan is 
expressed by its 90 operators and con
nectives together with a handful of atti
tude indicators. These 1 1 2  tiny words 
[ see table on page 60] carry the entire 
burden of Loglan grammar and syntax, 
and are always immediately recogniz
able for what they are. Many of them 
are represented by distinctive symbols 

in the written form. In consequence we 
expect the thinker in Loglan to find it 
easy to concentrate on the formal struc
ture of his ideas, because the grammati
cal apparatus of the language will al
ways leave that structure starkly re
vealed. 

This is no.t all. Loglan not only sepa
rates the logical from the empirical and 
attitudinal components of speech, but 
Loglan grammar itself is nothing but a 
linguistic extension of symbolic logic. 
Under logical analysis the English sen-

LOGLAN WORD-CLASS 

CONNECTIVES 

INDICATORS 

OPERATORS 

PREDICATES 

SIMPLE 
OPERATORS 

SENTENTIAL 
OPERATORS 

COMPOUND 
OPERATORS 

SIMPLE 
PREDICATES 

COMPLEX 
PREDICATES 
[TWO-TERM] 

COMPLEX 
PREDICATES 

)THREE-TERM] 

PROPER NAMES 

: : 

I 

I 

.V 

'IN 

CV 

PHONETIC 
FORM[S] 

... --..... -... -.-.... "-" ... � .. -.. � .... �.--

C'/IV 

CV'CV 

CV'C/CV 
OR 

CCV'jCV 

CV'Cl/CV'C 'cv CCV'[ I 

��0}/CCV'/CV 

CV'Cl /CV'C} ccv' [ /CV'C/CV CV'Cl/CCV' CCV'[ 

CV'Cl/CV,C} CCV'[ /CCV'/CV CV'Cl/ccv' CCV'[ 

LU -C 

LOG LAN WORD-CLASSES rellect the syn
tactical concepts incorporated in the gram

mar of the language from symbolic logic 
and are readily identified by their charac

teristic phonetic forms (second colum .. 

from left ) .  Thus any one-letter word is a 
logical "connective" and is recognizable as 
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-:--. 

. ..... . .. ........ . . . . 

tence "He is a man" comes apart into 
two elements: the so-called proposition
al function "is a man," written f( ); and 
the variable "he," written x. The com
plete scheme for this kind of sentence 
may then be written f(x). The corres
ponding Loglan sentence form is xP, 
where x is any variable and P is any 
predicate. Thus "He is a man" would be 
written "da 1J11"el1i" in Loglan, for no 
coupling operation between variable and 
predicate is necessary. Consequently 
Loglan predicates turn out to be nothing 

EXAMPLE 

I [EE] AND 

IA [YAH] YES 

DA [DAH] HE, SHE, IT 

--'-

SOl [SOY] SO, THEREFORE 

FACI [FAH'/SHEE] SOON 

BORSI [BOW/SEE] BOY 
GROCA [GRO'/SHAH] GROW 

.-

GROMAKSO [GRO'/MAHK/SO] CULTIVATE 
FROM GROCA = GROW, MAKSO = MAKE 

GROMAKSENSI [GRO'!MAHK/SEN/SEE] Ar' ,� ,� 

FROM GROCA = GROW, MAKSO = MAKE, 
SENSI = SCIENCE 

¥ •• _------

LU TAM [lOO TAHM] = TOM 
LU MISISIPIS [lOO MEESEESEEPEES] 
= THE MISSISSIPPI 

more nor less than the propositional 
functions of symbolic logic. The predi
cate mrel1i does not really have the same 
meaning as the English noun "man"; it 
carries with it the force of an assertion 
" . . .  is a man" or " . . .  is manlike" and 
so corresponds to f( ). (So also the 
meaning of blal1u is best captured by the 
expression " . .. is blue" or " . . .  is a blue 
object"). Similarly the five free Loglan 
pronouns (da, de, di, do, du) are pre
cisely equivalent to the variables of 
logic; they do not really correspond to 

English pronouns, with their limiting in
Rections of number, gender and case, 
but are more appropriately interpreted 
as the x, y and z of the mathematician. 

The English sentence "All men are 
rational" may serve to illustrate the logi
cal function of other crucial little words 
in Loglan. The sentence in Loglan reads: 
"Radaku da mreni u da rizdonsu." Here 
the operation of quantification ("aU") is 
performed by the special expression 
"mdaku," which may be rendered "for 
any x . . . .  " The little word 11 performs 

, 

MAXIMUM , PROBABLE PROBABLE ENGLISH WORD-CLASSES I SIZE OF SIZE OF FREQUENCY REPRESENTED CLASS CLASS RANGE 

THE MAJOR CONJUNCTIONS 5 5 

WITHIN 
FIRST 500 

EXPLETIVES, MANY ATTITUDINAL 25 22 
EXPRESSIONS 

.. ... , 

80 

ALL PRONOUNS, NUMBERS, TENSE 
FLEXIONS, MINOR CONJUNCTIONS, 

--r- ---

MA THEMA TICAL SYMBOLS, NAMES 550 100 WITHIN 
OF LETTERS, PUNCTUATION FIRST 1,000 
MARKS; MOST ADVERBS AND 
SOME PREPOSITIONS 

. . . .. ". 

. WITHIN 86,400 8,000 
FIRST 10,000 

................... + 

103,296,000 ? ? 

ALL COMMON NOUNS, ADJECTIVES, 
AND VERBS; SOME ADVERBS 
AND MOST PREPOSITIONS 

? , ? 
! 

, 
----

ENTIRE 
ALL PROPER NOUNS VERY ? FREQUENCY 

LARGE RANGE 

a vowel preceded by a glottal stop (.v). Any vowel diphtbong (l'v) 

is an "indicator" of the attitude of the speake,' toward what he says. 
Any open monosyllable, that is, a consonant followed by a vowel or 
diphthong (cv or cl'v), or series of such syllahles (cv'cv) is an "op
era tor," a formal logical, mathematical or grammatical element of 
tbe statement in which it occurs. Any five-, eight- or ll-letter word 

containing a multiple consonant and ending in a vowel is a "pred-

icate," a class of words that takes in the nouns, adjectives, verhs 
and adverbs of familiar grammars. Proper names may have any 
length and consonant-vowel pattern, but they must be preceded 

by the name operator lu, must end in a consonant and must 

not include lu preceded by a consonant. As the columns at right in. 
dicate, the use (frequency range) of these words is roughly propor
tional to their length and is inverse to the number in each class_ 
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the logical operation of implication (If 
. . . , then . . .) and is one of the five 
connectives that express the principal 
logical relations between propositions 
[see tables below and on next page] . The 
Loglan sentence thus corresponds faith
fully to the symbolic form of the state-

ment: (x) [f(x) g(x)] , which may be read 
"For any x, if x is a man, then x is ra
tional." 

Nlulti-place predicates are handled in 
Loglan precisely as they are in 

symbolic logic, that is, by arranging the 

predicates in meaningful sequence. For 
example, the direct and indirect objects 
of the verb "to give" in "x gives y to z" are 
written in logic as g(x,y,z) and in Loglan 
da donsu de di. Loglan uses no preposi
tions, but establishes the meaning of the 
places in its multi-place predicates by 

SOUNDS 

A E I O U  

DA DE D I  DO DU 
MI MA MU TU 
TI TA 

LE  L I  LA LU 
V I  VA VU 

PA NA FA GA 
CI CA 

X Y W H Q 

APPROXIMATE ENGLISH EQUIVALENTS 
.c,,": : -........ -•...• -...• �-•. c.c::=· === 

MEANS, AND, [FULL STOP) , OR, IMPL IES 

77 OPERATORS 

IT" 1T2 . . .  , IT, [ALSO HE, H IM, SHE, HER ,  ETC.) 
I ,  WE [HE AND I ] ,  WE [YOU AND I ] ,  YOU 
THIS, THAT 

. . 

THE·, TH IS·, THAT·, THE ONE NAMED· 
H ERE, THERE,  FAR AWAY 

BEFORE, NOW, AFTER, DUR ING 
NEAR [TIME), FAR [TIME) 

-------_._ .. _- --... 

· · · · ·····�·-·-··+-----------·1·-

NO NU [N IU )  NON·  [ALSO NOT], UN· [ALSO PASSIVE VOICE OF TWO·PLACE PRED ICATES) 

PE PO PU OF, · ING [ALSO TO-]. ·NESS 
- .  . . .. ..................... ....................................... _._ .. +-------------_.+ ... . 

RA RE R I  RO RU SU ALL: MOST, MANY, SOME, F EW, ENOUGH 
BO SO CO JO LO GO BECAUSE, SO THAT, FOR, WITH [ALSO BY], L IKE, ACCORDING TO 

NI NE TO TE FO 
F E  S I  SE VO VE MO 

ZA ZE Z I  ZO ZU 
BI FI FU 
SA PI CE CU 
BE BA BU 

KA KE  KI KO KU 
JA J E J I J U  

10 lU  

IA I E  I I  
A I  AE  AO 

EA EI EO EU 
OA OE 01  OU 

UA UE UI UO UU 

TUI TUE TAl KAI 
N I E  NIO PIU SOl 
N I U  

A U  

I o 1 2 3 
5 6 7 8 9 ¢ 

x ' I 
< 

ZERO [ALSO NO], ONE [ALSO A/AN),  TWO, THREE, FOUR· 
F IVE, S IX ,  SEVEN, E IGHT, NINE, ·THOUSAND 

T IMES, TO THE ·TH POWER, MINUS, PLUS, OVER 
EQUALS, I S  LESS THAN, IS  GREATER THAN 
·TH, POINT, SUB·, THE ·TH ROOT OF 

f 
. .  

_ 
. .. .. .. 

_____ ._--+ __ 
. .. ... . 

FACTOR IAL, PARENTHESIS, CLOSE PARENTH ES IS 

QUOTE, WHO/WH ICH, [COMMA), THAT [ALSO COLON],  [DASH) 
[CAPITALIZE) ,  [ INDENT), [UNDERL INE) , [CENTER L INE) 

22 INDICATORS 
. ... � 

HELL 0, GOODBYE 

CERT A INLY, PROBABLY, MAYBE 
L, I WANT, I HOPE I WIL  

WHA T? IS  THAT SO? PLEASE. SUPPOSE. 
MUST , SHOULD, MAY, IT DOESN'T MAnER . 

• • • • •..................... ......................................................••..•.................•............ 

WHA T! WELL! HOW NICE !  THANKS! SORRY! OUCH! 

9 SENTENTIAL OPERATORS 
c:J:===== . .. . ......... .. _ .... _.- ._ .. _ .. _-_._. ----.--.. ----.� �- . ... . ...... .. ................ . . -... -.-------.•. ---.-�---.�- . .. _ ......... _ ....... _ .. .  _ .. -. .... ...................... . .  ' ''' .-... --.-.'.-. .  - .-- . -.. ..... ... . . .............. _.-

IN GENERAL, MOREOVER, ABOVE ALL, SUMMING UP 
HOWEVER, IN  ANY CASE, I N  PART ICULAR, THEREFORE 
UN· [ALSO PASSIVE VOICE OF THREE,-PLACE PRED ICATES) 

ONE HUNDRED TWELVE "LITTLE" WORDS carry the whole 

hurden of Loglan logic and grammar. Once these words have heeu 

learned, the student will have acquired mastery over the entire 

grammatical apparatus of the language, together with the many 

logical and mathematical devices which have been built into that 
grammar. The words as sounded, or spelled, are listed in the col· 

umn at left. The logically more significant words have formal 

"signs," shown in the middle column, which adapt them for writ· 

ten manipulation in the algebra of symbolic logic. Some of these 

signed words correspond to punctuation marks, which are spoken 

as well as written in Loglan. The English equivalents of all the 

words are approximated in the column at right. There are four 

classes of these "little" words. Each class is identified by its charac· 

teristic phonetic pattern. The connectives are the five vowel sounds ; 

they include not only the familiar connectives "or" and "and" but 

the specialized logical concepts of equivalence and implication. 

The operators are all consonant·vowel words. This large class in· 
cludes concepts represented in familiar languages by numbers, pro· 

nouns, prepositions, verb endings, the most common adjectives 

and adverbs, mathematical signs and of course punctuation marks. 
Nonetheless all the operators have a common function : to facili· 
tate inference, cross reference, manipulation and transformation 

within the flow of speech. They may be joined together to ex· 
press compound operations ; for example, rada ("all of these" ) .  

The indicators are vowel diphthongs, and relate the attitude of 

the speaker to what he says. The sentential operators are all com· 

·posed of a consonant followed by a vowel diphthong ; they serve 

various rhetorical functions in the context of sustained speech. 
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syntactical rules. Many problems of con
ventional grammar are solved at one 
stroke by this device. Thus the compara
tive adjective "shorter than" is rendered 
without confusion in Loglan by the same 
word as the absolute adjective "short." 
Thus, da cortu ( pronounced "short too" ) 

means "He is short," while the same 
word cortu means "is shorter than" in 
the context of da cortu de. Similarly, da 
farfu ( "He is a father") employs the 
same predicate in one-place form that is 
used with two places in da fm'fu de eX 
is the father of y" ) .  

From its logical syntax Loglan gains 
great simplicity and rigor; yet it is still 
capable of reproducing-if one insists
all of the conventional grammatical dis
tinctions. Unmodified, the predicate 
prano means "runs" or, alternatively, "is 
a runner," and so serves as a verb or a 

a 

THE CH I EF  OF THE GROUP OF ARMY GUIDES SAID THAT HE 
WAS PLEASED TO SAY THAT H E  HAD KNOWN THE FACTS FOR 
A LONG TIME. "THEY CERTA INLY DID NOT DECEIVE ME," 
HE  SAID FORCEFULLY, "EVEN THOUGH THEY TR IED"; AND 
ORDERED SEVEN HUNDRED OF THEM LOCKED UP I N  THE IR  
ROOMS. 

b 

LE NARMI GL iDA GRUPA CEFL I  PA SEDBO KOKO DA PA NU 
PLUCI  PO SEDBO KO DA PAPACA SAZNO lE R I  F EKTO . . .  KA 
IA NO DE MANDU MI  KA DA PA FORL I  SEDBO KA NU N I E  
DE  P A  TRATI K A  E P A  DJORI S E N I N I  DE NU LAKSO VI L E  
RU KRUMA PE  D E  

c 

LENA'RMIGll'DAGRU'PACE'Fl l . PASE'DBOKOKO.DAPANU 
PLU'C I . POSE'DBOKO.DAPAPACASA'ZNO.LER I FE'KTO. I KA 
IA'NODEMA'NDUMI .KADAPAFO'RL lSE'DBO.KANUN IE .  
DEPATRA'T IKAEPADJO'R ISE'N IN IDE .NUlA'KSOVllE 
RUKRU'MAPEDE 

d 

CVCV'CCVCCV'CVCCV'CVCV'CCV.CVCV'CCVCVCV.CVCVCV 
CCV'CV.CVCV'CCVCV.CVCVCVCVCV'CCV.CVCVCV'CCV.VCV 
YlV'CVCVCV'CCVCV .CVCVCVCV'CCVCV'CCV.CVCVCYlV. 
CVCVCCV'CVCV.VCVCCV'CVCV'CVCVCV.CVCV'CCVCVCV 
CVCCV'CVCVCV 

e 

CVCV'CCVCCV'CVCCV'CVCV'CCV.CVCV'CCVCVCV.CVCVCV 
CCV'CV.CVCV'CCVCV.CVCVCVCVCV'CCV.CVCVCV'CCV.VCV 
'INCVCVCV'CCVCV.CVCVCVCV'CCVCV'CCV.CVCVCYlV. 
CVCVCCV'CVCV.VCVCCV'CVCV'CVCVCV.CVCV'CCVCVCV 
CVCCV'CVCVCV 

f 
CV CVCCV CCVCV CCVCV CVCCV CV CVCCV CVCV.CVCVCV 
CCVCV CV CVCCV CV.CVCVCVCV CVCCV CVCV cvccv VCV 
'IIV'CVCV CVCCV CV.CVCVCV CVCCV CVCCV CVCVCYlV. 
CVCV CCVCV CV.VCV CCVCV CV'CVCVCV.CV cvccv CVCV 
CV CCVCV CVCV 

WRITTEN AND SPOKEN LOGLAN may be resolved easily into 
each other and reduced to purely symbolic expression. In a at 
upper left is an English sentence constructed of words whose 

Loglan equivalents are shown in other tables. The passage is trans· 
lated into written Loglan in b, and in c is transcribed as it might 
sound if read rapidly with word identity lost but with a natural 

pattern of stresses (') and pauses (.) . The spoken transcript is 

then resolved iu d into its consonant·vowel (cv) pattern, with 
stresses and pauses and the occurrence of semi vowels (t) noted. 

The adjacent consonants that identify predicates appeal' in bold· 

face in e. Since pairs of consonants preceding a stressed vowel 

(ccv') always begin a predicate, and pairs of consonants that fol· 
Iow a stressed vowel (v'cc) always occur in the middle of a predi· 

cate, and since predicates have only limited numbers of phonemes, 

g 

cv cvccv ccvcv ccvcv cvccv cv cvccv cv cv cv cv cv 
ccvcv cv cvccv cv cv cv cv cv cvccv cv cv cvccv VCV 
YlV'CVCV cvccv cv cv cv Cv cvccv cvccv CVCVCYlV. 
CVCV ccvcv CV.VCV CCVCv Cv cv cv cv cv cvccv cv cv 
cv ccvcv cv cv 

'/Iv cv cv . 
CV CV . .  

h 

cv v CV . . .  

. v cv 
. . .  cv cv c'/lv 

LE NARMI GL iDA GRUPA CEFL I  PA SEDBO KO KO DA PA NU 
PLUCI PO SEDBO KO DA PA PA CA SAZNO lE RI FEKTO I KA 
IA NO DE MANDU MI  KA DA PA FORLI SEDBO KA NU N I E  
DE  P A  TRATI K A  E P A  DJORI SE N I  N I  D E  NU lAKSO VI L E  
RU KRUMA PE D E  

J 
lE NARMI GL iDA GRUPA CEFL I  PA SEDBO KOKO DA PA NU 
PLUCI  PO SEDBO KO DA PAPACA SAZNO LE R I  FEKTO . . .  KA 
IA NO DE  MANDU M I  KA DA PA FORLI SEDBO KA NU N I E  
DE P A  TRATI K A  E P A  DJORI S E N I N I  DE NU LAKSO VI L E  
RU KRUMA PE D E  

k 

lE NARMI GL iDA GRUPA CEFL I  PA SEDBO, · X PA -PlUCI 
PO SEDBO, X PAPACA SAZNO LE R I  FEKTO . .  "IA--. Y MANDU 
MI" X PA FORLI SEDBO "-N I E  Y PA TRATI" · PA DJORI 
700Y -lAKSO VI  lE  RU KRUMA PE  Y 

l 

LE NGGRC PS, · X p-p PO S, X PPCSA lE RI F . . .  " IA--. Y 
M MI" X PFOS "-NI E  Y PT" · PO 700Y -l VI LE RU K PE Y 

the predicates may be resolved as in f. Most of the unresolved 
sequences consist of consonant·vowel alternations; these can only 

be operators, and they are resolved in g. The remainder of the 

passage is now easily resolved ( h )  into connectives (vowels pre· 

ceded by a glottal stop, Or .v) , indicators (diphthongs, or tv) and 

sentential operators (ctv) . With the spoken passage thus resolved 
into words, it is restored to full phonemic form ( i ) , and the 
compound operators and full·stop are identified in j to restore 

the passage to original written form. The punctuation may be 

carried a step further ( k )  with translation of the connectives and 

certain operators into their conventional signs as shown in the 

chart on opposite page. The passage may then be completely 

mathematized, with predicates reduced to abbreviations and most 

operators represented by signs, to expose its logical structure ( l ) . 
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"VERB" FORMS 

DA DONSU 
DA DONSU DE 
DA DONSU DE 01 

DA N U  DONSU 
E TC 
DA N I U  DONSU 
ETC 

DA NA DONSU 
DA PA DONSU 
DA FA DONSU 

DA PAPA DONSU 
DA PANA DONSU 
DA PAFA DONSU 
ETC 

DA NAGA DONSU 
ETC 
DA PAGANA DONSU 
ETC 

DA RANA DONSU 
DA RENA DONSU 
DA RINA DONSU 
ETC 

... .. ............... ----_ ..... ... .... ... . .  _-" 
DA PAC I DONSU 
DA PACA DONSU 
DA FACI DONSU 
ETC 

H E  GIVES. 
H E  GIVES IT. 
H E , GIVES IT TO H IM,. 

IT I S  A G I FT. 

HE I S  A R E C I P I E NT. 

H E  NOW GIVES.  
H E  GAVE. 
H E  WILL  G I V E .  

H E  HAD GIVEN.  
. H E  HAS GIVEN.  

HE WILL HAVE GIVEN.  

H E  IS NOW GIV ING.  

H E  HAS B E E N  GIVING.  

H E  ALWAYS GIVES.  
H E  USUALLY GIVES.  
H E  OFTEN GIVES.  

H E  RECENTLY GAVE.  
H E  GAVE LONG AGO. 
H E  WILL SOON GIVE .  

DA V I  DONSU H E  GIVES H E R E .  
DA VA DONSU H E  GIVES T H E R E .  
DA VU DONOSU H E  GIVES FAR AWAY. 

--. .. .. _---. ......... . .... ..... .. __ ........... , .. -
DA RAVI DONSU H E  GIVES EVERYWH ERE .  
ETC 

DA PACAGAVI FACI DONSU 
ETC. 

SOO N H E  WILL HAVE BEEN 
GIVING H E R E  FOR A LONG T IME.  

N EGATIVES 

DA NO DONSU 
NO DA DONSU 
N I  DA DONSU 

L E  M R E N I  
I I  M R E N I  
LA M R E N I  

H E  I S  A NON .. G I V E R .  
H E  D O E S  N O T  G I V E .  
NONE O F  THEM G I V E S .  

" N O U N "  FORMS 

THE MAN 
THIS MAN 
THAT MAN 

_ . .  _ ......... ........ _-_ .. .... ...... .. , 
RA M R E N I  
R E  M R E N I  
R I  M R E N I  
ETC 

ALL MEN 
MOST MEN 
MANY MEN 

--.. . . .......... _-_ ....... .... -" 
NI M R E N I  
N E  M R E N I  
TO M R E N I  
ETC 

L E  TE M R E N I  
RA LE T E  M R E N I  
ETC 

LE PO DONSU 
L E  PO PRANO 

LE PU DONSU 
L E  PU M R E N I  

N E  LALDO M R E N I  
N E  D O N S U  M R E N I  

NO MEN 
A MAN, O N E  MAN 
TWO MEN 

THE THREE MEN 
ALL O F  T H E  THREE MEN 

A BSTRACT "NOUNS" 

THE GIV ING 
T H E  R U N  

THE GENE ROSITY 
THE MANLINESS 

"ADJ ECTIVE" FORMS 

, AN OLD MAN 
! A G E N E ROUS MAN 

N E  LALDO DONSU MRENI  
N E  DONSU LALDO MRENI  

N E  M R E N I  K E  LALDO 
N E  M R E N I  KE DONSU 
NE M R E N I  K E  DONSU E LALDO 

N E  M R E N I  K E  DONSU DE 
N E  M R E N I  KE DONSU D E  01 

L E  LALDO M R E N I  K E  PA DONSU 
T E  DA I I  S E  PRANO 

ETC 

DA B I  LU DJAN 
DA B I  LE MRENI  
DA B I  L E  LALDO M R E N I  K E  PA 

DONSU T E  DE I I  S E  PRANO 
ETC 

DA PRANO 0 DZORU 
DA PRANO E DZORU 
ETC 
DA 0 DE PRANO 
DA E DE PRANO 
ETC 
DA PRANO 0 DE DZORU 
DA PRANO I D E  DZORU 
DA PRANO U DE DZORU 
DA PRANO A DE DZORU 

DA PRANO BO D E  DZORU 
DA PRANO LO DE DZORU 
ETC 

BO DE DZORU K I  DA PRANO 
ETC 

DA PRANO NA DE DZORU 
DA PRANO PA DE DZORU 
DA PRANO V I  D E  DZORU 
ETC 
NA DE DZORU KI DA PRANO 
ETC 

RADAKU DA PRANO U DZORU 
RANAKU DA PRANO N A  D E  DZORU 
RAVIKU DA PRANO V I  D E  DZORU 
RADARODEKU DA DONSU U DA 

DONSU DE 

A TRADIT IONALLY [?1 G E N EROUS MAN 
A G E N E ROUSLY [?1 OLD MAN 

A MAN WHO I S  OLD 
A MAN WHO I S  G E N E ROUS 
A MAN WHO I S  G E N E ROUS A N D  OLD 

A MAN WHO GIVES IT 
A MAN WHO GIVES IT TO H I M  

T H E  OLD M A N  W H O  G A V E  T H R E E  
O F  T H EM TO T H E S E  
SEVEN R U N N E R S  

H E  I S  JOHN.  
H E  I S  T H E  MAN .  
H E  I S  T H E  OLD MAN 

WHO GAVE THREE O F  THEM 
TO T H E S E  SEVEN R U N N E R S .  

HE R U N S  O R  WALKS. 
H E  RUNS AND WALKS. 

H E ,  O R  H E, RUNS.  
HE,  A N D  HE,  RUNS.  

H E ,  RUNS O R  HE,  WALKS. 
H E ,  RUNS A N D  H E ,  WALKS. 

. I F  H E ,  RUNS THEN HE, WALKS. 
H E , R U N S  IF AND ONLY IF HE, WALKS. 

H E , RUNS BECAUSE H E, WALKS. 
H E ,  RUNS LIKE H E, WALKS. 

BECAU S E  H E, WALKS, H E , RUNS.  

H E ,  R U N S  W H E N  H E ,  WALKS.  
H E ,  RUNS AFTER H E , WALKS. 
H E , RUNS WH E R E  HE, WALKS. 

WHEN HE, WALKS H E , RUNS.  

ANYO N E  WHO R U N S  CAN WALK. 
H E , RUNS W H E N EVER H E ,  WALKS. 
H E ,  RUNS WHEREVER H E ,  WALKS. 
EVERYO N E  WHO GIVES GIVES SOMETHI NG. 

ATTITUDI NAL FORMS 

UA DA PRANO 
U E  DA PRANO 
U I  DA PRANO 
ETC 

E I  DA PRANO 
EA DA PRANO 
DA PRANO EA DE 
ETC 

IA DA PRANO 
I E  DA PRANO 
I I  DA PRANO 
IA NO DA PRANO 
ETC 

A I  MI  FA PRANO 
AE M I  FA PRANO 
AO MI  FA PRANO 
A I  NO M I  FA PRANO 
ETC 

OA M I  FA PRANO 
ETC 

WHAT ! H E  RUNS? [ANGER] 
WELl ! SO HE R U N S .  [S U R P R I S E] 
HOW N ICE THAT HE RUNS ! [PLEASU R E] 

_ ... ...... .... . _-_ ... . ........ _-----

DOES HE R U N ?  
W H O  R U N S ?  
WH E R E  D O E S  H E  R U N ?  

YES;  H E  R U N S .  
H E  PROBABLY R U N S .  
P E R H A P S  H E  R U N S .  
N O ;  H E  DOES N'T R U N .  

--_ .... .. .............. __ ._--

YES;  I W I LL R U N .  
I W A N T  TO R U N .  
I HOPE TO R U N .  
N O ;  I WON'T R U N .  

I M U S T  R U N .  

LOG LAN GRAMMAR derives great flexibility and variety from 

manipulation o f  the 1 12 "little words" that do all of  its work. 

These words are defined and their functions explained in the table 

o n  page 60. A s  demonstrated here, it  i s  tbe little words that de .. 

termine whether a predicate--a term of extralinguistic reference, 

such a s  donslt and pTano-is to serve i n  a given statement as  a 

noun, verb, adjective or adverb, as in more familiar granlmars. 

Thus po ( before ) ,  no ( no w )  and fa ( after ) give the predicate 

donsu ( give ) the function of a verb ( upper left ) and "conjugate" 

it  through the future, present and past tense. Compound forms of 

these operators yield the compound tenses ; for exam ple, papa ( be· 

fore·before ) indicates the pluperfect tense. In such combinations 

they not o nly duplicate all o f  the familiar gmmmatical forms 

but g o  far beyond to  express relationships that can be only clumsily 

a pproximated in the natural languages, as  is  indicated by the trans

lation of the compound operator pacogavi faci at center left. The 

flexibility of the system i s  suggested further by the transformations 

of donslt ( in this table "give," "giver," "gift," "generous," "gener

ously," "generosity," and so on) in accord with its association 

with operators and connectives or its place in a multiple predicate. 
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noun [see table on opposite page] . But 
should anyone wish explicitly to differ
entiate these meanings, it can easily be 
done. Thus da na prano means "He is 
now running," for na is the tense-opera
tor of present time. This expression 
clearly communicates the sense of verbal 
action, and leaves the simpler expression 
da prano ( "He is a runner") with the 
categorical, timeless sense of the predi
cate which we would associate with the 
English noun. Similarly "He talked" is 
da pa takla, for pa is the operator of 
past time. In exactly the same way 
predicates that we would consider ad
jectives can be given time specification. 
Thus da pa blanu means "It was blue" 
and da fa blanu means "It will be blue" 
in senses that now involve explicit use 
of the English verb, while da na blam! 
expresses the clearly verbal property of 
being only temporarily blue, as might 
be said of a flashing light. 

The three tense-operators pa, na and 
fa constitute the elements out of which 
the whole system of Loglan verb tenses 
is constructed. Here again word order 
plays a decisive role. Thus da panu 
kamla means "He has come" ( literally 
"He before-now comes") , da papa kamla 
means "He had come" ( " He before-be
fore comes") and da pafa kamla means 
"He will have come" ( "He before-after 
comes"). On the other hand, da fapa 
kamla ( "He after-before comes") pre
cisely expresses a compound tense only 
approximately suggested by the past 
progressive "He was going to come". 

Loglan is, of course, an analytical 
language. Its predicates are never in
flected, and are free to be combined in 
any order. Thus the serial predicate 
venri eortu mreni means " . . . is a very 
short man." Each modifier qualifies the 
meaning of the immediately subsequent 
word exactly as in English. But unlike 
the corresponding English words-one of 
which is an adverb, the other an adjec
tive and the third a noun-it is possible 
to recombine the Loglan words in any 
order without doing violence to their 
essential meanings. Thus da venri mreni 
eortu means "X is a very manlike short
thing," in which venri modifies mreni, 
and mreni modifies eortu. Da mreni 
eortu venri, on the other hand, means "X 
is a masculinely short extreme thing," 
and da eortu venri mreni means "X is a 
shortly extreme man." These clumsy 
English sentences only approximately 
convey the three quite different percep
tions that are expressed by simple re
arrangement of the serial predicate in 
Loglan. With the free range of imagina
tive permutation available in its permis-

sive syntax, we expect Loglan to be a 
metaphor-rich language, more similar to 
Chinese in this respect than to the 
structurally more confining European 
tongues. The formal property of meta
phor facilitation has a service to render 
to the exercise of "creative imagination," 
whether in science or poetry. 

Nother feature of Loglan that we 
hope will interest l inguists and psy

chologists-and perhaps computer en
gineers as well-is that the spoken and 
written forms of the language are iso
morphic. That is, each element of the 
spoken utterance stands in one-to-one 
correspondence with some element in the 
written form. This is saying a good deal 
more than that Loglan is written phonet
ically; in addition, all the "punctuation 
marks" of Loglan are spoken, and even 
the spaces between its written words, its 
paragraphing, indentation, italicizing 
and the like have formal analogs in the 
structure of the spoken form [see tables 
on pages 60 and 61 ] .  No other symbolism 
of which we know has this audiovisual 
isomorphism; no natural language ap
proaches it, and the symbolisms of 
mathematics and logic do not even at
tempt it ( as is indicated by the almost 
total lack of parallelism between the way 
logical expressions are written and the 
way they are read). Perhaps the most 
nearly isomorphic of existing symbolic 
systems is the notation of musical com
position: a symbolism that is not meant 
to be rendered into human speech at all. 
In this sense Loglan's isomorphism is a 
unique linguistic property that we think 
will have some interesting experimental 
consequences. 

It is a surprising feature of the history 
of the natural languages that the forms 
of speech and the forms of writing have 
had little effect on each other until 
comparatively recent times. Speech is an 
activity shared by all members of any 
society; writing, when it exists at all, by 
the few. As a consequence the forms of 
writing tend to be remote from the forms 
of "vulgar" speech. It is only recently, in 
our own highly literate societies, that 
writing has come to adopt the forms of 
audible speech. Even "literary" sen
tences are now shorter; dialogue in the 
hands of modern writers tends more and 
more clearly to imitate audible forms. 
But a process of reciprocal influence also 
seems to be well under way. Speakers 
are more and more often heard to use 
devices that formerly belonged exclu
sively to the written form. Consider the 
still somewhat slangy use of the spoken 
word "period" to indicate the unquali-

fied nature of an assertion, or the even 
more frequent use of the spoken words 
"quote" and "unquote" in precise 
speech. Thus as writing and reading ap
proach speaking and listening as uni
versal arts, we should expect their forms 
to grow more similar if not actually to 
coalesce. 

Loglan experimentally pushes this 
historical tendency to its extreme. In 
Loglan the formal structure of writing is 
identical with that of speech. This formal 
property in no way guarantees, however, 
strict isomorphism of behavior. It should 
be interesting to observe its effects upon 
the actual speaking and writing of the 
learners of the Loglan game. It is es
pecially tempting to consider how chil
dren might respond; the growth of ca
pacity to read and write might closely 
parallel that of speech itself, with inter
esting consequences for the early devel
opment of the rational powers. Finally, 
the audiovisual isomorphism of Loglan 
should permit its spoken form to be 
mechanically and correctly recorded in 
writing and conversely should permit 
its written form to be reproduced me
chanically in intelligible speech. In 
short, the isomorphism of Loglan, while 
unprecedented and therefore ungauge
able, may yet prove to be one of its most 
fruitful properties. 

At present Loglan has a tested gram
mar; a core vocabulary of nearly 1 ,000 
elementary terms has been constructed, 
and complex terms based on these ele
ments are rapidly accumulating. Our 
object is to test the adequacy of this list 
of elementary predicates by constructing 
from them the first 4,000 most frequent 
concepts of the European languages be
fore publishing a dictionary. If so much 
can be demonstrated, it is our hope that 
the remainder of a vocabulary of any 
desirable size and specificity can be easi
ly generated in use. The model language 
is tlms very nearly finished. \;Yhile there 
are as yet no speakers, we are hopeful 
that Loglan primers and laboratory 
manuals will soon be available. 

�glan is already "alive," however, in 
the interesting sense that those of 

us who have been closely associated with 
it have begun to sense the parsimony 
of its metaphysics, its liberating style 
of metaphor, its incisive modes of 
thought. We are by no means certain 
yet that Loglan is a thinkable language, 
let alone a thought-facilitating one. But 
there is some prospect that this instru
ment will facilitate experimental inves
tigation into the distinguishing human 
faculty of symbolic communication. 
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Solar Particles and Cosmic Rays 

Magnetic fields In the galaxy may constitute an "accelerator" for 

cosmic rays. Recent studies have examined the question of whether 

the sun and similar stars inject particles into this accelerator 

T
hroughout the past 35 years inves
tigators concerned with the origin 
of the enormously energetic par

ticles called cosmic rays have been as
sured of progress along at least one line. 
Each time they have contrived experi
ments to detect more energetic cosmic 
rays they have found them. 'With each 
upward step in energy, however, it has 
become more difficult to imagine where 
cosmic rays come from or to conceive 
of a process by which they acquire such 
enormous energies. It is ti'ue that the 
sun showers the earth not only with 
electromagnetic radiation but also with 
particles; during periods of high sun
spot activity gusts of energetic solar par
ticles frequently rush into the earth's 
atmosphere along the lines of force of the 
earth's magnetic field. But almost all of 
these particles enter the upper atmos
phere at much smaller velocities than do 
cosmic rays. The great majority of cos
mic rays arrive with energies above 500 
million electron volts, some with ener
gies of millions of billions of electron 
volts and a few with energies of more 
than a billion billion electron volts. Such 
energies are sufficient to overwhelm the 
deflecting force of the magnetic field and 
plunge the particles deep into the at
mosphere, setting off cascades of second
ary particles and electromagnetic radia
tion that reach the surface of the earth 
at all latitudes. 

The best guess is that cosmic rays 
come from distant reaches of our galaxy. 
As messengers from those regions they 
have much to tell about processes that go 
on there. But even though cosmic rays 
may be remote in origin and truly cosmic 
in significance, the investigator must 
seek the clues to their meaning in the 
nearer regions of the universe. Thus one 
of the most hopeful theories about the 
genesis of cosmic rays bears similarities 
to purely terrestrial experience with the 
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design of the great accelerators by which 
men have learned to invest atomic par
ticles with energies in the cosmic-ray 
range. Thanks to the recent advances in 
man's knowledge of the sun, notably 
during the International Geophysical 
Year, that theory can now be subjected 
to further observational test. 

It was the late Enrico Fermi who sug
gested that a "galactic accelerator" might 
push the cosmic rays up to their im
mense energies. He postulated that par
ticles ejected from stars might wander 
into the weak magnetic fields associated 
with the clouds of dust and gas in the 
spiral arms of the Milky Way. Because 
the particles-the nuclei of hydrogen, 
helium and other elements in the stellar 
substance-are electrically charged, they 
would receive a tiny bump at each en
counter with a magnetic field. Corre
spondingly, in a laboratory accelerator 
particles are bumped over and over 
again by electric fields to higher and 
higher energies. In the galactic accelera
tor, after millions of years and many such 
encounters, the particles would acquire 
the high energies of cosmic rays. If this 
process is to work, however, the particles 
r,lUSt be shot from their sources with an 
energy above a certain critical mini
mum. The most powerful laboratory ac
celerators employ analogous injection 
systems. In the huge alternating-gradi
ent synchrotron now being completed at 
the Brookhaven National Laboratory, 
for example, a voltage multiplier will 
bring protons (hydrogen nuclei) up to 
750,000 electron volts, and a linear ac
celerator will push them to 50 million 
electron volts for injection into the 
synchrotron proper. There they will be 
accelerated to 30 billion electron volts. 

The question to be settled by solar 
observation, therefore, was whether the 
sun and stars like it furnish an adequate 
injection system. The most likely mech-

anism is the solar Hare, the most violent 
activity on the face of the sun. Great 
flares that fired streams of particles into 
space with energies of several billion 
electron volts were observed on five oc
casions between 1942 and 1956. Prior t() 
the I.G.Y., however, the infrequency and 
unpredictability of these events made it 
difficult to bring them under observation 
with the instruments then available. 
During the I.G.Y., with the sun under 
coordinated 24-hour surveillance by in
struments on the ground, in high-alti
tude balloons and in artificial satellites, 
it was found that Hares operate 15 per 
cent of the time to eject particles with 
energies somewhat lower than 500 mil
lion electron volts. Study of these rela
tively frequent events has continued for 
the past three years and has begun t() 
supply data on which investigators can 
base tentative conclusions about the role 
of our sun in the production of embryon
ic cosmic rays. 

T
he story of the I.C.Y. solar-flare in-
vestigations actually begins on Feb

ruary 23, 1956, more than a year before 
the I.C.Y. was formally inaugurated. On 
that date a great flare suddenly appeared 
in the midst of a group of sunspots. 
Shortly after the onset of the Hare, solar 
particles with energies of several billion 
electron volts began plunging into the 
ionosphere. In fact, some of these parti
cles were so energetic that they pene· 
trated the earth's magnetic field and 
dense lower atmosphere and produced 
large effects in radiation counters at sea 
level even at the Equator. By stripping 
electrons from the neutral atoms in the 
upper atmosphere, the inrushing particles 
increased the number of ions in the iono
sphere and thereby disrupted radio com
munications on earth, especially in the 
polar regions. Moreover, receivers meas
uring the level of radio noise from the 
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galaxy suddenly became quiet, bccause 
the ionizing particles had abruptly closed 
the atmospheric "window" through 
which these radio waves reach the earth. 
The great flare showed that there is a 
solar mechanism that can produce parti
cles with energies above tl'le minimum 
required for injection into a galactic ac
celerator. But investigators were forced 
to conclude that if most of the other stars 
inject particles as infrequently as the sun 
does, the stars would not supply nearly 
enough particles to account for the ob
served number of cosmic rays. 

To monitor the ionization of the upper 
atmosphere, I.C.Y. workers in 1956 and 
1957 set up a world-wide network of 
sensitive radio receivers that has since 
kept a continuous record of the level of 
cosmic radio-noise. By measuring the 
varying opacity of the atmospheric radio 
window, these receivers furnish a reli
able index to the ionization of the at
mosphere. They are called relative iono
spheric opacity meters, or riometers. 
Since the sun was then entering the most 
active phase of its ll-year sunspot cycle, 

the riometers were soon responding to 
flare activity. Investigators were im
pressed to find the response coming in 
three phases [see illustration on page 
68]. The first, which began just as a large 
flare erupted, was a sudden drop in the 
cosmic radio-noise level over the entire 
side of the earth facing the sun. The 
opacity lasted until shortly after the de
cline of the flare. The ionization respon
sible for this effect is caused by electro
magnetic waves in the form of ultravio
let radiation and soft X-rays, emitted by 
the flare along with visible light, and 
traveling at the speed of light. Such 
radiation carries no electric charge, and 
so is not deflected by the earth's magnet
ic field. Another type of opacity started 
about a day after the flare and occurred 
only over the areas where auroras were 
appearing. Presumably this effect was 
due to the particles that caused the 
auroras. 

The most interesting type of iono
spheric opacity started about an hour 
after the peak of a large flare. Inhabi
tants of the Arctic were familiar with its 

effects, but they came as something of a 

surprise to the physicists who were 
watching the riometers. Cosmic radio
noise and terrestrial radio transmissions 
near the North Magnetic Pole and 
throughout the Far North were blacked 
out for several days [see illustrations at 
top of pages 70 and 71 ]. The ionosphere 
became markedly opaque north of the 
auroral zone, but south of that zone it re
mained virtually unaffected. Studies of 
the ionosphere showed that the agent re
sponsible for this effect must be more 
energetic than the particles that produce 
auroras, because the ionization reached 
more deeply into the earth's atmosphere. 
Although radiation counters on the 
ground had not registered any increase in 
particles, investigators in Canada, Swe
den and the U. S. put forward the hy
pothesis that during and after many large 
flares protons with an average energy of 
at least 10 million electron volts were en
tering the earth's atmosphere. Unfortu
nately, these proposals did not come to 
the attention of cosmic-ray physicists un
til early in 1959; if they had, they might 

EARTH'S LINES OF MAGNETIC FORCE (white curves) virtual
ly guide protons (colored lines) in over Fort Churchill (b), which 

is 1,000 miles south of North Magnetic Pole (a). Over Minne· 

apolis (c) solar protons are not energetic enough to cross lines of 

force and enter atmosphere. Neutrons (broken lines), on the other 
hand, carry no electric charge and can penetrate magnetic field at 

all latitudes, including magnetic equatorial regions. The atmos

phere is the only obstacle to an influx of neutrons from the sun. 
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GREAT SOLAR FLARE of July 16, 1959, is shown in these photo- aperture of five inches and a focal length of five feet. Flare 

graphs, made on 16·millimeter film with a refracting telescope having an appears as bright spot in the photograph at left. Second photo· 

have suggested the direct study of the 
particles with instruments carried aloft 
in balloons. 

In August, 1958, a large, complex 
group of sunspots was crossing the solar 
disk. I was at Fort Churchill in Canada 
with a group of students from the State 
University of Iowa, and we were launch-

ing balloons with the general idea that 
flares appearing in the sunspot regions 
might be emitting high-energy radiation. 
We released a balloon late on August 2 1  
which reached its maximum height of 
20 miles at 10 p.m. and remained at that 
height until 5 p.m. the next day. During 
the night of August 21 and 22, detectors 

carried by the balloon showed only the 
normal level of radiation caused by the 
steady influx of cosmic rays. At 9:30 the 
next morning, however, the radiation 
suddenly began irregularly to increase, 
and finally jumped to 10 times normal. 
Four or five hours later the radiation 
began to decrease slowly, but even when 

DETAILED VIEWS OF GREAT FLARE of July 16, 1959, were 

made with solar telescope of 40·foot focal length having a mirror 
16 inches in diameter. Photograph at left was taken 11 minutes 

after first picture in series at top of pages, and shows flare near 
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graph was made four minutes later. In third photograph, made 

28 minutes after second, flare is very intense. At far right, 
71 minutes later, it is fading away. The pictures on these two pages were 

made at the McMath·Hulbert Observatory of the University of Michigan. 

the Right ended at 5 p.m., the level of 
radiation remained abnormally high. 
Meanwhile, starting at 8: 15 a.m., equip
ment on the ground at Fort Churchill 
had been registering intense outbursts 
of radio noise from the sun. Late in the 
day we learned that a large Rare had 
blazed up on the sun about 75 minutes 

before our balloon had detected the in
crease in radiation. 

The effects registered by our detectors 
could have been caused only by protons 
with an average energy of 150 million 
electron volts. Although the balloon was 
above 99 per cent of the atmosphere, 
particles with an energy of less than 100 

million electron volts could not have 
penetrated to the balloon. Thus we felt 
sure that only the most energetic of the 
protons had reached our detectors. Data 
from detectors aboard the satellite Ex
ploreI' IV, analyzed later by Pamela 
Rothwell of the State University of Iowa, 
showed that at this time, 300 miles up 

maximum intensity. Photograph at right was made 33 minutes 

later and depicts flare covering maximum area. All the photo· 

graphs on these two pages were made through a filter that passes 

only the red light of the hydrogen.alpha line of the spectrum. 
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1 FLARE LIGHT, ULTRAVIOLET AND X-RAYS 

2 HIGH-FREQUENCY SOLAR RADIO EMISSION 

3 LOW-FREQUENCY SOLAR RADIO EMISSION 

4 SOLAR PROTON INTENSITY 
_ .. _ ...... 

5 COSMIC RAY INTENSITY 

6 COSMIC RADIO-NOISE 

7 EARTH'S MAGNETIC FIELD 

P' 

� �)1 
� 1)\ It � i f 

[� 
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 

TIME (HOURS) 

FLARE THAT EMITS PARTICLES lasts up to four hours, as 

shown by curve at top (I). High.frequency solar radio emissions 
accompany it (2), while low-frequency emissions (3) go on 

longer, perhaps for days, as indicated by broken line. In Far North 
protons from sun arrive for days after a flare (4). Broken curve 

starting at 30 hours (4) indicates protons arriving over Minne

apolis and other normally "forbidden" latitudes; these particles 

were detected by workers from the University of Minnesota. The 
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particles penetrate as a result of disturbances in the earth's mag

netic field (7) caused by late-arriving cloud of low-energy electrons 

and protons that also produces auroras. Same magnetic disturbance 

disrupts steady influx of cosmic rays over entire earth (5). Radio 

noise from galaxy, as detected in Far North (6), drops suddenly as 
flare starts, due to ultraviolet and X-rays, recovers a bit, then falls 

nearly to zero when high-energy protons arrive. Protons continue 
to depress cosmic radio-noise for hours and days after the flare. 
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and essentially outside the atmosphere, 
solar particles of less than 100 million 
electron volts were about 100 times as 
numerous as those at the level of our 
balloon. 

By a fortunate coincidence a group 
headed by Edward P. Ney, John R. 

Winckler and Phyllis Freier of the Uni
versity of Minnesota had launched a bal
loon on August 21 near Minneapolis, 
1,000 miles due south of Fort Churchill. 
On the morning of August 22 their bal
loon, like ours, was 20 miles up. But 
while our detectors were recording the 
large increase in radiation over Fort 
Churchill, identical detectors registered 
absolutely no increase over Minneapolis. 
It was to be expected that detectors over 
Minnesota would not register protons; at 
that latitude the lines of force in the 
earth's magnetic field tend to deBect 
charged particles before they reach low 
altitudes. The Minnesota balloon, how
ever, recorded a far more significant 
negative observation, bearing upon the 
process that ejects protons from the sun. 
The detectors did not register any neu
trons. Because neutrons have no electric 
charge, they are not affected by the 
earth's magnetic field, and would surely 
have appeared over Minneapolis if the 
Bare had emitted them [see illustration 
on page 65]. It is thought that a Bare is 
produced when the magnetic field above 
a sunspot collapses; such a field could 
accelerate protons, but not neutrons. On 
the other hand, thermonuclear explo
sions and "plasma pinches" on the sun 
could accelerate both neutrons and pro
tons. The fact that neutrons did not ap
pear over Minnesota indicates that the 
protons we observed over Fort Churchill 
were not accelerated by such processes. 

Solar protons continue to arrive at the 
earth for several days after a large Bare, 
and they sometimes have a devastating 
effect upon radio communications in the 
Arctic. After a large Bare on July 10, 
1959, for example, radio communica
tions in the Arctic were blacked out at 
nearly all wavelengths. Four days later, 
when communications had returned al
most to normal, another intense solar 
outburst extended the black-out for sev
eral more days. At that time a group of us 
were waiting at Fort Churchill to By into 
Resolute Bay, 1,000 miles north and near 
the North Magnetic Pole, in order to 
send up balloons. Ironically the very par
ticles we wanted to study delayed us for 
two days, because we could not receive 
information on landing conditions. 

Although the protons continue stream
ing toward the earth for days, many 
workers believe they are accelerated 

only during the first few minutes that a 
Bare is active. It is therefore deduced 
that the ejected protons are "stored" in 
magnetic fields and gradually leak away 
from them. A clue to the location of such 
reservoirs comes from the radio�noise 
outburst that follows a Bare. Radio 
astronomers have attributed solar radio
noise to the motion of electrons ejected 
by the Bare and trapped

" 
in magnetic 

fields above the sunspot region. We have 
postulated that the protons are trapped 
in the same field, but leak away because 
they have higher energies than do the 
electrons. 

The observations of August 22, 1958, 
and subsequent investigations of solar 
Bares, made with riometers, balloons and 
satellites, have produced reliable corre
lations between direct measurements of 
solar protons and ionospheric opacity. As 
a result rio meters on the ground can 
now be used to "count" the solar protons 
reaching the earth from a Bare. The riom
eters also alert physicists to the appear
ance of high-energy solar protons that 
merit study by balloon-borne instru
ments. The group at Minnesota and our 
group at Iowa, for example, followed up 
riometer measurements by launching 
balloons during the intense radiation 
outbursts in May and July of last year. 
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These and later studies have estab
lished that output of protons from the 
solar-injection system is much greater 
than was hitherto suspected. If these 
rays could penetrate the atmosphere to 
the ground, they would have Significant 
biological effects. The frequent bursts of 
solar protons will still be a hazard to 
space travelers, but most of the particles 
can be stopped by fairly light shielding. 

What can be said, on the basis of the 
I.C.Y. investigations, about the sun 
as a source of embryonic cosmic rays? 
Are the particles ejected by the sun des
tined to enter the galactic accelerator 
and, over millions of years, to acquire 
the enormous energy that characterizes 
cosmic rays? Or do the solar protons 
simply wander out of our planetary sys
tem and lose their energy in collisions 
with other particles and with magnetic 
fields, finally joining the clouds of gas 
that make the vacuum of interstellar 
space a little less perfect? Unfortunately 
no conclusive answer can yet be given, 
but the I.C.Y. studies have led to some 
tentative judgments. 

