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In a 

lacquer pot 

C
HEMISTS WILL TELL YOU that Falstaff, 

Shakespeare's symbol of hearty ap­
petite, is a lot like Shell ketones. This 
family of solvents also has a tremendous 
appetite-for the nitrocellulose used in 

making lacquers. 

Lacquer makers can now cut produc­
tion costs while turning out a finer prod­
uct, because the hungry ketones permit 
use of low-cost diluents, yet dissolve 

more lacquer solids. A ketone-based fin­
ish gives longer-lasting protection-plus 
colorful sales appeal-to automobiles or 
baseball bats ... refrigerators or yachts 
... bowling pins or furniture. 

The ketone family of solvents is an­
other Shell Chemical development which 
has resulted in the improved quality and 
lower cost of basic industrial and con­
sumer products. 

Shell Chemical Corporation 
Chemical Partner of Industry and Agriculture 

NEW YORK 
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On 

Television, 

Friday 

Night, 

October 25 

Featured in the program on cosmic-ray research is this classic scientific photograph of positron 
tracks taken by Dr. Carl D. Anderson in 1932. Photograph courtesy of The Physical Review. 

"The Strange Case of the 

COSMIC RAYS" 
"The Strange Case of the Cosmic Rays" 

is the third program in the Bell Telephone 

System's new TV Science Series. 

The two earlier programs-"Our Mr. Sun" 

and "Hemo the Magnificent" -were widely 

acclaimed by educators, scientists and the 

general public. 

Scientific accuracy is assured by a Scientific 

Advisory Board and distinguished advisors, 

including Dr. Carl D. Anderson, Dr. Bruno 

Rossi and Dr. Marcel Schein. The program 

was produced and directed by Academy­

Award-winning director Frank Capra. 

Everyone associated with the sciences will 

find "The Strange Case of the Cosmic Rays" 

of unusual interest. Don't miss it-and re­

mind your colleagues to see it on Friday, 

October 25. 

In color and black and white on the NBC-TV network, Friday, October 

25,9-10 P.M., E.D.T. Please check your local listing for time and station. 

Sponsored by BELL TELEPHONE SYSTEM 
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NOW! IRRIGATION THAT'S TRULY PORTABLE 

AND COSTS LESS! THANKS TO ENJAY BUTYL! 
Flexible irrigation "pipe" and ditch liners fabricated from Enjay Butyl rubber are 

helping farmers and growers conserve water by assuring maximum irrigation from 
available water supplies ... and at lower cost! Combining flexibility with strength 
and portability, the "pipe" allows irrigation of different areas with the same equip­
ment in a one-man carry operation. Both " pipe" and ditch liners are impervious to 

weather and highly resistant to soil acids and bacteria. These systems are manu­
factured by the Carlisle Corp., Carlisle, Pa., and are distributed by Bono Products, 
Inc., Taft, Texas. 

Enjay Butyl may well be able to cut costs and improve the performance of your 
product! Low-in-cost and immediately available, this truly wonder rubber has been 
put to profitable use in a wide variety of industrial and consumer products. For fur­
ther information, and for expert technical assistance, contact the Enjay Company. 

2 

Pioneer in Petrochemicals 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron' Boston' Chicago' Detroit· Los Angeles' New Orleans' Tulsa 

BUTYL 

Enjay Butyl is the greatest rubber 

value in the world. It's the super­
durable rubber with outstand'ing resist­

ance to aging • abrasion • tear • 

chipping • cracking • ozone and 
corona • chemicals • gases • heat • 

cold • sunlight. moisture. 
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A report from Du Pont on : 

STICKING 
VS. 

TEFLON® 
TETRAFLUOROITHYL[NE RESIN 

FINISHES 

Liquid or solid, almost nothing 

sticks to a "Teflon" -coated surface. 

These versatile fluorocarbon finishes 

also offer outstanding degrees of 

heat and cold stability, chemical 

inertness, water repellency, friction 

resistance and dielectric strength. 