For one thing, if other stars produce 
as many particles as the sun does, the 
Fermi acceleration process could keep 
the galaxy well supplied with cosmic 
rays. However, the particles have rather 

1,000 10,000 100.000 
ENERGY (MILLION ELECTRON VOLTS) 

ENERGY SPECTRA OF PARTICLES (the relative number of particles at various ener· 

gies) are shown by these curves. Particles from the great solar flare of August 22, 1958 (a) 
had. less energy than those from the large flare of February 23,1956 (b). The spectrum of 

cosmic rays from the galaxy (c) is not nearly so steep as the solar·particle spectrum. 
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IONOSPHERE OVER FAR NORTH normally reflects terrestrial 

radio transmissions, as shown in drawing at top. High·energy 

particles from solar flare, however, make ionosphere absorb radio 

waves, indicated by darkened reflecting layer in lower drawing. 

low energies, as the balloon flights have 
indicated. These flights have revealed 
that the energy spectrum of the solar par
ticles is very steep: the number of par
ticles decreases rapidly with the increase 
of energy. This is in marked contrast to 
the spectrum of cosmic rays, in which 
the number of particles decreases rather 
slowly with the increase of energy (see 
illustmtion on preceding page J. The 

Fermi process would need several mil
lions of years to convert the steep solar 
spectrum into the much flatter cosmic
ray spectrum. On the astronomical time
scale such a "growing-up" period would 
not be unreasonably long. 

But one factor weighs seriously 
against the sun and similar stars as a 
significant source of cosmic-ray particles. 
Solar particles seem to consist almost ex-

clusively of protons, with only a minute 
admixture of alpha particles (helium 
nuclei); such particles have only recent
ly been detected in photographic emul
sions sent up in balloons by the Minne
sota group. Cosmic rays, on the other 
hand, are some 13 per cent alpha par
ticles. Even though the solar atmosphere 
appears to contain only a small amount 
of helium, it could be argued that the 

SOLAR PROTONS reaching earth on Angnst 22, 1958, are repre· 

sented in this schematic drawing. Varying lengths of proton 

"tracks" (colored lines) indicate energy differences. The most 
energetic particles penetrate atmosphere (shading above earth) to 
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RADIO NOISE FROM THE GALAXY normally penetrates the 

ionosphere (top drawing) and reaches receivers on earth. Protons 

ejected liy a large /lare abruptly close this radio "wiudow" over 

Far North, as indicated by darkened layer in the lower drawing. 

sun does emit a great many undetected 
alpha particles. They do not have suffi
cient energy to penetrate to balloons 20 
miles above the earth, however, and the 
dust and gas in interstellar space would 
stop them long before they became cos
mic rays. On the basis of the I.C.Y. evi
dence it seems that our sun does not 
qualify as a source of embryonic cosmic
ray particles. 

It will nonetheless be worthwhile to 
continue investigating solar flares as a 
possible source of cosmic-ray particles. 
The mechanism by which the flare ac
celerates protons is not yet understood. 
When the process is determined, it might 
explain how other stars could inject par
ticles of the proper elemental distribu
tion in to the galactic accelerator. If the 
normal life processes of stars, such as 

flares, do not provide an adequate injec
tion system, it may be that we will have 
to accept the other leading hypotheSiS of 
the origin of cosmic rays: that they 
spring full-blown from supernovae. 
These vast explosions, which are thought 
to be the death-throes of stars, may expel 
from helium-rich stellar interiors the 
large numbers of alpha particles that 
are found in cosmic rays. 

balloon 20 miles above Fort Churchill. Less energetic protons 

reach Explorer IV satellite, 300 miles high. No particles strike 
balloon 20 miles above Minneapolis because earth's magnetic 

field at that latitude de/lects charged particles far above surface. 
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INSECT ASSASSINS 

The assaSSIn bug injects other insects \vith a venomous saliva 

that paralyzes them and dissolves their tissues. The assaSS1l1 

then drinks its predigested meal and may live on it for \veeks 

Catch 'em alive! Gentlemen, I've 
H ere such a dose as 110 fly can survive. 

W
ith this bit of doggerel a Vic
torian poet described the per
fect way to administer a perfect 

insecticide. The procedure is clearly im
practical in human efforts to control in
sects, but it is used quite effectively by 
the insects themselves. The insect order 
Hemiptera includes a family of some of 
the most efficient predators in the animal 
kingdom. They are the Reduviidae, or 
assassin bugs, which literally catch their 
victims alive and administer a dose they 
cannot survive. 

There are some 2,500 species of 
assassin bug, and they are distributed 
throughout the world. One large and 
particularly venomous species, Platy
meris l'hadamanthus, lives in Zanzibar, 
where it feeds on the rhinoceros beetle, 
a pest of coconut plantations. Platymeris 
assassinates its victim with remarkable 
precision. It grasps the beetle firmly, 
places its beak against the beetle's body 
and pushes a set of sharp, hollow 
stylets out of the beak and into the bee
tle's body cavity. Through this hypoder
mic syringe Platymeris injects a squirt of 
venomous saliva that first paralyzes the 
beetle and then breaks down its cells. 
Thereafter the assassin bug drinks the 
liquefied tissues through its beak. 

It was the cell-destroying action of 
the venom that excited my own interest 
in assassin bugs, and for my research 
Platymeris proved to be an unusually 
valuable species. Platymeris is a singu
larly unpleasant insect to work with: its 
inch-and-a-half-long body, jet black 
with a blood-red spot on each wing, has 
a menacing air. Platymeris also has the 
nasty habit of spitting a jet of venom 
when it is disturbed. The venom can 
cause considerable pain when it strikes 
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the eye or nose tissue of a vertebrate-as 
I have found to my cost. This behavior 
provides the assassin bug with a defense 
against insectivorous vertebrates; it also 
provided me with a copious source of 
venom. Platymeris proved to be an 
adaptable laboratory organism. Trans
ferred from its home in the coconut 
plantations in Zanzibar, it soon adjusted 
to life in culture jars at the University of 
Cambridge, and it readily exchanged its 
regular fare of beetles for a diet of cock
roaches. 

�1 Hemiptera, including the assassin 
bugs, live on a liquid diet. Some, 

such as the water boatmen and the wa
ter scorpions, live in fresh water. The 
toe biter, another aquatic bug, some
times grows to a length of four and a 
half inches, a size that enables it to cap
ture small fish and to suck from them 
the nutriment it needs. Among the land
dwelling Hemiptera there are vegetai"ian 
species that pierce the tissues of plants 
and suck their sap; this behavior is not 
only destructive in itself, but also 
spreads virus diseases among crop 
plants. Still other Hemiptera have 
adopted a diet of warm blood. The 
Triatomas, close relatives of the assassin 
bugs, spread the trypanosome of Chagas' 
disease, a serious affliction of man in 
South America. Following an encounter 
with a Triatoma, Charles Darwin wrote 
in his Journal of a Naturalist: "It was 
quite disgusting to feel the soft wingless 
insects about an inch long crawling over 
one's body." He mightwell have felt more 
than mere revulSion; it has recently been 
suggested that the undiagnosed disease 
which troubled him in later life was the 
result of this episode. 

Some Hemiptera, like the Cimicidae, 
or bedbugs, are familiar pests; others 
spring into sudden and short.lived 

notoriety. In 1899 a woman in Washing
ton, D.C., received a painful bite on the 
lip from an assassin bug. By the time the 
newspapers had thoroughly covered the 
matter, a "kissing-bug plague" was 
sweeping the eastern U. S.; even mos
quito bites were attributed to the bug. In 
testimony to the excitement of the epi
sode assassin bugs are still widely known 
as kissing bugs. 

Assassin bugs have long engaged the 
interest of biologists, and the bizarre 
behavior of many species has been de
scribed. The tactics employed by the dif
ferent species to capture their prey vary 
widely: some use guile, some stealth, 
others agility. The tactics of most of the 
species fall into two general categories: 
the smash-and-grab and the sit-and-wait. 
Platymeris belongs to the smash-and
grab group. When a prey insect comes 
within the field of its large compound 
eyes, Platymeris turns to face it, and 
steadily adjusts its position to keep its 
victim in view. It then advances with 
quick, nervous dashes, and when it is 
within leaping range, it pounces. 

Fast-moving insects do not always 
succumb easily: they struggle violently 
and seek to slip out of the assassin bug's 
grasp. At such times Platymeris and 
other assassin bugs make good use of re
markable adhesive pads on their lower 
legs. These pads, which are similar to 
those that enable a fly to walk on a ceil
ing, are flexible, velvety structures. 
When they are examined under the 
microscope, it is apparent that they are 
composed of minute hairs; each pad of 
Platymeris consists of 70,000 to 80,000 
such hairs. Each hail' is a hollow tube 
about .05 millimeter long that has a 
flattened, fanned end. The British biolo
gists J. D. Gillett and V. B. Wiggles
worth examined the mechanism by 
which this type of adhesive pad works; 
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they concluded that it could be ex
plained by the action of a thin film of oil 
between the end of the hair and the sur
face on which it rests. So effective is this 
mechanism that my Platymeris speci
mens were able to resist a steady pull of 
65 to 70 grams as they clung to polished 
glass, or, more pertinently, to the cuticle 
of a rhinoceros beetle. 

xsassin bugs of the sit-and-wait group 
stand guard at a chosen station, per

haps on a flower or near an abandoned 
spider web, and wait until a prey insect 
comes within striking distance. Several 
tropical species vary the sit-and-wait 
strategy. They plunge their forelegs into 
the resin of a coniferous tree and hold 
them aloft until some small insect blun
ders into them and gets stuck. The bee 
assassins, the Apiomerinae, have clublike 
front legs that are covered with stout 
hairs, an arrangement that is well 
adapted to capturing the hirsute bee. 
Their technique is not unlike catching a 
hedgehog between a pair of brushes. 

Perhaps the most subtle technique of 
all is that of an East Indian assassin bug 
(Ptilocel'os ochraceus). From glands on 
its undersurface Ptiloceros secretes a 
fluid that is highly attractive to ants; 
it is even said that ants are intoxicated 
by it. Ptiloceros takes up its stand beside 
an ant run and raises its forelegs to dis
play the source of the attractive fluid. 
When an ant accepts the invitation and 

approaches, Ptiloceros stands quite still. 
As the ant proceeds to drink, the assassin 
bug unhurriedly closes its forelegs on the 
ant's head and thorax. It does not strike, 
but waits until the numbing secretion 
has done its work. Only then does Ptilo
ceros turn its hypodermic proboscis 
down and pierce the neck membrane of 
its prey. 

Whatever the tactics of the assassin 
bug, its prey is dead within a few sec
onds. The secret of the assassin bug's 
success lies in the specialized organs of 
its head and thorax, the forepart of its 
body. In the assassin's thorax are the 
greater part of the salivary glands that 
produce and store its powerful venom, 
in its head are a pump to force the venom 
through its beak into its prey's body, 
another pump to suck in the liquefied 
tissue of the prey and the beak itself
the hypodermic needle. The needle is a 
highly specialized version of the mouth 
parts found in related insects. The jaws 
of the assassin bug have been modified 
into long stylets. There are two pairs of 
stylets: the two outer, or mandibular, 
stylets have barbed tips and flank the 
two inner, or maxillary stylets. The max
illary stylets, which move in and out be
tween the mandibular ones, each have 
two longitudinal grooves on their inner 
surface and are faced together in reg
ister so that the complementary pairs 
of grooves form two tubular channels. 
Thus they comprise a two-way hypo-

dermic needle. In most Hemiptera one 
channel discharges saliva into the prey, 
and the other takes the prey's juices up 
into the gut. The assassin bug, however, 
must inject its prey with a great quanti
ty of saliva very quickly, and so needs a 
large-caliber channel. Accordingly one 
channel is greatly enlarged at the ex
pense of the other, and performs both 
the injecting and sucking functions. The 
sty lets are sheathed by the assassin bug's 
lower lip, which has evolved to form a 
protective beak, or rostrum. 

The stylets form the needle of the hy
podermic, but what of the syringe? Cut
ting away the tough side-wall of the 
assassin bug's head reveals a most ele
gant pump. All sucking bugs have such 
a salivary pump, but because the assas
sin bug must deliver a large volume of 
saliva in a short time, its pump is highly 
developed. Securely fixed to the forward 
end of the insect's head wall is a cone of 
stiff cuticle. Inside and concentric with 
this stiff cone, and joined with it rim to 
rim, is a plunger cone composed of more 
elastic cuticle. The apex of the inner 
cone is stiffer than the rest of the cone, 
and extending backward from it is a 
shaft to which' are attached retractor 
muscles that radiate in two bundles to 
the back wall of the head. When the 
muscles retract, they pull the arm and 
draw the inner cone back like a piston 
within the outer cone. The action sucks 
saliva from the salivary glands through 

ASSASSIN BUG Platymeris rhadamanthus is an inch and a half 

long. It lives in Zanzibar, where it feeds on the rhinoceros beetle. 

The cnrved structure below the bug's head is its rostrum, or beak, 

from which slide the stylets that inject its venom into its prey. 
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a Rap valve on the undersurface of the 
pump, thus fiJIing the cavity between the 
cones. When the assassin bug injects 
saliva into its prey, it merely relaxes the 
retractor muscle, allowing the inner cone 
to spring forward to its resting position. 
The motion forces a jet of saliva through 
an outlet duct in the upper wall of the 
pump, down the salivary canal of the 
stylets and into the prey. 

The glands that secrete the venomous 
saliva are large and complex; of their 
several lobes, two secrete a clear and 
viscid toxic material that the assassin 
bug can store indefinitely in a saclike 
lobe of the gland. Another lobe produces 
a watery nontoxic secretion that appar
ently acts to dilute the active compo
nents of the saliva, and perhaps serves 
also as a mouthwash that Hushes the 
ducts of the stylets after an injection has 
been completed. 

How the assassin bug can store its 
extremely venomous saliva indefinitely 
without harm to itself is still a mystery 
that other sucking bugs do not present. 
Although most sucking bugs produce a 
saliva that contains such digestive en
zymes as protease, which attacks protein 
without itself being altered, it is only 
the predatory species that secrete a toxic 
saliva. A simple experiment gave me 

, 
some notion of the extreme toxicity of 
assassin-bug venom. I diluted one part of 
venom in a million parts of saline solu
tion, and with a fine pipette dropped 
some of the preparation on the isolated 
heart of a cockroach. Almost immediate
ly the heart contracted violently and 
stopped beating. When I repeated the 
experiment with the saliva of plant-feed
ing bugs, there was no such dramatic 
effect; the heart continued to beat for 
quite some time. 

_�though the needle-like proboscis of 
the assassin bug is a most efficient 

instrument, its very form restricts the 
assassin to a liquid diet: the bug must di
gest its food externally before it can drink 
it. In this respect the assassin bug re
sembles the snake, whose venom acceler
ates the breakdown of its prey's tissues. 
The rapid sequence of events that fol
lows upon the snake's biting a mammal 
and leads to the breakdown of the mam
mal's tissues is fairly well understood. 
Enzymes in the venom attack the tissues, 
especially the red blood-cells, and liber
ate the pharmacologically powerful com
pound histamine. The histamine dilates 
the capillary blood vessels, thus lowering 
the blood pressure and inducing shock. 
But here the correspondence between 
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LEVER AND TENDON FOR MANDIBULAR STYLET 

PROTRACTOR MUSCLE OF MANDIBU 

GUT SUCTION PUMP AND MUSCLE 

MANDIBULAR STYLET 

PROTRACTOR MUSCLE 
OF MAXILLARY STYLET 

START 
OF 
GUT 

S1YLET CANAL 
CONTAINING 1WO PAIRS OF STYLETS 

ARMAMENT OF PLATYMERIS, shown in schematic vertical section, includes two major 

systems (colored areas) : the food system (top) and the salivary system (middle), both of 

which terminate in the stylets (bottom). When it attacks, the assassin bug straightens its 

rostrum (a) and, by means of the lever, tendon and muscles shown at upper left, telescopes 

its stylets out of the rostrum and forces them into the body of its prey. By simultaneously 
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SIMPLE EYES 

POSITION OF COMPOUND EYES 

RETRACTOR MUSCLES OF 
MANDIBULAR STYLET 

RETRACTOR MUSCLE OF 
MAXILLARY STYLET 
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ANCHORING POINTS OF RETRACTOR-MUSCLE FIBERS 

_----- MAXI LLARY STYLET ----\-lH 

b' 

drawing back the salivary.pump plunger, it sucks saliva into the 

salivary pump. To inject the venomous saliva, it relaxes the pump· 

retractor muscles, allowing the plunger to move forward and 

thus force the saliva through the pump outlet· valve and down the 

stylets. The bug takes in its food by means of its gut suction·pump 

MANDIBULAR STYLET----I 

b 

c 

Y 

X 

(upper left). The exploded detail of the gut pump and stylets 

shown at right (c) relates to the colored area at top of drawing a. 
Illustl'3tion b is a cross section of the rostrum and sty lets as they 

appear at the broken line X-Y (bottom, left of center). Details of 

the colored area of illustration b are shown in illustration b'. 

75 

© 1960 SCIENTIFIC AMERICAN, INC



, 
• 

. . 

• 

, . 
. ..  

" . 
� � � " .  "I 

� '.¢' 

l 

EFFECT OF ASSASSIN·BUG VENOM is shown in this sequence of 

photomicrographs. At left is normal fat·tissue freshly excised from a fly. 

The second photomicrograph shows effects on tissue after five 

minutes' immersion in a solution of venom. Third photomicro· 

the action of snake venom and of assas
sin-bug venom ends. 

The capacity of assassin-bug saliva to 
bring the insect heart rapidly to a stand
still is not especially significant, because 
the insect can get along quite well with 
its heart not beating. Moreover, since the 
circulatory system of an insect differs 
from that of a mammal in having no red 
blood-cells and neither arteries nor veins 
in the mammalian sense, very different 
mechanisms must be at work. Finally, 
where histamine so violently affects the 
tissue of vertebrates, it has virtually no 
effect on insect tissue. Immersed in a 2-
per-cent histamine solution, a cockroach 
heart continues to beat for several hours. 
Thus the mechanisms by which snake 

PUMP RETRACTOR MUSCLE 

SALIVARY PUMP 

GUT SUCTION PUMP 

and assassin-bug venoms work must be 
quite different. 

In the prey's tissues the assassin-bug 
venom brings about the same kind of 
cell breakdown, or lysis, that occurs 
when the insect dies of "natural causes." 
Under the action of the venom the proc
ess is much more rapid. The venom 
rapidly penetrates the protective layers 
of fatty membrane that surround the 
central nervous system, and breaks down 
the walls of the nerve cells. There is 
good reason to believe that this is due 
to an enzyme that acts specifically upon 
the lipid (fatty) constituents of the cell 
wall. With the help of stains that react 
with the lipid portion of the tissue, it 
can be seen that, within a very short time 

SALIVARY GLANDS 

CROP 

after the venom has arrived, the fatty 
layers of the cell walls have broken up, 
and in their place hangs a great number 
of disconnected droplets of oil. 

Along with its corrosive attack on the 
prey's nervous system, the assassin bug's 
venom attacks the other cells of the 
prey's body. One of the first visible ef
fects is the breakdown of the body fat 
and the release of the close-packed oil 
droplets they contain. Less obviously, 
but no less swiftly, the muscle tissue de
generates into a structureless paste. 
Within half an hour the prey's internal 
tissues are reduced to a thick, reddish 
soup: an emulsion of oil droplets sus
pended in a mixture of digested muscle 
and nerve. Only the cuticular parts of 

INTESTINE 

THORAX AND ABDOMEN OF PLATYMERIS, shown here 

schematically, contain the complex salivary glands, which make 

and store the bug's venomous saliva; and its large, saclike crop, 

in which it is able to store sufficient food to last for several weeks. 
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graph shows effect of 10 minutes' immersion. The photomicro. 

graph at right shows fat globules released from digested tissue 

after IS minutes of immersion. The thick, dark structure remaining is 

indigestible cuticle. These photomicrographs were made by the author. 

the body wall, of the trachea and of the 
lining of the gut remain intact. The as
sassin bug sucks its meal up through the 
feeding channel of its stylets to a large 
storage chamber, or crop, in its abdo
men. ,,yith the meal completed, it re
tracts the stylets into the rostrum, and 
the hollow shell of the prey falls to the 
ground. If the prey is especially large, 
the assassin may more than double its 
weight and live off the contents of its 
crop for days or weeks and show no in
terest in passing prey until the crop is 
nearly empty. 

In this sucking process the salivary 
pump plays no part; a second pump 
formed by the upper end of the gut at
tends to that. At this end the gut has a 

U-shaped section; muscles reach from 
the inside of the U to the wall of the 
head. With an action similar to that of 
the salivary pump, the muscles expand 
the pump and the elastic cuticular walls 
compress it, thus sucking the liquid up 
and forcing it back through the gut and 
into the storage crop. 

Mainst the tactics and lethal armament 
of the assassin bug, the struggles of 

even a powerful insect are unavailing. In 
the laboratory Platymeris was always 
successful in subduing the cockroach. 
After pouncing upon a cockroach, Platy
meris holds the struggling insect firmly 
and runs the sensitive tip of its rostrum 
over the cockroach's body, seeking a 

chink in its armor. The flexible mem
brane at the neck or in the crotch of a 

leg joint does nicely, because these are 
close to the centers that coordinate move
ment. The assassin bug presses its ros
trum firmly against the vulnerable spot 
and forces the bundle of stylets from the 
end of the supporting rostrum into the 
body of the victim. A shot of saliva is 
then administered. The effect on the 
cockroach is immediate: it goes into vio
lent convulsions and falls limp and para
lyzed. Its heart stops beating and its gut 
contracts. One of its limbs may quiver, 
its mouth parts may chew aimlessly for 
a few moments, but within 10 seconds 
the body of the cockroach hangs helpless 
from the assassin bug's rostrum. By the 

ADHESIVE PAD (top) on lower segment of assassin bug's leg 

enables it to grip struggling prey. The pad may have as many as 

80,000 hairs, each about .OS millimeter long (bottom), Fanned end 

of the hair has a film of oil which helps it to adhere to surfaces. 
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time the cockro::wh makes its last feeble 
Hickers of movement, Platymeris will 
have pumped at least 10 milligrams of 
saliva into it. The barbed outer stylets, 
which have held the rostrum and hypo
dermic needle firmly in place during the 
initial struggle, now hold the prey as the 
assassin bug releases the grip of its legs 
and carries the victim off to a quiet cor
ner where it can drink its meal without 
too much risk of having to share it. 

During their life span the assassin 
bugs and their pre::latory relatives among 
the Hemiptera consume large numbers 

of other insects. A single female black
kneed capsid (BlepharidopteTlls angula
tus), a valued predator of an orchard 
pest, the red spider mite, can account 
for as many as 4,000 mites. The value of 
insect predators has been made all too 
clear when the use of insecticides has 
wiped out the predators without com
pletely extinguishing the pest upon 
which they prey, and for which the 
treatment was intended. The dramatic 
growth in the pest population that has 
followed shows that, although the pred
ators may not wipe out their prey, they 

are effective agents for controlling them. 
There is no doubting the potency of 

assassin-bug venom; only the assassin 
bugs themselves are immune to its lethal 
effects. The question inevitably arises: 
Has the venom possibilities for use by 
man as an insecticide? The answer is yes, 
but the problem is to get the poison to 
where it acts, within the body cavity of 
the insect pest. The only way to do that 
is to leave the venom where it belongs: 
in the assassin bug, which, with its hypo
dermic syringe, is the perfect applicator 
for the perfect insecticide. 

BARBED OUTER STY LETS puncture food tissue and form a 

passageway for inset'lion of the assassin bug's inner, venom·carry· 

ing stylets. The aclion of the stylets depicted here (bottom right) 

is that of plant-feeding Hemiptera; tbe action of assassin·bug 

stylets is probably similar. The illustration at top and left shows 

the course the venom (color) follows as it flows through the 

salivary pump, down the salivary stylets and into the prey, where 

it diffuses into the prey's tissues. Barbs hold the sty lets in place. 
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__ Kodak reports on: 
a substrate that doesn't split by itself ... increasing the peak value of informational sensitivity • • •  
sooty things with a lot of physics in them ... color lore that might have bored Goethe to death 

Suggestion from East Berlin 
Let us issue the large, round declara
tion that enzymes are the most impor
tant subject on earth. Does not their 
interplay govern all activity in the bio
sphere, including that in the cerebra 
of men of business and science? Of 
course. 

Permit us now to narrow the scope 
to one class of enzymes, the lipases. 
They split fats. Lipases occur in cer
tain animal organs and plant tissues. 
The lipase content of the blood serum 
is very low unless the duct of the pan
creas is closed off. 

To demonstrate and estimate a lip
ase, one gives it something (designated 
a substrate) to split under fixed condi
tions and one compares the amount of 
split product against a blank. Olive 
oil has been the standard substrate for 
lipase. The fatty acids released are 
titrated against sodium hydroxide. The 
measurement offers difficulties when 
the serum lipase level is normally low. 
It becomes a poor subject for wit when 
some foul derangement in the human 
machine raises the level to a point 
easy to measure. 

The subway from East Berlin has 
brought out of Humboldt University 
there the suggestion (Clin. Chim. Acta. 
4, 221) that phenyl laurate nicely lib
erates phenol in colorimetrically meas
urable quantity when acted upon by 
serum lipase. Soon after the news 
reached us, we prepared this com
pound for sale because it has good 
shelf life, where other proposed sub
strates all too soon split by themselves 
untouched by lipase. Then we took a 
different subway to Brooklyn, N. Y., 
to chat with a biochemist who told us 
of a considerable improvement in the 
phenyl laurate procedure. 

Whoever will write name and address and 
the last three words of the preceding sen
tence on a postcard to Distillation Products 
Industries, Rochester 3, N. Y. (Division of 
Eastman Kodak Company), will receive all 
abstract of the Brooklyn procedure as SOOIl 
as it is published. 

Nice sharp pictures 
We must not lose our sense of propor
tion. We must recognize that some 
people take so little technical interest 
in photography that they have never 
even heard of Kodak Tri-X Pan Film. 

Others who do use it have noticed that 
since that "Improved Type" has ap
peared on the carton, results have 
somehow improved. Most of these folk 

will be content with a bland assertion 
that the recently added notation signi
fies a major advance in reduction of 
graininess and improvement in picture 
sharpness. A single congenial luncheon 
table could probably accommodate all 
who would press us to explain that 
what we have really done is to increase 
the peak value of the informational 
sensitivity I of Kodak Tri-X Pan Film 
from .0016 to .0036 

where I = g 

a, • crs(D) 
g = gradient of the linear

ized characteristic curve 
as = area of the spread func

tion 
crs (D) = standard deviation 

of the granularity 
trace for a scan
ning aperture hav
ing the size of the 
spread function 

If you want to talk like that you should 
first consult Journal of the Optical Society 
of America, 48, 926, but if you just want 
very sharp pictures from very fast film, ask 
the Kodak dealer for Kodak Tri-X Pall 
Film, Improped Type. 

Adjustable boundary for the infrared 

These sooty things have a lot of physics 
in them. The physics is of the old
fashioned type, not very clear, but not 
nearly so opaque as the little wonders 
themselves look when held to the light. 
Yet they transmit to 30J.L in the very 
far infrared. Their utility lies in the 
easy adjustability of the spectral posi
tion of the transition from opacity to 
clarity. The opacity is achieved not by 
absorption and not by interference but 
by marvelously selective and effective 
scattering. What interference there is, 
in fact, operates on the side of clarity 
by beating down Fresnel reflection 
losses. 

These Kodak Far Infrared Filters 
have turned into a hotter item than 
we dared hope when we first taught 
ourselves how to take silver chloride 
and convert its surface to silver sulfide 
in a manner as tunable as a fiddle 

This is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a little 

revenue from those whose work has something to do with science 

string. Now the infrared trade-mili
tary and analytical-has grown to 
where it needs cut-on filters worse than 
it needed them ever before. And we are 
ready---even with a warning that these 
filters require precautions to protect 
them from harsh military environ
ments and that silver chloride in the 
presence of water vapor still corrodes 
metal just as it always has. Of course, 
they can be mounted in plastic. The 
corrosion we can forestall if, at the 
expense of inserting a few absorption 
bands, we can be permitted to over
coat with polystyrene. 

The pitch for the business is made by a 
collection of mimeographed sheets entitled 
"Kodak Far Inji-ared Filters," obtainable 
from Eastman Kodak Company, Special 
Products Sales, Rochester 4, N. Y. Here 
are given sizes, prices, and the code for 
specifying the cut-on wapelength wherever 
wanted ji-om 1 to 5iJ.. 

Gelatin responsibly dyed 
A rich legacy of heuristic nonsense has 
been accumulating for generations in 
the next region of the electromagnetic 
spectrum over from the infrared, where 
the eye reigns supreme as the receptor 
and has qualified every seeing, think
ing man to hold opinions. Even the 
mighty Johann Wolfgang Goethe, 
author not only of "Faust" but also of 
"Die Farbenlehre," put in his zwei
pfennig worth. 

Amid rampant intellectuality, it has 
behooved us to tread lightly and con
fine our thinking to such farbenlehre 
as will fit us the better to flood the 
earth with color photography, myriad
colored Tenite plastics, color-locked 
Chromspun fibers, and Eastman tex
tile dyes. Plus another field of dye art, 
tiny in economic comparison and dis
proportionately demanding in techni
cal patience but important to those 
who, whatever their theories or pur
poses, wish to modify spectral distri
bution or overall intensity of light in 
systematic, quantitative, reproducible, 
simple, and inexpensive fashion. We 
refer to the celebrated little marvel of 
precision dye chemistry, the Kodak 
Wratten Filter of uniform gelatin, with 
or without glass mounting. 

The reason we refer to it is that the new 
20th edition of" Kodak Wratfen Filters for 
Scientific and Technical Use," containing 
81 pages of curves, data, and other useful 
information, is now obtainable from wel/
stocked photographic stores for 75¢ or from 
Eastman Kodak Company, Sales Senice 
Division, Rochester 4, N. Y. 
Price quoted is subject 
10 change without 
notice. 
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The Test Ban and "the Hole" 

W
hen President Eisenhower was 
queried at a recent press con
ference about the "driving 

force" behind his determination to reach 
an agreement outlawing nuclear weap
ons tests, he replied: "The driving force 
behind me is the belief that we should 
try to stop the spreading of this, what 
you might say, the size of the club .... As 
of now, I assure you, the power that ex
ists in the arsenals, certainly of our own, 
and we know of Russia's, is such a tre
mendous thing that I don't think that 
testing will necessarily make destruction 
more likely, I mean of your enemy or of 
yourself. I don't mean enemy; I mean of 
anyone, any nation, or this one . ... If we 
continue to do that [test], others are go
ing to test in the fields we have already 
covered, you see, and finally there will 
be any number of nations that have it, 
and I think it ought to be stopped." 

The President had just issued a joint 
statement with British Prime Minister 
Macmillan declaring their readiness to 
"institute a voluntary moratorium of 
agreed duration" on small underground 
tests if two conditions are met: (l) that 
a treaty be concluded with the U.S.S.R. 
to ban surface and large underground ex
plosions and to provide for "an adeqnate 
quota of on-site inspections"; (2) that 
arrangements be made "for the purpose 
of progressively improving control meth
ods for events below a seismic magnitude 
of 4.75" (equivalent to an unmufHed un
derground explosion of about 19 kilo
tons of TNT). 

In the following weeks it became ap
parent that official U. S. opinion is not 
unanimous on the subjects of suspension 

SCIENCE AND 
and control. "Many responsible officials 
in the U. S. Government-particularly in 
the Atomic Energy Commission and 
in the Defense Department-view the 
decision [of the President and Prime 
Minister] with pessimism and alarm for 
several reasons," reported The New York 
Times. Joseph Alsop in the New York 
Herald TTibune quoted A.E.C. chairman 
John A. McCone as saying: "If their 
word is good, then our position of nucle
ar superiority is secure. If the Soviet's 
word is not good, the past 18 months will 
have given them time to catch up in nu
clear weapons development. Another 
two or three years would place them well 
ahead of us." As to the advances in weap
ons that can be expected from further 
testing, they "are second only to the his
toric advance from the atomic to the hy
drogen bomb." 

The Joint Congressional Committee 
on Atomic Energy conducted hearings 
to air "the available facts" as to "various 
technical problems that may or may not 
exist in the operations of an adequate 
control and detection system. " More 
than 20 scientific witnesses presented 
their views. Summarizing the hearings, 
the Committee declared: "It appears 
from the testimony that for the next sev
eral years at least it will not be possible 
to identify underground events whose 
seismic signals record the equivalent of 
a nonmufHed explosion of 20,000 tons 
or less, although they may be detected. 
Further, it appears that for this same 
time period it will not be possible to de
tect mufHed tests of 100,000 tons or 
more set off deep underground in large 
cavities. Therefore, it seems that for the 
next several years onward there could 
be a race between improved means of 
detection and identification as against 
improved means of concealing and 
mufHing nuclear tests." 

Newspaper reports of the testimony 
emphasized that both Edward Teller, 
who has opposed the cessation of testing, 
and Hans A. Bethe, who has favored it, 
agreed that the original network of 180 
seismic stations, proposed by an experts' 
conference in 1958, is now inadequate. 
Bethe was said to have "advocated" a 
GOO-station network in the U.S.S.R. 
alone (as compared with 21 stations 
contemplated in the original scheme). 

After the hearings an expanded U. S. 
program of research on seismic detec
tion methods, known as Project Vela, 
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THE CITIZEN 
was announced by the White House. 
During this year and next about $76 
million will be spent on "increased basic 
research in seismology, procurement of 
instruments for a world-wide seismic re
search program, development of im
proved seismic instruments, construction 
and operation of prototype seismic de
tection stations, and an experimental 
program of underground detonations en
compassing both high-explosive and, 
where necessary, nuclear explosions. " 
The nuclear explosions will "produce no 
radioactive fallout. " 

In a speech before the Philosophical 
Society of Washington, Bethe, who is 
professor of physics at Cornell Univer
sity and a former member of the Presi
dent's Science Advisory Committee, re
viewed the detection problem. He point
ed out some of the practical questions 
raised by the large cavity: the only 
"reasonable " way to make it is by wash
ing out a salt dome; this would take two 
and a half years and cost $10 million for 
a hole big enough to hide a 20-kiloton 
explosion; the washed-out salt could be 
detected in any river into which it is 
dumped; salt domes, especially ones ac
cessible to rivers or oceans are not very 
common, and so on. Bethe concluded: 
"So I really think that the big hole is not 
quite as easy as it sometimes is repre
sented to be. " 

As to his "advocacy " of a 600-station 
net in the U.S.S.R., he had mentioned it 
"only in order to show that the detection 
system is technically-technically, not 
politically-capable of dealing even with 
the newly decoupled shots. " Such a net 
"would be able not only to detect but to 
identify explosions of 20 kilotons carried 
out under the extreme decoupling. " 

However, Bethe added, "I really think 
that we are all behaving like a bunch of 
lunatics to take any such thing as the big 
hole seriously . . . .  The opponents of a 
test-cessation agreement have forced us 
into considering more and more, and 
smaller and smaller, technical details 
which become more and more absurd . 
. . . I think the problem is not a technical 
problem; [it is] a political problem. " 

At present, Bethe continued, the U. S. 
has "nuclear weapons of all sizes and 
shapes: heavy ones and particularly light 
ones. There is, in my opinion, very little 
of military value that we do not have. " 
The U.S.S.R., being less advanced in 
nuclear-weapons technology, has more to 

Picture-in-a-minute photomicrography 
with the AO METALLOGRAPH 

focus . . •  SNAP IT 

SEE IT . .  in just 60 seconds 
With the AO Metallograpli you perform every operation while sitting comfortably at 
a modern desk. You can take notes, change magnifications, orient specimens, make expo
sures, all with unbelievable speed and ease. A coupled visual and photographic system 
makes photomicrography easy and routine. 

AO's "Workhorse" Metallograph combined with the Polaroid Land Camera back gives 
you photographic prints in JUSt 60 seconds. A truly unbeatable combination for quick, 
precise visual observations and "picture-in.a-minute" photomicrography. 

While you examine the specimen through the eyepieces the image 
'
at the fiim plane is 

focused automatically. You simply snap the shutter ... see the Polaroid print in just 60 
seconds. This photographic record is permanent, can be filed for review anytime, anywhere: 

The Metallograph camera aperture also will accommodate a regular 5" x 7" fixed camera 
back. In addition to 5" x 7" film, you can use 4" x 5" and 3�" x 4�" plates or cut film by 
means of adapter film or plate holders .. For further information mail handy coupon. 

r-----------------------------------� 
I Dept. F178 I 
I Amerl" can Optl· cal 0 Please send me complete information on the AO I 
I "Workhorse" Metallograph and accessories. I 
I � Company Name I 
I Address I 
I INSTRUMENT DIVISION, IUff"LO ts, NEW YOftK City Zone __ State___ I 
�-----------------------------------� 
IN CANADA write-American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 
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NEW 
JEDRECIT§[ON 

for your films 

NEW 

Elc)L-E::� 
H-16 REFLEX! 

New Variable Shutter Adds 
Exposure Control to 16mm Movies 

CONTROL EXPOSURE more precisely 
than ever before-cut down glare . . . 
sharpen fast-action subjects ... and wash 
out unwanted backgrounds. Makes possi
ble perfect fades and lap dissolves. 

SHOWN ON CAMERA is the REXO-
FADER, a fading �:::;;;��r1Il11rl device that automat
ically times fades for 
pre-set number of 
frames. Optional at 
$37.50. 

WITH THE BOLEX REFLEX SYSTEM:, 
you view and focus through the shooting 
lens. No parallax, no figuring distance. 
Insures exact centering of subject in mac
rophotography-field scenes without a 
doubt about focus. 

OTHER H-16 REX FEATURES: gov
erned speeds from 12 to 64 fps, footage and 
frame indicators, time exposure setting, 
plus over 10 other professional extras as 
standard equipment. Priced from $400.00 
with Lytar I" F/l.S lens. Lenses shown 
are optional at extra cost. Available on 
convenient terms; write today for litera
ture and the name of your Bolex dealer. 

A II prices include Federal Excise Tax where 
applicable. 

PAILLARD Incorporated 
100 Sixth Avenue, New York 13, N.Y. 
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gain than the U. S. from a continuation 
of testing. If the U.S.S.R. wished to de
velop small, tactical weapons, it would 
be better advised to accept the U. S. pro
posal to allow small tests rather than to 
undertake the necessary long series of 
tests clandestinely. In fact, Bethe be
lieves, if negotiations break down, the 
Russians will not test small weapons but 
large thermonuclear weapons. "These 
are the ones which threaten our home
land." 

The supremely important goal is to 
reach agreement on limitation of arma
ments. A test ban would constitute a first 
step. "We have the Russians in a frame 
of mind now where they are quite will
ing to talk about such matters . . . .  But 
how can we expect the Russians to be 
willing to negotiate, or to agree to other 
measures of disarmament which might 
be more far-reaching and might be more 
important for the peace of the world 
than this one, if already in this little one, 
where we risk so very little, we are as 
sticky as we have been?" 

Atoms for Peace Awards 

The Atoms for Peace awards for 1959 
and 1960 were presented last month 

to four U. S. physicists for their con
tributions to the development of the nu
clear reactor. Leo Szilard and Eugene P. 
Wigner received the 1959 award, and 
Walter H. Zinn and Alvin M. Weinberg 
the award for 1960. Each received 
$37,500 and a gold medal. 

Together with the late Enrico Fermi, 
Szilard, now professor of biophysics at 
the University of Chicago, received a 
patent on the first atomic pile. Wigner, 
a former director of the Oak Ridge Na
tional Laboratory, is professor of physics 
at Princeton University. Weinberg is 
now director of the Oak Ridge National 
Laboratory, and Zinn, who formerly di
rected the Argonne National Laboratory, 
is vice president of Combustion Engi
neering, Inc. 

Stunt Man in Space 

" putting a man in space is a stunt: the 
man can do no more than an instru

ment, in fact can do less." So said Van
nevar Bush, chairman of the Board of 
Governors of the Massachusetts Institute 
of Technology, in a statement to the 
House Committee on Science and Astro
nautics. "There are far more serious 
things to do than to indulge in stunts. As 
yet the American people do not under
stand the distinctions, and we in this 
country are prone to rush, for a time, at 
any new thing. I do not discard com-

pletely the value of demonstrating to the 
world our skills. Nor do I undervalue the 
effect on morale of the spectacular. But 
the present hullabaloo on the propagan
da aspects of the program leaves me en
tirely cool." 

In general Bush believes that "we are 
overemphasizing" space research as com
pared with "other possible programs 
which might be carried on at the same 
cost, and at the same utilization of our 
all-too-limited scientiflc and engineering 
talents." He observed that of "all the vast 
sums" the U. S. spends on research only 
6 to 8 per cent are put into basic investi
gations "upon which our prosperity and 
stature in the next generation may in
deed depend. " 

CHEM Study 

Following the lead of their colleagues 
in physics and mathematics, U. S. 

chemists have now set up a large-scale 
project to revise high-school chemistry 
teaching. The program, known as the 
Chemical Education Materials Study 
(CHEM) gets under way this month 
with a meeting of 20 to 30 high school 
and college teachers at Harvey Mudd 
College in Claremont, Calif. The group 
will spend six weeks preparing new text 
and experimental material for presenta
tion to some 30 high-school teachers in 
August. If this material is deemed satis
factory, it will be released to selected 
schools throughout the country for a trial 
during the 1960-61 school year. Later 
the group will also prepare instructional 
films and monographs on selected topics. 

The CHEM study is a joint project of 
the University of California and Harvey 
Mudd College. Glenn T. Seaborg, Nobel 
laureate in chemistry and chancellor of 
the University of California, is general 
chairman of the program's steering com
mittee. J. A. Campbell, head of the 
chemistry department at Harvey Mudd 
College, will direct the study. It is being 
financed by a grant from the National 
Science Foundation. 

Organic Semiconductors 

T ransistors and other semiconductor 
devices may shortly be made of plas

tics, according to a report in Materials in 
Design Engil1eering. Although most or
ganic materials are ordinarily insulators, 
writes Walter Brenner of New York Uni
versity, some of them can be made semi
conductive when their atomic structure 
is altered by heat treatment or ionizing 
radiation. 

By irradiating the polymer of acryloni
trile with gamma rays and then heating 

© 1960 SCIENTIFIC AMERICAN, INC



COUNTER-COUNTERMEASURES 

... accentuate the positive ... eli mi nate the negative 

Effective air defense requires high resolution for raid 
analysis and accurate tracking data for weapon 
control. Enemy jamming is intended to degrade 
resolution and accuracy, and saturate the data 
processing system. 

Bendix, as a prime supplier of the "radar eyes" of 
air defense, is developing new radar and data process
ing techniques to permit weapon assignment and con
trol in the face of such enemy jamming. A special 
simulation facility has been developed at the Bendix 
Systems Division to evaluate new techniques and 
concepts in real time. Both automatic and semi-

automatic methods are being tested. The purpose of 
the facility is to establish the optimum balance of 
man and machine functions. 

This Air Force program involves system analysis, 
equipment evaluation, computer design, human 
factors, and operations research. The results of the 
investigations are being used as a basis for planning 
future Air Force programs. It is typical of advanced 
systems programs being carried out by the Bendix 
Systems Division. Better engineers and scientists 
interested in pioneering systems of the future are 
invited to join this growing team. 

Bendix Systems Division T�ncf� 
ANN ARBOR, MICHIGAN CORPORATION 
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What's new in .. CRYOGENICS 
• . •  an Informal report from da ��. I 

... INCORPORATED J 
"Sun gas" returns to stay 

Helium today is making a dramatic 
comeback for a gas that was once con
sidered down for the count. Reasons 
for its resurgence-vital jobs that 
helium, and only helium, can perform 
in a variety of fast-moving fields ... 
and the successful development of 
new processes and equipment that 
make it readily available by the ton. 

Discovered on the sun in 18 68, on 
earth in 1895, helium was still a low
quantity item in the 1940's, though it 
had gained some prominence as a non
flammable lifting agent for U.S. dir
igibles and blimps. Then metal fabri
cators discovered in helium an ideal 
atmosphere for arc-welding magne
sium, incendiary when welded in air. 
Today helium helps weld many light
weight, high-strength metals, includ
ing aluminum and titanium. Taking a 
cue from the welders, manufacturers 
use corrosion- and oxidation-resistant 
helium atmospheres in making semi
conductors, processing zirconium and 
titanium, degassing metals. Our liquid
fuel space rockets take advantage of 
helium's light weight (about Ys that of 
oxygen) to get effective fuel tank 
pressurization and carry higher pay
loads. But helium's inertness and 
light weight are today among its more 
prosaic properties. 

Heat-loving cold maker 

Helium is remarkably eager to absorb 
heat, and is a superior transfer agent. 
Add its stubbornness against contami
nation by radioactive particles and you 
get a superior coolant for nuclear re
actors. Liquefy it and you have the 
coldest cold man knows-just seven de
grees (F) shy of absolute zero. Helium's 
cold is even now opening new doors in 
electronics, by cooling solid state de
vices and superconductors to the 
point of peak performance. And in the 
lab, helium is helping to slow molec
ular motion down to a crawl, giving 
us our first looks at free radicals, chemi
cal reactions and physical phenomena. 

Helium is uncommonly apt at pene
trating things. Its viscosity of 1.24 
micropoises (about 8,000 times less 
than water) and its small molecular 
size get it through holes you can't see 
without a microscope, makes it a de
pendable leak detector for nuclear re
actors, high-vacuum and high-pressure 
vessels. (It even goes through glass.) 
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And researchers are seeking new ways 
to take advantage of all these proper
ties plus helium's high heat- and sound
conductivity (among gases excelled 
only by hydrogen) ... its very low 
ionization potential ... and its low, 
unexcelled refractive index. 

Production doubled in one year 

Late in 1959, under a crash program 
for the Bureau of Mines, a high
efficiency plant that extracts (from 
natural gas) and purifies a million cubic 
feet of helium daily was designed, built 
and placed in operation at Keyes, 
Okla., doubling U.S. capacity to keep 
pace with greatly increased demand. 
Ultra high-speed turbo expanders, pro
v i d ing efficient refrigeration a t  
- 3 20°F, were the keys t o  success of 
the new process. With helium gas 
supply boosted, the next challenge

actually a refrigeration problem of the 
highest order-was commercial-scale 
liquefaction. A few seconds with a 
Carnot cycle work curve show that 
helium liquefaction demands over 5 
times the refrigeration it takes to 
liquefy hydrogen (no mean feat itself), 

30 times that required for oxygen. 
And equipment design is ultra-critical, 
for helium's low latent heat of 39.6 
BTU per Ib-mol (only 10% that of 
hydrogen, 1.35% that of oxygen) 
means that excessive heat leakage 
would make liquefaction impossible. 

We recently completed for the Navy a 
mobile liquefier (shown above) that is 
now turning out more than 35,000 
cubic feet per day ... built another 
unit that we operate ourselves. These 
pave the way for larger units, and for 
research on transportation and stor
age ... open new frontiers for ultra
low-temperature exploration. The 
"sun gas", at last, has found its place 
in the sun. Air Products, Inc., 
Allen town, Pa. 

it, workers in the U .S.S.R. claim to have 
developed a semiconductor that can op
erate at much higher temperatures than 
germanium can. At Bell Telephone Lab
oratories the heat treatment of polysty
rene and other substances has yielded 
semiconductors with similar thermal 
stability. Some of the materials offer the 
further advantage, for certain applica
tions, that they are transparent. 

Some organic semiconductors have 
additional valuable properties. Charge

. transfer complexes (substances formed 
by the loose coupling of electron-donat
ing and electron-accepting molecules) 
generate a voltage when heated. In one 
of them the effect is roughly seven times 
stronger than in bismuth telluride, which 
is presently used in many thermoelectric 
devices. Crystalline organic compounds 
such_as naphthalene produce a voltage in 
response to light, and thus may find ap
plications in detecting-devices and in 
solar batteries. Biologists are also inter
ested in light-sensitive organic semicon
ductors. Evidence is accumulating that 
both chlorophyll and proteins are such 
materials, and that semi conduction plays 
an important role in photosynthesis and 
protein chemistry. 

Galactic Gas 

Recent observations by astronomers at 
Mount Wilson and Palomar Observ

atories on the inner part of the Milky 
Way may furnish new insight into the 
forces that rotate galaxies. Guido and 
Luis Munch report in The Astrophysical 
Joumal that they have measured the 
speed of rotation of 18 stars lying 13,000 
to 20,000 light-years from the center of 
our galaxy. The stars apparently move at 
different speeds from those of gas clouds 
in the region. Heretofore it had been 
thought that the gas and stars rotate to
gether. At 20,000 light-years from the 
center, stars move faster than the hydro
gen clouds near them; at 13,000 light
years they move more slowly. Since stel
lar motions are controlled by gravitation
al forces and gas motions by both gravi
tational and magnetic forces, compara
tive studies of rotation should provide a 
better understanding of galactic dy
namics. 

Further details of gas motion have 
been discovered in the Great Nebula in 
Andromeda. In this spiral galaxy Guido 
Munch has found huge, lumpy clouds 
that stream outward from the center of 
the galaxy at about 150,000 miles per 
hour along the plane of the galactic disk. 
These movements are strikingly similar 
to those of hydrogen clouds near the nu
cleus of the Milky Way, detected in radio 
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AT RAYTHEON-

Scientific imagination 
focuses on 

HIGH-TEMPERATURE 

SEMICONDUCTORS 

Silicon carbide, long employed as a refractory for furnaces, 
shows promise as a material for semiconductor operation 
at temperatures up to 1,0000 C. Substances presently used 
as semiconductors-silicon and germanium-fail at 3000 C. 
and 1500 C., respectively. At these temperatures, the ther
mal energies of their electron carriers are too high for satis
factory semiconductor operation. In silicon carbide, the 
carriers have a broader energy gap to bridge in reaching 
conductivity and thus permit semiconductor characteris
tics at high temperatures. 

Crystals of this man-made compound have a cubic (beta) 
or hexagonal (alpha) lattice structure. The highly ordered 

beta phase appears to have more desirable characteristics, 
including greater mobility and lifetime of electron car
riers. Raytheon_ scientists have been investigating crystal 
growth of the beta phase by gaseous reaction and from 
solution. Because crystals for semiconductive devices must 
be of extreme purity, production techniques are far more 
sophisticated than those called for in producing silicon 
carbide for commercial applications. 

Raytheon scientists responsible for these efforts are R. C. 
Ellis, Ir. and Dr. A. H. Smith, who are contributing to 
fundamental knowledge of the morphology and growth 
mechanisms of high-temperature semiconductors. 
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EFFICIENT 

AIR MOVING 

UNITS 

ARE 

�TAILOR 

MADE' 

There's a highly 

advanced technology 

to the business 

of moving air 

efficiently, quietly, to 

precise requirements. It 
takes, for instance, 

upward of a million· 

dollar investment 

in laboratory, 

testing and 

instrumentation, 

in addition to 

development and 

design capabilities 

to tailor the right 
solution of the 

problem to the total 
systems require· 

ment. That's 

the kind of 

capability Torrington 

has. And that's 

why Torrington 

is the world's finest 

in the application of 

the specialized 

Hscience"* of 

creating air moving 

units for the 

full range of electronic, 

airborne and 

military 

applications. 

Cooling thought for 

the day: Keep 

the name in mind. 
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THE TORRINGTON MANUFACTURING COMPANY 

SPECIALTY BLOWER DIVISION Torrington. Connecticut 

observations by the Dutch astronomers 
C. W. Rougoor and Jan H. Oort. Munch 
and Oort suggest that the outrushing 
streams are fed by gas pouring in from 
the corona-a ball of tenuous hydrogen 
that seems to envelop a galaxy-along 
magnetic lines of force. 

Coming in out of the Radiation 

�though it is commonly supposed that 
high-energy radiation cannot be 

felt, a few individuals have reported tin
gling or burning sensations during ex
posure to large doses of radiation. Now 
two workers at the National Cancer In
stitute have demonstrated that mice ap
parently feel and shun a high-energy x
ray beam. When the animals were 
placed in a cage that was shielded on 
one side and open to the X-ray beam on 
the other, they exhibited a strong pref
erence for the sheltered area. The mice 
usually began avoiding the open side 
after receiving a dose of 300 to 400 
roentgens, the rapidity of their response 
increasing with the rate at which the 
radiation was delivered. 

Describing the experiments in Pro
ceedings of the Society for Experimental 
Biology and Medicine, Howard L. An
drews and Louis M. Cameron say they 
do not know how the mice detect X-rays. 
The experiments were designed to rule 
out radiation-induced fluorescence or gas 
products as sensory cues. 

Lunar Organic Chemistry 

�though it is highly unlikely that there 
is life on the moon, the nearest tar

get of space explorers probably does 
contain a layer of organic molecules, 
formed in its early atmosphere and now 
buried in dust roughly 10 meters below 
the surface, according to calculations by 
Carl Sagan of the Yerkes Observatory. 
Contamination of this material with 
microorganisms or organic matter car
ried by rockets, he writes in the Proceed
ings of the National Academy of Sci
ences, "would represent an unparalleled 
scientific disaster. " 

The author suggests that the early 
moon, like the early earth, probably had 
an atmosphere of methane, ammonia and 
water vapor. The composition may have 
persisted for 10 to 100 million years, 
nourished by gas leaking out from the 
interior. Thus there would have been 
ample time for ultraviolet light and elec
trical discharges to convert some of the 
mixture to organic molecules, including 
amino acids. 

Sagan calculates that enough of this 
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THE IK=I�E OPTICS AND METROLOGY DIVISION 
• Specializing in the conception, development and 
manufacture of optical, mechanical and electronic 
systems for precise measurement of lengths and angles. 

eluding distinguished service to all branches of the 
military on hundreds of important projects. 

• Offering a depth of facilities and personnel sufficient 
to expedite all or any part of any project involving 
optics and metrology - from consultation and basic 
research, through design and development, to quantity 
manufacture. Facilities brochure on request. 

• Specifically formed to meet the exacting optical-and 
metrological requirements of space-age technology. 
• Drawing on more than 90 years of experience and 
leadership in the science of optics and metrology, in-

Electro.Optical Systems: Angle Transducers· Auto·Collimators • Photo·Electric Devices 
Optical Systems: Telescopes· Periscopes· Range-Finders· Collimators· Theodolites 
Optical Components: Prisms· Lenses· Mirrors· Coatings and Filters· Targets and Reticles· Graduations, angular and linear 
Optical Tooling and Industrial Alignment Equipment 
Radar and Missile Alignment Systems 
Precision Mechanical Components 

[C0PTICSAND � 
==========VIIVISION = 

KEUFFEL &: ESSER CO. 
Hoboken, N. J. 

�----------------------------� 1_ KEUFFEL & ESSER CO., 0 & M Div., Hoboken, N •. J. 
I Please send me your facilities brochure and further information on the K&E Optics 
I and Metrology Division. 

I Name & TitIe _______________________ _ 

I Company & Address _____________________ _ 

I ---------------------------- .... 
�----------------------------� 
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BISTABLE 
(especially if you' re a t rallsistor drivillg a relay) 

If you've been toying with the idea of 
using a transistor circuit to drive a relay, 
here are some facts of life that may save 
you grief later on.The watchword is bistable 
operation - particularly with regard to the 
transistor. 

What can make a mess of an otherwise 
compact, cool, low standby· power tran· 
sistor is a driving circuit that leaves the 
little pill neither saturated nor cut off. The 
transistor is then very apt to become an 
unstable, variable gain amplifier, when it 
should be taking a firm stand in favor of 
either" on" or "off". The thing to do is 
design the input circuit properly so that it 
is responsible for the transfer from one 
stable state to the other. (The Schmitt 
trigger circuit is an excellent for instance.) 

Once you've got the transistor operating 
as a flip. flop and not as an amplifier, a good 
relay to use is a bistable type. Then the 
relay simply monitors the condition of the 
driving circuit, and success is practically 
around the corner (maybe). Magnetic 
latching relays are just such switches
and they have the added advantage of need· 
ing no standby power. Naturally, we have 
all sorts and kinds which all carry the 
designation "Form Zzzzz." 

You won't be completely out of the 
woods, however, until you've given some 
thought to (a) operating speed and (b) 
nature of the transistor load. As for the 
former, you may be on the verge of tran
sistorizing a tube-relay circuit and wonder 
why, all else being equal, the relay will 
operate slower from transistors. Although 
the transistor will do all sorts of wonderful 
things on less power, one thing it won't do 
on less power is hurry the relay. The remedy 
is adding some external resistance and rais
ing the source voltage - or lowering the 
impedance of the relay. As for the load the 
transistor must switch, it is well to remem· 
ber that if it's inductive (and a relay coil is) 
and the energy cannot be safely dissipated 
in the transistor, you'd better find another 
outlet. The lack of "arc suppression" in 
transistor circuits, when needed, may not 
produce juicy blue sparks but the result is 
the same - quite rapidly. 

Some of our application engineers are 
notoriously bistable, and depending on 
which state they are in when they hear from 
you, will undoubtedly send you either ( + ) 
circuit design ideas (based on the use of a 
Sigma relay) or ( -) some zzzzz -inducing 
printed material on bistable applications. 
Zatisfaction guaranteed. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl Street, So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939) 
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material fell to the lunar surface to make 
up a layer as dense as 10 grams per 
square centimeter. If the molecules had 
not later been buried by dust created by 
meteorite impacts, radiation from the 
sun and space would have destroyed 
them; but first it would have caused 
some of them to link together in large, 
organic molecules such as polypeptides. 
These too may now lie buried along with 
the smaller molecules. 

Study of lunar organic matter should 
throw light on such problems as the early 
history of the solar system, the chemical 
composition of matter in the remote past, 
the origin of life on earth and the possi
bility of extraterrestrial life. But only if 
the stuff is not devoured by terrestrial or
ganisms or hopelessly mingled with non
living terrestrial material. "Because of 
the moon's unique situation as a large, 
unweathered body at an intermediate 
distance from the sun, scientific oppor
tunities lost on the moon may not be re
coupable elsewhere," Sagan points out. 

Journalistic Flood 

� a recent conference in London sci-
entific editors, publishers and librar

ians debated how to protect themselves 
against a growing deluge of journals. A 
report of the meeting in Nature stated 
that the number of journals received by 
the British Science Museum Library is 
increasing at the rate of about 700 per 
year, or almost two new journals per day. 
With new research institutions spawning 
in China, Japan and elsewhere, the fig
ure will probably go up to 1,000 per 
year. 

The Rood was variously blamed on ir
responsible publishers, on an increase in 
research and on small institutions that 
hope to acquire good journals free, in ex
change for their often almost-worthless 
publications. But the greatest share of 
the blame fell on the scientists them
selves, and particularly on "the habit of 
some workers of publishing the same ma
terial several times, .. . first in a prelimi
nary communiCation, then in various pa
pers in national and international jour
nals and again, with minor modifications, 
in congress reports and symposium vol
umes." 

Apparently the increase in publica
tions has not led to a corresponding in
crease in reading. A survey was cited in
dicating that few scientists regularly 
read more than three or four journals. 
One delegate wondered whether science 
would suffer if workers were licensed to 
publish only one paper and one prelimi
nary report per year. 
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Tenite Polyethylene Color Concentrates 

Uliving color" to polyethylene 
Tenite Polyethylene Color Concentrates are pellets of 
polyethylene containing quantities of coloring agents. 
Available in an unlimited range of colors, these 
concentrates enable molders and extruders to color 
polyethylene economically, uniformly and 
brilliantly. If you produce products of polyethylene, find out 
how Tenite Polyethylene Color Concentrates can give 
them "living color." Write for information to: 
EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 

POLYETHYLENE 
an East:c:nan plastic 
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At 001100"'018 GMT, May 1, 1960, 

Martin logged its 523,692,000th mile 

of space flight 

ICBM HARD BASE: 

This mammoth excavation, somewhere 

in the United States, will soon be a 

"hard base" -an almost invulnerable 

underground launch site for the
' 

Air 

Force TITAN Intercontinental Ballistic 

Missile. 

It is an important element in the 

United States Air Force Strategic Air 

Command's mission-to prevent war. 

The job of this TITAN hard base

and the others like it-is to insure that 

we will have such devastating retalia

tory power, even under concentrated 

nuclear attack, that no enemy will con

sider war. 

Bases such as this cannot be built 

overnight. It is a credit to the foresight 

of our military planners that the bases 

will be operational concurrent with the 

TITAN ICBMs now in production at 

Martin-Denver and undergoing ad

vanced tests at Cape Canaveral. 
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FERRITE CRYSTAL·LATTICE is shown in three dimensions at 
top. Large spheres represent oxygen atoms; small shaded red cir· 

cles, so·called A sites; blue circles, B sites. (Colored spheres repre· 

sent metal atoms in the sites.) Below is a typical group of four 

oxygen atoms around an A site (middle) and of six oxygen atoms 

around a B site (right).  Corresponding groups in the cubical lat

tice are hatched and tinted. At lower left the lattice is seen edge. 

ou. The circles outlined in gray are behind those outlined in black. 

© 1960 SCIENTIFIC AMERICAN, INC



FERRITES 
These iron oxide materials combine substantial magnetic strength 

with extremely high electrical resistance. Electrical engIneers 

are using theTn In the design of revolutionary microwave devices 

T
he first magnetic material known 
to man appears to have been lode
stone. It was with this iron oxide 

mineral (now commonly called magnet
ite) that the Greek philosopher Thales 
made the earliest recorded observations 
on magnetism in about 600 B.C. There
after lodestone remained a curiosity. 
Much stronger magnets could be made 
of certain metals: iron, nickel and cobalt 
and their alloys. 

In the past decade, however, magnetic 
oxides have dramatically emerged from 
obscurity. These materials are in large 
part responsible for a postwar revolution 
in electronics, particularly in the bur
geoning field of microwave electronics. 
They have helped extend standard elec
tronic techniques to the manipulation of 
higher and higher frequencies. And they 
make possible a group of entirely new 
devices that no one had ever considered 
possible-strange devices that seem on 
first consideration to violate fundamen
tal laws of electromagnetism. 

Magnetic Insulators 

All these benefits arise out of one sim
ple fact: A magnetic oxide is both a rea
sonably strong magnet and an electrical 
insulator. Why is this combination so po
tent? The answer is implied in the word 
electromagnetism, which indicates how 
intimately the phenomena of electricity 
and magnetism are associated. On the 
one hand, the association is responsible 
for almost every useful application of 
electricity. On the other, its very intima
cy eventually sets a limit to what can be 
done. It is by the partial isolation of elec
trical and magnetic effects that the mag
netic oxides have pushed back the tech
nological limits. 

Consider the archetype of electromag
netic devices: the transformer. It consists 
essentially of two coils of wire, one called 

by C. Lester Hogan 

the primary and the other the secondary, 
which are separate but close together 
[see illustration on next page]. When an 
alternating electric current flows through 
the primary coil, it sets up a pulsating 
magnetic field, part of which passes 
through the secondary. (In the illustra
tion the field is represented by imaginary 
lines of force. It is useful to think of the 
lines as actually existing. Then the num
ber of lines in any region, or the flux 
density, as it is called, is an index of the 
strength of the field in that region.) As 
the lines of force enter or leave the sec
ondary, they induce a voltage, which 
sends a current through the circuit con
nected to the coil. 

The efficiency of the energy transfer 
depends on the number of lines of force 
that thread the secondary. If the coils are 
separated simply by air, the primary 
field spreads out in all directions, and 
comparatively few of its lines get into 
the secondary. But if the two coils are 
wound around a core of a magnetic ma
terial such as iron, the field is almost en
tirely concentrated in the core and is 
therefore within the secondary. Thus the 
iron acts as a magnetic conductor: lines 
of force pass more easily through it than 
through air. Added to this effect is a sort 
of amplifying action. The tiny atomic 
magnets of which the iron is composed 
swing parallel to the field and thereby 
add their lines of force to those produced 
by the primary coil. 

The ability of iron to concentrate and 
reinforce magnetic fields is seriously 
limited, however, by the fact that it is a 
good conductor of electricity. The alter
nating primary field induces a voltage in 
the core, just as it does in the surround
ing secondary coil. Because the iron is 
an electrical conductor, circular currents 
like those in the secondary coil also flow 
in the core [see top illustration on page 
95]. Known as eddy currents, they create 

magnetic fields of their own. And the di
rection of the secondary field always 
tends to oppose that of the primary field, 
partly canceling it. To put it another 
way, the eddy currents tend to keep the 
primary field out of the iron. Further
more, they steal energy from the primary 
circuit and dissipate it in useless heating 
of the core. 

Now the size of an induced voltage 
depends not only on the strength of the 
primary field (the number of lines of 
force) but also on the rate at which the 
field ebbs and flows. This in turn de
pends on the frequency of alternation of 
the primary current. The higher the fre
quency, the stronger the inductive ac
tion, and hence the stronger the eddy 
currents. Thus as the frequency is in
creased, the effectiveness of iron or other 
metallic cores drops off. 

To combat eddy currents, transformer 
cores are usually made of thin sections 
of metal jOined by an insulating glue. 
This breaks up the electrical circuit 
around the core. For "low" frequencies, 
from the 60-cycle-per-second current in 
power lines to the 100,000-cycle alterna
tions of the regular radio-broadcast 
band, lamination is reasonably effective. 
As the frequency goes up, however, eddy 
currents within each thin section grow 
so large that again the primary field is 
substantially canceled in the core. The 
maximum usable frequency can be ex
tended further by making cores of tiny 
metal grains, pressed together and held 
by an insulating binder material. But 
eventually, in the range of millions of 
cycles (megacycles) per second, the 
same effect appears within the individ
ual particles. Furthermore, the insulating 
glue separates the particles not only elec
trically, but also magnetically. This tends 
to prevent the individual atomic magnets 
from acting together to multiply the field 
strength. At very high frequencies a 
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TRANSFORMER consists essentially of two coils of wire (black 

lines). A n alternating current is sent through one coil, called 

the primary (left). An alternating magnetic field (colored ar· 

rows) from the primary cuts the turns .of the secondary coil 

(right), inducing an alternating voltage. If the coils are separated 

hy air (top) , the primary field spreads widely and only a small 
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portion cuts the secondary coil. By inserting a core of magnetic 

material (bottom), the field is concentrated so that more lines of 

force thread the secondary. In addition, the atomic magnets in the 

core align themselves with the primary field, adding their own 

lines of force (thin arrows) to those set up by the primary. The 

stronger the field cutting the secondary, the higher the efficiency. 
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powdered core is hardly any better than 
no core at all. 

A more direct attack on the problem 
would be to use magnetic materials that 
simply do not conduct electricity; in 
short, to use magnetic oxides. Strictly 
speaking, magnetic oxides are not per
fect insulators; no material is. But their 
resistance is so high-billions or even 
millions of billions times higher than that 
of metals-that even very large voltages 
produce negligible currents in them. 

Magnetic Crystals 

The secret of the magnetic strength, 
as well as of the high resistance, of these 
materials lies in their crystal structure. 
Several types of magnetic compound, 
each having valuable new properties, 
have been developed in the past few 
years. The simplest type, and the one in 
widest use, is called the ferrite. Lode
stone, or magnetite, is a natural iron fer
rite. Its chemical formula is Fe++ Fe?+++ 
04--, This gives the proportions of

-
its 

composition: one doubly ionized or diva
lent iron atom (Fe++), two triply ionized 
or trivalent iron atoms (Fe? +++) and four 
doubly ionized oxygen atori1s (°4--), All 
ferrites contain the trivalent iron ions 
and the oxygen ions in the ratio of two 
to four. The divalent ion can be of any 
metal whose atom is small enough to fit 
into the crystal lattice. Thus the general 
formula of a ferrite is X++ Fe+++ 04--' X 
representing an atom of such a metal as 
hon, nickel or zinc. 

By itself the formula tells very little 
about the interesting properties of fer
rites. It does indicate, however, why 
they have high resistance. This is be
cause the crystals are ionic: the metal 
atoms have transferred some of their 
electrons to the oxygen atoms. The result 
of this exchange is to fill completely the 
lower of the energy bands in which, ac
cording to quantum theory, the electrons 
can lie. They have no room to move with
in the band, and they are separated from 
the next available level by a wide "for
bidden" gap of energy. Very high volt
ages are required to lift even a few of the 
electrons into the conducting region. 

As to magnetic strength, it arises, as 
always, from the magnetism of spinning 
electrons. Most of the electrons in any 
atom are grouped in pairs; the electrons 
in each pair spin in opposite directions 
and therefore cancel each other's mag
netism. Some atoms, notably those of 
the so-called transition metals-manga
nese, iron, nickel, cobalt and so on-con
tain one or more unpaired electrons, and 
therefore have a net magnetism. 

The effect of such atomic magnets on 
the properties of a crystal of which they 
are a part depends on the force between 
them. In some crystals the coupling be
tween magnetic atoms is quite weak. At 
room temperature the energy of thermal 
vibration is sufficient to overcome the 
force, and the magnetic units are ori
ented entirely at random [see illustmtion 
at top left on next page]. Unless there is 
an external field to pull the atoms into 
line, these crystals exhibit no magnetism; 
they are said to be paramagnetic. 

In other solids magnetic atoms are 
much more strongly coupled, and unless 
the temperature is too high, each atom 
assumes a fixed direction with respect to 
its neighbors. (If the temperature is 
raised sufficiently, thermal vibrations 
will eventually overcome the coupling 
force. The point at which this happens 
for any magnetic material is known as its 

\\ 
\ \ ) ) 

// 

Curie temperature.) Depending on the 
type of interatomic force, the neighbor
ing atomic magnets are either parallel or 
antiparallel. In the first instance all the 
units point the same way, giving rise to 
a strong external magnetic effect; the 
material is said to be ferromagnetic. Ac
tually all the atoms in a ferromagnetic 
crystal do not ordinarily point in the 
same direction. The crystal is usually 
subdivided into small "domains," each 
magnetized in a different direction [see 
"Magnetic Materials," by Richard M. 
Bozorth; SCIENTIFIC AMERICAN, Janu
ary, 1955]. A sufficiently strong external 
field can pull all the domains into line, 
and then the ferromagnet is saturated, 
or as strongly magnetic as it can be. 

If the coupling is of the type that 
aligns adjacent atoms antiparallel to 
each other, and if all the atoms have the 
same strength (the same number of un-

EDDY CURRENTS (curved gray arrows at top) are set up in conducting magnet·cores 

by the alternating primary field. To help prevent these unwanted currents the core can be 

made of separate thin laminations, held together by an insulating binder ( bottom). 
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paired electrons) , then their magnetism 
cancels; the crystal is antiferromagnetic. 
However, the little magnetic units may 
not all be of the same kind. Then they 
may have different strengths, and al
though they are oriented so as to offset 
one another, they give rise to a net mag
netic effect. Crystals of this type are 
called ferrimagnetic. Ferrites and other 
magnetic oxides are ferrimagnets. 

Clearly a ferrimagnet must be weaker 
than a ferromagnet containing the same 
kind of magnetic atoms. The strongest of 
the ferrites has only a third the saturation 
strength of pure iron. Hence ferrites are 
not used in devices such as power trans
formers, which must carry a great deal 
of magnetic energy. In the low-power 
applications to which they are suited, 
however, ferrimagnetism is a distinct 
benefit, making them much more versa
tile than metallic magnets. 

The Ferrite Lattice 

To understand why this is so, one must 
turn to the details of the ferrite crystal. 
If its atoms were big enough to see, it 

would look like a cubical stack of cannon 
balls with billiard balls tucked into some 
of the spaces between them [see illus
tration on page 92]. The cannon balls 
are oxygen atoms and the billiard balls 
the much smaller metal atoms. There are 
different ways in which cannon balls can 
be "close packed" in a cubical box. One 
arrangement, known as cubic close-pack
ing, repeats itself every other layer; that 
is, the balls in the third layer are directly 
over those in the first. This is the pattern 
of the ferrite crystal. (In the other most 
common arrangement the repeat interval 
is three layers high rather than two.) 

As the drawings of the ferrite crystal
lattice show, there are two distinct types 
of pocket among its oxygen atoms. They 
are conventionally labeled A and B. A 
metal atom in an A pocket would have 
four oxygen atoms as its nearest neigh
bors: three in one layer and one in the 
next. In a B pocket it would have six 
oxygens as its nearest neighbors: three in 
each layer. For every 32 oxygen atoms 
(the basic repeating unit, or "unit cell," 
of the lattice) there are 64 A-pockets 
and 32 B-pockets; 96 pockets in all. 

Since there are only three metal atoms 
to every four oxygens, or 24 metal atoms 
per unit cell, the pockets are only a quar
ter filled. Analysis of ferrite crystals re
veals that eight of the occupied sites are 
of type A and 16 of type B. 

In view of the fact that the material 
contains twice as many trivalent iron 
ions as divalent metal ions, and twice as 
many occupied B sites as A sites, one 
might expect to find the trivalent iron in 
n sites and the divalent metal in the A. 
When the divalent metal is zinc, cad
mium or manganese, this is the way the 
atoms are distributed [see top of illustra
tion on opposite page]. It turns out, how
ever, that in the majority of ferrites the 
preferred distribution is one in which 
the divalent metal is in the B site, and the 
trivalent iron is equally divided between 
A and B. Iron, cobalt and nickel ferrite 
have this pattern. Copper and magne
sium ferrite tend toward it, but have 
some divalent ions in both sites, the exact 
distribution depending on the heat treat
ment the material has received. 

The significance of these distributions 
is that strong coupling (which is of the 

TYPES OF MAGNETISM are illustrated schematically. Colored 

arrows represent the direction of magnetization of individual 

atomic magnets. The shaded volumes are single magnetic "do· 

mains" within a material. In paramagnetic material (top left) the 
atomic magnets are weakly coupled to each other and, at room 

temperature, are disordered hy thermal vibrations. In ferro· 

magnetic material (top right) the magnets are coupled parallel 

to each other. In antiferromagnetic material (bottom left) the 

magnets are coupled anti parallel, and there is no net magnetism. 

Ferrimagnetic materials (bottom right) also have antiparallel 

coupling, but the magnets pointing one way are stronger than 

those pointing the opposite way, and the substance is magnetized. 
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antiparallel type) exists only between 
atoms in different types of site: it goes 
from A to B but not from A to A or B to 
B. Thus the magnetic behavior of a fer
rite depends on which of its metal atoms 
are where. Consider a few examples. In 
zinc ferrite the zinc ions are in A sites, 
and all the iron ions are in B sites. The 
zinc ion has no unpaired electrons and 
is not magnetic. Even though the iron 
ions have five unpaired electrons apiece, 
there are no A-site magnets against 
which they can align themselves. They 
are so weakly coupled to each other that, 
at any temperature above minus 269 de
grees centigrade (4 degrees C. above 
absolute zero), thermal vibrations jum
ble them. Hence zinc ferrite is not fer
rimagnetic but paramagnetic. 

In nickel ferrite, on the other hand, 
the nickel is in B sites, and the iron is 
equally divided between A sites and B. 
The iron ions in the two sites, being 
antiparallel, cancel each other's magnet
ism. Therefore the total magnetic 
strength of nickel ferrite should come 
from its nickel ions, which have two un
paired electrons each. Experimental 
measurements agree closely with this 
theoretical prediction. 

Suppose a little zinc is added to nickel 
ferrite, say three atoms per unit cell. 
This means that, of the eight divalent 
ions in a unit cell, only five are nickel 
and three are zinc. Three magnetic ions 
have been replaced by three that are 
nonmagnetic. One might suppose that 
the strength of the ferrite would de
crease. Not at all. The zinc ions locate 
themselves in their preferred position: A 
sites [see bottom of illustration at right l. 
In doing so they displace three iron ions, 
which move over to the B sites, reversing 
their magnetic alignment. Thus the three 
missing nickel ions, with two unpaired 
electrons, have actually been replaced 
by three iron ions, with five. Zinc-nickel 
ferrite is hence a stronger ferrimagnet 
than is the nickel material. 

Molecular Engineering 

The sensitivity of ferrites to the ar
rangement of their atoms, and the natu
ral preference of certain atoms for cer
tain positions, make it possible to manip
ulate the properties of these materials, 
tailoring their crystals to the demands of 
specific applications. Sometimes, for ex
ample, one needs a material that retains 
its magnetism at high temperature, but 
is not too strongly magnetic (to reduce 
certain energy losses) . Nickel ferrite has 
the highest Curie temperature of all the 
ferrites, but its magnetic strength is also 
high. If some trivalent aluminum ions 
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DISTRIBUTION OF METAL IONS in ferrite crystal takes different forms, depending on 

the kinds of metal. In zinc ferrite (top) the nonmagnetic zinc ions ( eight spheres at left) 

occupy A sites, and the magnetic iron ions (16 spheres at right) occupy B sites. Coupling 
between iron ions is weak, and they are not aligned coherently. The material is para

magnetic. Nickel ferrite ( middle) contains magnetic nickel ions in B sites ( two bottom 

rows) , and the iron is divided equally between A and B sites. Nickel·zinc ferrite ( bottom) 

has zinc ions in A sites and nickel ions in B sites, with iron distributed between the two 
sites. The net magnetization ( large arrow at right) is greater than in pure nickel ferrite. 
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PER CENT REPLACED 
EFFECTS OF SUBSTITUTION of metal ions in ferrites are shown in this graph. Nickel· 

zin c ferrite I solid curve) increases in magnetic strength as its nickel ions are replaced 
by zinc iOlls up to aboll! 50 per cent. Further addition of zinc brings other effects into 

play that reduce the strength. Nickel·aluminum ferrite (broken curve) decreases in 

magnetic strength as aluminum ions replace iron. When about 35 per cent of iron has been 

replaced� net nlagnetizalion is zero. More alulninunl reverses direction of lnagnetization. 

are added to nickel ferrite, they settle in 
B sites, replacing an equal number of 
trivalent iron ions. Aluminum is nonmag
netic, so the net magnetization in the B 
sites is decreased, while that in the A sites 
unchanged. Since the preponderance of 
magnetic strength was in the B position, 
the result is to decrease the over-all mag
netism. The process can be carried to the 
pOint where the A and B sites exactly off
set each other, and the material becomes 
anti ferromagnetic. Still more aluminum 
then shifts the preponderant strength to 
the A site, increasing the magnetization 
in the reverse direction [see illustration 
above]. 

This "molecular engineering" has be
come a highly developed art, like French 
cooking. vVitness the following com
pound, which is now in general use: 
Ni�;6 Cu�; Mn�;2 CO�;2 AI�;+ Fe��; O�
The subscript numbers give the prop or-
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tions of the various ions per "formula 
unit" of one divalent and two trivalent 
ions. Basically this substance is nickel
aluminum ferrite, which, as has just been 
shown, combines a high Curie tempera
ture with a relatively moderate magnetic 
strength. The small amount of copper 
permits the material to be compacted, or 
sintered, at a lower temperature. (The 
high firing temperature used in prepar
ing ferrites tends to drive oxygen out of 
the crystals and thus to degrade them.) 
Although no one has yet discovered ex
actly why, the little pinch of manganese 
substantially increases electrical resist
ance. Cobalt reduces the width of the 
magnetic-resonance line, which will be 
discussed later. 

As a final example of the molecular 
su btlety of ferrites, take the case of 
magnetite. This earliest ferrite finds lit
tle application because its electrical re-

sistance, although much higher than that 
of metal, is billions of times lower than 
that of other ferrites. To understand why, 
one must reflect again on the crystal. Re
call that Fe+ Fe2+++ 04-- has the same 
structure as nickel ferrite, with the diva
lent iron in B sites and the trivalent ions 
split between A sites and B. Now suppose 
an electron were to jump from an Fe" to 
a neighboring Fe+" in a B site. The net 
result would be to convert the divalent 
ion to Fe" and the trivalent ion to Fe+. 
In short, it would be as though the two 
ions had simply changed position . 

It has been discovered that, within the 
A or B sites, the distribution of ions in 
ferrites is random. So the interchange of 
a divalent and trivalent iron atom leaves 
the crystal essentially unchanged. Hence 
the interchange occurs rather easily, 
meaning that electrons can move 
through the crystal and conduct electric 
current. In some instances it is desirable 
to have a ferrite with lower resistance 
than usual. The addition of a little dou
bly charged iron does the trick. 

Other Magnetic Oxides 

The possibilities of ferrites were dem
onstrated largely in the brilliant re
searches of J, L. Snoek of the Philips 
Research Laboratories in the Nether
lands during World War II. As soon as 
his work became generally known, physi
cists began to think of ways to make still 
better materials. One obvious direction 
to look was at the rare-earth elements: 
elements 58 through 71 on the periodic 
table. The atoms of these 14 elements 
have the characteristic that an inner shell 
of their electron orbits is only partly 
filled. Moreover, some of the elech'ons in 
the shell are unpaired. Gadolinium, for 
instance, has seven out of the full com
plement of 14 electrons in one of its inner 
shells, all of them unpaired. If gadolinium 
could be substituted for nickel ions in 
nickel ferrite, the magnetic strength of 
the ferrite would be increased by a factor 
of three and a half. 

The rare-earth atoms, however, are 
too large to fit into the ferrite crystal. 
Recently Louis Neel, the French pioneer 
in magnetic theory, and Alten Gilleo and 
his associates at the Bell Telephone Lab
oratories have found another oxide crys
tal, the garnet, which can admit the 
heavier rare earths starting with element 
62 (samarium) ; it can also admit the re
lated element yttrium. (Within each 
group of elements in the periodic table 
the heavier atoms tend to be the smaller, 
because the higher positive charge on 
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their nuclei pulls in the surrounding elec
tron clouds more tightly.) Because of the 
details of their molecular arrangement, 
ferrimagnetic garnets are not more 
strongly magnetic than ferrites, but they 
do possess a number of other superior 
properties. In some applications they are 
beginning to displace ferrites. 

The garnet crystal structure is much 
more complicated than is the cubic ar-

rangement of the ferrites. A unit cell 
contains 24 rare-earth ions, 40 iron ions 
and 96 oxygen ions-160 in all! In this 
array there are three different types of 
site for metal atoms, and there is strong 
antiparallel coupling between the atoms. 
Thus the same sort of shifts that can be 
made in ferrite crystals are possible in 
garnet also. 

A newer group of promising sub-

MEMORY ELEMENT for computers can be made of a ring of ferrite. The ring has two 

possible directions of magnetization, clockwise and counterclockwise, corresponding to 
the digital numbers 0 and 1. At top a ring is magnetized clockwise, and no current 

flows in input coil (left) or output coil (right). In the middle drawing an interrogating 

pulse (square wave) is fed into the input in the direction that produces clockwise mag· 

netization. The magnetization of the ring does not change, and resulting output pulse is 
weak. At bottom an interrogating pulse reverses magnetization, producing a large output. 
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stances is the hexagonal compounds (so 
called because of their crystal architec
ture), developed at the Philips Labora
tories. They are essentially a mixture of 
ferric (trivalent iron) oxide, barium ox
ide and many of the divalent metal oxides 
that go into ferrites. Among the useful 
characteristics of the hexagonal com
pounds is that they strongly prefer to be 
magnetized along a particular direction 
of the crystal. All magnetic materials ex
hibit such asymmetry, but it is unusually 
strong in the new hexagonal oxides. As 
we shall see, this raises their magnetic
resonance frequency. 

Encouraged by the striking successes 
thus far, many laboratories are investi
gating still other ferrimagnetic materials. 
The field is largely unexplored, and im
portant finds can be expected. 

Ferrite Transformers 

Let us now look briefly at some of tlie 
uses to which magnetic oxides have al
ready been put. These uses fall into two 

classes. The first is typified by the trans
former: magnetic oxide cores concen
trate and reinforce magnetic fields that 
alternate at high frequencies, or in gen
eral that change rapidly. For example, a 
television receiver must have a "fly back" 
transformer to pull its electron-scanning 
beam back very quickly to the starting 
line on the picture tube after each hori
zontal sweep. All flyback transformers 
now have ferrite cores. 

The small size of today's portable ra
dios is as much a product of ferrite
cored antennas as of other miniaturiza
tion techniques. A receiving antenna can 
be thought of as the secondary coil of a 
transformer whose primary is the distant 
transmitting antenna. Formerly the an
tennas in portable receivers had to con
tain many turns of wire, wound in a 
good-sized coil to intercept enough ener
gy. With a ferrite reinforcing the weak 
field from the transmitter, the antenna 
can be reduced to a coil no bigger than 
a pencil. Magnetic oxides perform simi
lar functions in the induction coils of 

high-frequency communications equip
ment and in many other standard elec
tronic circuits. 

The oxide materials have made possi
ble a new application of the transformer 
principle in digital computers. Operat
ing on a binary system, in which all 
numbers are expressed in the digits 0 
and 1 and all information is translated 
into yes-no terms, computing machines 
need circuit elements that have two al
ternative states. Any magnetic core is 
such an element: it can be magnetized 
clockwise or counterclockwise. One di
rection represents 0; the other, 1. 

Imagine a tiny transformer core 
threading two coils [see illustration on 
preceding page]. A bit of information 
comes in from the computing circuits as 
a pulse of current on the primary or input 
coil and magnetizes the ring clockwise. 
Now the material retains its magnetiza
tion, "memorizing" the information. To 
interrogate the core later on, a second 
pulse is sent through the input coil. If the 
original pulse was in the opposite direc-

ELECTRON PRECESSES when it is aligned in a permanent mag

netic field (vertical colored arrows), and a rotating field (horizon
tal colored arrows) is applied in its natnral direction of precession 

( left). When the direction of the rotating field is reversed (right), 

the electron ignores it and does not absorb energy. The electron is 
represented by the gray sphere, with the sharply curved arrow 

showing its direction of spin. Shaded cone at left is an imaginary 

surface that is swept out by the precessing axis of the electron. 
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tion, the ring is now remagnetized coun
terclockwise. This reversal of the field 
produces a large voltage-pulse in the 
output, or secondary, coil, announcing 
the fact that the core has been switched 
and that the original magnetization was 
clockwise. If, on the other hand, the 
original input and the interrogating 
pulse are in the same direction, the mag
netization does not reverse, and the field 
through the output coil changes very 
little. The weak voltage-pulse which re
sults indicates that the core was in the 
counterclockwise state. 

To be useful in high-speed computers 
the switching action must be very rapid. 
In metallic magnets a brief pulse gen
erates eddy currents that keep the pri
mary field out of the core. Only ferrites 
and their newer relatives can be 
switched quickly enough. 

Memory arrays in big computers con
tain thousands of tiny ferrite cores. The 
wiring is more complicated than the two
coil system we have described, but the 
underlying principle is not changed. Cir
cuits employing magnetic cores can also 
add and carry out other logical opera
tions. Now under development are more 
sophisticated devices that combine sev
eral functions in a single unit. They con
sist of ferrite plates with many holes, 
through which various windings can be 
threaded. These arrangements can trans
late information into digital form, chang
ing decimal to binary numbers and vice 
versa, and can perform many other valu
able tricks. 

All the applications described so far 
share a common element: The magneti
zation of the materials follows the al
ternations, or sharp reversals, of an in
put field. Magnetic oxides can do this at 
much higher frequencies than can other 
materials. The best of them can do so at 
several hundred megacycles per second. 
But eventually the limits of magnetic re
sponse are exceeded. Even though no 
eddy currents prevent the primary field 
from penetrating the material, the mag
netic domains cannot swing back and 
forth faster than a few hundred million 
times a second. This represents the maxi
mum frequency of operation for trans
formers with magnetic cores. 

Precession 

In addition to Ripping back and forth, 
unpaired electrons can respond to mag
netic fields in another way. Their spin
ning motion makes them magnetic gyro
scopes. Just as a spinning top, when 
placed at an angle to the gravitational 
field, wobbles or precesses, so an electron 

ISOLATOR is made of a section of rectangular wave guide containing a piece of ferrite 
(dark gray object near top 0/ wave guide) . Successive drawings show advance from right 
to left of a magnetic field pattern (broken colored arrows) through wave guide. Colored 

arrow through white dot at top left in wave guide shows direction of field at that point. 
Colored arrow at left edge represents "biasing" field from external coil (not shown). 
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will precess around a steady magnetic 
field. The field may be one that is ap
plied from the outside, or it may be the 
field built into the crystal along the pre
ferred direction of magnetization. In ei
ther case, the stronger the field, the 
higher the rate of precession. If the mo-

tion were completely unimpeded, the 
electrons would precess at the same an
gle indefinitely. In any actual material 
the presence of neighboring particles 
provides a sort of internal friction, which 
causes the axis of the precessing electron 
to spiral in toward the direction of the 

field. This is what makes it possihle for 
atomic magnets to line up with an out
side field; the process takes only about a 
millionth of a second. 

Under certain conditions a gyroscope 
executes more complicated types of mo
tion than simple precession. Suppose a 

MEMORY MATRIX for a computer designed by International 

Business Machines Corporation consists of an array of tiny ferrite 

cores threaded by several Wll'mg systems. A complete circuit is 

composed of many such matrices stacked above one anolher. 
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string is attached to the axis of a gyro
scope rotor and pulled tight. If the axis is 
not in line with the string, the instrument 
precesses around the direction of the 
force, as an electron precesses around a 
magnetic field. A well-made gyroscope, 
with little friction, will rotate for a long 
time before spiraling into line. Eventual
ly, however, it does align itself. Now let 
us take the string in our fingers and rotate 
it. When the rotation is in the same di
rection as that of the precession, the gy
roscope will begin to rotate too. And if 
the string is moved at the natural preces
sion-frequency, the gyroscope responds 
violently. If, on the other hand, the 
string rotates in the direction opposite to 
that of the precession, the gyroscope ig
nores the motion, and its axis stands still. 

Electrons behave in the same way. 
The magnetic "string" can be turned by 
feeding in an auxiliary rotating field at 
right angles to the aligning field [see il
lustration on page 100]. The electron 
responds if the rotation is in its natural 
direction of precession, and ignores the 
auxiliary field if it is not. At the natural, 
or resonant, frequency of precession 
(which can be as high as several thou
sand megacycles per second, depending 
on the strength of the main field) , the re
sponse is very large. Then the electron 
absorbs most or all of the energy from 
the auxiliary field. This property is in
herent in any magnetic material, but it 
can be realized only in magnetic oxides. 
High-frequency rotating fields simply 
cannot get into metallic magnets. 

With the advent of materials that can 
be penetrated by such fields, an entirely 
new class of electronic elements has be
come possible. These devices violate a 
basic tenet of standard circuit-theory: 
the rule of reciprocity. One of the first 
laws an electrical engineer learns is that 
any passive circuit element-one that 
does not generate energy-is reversible. 
The resistance of a wire, for example, is 
the same no matter which way current 
passes through it. Now the lesson must 
be unlearned. With a little piece of fer
rite we can make a microwave conduc
tor with essentially no resistance when 
energy flows in one direction through the 
circuit, but whose resistance to an energy 
flow in the opposite direction can be as 
high as we wish. 

In microwave equipment energy usu
ally travels from one place to another not 
as a stream of electrons, but as a co
herent electromagnetic wave. The con
ductor, or wave guide, is a coaxial cable 
or simply a length of metal pipe
"plumbing" in the parlance of the radio 
engineer. Within the pipe the magnetic 
field travels in groups of closed concen-

tric rings [see illustration 011 page 101]. 
As the field moves past a fixed point 
in the wave guide, the direction of the 
magnetic lines appears to rotate. The 
speed of the rotation depends on the size 
of each group of rings, which in turn 
depends on the frequency of the wave. 
And the direction of rotation reverses 
with the direction of travel. 

Suppose a piece of ferrite is placed at 
the same point, and an aligning field is 
applied perpendicularly to the plane of 
the loops. If the wave is traveling one 

CIRCULATOR consists of a rectangular 

loop of wave guide having four input or 

output pipes (A, B, C and D) and a piece of 
ferrite inserted in one branch. The ferrite 
offers a path that differs by one-half wave

length (A) for energy traveling in opposite 

directions. Phase relationships of waves trav

eling in two branches cause energy to fol-

I low the paths shown by colored arrows. 

Power Pack Patter 

Requirements for closely controlled power 
are becoming more exacting every day. And, 
every day, more and more Sorensen equip
ment is being selected to fill these require· 
ments. Here are a few interesting applications 
we've heard of recently. (Sorensen makes 
only the power, not the end use, equipment.) 

Item for "The Compleat Bench
Tester." A single, precision power-supply 
system that duplicates the power sources 
found on military aircraft, from fighters to 
bombers, has just been supplied by Sorensen 
for bench-testing electronic gear. With stand
ard, 60 cps input, outputs are: 28 vdc; 115 
vac, 60 cps, single-phase; and both 115 vac 
and 26 vac at 400 cps, single- and three· 

phase. The "400 cps" supply is continuously 
adjustable between 360 and 400 cps. 

Workout for starter. motors. One of 
the "big three" uses a Sorensen supply, put
ting out 4 to 13 volts in five ranges and up 
to 1000 amps, for production-line testing of 
automobile starters. Sorensen offers a com

plete line of similar low-voltage, tubeless, 
highly-regulated supplies, in all commonly 
used voltages. 

Piling volts on top of volts, Van de 
Graaff generators can reach 10,000,000 volts 
or so-useful for nuclear research, electron 
beam sterilization and many other purposes. 
A leading manufacturer has found Sorensen 
Series 1000 supplies ideal exciter sources 
(50,000 volts or so) to get the process going. In
cidentally, Sorensen markets a complete line 
of electrostatic generators of a different type. 

NEW CATALOG and Power Supply 

Handbook. Just off the press and yours for 
the asking, this new Sorensen publication 
gives valuable technical data and lists speci
fications on more than 400 power supply 
models: Regulated and unregulated doc sup

plies; a-c line-voltage regulators; frequency 
changers; high-voltage a-c and doc supplies, 
testers, and electrostatic generators (to 600 
kv); and miniature component-type inverters, 
converters, and doc supplies. Write for your 
copy today. Sorensen & Company, Richards 
Avenue, South Norwalk, Conn. 9.65 

s 
CONTROLLED 

POWER 

PRODUCTS 
. .. the widest line means the wisest choice 
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FERRITE SWITCH in microwave equipment at Bell Telephone Laboratories can be 

seen in top photograph directly below the hand of the experimenter. At bottom left is a 

dose·up of the assembled switch ; at right are its component parts. Ferrite ( double·pointed 

object) fits into plastic holder to its right, which is enclosed between sections at bottom 

center and right. Small disk at bottom left is a magnet that can be positioned to adjust 

magnetic field.strength. When current is sent through coils around switch, and small 

magnet is adjusted, energy flows through wave guides. With no current, energy is blocked. 
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way through the pipe, its field rotates in 
the direction of precession of the elec
trons in the ferrite. Then they go into 
oscillation, absorbing energy from the 
wave. If the wave travels the other way, 
the electrons do not precess, and the 
energy passes through unimpeded. By 
adjusting the strength of the aligning 
field, the precession frequency can be 
tuned to the frequency of the wave. In 
that case a ferrite slab a few inches long 
can completely absorb a wave traveling 
in one direction, but ignores a wave 
moving the other way. Thus the length 
of wave guide containing the ferrite 
serves as an "isolator." Such a device has 
many uses. To mention just one, it will 
conduct energy from a radar transmitter 
to the antenna while blocking the un
wanted waves that bounce back from the 
antenna. 

In some cases it is more desirable to 
divert energy than to absorb it. This 
can be accomplished by adjusting the 
aligning field so that the precession 
frequency does not agree with the fre
quency of the waves. Now the ferrite 
will still ignore energy traveling one 
way, and will not absorb energy going 
the other way, but will merely change 
its velocity, and hence its wavelength. 
Taking advantage of this property we 
can build a surprising device called a cir
culator. It consists of a rectangular loop 
of wave guide with a ferrite in one 
branch and with four pipes that can 
serve as either input or output sections. 
Because of the difference in wavelength 
of energy traveling in opposite direc
tions through the branch containing the 
ferrite, a wave entering the circulator 
through pipe A will leave through pipe 
B, one entering B leaves through C, one 
entering C leaves through D and one en
tering D leaves through A [see illustm
tion on preceding page J .  With the help 
of a circulator it is possible, for example, 
to use the same antenna for transmitting 
and receiving. The transmitted wave 
travels from A to B and out to the an
tenna. An incoming wave moves from 
the antenna into B and emerges at C, 
which feeds it into the receiver. 

High-frequency fields can interact 
with magnetic materials in still more 
complicated ways than those we have 
described. Designers are hard at work 
finding ways to capitalize on these ef
fects. Among the more promising ideas 
is one for a low-noise, high-frequency 
amplifier that will duplicate the per
formance of the so-called maser, but 
much more simply and cheaply. The 
field is still so new and so fertile that we 
can merely guess at the harvest it may 
eventually yield. 
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Basic Research at Honeywell 
Dr. Finn Larsen 

Vice President for Research 

The Nature of Oxidation: Studies In The 
High-Temperature Oxidation of Alloys 

Under high temperatures, oxidation is accelerated. While 
some pure metals deteriorate rapi dly, c ertain of th eir 
a lloys oxidize much more slowly. Accurate prediction of 
alloy oxidation rates, however, awaits development of a 
reliable mathematical model. At Honeywell Research, new 
techniques have produced data that make a start toward 
a universally applicable theory. 

With the single exception of gold, oxida
tion limits the use of all metals at high 
temperatures_ This is true because the 
products of corrosion do not have the 
properties of the parent metaL In addition, 
corrosive products occupy more space 
than the parent metal they replace, affect
ing dimensions and tolerances_ 

Corrosion is greatly accelerated by high 
temperature:, putting serio

.
us limi�ations 

on progress m heat generatmg eqUIpment 
s u c h  as i n ternal combustion e ngines,  
rockets, nuclear reactors and electrical 
contacts. 

At the present time the accepted method 
of inhibiting corrosion is to apply a pro
tective coating to the metal to prevent the 
migration of oxygen atoms to the surface 
of the materiaL This, however, is expen
sive and in many cases not practical. 

We know that when an oxide free sur
face is exposed to ordinary air at room 
temperature the upper layers of the metal 
combine with the oxygen atoms to form 
a thin film or scale ( oxide) . For further 
oxidation to occur the thin oxide film 
must be penetrated by either oxygen 
atoms migrating down to the fresh metal 
surface or by metal atoms migrating out
ward to the air. In most cases, one of 
these reactions predominates. 

For about 40 years metallurgists have 
worked with several classical equations 
that predict the rate of oxidation. How
ever, these equations apply rigorously only 
under idealized conditions. They do not 
fully equate the mechanical and micro
structural features of a multi-layer oxide 
or the dislocations and stresses that affect 
the oxidation process. For example : Is 
the oxide film ductile or brittle ? A change 
of temperature puts thermal stress on the 
oxide and if it is brittle it will probably 
break off. These properties modify the 

classical theory. All of these problems 
multiply and each influence is changed 
when an alloy is introduced. 

Honeywell scientists hope to learn more 
about these altering influences in order to 
extend the classical equations. They are 
analyzing multi.layer oxide scales with a 
number of different laboratory methods 
to build support for new, predictable be
havior. 

Multi.layer scales are caused by the 
ability o f  metals  to have multiple 
valences. The balance between these layers 
is controlled by temperature. When a 
multi· layer scale exists, oxides are often 
unable to relax the stresses that occur. 
These stresses are caused by the differ
ences in specific volume and the differences 
in thermal coefficien ts of expansion be
tween the oxide and the metaL When 
they cannot be relaxed, stresses may build 
up and affect the rate of oxidation. Also, 
if external stresses are applied to the mate· 
rial the rate of oxidation may be affected. 

The approach to this study quickly be· 
comes a mixture of metallurgy and physical 
chemistry. One technique in studying rate 
of growth of the scale has been to measure 
the weight gain of alloys during oxidation. 
Reliable data on oxidation has been ob
tained in this manner. 

To determine the direction of the mi
gration of ions and also measure the 
growth of individual layers, Honeywell 
scientists are welding thin platinum wires 
to a specimen prior to heating. These 
marker wires give a point of reference to 
the original surface. If oxygen ions are 
moving inward, the wire remains outside 
the surface. If cations are moving out
ward, the marker wire will be under the 
surface. This method has yielded valuable 
new information on the formation of 
oxides. 

Microscopic examination also has been 
helpful in identifying layers, and X.ray 
diffraction has given positive identification 
of the oxide phases. 

Ideally we would like to completely in
hibit even the first monatomic oxide layer. 
At the present state of knowledge, this 
seems unattainable. Our approach then 
is to utilize the natural oxidation process 
but control it. By doing this we permit 
the formation of a thin film but seek to 
make it impermeable to  further ion mi
gration. 

In our experiments Honeywell scien· 
t ists  have effected radical c hanges in 
oxidation rates by changing the oxide 
microstructure through heat treatment of 
its alloy. For example, with an alloy of 
.87 Mg- .62 Cu, the oxidation rate can 
be retarded and the resulting oxidation 
reduced by a factor of ten with proper 
heat treatment. 

We now know that in a poly crystalline 
structure, stress and mechanical proper
ties affect both the rate and the mechanism 
of oxidation. Also we know that the me· 
chanical properties of the oxide have a 
decisive effect on the tendency of the 
oxide to either spall or adhere. 

This is a start toward the derivation of a 
general theory explaining the oxidation of 
alloys. Though our research is basic at 
this point in time, we expect it to yield 
many practical answers to assist the design 
engineers working on high temperature 
problems confronting today's nuclear and 
space projects. 

If you are engaged in scientific work 
relating to oxidation of metals and would 
like to know more about Honeywell's re
search on this subject, you are invited to 
correspond with Dr. 1. A. Sartell, Honey
well Research Center, Hopkins, Minnesota. 

If you wish a recent paper, "The Role 
of Oxide Plast ic ity in the O xidation 
Mechanism o f  Pure Copper , "  b y  D r .  
Sartell,  write t o  Honeywell Research, 
Minneapolis 8, Minnesota. 

Honeywell 
[!!] s ,��� � 
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Humphry Davy 

Widely known as the inventor of the safety lamp, he also founded 

modern electrochemistlY, tutored Faraday and discovered sodium, 

potassiunl, calcium, barium, magnesium, strontiunl and chlorine 

I
n the spring of 1801 Humphry Davy 

ga ve his first public lecture at the 
newly created Royal Institution, and 

a thrill rippled through London society. 
To the scientists who had heard him the 
young Cornishman merely showed prom
ise; to the wellborn ladies in his audi
ence he seemed to offer a unique diver
sion from the accustomed round of so
cial events. With the Continent closed 
by the wars that followed the French 
Revolution, what could be more inter
esting than to be told about the progress 
of science by a young man of 22 whose 
vitality and enthusiasm-not to mention 
his good looks-made chemistry more ex
citing than the latest novel? One of his 
auditors expressed a general sentiment 
when she remarked that his eyes "were 
made for something besides poring over 
crucibles." 

Davy's success as a popularizer of sci
ence was to have important conse
quences. The original aim of the Royal 
Institution-to bring useful knowledge 
to working people-faded rapidly before 
the social brilliance of the audience at
tracted by Davy's lectures. In return 
the fashionable world provided the funds 
necessary for the pursuit of science in 
a well-equipped laboratory. The giant 
voltaic pile that Napoleon had lavished 
on the Ecole Poly technique as a sign of 
his respect for science was matched in 
England by the munificence of Davy's 
supporters. In his fine laboratory at the 
Royal Institution Davy performed the 
pioneering experiments in electrochem
istry that led him to the discovery of 
chlorine and the alkali metals. Here too 
he developed his theory of acids, in
vented the miner's lamp and later em
ployed and inspired a remarkable youth 
named Michael Faraday. 