Properties you'd only expect from solid or­
ganic have become available in paints­
Du Pont's TEFLON Finishes. One of the more 
dramatic properties of the TEFLON Finishes is 
their extremely low coefficient of friction-
0.09 to 0.12 against polished steel. This gives 
TEFLON-coated surfaces a unique ability to 
cast off sticky materials. 

A large chemical company, for instance, 
uses TEFLON as a release coating for its liquid 
latex mixing paddles. Before, latex would build 
up on the motor-driven paddles until they 
couldn't be operated. Machinery had to be 
shut down repeatedly while paddles were 
cleaned with a blowtorch. Now that paddles 
have been coated with TEFLON, however, 
shutdowns are much less frequent, and one 
man does the cleaning in five minutes. 

Another typical experience is that of the 
paper-box manufacturer who applied TEFLON 
coatings to a few critical parts of his machlllery. 
After TEFLON went into service, he was able 
to r�duce cleanup time from 20 minutes to 
30 seconds. 

The TEFLON Finishes are applied like paint, 
then fused at elevated temperatures to be­
come a part of the surface they cover. In 
various specialized formulas, TEFLON Finishes 
are being applied to materials made from the 
ferrous metals, chromium, nickel and its al-

loys, copper, aluminnm, glass, ceramic and 
others. 

In addition to its use in sticky situations, 
the TEFLON Finishes are widely employed in 
electrical and chemical fields. Products coated 
with TEFLON Finishes include: bearings, candy 
molds, conveyor chutes, extrusion dies, heat 
sealing units, molding dies, transformers, elec­
tronic and line capacitors. 

This list is not complete-only suggestive 
of the many ways these versatile Du Pont 
Finishes might work for you. Learn more 
about the intriguing, valnable properties of 
the TEFLON Finishes by mailing us the at­
tached coupon. There is no obligation. 

TABLE 1 

Film Characteristics of TEFLON Clear Finish 
Power factor (50 cycles to I megacycle) . • • . . . .  0.0008-0.007 
Dielectric constant. • • . • • . • • • • • • • • • • . • • . . . . .  2.0 
Tensile strength (in Ibs. per sq. in.), • • • • • . . • . .  1500 to 2000 
Adhesion to metal (in Jbs. pull on a I-inch-

wide strip) over 850-201 Primer • • • • • • • . . • • .  10.3 
Resistance to abrasion (grams abrasive 

per mil thickness ) . . • . . . . • • . . • . . • • . . . • . . • . . •  2160 
Test method: Bell Abrasion Tester 

Hardness (in knoop hardness units) . . . • . • . . • . .  2.9 
Test method: Tukon Hardness Tester 

Hardness (Sward Rocker Test) . . . . . . . . . . . . . . .  20 

c[O P08P 
R[G.u.S.PAT.orr. 

BETTER THINGS FOR BETTER liVING . . . THROUGH CHEMISTRY 
------------------------------------- � 

E. 1. du Pont de Nemours & Co. (Inc.) 

Finishes Division. Room 304-A, Nemours Bldg., Wilmington 98, Delaware 

Please send me latest data on TEFLON Finishes. I am especially interested in (check applicable 
boxes)-

o Properties and potential uses o TEFLON Wire Enamel 

o TEFLON spray finishes o Name and address of nearest TEFLON applicator 

I 
I 
I 
I 
I 
I 

Name I I Company I I Street City Zone __ State 
J L ___________________________________ _ 
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THE COVER 

The photograph on the cover shows 
a small section of a Sumerian tablet 
(see page 74) in the University Mu­
seum of the University of Pennsyl­
vania. Found at Nippur, the tablet 
is the oldest known pharmacopoeia. 