In 1801, however, all this was far in 
the future; at that moment in Davy's life 
merely to be noticed favorably in the 
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scientific and social circles of London 
represented a triumph. Unfortunately 
the attractions of stylish society were 
eventually to prove disastrous for Davy's 
scientific work. Although he never aban
doned creative research, the sustained 
investigations that characterized his rise 
to greatness were impossible after he 
had scaled the social heights. But at 22, 
given his first glimpse of the fashionable 
life, Davy could contemplate with some 
satisfaction the distance he had come. 

T he eldest of five children, he was 
born in 1778 in Penzance, near 

Land's End in the southwestern extrem
ity of England. Except for his father's 
tendency to spend more time in the pur
suit of sport than seemed consonant with 
business success, the family was indis
tinguishable from other middle-class 
provincial English households. Humphry 
went to the local grammar school, 
where the quick intelligence that later 
led him to scientific fame was mani
fested only in an infinite capacity for 
mischief and daydreaming. 

The years of childhood ended abrupt
ly when his father died in 1794, leaving 
the 16-year-old Humphry with the re
sponsibility of helping to support the 
family. The urgent need to find a pro
fession or trade led ultimately to his 
career in science. A few weeks after the 
funeral he apprenticed himself to one 
Bingham Borlase, an apothecary and 
surgeon in Penzance, and at the same 
time set himself a rigorous course of self
instruction in the sciences and the arts. 
When he got around to chemistry in 
1797, he was fortunate in the guides he 
chose: an English translation of the Ele
mentary Tmatise on Chemistry by the 
father of modern chemistry, Antoine 
Laurent Lavoisier; and the Dictionary 
of Practical and Theoretical Chemistry 
compiled by William Nicholson, who 

built the first voltaic pile in England. In 
these works Davy discovered two con
flicting theories of combustion; the con
flict stimulated him to undertake his first 
research. 

Lavoisier's writings vigorously re
jected the phlogiston theory of combus
tion put forward at the end of the 17th 
century by the German chemist Georg 
Ernst Stahl. Phlogiston was the "prin
ciple" of fire, believed to be present in 
everything that burned. The fact that 
most substances lose weight during com
bustion was attributed to the escape of 
phlogiston. Lavoisier argued that the 
Joss of weight was due to the combina
tion of the burning substances with oxy
gen to form volatile products. His dem
onstration that phosphorus and sulfur 
gained rather than lost weight when 
burned was a severe blow to the phlogis
tonists. But to explain the heat and light 
given off during combustion Lavoisier 
was forced to invent another imponder
able fluid of heat, which he named 
"caloric." 

Nicholson reported Lavoisier's views, 
but he also cautiously mentioned another 
theory which maintained that heat was 
not a fluid but the motion of the constit
uent particles of matter. Davy at once 
devised an experiment to decide be
tween the two. Melting two pieces of ice 
by rubbing them together in the cham
ber of a rather inefficient and makeshift 
vacuum pump, he convinced himself 
that heat was indeed a mode of motion. 
To forestall the objection that the rub
bing served only to pump in caloric from 
the outside, he surrounded two pieces of 
wax with ice and then rubbed the wax 
slabs together. If caloric were pumped 
in, it would melt the ice through which 
it passed. But only the wax melted, and 
Davy was triumphant. Lavoisier was 
wrong and he was right! 

Carried away by his enthusiasm, Davy 
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SIR HUMPHRY DAVY was born in England in 1778 and died in 

Geneva in 1829. This 19th·century engraving by Edward Scriven is 

a reproduction of a famous portrait by the painter Sir Thomas 

Lawrence. Lady Davy donated the original to the Royal Society. 
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indulged in an orgy of speculation: Since 
caloric did not exist, the light emitted 
during combustion was the important 
imponderable; oxygen was a combina
tion of a ponderable base and light, 
which he renamed "phosoxygen." In a 
Right of poetic fancy he viewed the 
chemical relations of light as the funda
mental ones of the universe. Chemistry, 
plant physiology, electricity and mag
netism, the action of nerves, intelli
gence-all were due to different modes 
of the action of light. This mystic vision 
was not shared by Davy's scientific 
peers, and the young chemist was 
brought down to earth with a rude 
bump. His oft-cited caution and fear of 
hypotheses date from this time. 

Yet his very enthusiasm and exuber
ance recommended him to Thomas Bed
does, a physician and fonner Oxford pro
fessor of chemistry who was organizing 
a "Pneumatic Institution" in Bristol to 
study the medical effects of various 
gases. The last thing Beddoes wanted 
was a person who would be bound by 
traditional opinion. Through mutual 
friends Davy was suggested to him and, 
after a successful interview, Davy left 

the life of an apprentice apothecary in 
1798 to become a gas chemist. 

Davy's task at the Pneumatic Institu-
tion was to provide the solid scien

tific foundation for Beddoes's ideas. The 
18th century had witnessed a prodigious 
increase of knowledge about gases (or 
"airs," as they were called) , and their 
importance in chemistry and physiology 
had been demonstrated. At a time when 
medical theory was unable to suggest a 
truly rational approach to therapeutics, 
the only alternative was to try new sub
stances and observe their effects. Bed
does was convinced that airs would 
prove to be excellent medicines, and in
structed Davy to investigate their physi
ological properties. In 1800 Davy pub
lished his results under the title Re
searches, Chemical and Philosophical, 
Chiefly concerning Nitrolls Oxide, or 
Dephlogisticated Nit1"01iS Air, and Its 
Respiration. The excellence of his tech
nique in a period when gas analysis was 
in its infancy established his reputation 
as an experimentalist. But far greater in
terest was aroused by his account of the 
peculiar sensations he experienced after 

breathing nitrous oxide. Among those he 
persuaded to join him in experiencing 
the effects of the gas were Samuel Taylor 
Coleridge and Robert Southey, two 
young poets with whom he shared his 
own attempts at poetry. (Southey once 
said of Davy's verse that "He had all the 
elements of poetry, he only wanted the 
art.") The breathing of "laughing gas" 
became such a fashionable parlor pas
time in England that a visiting French
man described it as a national vice. The 
public notice attracted by his researches 
in gas chemistry served Davy well, for it 
prompted Count Rumford to bring him 
to the Royal Institution as a lecturer in 
1801. 

In the midst of his other duties there 
he soon found time to launch his epoch
making study of the voltaic cell and its 
effects. The confusion that surrounded 
the subject at the opening of the 19th 
century was extraordinary. Alessandro 
Volta had just announced to the Royal 
Society that an electric current could be 
generated in a pile consisting of disks of 
copper, zinc and paper. Soon afterward 
Nicholson and Anthony Carlisle showed 
that the current could decompose water 

DAVY'S LABORATORY at the Royal Institution was one of the 

best e{(uipped of its time. Here Davy carried out the electrochem· 

ical experiments that brought him fame. This engraving is from 

William Thomas Brande's Manual 0/ Chemistry, published in 1819_ 
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into the two gases hydrogen and oxygen, 
which the French school of chemistry 
had earlier identified as the constituents 
of water. This result immediately at
tracted the attention of chemists, be
cause it revealed a previously unsus
pected connection between chemistry 
and electricity. 

It also raised a major problem: If elec
tricity did tear the water particles into 
these two components, how account for 
the fact that the gases bubbled up at 
widely separated points? Why did the 
gases not appear at the center of a vessel 
of water rather than near the electric 
wires? Or to put it in modern terms, how 
could anyone explain the results of ionic 
migration when the concept of the elec
trically charged ion was almost a cen
tury away? There was still another prob
lem: When the terminal wires of a vol
taic battery were immersed in "pure" 
water, acid (generally hydrochloric) 
could be detected at the negative pole 
and alkali at the positive. How could this 
be reconciled with the accepted theory 
of the composition of water? 

Speculative answers came to English 
scientific journals from all over Eu

rope. It was suggested that hydrogen 
and oxygen were carried through the 
wires and deposited at the poles, where 
they bubbled off. Luigi Brugnatelli of 
Italy explained the presence of acid by 
"proving" that electricity itself was a 
new acid, and he claimed to have col
lected salts that he called copper elec
trate, zinc electrate and so on. Another 
Italian named Pacchiani, after announc
ing the production of hydrochloric acid 
from pure water, put forward a compli
cated theory about how the acid was 
formed. In Germany, the birthplace of 
the phlogiston theory, Johann Ritter 
even denied that water was a compound. 
With a few suitable modifications, he 
said, the moribund phlogiston theory 
could explain electrochemical phenom
ena far more completely than could the 
new French system. 

Davy brought this bewildered specu
lation to an end with a classical investi
gation that he summed up in a single 
short paper. His Bakerian Lecture to the 
Royal Society in 1806 marked the real 
beginning of the science of electrochem
istry. Entitled On some Chemical Agen
cies of ElectriCity, it is a model of the 
union of hypothesis and careful experi
ment to produce a new and immensely 
fertile viewpoint. 

Davy's first concern was to remove the 
underbrush that so seriously impeded 
progress in the understanding of electro
chemical phenomena. The starting point 

EXPERIMENTAL APPARATUS used by Davy to demonstrate the migration of salts dnro 

ing electrolysis included an early voltaic battery (top), a later model (middle) and three 

vessels connected by dampened asbestos wicks (bottom) 0 He placed a solution of sodium 

sulfate in one of the end vessels and a solution of barium nitrate in the other; when they 

were connected to a voltaic cell, insoluble barium sulfate precipitated in center vessel. 
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was clearly marked: Lavoisier and his 
French colleagues had provided consid
erable evidence to support their conclu
sions about the chemical composition of 
water. Davy, chastened by his youthful 
rejection of Lavoisier's theories, was not 
prepared to accept uncritically the ideas 
of Brugnatelli, Pacchiani or Ritter. Ac
cordingly he first investigated the possi
bility that the anomalous ingredients 
which they had found in the electrolysis 
of water were merely contaminants. He 
skillfully tracked each ingredient to its 
source. The hydrochloric acid found at 
the negative pole came from small 
amounts of sodium chloride in the elec
trical connections or in the glass; the 
alkali at the positive pole also came from 
the glass. Brugnatelli's acid reaction was 
caused by dissolved nitrogen. 

By using vessels made of agate or gold 
together with connecting wires of plati
num, and taking care to exclude nitrogen 
from the water, Davy proved that the 
only products of the electrolysis of pure 
water were hydrogen and oxygen. And 
he demonstrated convincingly that the 
appearance of acid and alkali was due to 

the breakdown of dissolved salts. He 
thus refuted the phlogistonists by show
ing that water was not an element, and 
that an electric current could break 
down not only water but also many other 
compounds. 

This left the mechanism of the electro
lytic process as the last area of dispute. 
According to Ritter, the failure of bub
bles to appear in the middle of the elec
trolytic cell indicated that the action 
took place at the poles: At the positive 
pole water gained positive electricity to 
become oxygen; at the negative pole it 
gained negative electricity to become 
hydrogen. 

Davy was certain that electrolysis oc
CUlTed within the solution. But this was 
difficult to prove, and it was still more 
difficult to suggest an alternative expla
nation that did not require the gases to 
evolve in the middle of the cell. To show 
that substances could migrate through a 
solution, Davy placed the solution in 
three vessels. These he connected to one 
another in series by asbestos wicks, and 
he placed the leads from the poles of a 
voltaic battery in the two outer vessels 

[see illustration on preceding page]. Into 
each vessel he dropped some powdered 
litmus; a change in its color would indi
cate the breakdown of any compounds 
the vessel contained. He found that if he 
dissolved a neutral salt in the end vessels 
and closed the circuit, the litmus in these 
vessels changed color, but the litmus in 
the middle one did not. Moreover, he 
showed that the constituents of the salt 
were migrating by placing a solution of 
sodium sulfate in one of the end vessels 
and a solution of barium nitrate in the 
other. When the circuit was closed, a 
precipitate of insoluble barium sulfate 
formed in the middle vessel, indicating 
the passage of the barium in one direc
tion and the sulfate in the other. 

From these results Davy worked out a 
theory of electrochemical action. The 
fact that electricity decomposed com
pounds led him to assume that the force 
of combination, or chemical affinity, was 
electrical and was a property of the con
stituent particles of matter. Chemical 
combination, then, was simply the union 
of oppositely charged particles, or par
ticles with charges so distributed that, 

CARTOON OF DAVY by a contemporary, the caricaturist James 

Gillray, depicts a demonstration of the effects of inhaling nitrous 

oxide, or "dephlogisticated nitrous air," as it was often called. 

Davy, holding the bellows, assists at the lecture while Count Rum

ford, the founder of the Royal Institution, stands near the door. 

The flatulent individual inhaling the gas has not been identified. 
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although fundamentally neutral, they 
were either attracted or repelled by 
other particles. The poles of a battery 
forced the particles to move in opposite 
directions. As each particle moved to
ward one of the poles, it was grasped, 
as in a square dance, by a particle of 
opposite charge moving in the other di
rection. Such a scheme very nicely ex
plained all the observed results: Cases 
and other substances were deposited at 
the poles, particles migrated toward 
their respective attractive poles, but at 
any point between the poles the electro
negative and electropositive parli Jes 
combined with each other to render (he 
solution electrically neutral. 

D avy's electrochemical theory not only 
brought order out of chaos, but also 

suggested rich territory for further inves
tigation. It was no accident that in 1807 
he could announce the discovery of so
clium and potassium, the first alkali met
als to be isolated. When a strong solution 
of soda (sodium carbonate) or potash 
(potassium carbonate) was electrolyzed, 
the decomposition products were hydro
gen and oxygen, the constituents of wa
ter. These Davy believed to be secondary 
products, so he abandoned solutions and 
experimented with solid potash. By pass
ing an electric current through melted 
potash in a vacuum he obtained small 
globules with a high metallic luster that 
burst into flame when exposed to air. 
Though the globules were light in 
weight, Davy recognized that they were 
metallic; he named the new substance 
"potasium." Davy next separated sodi
um, and finally, using a mercury elec
trode suggested to him by the Swedish 
chemist Jons Jakob Berzelius, obtained 
amalgams of mercury and several alka
line-earth metals. He distilled the amal
gams and named the substances he iso
lated calcium, barium, magnesium and 
strontium. The discovery of the new 
metals could hardly be bettered as 
a spectacular confirmation of Davy's 
theory. 

To Davy the great value of the alkali 
metals lay in their power as an analytical 
tool. Their extraordinary affinity for oxy
gen provided a possible method for 
breaking down other oxides. One "ox
ide" that had previously resisted all at
tempts to break it down was muriatic 
acid, that is, hydrochloric acid. It occu
pied a particularly important place in 
the chemical controversies of the day. 
Lavoisier had revolutionized chemistry 
by rejecting metaphysical explanations. 
He held that attempts to explain chemi
cal properties in terms of ultimate par
ticles of matter and their presumed 
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When high density metals 
must live at 
high temperatures ... 

The "thermal barrier" has been rearing its well per
forated countenance in some applications where high 
density metals are used. Compact nuclear reactors, for 
instance, need shielding components capable of with
standing high temperatures. Counterweights for main
taining stability of aircraft or missile control surfaces 

have to resist the heat generated by air friction at 
supersonic speeds. Guidance gyro rotors must keep 

their strength during the heat rise of vehicle re-entry. 

During the past decade, we have been doing consid
erable research to move the thermal limit of Mallory 
high density metals up by several important notches. 

Mallory 3000, specific gravity 17.0, gets along without 
protection at moderate temperatures; its ultimate 
tensile strength at SOO°C is 55,000 psi. At 1000°C, it 

still has a strength of 31,000 psi. 

For longer exposure at SOO-1000°C, we have developed 
ways to apply heat resistant coatings such as high 
nickel alloys to Mallory 1000 (specific gravity 17.0), 
Mallory 2000 (specific gravity IS.0) and wrought 
Mallory 3000. We have also gained a lot of know-how 

in applying plated or sprayed coatings to molybdenum 
and other high temperature materials to extend their 

range of utility. 

If you're exploring new temperature areas for special 
metal components, we'd like to explore with you. Just 

write to us outlining your problem. 

Mallory Metallurgical Company 
Indianapolis 6, Indiana 
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forms were mere vaporings. An impor
tant school of 18th-century chemists, for 
example, had attempted to explain the 
properties of acids by assuming that acid 
particles possessed sharp points which 
permitted them to penetrate the pores of 
other materials and thereby to dissolve 
them. This, said Lavoisier, was non
sense; the only "principles" that could be 
admitted in to the new chemistry were 
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those that could be verified in the labo
ratory. And the "principle" of acidity 
that was present in all acids and en
dowed them with acid properties was 
oxygen. Thus muriatic acid was sup
posed to be a compound of oxygen and 
a hypothetical base called "murium." As 
the only strong mineral acid that had not 
been shown to be an oxide, muriatic acid 
was a challenge to both the proponents 

and opponents of the new chemistry. 
The experimental breakdown of muri

atic acid led Davy to challenge again the 
theories of the great Frenchman. This 
time, armed with caution and meticulous 
technique, he was to emerge successful. 

Davy had long been interested in mu
riatic acid and its "oxidation" product, 
oxymuriatic acid, which was prepared 
by treating manganese dioxide and salt 

EARL Y SAFETY LAMPS are depicted in this illustration from 

The Collected Works of Sir Hum.phry Davy, published in 1839·40. 
The completely assembled lamp at left is shown in an exploded view 

at center. A semi cylindrical metal mirror has been added to the base 

to keep the lamp cool in strong currents of fire·damp. The experi· 

mental lamp at ra .. right is shielded by a sheet of perforated copper. 
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with sulfuric acid. The peculiar bleach
ing properties of oxymuriatic acid had 
caught his attention earlier, when he had 
propounded the primary role of light in 
chemical processes. Now, in 1807, he 
was beginning to doubt that muriatic 
acid contained oxygen, and that oxy
muriatic acid was a higher oxide. To re
solve this doubt he had at his disposal 
the two most powerful analytical tools of 
the day: the alkali metals and the new 
voltaic pile of the Royal Institution. 
After torturing the acids in every con
ceivable way he recognized that oxy
muriatic acid was an element, which he 
named chlorine. He concluded further 
that muriatic acid was a compound of 
chlorine and hydrogen. The oxygen that 
was occasionally formed during the 
analysis. of these substances was due to 
the accidental presence of water vapor. 

Davy's discovery shook the chemical 
world. Lavoisier's theory of acids had 
been overthrown. Its fall seemed to 
threaten the entire system, and many 
chemists feared a return to the anarchy 
from which Lavoisier had rescued the 
science. Davy was attacked harshly; his 
analytical skill was questioned and his 
results were challenged. His response 
was to insist upon and to repeat his re
sults and, when pressed, to suggest a 
substitute for Lavoisier's theory of acids. 
Acid properties, Davy said, were prob
ably due to molecular structure rather 
than to the presence of any particular 
element. As proof of this hypothesis he 
cited his analysis of diamond, which 
demonstrated that it consisted of pure 
carbon. He insisted that the difference 
between diamond and graphite lay sole
ly in the crystalline arrangement of their 
carbon particles. This appeal to molec
ular structure, although unheeded at 
the time, was to be vindicated by re
search in organic chemistry, where slight 
differences in molecular arrangement 
often cause marked differences in chemi
cal and physical properties. As evidence 
accumulated, chemists gradually swung 
to Davy's side, but it was 10 years be
fore even Berzelius accepted chlorine as 
an element. 

The years from 1804 to 1812 were 
ones of almost constant triumph for 

Davy. Discovery followed discovery, and 
honors flowed in. In 1806, though France 
and England were at war, the French 
awarded his Bakerian Lecture the an
nual prize that had been founded by 
Napoleon for work in galvanism. Davy 
became more and more sought after in 
fashionable society, and he began to 
squeeze his research in between visits to 
the country and journeys abroad. In 
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His problem: 

To extend 

human engineering concepts 

to an entire process 

Name of this scientific American: 

Thomas B. Douglas 
V ice President, Operations 

Ideal Cement Company 

• The technical management man 
who runs a profitable process must 
be concerned with more than physi
cal variables such as temperatures, 
flow and pressure. Of necessity his 
operating problem includes fantas
tically complex human variables ... 
variables for which he has no detect
ing elements, valence tables or com
puting circuits. Instead, he must rely 
largely on intuitive judgment and 
personal qualities of leadership. 

Thomas B. Douglas, who directs 
operations of the Ideal Cement Com
pany, Denver, Colo., has an enviable 
record in this respect. Three of his 
company's plants - at Ada, Okla
homa, Houston, Texas and Tijeras, 
New Mexico - are the most techni
cally advanced in the world. And, 
they are profitable. 

Centralization: A Major Step Forward 

Douglas was first in his industry to 
install a central control room. This 
was a significant step because, for 
the first time, all operating param-

eters were brought into meaning
ful focus at a central location. 

P r e v i o u s l y ,  t h e  p r o c e s s  h a d  
been compartmentalized. Numerous 
grinding, mixing and drying opera
tions were scattered in separate 
rooms or buildings. Naturally, oper
ators were scattered too, and over
all coordination of the process was 
difficult. 

Systems Engineering 

To get results with automatic con
trols, Douglas knew he would need 
more than an accumulation of hard
ware in a central location. Accord
ingly, he specified an integrated 
control system designed to boost 
product quality and uniformity, to 
maintain a constant flow of mate
rials and to make the most efficient 
use of operators' talents. 

Working with Leeds & Northrup 
engineers, he got the type of control 
he wanted. Today, these objectives 
are being met through the use of 

Leeds & Northrup automatic con
trols in his newest plants. 

Human Engineering 

Not only is the process itself more 
efficient, but equally important, the 
operator's role is more satisfying. 
Today's operator implements his 
decisions using precision instru
ments in air-conditioned comfort. 

Lower Maintenance 

Closer control has also improved 
operating costs by maintaining a 
more constant production rate. 
Surges are eliminated, and the load 
peaks formerly imposed on kilns and 

mills have been effectively lowered. 
As a result, maintenance costs are 
lower too. 

While this indirect benefit was 
originally expected, maintenance 
requirements of the controls them
selves could easily have offset this 
advantage. For this reason, Douglas 
put heavy emphasis on reliability 
when evaluating controls. 

I�I LEEDS & NORTHRUP 
INSTRUMENTS. AUTOMATIC CONTROLS. FURNACES 

H Pioneers in Precision" 
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Enter the Computer 

Because L&N makes not only pre
cision control systems, but both 
analog and digital computers as 
well, the use of L&N systems pro
vides a logical, systematic approach 
to the ultimate in computer-control. 
Ideal Cement, having built a foun

dation of centralized operation with 
precision electronic controls, can 

now move to computers with assur

ance. Ideal Cement and Leeds & 
Northrup are now engaged in a joint 
feasibility study to determine how a 
computer might be applied in the 
cement-making process. 

A close look at Leeds & Northrup 
control systems in the cement indus
try - in any industry - shows the 

k i n d  of q u a l i t y  r e s u l t s  wh i c h  
informed technical management 

men respect. Get the facts on L&N 
controls by writing to 4935 Stenton 
Avenue, Philadelphia 44, Pa., and 

stating your problem. 

1812 he reached the peak of his career: 
within a week he was knighted by the 
Prince Regent and married a widow of 
wit, beauty and wealth. This year was 
to see the last of his sustained researches. 
Throughout his life he remained a pio
neer, but the problems he u'eated were 
generally of small scope. In his analyses 
of ancient pigments and in his attempts 
to unroll decayed papyri at Herculaneum 
by chemical means, he was the first to 

apply chemistry to the problems of 
archaeology. As President of the Royal 
Society from 1820 to 1828 he attempted 
to raise the scientific level of its mem
bers, a reform that was to be accom
plished only after his death. 

Perhaps Davy's outstanding achieve
ment during this period was the inven
tion of the safety lamp, which made his 
name a household word throughout the 
world. The simplicity of this device has 

j 
• 

DAVY'S LABORATORY NOTES, despite their demands that others practice neatness and 

cleanliness in the laboratory, are spattered with ink and chemicals and in places are almost 

illegible. His laboratory method appalled his tidier colleagues at the Royal Institution. 
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I I� Carl G. Paulson, " (� 
Director of Hayes Research and 

Development Group, Reports . . •  

NEW NITROGEN 
POTENTIALS 

Assume you face the need for high 
purity nitrogen at a low per-unit 
cost figure. You want to use it as a 
heat treating atmosphere ... or as a 
"blanket" for hydrocarbons or food 
products . . . or for any one of a 
number of industrial applications. 
How can you bring this safe, inert 
gas out of the la b and into general 

;� use without inflating your costs? 
;.;. Our R&D group reasoned that a low 
:: cost generator �, 

was the logical :' 
solution and fol- -
lowed up and 
d e v el o p e d  a 
completely new 
piece of equip
ment-the C. I. 
Hayes "Nitro
Ge n ." T his 
unique combi
nation of sta-

tionary retort and cyclical pro
grammed dryer has cleared the way 
for production of 99.99% pure inert 
gas at approximately 20c per thou
sand cubic feet. 
The immediate benefits of low cost 
nitrogen as a protective heat treat
ing atmosphere were revealed in ini
tial metallurgical applications. For 
example, test bars of Type C-1l41 
Carbon Steel were subjected to rou
tine hardening under (I) nitrogen, 
(2) dissociated ammonia, and (3) 
endothermic gas atmospheres - each 
test followed by routine oil quench 
and tempering. Hardness results 
from these tests proved identical ... 
but a substantial boost in toughness 
showed up in the bars treated under 
nitrogen. The nitrogen atmosphere 

.;. produced 100% greater toughness. 
:� according to a transverse break test. : 
�� Safety alone makes nitrogen worthy of care- ::1 � ful consideration. If this non�combustible ::. ;:;. gas can be produced efficiently artQ econom� ":" 
.:'; ically (and we're doing it!), Hayes R&D � 
... Engineers believe its potentials are ·virtually � 
-.: limitless. t. � Blanketing operations are No. 1 prospects � :- for the.,Hayes Nitro-Gen ... in food, paint, }t 
I petroleum, chemical, and petrochemical in-
t dustries ... where low cost per cubic foot 
I of produced gas means fast pay-back on I 

the job. 
We'll gladly demonstrate the Nitro-Gen in 
our 1ab or send technical literature if you 
desire. Request Bulletin 5901-NI. 

DesIgned in conjunction with Linde Company • • •  
to utilize Linde Molec:ular Sieves 

Estahlish.d '90S 

e.l. HAYES, INC. 
835 WElliNGTON AVE. • CRANSTON 10, R. I. 

Whatever the job, it pays to see HAYES 
for metallurgical guidance, laboratory 
facilities, furnaces, atmosphere genera· 
tors. gas and fluid dryers. 
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tended to obscure the fact that it was the 
result of one of the most beautiful series 
of experiments in the history of science. 

In the summer of 1815 Davy's help 
was sought by a committee that had 
been formed to find some way of pre
venting disastrous explosions of mixtures 
of methane and air in coal mines. After 
a short tour of the mining districts Davy 
returned to London to work on the prob
lem. He first tried to find sources of 
light that would not inHame an explosive 
mixture, but he was unsuccessful. He 
then studied methane thoroughly and 
found that it had a surprisingly high ig
nition temperature. When he attempted 
to explode a mixture of methane and air 
in a glass tube a quarter of an inch in 
diameter, he discovered that the Hame 
passed slowly down the tube; and that 
when the diameter was reduced to a 
seventh of an inch, the mixture would 
not burn at all. Davy reasoned that the 
small-bore tubes cooled the gases to a 
temperature below the ignition tem
perature of the explosive mixture. He 
found that if a lantern Hame was en
closed within a fine wire mesh, the es
caping gases would be similarly cooled; 
and thus the Davy lamp was born [see 
illustmtion on page 112]. The whole in
vestigation had taken him only three 
months. It was one of the earliest and 
most dramatic illustrations of the aid 
that science could offer to the rapidly 
developing industries of England. 

I n publishing the results of these re-
searches Davy announced his indebt

edness to his young assistant, Michael 
Faraday. It has often been said that 
Faraday was Davy's greatest discovery. 
Faraday was a young journeyman book
binder when he first heard Davy lecture 
at the Royal Institution. He carefully 
copied the notes he had taken, bound 
them in leather and sent them to Davy 
with a request for employment. Davy, 
won by this Hattery, offered Faraday a 
job as a laboratory assistant. Faraday al
ways acknowledged his debt to Davy, 
whom he called "a mine inexhaustible 
of knowledge and experience." Many of 
the investigations that made Faraday 
famous were continuations of Davy's 
work. Faraday's discovery of compounds 
of chlorine and carbon, his work on the 
liquefaction of gases, on electrical dis
charges in a vacuum and on electro
chemistry were all inspired by Davy and 
picked up where Davy left off. 

But the theoretical framework that 
Davy passed on to Faraday was of even 
greater importance. Both Davy and 
Faraday rejected John Dalton's atomic 
theory in favor of one put forward in 

the 18th century by the Jesuit priest 
Ruggiero Boscovich. Boscovich pos
tulated that atoms were immaterial, 
mathematical point-centers of force sur
rounded by shells of attraction and re
pulsion. This scheme preserved all the 
advantages of the existing corpuscular 
theory of matter with none of its disad
vantages. Furthermore, it was peculiarly 
adaptable to the chemistry of the time. 
It explained the specificity of chemical 
reactions and differences in the chemical 
stability of compounds in terms of the 
interaction of complex patterns of forces. 
To Davy and to the young Faraday this 
explanation seemed more satisfactory 
than the previously accepted theory that 
matter consisted of clumps of atoms 
drawn together solely by the force of 
gravity. 

The ability of the Boscovich theory to 
predict as well as to explain chemical 
phenomena was illustrated to Faraday in 
1823, when Davy suggested that he heat 
crystals of hydrate of chlorine in a closed 
glass tube. The result was the liquefac
tion of chlorine, in exact contradiction to 
the Daltonian theory (which held that 
heat was a repulsive principle) and in 
accord with Davy's prediction that heat, 
as a mode of motion, would force the 
chlorine particles into closer relation and 
liquefy the substance. But a satisfactory 
explanation of this result did not appear 
until J. Willard Gibbs published his 
classical papers on thermodynamics 
later in the century. 

That Faraday'S scientific education 
under Davy took place in terms of point
atoms is evident from manuscripts of 
Faraday's musings, as well as from many 
passages in his later work. If one reads 
Faraday with Boscovich in mind, he will 
discover, perhaps to his surprise, that the 
researches of the master experimentalist 
are linked by a theory of immaterial 
atoms. 

This legacy Davy himself saw as per
haps his finest achievement. Although 
his relations with Faraday were often 
stormy, the childless dean of English sci
ence could contemplate, with almost 
mystic joy, the soaring of his disciple 
into the regions of the unknown. In 
1821, eight years before his death, Davy 
watched a Hight of eagles and wrote 
what might well serve as his epitaph: 

The mighty birds still upward rose 
In slow but constant and most steady 

flight, 
The young ones following; and they 

would pause, 
As if to teach them how to bear the 

light, 
And keep the solar glory full in sight_ 
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GENERAL PRECISION ... ELECTRONICS TO THE FOURTH POWER 
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THESE ARE 

PLACES WHERE 

PEOPLE, 

THINGS, IDE AS, 

ARE SHAPING 

PRECISION 

ELECTRONICS 

TO THE 

ADVANCING 

NEEDS OF 

GOVERNMENT 

AND INDUSTRY 

The places are strategically located for fast action, close backup, field follow-

through. The people are an unsurpassed concentration of skills devoted to 

mastering the problems of GP customers. 'fhe things are advanced equipment 

for every level of precise preparation and precision performance. The ideas are 

reach, vision, integrity of schedules, perfection of output. 'fhe support comes 

from here . .. GPL: KEARFOTT: LIBRASCOPE: LINK: Air traffic control, 

communications, navigation systems, components, inertial guidance,. servo

mechanisms, test equipment, digital and analog computing systems, controls, 

instruments, flight training devices and simulators ground support systems, 

doppler systems and television systems. Write for facilities and capabilities 

brochure. GENERAL PRECISION, INC., 92 Gold Street, New York 38, N. Y. 

Affiliates, licensees in Canada, France, Italy, Japan, U. K., West Germany. 

LIBRASCOPE. 

LINK 

GENERAL PRECISION, INC. 
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SURVIVA L  KIT IN ELECTRONICS 

E a c h  of t h e s e  t i n y p a rts i s  a c o m p o n e nt of a n  e l ectro n t u b e .  

E a c h  h a s  i ts o w n  r u g g e d ,  b u i l t- i n  s u rv i v a l  patt e r n .  

R e c e n t  a d v a n c e s  at S Y LVAN I A  i n  c h e m i stry , m eta l l u rg y , 

m e c h a n i c s  a n d  e l e ctron p h ys i c s  h a v e  d ra m at i c a l l y i n c re a s e d  

t h e  d u ra b i  I i ty a n d  t h e  p e rform a n c e  of t h e s e  c o m pact stru ctu r e s .  

As a re s u lt ,  t h e  n ewest e l ectro n t u b e s  a re m o re d e p e n d a b l e  

a n d  v e rsat i l e  t h a n  e v e r  before.  

At S Y LVA N I A, m o d e r n m e t h o d s  i n  m a n u f a c t u r i n g  h a v e  

h e l p e d  t h e  n e w  e l e ct r o n  t u b e  d o  s o  m a n y t h i n g s  s o  · m u c h  

b ette r  a t  l ow e r  c o st.  

T h ro u g h  c o n t i n u i n g r e s e a r c h ,  SYLVA N I A  is g e n e rat i n g  n e w  

c o n c e pts i n  e l ectro n -tu b e  d e s i g n  fo r st i l l  g reate r re l i a b i l i ty 

i n  t h e  a d v a n c e d  e l e ctro n i c  e q u i p m e nt of t o m o rrow. 

If you are interested in learning m ore about the promising 

future of th e electron tube, write for a copy of th e booklet, 

"A N e w Era . . . .  " Ele c tro n ic Tub e s  Division, Syl va n ia 

Electric Products Inc. , 1 100 Main St. , Buffalo, N. Y. 

Subsidiary of' GENERAL TELEPHONE & ELECTRONICS 
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How We See Straight Lines 

In looking at a straight line, the eye can detect a lateral break 

that forms an image only .00001 centimeter wide on the retina. A new 

hypothesis holds that this ability is due to rapid scanning motions 

On first thought it would seem quite 
impossible for human beings to 
see whether a line is straight or 

not. Our visual mechanism is apparently 
unsuited to the task. 

Consider what happens when we look 
at a straight line: Its image falls on the 

by John R. Platt 

curved surface of the retina at the back 
of the eye. Here the light pattern stinlU
lates the tiny receptor elements-rods 
and cones-that lie underneath it, and 
they fire off a volley of electrical signals 
to vaguely defined regions on both sides 
of the cortex of the brain. Surely the 

cerebral pattern is not "straight." It is 
often argued, however, that the brain 
somehow knows the location of the rods 
and cones whose stimulation gave rise 
to the sensation. If these particular rods 
and cones lie along an appropriate curve, 
the object they record is a straight line. 

CELLS IN RETINA of the human eye form a mosaic pattern of larged about 3,000 diameters. It appears in The Vertebrate Visual 

light-sensitive receptors. This photomicrograph shows the cells en- System, by S. L. Polyak, published by University of Chicago Press. 
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VISUAL PATHWAYS of the human central nervous system (solid colored lines) carry 
stimuli from the eye (center) to the visual areas of the brain. This horizontal cross·section 

view shows how the image of a straight line (AG) falls on the curved surface of the retina 
and is projected onto convoluted areas of the visual cortex (heavy colored lines at bottom). 

122 

Let us examine this reasoning a little 
more closely. The retina is a layer of tis
sue about one inch square, containing 
something like 10 million receptor cells 
arranged in a closely packed mosaic. 
How can the brain know where each cell 
is? Hermann von Helmholtz, the great 
pioneer in the theory of vision, thought 
the knowledge might be provided by spe
cific "local signs" -possibly chemical in 
nature-from cells at different positions. 
His idea has recently been confirmed in 
some elegant experiments performed by 
Jerome Y. Lettvin and his colleagues at 
the Massachusetts Institute of Technolo
gy. When they cut a frog's optic nerve 
and allowed it to regenerate, they found 
that the neuron from each point of the 
retina grew back to its proper point in 
the brain. 

But this specificity can hardly be in
definitely fine. Seen under a microscope, 
the mosaic of retinal cells looks random, 
and, as living tissue, it has been subject 
to all the accidents and irregularities 
of biological growth. Surely the cells 
must be subject to some microscopic un
certainty of location. Thus a line that ap
pears straight to one man should appear 
full of little wiggles to his twin brother. 
The amplitude of the wiggles would in
dicate the limits of accuracy of the gen
etic or local sign-specification. 

Yet the fact is that we can tell when a 
line is straight, and none of us ever sees 
any such wiggles. Our actual precision 
in certain visual observations is fantastic. 
Our vernier acuity, or ability to detect a 
lateral break in a straight line, is about 
two seconds of arc. This corresponds to 
a distance of a little more than a hundred 
thousandth of a centimeter on the retina, 
about a 30th of the diameter of a cone 
cell! Even in mechanical construction 
this precision is almost impossible; a 
hundred thousandth of a centimeter can
not be measured in the finest machine 
shops except by optical methods. In a 
biological system such as the eye the 10-
ca tion of every tissue cell to such an ac
curacy, 30 times finer than the size of 
the cell, is quite unbelievable. 

I puzzled over this paradox for a long 
time, until I finally began to wonder 

if we were not looking at the problem 
in the wrong way in emphasizing the 
precise location of the individual cells. 
We were unconsciously assuming that 
the brain can somehow examine its as
sociated retina, as if through an external 
microscope, and locate each of the rods 
or cones in space. 

Thinking about the microscope fallacy, 
as it might be termed, led me to wonder 
whether there could not be some high-
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THE RA W MA TERIALS OF PROGRESS in the rubber industry 

How a 3M Chemical helps prevent 
disastrous dumping of jet fuel 

The jet aircraft roars out over the ocean. Inside 
its powerful engine, hot fuels of high solvency 
swirl around the seal of the fuel dumping device. 
Should the seal weaken, the fuel will dump into 
the sea, and the jet aircraft's flight will end 
disastrously. 

The fuel dumping device might never 
be operated during the life of the air
craft. So the seal must perform con
tinuously, and at normal temperatures 
of 400°F. Even hotter surges can be 
expected occasionally. To put even 
further demands on the seal, the JP-4 
and JP-5 fuels used swell and degrade 
most elastomers excessively. Thus, 
ordinary rubber just can't work as 
the sealing agent-too short a life 
expectancy. 

The material chosen? A new product 
from 3M Company-FLUOREL® 
2141 Brand Elastomer. This highly 
fluorinated compound' is especially 
suited for use where high temperatures 
and corrosive media prevail. 

An Elastomer With Many Benefits 
Users and processors gain many out
standing advantages with FLUOREL 
2141 Elastomer. It is rated for con
tinuous service at 400°F., and can 
tolerate 600°F. temperatures and 
higher for reduced periods of time 
under certain service conditions. It is 
non-combustible and has minimum 
compression set. It provides excellent 

resistance to corrosive chemicals, fuels, 
solvents and ozone. 

Readily Processed 
With all these outstanding properties, 
you might imagine that FLUOREL 
2141 Elastomer would be difficult to 
process. Actually, it is readily proc
essed on standard rubber compound
ing and fabricating equipment. You 
can mold it, extrude it, and bond it to 
most metals. And its ideal Mooney 
Scorch Rating permits reprocessing 
with greater safety ... gives you the 
extra margin required by such exact
ing military specifications as MIL
R-25897B. 

Despite its many exciting applications 
in the aircraft and missiles field, 
FLUOREL 2141 Elastomer has even 
more down-to-earth uses. These in
clude gaskets and "0" rings for 
chemical processing, fuel and hydraulic 
hose, valve diaphragms and linings, 
and other applications where rubber 
is presently being used with limited 
success because of heat or corrosion. 

One of Many 3M Products 
This new elastomer is but one of a 

�-=--. 

-�. �l 
�� \i\\� '1ft #J; �\vartl 
��$ 

number of products produced for the 
rubber industry by the Chemical Divi
sion of 3M, pioneers in fluorochemistry. 
Other products include ... KEL-F® 
Brand Elastomer for high temperature 
use in the presence of mineral acids, 
oils and corrosive media . .. Turpol® 
Brand rubber plasticizer, in soft stocks 
of certain elastomers,* permits reten
tion of the solvent resistance . . . 
F ura-Tone® Brand resin for anti
ozonants, extenders and processing 
aids in certain elastomers ... Pigments 
for use as coloring additives in many 
areas including rubber floor tile. 

More Than 300 Members 
Learn what 3M specialty chemicals 
can do for you! More than 300 are at 
work today in the rubber industry, in 
electronics, textiles, plating, plastics, 
packaging, missiles and aircraft. For 
detailed information, write today on 
your company letterhead, specifying 
area of interest, to: 3M Chemical 
Division, Dept. KAM-60, St. Paul 6, 
Minnesota. 
'NITRILE, CHLOROPRENE and MERCAPTAN. 

!'FLUOREL," "KEL-F," "FURA-TONE" and "TURPOL" 
are reg. T.M's of 3M Co. 

CHEMICAL DIVISION 
���- -��� MINNESOTA MINING AND MANUFACTURING COMPANY � 

• • • WHERE RESEARCH IS THE KEY TO TOMORROW � 
���>w<..4...i.4 
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PARALLEL SCANNING along a straight line (top row) or a curved 

line (bottom row) excites a single pattern of receptors on the 

surface of the retina (large circles). Small black circles indicate 

excited receptors. If eye scans a broken line (middle row), three 

different patterns of receptors are stimulated. The brain interprets 
this shift from one pattern to another as a lack of straightnes •. 
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precIsIon physical method that would 
enable a system consisting of 10 million 
elements to make acute discriminations 
without knowing exactly where its in
dividual sensory elements were located. 
I finally found one, a method that I call 
functional geometry. As its name implies, 
the method generates spatial relations in 
the course of the normal functioning of 
the visual system rather than through 
the static, point-by-point location of im
ages. 

The essence of this functioning is mo
tion, or scanning. Several years ago ex
perimenters discovered that, in order to 
keep a static pattern steadily in view 
over even a short period of time, a per
son must continuously shift his eyes in 
tiny scanning motions. If he does not, the 
image fades away. I suggest that the 
same scanning can provide the sense of 
straightness. 

The basic idea is as follows. Imagine 
the image of a scene-any scene-pro
jected on the retina. The arrangement of 
light and dark areas stimulates a particu
lar set of rod and cone cells, which then 
transmit a specific array of signals to the 
brain. If the eye scans the scene, mov
ing so as to shift the image slightly, a 
somewhat different set of receptors is 
stimulated, and the signal array changes 
accordingly. But suppose the scene is a 
straight line, and the scanning is parallel 
to the line. Then the motion does not 
change the set of stimulated receptors, 
and the signal array remains constant. 
This constancy, or "self-congruence," 
after displacement is what the brain rec
ognizes as straightness. 

Evidently an ability to detect the 
sameness of an array is about the weak
est demand one could make of a com
munications network, however it may 
operate. Moreover, the perception can 
be made without knowledge of where 
the individual receptor-cells are located. 
All that is necessary is an external object 
that is congruent to itself under a dis
placement such as the eye can carry out. 
A straight line fulfills the condition. So 
do parallel lines. A crooked line, or a set 
of nonparallel lines, does not. 

One of the important features of the 
method is that the images of these lines 
on the retina or on the cortex can be 
as crooked as you please without de
stroying the self-congruence; all that is 
required is that the image fall on the 
same locus after displacement, and it 
makes no difference what that locus is. 
The discrimination is therefore for 
straightness or parallelism in the external 
field. Clearly the brain does not know
and, if it uses functional geometry, does 
not need to know-how the images on its 

ALL ,BRUNING 
NEW. COPYFLEX 

435 

IT HAS EVERYTHING , EXCEPT A HIGH PRICE. 
Here, without question, is the greatest value in reproduction today! 

Bruning's Copyflex 435 is a completely new medium-volume machine that 
offers you all the conveniences of most big-production machines but at 
on amazing low price! 

It has a spacious 42/1 printing width, powerful 3,000* watt lamp, and 
a mechanical speed of 40 feet per minute ... plus a host of such con
veniences as automotic separation, a foot lever for releasing incorrectly 
fed stock, adjustoble front print tray, automatic tracing stacker, new 
air filtering system that assures cleaner prints, and a pressure-roller 
developer system that provides positive print development at all speeds. 
The 435 is fully equipped for roll stock. It provides selective front or 
rear print delivery. 

Like all Copyflex machines, the 435 is odor-free, requires no venting, 
plumbing, or auxiliary equipment. Built by Bruning, it offers the dur
ability and dependability that Bruning machines are famous for. You 
have everything to gain by investigating now the whiteprinter that 

gives you everything at the lowest price ever! 

(BRUNIN� 
�;i?� 

*4,000 waft lamp optional, 

Low Co.t Diazo Reproduction at It'. Be.t! 

The Bruning Man 
is your expert on 
diazo reproduction, 
He's backed by a 
company with over 
60 years' experience. 

Charles Bruning Company, Inc, Dept, 6-AA 
1800 Central Rd" Mt, Prospect, IllinoiS 

Offices in Principal U. S. Cities 

In Canada: 103 Church St., Toronto i, Ont, 

Please send me more informdtion on the new Copyflex Model 435. 

Name, ___ --,. ________ Title' ______ _ 

Company_�� _______________ ___ 

Addre.s ___________________ _ 

City ________ County ___ � __ State __ _ 
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TRANSVERSE SCANNING is another method of determining the straightness of a line. 
By comparing the patterns produced on the surface of the retina each time the eye sweeps 
across the line, the hrain can form a very accurate judgment of its relative straightness. 
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cortex would look when observed from 
the outside. The fact that we see self
congruence in the external field is what 
makes straightness (and the other self
congruent pattern properties I shall 
mention) matters for public discussion. 
We do not see objects, but relationships; 
and the relationships are public. This 
is a point of considerable importance in 
linguistics and in theories of knowledge. 

Another important feature of the self
congruent method of perceiving pat
terns is that it is not affected by damage 
or loss of receptor cells, or by blind spots. 
An array of signals can be the same after 
displacement as before, regardless of 
what cells have high or low sensitivity. 
This means we do not have to assume 
uniform sensitivity in all the cells of the 
eye. And it is consistent with the fact 
that we do indeed perceive patterns as 
passing straight across our blind spots. 

In addition to scanning back and forth 
along a line, our eyes may move trans
versely across it. By making a series of 
such perpendicular passes at various 
points along a line, and by comparing 
the times at which signals come from 
different receptors, we can also form a 
judgment of straightness. Here we are 
limited only by the time taken in obser
vation. The longer the time, the closer 
the check on possible discrepancies be
tween time-sequences at various points -
along the line. It is probably this mech
anism by which we make visual judg
ments of the highest acuity. 

Either type of scanning of straight 
lines, or of parallels, is carried out by 
combinations of two rotations of the eye
ball: around a horizontal axis (looking 
up or down) and around a vertical axis 
(looking left or right). However, our 
eyes are capable of still another motion, 
though it is sharply limited: rotation 
around a longitudinal axis pointing 
along the line of sight [see bottom of il
lustration on page 128]. (To observe 
this rotation, closely examine a marking 
on the iris of your eye in the mirror as 
you tip your head from side to side.) By 
adding a component of this twisting mo
tion we can scan along a curve, and, if it 
has constant curvature, keep the image 
over the same set of receptors on the 
retina. Thus arcs of circles exhibit the 
same sort of self-congruence as straight 
lines, and concentric arcs the same sort 
of self-congruence as parallels. 

As a matter of fact, it is not easy to 
judge whether a gentle arc is curved or 
straight. Uniformity of curvature (in
cluding the zero curvature of a straight 
line) is more readily perceived than is 
straightness or curvedness. If the cur
vature is sharp enough, however, we 

I-
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Day by day the Polaris missile gets nearer to its first sub
marine test firing ... nearer the day when, operational, it will 
become one of our nation's most formidable deterrents to 
aggression. For with submarines serving as mobile missile 
launching pads, any target on earth is within deadly striking 
range if retaliation becomes necessary. 

The Polaris-launching submarines are splendidly fitted 
out not only to aim and fire and accurately guide the missile, 
but also to defend themselves. Advanced Sperry submarine 
equipment contributes to both these functions. For precise 
navigation there is SINS (Ship's Inertial Navigation System), 
automatic steering and stabilization, depth detectors, gyro-

compasses, diving and maneuvering controls, instrumenta
tion, and computers . . .  and the NA VDAC computer which 
correlates all navigation data. For anti-submarine warfare 
the subs have Sperry torpedo fire control systems, sonar sub 
detection equipment, the attack periscope itself. At two spe
cial laboratories both aspects of the Polaris program are 
being refined and integrated: one of which simulates sub
marine navigation, the other the environments of the sea. 

Sperry's role in the Polaris program is typical of the 
Company today, achieving through specialized divisions an 
integrated capability that is contributing to every major 
arena of our environment. General offices: Great Neck,N. Y. 

SEA SURFACE AIR AEROSPACE 
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EYE ROTATES aboul three axes as it scans lines and geometric shapes. It can turn rather 
freely aboul Ihe x·x' and the y-y' axes, but can rotate only slightly about the z·z' axis. 
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probably become aware of it through 
muscular cues arising out of the twisting 
motion. 

Both the method of self-congruence 
and the approach to greater accuracy 
through repeated trials are central con
cepts in high-precision optical work. 
Every amateur who has made his own 
telescope mirror knows that spherical 
and plane mirrors and precision screws 
can be brought virtually to perfection 
by being polished with a matching tool 
until they are self-congruent under lat
eral or rotational displacement. Within a 
finite time the error can be made less 
than any preassigned value. 

In biology the principle of self-con
gruence generates perfectly helical el
bow-joints and spherical hip-joints, 
and eyeballs in spherical sockets. The 
spheres are self-centering; they know 
nothing about the point centers and fixed 
radii of Euclidean geometry. This sug
gests a new approach to the study of 
geometry. It might be more natural to 
start not with points, distances, lines 
and coordinates, but with self-congru
ences, which are biologically more prim
itive. 

D o we actually apply functional geom-
etry to every judgment of straight

ness (and other patterns)? The experi
enced adult eye may not 'need to scan 
every new line afresh to determine its 
approximate straightness. Possibly cer
tain receptors on the retina have been as
sociated so often in past straight-line per
ceptions that when these elements are 
excited again and give off the same 
chorus of signals, we are satisfied of the 
straightness of the new object without 
further scanning. It is self-congruence 
to an old straight line, with a long time
delay. In a sense, the pattern has been 
learned. 

If this is the mechanism of pattern 
perception, then we should expect to 
find that an infant or a visually naive 
adult (for example, a person who has 
had congenital cataracts removed) 
would require long scanning and study 
to determine the straightness of a line. 
Such, in fact, appears to be the case. 
The finding is consistent not only with 
the theory of perception developed here, 
but also with the doctrine of D. O. Hebb 
and his school at McGill University. 
They hold that perceptual organization 
of even such apparently primitive re
lationships as straightness or triangulari
ty is acquired-learned-only through 
visual experience. 

Arthropods (such as insects and spi
ders) can learn almost nothing, and 
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birds can learn only certain things. It 
follows that much, if not all, of their 
pattern-perceiving system must be pre
located and preconnected, determined 
by genetic information alone. Pattern
perceiving that involves learning, per
haps using methods such as functional 
geometry, is a way of escaping this genet
ic limitation. Such an escape is obvious
ly needed for a really big brain with 
more inputs. This suggests that pattern
learning may be the faculty that grew 
most rapidly in the sudden evolutionary 
expansion of our own brain and cortical 
capacity in the last few hundred thou
sand years. 