THE ILLUSTRATIONS 

Cover photograph by Paul Weller 
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DIVISION OF 

FACTS 
BALL BEARINGS 

FOR GIANT .JETS 
OR TINY INSTRUMENTS 

From high-capacity mainshaft turbine bearings 
of special steels and finish, stabilized for high 
tempera ture operation, down to tiny precision 
instrument bearings of exquisite accuracy-look 
to New Departure as the source you can rely on. 
For New Departure has the experience, the 
equipment and the ability to produce the world's 
finest ball bearings. 

o 0 

o 0 

o @ 
o 0 

OS 
o 0 
o 
o 
o 
o 

BORE 
B 

fRAC- DEC-
liON IMAL 

.0469 

.3150 

.3937 
.81 

.4724 
1.02 

.5906 
1.10; 

.7874 
1.259 

1.181 I 
1.653� 

1.3780 
2.1654 

.3937 
2.4409 

.5906 
1.1811 

.7874 
1.3780 

.9843 
1.8504 

1.1811 
2.0472 

.6693 
2.4409 

Turbine bearings with two-piece inner rings 
in bore sizes from 25 to 220 millimeters. Send 
for New Departure catalog ABC. 

Precision instrument bearings in bore sizes 
from %. to o/a inch. Send for catalog PIB. 

MOTORS, BRISTOL, CONN. 
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Computer System - indicatar and 
cantral are shown. Can be provided 
with polar capabilities. 

FICo Wind Memory Computer - an 
aid when navigational systems oper· 
ate with Doppler. 

No missile systems can be 

illustrated because of the 

level of classification. FICo 
is doing extensive work in 
ABMA's Redstone and Jupi· 
ter programs, in the Navy's 
Tartar and Terrier programs, 

and in other projects. 

FICo Viewfinder Computing Timer 
- controls up to five aerial cameros 
simultaneously. Highly compact. 

FICo Magnetic Variation Computer 
- precludes need for manual correc· 
tian in aero navigation. 

FICo Test Set - for flight line check 
out of navigational system. Self. 
contained and portable. 

FICo Exhaust Temperature Indica­
tor - range 200°C to lOOO°C with 
±5° accuracy. 6" long x 2" diem. 

FICo ASN-6 Present Position Com­
puter System - indicator and can· 
trol are shown. 

FICo Analog.to.Digital Converter 
- for airborne sensing system for 
traffic contral. 
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Ford Instrument provides the systems 
Navig�tional Systems and Computers Exhaust Temperature Indicators 

Cruise Controls Sensing Systems for Traffic Control 

Guidance Systems Drone Controls 

Missile Launching and Control Computers Computing Timers for Aerial Photography 

Computer and Control Components . PloHing Equipment 

FORD INSTRUMENT CO. 
DIVISION OF SPERRY RAND CORPORATION 

31-10 Thomson Avenue, Long Island City 1, New York 
Beverly Hills, Calif. Dayton, Ohio 

For information on FICo's aero and missile produds and capabilities, write to FICo's AIRBORNE EQUIPMENT DEPARTMENT. 
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How KENNAMETAL* 
Sealing Rings ... 

Help to Withstand High 

Temperatures . . .  A jet engine 
shaft seal of Kentanium, * a titanium 
carbide, operating without lubrication 
at 15,000 surface feet per minute at 
1000°F and 0.6 pounds pressure per 
lineal inch of circumference outper­
formed every other material tried. 
Kentanium is stress-free, dimension­
ally stable, maintains great strength 
and provides exceptional resistance to 
abrasion. It is providing all of these 
advantages on many applications ... 
at temperatures up to 2000°F and as 
high as 5000°F for momentary service. 

Help Solvent Separators to 

Resist Abrasion . . . On this 
job, Kennametal rings of Grade K96 
were installed, replacing conventional 
seals which had at no time given more 
than two months' service and had 
sometimes failed in only 30 hours. 
Kennametal rings were inspected after 
six months in service, showed no per­
ceptible wear and were returned to 
service. The customer predicts an ulti­
mate service advantage of 50 to l. 

Help to Power Rockets ... 
Here the sealing rings are used to handle 
red fuming nitric acid. After extensive 
testing of materials, rings made of 
Kennametal K501, a platinum-base 
composition, were chosen. The manu­
facturer reports: "Kennametal ring seal­
ing results have been far superior to any 
other material with no indication of seal 
face wear." This was after the best life 
of the rings previously used had been 
exceeded. 

For details, write: KENNAMETAL INC., 
Dept. SA, Latrobe, Pennsylvania. 