Perhaps the most noteworthy feature 
of functional geometry with a mosaic 
system is that it necessarily picks out cer
tain patterns as fundamental or primi
tive. A mathematician of curved spaces 
might say that an S-curve in one curved 

PATTERN OBSERVED 

STRAIGHT LINE 

CURVATURE OF -------
ARC 

CIRCULARITY 0 
PARAllEL LINES 

-----
CONCENTRICITY -----
OF ARCS --------

CONCENTRICITY 
OF CIRClES 

space is a straight line in another, and 
that these are equally good descriptions 
of the line. But a functional mosaic will 
accept as straight only those Euclidean 
.lines that satisfy self-congruence under 
displacement. Thus straightness is a 
primitive and unique category of per
ception for all mosaic systems. So is 
parallelism, concentricity and so on. It 
is interesting to note that the various re
lationships belong to the "synthetic a 
priori" categories of Immanuel Kant
unique categories that impose them
selves on all minds regardless of pm·ticu
lar experiences and yet cannot be 
learned without experiences and com
parisons. 

I suggest that there is only a small 
number of unique symmetry categories 
for a visual mosaic receptor, and that 
they are determined by the three possi
ble rotations of the eyeball [see table 

below]. 'When the rotations are con
tinuous, we get straightness, parallel
ism and the like. vVhen the eye moves in 
discrete jumps, it perceives relationships 
such as equidistance, congruence and 
the equality of angles. On this view ev
ery visual pattern-relationship that can 
be perceived is some combination of the 
primitive elements. 

It would be interesting to try to con
struct artificial mosaic receptors, com
plete with scanning motions, that might 
be able to make discriminations similar 
to those our eyes make. Evidently any 
such system would have to be able to 
learn. The receiving network would 
somehow have to grow or to establish 
new connections guided by experience. 
If we could design such a system, it 
might teach us far more than we now 
know about how the human eye and 
brain organize external information. 

AXIS OF EYE PATTERN OBSERVED AXIS OF EYE 
MOVEMENT MOVEMENT 

xx' AND yy , Ii 

xx; yy' 
AND ZZ 

, 

, 
ZZ 

xx' AND yy 

xx; yy' AND ZZ 
, 

, 
zz 

CONGRUENCE 46 
+ + + 

EQUIDISTANCE 
+ + 

+ + + 

EQUIANGUlARITY � 

xx; yy' 
AND ZZ' 

xx' AND yy , 

, 
ZZ 

PRIMiTIVE PATTERNS nre self.congruent under the types of 

rotation the eye cnn perform. Patterns at left are perceived 
by continuous rotations; relationships at right, by discrete rota

tions. Axes of rotation are listed in second and fourth columns. 
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... parallel production, development 

expedited 
production 

has been applied 
successfully in these 

major areas 
at Melpar 

Printed circuitry and 
materials 

Acoustic, audio and 
ultrasonic systems 

Electronic training devices 

Countermeasures systems 

Ordnance electronics 

Aids to navigation 

Flight simulators 

Radar systems 

Telemetry systems 

Antennas 
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FROM MINIATURE RADAR beacons to complex mission simulators, 

Melpar has successfully employed its own techniques of paralleling pro

duction and equipments development. 

This concept of paralleling production and development is successful at 

Melpar because of a wholly-integrated production division and broad 

experience producing a wide range of electronic and electromechanical 

equipments and systems_ This method of development and manufacturing 

control permits system monitoring from primary design to completed 

production, shipment, installation, and field service_ 

MELPAR ADDS to its "quick reaction" capability with extensive produc

tion facilities, permitting specialized operations such as dip-brazing, 

printed circuitry, automatic dry screen etching, and electroplating proc

esses for base and precious metals-all contributing to the efficiency and 

dependability of Melpar's production division. 

mean "quick reaction" 

Direction finders 

Fire control systems 

Microwave components 

Communications equipment 

Analog and digital computers 

Automated assembly units 

Data handling equipment 

Satellite electronics 

Reconnaissance equipment 

Ground support equipment 

Detection and identification 
systems 

For details on provocative job openings in advanced scientific, 
engineering area .• , write to: Department 1-10, Profes

sional Employment Supervisor, 3632 Arlington 

Blvd., Falls Church, Virginia-in historic Fairfax 
County, 10 miles from Washington, D. C. 

An Arsenal of Technology �r!!.Y."! 
MELPAR ���INC . , 
A Subsidiary of Westinghouse Air Brake Company r----------------------�--------l 

Department T-2 
MELPAR, INC. 
3632 Arlington Boulevard 
Falls Church, Virginia 

Please send me a copy of your descriptive brochure, which 
outlines your full capabilities and resources for original concep
tion, design, and production of complete weapons systems. 

NAME __________________________________ ____ _ 

TITLE __________________ ____________________ _ 

COMPANY ____________________ _________________ _ 

ADDRESS ____________________________________ _ 
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Fleming's Lysozyme 

The discolJerer of penicillin also found a substance that dissollJes 

bacteria. Occurring in nlany hum�an tissues and secretions, lysozYlne 

of the bacterial cell is presently used to inIJestigate the structure 

The several major classes of bac
teria have characteristic shapes: 
spherical, rod like or spiral. From 

these shapes the bacterial classes get 
their names: cocci, bacilli and spirilla. 
Although non bacterial cells have recog
nizab�e shapes, most of them are soft and 
pliable. The individual bacterial cell 
usually holds its shape with considerable 
rigidity. This feature of bacterial anato
my long ago attracted the curiosity of 
microbiologists. They soon discovered 
the reason for it: In bacteria the soft 
outer cell-membrane is enclosed in a 

tough, thick wall, which is often en
closed in turn in an even thicker gummy 
or slimy capsule. Together the wall and 
capsule may constitute as much as 45 per 
cent of the total mass of the cell. Plainly 
such an important structure must serve 
a purpose more significant than the con
ferring of rigid shapes for ready recogni
tion by microbiologists. The cell wall, in 
fact, insulates bacteria from the vagaries 
of the environment, especially during 
their passage from host to host. In dis
tilled water, for example, the osmotic 
pressure exerted by the bacterial cell 
would cause it to draw in water, swell up 
and burst; it has been estimated that the 
cell wall must in some species withstand 
an internal pressure of 20 atmospheres 
(300 pounds per square inch) . 

Bacterial anatomists are indebted to 
the late Sir Alexander Fleming for a sen
sitive chemical tool with which they 
have been studying bacteria, dissolving 
away the cell wall and exposing the cell 
body, or cytoplasm, within. In 1922 at 
St. Mary's Hospital in London, six years 
before his epochal discovery of penicil
lin, Fleming found "a substance present 
in the tissues and secretions of the body, 
which is capable of rapidly dissolving 
certain bacteria." Because of its re
semblance to enzymes and its capacity to 
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by Robert F. Acker and S. E. Hartsell 

dissolve, or lyse, the cells, he called it 
"lysozyme." Fleming's lysozyme has not 
joined his penicillin in the armamentari
um of medicine, but it undoubtedly 
renders all the service that could be ex
pected of it as an element in the natural 
defenses of the body. In the hands of 
Fleming and his successors, moreover, 
lysozyme has helped to develop signifi
cant new understanding of the bacterial 

cell wall in its relationship to the proc
esses that go on in the cytoplasm it other
wise protects so well. 

Fleming isolated both lysozyme and 
the bacterium (M iCI'OCOCCllS lysodeikti
cus) that has been found to be most 
susceptible to it from the nasal secretion 
of a patient suffering from acute catarrh. 
A few simple experiments soon demon
strated the remarkable prop"erties of the 

DISSOLUTION OF BACTERIAL CELLS with lysozyme treatment is shown in this series 
of electron micrographs. At far left is a clump of normal cells of Micrococcus lysodeikticus. 

About 15 seconds after the addition of lysozyme (second picture), the cell wall starts to 
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substance. In one experiment Fleming 
seeded a dish of solid culture medium 
with Micrococcus lysodeikticus and 
placed a droplet of mucus at the center 
of the dish. The bacterial cells multiplied 
and covered the surface with a cloudy 
continuous film, except in the area sur
rounding the mucus droplet. Here a 
clear zone appeared, created by the dis
solution of the cells. Under the micro
scope Fleming observed that bacteria ex
posed to lysozyme undergo a series of 
characteristic changes. First the cells 
begin to swell, both spherical and cylin
drical cells becoming transformed into 
large spheres. These soon lyse and lose 
their visible outline. After a time the 
only visible remains are a scattering of 
dark granules. 

T ysozyme has been found in tears, 
l...J nasal mucus, saliva and the exudate 
from infections; in extracts from the 
spleen, kidney, liver, lungs and lymph; 
and, in especially high concentration, 
in cartilage. It is not detectable in urine, 
cerebrospinal fluid or sweat. Lysozyme is 
not restricted, however, to tissues and 
fluids of animal origin; plants such as 

turnip, cabbage and cauliflower and 
even certain bacteria contain it. Egg 
white is the best source of lysozyme in 
quantity. Good yields are obtained by 
adding a small quantity of salt to egg 
white and homogenizing and acidifying 
it, whereupon the enzyme crystallizes 
out in pure form. 

Chemical analysis of lysozyme has 
shown it to be a protein with the rela
tively low molecular weight of 14,700, of 
the same order as that of ribonuclease 
( 13,895) and insulin (6,000) , which are 
proteins simple enough to have yielded 
the principal features of their structure 
to investigation. The elucidation of lyso
zyme is not yet complete, but it is known 
that some 130 amino acid units, compris
ing 18 different amino acids, make up its 
structure. It is unique in that it contains 
very little of the amino acid tyrosine; 
the amino acid lysine, on the other 
hand, occurs characteristically at the 
ends of its amino acid chains. Since 
lysine occupies the same position in the 
structures of other proteins, particularly 
those found in wheat grains, it may be 
that lysozyme has a significant place in 
the evolution of proteins that accom-

panied the evolution of the organisms 
composed of them. 

Like other enzymes, lysozyme is high
ly specific in its activity. In susceptible 
bacteria it is the capsule and cell wall 
that are broken down by lysozyme. The 
complete susceptibility of the cell wall 
of M icrocOCCtlS lysodeiktictls has been 
demonstrated in experiments with puri
fied preparations of its cell wall. M. R. J. 
Salton of the University of Manchester 
ruptured these cells by shaking them at 
high frequency in the presence of tiny 
glass beads, and then separated the walls 
from their contents by repeated centrif
ugation. The entire substance of this 
preparation was dissolved when it was 
mixed with lysozyme. Upon analysis, 
the susceptible material proved to be 
half polysaccharide (sugar units form
ing a chain) and half peptide (short 
amino acid chains) in composition. The 
polysaccharide portion breaks down into 
simpler sugar units such as glucose, and 
the peptide portion into a half dozen or 
so amino acids. In addition to the major 
components, substances classed as amino 
sugars have been found. As the name 
implies, these compounds are the result 

dissolve and the cell material spreads out. At 60 seconds (third) the 
cell wall disappears and at 90 seconds (jourth) cell organization is 

almost lost. At 120 seconds (fifth) nothing remains but granules. 

The granules in the last two micrographs appear to be holes because 
of a special shadowing technique. All these structures are enlarged 
1,800 diameters. The micrographs were provided by Hartsell. 
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of chemical attachment of amino groups 
(NH,) to sugar molecules. 

The selective action of lysozyme fills 
a long-felt want of the microbiologist, 
permitting detailed study of the cell 
wall and a new approach to investigation 
of the cytoplasm. Other agents fail to 
segregate one from the other or tend to 

disrupt and destroy both together. When 
bacteria are placed in strong salt solu
tion, for example, the cytoplasm shrinks 
away from the cell wall into rounded 
bodies called protoplasts. The opposite 
reaction, swelling of the cytoplasm, may 
be induced by certain toxic or growth
promoting substances. The cell wall 

now splits open. The protoplast may 
be visible momentarily as a large 
sphere of cytoplasm enclosed in a thin 
flexible membrane, but it disintegrates 
rapidly. 

Investigators tried for many years 
without success to secure protoplasts in 
stable form in the hope of using them to 

SPHERICAL FORMS OF BACTERIA, called spheroplasts or 
protoplasts, result from lysozyme treatment in a sucrose solution. 
Cells of Bacillus subtilis, which are normally rod-shaped (first 

picture) , upon treatment gradually lose their cell walls and become 

rounded. The structmes are enlarged some 15,000 diameters. The 
electron micrographs on this page and on page 142 are reproduced 

from an article hy J. M. Wi arne, R. Storck and E. Vanderwinkel 
that appeared in Biochimica et Biophysica Acta, Vol. 18, page 353_ 
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PRICE: LESS THAN 1/2 THAT OF ANY EQUIVALENT SYSTEM! 

.... THE BENDIX G-15 

IS THE LOWEST-COST 

PUNCHED CARD COMPUTER 

YOU CAN RENT OR BUY 

By adding the Bendix Punched Card Coupler to the 

basic G- 15, you have full alphanumeric punched card 

capabilities combined with the G-15's powerful com

puting ability. Price: less than 1/2 that of any equiva

lent system. The Punched Card Coupler allows the G-15 

to use seven standard models of card readers, punches, 

and accounting machines. Up to three may be con

nected on-line at one time, and all input-output is fully 

buffered. And with the G-15, as standard equipme nt, 

you have a fully alphanumeric typewriter, a paper tape 

punch, and a se archable high-speed photo-ele c tric 

paper tape reader. Low-cost magnetic tape units are 

also available. The great versatility of this business

scientific system, at such a remarkably low price, is 

setting new standards of computing economy. 

Write for details. 

��",�t.,.on.u,ul'e, LOS ANGELES 45. CALIFORNIA 

DEPARTMENT C-IS 

DIVISION OF THE BENDIX CORPORATION 
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SEROLOGICAL TESTS show that protoplasts of Bacillus megate

rium are free of cell-wall material. Serum containing antibodies to 
the protoplasts (upper group) causes the protoplasts to clump to
gether and settle out of suspension, but does not react with isolated 
cell walls of the same organism. Serum containing antibodies to the 
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cell walls (lower group) reacts with cell walls but not with proto. 

plasts. Whole cells are clumped by cell·wall antiserum and, at low 
dilutions, by protoplast antiserum. Figures at top indicate serum 
dilution. Data are based on a study by John W. Vennes and 
Philipp Gerhardt at the University of Michigan Medical School. 
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study the properties of bacterial cyto
plasm. This objective was achieved in 
1953 when Claes Weibull of the Univer
sity of Uppsala in Sweden developed a 
simple technique employing lysozyme to 
isolate and preserve protoplasts. Weibull 
found that a sufficiently low concentra
tion of lysozyme would dissolve the cell 
walls of the giant Bacillus megatel'ium 
slowly enough to permit experimental 
control of the process. He was able to 
keep the resul ting protoplasts from 
breaking down by conducting the proc
ess in a dilute solution of sucrose, which 
balanced the osmotic pressure across the 
exposed cell membrane, and by main
taining a low level of oxygen in the me
dium to inhibit the metabolism of the 
protoplasts. 

That this treatment achieves com
plete separation of the cell wall and 
protoplast has been demonstrated by 
serological means. Protoplasts, like 
other protein-containing substances, are 
antigenic; when they are injected into 
the bloodstream of an experimental ani
mal, they induce the formation of anti
bodies that react with them. Blood 
serum taken from the animal and mixed 
with the same type of protoplasts will 
cause the pro top lasts to clump together. 
The serum will also cause clumping of 
whole bacteria of the same type, but will 
not clump isolated cell-walls. On the 
other hand, antiserum prepared by in
jecting an animal with purified cell walls 
will cause whole bacteria as well as cell 
walls to form clumps, but will not affect 
the protoplasts of the same bacteria. The 
smallest contamination either way would 
blur these clear-cut results. 

W
ith protoplasts available in stable 
form for experiment, investigators 

have found that many activities of the 
cell remain unaffected when the cell wall 
has been stripped away. For example, the 
respiration rate-the intake of oxygen 
and elimination of carbon dioxide-ap
pears to be much the same in protoplasts 
as in intact cells. This is particularly the 
case when the respiration rate is 
throttled down by culturing the cells or 
protoplasts in a medium devoid of en
ergy-yielding nutrients. When nutrients 
are added to the medium in which cells 
or protoplasts are suspended, the pro
top lasts take up the nutrients with about 
75 per cent the efficiency of whole cells. 
Interestingly enough, they do not assimi
late certain compounds that are normal 
constituents of cell-wall substance, al
though they may incorporate their pre
cursors. Accordingly it seems that those 
systems that function within the cyto-

A Critical Anti -Icing Problem 

Solved byCOX 
for CONVAIR 

The wing ventilating air inlets on the Convair 
880 must be anti-iced when flying in icing 
conditions with minimum aerodynamic drag 

at the cruise speed of 615 m.p.h. 

By using dependable Cox metal-covered 

Thermopatch heaters, Convair Division of 

General Dynamics Corporation makes no com

promise with the desired aerodynamic shape 
and obtains the utmost in reliability, plus 

minimum weight. 
Cox & Company is a major source for new 
design and volume production in the fields of 

de-icing, temperature control and special 

heating elements for military equipment. 

Ask for literature or specific information. 

COX & COMPANY, INC. 
115 East 23 Street, New York 10, New York 
Engineering Representatives Coast to Coast 
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plasm of the cell do so as effectively in 
protoplasts as in intact cells, and so are 
not dependent on the presence of the 
cell wall. 

The next question is whether proto
plasts can also grow and divide like 
whole cells. The protop!asts of B. mega-

terium swell and increase in weight and 
volume, much as whole bacteria do be
tween cell divisions. Under certain con
ditions they even exhibit a phenomenon 
suggestive of division. In the presence 
of glucose and selected amino acids they 
increase in size, produce budlike protru-

sions and become dumbbell-shaped. But 
unlike the intact cells, which undergo di
vision at a sufficiently rapid rate to form 
visible colonies on a solid growth-me
dium, protoplasts do not succeed in 
carrying through the process of normal 
division. Though a single protoplast can 

NEWLY FORMED PROTOPLASTS of B. megaterium at \'ight 
have the same volume as the rod·shaped cells from which they 

came. Normal cells are shown at left. Kenneth McQuillen of the 
University of Cambridge provided these electron micrographs. 

PROTOPLASTS AFTER NINE HOURS in a nutritive medium 
have increased in size and weight. Some appear to be budding 
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(le/t) or dividing (right). These structures, which are enlarged 
about 15,000 diameters, are shown at the same scale as those at top. 
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MOON 

Hamilton Standard environment 

control project seeks ways to ensure 

a safe air supply for man in space 

Man in space means man in a sealed compartment 
giving off body heat, water vapor, carbon dioxide and 
other air contaminants. If man is to survive, these 
wastes must be removed or regenerated. Here in the 
Moon Room, a sealed experimental chamber, Hamil
ton Standard scientists are testing a variety of equip
ment to solve these problems. These tests are part 
of a full-scale research and development program. 

The Moon Room program and an advanced en
vironment conditioning system for North American's 
2000-mph B-70 bomber are excellent examples of 
HamiltOn Standard's environment control capability. 
They are the results of skills and experience the 
company has amassed in creating air-conditioning 
systems for such aircraft as the Convair B-58 bomber 
and 880 Jet-Liner, missiles, and ground support 
installations. 

Long known as the foremost producer of propellers 
in the world, HamiltOn Standard today is a dynamic 
engineering force in many other fields, too. These 
include engine controls, electronics, starters, hydrau
lics, ground support equipment, solar power genera-, 
tion, and electron beam process equipment. 

HAMILTON 

STANDARD 
DIVISION OF 

UNITED AIRCRAFT CORPORATION 
WINDSOR LOCKS, CONNECTICUT 
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> > 

LYSOZYME > 

LYSOZYME > 

DILUTE 
LYSOZYME > 

LYSOZYME > 

VIRUS INFECTION OF BACTERIA has been studied by means 
of protoplasts. Normally a virus particle attaches itself to a bac. 
terium and injects its DNA (thread) into the cell; later the cell 
bursts to release many new virus particles (first row). A cell con. 
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> 

s 

verted to a protoplast by lysozyme after it is already infected pro
duces viruses in reduced number (second row). Viruses cannot at
tach themselves to protoplasts (third row), but can attach to and 
infect cells having some cell·wall layers remaining after mild 
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divide in two, neither it nor its offspring 
can form cell walls. This may be because 
protoplasts lack the ability to synthesize 
new cell-wall substance, or because they 
require special, and as yet undeter
mined, environmental conditions. 

Some bacteria, such as B. megater
itun, are equipped with whiplike ap
pendages called flagella, the rhythmic 
motion of which propels the cells about 
when they are suspended in a fluid me
dium. Dissolution of the cell wall of 
these motile bacteria shows that the 
flagella are part of the cytoplasmic struc
ture, for they remain attached to the 
protoplasts. The protoplasts are never
theless incapable of motion. Probably 
some essential triggering mechanism as
sociated with the cell wall is lacking. Or 
it may be that the protoplast structure 
lacks the rigidity necessary to make the 
thrust of the flagella effective. (An air
craft propeller would not work very 
well attached to a soft balloon!) 

V
irus infection represents one chink 
in the armor of the bacterial cell

wall. Investigators have found, however, 
that viruses which infect B. megatel'ium 
will not affect protoplasts of this bac-

> 

> 

lysozyme treatment (fourth row) . In one 

experiment spheroplasts, possibly still reo 
taining some cell·wall material, were in
fected by free virus DNA (fifth row ) . 

terium. This supports other evidence 
that some chemical affinity between the 
virus and the cell wall makes a bacteri
um susceptible to infection by a particu
lar virus. T.e submicroscopic, tadpole
shaped bacterial virus is known to be a 
quite complex structure, composed 
largely of virus genetic material (deoxy
ribonucleic acid, or DNA) enclosed in a 
protein coat. Ordinarily virus particles 
attach themselves tail,first to the cell 
wall, digest a hole in it and then inject 
their DNA into the bacterial cytoplasm. 
Inside the cell the virus DNA redirects 
the host's metabolism, causing it to pro
duce virus material. The host cell then 
ruptures and frees several hundred new
ly formed virus particles into the sur
rounding medium. On the other hand, 
when a bacterial virus is cultured with 
protoplasts of a susceptible bacterium, it 
shows no affinity for them and does not 
infect them; it does, however, attach it
self to the empty cell-walls of the same 
bacteria. Although the virus cannot at
tach itself to naked protoplasts, it can 
multiply in the protoplasts of bacteria 
that receive an infecting dose of viral 
DNA before their cell walls are removed. 
The process differs from that in normal 
whole cells only in that the protoplasts 
yield somewhat fewer viruses than 
whole cells do. 

Must the entire cell-wall be present, 
or will the virus attach itself to cells with 
some layers of wall removed? A dilute 
solution of lysozyme, added to a suspen
sion of B. megaterittm, will remove small 
amounts of cell-wall material instead 
of the whole wall. When bacteria so 
treated are exposed to virus, they suc
cumb to infection as readily as do intact 
cells. This indicates that the lower levels 
of cell-wall structure exposed by the 
lysozyme digestion are sufficiently like 
the surface for viruses to take hold. 
Either the configuration of the chemical 
bonds on the surface of the cell is not 
essential for phage attachment or it is 
somehow duplicated at lower levels 
as cell-wall material is removed. The 
lysozyme-treated cells produce a larger 
yield of virus than do normal cells, 
implying that the thinned-down cell 
wall is more readily penetrated by the 
virus. 

The experience gained in the produc
tion and handling of protoplasts of or
ganisms susceptible to lysozyme has en
couraged investigators to extend this 
kind of study to other organisms and to 
adapt other agents, such as penicillin, to 
the production of protoplasts. The im
portant and ubiquitous colon bacillus 
(Escherichia coli), extensively used in 

Innovation and 
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disciplines and interdisciplines 
relating to: 

• Space and Upper 
Atmospheric Physics 

• High Temperature 
Materials 

• Space Propulsion 

• High Energy Flows 

• Microwave 
Communications 
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studies of bacterial biochemistry, bac
terial genetics and virus infection, is re
sistant to lysozyme under the usual 
laboratory conditions, but is susceptible 
under special conditions. One of us 
(Hartsell) has discovered that dead cells 
of E. coli respond to lysozyme in an acid 
environment at high temperature to form 
stable protoplast-like spheres. Other 
workers have succeeded in removing the 
cell-wall material from living E. coli 
by employing lysozyme in combination 
with an alkaline solution or a chelating 
(metal-binding) agent. The cells thus 
treated lose their characteristic lozenge 
shape and form protoplast-like spheres. 
They can be preserved for extended 
periods in solutions containing sugar, 
salts or serum albumin in proper concen
trations to balance the osmotic pressure 
on either side of the cell membrane. 
There is some question, however, 
whether these protoplasts are really com
pletely free of cell-wall material, since 
their behavior sometimes differs from 
that observed in protoplasts of more 
sensitive strains that can be stripped of 
their cell walls by lysozyme alone. Pend
ing the outcome of serological, chemical 
and other tests to prove the complete 
absence of cell-wall material� they are 
designated as spheroplasts. 

Spheroplasts of E. coli have recently 
figured in a significant experiment in
volving DNA preparations from E. coli 
virus. Investigators at Indiana University 
and at Western Reserve University, 
working independently of one another, 
succeeded in separating most of the pro
tein from the DNA fraction of this virus. 
Each group exposed a suspension of 
spheroplasts to their DNA preparation 
and secured a yield of viruses. Careful 
checking showed that the preparation 
contained no intact virus, although it 
was probably contaminated by a small 
amount of virus protein. Thus, although 
virus DNA by itself may not infect intact 
cells, the DNA in these preparations had 
penetrated the thin membrane enclosing 
the spheroplasts. The yield of virus from 
these experiments was small, but the 
findings are remarkable nevertheless. 
The synthesis of complete virus particles 
from DNA constitutes another piece of 
evidence that this molecule carries the 
important genetic properties usually as
sociated only with intact organisms. 

Fleming could not have anticipated 
the direction in which lysozyme would 
carry research in microbiology. The ex
ploitation of lysozyme as a research tool 
shows how a simple discovery may open 
up vast new areas to investigation. 

FLAGELLATED PROTOPLAST of B. subtilis shows that these whiplike swimming or· 
ganelles are attached to the cell cytoplasm and not to the cell wall. This electron micro

graph was obtained from J. M. Wiame. The structures are enlarged about 64,000 diameters. 
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Systems competence in 
design, implementation, 
structural construction, 
installation, operation, 
training, and 
maintenance of: 

1. Space surveillance 
systems 

2. Transportable elec
tr onic s systems 

4. Telecommunications 
systems 

5. Integrated land, sea, 
and air communica
tions systems 

6. Data systems 
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ELECTRONICS 
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AVAILABLE 

-ANYWHERE 

Alpha Corporation is an experienced supplier of 

transportable electronics systems and support 

packaging ... in projects where the entire 

complex is transportable and where transportable 

units are part of a larger complex. Capabilities 

extend from design through implementation, final 

test, and customer orientation. Particular 

emphasis is directed toward reducing user 

problems through design compatible with human 

engineering factors and simplified maintenance. 

The more than 700 engineers, technicians, and 

supporting personnel of Alpha represent a most 

substantial store of diversified systems experience. 
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THE ORIGIN OF ORES 

The n1etals most con1monly found in the world's ores are not 

necessarily the most abundant. Over geologic time natural 

processes have concentrated some metals more than others 

I
nto ore-smelting furnaces all around 
the world the metals industries each 
year tumble hundreds of millions of 

tons of broken rock. Selective chemical 
reactions, promoted by the heat of the 
furnace, separate the metal from the oth
er elements to which it is bound in the 
rock. The heavier molten metal gathers 
on the bottom of the hearth, and the slag 
floats to the top. Thus the smelting proc
ess, employing special stratagems for 
each ore and metal, segregates the 
metals from the more common and less 
useful materials contained in the ores. 
But civilization could scarcely base its 
existence upon the use of metals if the 
earth itself had not served, throughout a 
long chapter in its history, as a kind of 
gigantic smelting furnace, segregating 
the various metals in ore bodies ready at 
hand for the day when man would learn 
to use them. 

All metals are relatively rare and 
precious. Iron, the metal that is found 
most abundantly "above ground" in the 
works of civilization, constitutes but 5 
per cent of the earth's crust. Aluminum, 
the third most abundant element in the 
crust, is presently accessible only in 
scattered small ore-bodies, which are not 
nearly so workable as the larger deposits 
of iron. Titanium, a metal that has only 
recently come into industrial use, has an 
average abundance in the crust of 4,400 
grams per ton-60 times the abundance 
of copper and 30 times that of zinc. 
Zirconium, another metal that is just 
now Bnding wide use, is as abundant as 
the more familiar chromium (200 grams 
per ton). Lead, one of the Brst metals to 
be smelted by man and still irreplaceable 
for numerous purposes, has an abun
dance of 16 grams per ton, only four 
times that of uranium. One might expect 
to Bnd that the precious metals are rare, 
but not so rare as they actually are: sil-
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ver has an abundance in the crust of only 
.1 gram per ton; gold, an abundance of 
.005 gram per ton. 

There is thus little connection be
tween the abundance of the metals and 
their economic importance. It is the lo
cal concentration of metals in ores that 

has determined to a large exten t the or
der in which the metals have been taken 
up by man. An understanding of how 
these concentrations were formed has an 
obvious utility for the prospectors who 
go in search of them. In view of the 
mounting demand for metals of all kinds, 

INJECTION AND SEDIMENTARY ORE-DEPOSITS are shown in these photographs. At 

left is a view from the south ramp of the Frood pit, mined by the International Nickel 

Company of Canada in the Sudbury district of Ontario. The ore is an injection deposit 
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such understanding has an increasing 
economic significance. 

The geochemist, whose task it is to 
reconstruct the origin of the ores, must 
work like an archaeologist who seeks to 
read the story of an ancient civilization 
in clay tablets written in a language un
known to him. The language of the rocks 
is that of the well-established laws of 
physics and chemistry. But this language 
too often fails the geochemist when it 
comes to reconstructing events that hap
pened eons ago under conditions that 
cannot be duplicated in the laboratory. 
The high temperatures and pressures of 
the geological furnace are not the only 
obstacle; the ultimate barrier is time. 
Compounds that cannot be synthesized 
within months or years may very well 
form in the earth's crust after thousands 
or millions of years. 

Nonetheless the discipline of geo
chemistry has arrived at a well

founded explanation of the major stages 
in the segregation of the metals in the 

crust. This segregation involves not only 
processes that occur deep in the earth, 
but also the interaction of the lithosphere 
(the earth's crust) with the hydrosphere 
(the oceans, lakes and rivers), the bio
sphere (the sphere of living things) and 
the atmosphere. 

A crucial piece of evidence bearing 
upon the first stage in the geochemical 
history of the earth comes from yet an
other sphere: the cosmos around our 
planet. The meteorites that survive the 
plunge through the atmosphere are of 
two general kinds: stone and iron. Be
lieved to be fragments of a disrupted 
planet, they strongly support the idea 
that the earth has a nickel-iron core sur
rounded by rocky material. Assuming 
that the earth was molten in the early 
stages of its history, it must have fit very 
well the analogy of an ore-smelting fur
nace; the heavier metals, eight to 10 
times as dense as water, sank toward its 
center, and the lighter stony "slag," with 
an average denSity of 2.8, floated up
ward to form the mantle and the crust. 

The "first geochemical differentiation of 
matter" thus segregated most of the 
earth's metal forever beyond reach in the 
core. 

The thin shell of the crust, to which 
the search for useful materials is neces
sarily restricted, is proportionately thin
ner than the peel of an orange. Yet even 
the deepest oil wells and mine shafts 
barely scratch it. Direct knowledge of 
the structure and constituents of the 
crust extends no deeper than 12 miles. 
Even that depth would seem to involve 
uncertainty and conjecture, since oil 
wells seldom reach down farther than 
four miles, and the deepest mine shafts 
go down no more than 7,000 feet. Here 
and there on the surface of the earth, 
however, the upheaval of rock from re
gions near the bottom of the crust, and 
the erosion of overlying formations, have 
exposed materials once deeply hidden. 

From thousands of rock samples col
lected all over the globe during the past 
half-century geochemists have worked 
out a reliable picture of the relative 

containing nickel and copper. The gaping hole in the center fore· 

ground was left after 225,000 tons of ore had been blasted and 

dropped to a level 600 feet below: The open·pit mine at right is 

near the Union Carbide Nuclear Company's uranium mill in May. 

bell, Colo. The uranium here is found in sedimentary formations 

of unconsolidated sandstone (at bottom left and in background). 
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abundance of the elements in the crust. 
The names of the eminent U. S. geo
chemists Frank W. Clarke and Henry S. 
Washington are particularly associated 
with that tedious pioneering task. The 
table of abundance [see illustration on 
page 152] readily explains the low den
sity of the crust. The lighter elements 
oxygen, silicon and aluminum account 
for nearly 90 per cent of the crust's vol
ume. All of the other elements together 
constitute a small admixture; they would 
be scarcely noticeable-some scarcely 
even detectable-if they did not occur in 
local concentrations. 

Before the crust cooled and consoli
dated, therefore, it was an inhomogene
ous melt of silicon-oxygen compounds in 
which all of the other elements were 
thinly dispersed. Covering this melt, or 
magma, was a thin layer of solid material 
that served as a lid to contain the fluid 
material beneath and hold it under high 
temperature and pressure. In this pres
surized furnace the elements in the crust 
entered into the "second geochemical 
differentiation." 

The explanation of the ongm of the 
ores begins with the manifold processes 
that attended this second differentiation. 
As Alan M. Bateman of Yale University 
has put it: "Magmas are the source of 
essentially all the ingredients of mineral 
deposits." From the state of low order 
prevailing at the outset in the melt, with 
the various elements randomly dispersed 
in solution, the atoms and molecules 
proceeded to sort themselves out and 
find appropriate partners in accord with 
their characteristic chemical affinities. 
Thus as the temperature of the magma 
dropped, its constituent elements formed 
stable compounds and entered the or
dered solid state in the form of minerals 
of numerous varieties. 

As every student of chemistry learns, 
the affinity of one element for another is 
not accidental but follows well-defined 
laws. Certain elements tend to combine 
with oxygen and form oxides; others to 
combine with sulfur and form sulfides, 
and so on. In minerals, moreover, com
binations of three or more elements are 
not uncommon. Such affinities among 
the atoms of the various elements are of 
course dictated largely by the configura
tion of the electrons in their outer elec
tron shells. The atoms of most elements 
have outer shells that have room for one, 
two or more electrons. Such elements 
combine most readily with elements that 
have a similar deficiency. Two or more 
atoms thus share their electron comple
ments, and the shared electrons, circu
lating impartially in the outer shells of 
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the atoms in the combination, bind them 
together. In the magma solution a great 
many of the elements are ionized; that is, 
they have lost one or more of their nor
mal complement of electrons and so are 
positively charged, or they have picked 
up one or more electrons and are nega
tively charged. The electrical attraction 
of oppositely charged ions acts similarly 
to line up complementary partners and 
causes them to form equally powerful 
and stable bonds. 

D ifferences in the size of atoms con-
stitute another important factor 

governing the formation of compounds. 
The oxygen atom is relatively large, and 
the atoms of the heavier metals are small. 
Since oxygen accounts for more than 85 
per cent of the volume of the crust, it is 
not surprising that the arrangement of 
the oxygen atoms in a mineral largely de
termines the arrangement of the metals 
and other elements it contains. The 
smaller metal atoms fit themselves into 
the interstices between the oxygens. Sul
fur atoms, having a chemical nature 
closely resembling that of oxygen and an 
almost equally large size, form similar 
combinations with metal atoms. Thus as 
the atoms and ions join up with their 
partners in the cooling magma, they pack 
themselves together in a minimum of 
sp�e, forming highly symmetrical, ener
getically stable crystal lattices. 

The crystallization of the magma is 
a selective process. Compounds with 
high melting points solidify first. Ac-

A PEGMATITE 

B SEGREGATION 

C INJECTION 

D DIKE 

E SILL 

F VEINS 
• 

G WEATHERING 

H PLACERS 

J CAVES 

K CONTACT METAMORPHISM 

L LOW-TEMPERATURE VEIN 

M MEDIUM-TEMPERATURE VEIN 

N HIGH-TEMPERATURE VEIN 

o WATER TABLE 

1 ALUMINUM 

2 IRON 

3 MAGNESIUM 

4 TITANIUM 

5 LEAD 

6 ZINC 

7 GOLD 

8 PLATINUM 

9 SULFUR 

10 COPPER 

11 TIN 

12 NICKEL 

13 LIMESTONE 

cording to their density in comparison 
with the rest of the doughlike melt, they 
either sink to the bottom of the magma 
hearth, keep floating where they form or 
rise to the surface. Among these early 
magmatic minerals (primarily iron- and 
magnesium-rich silicates) the ores of 
certain metals have already formed. 
Most of these ores are heavier than the 
nonmetallic silicates, and they tend to 
segregate at the bottom of the magma 
hearth. The world's chromium deposits 
were largely formed in this way, the ore 

=-::- . 

TYPES OF ORE DEPOSIT, the metals they contain and several rock structures are repre

sented schematically and are keyed to the table at left. Segregation deposits (B) form 

under high temperature and pressure, sinking slowly to the bottom of the magma. Injec

tion deposits (C) form when sudden pressures cause the magmatic minerals to solidify 

rapidly, often forcing them into already solidified rock. The formation of pegmatites (A) 

begins at temperatures of 600 degrees centigrade or less. Contact metamorphism (K) is 
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being chromite, a heavy oxide of chro
mium and iron. 

Though such simple segregation ac
counts for the origin of some deposits of 
early magmatic origin, the formation of 
others is more complicated [see illustra
tion below l. If, for example, the droplets 
or crystals of a heavy mineral are not al
lowed to settle to the bottom of the mag
ma, a process that takes thousands of 
years, but instead are forced by pressure 
into simultaneously hardening regions of 
rock, they form what is called an injec-

tion. Sometimes the rock has already 
solidified when such injections take place, 
but there are always fissures into which 
the mineral can be squeezed. The re
sulting deposits are therefore more dis
persed than those formed by simple 
segregation. As a result more of the work 
of mining is concerned with the blasting 
and removal of the rock through which 
the mineral is scattered than with the 
recovery of the mineral itself [see photo
graph on page 146 and bottom illustra
tions on next pagel. Despite these dif-

ficuities some of the world's richest ore
deposits belong to this type. 

The nickel-copper deposits of Sudbury 
in the Canadian province of Ontario are 
the largest known concentration not only 
of nickel but also of platinum and plati
num metals (i.e., palladium, osmium, 
iridium, ruthenium and rhodium). In
genious modern techniques have made 
possible the extraction of 14 different 
elements from the Sudbury ores. An
other example is the famous magnetite 
deposit of Kiruna in Swedish Lapland, 

the interaction between magmatic material and the rock layers 

above it. Undifferentiated magma may also be forced into fissures in 

the crust to form dikes (D) and sills (E) . Fluids and gases escap· 

ing toward the surface deposit various minerals and metals in veins 

(F) .  Depending on the temperature, three kiuds of vein are formed 

(L, M, N) . The two wavy hatched zones (G) indicate levels at 

which weathering effects form ore concentrations. Those at the 

surface are placer deposits (H). Lower down, weather solutions 

have descended from surface to interact with rock and mineral 

formations. Under varying conditions this interaction results in 

cementation zones (deposits of such metals as lead, zinc and 

copper) . Two deposits of lead and zinc are at right (5, 6). 
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well above the Arctic Circle. Magnetite 
is an iron oxide with an iron content of 
up to 70 per cent. Smaller Swedish and 
Norwegian deposits, also of early mag
matic ongm, contain considerable 
amounts of titanium in addition to iron. 

As the temperature of the magma falls 
and solidification continues, the more 
common silicate rocks are formed. Since 
this cycle of crystallization involves only 
a few elements, its products are not near-

ly so various and interesting as those 
that form in the solidification of the re
maining part of the melt. The last of the 
crustal magma to crystallize is strongly 
enriched with gases and also contains 
many metals that have not formed com
pounds earlier, either because of their 
unsuitable atomic size or their abnormal 
energy states. When the magma reaches 
a temperature of about 600 degrees cen
tigrade, there begins to form a group of 

rocks that are known to geologists as peg
matites. Pegmatites yield a large variety 
of colorful and well-crystallized minerals 
and a number of economically important 
ores. High-quality gem stones and most 
of the crystal specimens exhibited in 
museums come from pegmatites. The 
metals obtained from pegmatite ores in
clude uranium, tungsten, molybdenum 
and tantalum. 

Though pegmatites represent the last 

WEATHERING FORCES carry ore particles from an exposed vein 

(at left) down to a river, forming placer deposits (stippled areas). 

Heavier particles are deposited first on slope below vein. Lighter 

particles are deposited nearer river and on its opposit� side. 

OPEN·PIT MINING METHODS are used in huge sedimentary 

iron·deposits of the type found north of Lake Huron. Below the 

ore body (dark area) is a sloping layer of pokegama quartzite. The 

lowest layer consists of slate and conglomerate rock formations. 

INDUCED CAVING METHOD of mmmg low·grade ore is de· 

picted schematically. The ore (daTk area) is dynamited into the 

pit (arrow) and transported down special shafts (thick dark lines) 

to an ore crusher. It is then carried to the surface for processing. 
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NICKEL·COPPER ORE·BODY representative of the injection de· 

posits in Sudbury, Ontario, is vein·mined at levels where open

pit and induced.caving methods cannot be used. Stippled areas 

represent greenstone, a characteristic host rock of the district. 
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SPACE AGE DOCTOR 

whirls through G test 
- records his reactions on magnetic tape 

THE MODERN-DAY DERVISH takes his whirl mechan
ically - in a 34-ft. human centrifuge - and tape 
records all his reactions. In current medical experi
ments, the scientist is whirled at high speed until 
centrifugal force subjects his body to a crushing 
burden equal to 4 normal gravities. 

To keep an accurate, perma
nent record of the subject's re
actions to his terrible ride, the 
physiologists employ magnetic 
tape. Sensitive pickups are 
taped, clipped and even in
serted in the subject's circula
tory system. All these data, re
corded automatically during 
the test on magnetic tape, are 
later reduced by analog com
puter for analysis. 

The key factor in the choice 
of magnetic tape for this vital 
work is its complete versatility. Not only does mag
netic tape compress a reliable and permanent record 
of many reactions into one compact reel, it also 
permits the researchers to alter the timebase for 

\ 

\ 

analysis-for tape can be slowed to allow a "slow 
motion" review of data. 

These studies advance space medicine, and are 
adding much to medical knowledge of the heart 
output and the compensating reactions of the entire 
circulatory system. 

This is just one of the ways "SCOTCH" BRAND 

Magnetic Tape for instrumentation can serve 
science. The first practical magnetic tape developed, 
"SCOTCH" BRAND Magnetic Tape today helps ex
plore earth, sea and space, and controls automation 
in industry. It remains the leader as new, more sen
sitive tapes are created for science, business and 
industry. For details on constructions that can serve 
you, write Magnetic Products Div., 3M Co., 900 
Bush Ave., St. Paul 6, Minn. © 1060 3M Co. 

!'SCOTCH" is a registered trademark of 3M Company, Sl. Paul 6, Minnesota. 

Export: 99 Park Avenue, New York, N.Y. In Canada: london, Ontario. 

SCOTCH BRAND MAGNETIC TAPE 
FOR INSTRUMENTATION 

��<- -��.). MINNESOTA MINING AND MANUfACTUIUNG COMPANY t� 
• • •  WHUl Il.EHAR(H 15 THE KEY TO TO MORJtOW'L� 

��»w�<:'� 

© 1960 SCIENTIFIC AMERICAN, INC



ALL OTHER ELEMENTS 
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CALCIUM 

IRON � 

ALUMINUM 8.1 

SILICON 

27.7 PER CENT 

OXYGEN 
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MAGNESIUM lit 
IRON 

ALL OTHER ELEMENTS 

ALUMINUM \ \ 
SILICON \ \ \ .5 

SODIUM ---.". 
\ _":-;C'r'.---� 

CALCIUM _____ 1 3 1.3 1.3 .8 
\ 2.1 ' 

OXYGEN 
85.7 PER CENT 

COMPOSITION OF THE CRUST in weight (top) and volume (bottom) shows pre· 

dominance of lighter elements, of which iron alone has an atomic weight above 40. Oxygen 

and silicon constitute 75 per cent of the crust's weight and 87 per cent of its volume. 
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stage in magmatic crystallization, the ac
tivity of the magma hearth is not yet 
finished. Gases, vapors, fumes and 
fluids rise slowly toward the surface, 
carrying with them large quantities of 
metals, including most of the common 
industrial metals such as lead, zinc and 
copper. They remain in the magma as 
overheated solutions or gases, because 
they tend to form soluble or volatile 
compounds. When such gases and fluids 
reach cooler environments or come into 
contact with water descending from the 
surface (forming hydrothermal, or hot
water, solutions), they deposit in the fis
sures and cracks of the rocks surrounding 
the magma proper. At first these solu
tions are still very hot and under high 
pressure, but as they continue to move 
away from the magma, the temperature 
and pressure gradually decrease until 
finally surface conditions are reached. 
During each step of this slow process of 
pressure-reduction and temperature-de
cline various groups of ores are formed. 
Each ore deposit goes through its char
acteristic genesis; not only does the com
position of the escaping fluids and gases 
vary from magma to magma, but the 
rocks they penetrate also differ, causing 
numerous complicated reactions between 
the rocks and the hot mineral solutions. 

The majority of ore deposits presently 
worth mining are of this type, though 
they hardly form massive ore-bodies. 
They appear chiefly as veins, branching 
off in many directions, richer in ore con
tent here and thinning out there. The 
mining of these deposits becomes an in
creasingly complex and extended opera
tion, as it often does in injection deposits. 
Among the metals to be found in veins 
(in addition to lead, zinc and copper) 
are gold, silver, cobalt, arsenic, anti
mony, bismuth and mercury. The metals 
that are segregated in earlier magmatic 
processes also emerge at this stage, 
showing that some metals are not limited 
to one kind of differentiation process. 
Uranium, for example, appears in the 
pitchblende deposits at Great Bear Lake 
in the Northwest Territories of Canada. 
Pitchblende is hydrothermal in ongm. 
Prospectors frequently find vein de
posits of iron (which seems to be the 
most versatile metal in this respect), 
nickel, molybdenum, platinum and plati
num metals. 

The story told so far has led from the 
extremes of pressure and tempera

ture in the magma to conditions typical 
of the surface of the earth's crust. How
ever, not all ore deposits are of magmatic 
and hydrothermal origin. At the surface 
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VA R I A N associates 
Representatives thruout the world 

PALO ALT 

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, HIGH VACUUM EQUIPMENT, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 

NMR & EPR SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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the forces of the hydrosphere and atmos
phere come into play. The continuous 
action of rain, wind, ice, varying tem
peratures and other agents gradually 
breaks down exposed rocks and minerals 
that have been formed in the depths of 
the magma. Under intensive weathering 
the silicates of magmatic rock gradually 
dissolve, and the insoluble single grains 
of the crumbled material are transported 
over wide areas. If these grains resist 
decomposition, they are eventually re
deposited, the time required for rede
position depending primarily on the 
specific gravity of the particular minerals. 

Many magmatic ores are by nature 
heavy and resistant to decomposition. 
When a rock complex, for example a 

I 

I I 50 ° 

I 
a 

mountain, containing these ores begins 
to weather, the heavy minerals tend to 
accumulate as loose, rounded particles 
in rivers and streams, which act as trans
portation lines. In the course of time the 
river changes its course or dries up, and 
its bed is covered with other sediments, 
which protect the redeposited ores from 
further weathering. These so-called 
placer deposits of ores and even of pure 
metals offer easy mining conditions once 
they have been discovered. Gold and 
platinum, owing to their reluctance to 
enter into chemical combination and 
their high resistance to almost all chemi
cal agents, appear in placer deposits in 
uncombined form. Metals such as tin, 
iron, titanium, zirconium, chromium, 
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MASSIVE SULFIDE·ORE BODIES in the Horne Mine of Noranda in Quebec are shown 

in three·dimensional projection. The deposits were formed by numerous reactions between 

minerals and surrounding rock. The thin vertical formation is a "dike" of undifferentiated 

magmatic material. To the left of the dike is a mine shaft. All dimensions are in feet. 
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uranium and thorium (the last of grow
ing importance as a fissionable mate
rial in nuclear reactors) show similar re
sistance in their compounds, mainly 
oxides. 

Where the effects of weathering are 
more chemical than mechanical, some 
metallic compounds dissolve in the 
weathering solutions. Under highly fav
orable conditions they will recombine 
with other elements and precipitate out 
of the solution, forming extended sedi
mentary deposits. Again, such processes 
have produced significant deposits of 
iron and uranium, as well as deposits of 
manganese and of bauxite, the most im
portant source of aluminum. The Mesabi 
Range in Minnesota, which is surface
mined by power shovel and has supplied 
the industrial civilization of the U. S. 
with most of its iron, was originally 
formed as a sediment. In later geologic 
periods pressure and strain turned these 
soft sedimentary formations into a flint
like ore with an iron content of between 
50 and 60 per cent. The unique deposits 
of the uranium-vanadium mineral carno
tite on the Colorado Plateau, the main 
source of uranium in the U. S., are con
sidered by one group of investigators to 
be of sedimentary origin, though other 
workers believe that they were deposited 
by circulating ground waters in which 
the water-soluble uranium compounds 
had been dissolved. 

There remains the role of the bio
sphere in the genesis of ores. Plants take 
up minerals from the soil in which they 
grow, and animals ingest the minerals in 
plants. Some of the minerals return to 
the soil, and others are stored by the or
ganisms that originally ingested them. If 
biological conditions favor the existence 
of certain species of organic "concentra
tors" over a long enough period, impor
tant mineral deposits may result. Omni
present iron crops up here too. In a com
plicated series of reactions with bacteria 
in the soil and later with surrounding 
plant life, iron is deposited as bog-iron, 
or iron-pan. Vanadium, best known as a 
component of vanadium steels, is in 
many of its deposits believed to be of 
organic origin. In Peru, for example, 
where one of the largest known deposits 
is found, the vanadium is associated with 
asphalt. Some deposits of coal and crude 
oil have a remarkably high content of 
vanadium. Where vanadium occurs in 
this way, it is classified with coal and oil 
as having an organic origin. Moreover, 
certain bacteria and marine organisms 
are known to concentrate this element. 

Though the ore-segregation processes 
described here occurred long ago, and 
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The Checkout 
that says 

"GO" or "NO GO" 

APCHE (Automatic Programmed Checkout Equip

ment) is a solid-state, universal, high-speed, highly 

reliable, compact general-purpose tester designed 

especially for automatic checkout of aircraft, missile 

and space systems and their supporting systems. 

In its various versions (differing in input media, 

size and weight) APCHE installations may be 

fixed, mobile, airborne or submarineborne. APCHE 

was designed and is being produced as a part of 

RCA's ground support electronics subcontract from 

the Convair (Astronautics) Division of General 

Dynamics Corporation, prime contractor for the 

ATLAS Intercontinental Ballistic Missile. 

The system being supplied to Convair for the 

ATLAS Program includes a console and four rack 

cabinets providing both analog and discrete test 

functions with a resulting printed and GO-NO GO 
indication. As a product of RCA's Missile Elec

tronics and Controls Department, Burlington, 

Massachusetts, APCHE is one of the latest RCA 

developments in the field of military weapon readi

ness equipments . 

• RADIO CORPORATION 0' AMERICA 
DEFENSE ElECTRONIC PRODUCTS. CAMDEN, NEW JERSEY 

Tmk(s)® 

(Pronounced 
HAP-SHE") 

© 1960 SCIENTIFIC AMERICAN, INC



How Sperry Saves 
Time with StereoZoom® 
Microscopes 
In its work on the B-5S Hustler and Jupiter C 
missile programs alone, the Air Armament Di
vision of Sperry Gyroscope Company makes 

over 250 different detail parts of floated gyroscopes and integrating 
accelerometers. 

The Bausch & Lomb StereoZoom Microscopes allow Sperry's op
erators to see this sub-miniature work enlarged in natural, 3-D detail. 
These instruments provide the long, unobstructed working distance 
(up to 7") required for intricate assembly operations without damage 
to delicate parts. To check work, a turn of the zoom knob provides 
any desired magnification within the instrument's range; working 
distance stays the same, with work always in focus. 

In critical inspection, Sperry saves scanning time by setting the dial 
to the exact magnification needed for specific checks, (from 3.5 X 
through 120 X ) . And these B&L Microscopes are light enough to be 
carried easily for spot checks at any assembly point. Sperry keeps its 
B&L StereoZoom Microscopes busy for the full working day, with 
complete visual comfort for the operators. 

Find out how you, too, can save time in assembly and inspection . 
with B&L StereoZoom r--------------------, Microscopes. 

I 
BAUSCH & LOMB I 

I 
69406 Bausch SI., Roch.sl.r 2, N. Y. I 

I 0 Send me new B&L StereoZoom Catalog 0·15 I 
I 0 Schedule a demonstration at my convenience. 
I Name, Title ................................................................... . 
I 
I 

Company ....................................................... " "" '"'''''''' 

I Address ......................................................................... . 
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though few of them can be re-enact
ed in the laboratory, the geochemist can 
advance them with confidence in ex
plaining the origin of the ores. Experi
mental studies have established the 
equilibrium conditions for thousands of 
compounds observed in nature. The re
sults match the observations of petrolo
gists, those workers who study rocks and 
their mineral content and who try to 
evaluate the history of their formation. 
Crystallography has shown why certain 
minerals behave as they do, and what 
laws determine the formation of their 
crystal structures. 

Only recently man himself has taken 
his place among the agents of nature that 
synthesize mineral compounds. One 
mineral hitherto synthesized only by 
nature has been crystallized in the 
laboratory; it is diamond. Using tem
peratures in the range of 2,500 degrees 
C. and pressures of 1.5 million pounds 
per square inch, workers of the General 
Electric Company have succeeded in 
making diamonds fundamentally identi
cal with those found in nature [see "Syn
thetic Diamonds," by P. W. Bridg
man; SCIENTIFIC AMERICAN, November, 
1955]. They have also produced other 
minerals thought to originate in the same 
way as diamond, indicating that natural 
conditions had been successfully approxi
mated. The same techniques have been 
employed to synthesize cr)'Stallized sub
stances not found in nature, including 
borazon, which is harder than diamond 
[see "Ultrahigh Pressures," by H. Tracy 
Hall; SCIENTIFIC AMERICAN, November, 
1959]. 

M any riddles remain unsolved, but 
geochemistry is a comparatively 

young discipline. It is one of those modern 
branches of science that draws heavily 
on the results of neighboring disciplines 
and grows with them. But the problems 
are clearly defined. Believing that these 
problems can be solved, the geochemist 
works toward a greater knowledge of the 
earth as a whole. The practical uses of 
this effort are apparent. Better under
standing of the origin of the ores also 
teaches important lessons about the 
availability of ores. Man should no long
er regard the earth's resources as inex
haustible, but rather as a store from 
which to take with care the irreplaceable 
gifts of nature. The understanding gained 
by geochemistry has still further signifi
cance: The biography of the earth, re
vealed in increasing detail, reflects proc
esses at work elsewhere in the cosmos, 
especially in the evolution of the plane
tary systems of stars other than the sun. 
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SPACE PROBE: A program at Martin where teams of engineers work to get greater payloads 

farther into space. Data from these probes is making Martin the foremost Company in advancing 

the "state of the art." To advance yourself professionally, you should become a member of one of 

these teams. Write to N. M. Pagan (Dept. G-13), The Martin Company, Box 179, Denver 1, Colo. 
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BORG-WARNER'S BETTER LIVING KITCHEN 
FOR 1960. Norge's new Never-Frost refrigerator ends 
the nuisance of defrosting forever-even in the freezer 
section. In Norge's built-in wall oven, you can broil and 
bake at the same time. The cook is always in command 
with the Custom Control Panel of the Norge counter
top range. Brightening this workaday world is color
coordinated, too, in the spacious Ingersoll-Humphryes 
sink. And a York air conditioner and KoolShade sun 
screens keep the kitchen comfortable, 'round the clock 
and 'round the calendar. 
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BY BORG-WARNER 
A report on the far-reaching ways 

in which a dynamic corporation helps 
enrich the lives of millions 

The modern refrigerator has made a museum piece 
out of the old-fashioned icebox. Heating a home once 
involved manual labor, now requires only the touch 
of a thermostat. Gone are legs on bathtubs. Hand 
fans of yesteryear have given way to the fingertip
controlled air conditioner. And down are many 
clotheslines-replaced by automatic dryers. 

Who wrought the revolution? The divisions and 
subsidiary companies of Borg-Warner Corporation 
helped importantly by developing new and better 
home equipment. 

The Norge refrigerator was first with adjustable 
swing-out shelves-first with an automatic ice cube 
maker, in both gas and electric models. The first 
successful home air conditioner went down in his
tory with the York name on it (193S)-leadership 
evident today in York's new Heat Pump that warms 
and cools by using only outside air and electricity. 
The three newest ideas in residential plumbing fix
tures are all products of the Ingersoll-Humphryes 
Division. The original multiple-layer aluminum foil 
insulation is Alfol, and the original solar screening 
is KoolShade-both products of Reftectal Corpora
tion, a B-W subsidiary. 

Rest on laurels? Never. At the Roy C. Ingersoll 
Research Center in suburban Chicago, Borg-Warner 
is forever designing, testing, analyzing-creating 
equipment destined for homes of the future. 

The 7 Hats of Borg -Warner . . . (top) national 
defense; oil, steel and chemicals; (middle row) 
agriculture; industrial machinery; aviation; (bot
tom) the automotive industry; home equipment. 

BORG-WARNER 
It's a better product when Borg-Warner makes it 

Borg-Warner Corporation • 200 South Michigan Avenue • Chicago 4, Illinois 

COLOR MAGNIFICENCE is yours 
in B-W's Ingersoll-Humph ryes cast 
iron, steel and china residential plumb
ing fixtures. Available in six pastels, 
including three 1960 House & Garden 
Magazine selections,· plus white_ 

A MIDSUMMER NIGHT'S REST 

is assured in a bedroom cooled by 
"library Quiet" York air conditioning, 
install-it-yourself window model or 
central system. Dial choice of comfort 
level; York maintains it automatically. 

SUMMER COMFORT: KoolShade 
sunscreen by B-W's Reflectal Corpo
ration blocks sun's hottest rays (note 
contrast where door is open I), keeps 
porch, house up to 15% cooler, glare
.free-yet permits complete visibility. 

A SINGLE OPERATION washes, 
rinses, fluff-dries in Norge's gas or 
electric Washer-Dryer Combination 
(also washes or dries separately). 
One setting washes synthetics safely; 
another gets denims perfectly clean. 

LIFT FOR LIFE. York Comfort Center 
heats and humidifies in winter, cools 
and dehumidifies in summer-purify
ing air electronically. Two flames of 
gas-fired furnace heat more efficiently 
than one-yet do not use more fuel. 

BUILDING OR REMODEL ING? 

Reflectal's Ailol Aluminum Foil lnsu
lation is clean to work with, easy to in
stall. Reflects su mmer heat out, makes 
homes 15° cooler-reflects winter 
heat in, cuts fuel bills as much as 35%. 

Also serving homeowners is the B-W Acceptance Corporation, with offices in 
principal cities, which finances appliance purchases to suit your budget. 

'WHAT BORG-WARNER MEANS TO YOU! 
Many Borg -Warner products contribute essentially to your well-being: 
The preservation and preparation of food, for example. Others add im
measurably to comfort and security, like heating and cooling of your 
home. Still others, such as automatic washers and dryers, free the 
homemaker for more happy moments with her family. A state of well
being, an air of security, an atmosphere of happiness-these, then, are 
the "by-products" of products made for the home by Borg-Warner. 
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JIM SMITH IS BUILDING'YOUR 1970 CAR 
Pressed for a prediction, Jim Smith 
says you may be driving an "all-alumi
num car" by the mid-70's. It's one of the 
things Alcoa's Development Division is 
working on, hand in glove with Detroit, 
from power plant to chassis and body. 
Take aluminum engines - Jim and 
the 49-man crew in the Development 
Division's automotive laboratories 
helped put them on the road. They laid 
the groundwork for a workable rocker 
arm . . . explored ways to let pistons 

and rings run directly on aluminum cyl
inder walls ... confirmed previous con
clusions that the aluminum engine can 
use lower octane fuel than cast-iron en
gines. Credit them, too, for a key assist 
in developing the aluminum radiators, 
bumpers, transmission housings and 
combination hub-wheel-brake drums in 
use on famous-name cars and trucks. 

Like Jim Smith, 93 other Develop
ment Division engineers and designers 
share their aluminum knowledge with 

manufacturers of a wide variety of 
new consumer, military and industrial 
goods - diesel engines, compressors, 
missiles, army tanks, farm equipment, 
portable power tools, appliances and 
scores more. It's a service unmatched 
by any other light metals company and 
it's yours to call on - one more 
added value we put into every pound 
of Alcoa® Aluminum you buy. Alumi

num Company of America, 2019-F 
Alcoa Building, Pittsburgh 19, Pa. 

ALCOA ALUNlINUNl 

helps you design it, make it, sell it 
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Alcoa has hundreds of 
Jim Smiths to help you 

design it, make it, sell it 

All of Alcoa's skills are mobilized to a 
single purpose: To put more than just 
16 ounces of metal in every pound of 
Alcoa Aluminum you buy. Here are 12 
of the dozens of ways to do it: 

1. Research Leadership, bringing you 
the very latest in aluminum alloys and 
applications. 

2. Product Development by specialists 
in your industry and your markets. 

3. Process Development Labs for aid in 
finishing, joining and fabricating. 

4. Service Inspectors to help solve pro
duction problems at your plant. 

5. Quality Control to meet top stand
ards or match your special needs. 

6. Complete Line including all commer
cial forms, alloys, gages, tempers. 

7. Availability via the nation's best 
stocked aluminum distributors. 

8. Foremost Library of films and books 
to help you do more with aluminum. 

9. Trained Salesmen with a wealth of 
on-the-spot information. 

10. Sales Administrators constantly on 
call to service your orders. 

U. Year-Round Promotions expanding 
your old markets, building new ones. 

12. The Alcoa Label, leading symbol of 
quality aluminum, to mark your goods . 

Added Values 
With Alcoa 
Aluminum 

• • . is a case book of Alcoa special 

services and a guide to their availabil
ity in design, manufacture and sales. 
Your copy, with some of the most re
w arding information you may ever 
read, is waiting and it's FREE. Write: 
Aluminum Company of America, 2019-F 
Alcoa Building, Pittsburgh 19, Pa. 

MATHEMATICAL GAMES 
Recreations involving folding 
and cutting sheets of paper 

by Martin Gardner 

I
n this department for last July I dis

cussed a number of recreations that 
involve folding sheets of paper with

out cutting them. When a pair of scissors 
is brought into play, a weaJth of interest
ing new possibilities open up, many of 
which serve to dramatize basic and im-

a 

b 

• 

c 

portant theorems of plane geometry in 
curious ways. 

For example, consider the well-known 
theorem which states that the sum of the 
interior angles of any triangle is a 
straight angle (an angle of 180 degrees). 
Cut a triangle from a sheet of paper. Put 
a dot near the vertex of each angle, snip 
off the corners, and you will find that 
the three dotted angles always fit to
gether neatly to form a straight angle 
[see illustration "a" below]. Try it with 

---

How to discover theorems of plane geometry by cutting polygons 
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An invitation from 

The American 
Geographical 

Society 
For more than 100 years , the 

AMERIC<:\N GEOGRAPHICAL SO
CIETY has served as the clearing
house for geographical knowledge. 
Its internationally famous library 
and map collections, its special and 
periodical publications, its map 
making and scientific researches, 
today make it an organization 
uniquely useful to the business and 
professional world, to government, 
and-above all-to education and 
science. Thus many of its members 
are scientists and specialists in oth
er disci plines-geology, anthropol
ogy, economics, physics, and engi
neering, to name a few. 

Membership privileges include a 
subscription to the Society's distin
guished quarterly journal, the GEO
GRAPHICAL REVIEW; its scope is 
suggested by these titles: Geo gra
phy and Space, Measurement of 
Land Resotlt'ces, Petroleum Devel
opment in Algeria, Hemorrhagic 
Fevers in Asia: A Problem in Medi
cal Ecology, End of the Ice Age 
and Its Witnesses, Israel's Fishing 
Industry, Macrogeography and So
cial Science, Soviet Air Transport, 
The West Indies Chooses a Capi
tal. Membership also includes use 
of the collections; discounts on So
ciety maps and books; and a sub
scription to FOCUS, a six-page 
monthly leaflet of current general 
interest. 

Annual dues are $12.50; Student 
Membership, $5.00. If you are in
terested in exploration and travel, 
and in the spread of geographical 
knowledge, you are invited to write 
today to the Membership Secretary. 

THE AMERICAN GEOGRAPHICAL 
SOCIETY 

Membership Office 
9 Rockefeller Plaza, New York 20, N. Y. 
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Sliding a match around pentagrams shows that the dotted lIngles lIdd up to 180 degrees 

the corners of a quadrilateral. The figure 
may be of any shape, including concave 
forms such as the one shown in illustra
tion b on the preceding page. The four 
snipped angles always join to form a 
perigon: an angle of 360 degrees. If we 
extend the sides of any convex polygon 
as shown in illustration c, the dotted 
angles are called exterior angles. Re
gardless of how many sides the polygon 
may have, if its exterior angles are cut 
out and joined, they also will add up to 
360 degrees. 

If two or more sides of a polygon in
tersect, we have what is sometimes 
called a crossed polygon. The five-point
ed star or pentagram, the fraternal sym
bol of the ancient Pythagoreans, is a 
familiar example. Rule the star as irregu
larly as you please (you may even in
clude the degenerate forms shown in the 
illustration above, in which one or two 

points of the star fail to extend beyond 
the body), dot the five corners, cut out 
the star and trim off the corners. You 
may be surprised to find that, as in the 
case of the triangle, the points of any 
pentagram join to form a straight angle. 
This theorem can be confirmed by an
other quaint empirical technique that 
might be called the sliding-match meth
od. Draw a large pentagram, then place 
a match alongside one of the lines as 
shown in the top illustration above. 
Slide the match up until its head touches 
the top vertex, then swing its tail to the 
left until the match is alongside the other 
line. The match has now altered its ori
entation on the plane by an angle equal 
to the angle at the top corner of the star. 
Slide the match down to the next corner 
and do the same thing. Continue sliding 
the match around the star, repeating this 
procedure at each vertex. When the 
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Structural imperfections, represented by this dislocation network in thin tantalum foil, 
determine the properties of a superconductor (electron transmission; 64,OOOx). 

Superconductivity in· Metals and Alloys 
Superconductivity - the absence of elec
trical resistance at very low temperatures 
-is one of the most challenging of physical 
phenomena. Its appeal is almost universal; 
its application seems almost unlimited. 

It has been suggested for use in friction
less bearings, motors, amplifiers, electro
magnets, gyroscopes and electron-beam 
apparatus. IBM is concerned with still an
other possibility: the application of super
conductivity to computer devices. 

Scientists at IBM Research have demon
strated, with a thin-film superconducting 
device capable of switching in a few milIi
microseconds, that computers of the future 
may be limited in their operating speeds 
only by the speed of light. Whether or not 

a metal is a superconductor depends on 
many things: its structure, its valence, 
and the presence and position of alien 
atoms, missing atoms or electrons. The 
operation of superconducting devices 
depends upon the fact that a magnetic 
field will drive a superconductor into the 
normal (resistive) state. 

A superconductor placed in a magnetic 
field develops a surface current which 
shields out any external magnetic field to 
a characteristic penetration depth. Since 
this penetration depth is comparable to 
the film thickness used in making super
conducting devices, the penetration depth 
is an important property. 

Superconducting alloys, with their in-

herent normal-state resistivity, offer prom
ise for superior devices. Alloying can 
change the penetration depth, the electron 
density, and the ease by which a super
conductor can be switched from one state 
to another. 

Work is under way to outline the part 
played by impurities and structural de
fects in determining superconductivity. 
This work has ah·eady shown that micro
scopic homogeneity is a prerequisite of 
well-defined superconductive behavior. 
From such work may come devices that 
will make it possible to operate miniature 
computers at extremely high speeds. 

IBM®RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

International Business Machines Corporation, Dept. 659-R,590 Madison Averme, New York 22, New York. 
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Some of the Allis-Chalmers 
nuclear projects around the world 

MASSACHUSETTS: I ,OOO-kw research 
reactor for Massachusetts Institute of 
Technology. 

HOLLAND: 20,OOO-kw research and 
materials-testing reactor for Reactor 
Centrum Nederland. 

OHIO: IO,OOO-kw reactor helps Air 
Force simulate high-altitude, nuclear
powered flight conditions. 

NEW JERSEY: Princeton University 
scientists, researching thermonuclear 
fusion, will use a full-scale Stellarator 
facility engineered and equipped by 
Allis-Chalmers and Radio Corporation 
of America. 
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Allis-Chalmers speeds 
world-wide progress 

in nuclear power 

Helping provide power for a growing world has been part of the corporate 

way of life at Allis-Chalmers for more than a century. Power ... from coal, 
oil, gas, falling water ... and now, atomic energy. Pictured here is evidence 
that Allis-Chalmers is growing dynamically in this challenging field, offering 

unique capability to take nuclear projects all the way from "talk about" to 
"start up." Allis-Chalmers, Milwaukee 1, Wisconsin. 

ALLIS-CHALMERS � 
POWER FOR A GROWING WORLD 
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Some of the Allis-Chalmers 
nuclear projects around the world 

r-

SOUTH DAKOTA: Architect's drawing 
of 66,OOO-kwe nuclear power plant with 
internal nuclear super-heat, now being 
designed for Northern St ates Power 
Company in cooperation with ten other 
midwest electric utilities. 

match is back to its original position, it 
will be upside down, having made a 
clockwise rotation of exactly 180 de
grees. This rotation is clearly the sum of 
the pentagram's five angles. 

The sliding-match method can be 
used for confirming all of the theorems 
mentioned, as well as for finding new 
ones. It is a handy device for measuring 
the angles of any type of polygon, in
cluding the star forms and the helter
skelter crossed varieties. Since the match 
must return to its starting position either 
pointing the same way or in the opposite 
direction, it follows (providing the 
match has always rotated in the same di
recti on) that the sum of the traversed 
angles must be a multiple of a straight 
angle. If the match rotates in both di
rections during its trip, as is often the 
case with crossed polygons, we cannot 
obtain a sum of the angles, although 
other theorems can be stated. For in
stance, a match slid around the per
imeter of the crossed octagon in the illus
tration below will rotate clockwise at the 
angles marked A, and the same distance 
counterclockwise at the angles marked 
B. Thus we cannot arrive at the sum of 
the eight angles, but we can say that the 
sum of the four A angles equals the sum 
of the four B angles. This can be easily 

A 

verified by the scissors method or by a 
formal geometrical proof. 

The familiar Pythagorean theorem 
lends itself to many elegant scissors-and
paper demonstrations. Here is a remark
able one discovered in the 19th century 
by Henry Peri gal, a London stockbroker 
and amateur astronomer. Construct 
squares on the two legs of any right tri
angle [see illustration on page 166]. Di
vide the larger square (or either square 
if they are the same size) into four iden
tical parts by ruling two lines through 
the center, at right angles to each other 
and with one line parallel to the tri
angle's hypotenuse. Cut out the four 
parts and the smaller square. You will 
find that all five pieces can be shifted in 
pOSition, without changing their orienta
tion on the plane, to form one large 
square (shown by broken lines) on the 
hypotenuse. 

Peri gal discovered this dissection in 
about 1830, but did not publish it until 
1873. He was so delighted with it that he 
had the diagram printed on his business 
card, and gave away hundreds of puz
zles consisting of the five pieces. (Some
one who has not seen the diagram will 
have conSiderable difficulty fitting the 
pieces together, first to make two 
squares, then one large square.) It is 

A 

B 

B 

On this crossed octagon the sum of the angles marked A equals the sum of those 111arked B 
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ELLIPSOM EYER 

With the possible exception of wondering 
why the butcher's "inch thick" steaks are 
often nearly translucent, few of us give 
much thought to thinness. 

But workers in solid state physics often 
must measure thin films and surfaces in 
the range of one-tenth of a microinch. 

They use the instrument shown above. 
The Ellipsometer, or polarizing spectro
meter, uses the methods of Drude, Rothen, 
Tronstad and others to permit precise de
termination of film thickness to 0.000000008 
inches, or somewhat less than a typical 
t-bone. It is also adaptable to the study of 
birefringence, index of refraction, and other 
thin film characteristics. 

We've worked with optical instrumenta
tion for 64 years, and have originated many 
precision devices for research and indus
trial measurement. 

We can probably apply this experience to 
your field. Write and describe your needs. 

(Ellipsometer fans may request 
Bulletin 203-58.) 

Gaertner 1236 WrllbtwlDUII. 
SCIENTIFIC CORPORATION CblCl11 14,BU 1·5335 

I 
AMATEUR 
TELESCOPE 
MAKING 

Edited by Albert G. Ingalls 

Book One 

497 pages, 300 illustrations 

$5.00 postpaid. $5.35 foreign 

Book Two 

650 pages, 361 illustrations 

$6.00 postpaid. $6.35 foreign 

Book Three 

644 pages, 320 illustrations 

$7.00 postpaid. $7.35 foreign 

Send postcard 

for descriptive circular 

SCIENTIFIC 
AMERICAN 

415 Madison Avenue, New York 17, N. Y. 
(ReSidents 01 l\"ew York Cit" pleose add S% salea ta.) 
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interesting to learn from Peri gal's obitu
ary, in the 1899 notices of the Royal 
Astronomical Society of London, that his 
"main astronomical aim in life" was to 
convince others, "especially young men 
not hardened in the opposite belief," that 
it was a grave misuse of words to say 
that the moon "rotates" as it revolves 
around the earth. He wrote pamphlets, 
built models and even composed poems 
to prove his point, "bearing with heroic 
cheerfulness the continual disappoint
ment of finding none of them of any 
avail." 

that will form a square? (The regular 
pentagram cannot be dissected into a 
square with less than eight pieces.) H. 
Lindgren of the Australian patent office 
is perhaps the world's leading expert on 
dissections of this type. In the bottom 
illustration on page 168 we see his beau
tiful six-piece dissection of a regular 
dodecagon to a square. 

The dissection of polygons into pieces 
that form other polygons is one of the 
most fascinating branches of recreation
al mathematics. It has been proved that 
any polygon can be cut into a finite num
ber of pieces that will form any other 
polygon of the same area, but of course 
such dissections have little interest un
less the number of pieces is small enough 
to make the change startling. Who 
would imagine, for example, that the 
regular hexagram, or six-pointed Star of 
David, could be cut [see top illustration 
on page 168] into as few as five pieces 

A quite different class of paper-cut
ting recreation, more familiar to magi
cians than mathematicians, involves 
folding a sheet of paper several times, 
giving it a single straight cut, then open
ing up one or both of the folded pieces 
to reveal some sort of surprising result. 
For example, the unfolded piece may 
prove to be a regular geometric figure or 
design, or it may have a hole with such 
a shape. In 1955 the Ireland Magic Com
pany of Chicago published a small book 
called Paper Capers, by Gerald M. Loe, 
which deals almost entirely with such 
stunts. The book explains how to fold a 
sheet so that a single cut will produce 
any desired letter of the alphabet, vari
ous types of stars and crosses, and such 
complex patterns as a circular chain of 
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Henry PerigaZ's sc;ssors-alld-paper demonstration 0/ Euclid's famous 47th proposition 
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Atoms for Peace. This dome houses the 91-ton reactor ves
sel made of nickel-containing stainless steel for the new 
Enrico Fermi Atomic Power Plant on the shore of Lake 
Erie near Monroe, Michigan. Detail design and con-

struction of the reactor vessel was done by Combustion 
Engineering, Inc. Plant will be built and operated by 
Power Reactor Development Company from designs 
supplied by Atomic Power Development Associates, Inc. 

Atomic reactor "breeds" its own fuel 
Stainless steel vessel must withstand 

high temperatures and corrostves 
The world's largest full-scale nuclear 
reactor of the "fast-breeder" type 
is now being built. It may well an
swer the question: 

When will atomic power be 
competitive with conventional 
methods of producing electric 
power.� 

As the term "fast-breeder" indi
cates, the atom-splitting process is 
maintained by so-called fast or high
energy particles. It produces more 
nuclear fuel than it consumes. The 
fast- breeder actually turns out a 
kilogram and a fifth of new fuel for 

each kilogram it burns up! 
The "breeding" takes place in a 

36-foot high pressure vessel. Here, 
the high-energy particles (neutrons) 
travel at speeds of thousands of 
miles per second to keep the atom
splitting chain reaction going. 

Accent on safety. A major objective 
was to make this reactor vessel safe. 
That called for a lot of highly spe
cialized work. 

It also called for a rugged metal: 
one capable of withstanding the tre
mendous heat given off in nuclear 
fission, and of bearing up under the 
temperatures and corrosives en-

countered. The final choice? Strong, 
corrosion-resisting Type 304 stain
less steel. It's a stainless steel that 
contains Nickel- one of the big rea
sons for these superior properties. 

How to "fast-breed" ideas. Prob
lems involving reactor materials 
may never be a concern of yours. But 
you can run into metal selection prob
lems involving corrosion, pressures, 
high temperatures and other de
structive conditions almost any time. 
When you do, remember there is a 
good chance that a steel containing 
Nickel will provide the properties 
you want. Let us help you find out. 

The INTERNATIONAL NICKEL COMPANY,lnc. 
67 Wall Street � New York 5, N. Y. 

INCO NICKEL 
NICKEL MAKES ALLOYS PERPORM BETTER LONGER 

167 

© 1960 SCIENTIFIC AMERICAN, INC



IN FINDING 
A SOLUTION: 

BUT ARE ... 

At United Technology Corporation, the 
old adage-"two heads are better than 
one" -is viewed with respect. 

But it also is recognized that at some 
point, too many can cause excessive 
a dminist rative detail ,  confusion, and 
red tape which increases the difficulty 
of finding the solution to the original 
technical problem. 

The emphasis-corporate philosophy
at United Technology Corporation, 
therefore, is on quality -capacity of 
mind, talent and experience, rather than 
on s h ee r  n u m b e r s  of p e o p l e. Th i s  
approa ch permits the maximum per· 
centage of scientific and engineering 
man·hours to be devoted to the analyses 
and experimentation required to obtain 
the � answers to the technical prob· 
lems at hand. 

UNITED 
TECHNOLOGY 
CORPORATION 

A subsidiary of United Aircraft Corporation 
P. O. Box 358 • Sunnyvale, Calif. 
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E. B. Escott 0/ Chicago discovered this dissection 0/ a regular hexagram to a square 

stars, a star within a star, and so on. An 
unusual single-cut trick that is popular 
with American magicians is known as 
the bicolor cut. A square of tissue paper, 
colored red and black to look like an 
eight-by-eight checkerboard, is folded a 
certain way, then given a single straight 
snip. The cut separates the red squares 
from the black and simultaneously cuts 
out each individual square. With a sheet 
of onionskin paper (the thin paper 
makes it possible to see outlines through 
several thicknesses) it is not difficult to 
devise a method for this trick, as well as 
methods for Single-cutting simple geo
metrical figures; but more complicated 
designs-the swastika for instance-pre
sent formidable problems. 

It is obviously impossible to fold a 
sheet flat in such a way that a straight 
cut will produce curved figures, but if a 
sheet is rolled into a cone, plane slices 
through it will leave edges in the form 
of circles, ellipses, parabolas or hyper
bolas, depending on the angle of the cut. 
These of course are the conic sections 
studied by the Greeks. Less well known 
is the fact that a sine curve can be quick
ly produced by wrapping a sheet of pa
per many times around a cylindrical 
candle, then cutting diagonally through 

both paper and candle. When unrolled, 
each half of the paper will have a cut 
edge in the form of a sine curve, or sinus
oid, one of the fundamental wave forms 
of physics. The trick is also useful to the 
housewife who wants to put a rippling 
edge on a sheet of shelf paper. 

Here are two fascinating cut-and-fold 
problems, both involving cubes, that will 
be answered in this department next 
month. The first is easy; the second, not 
so easy. 

1. What is the shortest strip of paper 
one inch wide that can be folded to 
make all six sides of a one-inch cube? 

2. A square of paper three inches wide 
is black on one side and white on the 
other. Rule the square into nine one
inch squares. By cutting only along the 
ruled lines, is it possible to cut a pattern 
that will fold along the ruled lines into 
a cube that is all black on the outside? 
The pattern must of course be a single 
piece, and no cuts or folds are permitted 
that are not along the lines that divide 
the sheet into squares. 

T ast month's problems are solved as foI
L lows: 

The smallest number of oranges that 
will form two tetrahedral pyramids of 

H. Lindgren's dissection 0/ a regular dodecagon to a square 
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is experienced ... 
in (omputer Systems 
For nearly 2,000 years man's only 

computing machine was the Abacus. 

In varying forms, it was used by the 

ancient Egyptians, Greeks, Romans 

and Chinese. 

LFE, long in the foreground of com

puter research and development, has 

improved upon the whole family of 

mathematical computers. For instance, 

now in production for the Air Force is 

an operational-digital computer that 

combines the convenience of real time 

computation with the inherent accuracy 

of digital data handling. 

LFE is experienced in the design and 

manufacture of Computer Systems for 

both military and industrial applications. 

Further details about LFE Computer 

Systems may be had by writing the Vice 

President of Marketing. Ask for Tech
nical Data Digest No. 6041. 
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How To Get Things Done 
Better And Faster 

* Gives Graphic Picture-Saves Time, Saves 
Money, Prevents Errors * Simple to operate-Type or Write on Cards, 
Snap in Grooves 

'* Ideol for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

i::r Made of Metal. Compact and Attractive. 
Over 500,000 in Use 

Full pric:e $4950 with c:ards 

f'f"REi1 24-PAGE BOOKLET NO. C-IOO � Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
Yanc:eyville. North Carolina 

New "Mechanical Educator" to 

IMPROVE MEMORY 
Inability to recall names, places, farts Quickly is a 
common, often costly, shortcoming hat can now be 
casil}' overcome with the a id of a new deyire for 
self- instruction, memory and concentration train
ing. This \'ersntiIe new edllcational tool tan also be 
used effectireiy in language learning, speech cor
rection and improvement, in mastering tables, for
mulae-anything to be memorized-faster than ever. 

DORMIPHONE Memory Trainer 
• Speeds up learning processes 
• Aids concentration 
• Provides entertainment 

Using a new recording 
principle, the )Iemory 
'Trainer records, in� 
stantly plays back. and 
automatically repeats 
speech, music, or any 
spoken or broadcast 
material by clock COIl
trol. through a built� 
in speaker. No reels of 
tape to snarl or rewind. 
Completely portable. 
Ideal aid for home, 
school. industrial safe
ty training lise. So 
simple to lise, children 
benefit-so helpful and 
practical, it is used by 
educators, psycholo
gists. people of all ages 
and professions. 

.1) 

Modernophone. Ine. 
220-060 Radio City 
New York 20. N. Y. 

------------------, I MODERNOPHONE, INC. Circle 7-0830 I 
, ���:t�:�e��d��e:!!y�e�:wm!O;:u�O�:�: �ooklet. I &m I I interested in learning more about the Dormiphone I I Memory Trainer and what it can do for me. No obliga� 

I 
lion-no salesman will call. I 

: :::r:s� uu.:::::::::::::::::::::::. : 
I CIty Zone State 

I My main interest 111 the Memory Tramel' is ror. I 
o Language Learning 0 Speech Impro\'ement I I o Memorization 0 School or College Work I 1.. __________________ . 

170 

diiterent sizes, and also one larger tetra
hedral pyramid, is 680. This is a tetra
hedral number that can be split into two 
smaller tetrahedral numbers: 120 and 
560. The edges of the three pyramids are 
8,14 and 15. 

A box 10 inches square and five 
inches deep can be close-packed with 
one-inch-diameter steel balls in a sur
prising variety of ways, each accommo
dating a different number of balls. The 
maximum number, 594, is obtained as 
follows: Turn the box on its side and 
form the first layer by making a row of 
five, then a row of four, then of five, and 
so on. It is possible to make 11 rows (six 
rows of five each, five rows of four each), 
accommodating 50 balls and leaving a 

space of more than .3 inch to spare. The 
second layer also will take 11 rows, al
ternating four and five balls to a row, 
but this time the layer begins and ends 
with four-ball rows, so that the number 
of balls in the layer is only 49. (The last 
row of four balls will project .28 + inch 
beyond the edge of the first layer, but 
because this is less than .3 inch there is 
space for it.) Twelve layers (with a total 
height of 9.979+ inches) can be placed 
in the box, alternating layers of 50 balls 
with layers of 49, to make a grand total 
of 594 balls. 

The problems of dividing the penta
gram and the Greek cross into a mini
mum number of acute triangles are an
swered in the illustration below. 

The answers 10 l"st month's dissection problems 
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When crews of SAC's 1st Missile Division successfully launched the USAF ICBM Atlas from Vandenberg Air Force Base, September 

9, 1959, the world became aware that the United States had brought into being a formidable retaliatory power for peace. Within four 

months after the first operational launch, the Air Force doubly underlined this missile's capability. On a single day, January 26, 

1960, the 16th and 17th consecutive successful Atlases were fired intercontinental ranges to predetermined targets from both At· 

lantic and Pacific bases. 

After only five years of intensive development, including concurrent research, testing and fabrication under this nation's top mil· 

itary priority, Atlas is extremely versatile as well as powerful. It was the Project Score satellite vehicle and is scheduled for use in 

Project Mercury, the Man in Space Program, and in other space exploration missions. Thus, used as a booster for space projects, 

Atlas provides the nation with a key capability in scientific as well as military applications. 

Space Technology Laboratories provides the systems engineering and technical direction for the Atlas as well as other portions 

of the Air Force Ballistic Missile Program. Much of what was learned in building Atlas has helped cut the lead·time in the develop· 

ment of such other Air Force Ballistic Missiles as Thor, Titan and Minuteman. 

Among the industrial organizations which have worked in concert in developing Atlas are such major contractors as: Convair, 

Division of General Dynamics Corp. for airframe, assembly and test; General Electric Co. and Burroughs Corp. for radio guidance; 

Arma, Division of American Bosch and Arma Corp. for inertial guidance; Rocketdyne Division of North American Aviation, Inc., for 

propulsion; General Electric Co. for re·entry vehicle; Acoustica Associates for propellant utilization. 

America's first 

intercontinental ballistic 

missile ... is helping to 

bear the burden of today's 

power for peace 

The continuing development of Atlas as well as other USAF missiles and related space probes, has created impor

tant positions on STL's technical staff for scientists and engineers with outstanding capabilities in: thermody

namics, aerodynamics, electronics, propulsion systems, structures, physics, computer technology, telemetry, and 

instrumentation. If you believe you can contribute in these or related fields and disciplines, you are invited to send 

your resume to: 

SPACE TECHNOLOGY LABORATORIES, INC. • 
P. O. Box 95004. los Angeles 45, California. Attention: Richard A. Holliday los Angeles· San Diego 

Santa Maria· Sacramento· Denver· Cheyenne· Cape Canaveral· Washington. D.C.· Manchester, England· Singapore· Hawaii 

III 
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Ho'W' to take a satellite 
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census 

At present rates, :man will soon have space 

cluttered with all sorts of orbiting objects. 

Keeping track of these thousands of new 

satellites will be a :major factor in the suc

cess of future space explorations. 

This extra-atmospheric clutter can be resolved, 
sorted, and classified at great range by a new sys
tems concept of satellite intelligence developed by 
Hughes-Fullerton engineers. The prime sensor is a 
flexible, computer-programmed radar which can chop 
space into billions of small information cells on 
thousands of simultaneous beams. 

This enormous multiple-beam capacity permits 
search, track, and examination of huge numbers of 
targets - in addition to providing the capability for 
transmitting control information to defense systems 
or satellite platforms. 

This capability requires a new beam scanning tech
nique, a major step beyond frequency or phase 
control of arrays. Such advances are typical of the 

Shown 1'ec01'ding shock test data, the MEMO-SCOPE® 
Oscilloscope is one of the many commercial products 
developed by Hughes. P1'e c ise trace measurement is 
made possible by the Hughes-built MEMOTRON® 
Storage Tube. 

As a means for studying r-f containment concepts f01' 
use in thermonuclear machines, dense cesium plasmas 
a1'e gen erated in t h is tube at the Hughes Research 
Laboratories in Malibu, Californ ia, 

Hughes engineers who pioneered electronic scan
ning, H ere, thinking is not limited to today's 
problems, or even next year's but toward the next 
generation of information gathering systems
systems which will not be obsolete by the time they 
are operationaL 

Numerous other Hughes projects, in virtually every 
area of advanced electronics, provide similarly stim
ulating outlets for your abilities. Current areas 
of activity include: advanced electronic display 
systems, microminiaturized semiconductors, nuclear 
electronics, space vehicles, ASW systems, hydrofoil 
system, infrared devices, advanced control systems
and many others. 

This variety of advanced projects makes Hughes the 
ideal environment for the engineer or scientist who 
wishes to increase his professional stature and 
personal growth. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Electroluminescence 

Infrared 

Sol id State Physics 

Digital Computers 

Reliability & Quality Assurance 

Systems Design & Analysis 

RF Network Engineering 

Microwave & Storage Tubes 

Communications Systems 

Inertial Guidance 

Field Engineering 

Circuit Design & Evaluation 

Write in confidence to Mr. M. W. Welds 

Hughes General Offices. Bldg. 6-F6. Culver City. Calif. 

Creating a new wo",-ld w1'th ELECTRONICS 
,- - - - - - - - - - - - - - - - - - - - - - - - -. 

I 

HUGHES 
, 

t ________________ _ _____ _ _  I 

HUGHES AIRCRAFT COMPANY 
Culver City, EI Segundo, Fullerton, Newport Beach, 

Malibu, Oceanside, Santa Barbara and Los Angeles, 
California; Tucson, Arizona. 
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COMPACT ... VERSATILE ... EASY TO OPERATE 

The RECOMP computer strikingly demonstrates the 
four basic princi pies of design excellence: perform· 
ance. ease of operation, ease of maintenance, func· 
tional styling. It is a masterpiece of practical design. 

The magnetic disk memory contains 4096 words, 
each of 40-bit length, or 12 decimal digits, eight alpha 
characters, or two program instructions. It retains as 
many as 8000 instructions or stores more than 49,000 
decimal digits of data. Reading speed of the photo
electric tape is 400 characters a second. The exclusive 

digital readout flashes arabic numerals to reveal con
tents of any word or register. 

RECOMP gives you far more capacity, versatility, 
and trouble-free service for your money. It's avail. 
able now-for outright sale or at a moderate monthly 
rental that includes maintenance. And there's no extra 
equipment to buy . . . no cost 0/ installation. For infor
mation on how RECOMP can solve your problems, 
write Autonetics Industrial Products, Dept. 106, 
3584 Wilshire Boulevard, Los Angeles 5, California. 

Digital computers by AU!2��!!Sc� � 
A DIVISION OF NORTH AMERICAN AVIATION, INC. Other Offices: New York, Chicago, Washington, D.C. 
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THE AMATEUR SCIENTIST 

Conducted bv C. L. Stong 

O
f all the materials with which we 

come in daily contact, rubber is 
unique in having a peculiar 

charm . Given half an opportunity, we 
almost instinctively play with it; we 
stretch it, bounce it, knead it. Another 
of rubber's engaging qualities is that it 
comes in an extraordinary variety of 
forms, from soft foam rubber to hard 
rubber. This very versatility probably 
discourages the amateur who thinks of 
performing chemical experiments with 
rubber or of mixing his own rubber. The 
variety of rubbers suggests that to work 
with them requires a chemical manufac
turing plant, or at least a well-equipped 
chemical laboratory. 

Paul West of Park Ridge, Ill .,  has not 
found it so. With relatively simple equip
ment he compounds his own rubber in 
all sorts of interesting ways. He even 
makes special foam rubbers that can be 
molded into antivibration parts and can 
otherwise be applied in the home labora
tory. West writes: 

"Before dashing off to make a foam
rubber pillow, you may find it useful to 
review a few basic facts about the nature 
of rubber and to do some introductory 
experiments .  The starting material is 
pure natural latex. It can be ordered, to
gether with essential processing chemi
cals, through local dealers in chemical 
supplies or through druggists in most 
communities .  Latex is  a slightly viscous 
liquid drawn from the inner bark of such 
tropical trees as Hevea brasiliensis. It 
consists of a 35-per-cent dispersion 
of isoprene (the basic building block of 
rubber) in water, together with small 
quantities of fatty acids, proteins, resins, 
sugars and enzymes.  For reasons of econ
omy natural latex is usually concentrated 
for the market to an isoprene content of 
62 per cent. 

"The isoprene molecule ( called a 

Concerning experiments with rubber and how 

to re-create a classical electrostatic generator 

monomer ) is a hydrocarbon consisting 
of 13 atoms; five of carbon and eight of 
hydrogen, arranged as shown in the 
accompanying structural formula [upper 
left in illustration on next page]. When 
isoprene is placed in a suitable environ
ment, either physical or chemical, the 
electron configuration of its molecule is 
changed as illustrated [upper right]; in 
this state it tends to attach itself to a 
similarly modified molecule in its vicin
ity. The united pair annex still other 
molecules to form a growing chain or 
fiber that may ultimately contain as 
many as 5,000 monomers. The result is 
a giant molecule of rubber ( called a 
polymer ) .  In the absence of external 
mechanical force the rubber molecule 
assumes a randomly coiled form. When 
the coil is stretched, it straightens into a 
long strand that snaps back into the 
coiled pattern when the force is removed. 
It is this property that enables rubber 
to stretch, £lex and absorb vibration. 

"Latex is physically unstable. The 
monomers easily acquire the electron 
configuration that encourages the growth 
of rubber molecules . To observe this re
action pour an ounce or two of latex on 
a level sheet of clean glass and let the 
water evaporate. Within a matter of 
three to 12 hours, depending upon the 
temperature, the latex will coagulate 
into a solid sheet of rubber that you can 
peel from the glass. Examination of the 
sheet will quickly disclose, however, 
that it does not exhibit the properties 
we usually associate with rubber. You 
will find that although the sheet can be 
stretched, it never quite returns to its 
original shape . It is soft; you will doubt
less find your fingerprints on the sur
face, and the material will stick to itself 
when pressed together. This was the 
only kind of rubber known until 1839, 
when Charles Goodyear discovered a 
chemical reaction, known as vulcaniza
tion, that made rubber tough. 

"The molecular structure of the rubber 
sheet formed on the glass may be imag
ined as a thick layer of coiled chains or 
fibers piled at random. When the sheet 
is stretched, some of the individual 
chains are straightened, but most of 

them merely slide past each other. When 
the force is removed, the straightened 
chains return to their coiled state, but 
chains that have shifted position remain 
at their new sites. This accounts for 
the distortion of the stretched sheet. 
Goodyear accidentally hit upon a way to 
stitch adjacent polymers together so that 
they could not slide past one another in 
the pile. He did not know why his 
process worked, but according to modern 
theory he took advantage of the fact 
that each isoprene unit of the polymer 
contains a pair of carbon atoms that are 
joined by the electrical forces of two 
pairs of electrons that continuously ex
change orbits; in other words, between 
each pair of carbon atoms there is a 
double chemical-bond. When an atom of 
sulfur wanders into the vicinity of the 
rubber molecule, the double bond in 
effect opens up, permitting a three-way 
exchange of electrons that includes those 
of the sulfur atom. A bond or bridge is 
thus established between the polymer 
and the sulfur atom. The same sulfur 
atom can react similarly with a second 
polymer and thus link the two. Similar 
bonds form throughout the rubber, their 
number depending upon the number of 
sulfur atoms present. Thereafter they 
restrict the freedom of the polymers to 
coil and uncoil; the closer the stitching, 
the more rigid the rubber. Toy balloons 
have relatively few crosslinks; they nor
mally contain about .5 per cent of sulfur 
by weight. Conversely, bowling balls and 
hard-rubber objects such as combs are 
closely linked; they contain as much as 
47 per cent sulfur. 

"To produce vulcanized rubber, then, 
why not simply dissolve the desired 
amount of sulfur in latex, permit the 
water to evaporate and place the result
ing coagulated mix in a heated oven to 
hasten formation of sulfur bonds? Essen
tially this is what Goodyear did, though 
he started with coagulated rubber. The 
procedure is impractical . First, sulfur 
does not dissolve in latex; second, 
unless an 'accelerator,' or catalyst, is 
added to speed the reaction, vulcaniza
tion requires a very large amount of heat. 

"Sulfur can be introduced into latex 
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The monomer of natural rubber (top) and polymer chain made up of monomer units 

as a colloidal dispersion in water, how
ever. It is reduced to this form in a ball 
mill, along with a dispersing agent ( such 
as Dm'van ) and a protective colloid 
( casein ) .  As prepared commercially, 
these ingredients are poured into a ro
tating drum containing spheres of porce
lain and are reduced to the required 
fineness by the tumbling balls. Having 
no mill, I purchase commercially pre
pared sulfur dispersions .  Most come in a 
concentration of 50 per cent. When com
puting the weight of sulfur needed for 
an experimental batch, it is therefore 
necessary for me to allow for the water 
in the commercial preparation . 

"The heat required for vulcanization 
is minimized by adding an accelerator to 
the mix. Although many chemicals can 
act as accelerators ( some induce com
plete vulcanization in a few minutes at 
temperatures below 200 degrees Fahren
heit) , not all are soluble in latex. They 
must be milled and dispersed in water 
just as sulfur is .  

"Accelerators that are insoluble in 
water are in general more satisfactory 
than the water-soluble accelerators, be
cause they are not lost by leaching, par
ticularly when the heat for vulcaniza
tion is applied by immersing the rubber 
in hot water. A water-soluble accelera
tor ( 'Butyl Zimate,' or zinc dibutyldi
thiocarbamate ) is used in the next ex
periment I shall describe, however, 
because of its convenience. A relatively 
small amount of the chemical, something 
less than 2 per cent by weight of the 
other ingredients, produces the desired 
acceleration. When accelerators are used 
in excessive amounts, they thicken the 
latex, and the resulting product appears 
to have been scorched. The catalytic 
action of Butyl Zimate is quite marked. 
As little as 1 per cent will  induce com
plete vulcanization within five days at 
room temperature. 

"For maximum catalytic action an
other ingredient is usually added to the 

mix: an activator. This agent provides 
the mix with a source of zinc ions. These 
appear to increase the rate at which the 
accelerator opens carbon bonds to the 
sulfur atoms, although the precise nature 
of the reaction is not fully understood. 
Zinc oxide is commonly used as the acti
vating agent .  

"To make a sheet of pure vulcanized 
rubber, then, you need four basic mate
rials: latex, colloidal sulfur, an accel
erator and an activator. Starting with 
161 parts of 62-per-cent latex (which 
equals 100 parts of pure rubber hydro
carbon ) ,  add two parts of sulfur, one 
part of Butyl Zimate and one part of 
zinc oxide. These proportions are" in 
terms of weight and are added as dis
persions .  If a 50-per-cent dispersion is 
used, the measured amount will be 
doubled; obviously half of the weight is 
represented by water. The solution is 
mixed thoroughly and poured onto a 
carefully leveled plate of clean glass. 
After the water has evaporated, the 
coagulated sheet of rubber is carefully 
stripped from the glass and immersed in 
a container of boiling water for 15 min
utes . When you remove the sheet from 
the water, you will find that it exhibits 
all the familiar characteristics of soft, 
highly elastic rubber. When it is 
stretched and released, it immediately 
snaps back into its original form . If the 
sheet is stored for several years, or ex
posed to contamiilating substances such 
as copper or magnesium, it will lose 
some of its elasticity and perhaps show 
minute surface cracks . To retard this 
'aging' still another substance should be 
added to  the mix: an antioxidant. As  its 
name implies, this additive retards chem
ical reaction between the rubber and 
the oxygen in the air. A convenient and 
inexpensive antioxidant for amateur use 
is de-betanaphtyl-p-phenyleadiamine, 
dispensed under the trade name of 
Agerite White . 

"This antioxidant is used in the next 
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DOOR IS OPENED ... 
TO NEW DEVELOPMENTS IN DIISOCYANATES 

"Modern chemistry has made few dis

coveries of greater significance than 

polymerization. Few polymer formers 

have greater versatility, actual or po

tential, than diisocyanates." 

This quotation is from a new free book
let prepared by our National Aniline 
Division. Entitled "Diisocyanates," it 
describes the origins and development 
of these polymer formers which are be
ing used to achieve that revolutionary 
new plastics family, polyurethanes. 

Polymeric building blocks 

The booklet begins with a discussion of 
polymers in nature, from which chem
ists took their cue to devise their own 
building blocks. One of the most in
triguing building blocks for forming 
large polymer molecules is the class of 
organic chemicals called diisocyanates. 
With them it is possible to duplicate the 
properties of almost all known types of 
plastics. 

In order to help the reader appreci
ate the diverse materials that can be 
formed with diisocyanates, the booklet 
includes a brief history of their origins, 
followed by an outline of present day 
chemistry in the field. 

Polyurethane foams 
From there, the booklet takes us into 
a discussion of the most interesting and 
important polyurethanes (polymers 
based on diisocyanates) - the foams. 
It tells why and how these materials 
foam and describes the tremendous va
riations that are possible. Polyurethane 
foams range from one to 60 pounds per 
cubic foot in weight. They can be made 
rigid enough to support heavy loads or 
flexible enough to serve as mattresses 
and coat linings. 

Flexible foams 
Flexible foams may be produced which 
have little "bounce-back" and high 
shock absorbency. These are well 
adapted to such uses as automobile 
crash pads, where they minimize the 
danger of "snapback" injuries, inher
ent in pads with little absorbency, 
more bounce. Other flexible foam ap-

Key equations of urethane chemistry show the simultaneous reactions of isocyanates 
with alcohol and with water. The reaction produces a solid product and carbon dioxide, 
which "blows" the foam material. From "Diisocyanates," a free booklet just off the press. 

plications include pillows, furniture 
cushioning, vermin- and rot-proof car
pet underlays, floor mops, clothes 
brushes, and warm yet lightweight 
linings for winter clothing. 

Rigid foams 
You'll read how polyurethanes can be 
cross-linked to form semi-rigid and rigid 
foams as well. The former of these can 
be sprayed onto walls as acoustical in
sulation or foamed in place in wall cavi
ties where insulation is wanted. Rigid 
foams find application as harbor buoys, 
buoyancy chambers for boats, and as 
filling for aircraft wing tips. You may 
be surprised to learn that prefabricated 

BAS le T 0 A MER I C A' 5 PRO G RES 5 

sandwich wall panels for homes are 
now under test and that foamed-in
place polyurethane resins have been 
used for the setting of bones. 