*Kennametal and Kentanium are the trademarks 
of a serie� of. hard carbide alloys of tungsten, 
tungsten-tItamum and tantalum. C.:3074 
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LETTERS 
Sirs: 

I enjoyed the excellent article "The 
Ear," in your August issue, by Georg 
von Bekesy. 

In his article under the heading "Op­
erations for Deafness," Dr. Bekesy 
speaks of two types of operations de­
signed to cure otosclerotic deafness. The 
first operation (stapes mobilization) 
consists of loosening the rigid stapes and 
thus restoring the normally functioning 
lever action of the ossicular chain. The 
second operation (fenesh'ation) consists 
of drilling a hole in the bony wall of the 
internal ear. 

Stapes mobilization was tried from 
1876 to 1900 abroad and in this country, 
but at the turn of the century was aban­
doned, not to be heard of again until 
1952 when it was rediscovered in the 
U. S. Improved technique, better light­
ing, magnification and antibiotics have 
now made this operation a successful 
and practical one in the hands of skilled 
ear surgeons all over the world. 

Dr. Bekesy was told, he says, that the 
operation was successful in 30 per cent 
of the cases. But it is interesting to ana­
lyze this figure. Firstly, it is a statistic 
from the first report of 2 11 cases, group­
ing the most suitable with the least suit­
able cases, using the first experimental 
methods of five years ago. In these five 
years, improvements and evolutionary 
developments in the technique have 
greatly increased the percentage of suc­
cess. At the Sixth International Congress 
of Otolaryngology held in Washington, 
D. C., May 6-10, 1957, ear surgeons 
from this country and many foreign 
countries, employing our technique and 
some modifications, reported as high as 
70 per cent success. 

Dr. Bekesy seems not too enthusiastic 
about the stapes operation because "the 
surgeon cannot get a clear look at the 
scene of the operation and must apply 
the pushing force to the stapes at ran­
dom." This is contrary to the experience 
of ear surgeons who use the loupe and 
operating microscope (10 to 40 magnifi­
cation) and do get an excellent view of 
the operative site. The degree and direc­
tion of the force upon the stapes to move 
it is always dictated by the structural and 
pathological changes which are visible. 
Since these changes vary in each in­
div.idual, the force upon the stapes is 
different. But in each instance the de­
gree and

"
direction o�

, 
the force is precise 

and not at random. 

Dr. Bekesy states that the mobiliza­
tion causes the bone which holds the 
stapes rigid to break, and the breaking 
of bone cannot be standardized or made 
precise. This is true, since nature lays 
down this pathological bone differently 
in every individual. No two stapes in this 
disease are ever identical. However, 
since hearing has been restored in thou­
sands of cases, and the improvement 
maintained for more than five years, one 
must conclude that the broken bone has 
remained broken and has thus provided 
an adequate pathway for the entrance of 
sound to the internal ear, a circumstance 
seldom provided by nature. 

In conclusion, it has amply been 
proven that the percentage of success of 
the more major fenestration nov-ovalis 
operation is the same in ears in which 
the simpler stapes mobilization has 
failed as it is in virgin ears, and stapes 
mobilization can succeed in unsuccess­
fully nov-ovalis-fenestrated ears. The 
two operations are complementary. By 
doing the simpler mobilization opera­
tion first we lose nothing of the poten­
tial of the older technique and the pa­
tient may gain substantially from the 
new. Ear surgeons all over the world 
have adopted this view. 

SAMUEL ROSEN, M.D. 

New York, N.Y. 

Sirs: 
I am grateful to Dr. Rosen for his 

comments about my article. 
I should like to elucidate a point about 

the "randomness" of the attack in the 
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... for Moderators, Reflectors, Thermal Columns, Molds and Crucibles 

l!S!J�!J2"NAL NUCLEAR GRAPHITE 
Graphite is the material nuclear scientists call 
surprisingly versatile. Starting with the very first 
reactor, science has used this versatility to solve 
nuclear engineering problems. 