Other polyuretha!"e products 

The booklet describes the other forms 
of polyurethanes as weIl; for with more 
cross-links, polyurethanes become plas
tics that do not warp or swell and have 
high impact strength. Polyurethane 
rubbers for exam-
pIe: soles and heels 
that outlast conven
tionalshoe materials 
10 to 1 . . . hundred-
thousand-miie tire 

. . . 

treads that promise 

��a��y
a 

s���.
mercial Lc"�--==�J 

Anyone interested in the general sub
ject of diisocyanate chemistry, or who 
is working with polyurethane materials, 
will find the booklet, "Diisocyanates," 
valuable. For a free copy, just write, on 
company letterhead, to Allied Chemical 
Corporation, Dept. 66-S, 61 Broadway, 
New York 6, New York, or phone 
HAnover 2-7300. 
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with zirconia ceramics? 

NOT ANY MORE! 
If you have been deprived of the ad
vantages of high temperature (2600°C) 
and resIstance to many slags afforded 
by zirconia because of poor thermal 
shock resistance, here's good news! A 
new fabrication process gives LECO 
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cial shapes a higher resistance to ther
mal shock than heretofore obtainable. 
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experiment I shall describe-the com
pounding of foam rubber-along with 
still another ingredient, an agent that 
encourages the latex to gel or coagulate 
quickly. Such an agent is particularly 
desirable in the manufacture of foam 
rubber, because the reaction it promotes 
s tiffens the foam before it  can settle. 
The most popular gelling agent is sodium 
silicofluoride, an insoluble white pow
der that is added to the mix in the form 
of a dispersion. Gelling begins about 
six minutes after the agent is stirred into 
the other ingredients. The mechanism 
of gelation is not well understood, but 
sodium silicofluoride seems to combine 
with the water to form hydrofluoric 
acid, thus sending the latex into the 
highly unstable acid range. Moreover, 
hydrated silicic acid appears as a prod
uct of the reaction in the form of a gel 
that contributes to the stiffness of the 
cellular structure. 

"In making foam rubber at home you 
should also add soap to the mix to en
courage the formation of bubbles. An 
effective soap can be made by mixing to
gether ( by weight ) 7.5 parts of potas
sium hydroxide, 37 parts of castor oil and 
83 parts of water. The ingredients are 
then beaten ( with an egg beater ) until 
they react to form liquid soap. Three 
to seven parts (by weight) of soap are 
added to the latex mix. More will retard 
the gelling action and less will con
tribute little to the desired frothing. 

"First combine all the ingredients 
listed under 'Phase l' of the accompany
ing recipe [right]. An ordinary glass 
mixing-bowl will serve as a convenient 
vessel. When the batch is thoroughly 
mixed, it is allowed to set for 12 hours 
( to assure complete coagulation ) .  The 
ingredients of Phase 2 are then added 
and beaten until the mix becomes 
frothy. If a household food-mixer is avail
able for the job, set the motor for the 
highest speed. The resulting froth should 
occupy about eight times the volume of 
the unbeaten mix and resemble the color 
and consistency of a vanilla milkshake. 
The minute bubbles should be apparent 
only as a marked decrease in the density 
of the fluid. When i t  is judged that the 
beating is complete (by the eight-fold 
increase in volume ) ,  and before the 
mixer is turned off, add the gelling agent 
( Phase 3 ) ,  beat for half a minute more 
and pour the contents into a mold. 

"Almost any container with smooth 
sides will serve as a mold: a cake pan, 
a paper cup or a wax or plaster-of-Paris 
mold made in the shape of a desired 
part. The tendency of the rubber to ad
here to the container can be minimized 
by applying a light coat of talcum pow-

der to the mold. Gelling will be com
pleted in about 30 minutes. In this 
unvulc:anized state foam rubber, though 
firm, is tacky, and the inner walls of the 
bubbles will stick together if the foam 
is squeezed. If  the rubber is to be vul
canized outside the mold, it must be 
removed gently. 

"You have a choice of three simple 
methods of applying heat to the rubber 
during vulcanization: hot air, hot water 
or steam. A hot-air oven is easy to con
struct from a breadbox fitted with a 
300-watt lamp or a conventional electric 
heating element. The oven must also be 
provided with a thermometer calibrated 
to at least 300 degrees F., and a fan such 
as an electric hair dryer for Circulating 
the air. A thermostat is convenient but 
not essential. If the oven is to be used 
for a series of experiments you may wish 
to substitute for the 300-watt lamp six 
50-watt lamps wired with individual 
switches. The temperature can then be 
regulated by turning on the lamps as 
desired. If the box is reasonably well 
insulated, it should reach a temperature 

PARTS 

161 

4 

5 

2 

2 

15 

6 

PHASE 1 

62 PER CENT LATEX 

50 PER CENT 
SULFUR DISPERSION 

10 PER CENT AMMONIATED 
CASEIN SOLUTION 

50 PER CENT DISPERSION 
ZINC SALT OF 
DIBUTYLDITHIOCARBAMA TE 

PHASE 2 

TRIMENE BASE 

50 PER CENT 
DISPERSION ZINC OXIDE 

20 PER CENT SOAP SOLUTION 

GELLING AGENT 

50 PER CENT SODIUM 
SILICOFLUORIDE DISPERSION 

A recipe for making foam rubber 
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On April 7, 45 B.C., during the reign oj 
Cleopatra, Memamadun Ptolemy (prollollllCed 
lIIe-mama-done-toll-me) , radar operator, Jell 
asleep at jllst the time chosen by some un
frielldly neighbors to make a border raid. 

MelllOliladllll (he was the only survivor) 
lIIas brought beJore Cleopatra. 

"Can yotl give me any reason why I 
shollidn't throw you to Illy pet crocodile jlllius 
Jor letting such a terrible thing happen?" 
she asked. 

Melllamadllll sti}led a yawn. 
"Even if I'd been atvake, our radar; 

!vollldll't have prevented the attack," he said. 
"Ollr radar won't work." 

"Why not ?'" the queell' asked, stroking 
julius' head. 

"It Call't," PtolelllY ptold her. "For one 
thing. Bomac* tubes haven't been invented 
yet .:: � . That s rrght. too/" Cleopatra said. 
"Case dismissed." 

* Bomac makes the finest microwave 
tubes and' components this side of 
the Nile. 

TR, ATR, PR£.TR TUBES· SHUTTERS · REFERENCE CAVITIES 
Sl(ICON DIODES, MAGNETRONS, KLYSTRONS· OUPLEXERS 
PRESSURIZING WINDOWS· SURGE PROTECTORS· SPARK GAP TUBES BOMAC I�bor�tories, inc. 

SALEM ROAD . BEVERLY, MASSACHUS E T T S REPRESENTATIVES IN PRINCIPAL CITIES A $ U aSIOIA RY O f V A RIA N A SS O C I A t(S 
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computer 
programmer 

and don't 
know it? 

Many men who have training in engineering 

and the sciences are now going into com

puter programming. They find that it makes 

full use of their special analytical and logi

cal talents, often not fully tapped in their 

present work. 

In the 60's and beyond, the electronic com
puter will become more and more an impor
tant factor in the operations of business, 
industry, science and government. Com
puter programmers, the men who direct the 

computers, will play a vital role in this 
progress. 

One of the most important qualifications for 
this work is the ability to analyze complex 
problems and to deduce from them mean
ingful and useful answers. 

A computer programmer takes a problem
it may be in engineering, science, marketing, 
or in any of dozens of other fields-analyzes 
it, and phrases it in a mathematical·logical 
language that the computer can "under
stand." Then the computer goes to work 
with its prodigious s�eed and accuracy. 

If you qualify as a computer programmer, 
you will be given an intensive training course 

in machine language, stored program equip
ment, problem-solving techniques, and 

program writing. 

If you have a degree in engineering or one 
of the sciences, and are interested in this 
important new profession, I will be happy 
to give you further information. 

Please write, outlining briefly your back
ground, to: 

Manager of Technical Employment 
IBM Corporation, Dept. 659Rl 
590 Madison Avenue 
New York 22, N. Y_ 

INTERNATIONAL BUSINESS MACHINES CORPORATION 
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control for light 
bulb or heClting 
element inside 

cake bo,," 

ubber ""ire grommet 

A homemade oven to vulcanize foam rubber with hot air 

of at least 250 degrees F. This method of 
vulcanization suffers from the disadvan
tage that air is not an effective medium 
for transferring heat. A sketch of my 
oven appears in the accompanying illus
tration [above]. 

"It is of course possible to vulcanize 
rubber in hot water, as demonstrated bv 
the experiment described earlier. The 
method is convenient, but it has two 
drawbacks . At sea level boiling water 
reaches a maximum temperature of only 
2 12 degrees.  Moreover, if unvulcanized 
foam is immersed, it can easily be col
lapsed by the weight of the water. 

"I prefer steam vulcanization.  This 
medium has the convenience of hot 
water, transfers heat more effectively 
than hot air, yet exerts no more mechan
ical force on the rubber than does air . 
A simple boiler for home vulcanization 
is shown in the accompanying illustra
tion [page 182]. To vulcanize the foam 
bring about an inch of water to a boil, 
place the molded rubber on the wire 
grid and close the boiler with a lid .  The 
time required for 'cure' will range from 
10 minutes to an hour, depending upon 
the thickness of the rubber. 

"Having made the basic experiments 
described above, you are prepared to 
delve into the variables of rubber tech
nology. The broad field of rubber ac
celerators, for example, offers numerous 
experimental opportunities . The zinc 
salt of mercaptobenzothiazole is a par
ticularly interesting accelerator. It is an 
insoluble yellow powder that reacts at 
low temperature, does not discolor latex 
and produces a foam of high quality that 
resists aging. Another is piperidine ( pen
tam ethylene dithiocarbonate), an ex-

tremely quick-acting accelerator that is 
also insoluble . 

"The pore size of foam rubber varies 
with surface tension, viscosity, type of 
soap and method of beating .  The higher 
the ratio of rubber to air, the denser the 
foam . A waterv mixture can be thick
ened by adding casein in the form of a 
lOoper-cent solution, or by adding ben
tonite clay, sodium silicate,"Karaya gum 
or starch . Thick solutions can be thinned 
by adding water. 

"Foaming can be encouraged by in
jecting air into the mix during the beat
ing operation .  To inject air, substitute a 
thermoplastic vessel for the glass mix
ing-bowl and force a heated glass tube 
through the bottom . ( Cement the tube 
in place.) The outer end of the glass tube 
is attached to a bicycle pump or other 
source of compressed air . It is also inter
esting to investigate the effect of differ
ent gases ( such as the inert gases, the 
halogens and acid anhydrides) on the 
resulting product. The technique of mak
ing spongy foams is equally interesting. 
The formation of large bubbles requires 
a low-viscosity latex. After beating, the 
mix is strengthened with unfrothed latex 
to which a thickener has been added. 
The hardness of the foam can also be 
controlled. The foam is made harder by 
loading the mix with clays; softer by the 
addition of emulsified oils . Typical load
ing agents are mineral oil and china clay. 

"Latex and the chemicals essential for 
processing it can be ordered through 
your local chemical supply dealer or 
druggist from such firms as E. 1. du Pont 
de Nemours & Co., Inc., Wilmington, 
Del.;  the Chicago Latex Products, Chi
cago, III . ;  and the R. T. Vanderbilt Co., 
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How Boundary Layer Control 

Reduces Friction Drag on 

Aircraft in Flight, Can Increase 

Range 50% to 100% 

by Dr. Werner Pfenninger 

Dr. Pfenninger, internationally renowned for his work in 

laminar flow and low drag coefficients at the Federal 

Institute of Technology in Zurich, joined Northrop 

in 1949. Today he heads the scientific and engineering 

team working on Boundary Layer Control Research 

at Norair Division, Northrop Corporation. 

The boundary layer is a very thin 
stratum of air that surrounds an 
aircraft in flight. Lying directly 
on the aircraft, it is formed by 
air that is slowed by the passage 
of the aircraft surface and flows 
more slowly than the free stream 
velocity of the air around it. Tur· 
bulence results. This increases 
air friction-waste friction drag 
(not to be confused with induced 

drag associated with lift). 

Norair Low Drag Boundary Lay. 
er Control prevents this turbu
lence by smoothing the flow of 
air. BLC draws part of the tur
bulent air through slots in the 
aircraft skin with a suction com
pressor and exhausts it in the di
rection of thrust through the aft 
fuselage or the nacelle tailpipes. 
On wings and empennage this reo 
duction can increase the air
craft's range or endurance 50 per 
cent. If BLC is applied to most of 
the airplane, this increase can go 
as high as 100 per cent. 

BLC's reduction of friction drag 
increases endurance missions, 
flight efficiency, and amount of 
pay load. It reduces fuel consump
tion to the point where aircraft 
can remain on station for long 
periods of time. It reduces opera· 
ting costs. 

Any type of large, long-range air
craft can be quickly adapted to 

incorporate Norair's BLC air
craft skins. Cost of BLC applica
tion is approximately 10 per cent 
of the total airplane. 

For military applications, BLC 
means advances in aircraft per
formance as an air-to-surface 
missile carrier on air defense 
missions, airborne early warning 
systems, anti-submarine warfare, 
tactical air support, interconti
nental communications link. On 
logistic missions, BLC allows non
stop flights without refueling to 
decrease dependence on overseas 
bases. On commercial aircraft 
BLC's increased range, payload 
and cost advantage mean a re
markably increased ability to 
carry air freight. For flights of 
2000 miles or more, direct ton· 
mile cost can be reduced by 10 to 
50 per cent. On passenger flights, 
long-distance nonstop flights 
would be possible to any point in 
the world. For nuclear-powered 
aircraft of the future, BLC means 
smaller power plants with less 
heavy and costly radiation shield
ing that makes a lighter airplane 
possible. 

Northrop Corporation-the only 
American aerospace company to 
conduct extensive research in the 
field - has pioneered Low Drag 
Boundary Layer Control for 
more than ten years. Today 
Norair has conducted more than 

250 laminar flow flights with an 
F-94 jet fighter. Full laminar flow 
has been obtained in wind tunnel 
tests on varying shapes at vary
ing speeds from low subsonic to 
high multi-sonic Mach numbers. 

For the scientist and engineer at 
Norair, design, manufacture, and 
flight testing of BLC offers a 
gratifying opportunity to create 
advances in a new field. The spe· 
cialist enjoys the advantages of 
working with the facilities of the 
entire Northrop Corporation in 
an atmosphere where manage· 
ment encourages, recognizes, and 
rewards individual achievement. 

Current papers by 
Dr. Werner Pfenninger include: 
Design Considerations of Large 
Subsonic Long-Range Transport 
Airplanes with Low Drag Bound
ary Layer Suction. 

Design Considerations of Propul
sion Systems for Low Drag 
Boundary Layer Control Air
planes Cruising at High Subsonic 
Speeds. 

For copies of these papers 
and additional information 

ab01�t Northrop Corporation, write: 

NORTHROP� 
CORPORATION 

Department KS-1300-32, P.O. Box 1525 

Beverly Hills. California 

18 1 
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� "Fantastic Animal i Guarding Tomb" 

Clay Figure, 
Chinese, 
Circa 1200 AD 
National Museum. 
Prague 

SPECIALISTS IN CERAMIC 

WIREWOUND RESISTORS 

One of the oldest and most reliable 
electric and electronic components
Power Type Wire Wound Resistors, 
made of Nature's most versatile and 
durable materials, Ceramics. Our 
experience and equipment make it 
possible for us to fill orders for 
the unusual or difficult resistor-' 
promptly and in quantity. 

1M ill:" i iCe':. iii j I 
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This valuable 3S-page book 
is yours for the asking! 

With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele� 
scope is a relexing diversion for father and son alike. 

UNITRON's handbook contains full·poge illustrated 

amateurs. 

Contents include-
• Observing the sun, 

moon, planels and 
wonders ollhe sky 

• Conslellalion map 

• Hints for observers 

• Glossary of leleseope lerms 

• How to choose a telescope 

• Amateur clubs and research 
programs 

Ple .. e rush 10 me, free of charg., UNITRON's new Ob .. ",,'s 
Guide and Telescope Calaloi 6-0_ 

Nall" ____________ _ 

Slreel ____________ _ 

Cily Slate'-----

L. __________ ..JI 
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Inc_, New York, N. Y_ Your local dealer 
can also order latex from the Firestone 
Tire & Rubber Company, Ahem, Ohio_" 

E J- Gauss of the department of math-
• ematics at the University of Cali

fornia has recently constructed several 
variations of Lord Kelvin's all but for
gotten "water dropper," the primitive 
electrostatic machine on which the mod
ern Van de Graaff generator is based_ 
Both machines transform mechanical 
energy into electrical energy by employ
ing mechanical force to separate electri
cal charges of unlike sign and to push 
like charges together. In other words, 
work is expended to overcome the mutu
al repulsion of like charges_ The poten
tial difference across the terminals of the 
machines is thereby increased_ 

In the Van de Graaff generator one set 
of charges is  transported by a moving 
belt that runs between a second set of 
charges on the pulleys, the direction of 
the belt's travel being chosen so that 
mechanical work is expended in over
coming the electrical forces [see "The 
Amateur Scientist"; April, 1955]_ Lord 

Kelvin accomplished the same result a 
century ago by lifting water into a reser
voir (thus doing work) and permitting it 
to fall as drops through conductors ar
ranged so that the drops acted as car
riers of charge_ 

"It is a bit hard to believe," writes 
Gauss, "that such a simple device, using 
no moving parts other than a pair of 
dripping nozzles, can generate enough 
charge to cause a small neon bulb to 
flash_ My reservoir is a separatory funnel 
and the water drips into a pair of col
lectors that formerly held frozen orange 
juice_ (An ambitious friend has suggest
ed that I substitute oil drums for the 
tin cans ! ) The collecting cans are in
sulated from the laboratory bench by two 
blocks of paraffin_ A piece of stiff wire is 
soldered to each can and supports a ring 
about three inches above the top of the 
other can_ The wires also serve as the 
electrical connections between the re
spective rings and cans_ The rings may 
be either a one-inch piece of one-inch 
brass tubing or the equivalent made 
from pieces of tin can_ A small neon bulb 
( NE-2 ) is soldered to one of the con-

notch for 
Idboratory 

-the rmometer 

A homemade boiler to vulcanize foam rubber with steam 
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"NITRASOL" GOES 
INTO PRODUCTION 

. Performance and Safety Proven 
Scientists at Grand Central Rocket Co. 

have enormously widened the margin 

of advantage of the solid propellant 

over liquid, in practical application, 

w i t h  d e v e l o p m e nt 

of a new high-.energy 

nit roce Il ulose -a l um

inum perchlorate solid 

propellant named Nit

rasol-now in pilot 

..: production at GeR. 

1n March a completely case-bonded, 

cast-in-place missile motor of Nitra

sol was temperature-cycled repeatedly 

from minus 75°F to plus 165°F and 

then successfully fired at minus 68°F. 
Such motors have excel lent storage 

characteristics. They can be s tored 

for .extensive periods. then fired at an 

instant's notice. 

These qualifications adequately ful

fill the conditions of environmental 

storing. handling and tactical deploy-

ment which the military 

services would ideally 

hope to speci fy b u t  

which until now have 

not been realized i n  

any high-energy pro

pellant. 

High production rates in a low cost 

facility make Nitrasol even more at

t ra c t i v e. The four i n g re die n t s  are 

easily and safely combined; organic 

nitrate p l a s ti cizer-st a b ilize r sol u

t i o n, fi n e-p a r t i c l e  nit ro ce l l u l o s e .  

ammonium perchlorate and aluminum 

particles. 

The feasibility of mlxmg Nitrasol in 

GCR's Redlands plant and transporting 

it to any location in the U. S. for sub

sequent casting in large -volume solid 

motors is yet another possibility of 

Nitrasol-perhaps the most promising 

propellant in existence today. 

�� Positions open for chemists, engineers � and solid rocket production special isis. 

Grand Central 
��eLo,. 

P. O. Box111 
' • •  L A N D  • •  
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r.-Iephone-: PYramid 3·2211 
C A L I ' O I N t A  

ductors at the point where the two cross. 
A spark gap about a quarter of an inch 
wide is left between the other lead of 
the neon bulb and the second conductor. 

"A reservoir made of a large tin can 
would work as well as a separatory fun
nel. I used the funnel merely because it 
chanced to be handv. You can substitute 
a tin can for the funnel by Siphoning the 
water through a length of rubber tubing. 
"Veight the end of the tubing with a nut 

adju5tc:lble 
pinch clamp 

50ldu 

par�ffjn '\'Yo-x 

to prevent it from slipping from the can, 
and rig a clothes pin with a bolt and wing
nut to serve as a pinch clamp as shown 
in the accompanying drawing [below J. 
The rate of flow is adjusted by turning 
the wing-nut. The nozzles must be posi
tioned to direct the stream down the axis 
of the two metal rings and into the col
lecting cans below. To make the nozzles, 
heat a piece of quarter-inch glass tubing 
to the softening point in a gas flame and 

YG5Gr'Voir 

All amateur's re-creation of Lord Kelvin's "water dropper" electrostatic nUlchine 
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Projects illustrations up to 3" x 
3 % "  and enlarges them. No film 
or negatives needed. Proj ects 
charts, diagrams, pictures, pho
tos, lettering in full color or 
black-and-white. Operates on 115 volt, A . C .  current, 6 -ft. extension cord and plug 

included. Operates on 6 0  watt bulb, not included. 
Size 12" x 8" x 4 'h " wide. Weight 1 lb., 2 oz. 
Pla stic case with built-in handle. 
Stock No. 7 0 . 1 99·S . . . . . . . .. . . . . . . . . . . . . . . . . . . .  $7.95 Postpaid 

American Made
Over 50% Saving 

STEREO M I CROSCOPE 
Years in development. Equals $300 to 
$400 instrument. PrecisIon American 
made. Used for checking, inspecting, 
small assembly work. Up to 3" work� 
ing distance. Clear, sham, erect 
image. Wide, 3 dimensional field. 2 
sets of objectives on rotating turret. 
23X and 40X. 10 Day Free Trial. 
Stock No.  85. 056·S . . . . . . . . . .  $99 .50 

f . o . b .  Barri ngton. N . J .  

Low Power Supplementary Lens Attachment f o r  above Stereo 
-provides 15X down to 6X with clear. extra large 1;2" 
field at 6X. 
Stock No. 3 0 . 276·S . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .... .... . .  $7.50 

TRE M E N D O U S  BUY!  
War Surplus American-Made 

7xSO Binoculars 
Big savings ! Brand new ! Crys
tal clear viewing-7 power. Ev
ery optical element is coated. 
An excellent night glass-the 
size recommended for satellite 
viewing. Individual eye focus. 
Exit pupil 7mm. Approx. field 
at 1 , 0 0 0  yds. is 376 ft. Carry· 
ing case included. American 
7 x 50's normally cost $195. 
Our war surplus price saves you r e a l  money. 
Stock No. 1 533·S .. . . . . . . . . . . . . . . . . . .  only $55.00 pstpd . 

(Tax i n c l uded) 

CLOSE OUT! MECHANICAL DRAWING SET 
Regular Price $1 8.00 
Our Price Only S8.00 Pstpd. 
American mfr. couldn't com� 
pete with foreign imports
thus you get 3 terrific bar
gain, even far below import 
prices . 1 0  handsome pieces 

in velvet-lined case. Nickel plated brass-precision 
American �made. 'Ve guarantee you'll be satisfied or 
money refunded. 
Stock No. 50. 200·5 . . . . . . . ................. $8.00 Postpaid 

BEGI N N ER'S LENS KITS !  
F U N  FOR A D U LTS! F U N  FOR C H I LD R E N !  

Kits include plainly written, illustrated booklet showing 
how you can build lots of optical items. 
Stock No. 2.$ B e g i n n er's K i t, 

10 L.ns.s. . . .  . . . . . . . . . . . . . . .......... $ 1 . 00 pstpd . 
Stock N o .  5 � S  Gad geteer's D e l i ght, 

45 L.ns.s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... .... ... . $ 5 . 0 0  pst pd. 
Stoc k  No. 1 0 ·S Exper i m e nter's D ream. 

80 L.ns.s . . . . . .  . . . . . . . . . . . . . . . . . . . . .. .  $1 0.00 pstpd.  

60" ANTI.AI RCRAFT S EARC H LIGHT 
Ada pta b l e  t o  Sol a r  Furnace,  Research a n d  Tracking 
Uses!  Govt.  cost $25 .000! 

iDm� ' u.! .:'.;�;��:'" .:: .. ,��,. 
.. .. ture metallurgical research-de· 

.. 

.. 

" termil)ing Qualities. of refractory 
� matenals and ceramICS . . .  used by 

Kennecott Research Center in stud· 
, ies seeking less costly methods of 

. , . '  extracting and refining metals. 
_ Searchlight is 81" high. 66" wide, . . .  

100" long on trailer type mounting. 
Weight is 2,950 lbs.-shipping wt. 
6.000 lbs. 

Stock No. 8 5 . 033·S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  New. but 
weathered . . . . . . . .  $750.00 

f . o . b .  O h i o  

Stock No.  85 . 074·S . . . . . . . . . . . .. . .. . . ..  Used . . . . . . . .  $550.00 
f . o . b .  O h i o  or Mass. r\lso available-Searchlight generators, power cables, 

new, unmounted 60" mirrors, control stations, etc. 
Write for Bulletin 44-S describing these. 

See the Stars. Moon. Planets Close U p l  

3" ASTRONOM ICAL REFLECTING TELESCOPE 
60 to 1 80 Power-An Unusual Buy! 

Famous Mt. Palomar Typo 

You'll see the Rings of Saturn, the fascinating planet Mars. 
huge craters on the Moon. Star Clusters, Moons o f  Jupiter in 
detail, Galaxie s !  Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high·speed ll i O  mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens. giving you 60 to 180 power. An Optical Finder 
Telescope, always so eSRenUal, is also included. Sturdy, bard· 
wood. portable tripOd. 

Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 1 7 ·year·old student. 

FREE with Scope:-Valuabl1:' STAR C H ART plus 2 7 2  page " H A N D. 
B O O K  OF H EA V E N S "  plus " H OW TO U S E  YOU R T EL E S C O P E "  BOOK 

Stock No. 8 5 . 050·5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $29 .95 Postpaid 

BU ILD  A SOLAR ENERGY FURNACE � Easy ! Inexpensive I 
, We furnish instruc-, 

tions. This sun 
. . p o w e r e d  f u r n a c e  

will generate ter
rific heat - 2 0 0 0 '  

; 
to 3 0 0 0 ' .  Build with 

.,. your scrap wood 

G TE LESCO P E !  Up to 255X 
With this scope you can see everything as 
above but with greater power plus will 
split finer stars. Minor has twice the 
light gathering power . .Mirror guaranteed 
to give theoretical limit of resolution. 
Rack and pinion fOCUSing. bardwood tri� 
pOd, real equatorial mounting-only one 
adjustment follows stars I Aluminum tube. 
6 power finder telescope. 2 standard size 
eyepieces and mounted Barlow lens give 

rs of 40X, 90X, 1 20 X ,  and 
ow· cost accessory eyepiece avail. 
higher powers. FREE with SCOp1:': 
I e  STAR C H A R T  plus 2 7 2  page 

" H  BOOK O F  H EA V E N S "  plus " H OW and our Fresnel 
Lens-14" diameter . . . . .  f . 1 . 14" TO U S E YO U R  T E L ESCO P E "  Book. Shipping weight 2 5  lbs. 

Stock No. 7 0 . 1 30·5 Stock No.  8 5 . 006·S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $74.50 f.o.b.  
Fresnel Lens . . . . . . . . . . . . . . . . . .  $6.00 Pstpd . Same Telescope as above but equipped with Electric Clock Drlv(!_ 

Stock No .  8S�094-S . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 1 1 .S0 F . O . B .  Barrington, N. J .  

ASTRO·COMPASS AND TRANSIT 
W a r  surplus I Astro Compass alone cost 
Govt. $15. 'Ve have added a Sighting 
Level to improve versatility. Hun
dreds of uses in carpentry. brick lay� 
tng, foundation work. grading, irriga� 
tion or drainage. :Much below cost of 
ordinary surveying instruments_ Ideal 
for do�it ·yourselfers. 10%." high, 
6" long, 4" wide. Adjustable leveling 
platform-2 spirit levels for aligning 
-also spirit level in sighting attach� 
ment. A tremendous bargain. 

9.95 postpaid 

Shape Your Ideas Fastl 
SCientists. executIves. planners, de� 
signers-all find D�STIX simplify vis� 
ualization and demonstration of complex 
idea s .  D�ST IX-colored wood sticks lJ8 "  
thick and " easy�on" rubber joints ap
prox. 3/16" diam.-help you work (jut 
molecular structures, geometric figures, 
structural memberli, shapes, models of 
scientific apparatus. Used by professlon� 

OFFSPRING OF SCIENCE • • •  REALLY 
BEAUTIFUL CIRCULAR D IFFRACTION GRATING 

CUFF LINKS AND EARRINGS 
A DazzlinC) Rainbow of Color! 
As a scientific phenomenon, this new 
kind of jewelry is capturing atten· 
Hon everywhere. Shimmering rain� 
bows of gem � like color in earrings 
and cuff links of exquisite beauty
made with CIRCULAR DIF]j'RA C �  
T I O N  GRATING REPLICA. Jus' 
as a prism breaks up light into its 
full range of individual colors, so 
does the Diffraction Grating. 

Stock No. 3 0 . 3 5 0·S-Cuff Links 
Tax incl. $2 . 75 Pstpd. 

3 0 .349·S-EarrinC)s ( clip style) 
Tax incl. $2.75 Pstpd . 

Take Telephoto 
Shots Thru 

7 x SO 
MONOCULAR 

al men, educators , hobbyists. B i g  basic k i t  contains 2 3 0  o r  
3 1 0  pieces. Additional parts in supplementary kit. F a r  ,,0,,"0_ . ..  :, _0',." "' . .  V O  
superior to kits of wood o r  metal. Money�back guarantee. It�;.ci�;�i:ing·J�j';;p[,olo Stock No. 70.209·5 ( 230 pcsJ ............ S3.00 ppd. 

Stock No. 70.21 0·5 ( 370 pcsJ ............ $5.00 ppd . 
Stock No. 7 0 . 2 1 1 ·S (452 pcs J ............ $7.00 ppd. 

MAKE YOU R OWN POWE RFU L 
ASTRON O M I CAL TELESCOPE 

G R I N D  Y O U R  O W N  ASTRO N O M I CAL M I RROR 
JUts contain mirror blank, tool, abrasives, diag
onal mirror and eyepiece lenses. You build instru
ments ranging in value from $15.00 to thousands 
of dollars. 
Stock No. 

70.003·5 
70.004·5 
70,005·5 
70.006·5 
70.007·5 

Dia. Mirror Thickness Price 4'/4' ',4" $ 7.50 postpaid 
6" 1 " 1 1 . 95 postpa id 
8" 1 %" 1 9 .50 postpaid 

1 0" 1 '4 "  3 0 . 7 5  postpaid 
1 2 "  2'1." 54.75 postpaid 

NOTICE: E D M U N D  I S NOW H EADQUARTERS FOR M A T H  
LEARN I N G  A N D  TEACH I N G  A I DS !  S E E  D O Z E N S  O F  OFFER· 
I NGS I N  O U R  F R E E  CATAlOG_"S" 

WOODEN sOLiDs PUZZLES 
12 D I F F E R E N T  P U Z Z L E S  

e; 
T H AT W I L L  ST I M U LA T E  Y O U R  
A B I L I T Y T O  T H I N K  A N D  R EASO N 
Here is a fascinating assortment of wood 
puzzles that will provide hours of pleasure 

�:a���rigiVo���,
t ����:sapa

a
r�ir:;��S 

re��� 
semble. give a chance for all the family, 
young or old, to test skill, patience, and, 
best of all to stimulate ability to think 
and reason while having lots of fun. Order 
yours now. 

Stock No. 70.205·5 .. . . . . . . . . . . . . . . . . . . . . . .  $3.00 Postpaid 

It's here-after decades of effort. Replica 
Grating--(ln film-at very low price. 
Breaks up white llght into full spectrum 
colors. An exciting display. 13.400 lines 
per inch. D iifraction G rating has been 
used to answer more Questions about the 
structure of the material world and the 
universe than any other single device. 

Use it for making spectroscopes, for experiments, as a 
fascinating novelty. First time available such large size-
so cheaply-comes in clear plastic protector. 
Stock No. 50.202,S-includes 2 pcs. 8" X 5%"-1 
transmission type, 1 reflecting type. $2.00 pstpd. 

���E FREE CATALOG-S 
1 28 Pages ! Over 1 000 Bargains!  H u g e  
selection of lenses. prisms. war surplus  o ptical  
in stru ments, p a rts a n d  a ccessories. Telescopes, 
Microsco pes. Binoc u l a rs .  Sn ip.  
erscopes, sc ience experiment 
items.  math learning and 
teaching aids.  Req uest Cata· 
10g·S. 
E A S Y  PAYM E N T  P L A N  AVA I L· 
A B L E !  D ETA I LS W I T H  CAT· 
A L O G !  

.. iiliiUiiIiiiii 
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C A L C U L A T I O N S  
Easily Solved on the 

BINARY CIRCULAR SLIDE RULE 
In Arithmetic. Algebra and Trigonometry. Any number 
of factors can be handled in long and difficult calcula
tions . 'I'he "e" scale of the BINARY rule is 25 inches 
long, with graduations 25% further apart than those 
of a � W - inch s lide rule, The cr. A ,  K and Log scales 
are divided as closely as a 20" straight rule. The Log
Log scale extends from 1 . 00 1 5  to 1 . 000,000.  Gives trig 
functions from 0 to 9 0  degrees on back, with indicator 
reading. Engine divided scales in black. overlaid with 
y e l low. on a lternate scales on white coated aluminum. 
Perm anently accurate. Dia. 8 %  inches. Price-$l O . 25 
in case. Appro\'ed at leading Univ. Used by largest 
firms in U . S .  

ATLAS SLIDE RULE-Precision Made 
'('he " Atlas" slide r u l e  solves problems in Multiplica
tion. Division and Proportion. Gives results with a 
maximum error of less than 1 i n  35,000.  Has two "C" 
�cales.  One is  25" long and the other is  a spiral  of 
2 5  coils.  E quivalent to a straight rule 50 ft. long. 
Heads answers to 5 places. ACCURATELY CEN
TERED. Used in largest U.S. Laboratories. Chemists, 
l ' hy�icists and Engineers have found this rule in
raluable for its great accuracy. Dia. 8 % ". same con
struction as "Binary". Trig functions from 0 to 90 
degrees on back. Price-$ 1 3 . 5 0  in case. 

M I DG ET 
C I RC U LAR S L I D E  RU LE 

� i�J!�� � �i�\�1'on��s
p�ec?:io� ' n��d:�d

a:c
i�;:CeI�c�:�: 

ten·d. remains accurate. Trig functions on back. with 
ind icator. 3/4 m i l l ion sold. Price-$4. in case. 4 "  dia. 
!"ame construction as above rules (no yellow ) .  

Descriptive Literature f,'ee. Satisfaction Guaranteed. 
Sold at Booksto,'es & Engineering Equipment Stores. 
0,'. Order d irect. INSTRUCTION BOOK WITH RULE. 

G I LSON S L I D E  R U LE CO. 
B o x  1 487 S A .  Stuart. F l a .  

S l i d e  R u l e  M akers s i nce 1 9 1 5  

CURI.EY 
products / services 

C U STOM S E RV I C E S  
Reticles f o r  O ptica l and Photoelectric I n 
stru m ents · Precise Photogra phy · Precision 
Patterns on G lass & Meta l · E l ectroforming 
a n d  Electroetc h i n g  • C i rcu l a r, L inear,  Cy-

l i n d rical ,  Spherical  Dividing 

PHOTO E L ECT R I C  D E V I C E S  
Shaft  Posit ion Encoder · Pulse Generators 
Readout Devices for A n g u l a r  and Linear 

Position 
OPTICAL I N ST R U M E NTS 

O p t i c a l C o i n c i d e n c e  R e a d i n g  S y s t e m s  
C o l l i m ators · Special  Optica l I nstruments 

S U R V EY I N G I N ST R U M E NTS 
Transits · Theodol ites · Levels · Al idades 

Rods · P l a n e  Tables · Field Equi pment 

H Y D R O LO G I CA L  I N ST R U M E NTS 
C u r r e n t  Meters · Water Level Reco r d e r s  

H o o k  Gages 

M ETEOROLO G I CA L  I N STR U M E NTS 
Wi nd D i reCtion a n d  Ve locity · P i lot Bal loon 

Theod o l i tes 

TE STI N G  I N STR U M E NTS 
S m o o t h n ess,  S t i ff n ess,  Porosity,  S i z i n g  

Testers f o r  P a p e r  & Text i les 

S C I E NTI F I C  I N STR U M E NTS 
Sta n d a rds of Mass, Length and Volume 

B a l a n ces 

Write for literature desired 
W. & L. E. G U RLEV 
5 6 2  FUL TON S T. ·  TRO Y, NEW YORK 
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draw the ends apart quickly. Then nick 
the glass tips with a file and snap off 
the closed tips .  The resulting orifices 
should be about a 1 6th of an inch in 
diameter. If you hesitate to tackle glass 
work, you can make adequate jets by 
crimping the end of a length of copper 
tubing over a shingle nail and then re
moving the nail . If you wish to avoid 
making the T -connection between the 
nozzles, use two supply tubes and equip 
each with a pinch clamp.  

"The flow of water is adjusted so that 
the streams break into droplets inside 
the rings . Once the reservoir has been 
filled ( ordinary tap water works well ) ,  
this adjustment puts the machine into 
operation. The maximum voltage gener
ated is limited by the spacing of the air 
gap between the free lead of the neon 
lamp and the conductor. Close spacing 
encourages small, frequent sparks to 
jump the gap, accompanied by weak 
lamp-flashes.  With large gap-spacing the 
lamp flashes less frequently but more 
brightly. If the gap spacing is larger than 
a quarter of an inch, the electrical forces 

p l a stic tu bing 

A nother version 0/ t h e  water dropper 

will alter the path of the falling drops_ 
Instead of falling vertically they will veer 
toward the opposite collecting cans .  This 
results in some pretty patterns of droplet 
flow, as well as a wet workbench! More
over, fine spray will soon collect on the 
apparatus, and because the machine is 
sensitive to electrical leakage it will stop 
working.  

"The device starts and continues to 
work because it is electrically unstable. 
Assume that at the beginning the can at 
right is a bit more positively charged 
than the one at left . The left ring will 
be at the potential of the right can and 
vice versa. Negative charges ( naturally 
present in water ) will be attracted into 
the water stream of the positively 
charged left ring. As the stream breaks 
apart, negative charges are trapped on 
the droplets and carried ( by gravit y )  
away from t h e  attracting ring a n d  into 
the negatively charged can against the 
force of electrostatic repulsion . The 
charge in the left can therefore becomes 
increaSingly negative ( electric charge as 
well as water collects in the can ) .  The 
identical mechanism is at work on the 
other side of the machine, where the ac
cumulating charge is of opposite sign. 
Thus we have a runaway condition. The 
potential difference increases without 
limit save for the leakage of the system, 
the sparking potential of the gap and the 
diversion of the droplets . I leave for you 
to explain the existence of the initial 
charge-separation that triggers the 
whole performance." 

In April this department included one 
inappropriate experiment for demon

strating the Coriolis force.  It was stated 
that when you swing a small weight in a 
circular orbit at the end of a string and 
permit the string to wind up on your 
finger, the speed of the weight increases 
as the length of the string decreases . This 
suggests the conservation of angular mo
mentum, when in fact it is the energy of 
the system and not the angular momen
tum that is conserved. 

To demonstrate the conservation of 
angular momentum with the weight and 
string, hold the free end of the string in 
your right hand, hold the middle of the 
string loosely in your left, start the 
weight going in a circular orbit and 
then pull the string with your right hand 
( so as  to shorten the radius of the orbit
ing weight ) .  The Coriolis force, tending 
to speed up the weight, will be devel
oped as a consequence of the inward 
radial motion imparted by the pull, just 
as a figure skater executing a spin with 
outstretched arms speeds up when he 
folds his arms against his body. 
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TA S K  F O R T H E F U T U R E  
S i n ce its in ception nearly 23 years ago. 
the Jet Propu l s i on La boratory h a s  given 
the free world its f i rst tact ical  gu ided m is· 
s i l e  system .  its f i rst earth sate l l ite. and 
its first lunar probe. 

t ier w i l l  advan ce at an a ccelerated rate. 
The pre l i m i n ary instru ment expl ora · 

t ions that h ave a lready been made only 
seem to define how much there is yet 
to be learned . During the next few years. 
payloads w i l l  become larger. trajectories 
w i l l  become more precise. a n d  d istances 
covered w i l l  become greater. I n spect ions 

wi l l  be m ade of the moon and the plan· 
ets and of the vast d i stances of inter· 
planetary space; hard and soft landings 
wi l l  be m a d e  in preparat ion for the time 
when man at last sets foot on new worlds. 

I n  the future. under.the d irecti on of the 
Nation a l  Aero na utics and Space Ad m in ·  
istrat ion.  p i oneerin g  on t h e  space fron· 

In t h i s  progra m .  the task of J PL is  to 
gather new inform ation for a better un· 
derstand ing of the World and U n i verse. 

"We do these things beca use of the unq uenchable curiosity of 
Mon.  The scientist ;s continually asking h imself questions and 
the n  setting out to lind the answers. I n  the co urse of getting 
these answers, h e  h as provided practical benefits to mon thot 
h ave sometimes surprised even the scientist. 

" Wh o  can tell what we will lin d when we get to the planets ? 

Wh o, at this present time, can predict what pot.entiat benefits 
fa man exist in this enterprise ? No one con soy with any accu· 
racy what we will find as we fly farth er away from the earth, 
first with instruments, then with man. If seems to me that we 
are obligated to do these things, as h um o n  be;ngs�1 

DR. W. H.  P I C K E R I NG, Director, JPl 

• 
C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  
J E T  P R O P U L S I O N L A B O R AT O R Y 

A Research Faci l ity operated for the Na tiona l Aerona utics a n d  Space A d m ini'itrotiol"f 

PA S A D E N A .  C A L I F O R N I A  
Employment opportu n ities for Engineers a n d  Scientists in terested in basic a n d  applied research in these fields : 

COM M UN I CATION S . M I C R OWAV E . S E R VO M E C H A N I S M S . C O M P U T E R S . L I Q U I D  A N D  S O L I D P R O P U LS I O N  

• STRU CTURES · C H E M I ST R Y . I N ST R U M E N TAT I O N . M AT H E M AT I C S . A N D S O L I D  STATE P H YS I C S · 

Send professional resume, with lull qualifications and experience, for our immediate consideration 

1 8 7 
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One of a series 

H i g h e r  Ed u cat i o n  fo r Co m p ute rs 

"Let's put the computer in at the start of a prohlem, rather than 
just having it huzz through the computations." 

This is the appro ach being taken hy computer specialists at 
the General Motors Research Lahoratories as they explore ways of 
giving large·scale digital computers a greater role in the 
solution of problems. The object is to "teach" computers to 
apply the same rules men use in formulating, analyzing, and 
solving questions of modern science and engineering. 

A recent outgrowth of this work is DYANA, GM Research's new 
automatic analysis and p rogramming system. DYANA is one of 
the first computer systems to "understand" declarative statements. 
For a large class of dynamic problems, the engineer can simply 
describe his physical system to the computer. The computer 
fi gures out how to handle it. 

For the solution, DYANA automatically directs the computer to 
p rep are a mathematical model of the system, to write its own 
program for solving the model, then to execute the program 
and compute the desired answers. 

The higher education of computers currently involves studies 
in symhol manipulation, prohlem-oriented languages, 
character and p attern recognition, and engineering simulation. 

Such advanced computer concepts are giving General Motors 
professional people more time for creative engineering and 
research-time to explore ideas and to develop "more and 
hetter things for more people." 

General  Motors Research Laboratories 
Warre n ,  M ich i gan  

Comparison o f  program tapes 
for a v i brational problem 
expressed in D Y A N A  language, 
in algebraic·oriented 
language, and in the basic 
machine language. 
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by Herbert Dingle 

NIEASUREMEl\;T: DEFINITIONS AND THE
ORlES, edited by C .  West Churchman 
and Philburn Ratoosh . John Wiley & 
Sons, Inc . ($7.9,5 ) .  

T
his is a most valuable book . It con
tains the contributions to a sym
posium (held at the December, 

1956, meeting of the American Associa
tion for the Advancement of Science ) 
aimed at comparing the various aspects 
of measurement exhibited in widely dif
ferent disciplines: physics , psychology, 
economics , accounting, philosophy, the 
social sciences . Measurement has forced 
its way into almost every field of study . 
The reason, so far as conscious motives 
are concerned, is that precise descrip
tion usually requires it . As we shall see, 
however , the ultimate motive may be 
rather different. It is therefore essential 
that measurement should be understood, 
and the first step to this end is obviously 
to survey the processes of measurement 
used in various disciplines . This volume 
contains 13 articles , all by writers of 
distinction, so that we have before us 
as representative a picture as is pos
sible of what measurement has come to 
mean in 20th-century thought . 

The contributions to the volume are 
not uniformly easy to read . Though 
none of them is culpably obscure, some 
of the authors appear to have ad
dressed themselves to their immediate 
colleagues rather than to the general 
scientific reader . Some knowledge had 
to be assumed, but it would :oot have 
been unreasonable to expect enlighten
ment on such a remark as "This theory 
of Markov chains could be put to good 
use in climatology," or "the degree of 
inconsistency is monotonically related to 
psychological distance ." The poor non
specialist can only shake his head over 
Markov chains and psychological dis
tance . StilI, the book as a whole will 
amply repay the effort of the reader 
who has an inclination to understand the 

BOOKS 
A Syl1�poslum on the b asic 

prob lelns of nleasurel1�ent 

working of the scientific mind in one of 
its most fruitful fields. 

vVhen we turn, however , from an 
assessment of the volume as a presenta
tion of current views to an assessment of 
the views that it presents , there is a dif
ferent story to tell . We are left with a 
profound sense of dissatisfaction, a feel
ing that the. essence of the matter has 
been missed . The fundamental defect of 
the book is displayed in its first sentence: 
"Measurement presupposes something 
to be measured, and, unless we know 
what that something is , no measurement 
can have any significance ." This fallacy 
pervades the book, expressed explicitly 
by many of the writers and implied by 
most , if not all , of the rest . The whole en
deavor therefore steps off on the wrong 
foot , with the consequence that, al
though the actual procedures described 
are perfectly legitimate and of undoubt
ed value, their significance is either lost 
or distorted . 

To understand what measurement 
means we must turn to the physical sci
ences as the field affording the poten
tialities of measurement their widest 
scope; there alone are all the known 
processes of measurement exemplified . 
Consequently a true conception of meas
urement must cover physical measure
ments in their widest generality. Such a 
conception shows that measurement is 
a self-contained process, a process that 
implies nothing beyond that of which it 
gives a numerical estimation. 

It is perfectly legitimate to ask an 
astronomer to measure the area in the 
sky of the constellation Orion as de
fined by the International Astronomical 
Union . But what is the "something" that 
he measures? vVe no longer think in 
terms of a "sky," and from another view
point the constellation ceases to exist . 
There is no "something," but beyond 
question there is a measurement . 

Pursuing the matter , we see not only 
that all physical measurements are of 
this kind, but also that, far from starting 
with a something and then measuring it, 
we start with a measure and then try to 
find something to which we can attach 
it . We measure the weight, W, of a 

body, and its height, h, above the 
ground, and form the product Who This 
we regard as significant because it is 
equal to the kinetic energy with which 
the body, having been released, reaches 
the ground . We therefore invent some
thing that Wh measures and call it the 
potential energy of the body . When the 
body falls, and h becomes 0, it loses its 
potential energy . We are delighted, and 
think we have "discovered" potential 
energy . But we are now forced to say 
that when a body moves toward or away 
from the sun, it similarly loses or gains 
potential energy . Suppose, then, that our 
body falls to the earth when the sun is 
directly overhead . Has it gained or lost 
potential energy? We can take our 
choice , which means that potential en
ergy is not "something to be measured," 
but a quantity devised after the meas
urement has shown its.importance . In its 
devising we are free to exercise our 
choice among various possibilities; and, 
if we do not devise it at all , the meas
urement has exactly the same status as 
it had before . 

Take another example . We make a 
measurement with a diffraction grating 
and call the result the "wavelength" of 
light . But we do not first perceive the 
waves and then measure their length; 
we make a measurement and then invent 
"wavelength" to attach to it . The inven
tion is just as arbitrary as that of poten
tial energy, and at present it is even less 
satisfactory . Another observer, moving 
away from us in the direction of the light, 
gets a different value . It is the same 
light . Which observer determines the 
"right" wavelength? Clearly, at least one 
of our measurements does not imply a 
"wavelength to be measured ." But if 
the something is not wavelength, what 
is it? We do not know, though there can 
be no doubt that this measurement is 
important . 

So we could continue . For this reason 
I some years ago proposed the rudiments 
of a theory in which measurement was 
defined as "any precisely specified op
eration that yields a number; that is , 
measurement is related to the operation 
performed and not to the hypothetical 
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"something" on which it is supposed to 
be performed. This theory appeared in 
The British Journal f01' the Philosophy of 
Science (Vol.  1, page 5), and as it seems 
not to have been noticed by any of the 
contributors to the present volume, I 
shall take the l iberty of outlining its basic 
idea. But first of all I think it will be use
ful to take a step still further back and 
see how measurement came to be prac
ticed at all. This point is not touched 
upon in the volume, yet it is of some 
relevance and is indeed essential if we 
are to understand fully what measure
ment signifies. The contributors to the 
volume take measurement for granted 
and then discuss-often admirably-what 
it is, but they do not ask why it must be 
taken for granted.  They tacitly assume 
the strategy of the campaign, and con
centrate on the tactics. Let us see why 
the strategy commits us to measurement. 

The fundamental problem of philoso
phy is that of making sense of our ex
perience. vVe are originally aware of a 
haphazard succession of experiences. 
After a while some regularities force 
themselves on our attention-night and 
day alternate, falling is followed by a 
pain, and so on. The first philosopher is 
the man who first conceives the possi
bility that other-perhaps all-experi
ences are related; that is, experiences 
form a rational system. Given a knowl
edge of some experiences, therefore, 
other experiences that seem quite in
dependent can be predicted. 

The earliest philosophers accepted the 
obvious relations and tried to supple
ment them-the alternation of night and 
day was associated with alternations of 
heat and cold, falling on grass hurt less  
than falling on stone-until in such a sys
tem as that of Aristotle, with its generali
zations in terms of matter and form, a 
considerable area of experience became 
organized into a rational system. Two 
things characterized this approach: first, 
it was concerned entirely with involun
tary experience; and second, progress in 
it was painfully slow. 

By the 17th century the patience of 
philosophers was exhausted (I am of 
course describing not what consciously 
went on in their minds, but what we, 
knowing the outcome of their actions, 
can see to be the truest rationalization of 
them), and they said : "Look here; we 
aren't getting anywhere with ordinary 
experience; it is too difficult. Let us make 
some artificial experiences and find rela
tions between them. Then perhaps or
dinary experience will fit in later." So 
instead of studying the natural motions 
of birds and smoke and rivers, they made 
artificial motions-balls rolling down 
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carefully prepared grooves. Thus was 
born scientific experiment : the deliber
ate production of artificial experiences 
more simply related to one another than 
those that come naturally. 

The aspect of the artificial experiences 
that was examined was the metrical as
pect. The rolling ball did not pass from 
potentiality to actuality; it merely gave 
readings on a measuring scale and a form 
of clock, readings represented by num
bers. What was the advantage of this? 
S imply that, since rational relations were 
required, it brought into operation the 
most highly developed form of reasoning 
known : pure mathematics. The artificial 
experiences were reduced to experiences 
of numbers, and then metrical science 
was born. Thus the original aim of re
lating all natural experience was trans
formed to that of relating the numbers 
yielded by contrived operations . 