"National" Nuclear Graphite was used in early 
reactors because of its excellent moderating prop­
erties and low neutron cross-section. Its low cost, 
safety, easy machinability and high refractory 

qualities also combine to make it an indispensable 
structural material. Moreover, the addition of 
boron in low percentages makes graphite excellent 
for shielding. 

Whatever your needs ... extreme purity, unique 
shapes or sizes, high density, large quantities, fast 
delivery ... see National Carbon, the nation's most 
experienced graphite producer. 

The terms ('Nilliomd" and 'iUnion Carbide" are registered trade-marks 01 Union Carbide Corporillion 

NATIONAL CARBON COMPANY . Division of Union Carbide Corporation . 30 East 42nd Street,; "ew Vor" 17. N. V. • 
SlIJes Qffices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide CallJlda, Limited, Toronto • 

• • • • • • • • • • • • • • • 
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Consider that the microscope you choose is yours-for better or worse 
-for quite some years to come. A few minutes of your time now can 
mean the difference between years of irritation and a lifetime of satis­
faction. Before you buy, check for yourself these and the many other 
advantages of Bausch & Lomb Dynoptic Laboratory Microscopes: 

Easiest to manipulate! Controls are conveniently grouped, with 
ample finger room, in logical "straight-line" order; no groping, no 
pinching. Your hand rests on table for relaxed operation. 

No light lost! Full use of all available light for direct visual observa­
tion, photomicrography or microprojection. Fast, easy interchange 
of binocular and monocular bodies. 

Most precise focus! Dynoptic ball- and roller-bearing design achieves 
-and holds-razor's edge focus. Fixed stage prevents loss of focus 

during orientation. 

Built to last a lifetime! Large bearing surfaces at all points of con­
tact, and use of dissimilar metals, add years to instrument life. 

FREE EYEPIECE POINTER with every 
demonstration Vividly points out areas of interest 

in specimen. Saves time in orientation; essential for consul­

tation. Fits easily and securely in standard eyepiece. Your 

request for a free demonstration of B&L Dynoptic Labora­

tory Microscopes will reserve one of these helpful accesso­

ries for you. It will be presented to you, absolutely free of 

charge, during the demonstration. Just mail the coupon today_ Actual Size 

BAUSCH & LOMB 

LABORATORY 
MICROSCOPES 

1""------------------, 

: BAUSCH & LOMB OPTICAL CO. 

I 
69422 St. Paul St., Rochester 2, N. Y. 

I 0 
I 
I 
i 
I 0 

Please schedule a demonstration of 
B&L Dynoptic Laboratory Micro­
scopes at my convenience, and reserve 
a new B&L Eyepiece Pointer for me. 

Please send me Catalog D-185. 

Name ..... ..................... ........... _ .. ..... . . 

Address .. 
I 

I City .. _ .................. . .......... ..Zone. .State. 

�------------------

stapes mobilization. Most surgeons who 
perform this operation have a preferred 
direction and point of attack for the 
force they apply when they begin to 
break loose the stapes footplate. If the 
first attaCH is not successful, they then 
try another direction and continue to 
move from one place to another. If it 
were not for these random attempts, it 
would not happen that a patient might 
become stone deaf after an unsuccessful 
mobilization or might suffer injury to the 
facial nerve. Often it is not the lack of 
light or magnification but the curvature 
and narrowness of the auditory canal 
that make it impossible to inspect around 
the entire edge of the stapes footplate 
and locate the place and size of the bony 
growth on the edge. This is why it is not 
yet possible to develop general mechan­
ical principles for mobilization. The 
operation remains in the hands of most 
surgeons empirical, and its success de­
pends heavily on the surgeon's skill. 