But this was not at all understood. It 
was thought that each measurement rep
resented a property of  something in the 
"external world." The object of philoso
phy was conceived to be  the study of 
this external world. Our experience
which is ultimately all that is of any im
portance to anybody-was simply a triv�
,
al effe�t of the casual

. 
impingins: of th� 

world on our bodJes; the world 
would be exactly the same if this had 
never occurred. This idea could persist 
because there happened to be a pretty 
close correspondence between the other 
"things" that were thought to be meas
ured and the "things" that we actually 
experience, but in fact this correspond
ence is illusory. Take mass, for instance. 
This is the name given to something con
ceived to be responsible for the record
ings of certain measuring instruments. 
But mass  was imagined to be "the quan
tity of matter in a body, "  and this was 
plausible, because when the instrument 
recorded a big number, a large body was 
usually seen. Hence it was believed that 
Newton's law of gravitation described 
the path of a planet around the sun. In 
reality it describes the path of a mass
point in a gravitational field, and both 
mass-point and gravitational field belong 
to an invented world that only in part 
corresponds to the common-sense world 
of material objects. If the earth should 
explode to smithereens through internal 
stresses, the mass-point (the "center of 
gravity") would continue on its orbit 
undisturbed, but there would be no mat
ter where it was situated. 

Every symbol in every physical equa
tion stands for the result of a measure
ment or a combination of such results, 
and fundamentally for nothing else. In a 
simple case like that of mass, the corre-

spondence between symbol and some 
element of ordinary experience is fairly 
close; usually matters are more complex. 
Take, for example, Avogadro's number, 
N-the number of molecules in a cubic 
centimeter of gas in a certain state. N 
actually stands for a combination of 
measurements with thermometers, pres 
sure gauges, balances and so on.  (There 
are various combinations that give the 
same result;  that is why the "number" is 
important.) But we describe N as "a 
number of molecules"-the name given 
to the result of the operation of counting. 
And we think of it as such. But in fact 
the operation of counting molecules is 
impossible. We can delude ourselves into 
belieVing that the operation of weighing 
is a discovery of the mass of a body, but 
no honest man can claim that when he is 
finding N he is counting anything. Yet 
such is our faith that each measurement 
is a measurement of "something" that we 
are ready to make such a claim in order 
to maintain that faith. Nor is that the 
worst. We even analyze the intricate 
concept that we cal l  "the momentum of 
an electron" as though we had a particle 
of matter before us and were applying 
the process for measuring momentum to 
it; and then we imagine that we are 
learning something about the world of 
experience. God help us! 

The whole world of physics is a set of 
relations between concepts that repre
sents combinations of the results of 
measurements, i.e., of artificially created 
experiences .  Nothing that this world 
contains would ever have happened if 
we had not made it happen. To verify 
any of the relations you must adjust the 
conditions with the greatest care; let ex
perience come naturally, and their sup 
posed requirements are always violated. 
Go on dropping an object to the ground, 
and it will come to rest at a different 
place every time. Go out one day, and 
you feel warm; do the same the next day, 
and you feel cold. The laws of falling 
bodies and of heat are obeyed only in 
laboratories. Physics tells us a tremen
dous amount about the world, but it is 
not the natural world;  it is a world of our 
own makin g. 

How is it, then, that we have turned 
the results of physical research to such 
significant account in ordinary life? S im
ply because of a purely empirical relation 
between the natural and the artificial 
worlds. Over a large part of experi
ence they maintain a close parallelism. 
When a balance gives a big number, we 
usually do see a big object (but we have 
seen that a large value of M does not 
always mean that). When the thermom
eter has a high reading, we usually feel 
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ENGINEERS ARE a curious lot; a breed apart. Their 
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hot (but in outer space we should prob
ably die instantly of cold, although 
astronomers tell us that the temperature 
there can be over 1,000 degrees centi
grade). Why the sight of a big object is 
usually attended by a large M, and the 
feeling of heat by a large e, we under
stand no more than Thales could have 
if he had known the facts . With all our 
science we have learned nothing about 
the relations existing in the world of 
natural experience. We have discovered 
how to create a world between the ele
ments of which rational relations do ex
ist, and we exploit the empirical fact of 
its close parallelism with the natural 
world. 

This is of the greatest importance in 
regard to the function of measurement 
in other sciences such as psychology and 
sociology. Here exactly the same consid
erations hold good, but whereas in phys
ics the parallelism between the metrical 
concepts and ordinary experiences is the 
rule and its breakdown the exception, in 
the other sciences the reverse is more 
nearly true; at least any supposed meas
urement of a psychological attribute is 
much less uniformly related to actual ex
perience than is normally the case in 
physics .  To take but a single example, 
the primary importance of Intelligence 
Quotient is not that it measures "intelli
gence," whatever that may be, but that 
it stands in simple relations to other 
measurements (in particular, a relation 
approaching identity with further deter
minations of the same quantity with the 
same person). We may expect that in 
time a considerable system of relations 
between psychological measurements 
will be built up, but woe betide us if we 
imagine that its relation to the world of  
experience i s  other than purely  empiri
cal .  A large 1. Q. may go with a good 
p erformance in other specified opera
tions, but its possessor may well be a 
gam bling addict, and so one of the most 
"unintelligent" of persons. 

It is in view of such facts as these that 
measurement must be defined in terms 
of its origin in the operations we per
form, without reference to anything ex
ternal . Having so defined it, we can 
begin its analysis. Each measurement in
cludes a manual and a mental part; for 
example, in measuring length we lay an 
object along a specified scale (the manu
al part) and subtract the smaller from 
the larger of the end-readings (the men
tal part). We deliberately relax the pre
cision of the specification in two re
spects. In the manual part we allow one 
element of the operation to be changed 
ad lib.; in the example of length we can 
make "the object" anything we like, and 
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we call the result (merely as a name) the 
length of that object. In the mental part 
we allow ourselves to multiply the result 
of any fundamental measurement (that 
is , a measurement that does not include 
another measurement as a part of its pre
scription) by any number; we call this 
(again merely as a name) "changing the 
unit of measurement." The whole proc
ess is thus described without wandering 
outside into a hypothetical "something 
to be measured."  

I have found nothing in the book un
der review to demand any change of this 
description, though there is much that 
receives an interesting interpretation in 
terms of it. For instance, "the central 
purpose" of the contribution by Patrick 
Suppes is to justify the classification as 
meaningless of such sentences as : "The 
mass of the sun is greater than lOG"; ac
cordingly a formidable rococo structure, 
involving three-valued logic, is erected .  
But the meaninglessness of this sentence 
follows at once from the l iberty of mul
tiplying the result of a fundamental 
measurement by any number. 

Suppes mentions certain abnormal 
measurement-scales in which transfor
mations other than the ordinary "change 
of unit" are applicable; these afford an 
interesting application of metrical theo
ry. Space permits mention of only one
the ordinal number scale, applicable 
to such qualities as hardness, in which 
any monotonically increasing set of num
bers can be substituted for the first 
choice. This corresponds to a change in 
the manual part of the operation other 
than the change allowed (i.e., other than 
a change in the specimen to be meas
ured). We substitute for, say, the stand
ard specimen marked 3 a s imilar stand
ard marked 7. The result is therefore a 
different measurement, and should not 
be called by the same name. 

The case is parallel to that of chang
in g the measurement of length from me
ters to yards. This is usually considered 
to be a change of unit equivalent to a 
change from meters to centimeters. But 
in fact the yard is a different material 
standard from the meter, and is known 
to be changing its length in relation to 
the meter; we therefore err in supposing 
the change to be merely the multiplica
tion by a factor, l ike the change from 
meters to centimeters. The standards are 
changing at such a rate that the universe 
may be expanding with respect to one 
and contracting with respect to the oth
er. That is an entirely different thing 
from "changing the unit of measure
ment." 

Somewhat similar considerations are 
applicable to S .  S. Stevens's classification 

of "scales of measurement" : They all 
seem to fit naturally into the scheme I 
have described-even his logarithmi� 
scale, about which he is unduly hesitant. 
It is hardly true to say that "it has thus 
far proved useless to the empirical busi
ness of science"; it is employed in the 
"magnitude" scale of stellar brightness .  

A small but very revealing remark in 
Stevens's interesting paper deserves 
quotation : "Does utility behave as a pro 
thetic or  as a metathetic continuum? W e  
d o  not really know, o f  course, but there 
seems good reason to expect that it is 
prothetic." It does not matter what "pro
thetic" and "metathetic" mean, and all 
we need to know of "utili ty" is that it i s  
a measurement, expressed in "utiles" 
and supposed to assess "subjective val 
ue." "Utility," therefore, is something 
that we create; previous generations 
knew nothing of it, because it did not 
exist for them. So what Stevens is saying 
is that we do not know what we are do
ing: we have created something that 
has gotten out of hand. That is the inevi
table result of confusin g a measurement 
with natural experience. By all means 
hitch your wagon to a star, but do not 
imagine that it has any intrinsic affinity 
with the star or allow it to assume any 
of the star's mystery. You have made the 
wagon, and if you do not know what you 
have done, you should find out, or else, 
for safety's sake, destroy your creation. 

Short Reviews 

FALLOUT, A STUDY OF SUPERBOMBS, 

STRONTIUM 90 AND SURVI\'AL, edited 
by John M. Fowler. Basic Books, Inc. 
($5.50). This is a valuable and an im
portant book that comes to grips with a 

peril as glaringly eviden t as the flash of 
an H-bomb. The "soaring sixties" have 
begun, everything is going up, and w e  
have a good chance o f  going u p  too, un
less we are prepared to act upon the 
facts here set forth. They are not new 
facts ; they have been made known in 
journals and reports, in the testimony of 
competent specialists, in repeated warn
ings of sober men.  But various attempts 
have been made to conceal, to obscure, 
to qualify, so that the average person 
does not know what or whom to believe. 
Official fallout pronouncements have 
given the impression that the quantity is 
negligible; and when this position was 
refuted conclusively, that what has been 
falling upon us is not much more danger
ous than the gentle rain from heaven. 
Fowler's book corrects this impression in 
language plain enough, as Adlai Steven
son savs in a foreword, for anyone to un
dersta

·
nd. There is much here for your 
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A company sponsored research program to investi
gate the operation of parametric amplifiers has re
sulted in improved communication equipment in 
the uhf frequency range. Collins engineers decided 
to attack the problem from the standpoint of cir
cuitry rather than device design, and the two-port 
uhf parametric amplifier shown above emerged 
from Collins Research Laboratories. Final develop
ment resulted in an amplifier with a gain-bandwidth 
product more than twice that of previous amplifiers. 

In the Advanced Circuits Division of Collins Re
search Laboratories, phYSicists, mathematicians and 
engineers are planning basic research programs in 
solid state physics. Research in the field of thermo
electric phenomena is now in progress. Other 
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ories, and traveling wave principles. To further this 
work, and to advance scientific knowledge with the 
resultant development of new technologies in other 
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mathematics. Your inquiry is invited. 
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enlightenment, naught for your comfort. 
The different kinds of bomb and their 
products are examined, the global pat
tern of fallout, the vexed problem of hot
spots (as to which the so-called aver
aging doctrine is as convincing as the 
argument that there is little danger of 
lead-poisoning to the average citizen 
from a gang war), the steadily rising 
level of fallout, the biological and genet
ic effects of radiation, the history of 
radiation accidents, protection and 
treatment, the detection of bomb tests. 
Ralph E. Lapp presents a dispassionate 
summary of the effects of a nuclear war, 
and there is a horrifying chapter on 
national survival that makes another 
chapter on civil defense sound complete
ly fatuous. Appendices are included on 
radiation physics, fission and fusion, as 
well as a helpful glossary. This is the 
most level-headed, honest and compre
hensive treatment of the subject that has 
appeared. But for a book that can do as 
much good as this book can, and which 
has only 250 pages and four pages of 
(essential ly superfluous) plates, the price 
is much too high.  Salvation ought to fit 
more purses. 

T OWN AND SQUARE, by Paul Zucker. 
Columbia University Press ($15). 

How the builders of towns have treated 
the empty spaces-the agora, the green, 
the common, the square, the plaza-is al
most as important artistically and archi
tecturally as how they have designed the 
streets, parks, bridges and buildings . 
The square is in a sense the heart of the 
city: it has been the focal point and the 
stage of civic l ife, the scene of great 
political events, an oasis of l ight and air, 
a show place, a playground. Its role has 
changed over the centuries; after the 
culmination of its development in the 
17th and 18th centuries, it has been en
croached upon,  squeezed by greed and 
neglected. But again in recent times the 
planners of cities have come to recognize 
its central importance. The history of the 
square from antiquity, through medieval 
times and the Renaissance up to the 19th 
century is told in this scholarly work by 
a leading student of the subject. A final 
chapter by Carl Feiss surveys the role of 
the square in early American l ife. Line 
cuts and 96 plates. 

T HE COi\"CEPTS AND THEORIES OF 

MODERN PHYSICS, by J. B. Stallo. 
Harvard University Press ($4.75). In 
November, 1881, there was published in 
New York City "a highly unusual sort of 
book, entirely without precedent in this 
country and with very few precedents in 
Europe." This book, the third U. S. edi-
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tion (1888) of which has now been re
issued with an introduction by Percy W. 
Bridgman, is  an essay on the philosophy 
of science: an unorthodox, highly per
ceptive examination of the fundamental 
concepts of phys ics, so prophetic-and so 
presumptuous in its manhandling of cer
tain sacred possessions-that a good 
many physicists thought it best simply to  
pretend that the  book did not exist, hop
ing that in t ime it would go away and 
be forgotten. The author of this remark
able  essay, Judge J. B. Stallo of Cincin
nati, was a remarkable man; it i s  neces
sary, as Bridgman remarks, to know 
something of his background to under
stand both the independence and uncon
ventionality of his scientific views. Jo
hann Bernhard Stallo was born in south
ern Oldenburg i�l Germany in 1823. 
(His name is a Frisian one meaning 
"forester.") He was educated at home 
by his father and grandfather, who were 
schoolteachers , learned English and 
French as well as German, received in
struction in Latin and Greek from two 
neighborhood priests and showed great 
precocity. Later he attended a gymna
s ium (i.e., high school), but when the 
poverty of his parents made it impossible 
for him to enroll in a university, he de
cided to take his chances in a new coun
try, and in the spring of 1839 he emi
grated to Cincinnati. For a time he 
taught in  a parish school, and at the age 
of 17 he published anonymously (in 
German) his ABC, Spelling and Reading 
Book for the German Schools of Ameri
ca. The book went through many edi
tions, and in later years he referred to it 
ironically as his "most brilliant literary 
success. " He continued his career as a 
teacher at a Catholic college, taught, and 
also studied, mathematics, physics and 
chemistry, and in 1844 became professor 
of these subjects at St. John's College in 
New York (now Fordham University). 
While at St. John's he wrote a book on 
the philosophy of nature, the Hegelian 
principles of which he was to repudiate 
in The Concepts. He now took up legal 
studies ,  returned to Cincinnati, passed 
his bar examination and began to prac
tice. In the law he had a successful and 
distinguished career and earned a repu
tati6n both for his skill and his devotion 
to public affairs; for a time he served as 
a judge of common pleas. Stallo was a 
liberal Democrat and a great admirer of 
Thomas Jefferson, but as the slavery is
sue became acute, he changed his politi
cal affiliation and supported Lincoln. 
After the Civil War he rejoined the 
Democratic Party, and when Grover 
Cleveland was elected in 1884, Stallo 
was appointed ambassador to Rome. He 

remained abroad after this appointment 
terminated and lived in Florence until 
his death in 1900. Throughout his l ife 
he had a passionate interest in science 
and philosophy; yet he did not pass his 
time in an academic environment, and 
once he had turned to the law and p�li
tics, his friends and associates are un
l ikely  to have stimulated his philosophi
cal thinking. He read widely and re
flected deeply on the hardest intellectual 
problems, but he tramped his own road; 
toward the end of his life he began a 
correspondence with the Austrian physi
cist  and philosopher Ernst M ach (who 
had learned of The Concepts through a 

chance reference to it by Bertrand Rus
sell), but M ach's illness prevented the 
exchange from coming to full growth, 
and soon after M ach recovered, StaUo 
died.  The Concepts was intended,  as 
Stallo wrote in his preface, "as a con
tribution, not to phYSiCS, nor, certainly, 
to metaphysics, but to the theory of cog
nition." As to this there may be debate, 
but there can be none as to the interest 
and value of his critique. Stallo's main 
object was to show that a single basic 
philosophical theory preSided over the 
phYSical thought of the 19th century: 
namely, that all natural phenomena are 
ultimately  reducible to Newtonian m e
chanics, "to the motion of elementary 
masses." Thus while many physicists 
nourished the conviction that metaphys
ics had been "purged" from their disci
pline, the conviction was an illusion .  
Their physics rested not only  on meta
physics but, in Stallo's view, on bad 
metaphysics. Stallo was not a mathema
tician, and many of his opinions are as 
untenable as they are cocksure; his qua
si-positivistic outlook led him to ex
tremes, so that ,  for example, he repudi
ated the concept of atoms; but even 
here, as Bridgman points out, he was not 
illogical, but only mistaken in thinking 
that a physical theory is useless unless 
it stands in one to one correspondence 
with physical events. (Indeed, the fun
damental inconsistency in atomic theory, 
which he nosed out, was not resolved un
til ilie invention of quantum theory.) He 
was far-sighted in recognizing the great 
importance for the future of physics of 
the law of conservation of energy, and 
his views on relativity, as the foUowing 
passage shows, are thoroughly modern: 
"There is no absolute material quantity, 
no absolute material substance, no abso
lute physical unit, no absolute simple 
physical entity, no absolute physical 
constant, no absolute standard, either of 
quantity or quality, no absolute motion, 
no absolute rest, no absolute time, no 
absolute space." The reissue of the book 
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is very welcome, and Bridgman's intro
duction is excellent. 

THE SCIENCE OF MECHANICS IN THE 
MIDDLE ACES, by Marshall Clagett. 

University of Wisconsin Press ($8). In 
this source book, which students of the 
history of physics will  value highly, 
Clagett offers a collection of documen
tary material on medieval mechanics: 
translations (and sometimes also the 
original text) of excerpts from inBuential 
Greek and Arabic treatises attributed to  
Archimedes, Euclid, Hero and al-Kha
zini; and of medieval writings on statics, 
kinematics and dynamics. The physical 
concepts of Galileo and Descartes did 
not, as everyone now knows, spring up 
suddenly as radical mutations in ideas .  
They were the culmination of a process 
of gradual change, in the course of 
which Aristotelian and Archimedean 
thought was modified "to the point 
where it was seriously undermined, thus 
requiring a new mechanical system," a 
requirement that the Galilean-New
tonian scheme of the 17th century ful
filled. Among the subverters of the old 
order were the 14th-century Merton Col
lege logicians and natural philosophers 
Thomas Bradwardine, William Heytes
bury, Richard Swineshead and John 
Dumbleton, who worked on kinemat
ics and developed a theorem of uni
form acceleration (i.e., distance trav
ersed equals one half the product of the 
final velocity and the time of accelera
tion); the Parisian scholastic Nicole 
Oresme, who applied geometry to the 
concepts of velocity and acceleration ,  
thus foreshadowing analytic geometry; 
and the Frenchman John Buridan, who 
put forward an impetus theory of mo
tion.  Clagett presents selections from the 
writings of these and other mechanicians 
and introduces each group of documents 
with his own informative commentary. 
This is a very respectable achievement 
of scholarship, and the book itself-700 
well-printed, illustrated and stoutly 
bound pages-is reasonably priced. 

WILLIAM HARVEY's DE MOTU LOCAL! 

ANIMALIUM, edited, translated and 
introduced by Gweneth Whitteridge. 
Cambridge University Press ($10.50). 
This volume, l imited to an edition of 
1,000 copies, presents in book form a 

hitherto-unpublished series of notes by 
William Harvey, the manuscript of 
which is in the British Museum. These 
notes, written while Harvey's famous 
De Motu Cordis was in press, are the 
rough draft of a book he intended to 
publish on the local movement of ani
mals with special attention to the move-
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OXFORD 

Scientific Texts 

Electrons 
and Phonoms 

By ] . M. Ziman. This study of the 
theory of electrical and thermal 
conduction in metals, semiconduc
tors, and insulators develops the 
basic ideas of crystal lattice dy
namics, electron zone structure, 
and transport theory from first 
principles and deduces formulae 
for the macroscopic coefficients by 
self-contained mathematical argu
ments. (International Series 0/ 
Monographs on Physics ) $1 3.45 

Waves 

By F_ ]. M. LAVER. This liberally 
illustrated account is intended for 
the young person or adult with no 
previous knowledge of the subject 
who wants a simple explanation 
of how waves work in light, water, 
and electricity and how they are 
useful to man. Like the author's 
previous books, the present study 
intersperses numerous halftones 
and simple diagrams with concise 
text. Illustrated. $1 .20 

DOll bt and Certainty 
in Science 

A Biologist's Reflections 
on the Brain 

By ]. Z. YOUNG. How the nerv
ous system-especially the brain
functions from the point of view 
of the biologist. "A brilliant intro
duction to the writing and think
ing of a remarkable scientist."
Saturday Reyiew. Galaxy paper
bound edition. $ 1 .50 

A Short History 
of Scientific Ideas 

to 1900 

By CHARLES SINGER. The 
book begins with Babylonian 
mathematics and astronomy and 
goes on to trace the development 
of scientific ideas down to 1900. 
It has grown from Dr. Singer's 
A Short History 0/ Science, pub
lished in 1941, and rapidly ac
cepted as a standard book. Illlts
trated. $8.00 

At all boo/?stores 

OXFORD UN IVERS ITY PRESS 

J..!;;===-New York 1 6.====;!J 

ment of muscle; the notes are not based 
on any new experimental observations 
but show that his understanding "was 
sounder than that of most of his prede
cessors and even some of his successors."  
The editor gives the Latin text and an 
edited English translation that expands 
the notes by occasionally inserting words 
or phrases in order to show more imme
diately the meaning of the passage. This 
has been a difficult task, partly because 
of Harvey's dreadful handwriting. 

THE UNITY OF THE UNIVERSE, by 
D. W. Sciama. Doubleday & Com

pany, Inc. ($3.95). An attractively 
written, lucid account of the history of 
cosmology from the observations of 
Erastosthenes to the theories of Hermann 
Bondi and Thomas Gold. Cosmology is 
of course a subject that in our day dances 
with controversy. This is surely a good 
thing-a healthy, noisy excitement that 
interferes with dogmatic slumber. Sci
ama does not hesitate to cut his own 
steps. The first part of his book de
scribes the evolution of the present ob
servational picture of the universe, a 
relatively settled matter. He explains 
skillfully and simply, so that any ordi
nary reader can follow, how astronomers 
have arrived at the size of the solar sys
tem, the distance to the stars and the 
major discoveries that have been made 
about the M ilky Way, the external gal
axies and the expanding universe. In the 
second part he argues the view, which 
observation has yet to confirm or dis
prove, that the universe as a whole is 
unchanging in time, that all its parts 
are l inked so that what happens in the 
most distant regions affects the phenom
ena of our immediate neighborhood, and 
that the continual creation of new mat
ter compensates for the expansion of the 
universe. Thus he arrives at the conclu
sion that the universe is "indeed a single 
unit ." The starting point in these con
siderations is the famous paradox of the 
19th-century German astronomer Hein
rich Olbers. On the basis of simple and 
seemingly irreproachable assumptions 
Olbers by correct reasoning reached a 
conclusion which is obViously false : that 
the amount of light near the earth should 
be just the same as at the surface of the 
average star; the temperature of space 
would then be some 6,000 degrees centi
gt:ade. The most effective way of meet
ing the paradox was to modify one of his 
assumptions, namely, that there are no 
systematic motions of the s tars. By as
suming instead that they are receding in 
a uniform way (and by taking the Dop
pler effect of a receding light source into 
account), one infers that  their light is 
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T his photograph was taken by a Questar owner on 35 mm. film. It 

shows the south polar region of the moon around Clavius, the largest 

crater. On this scale the moon is nearly 27 inches in diameter. B y  com

parison, pictures of Clavius made with telescopes of 36 to 200 inches 

aperture show astonishingly little more detail, despite the fact that such 

giants should reveal objects 1,0 to 57 times smaller than Questar can 

resolve. Poor seeing due to unquiet air causes most of the trouble. And 

here Nature favors the small telescope, permitting Questar's modest 3.5 
inch aperture to do surprisingly well when much larger instruments are 

crippled by unsteady atmosphere. The superfine Questar costs $995 as 

shown in British leather case. Terms 

available. Send for the 32-page book

let which tells the complete 

sufficiently reduced to explain what is 
in fact observed;  in other words, it is 
dark at night because

'
the universe is ex

panding, An optical link therefore con
nects us to distant regions, That a m e
chanical link also joins us to these re
gions is the idea underlying Ernst Mach's 
celebrated principle, according to which 
the "fixed stars" are responsible for the 
inertial .properties of matter. Thus in
ertial frames are those which are unac
celerated with respect to the "fixed 
stars," and centrifugal forces, which 
Newton conceived to be evidence of ab
solute motion ( rotation), are in Mach's 
view relative motion with respect  to the 
"fixed stars ." The principle has been 
sharply attacked, even scoffed at as sa
voring of astrology. "I cannot persuade 
myself," wrote Alfred North Whitehead, 
"that a little star in its twinkling turned 
round Foucault's pendulum in the Paris 
Exhibition of 1851." But in recent years 
the opposition has thinned ;  Einstein, 
among others, was much impressed by 
M ach's arguments, and they played an 
important part in leading him to his ex
planation of the principle of equiva
lence: The inertial forces that arise in a 
noninertial frame of reference are gravi
tational forces exerted by accelerating 
stars . As Sciama shows, if one accepts 
Mach's principle, many puzzling things 
fall prettily into place. Centrifugal and 
Coriolis forces, the clock paradox of the 
special theory of relativity, which has 
driven good men to crave tranquilizers, 
the general theory of relativity, with its 
baffling concepts of curved space and 
the l ike-these are among the ideas Sci
ama succeeds in making plausible, natu
ral, even palatable. To be sure, the big 
if of the validity of Mach�s principle re
mains, but as long as one's disbelief is 
suspended, the persuasiveness of the ex
position is irresistible. This is an engross 
ing book, an invigorating intellectual 
exercise that any mature reader can en
joy, and from which he will profit even 
if it should turn out tomorrow that 
M ach's principle is completely wrong. 

PROCEEDINGS OF THE INTERNATIONAL 
CONGRESS OF MATHEMATICIANS, 1958, 

edited by J .  A. Todd. Cambridge Uni
versity Press ( $ 12 .50 ) . The official rec
ord of the Congress held in Edinburgh 
in August, 1958, containing a remark
ably  diverse collection of English, 
French, German and Russian papers on 
logic and the foundations of mathemat
ics, algebra and the theory of numbers, 
classical analysis and functional analysis ,  
topology, algebraic and differential ge
ometry, probability and s tatistics, ap
plied mathematics, mathematical phys-
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ics, numerical analysis, mathematical 
history and mathematical education.  

THE VVATEHFOWL OF THE WOHLD : 

VOLS.  II AND I I I ,  by Jean Delacour. 
Country Life Limited (each volume six 
pounds six shillings). These final two 
volumes of an illustrated natural history 
of waterfowl cover the dabbling ducks, 
eiders, pochards, perching ducks, sco
ters, golden eyes, mergansers and stiff
tailed ducks. The text gives descriptive 
characteristics, general habits and dis
tribution data; there are distribution 
maps and 44 color plates by Peter Scott. 
An attractive set .  

1'I-IE VlHUSES : VOL . I ,  CENEHAL VmoL

OGY; VOL . II, PLANT AND BACTEIUAL 

VlHUSES, edited by F. M. Burnet and 
VlT. M. Stanley. Academic Press, Inc. 
( Vol . I ,  $ 16 .50;  Vol .  I I ,  $ 1 3 ) . The first 
two volumes, a third being promised to 
complete the work, of what will be an en
cyclopedic treatise attempting to cover 
the significance of experimental work on 
viruses "for general problems within and 
on the borderlines of biochemistry, bi
ology and biophysics. "  Among the topics 
discussed are the structural and chemi
cal architecture of host cells, the physical 
properties of infective particles, the 
inactivation of viruses, the comparative 
chemistry of viruses, the biochemistry of 
insect and plant viruses, immunological 
methods, the reproduction of viruses, the 
bacteriophage as a model of host-virus 
relationships, the initiation of bacterio
phage infection, the intracellular multi
plication of bacterial viruses, bacterio
phage genetics, the process of infection 
and virus synthesis as studied with to
bacco-mosaic virus, lysogeny, the radio
biology of bacteriophages. 

THE EAHTH BENEATH THE SEA, by 
Francis P. Shepard. Johns Hopkins 

Press ( $5 ) . More than 70 per cent of the 
earth's surface is  beneath the sea, but 
only in the past 30 or 40 years has the 
geology of this vast area attained the 
stature of a full-fledged branch of knowl
edge. The nature and origin of the sedi
ments that partially cover these great 
submerged areas and the rocks that un
derlie the sediment have been studied, 
as have the depths of the waters, the 
effect of waves and currents on the sea 
floor, the cause and mechanism of tsu
namis, the formation and destruction of 
beaches, the evolution and structure of 
the continental shelves, the profiles of 
the deep-sea floors, the natural history 
of coral reefs, the topography of the 
great slopes and deep canyons. Dredg
ing, coring and photography have been 
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High-Energy Electron 

Scattering Tables 

R O B E R T  H E R M A N  and R O B E RT 

HOFSTADTER. 200 pages of tables, 
plus extensive introductory ma
terial. Intended as a preliminary 
form of handbook on the subject 
of electron scattering and nucleat· 
structure. $8.50 

Proceedings of the 1 960 

Heat Transfer and Fluid 

Mechanics Institute 

Editell by DAVID M. MASON, WIL

LIAM C.  REYNOLDS amI WALTER G. 

VINCENTI. Papers on technical and 
scientific advances in thermody
namics and related fields. With 

tables, graphs, diagrams, photo

graphs and references. $8.75 

Plasma Acceleration 

Editell by SIDNEY W. KASH. Nine 
papers dealing with plasma accel
eration for propulsion for inter
planetary travel. Fourth Lockheed 
symposium on magnetohydrody-
nalnics. 

$4.50 

The Magnetodynamics 

of Conducting Fluids 

Edited by DANIEL BERSHADER. 

This is the third volUlue to grow 
out of a Lockhced-sponsored sym
posium on magnetohydrodynam
ics. Papers by Busemann, Carrier, 
Cole, Crad, Mitchner, Petschek, 
Resler, and others. $4.50 

The Plasma in a 

Magnetic Field 

Edited by ROLF K .  M .  LANDS HOFF. 

Second symposiUlu on magnetohy
drodynamics, sponsored by Lock
heed . Papers on kinetic theory, the 
con finements and instabilities of a 
plasma, and effects of magnetic 
forces. $4.50 

111 agnetohydrodynamics 
Editell by ROLF K. M. LANDS HOFF. 

An integrated set of papers drawn 
from the first Lockheed symposi
um, dealing with magnetic fields 
and ionized gases. Contributors 
are Hoyle, Kantrowitz, Elsasser, 
Burgers, and Rosenbluth. $4.00 

200 

Order from your bookstore, 
please 

STANFORD 
UNIVERSITY PRESS 

the most frequently used methods; 
bathyscaphs and aqualungs have made 
the marine geologist's l ife more adven
turous. This book reviews what is known 
in submarine geology and presents the 
author's own experiences as an investi
gator. An agreeable and most instructive 
popularization. Illustrated. 

�VING INSECTS OF THE WORLD, by Alex-
ander B. Klots and Elsie B. Klots. 

Doubleday & Company, Inc. ($9.95) .  In 
175,000 words and 277 photographs 
( 152 in color) this fine book surveys l iv
ing insects from ants and bees to ear
wigs and thrips. Natural-history books 
of this kind, designed for the family  cir
cle, appear every year, and we have 
come to expect the accompanying gallery 
of photographs, in which the astonishing 
is the usual .  The Klots volume, however, 
stands out for its clear, intelligent, Ruent 
descriptions of the appearance of in
sects, their structure, physiology and 
habits, their relation to each other and 
to man.  The authors have enthralling 
material to work with, and they make 
the best use of it by eschewing the spec
tacular and telling their story quietly. 

ECI-ITENBERG : A DOCTRINE OF SCAT-

TERED OCCASIONS, by J .  P. Stern. In
diana University Press ($6.95). Georg 
Christoph Lichtenberg was an 18th-cen
tury German philosopher and wit who 
left behind a large number of fragmen
tary writings and aphorisms on physics, 
philosophy and literature. In this book 
an attempt is  made to weave the frag
ments together into a more coherent 
whole and, by means of supplementary 
commentary, to show Lichtenberg's gen
eral view-which bears striking resem
blances to the linguistic philosophy of 
Ludwig Wittgenstein and his followers
of the relation between experience and 
language. At least one of Lichtenberg's 
aphorisms, which Einstein was fond of 
quoting, deserves to be remembered: 
"When a book and a head collide and a 
hollow sound is heard, is it always the 
fault of the book?" 

Notes 

THE ORIGINS OF MODERN SCIENCE, 

1300-1800, by Herbert Butterfield. The 
M acmillan Company ($1. 25). A paper
back edition of a first -class general histo
rian's account of the growth of science. 

THE CELLULAR SLIME MOLDS, by 
John Tyler Bonner. Princeton University 
Press ($4). An ably written monograph 
on these widely distributed but "enig
matic" organisms whose biology is of 

AN I NVITAT ION  
TO  JO IN  ORO 

Pioneer In 
Operations Research 

Operations Research is  a young 
science, earning recognit ion rapidly 
as a significant aid to decision-mak
ing. It employs the services of 
mathematicians, physicists, econo
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non
governmental organization,  you 
will become one of a team assigned 
to vital mil itary problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organ izat ion has the broad expe
rience of O RO. Fou nded in 1 948 by 
Dr. El l is  A. Johnson, pioneer of 
U. S. Opsearch, O RO's research 
findings have infl uenced decision
making on the h ighest mi l itary 
levels. 

ORO's professional atmosphere 
encourages those with init iat ive and 
imagination to broaden their scien
tific capabilities. For example, staff 
members are taught to "p rogram" 
their  own material for the Univac 
computer so that they can use its 
services at any t i me t hey so desire. 

ORO starting salaries are com
petitive with those of i ndustry and 
other private research organiza
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea
tures which attract visitors t o  
Washington, D. C. a r e  but a short 
drive from the pleasant Bethesda 
suburb in which ORO is l ocated. 
Attractive homes and apartments 
are within walking distance and 
readily available i n  all  price ranges. 
Schools are excellent. 

For Further inFormation write: 
Professional Appointmenl5 

OPERATIONS RESEARCH 
OFFIGE I� 

The Johns Hop k i n s  Un iversity 
6 9 3 5  A R L I N G T O N  R O A D  

B E T H E S D A  1 4 , M A R Y L A N D  
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special interest because of the light it 
may shed on embryology and the me
chanics of development. A comprehen
sive bibliography is a feature of the book. 

MATHEMATICAL METHODS AND THEO

RY IN GAMES, PROGRAMMING AND Eco
NOMICS, by Samuel Karlin. Addison
Wesley Publishing Company, Inc. 
( $25 ) . A survey of the concepts of game 
theory and programming theory, togeth
er with the related concepts of mathe
matical economics, intended either as an 
advanced text or reference book. 

THEORY OF DIFFERENTIAL EQUA
TIONS, by Andrew Russell Forsyth. Dov
er Publications, Inc. ( $ 15 ) . Out of print 
for more than a decade, Forsyth's classic 
treatise, the most comprehensive exami
nation of differential equations, is now 
once more available.  

THE THEORY OF SPACE TIME AND 

GRAVITATION, by V. Fock. Pergamon 
Press ( $ 15 ) . A translation, by N.  Kem
mer, of a leading Russian physicist's ad
vanced treatise on the special and gen
eral theories of relativity. Fock has made 
original contributions to the subject, 
which are here reported, and the entire 
account is exceptionally clear, with a 

number of fresh and illuminating ap
proaches. 

CURARE AND CURARE-LIKE AGENTS, 

edited by D. Bovet, F. Bovet-Nitti and 
G. B. Marini-Bettolo. D. Van Nostrand 
Company, Inc. ( $15 .75 ) . Proceedings of 
an international symposium held in Rio 
de Janeiro in 1957, concerned with this 
centuries-old arrow poison : its prepara
tion and use by South American Indians, 
its plant sources, the chemistry of natu
rally occurring curarizing alkaloids, the 
pharmacological and physiological as
pects of curare and curare-like drugs, the 
various clinical applications of curarizing 
agents . 

ART AS EXPERIENCE, by John Dewey. 
Capricorn Books ( $ 1 .35 ) .  A paper-back 
reprint of Dewey's distinguished work 
on the formal structures and character
istic effects of architecture, sculpture, 
painting, music and literature. 

A CONCRETE ApPROACH TO ABSTRACT 
ALGEBRA, by W. W. Sawyer. W. H. 
Freeman and Company ( $ 1 .25 ) .  A 
clear, well-designed introduction, for 
students, teachers and others interested 
in learning more about contemporary 
mathematics, to the subject of abstract 
algebra, in which the primary considera
tion is the structure of the system, rather 

PROFESSIONAL PERSONNEL REQUISITION 

N U C L EA R  S Y ST E M S  D I V I S I O N  of T h e  
Marquardt Corporation i s  engaged in a 
continuing search for engineers and scien

tists capable of contributing to advances 

in nucleonics state - of-the - a rt. C u rrent 
expan sion within this d i v i s i o n  creates 
challenging opportunities for professional 
personnel with B. S.  and advanced degrees 
a n d  experience in the fo l l o w ing fiel d s : 

R e acto r P h ys i c s  a n d  S h i e ld i n g  

N u c l e a r  a n d  C e ra m i c s  E n g i n e e ri n g  

H i g h  T e m p e ratu re M e t a l l u rg y  

Write in confidence to : Mr. Floyd Hargiss, Manager 
Professional  Personnel ,  The Marquardt Corporat ion 

16555 Saticoy Street, Van Nuys, Ca l iforn ia  

-I:. 

00'00"'. om,", v:�!:g}!f!£tt 
Operations at: Monrovia, Pomona, Van N uys, Cal ifornia  - Ogden, Utah 

E X P E R I E N C E D  
C H I E F  E N G I N E E R  

N EEDED NOW FOR AN 

EXPAN D I N G  

M E D I U M·S IZED 

ELECTRON ICS COM PANY 

A Chief Engineer  can  now take ove r the active 

d i rection of our  expa n d i n g  e n g i n e e ri n g  d e p a rt

m ent. He m ust be capab le  of d irecti n g  engi 

neers work ing  on  r -f  circuitry, c o m m u n ication 

and special  receivers,  d i g ita l  a n d  a n a log cir

cu itry, a n d  m a g n etic compone nts, and  d i rect 

e n g i n e e ring-d ra fti ng  and technica l  writin g  

groups.  Detai led knowled g e  in  e a c h  of the  proj

ect areas is  not essentia I ,  but experience in  the 

desi g n  of r-f  circu itry is d esired. 

This ;s a n  u n usua l  opportun ity for the man  who 

is  experienced in d irecting e n g i neers working 

o n  a n u m ber of d iffe rent projects a n d  who has  

the d rive to m a ke s ign ifi cant contr ibut ions  to 

our  g rowth. 

Our company is a ctive in both the development 

a n d  m a n ufacture of m a g netic a nd m icrowave 

components, co..,m m u n ications,  counter-meas

u res, a n d  cod e converte rs. 

P l e a s e  w rite o r  p n o n e :  

Reid S m ith-Va niz ,  Vice P r e s i d e n t ,  E n g i neering 

TRAK ELECTRO N ICS COM PANY 
Divis ion of CGS Laboratories,  I n c .  

Wilto n ,  Connecticut POrter 2-5521 

13  Noted Scientists Present 

A SPACE AGE SYMPOSIUM • • •  

THE 
EXPLORATION 

OF SPACE 
edited b y  Robert Jastrow 

illustrated, $5.50 
Van Allen discusses the geomagnetic ally
trapped corpuscular radiation ; Christo
filos reports on "The Argus Experiment;" 
de Vaucouleurs, on Mars and Venus; 
Goldberg, on astronomy from satellites 
and space vehicles ;  Whipple, on solid 
particles in the solar system. Other vital 
topics include rocket astronomy, plasma 
and magnetic fields in the solar system, 
the U.S. space exploration program, and 
the USSR report of an active volcano 
on the moon. 

Order Today From Your Nearest 
Bookstore Or Write Dept. 8.4-2 

f!l1,e uItacm,"IIan cetNnfiany 
60 FIFTH AVENUE, N EW YORK I I , N. Y. 
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than applications. The author is a skill
ful teacher who has written two popular 
primers, Mathematician's Delight and 
PTeltlde to Mathematics. 

AN INTRODUCTION TO STATISTICAL 

COMMUKICATIOK THEORY, by David 
Middleton. McCraw-Hill Book Com
pany, Inc. ( $25 ) . A treatise on the ap
plication of probability concepts and 
statistical methods to the random phe
nomena that influence and control the 
design, operation and evaluation of com
munication systems. 

AN INTRODUCTION TO LINGUISTIC SCI

ENCE, by Edgar H. Sturtevant . Yale Uni
versity Press ( $ 1 .45 ) . Reissue of a first
rate explanation of the essentials of the 
science of language. Paperbound. 

THE LOGIC OF MODERN PHYSICS, by 
P. W. Bridgman. The Macmillan Com
pany ( $ 1 . 25 ) .  Percy Bridgman's well
known 1927 essay on the concepts of 
modern physics. A treat as well as a 
treatment. Paperback. 

THE CONCISE ENCYCLOPEDIA OF 

WORLD RAILWAY LOCOMOTIVES, edited 
by P. Ransome-Wallis. Hawthorn Books, 
Inc. ( $ 12 .95 ) . An illustrated reference 
work on railway locomotion : Diesel trac
tion, electrics, steam locomotives, the 
testing of locomotives, steam turbines, 
gas turbines. Color and black-and-white 
plates and line drawings. 

RELIGIONS OF THE EAST, by Max 
Weber. The Free Press ( $ 15 ) . English 
translations of Weber's noted sociologi
cal studies of Judaism and the religions 
of India and China. 

SOLID STATE PHYSICS : VOL . VI, PART 

A, edited by K. Lark-Horovitz and Vivi
an A. Johnson. Academic Press, Inc. 
( $ 1 1 .80 ) . This volume in the series 
Methods of Experimental Physics con
tains papers on the preparation and puri
fication of materials, crystal-structure de
termination, mechanical and thermal 
properties of solids and high-pressure 
solid-state studies. 

COMMUNISM AND SOCIAL DEMOCRA

CY, 1914-1931 ,  by C. D. H. Cole. St. 
Martin's Press, Inc. ( $ 14 .50 ) . This vol 
ume, in two parts, is the last installment 
that the late C.  D. H. Cole was able to 
complete of his erudite, highly readable 
History of Socialist Thought, a work of 
the first importance for an understand
ing of the social and political movements 
and ideas that have kept the cauldron 
bubbling for the last century and a half. 
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Agen c y : F l e t c h e r  R i c h a r d s ,  Calkins & H o l d e n ,  I n c .  
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Agen c y : J .  AI. Alathes I n corpora t e d  

U N I ON  CARB I D E  M ETALS COM PANY ,  D I 
V I S I ON  O F  U N ION  CAR B I D E  CORPORA
T ION  

Agc n c y : J .  A I .  Mathes I n c o r p�·;�;·�·d· · ·  
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MUD FLAT 
AT LOW 

TIDE? 
This may look like a small tidal spot, 
but it's a 247,650 square mile area of 
the moon, with features clearly defined 
in a remarkable photo taken with a 
Perkin-Elmer ROTI (Recording Opti
cal Tracking Instrument). 

To obtain pictures like this, more 
than an ultra-precision optical system 
is required. Also needed is an electro
mechanical system of comparable com
plexity and precision-in this case, one 
that stabilizes a 24-inch aperture tele
scope to better than one second of arc, 
controls it and camera in automatically 
tracking objects in space. 

Designing such systems for space 
technology is a major activity at 
Perkin-E l mer. For physicists and 
engineers, these projects offer career 
opportunities in space vehicle instru
mentation, range and missile instru
mentation, reconnaissance systems, 
infrared systems. To investigate, for
ward resume to Mr. R. H. Byles. 
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Perk in-E 1 D1er 
On� 

NORWALK. CONNECTICUT 
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This hand ax was found in the late Pleistocene site at St. Acheul, France. Fashioned by a prehuman 
member of the genus Homo, it is evidence that tool-making and tool-using antedate the human species. 
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HEADS MEAN IDEAS AT CHANCE VOUGHT 

THE BIGGEST CHALLENGE. One of the nation's most experienced and 
aggressive antisubmarine warfare teams is Vought 
Aeronautics' ASW Department. This group has the 
specialists to attack the sub problem from all sides. 
Studies into advanced detection techniques have 
highest priority. Defense of carrier task forces, 
research into sonobuoys and ASW communications 
are other areas where Vought thinking is helping 
national defense. 

ADD-ON UNIT UPGRADES RADARS. You can add Vought Elec
tronics' plug-in correlator to almost any radar. By 
eliminating noise and interference, it increases radar 
performance. Vought Electronics developed and 
packaged the unit to weigh less than 10 pounds. 
Idea men of this division also are creating and mar
keting antennas, navigational electronics, GSE and 
automatic controls. 

SPACEMEN: PILOTS OR PASSENGERS? How well can man maneu
ver in space? What kinds of manual controls and 
displays will he need? Vought Astronautics uses 
simulators to answer these questions. In one - a 

fixed-base orbital flight simulator - company pilots 
and engineers have made over 200 flights, compil
ing unique and valuable data. A second more elab
orate laboratory will subject crews to 17 stresses 
of space as they fly realistic missions. Ingenuity is 
the key Vought uses to unlock many secrets in 
bio-astronautics. 

These are just three of the many areas of interest 
created by men with ideas at Chance Vought. 
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Out of Space Age 

achievements by Government 

and Industry will come 

better living for everyone 

Someday soon the art of weather 
forecasting will become more 
precise as the result of a network 
of meteorological satellites. Even 
weather control may become 
possible. 

The first of these satellites, 
Tiros I, is already transmitting 
pictures of weather around the 
world. The booster that helped 
put it in orbit was a modified 
version of the reliable Douglas 
Thor IRBM. Thor is prime booster 
in the scientific "Discoverer" 
firings ... has worked perfectly in 
over 85% of its space missions. 

Thus the knowledge gained 
through the development of missiles 
has a useful peaceful application 
through NASA projects. 

Thor is one more proof that 
Douglas' extensive experience in 
missiles is a national asset, and 
that nothing can substitute for the 
imagination, experience and skills 
which Douglas has accumulated 
in nearly 20 years of missile 
development. 

TIROS (Television Infrared Observation 
Satellites) would serve weather observers
relaying information on cloud cover, 
temperatures, solar radiation 

DOUGLA.S 
MISSILE AND SPACE SYSTEMS· 

MILITARY AIRCRAFT. DC�8 JETLINERS· 

TRANSPORT AIRCRAFT. AIRCOMS®. 

GROUND SUPPORT EQUIPMENT 
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NT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM B 

r� .!: . 
and engineers froth 

> e l*'ational . tics and Space Ad-
ministration and McDonnell Aircraft are 
working toward the day when the first 
American will ride into space to o,fbit 
the earth. 

. 

How do beryllium and Brush fit into the 
Project Mercury manned space flight 
effort? A beryllium heat sink is one of 
two ways being tested to protect the 
precious human payload from re-entry 
heat. Beryllium absorbs tremendous 

� heat, is light, yet maintains strength at 
high temperature. And Brush developed 
new techniques to produce the world's 

'?"" largest beryllium forgings for use as heat 
sinks in the tests to determine the final 
design of the manned space capsule. 
Beryllium offers the solution to many 
'space age' application problems. �rush 
will continue to take the lead in produc
ing beryllium in new forms by new tech-
niques for new uses. 

> 

Can this metal, its alloys, its oxide, or 
our expanding experience with these 
versatile materials solve a problem for 
you? Let us try. Contact us at 5209 
Euclid Avellu� or �Ndicott 1:51��in 
Cleveland, Omo. �", 

'iWI@. 
� � 

�SH Bt;::R�M COM� 
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• • •  a hand in things to come 

Creating a strange world of cold 

The coldest natural temperature ever recorded-IOO degrees 
below zero -occurred in the Antarctic. But the people of Union Carbide are 
producing temperatures all the way down to minus 450 degrees ... approach
ing absolute zero! 

Startling things are being done at this unearthly cold tempera
ture. Many types of living tissue are being preserved, and research is now well 
under way in freezing whole blood. Certain metals become perfect conductors 
of electricity -a rare quality which may bring greater efficiency to electronic 
equipment. And, for over fifty years, Union Carbide has used these ultra-low 
temperatures to turn air into liquid ... then extract oxygen, argon, nitrogen 
and other atmospheric gases in their pure form. They are produced on a 
mammoth scale to meet the great demand from industry, 

Working with such extreme cold is still a young science known 
as cryogenics. It is only one of many areas in which the people of Union 
Carbide are striving to make tomorrow a better world. 

Learn about the exciting work going 

on now in gases, carbons, chemicals, 

metals, plastics, and nuclear energy_ 

Write for "Products and Processes" 

Booklet K, Union Carbide Corpo

ration, 30 ECLst 42nd St., New York 

17,N. Y.lnCanada, Union Carbide 

Canada Limited, Toronto. 

... a hand 
in. things to COIne 
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- -
VISIon "Clearly, industry, if it is to continue in its 

traditional role of providing the goods and 
services of our society, must take the lead in enabling 
basic and applied research to gain its necessary freedom 
in the creative, non·military spheres of scientific 
progress. History has proven that those who are bold 
enough to engage in basic research and who are wise 
enough to organize themselves to take advantage of 
the discoveries of research have always prospered." 

re all
- ty On its firs� coast·to·coast �ig�t, 

the Convau 880 commerCIal Jet 
transport set a new transcontinental speed record 
of 3 hours, 31 minutes and 54 seconds-an average 
ground speed in excess of 660 miles an hour. At such 
speeds and with the unique ability to take off from and 
land on any runway designed for four·engine piston. 
powered aircraft, the n ew Convair 880/600 pure jet 
transports will provide America's airlines with the increased 
productivity they will need to fly the sixty billion to seventy 
billion passenger miles forecast· for 1970. 

a"lTe nI-r "Pour que l'industrie, fidele a sa tradition, puisse continuer de pourvoir 
, V notre societe de biens et de services, elle doit manifestement etre la 

premiere a faire gagner a la recherche pure et appliquee la Iiberte necessaire dans Ie 
proP'es scientifique createur, hors du secteur militaire. L'histoire montre que 

ceux qui ont la hardiesse de faire de la recherche pure et la sagesse de s' organiser 
pour tirer parti des resultats de la recherche ont toujours prospere." 

fe' all- te' Lors de son premier vol transcontinental, Ie long·courrier 
a reaction Convair 880 a etabli un nouveau record de 3 

heures, 31 minutes, 54 secondes pour ce parcours, soit une vitesse moyenne 
de plus de 1.060 km a I'heure. Grace a cette vitesse et a la faculte exceptionnelle 
qu'ils ont d'utiliser, au decollage et a l'atterrissage, toute piste prevue pour 
des quadrimoteurs a explosion, les nouveaux long·courriers a turboreacteurs 

Convair 880/600 donneront aux compagnies aeriennes 
americaines Ie surcroit de rendement qu'exigeront les 95 

a no milliards de passagers·kilometres prevus pour 1970. 
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