I agree with Dr. Rosen that stapes 
mobilization and the fenestration opera­
tion are to some degree complementary. 
I do not know any theoretical teas on why 
fenestration should not be performed 
after an unsuccessful mobilization. Odd­
ly enough, however, very few patients 
have undergone fenestration of an un­
successfully mobilized ear. Why? I think 
it is partly because the laboratory sur­
geon, like most hospital surgeons, does 
not like to operate in a cavity in which 
a colleague has already worked. In a 
standard surgical technique, deeper and 
deeper layers are exposed in a timed 
sequence of steps, by proceeding from 
one anatomical landmark to another. 
Every surgeon has some landmarks of 
his own, and if they are destroyed he 
may get lost in the human temporal bone 
and waste time in getting reoriented. A 
surgeon trains himself over many years 
to face the pathology produced by na­
ture, but the pathology produced by an 
earlier operation may be too much for 
him. Since the patient seldom goes back 
to the surgeon with whom he had no 
success, a possible solution would be a 
one-stage operation in which the mobili­
zation would first be tried, and if it was 
unsuccessful the surgeon would proceed 
immediately to a fenestration. If this 
were done, only those surgeons would 
mobilize who could also perform a fenes­
tration. 

I gave the figure 30 per cent for suc­
cessful cases of mobilization after hav­
ing discussed the question with several 
surgeons. Dr. Rosen is correct in stating 
that figures are reported as high as 70 
per cent. On the other hand, relath:ely 
high percentages may be obtained in the 
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pan 
or 
can • • • 

Synthane laminated plastics are at work 

Synlhane-covered Ion plate rolls lasl Ihree 
times as long as other materials because of 
resistance to acids and surface toughness. 

Few industries escape the multiple 
benefits of Synthane laminated plas­
tics. The food industry puts Synthane 
to work as star wheels for bottling 
equipment, bread slicing guides,as oil­
less bearings in processing of sugar 
syrups and even in the tin-plating 
operation of metal containers. 

Resistance to moisture, anti-friction 
characteristics, chemical and wear 
resistance are but a few of the reasons 
why Synthane is at work in this vital 
industry. 

EASll Y MACHINED DiElECTRIC STRENGTH 

Synthane laminates combine in 
varying degrees-depending on which 
of the 30 or more grades you use­
many mechanical, electrical and 
chemical properties hard to find com­
bined in any other material. 

You can buy Synthane in sheets, 
rods, tubes. If you prefer, your part 
can be supplied fabricated to your 
specifications. Send for our complete 
catalog for full information. 

Synthane Corporation, 2 River 
Road, Oaks, Pa. 

CHEMICAL RESISTANCE WEAR RESISTANCE 

[$YN1IIAN� . . . industry's unseen essential. 

'-----1� 
SYNTHANE CORPORATION, 2 RIVER ROAD, OAKS, PA. 

II 
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ROCKET POWER PROGRESS REPORT 

Regenerative Cooling of Rocket Engines 
by William H. Kaechele 

A research physicist in the Physics Department, Com­
ponent Development Division, Reaction Motors, Inc., 
Mr. Kaechele has been investigating the complex mech­
anism of heat transfer as applied to the cooling of rocket 
engines. Prior to his affiliation with RMI in June, 
1956, he was employed in pressure instrumentation 
research for the National Bureau of Standards. Mr. 
Kaechele is a graduate of American University (B.S. 
in Physics). 

A high performance liquid propellant rocket engine using conventional fuels 
operates at chamber temperatures of 4000°F. to 8000°F. and pressures 
generally in the range of 300 to 600 psi. Since no known, practical material 
retains its strength under these conditions, most liquid rocket engines are 
cooled by one of several means: film cooling, transpiration, or-most com­
monly in engines with flight applications-regenerative cooling. Regenerative 
cooling is accomplished by flowing either fuel or oxidizer-or more rarely, 
both-through passages in or around the thrust chamber before injection. 
This flow cools the chamber walls and, as an incidental benefit, may in­
crease engine efficiency about 1 % as a result of increasing, by heating, the 
initial energy content of the fluid. 

Combustion temperatures are high; therefore the cooling fluid must 
remove heat at a very high rate. In the traditional power industry the 
required heat transfer rates rarely exceed 2000 BTU per sq. ft. per hour, as 
contrasted with over 5,000,000 BTU per sq. ft. per hour commonly en­
countered in the rocket industry. For convenience, the rocket engineer uses 
the unit BTU per sq. inch per second and deals in heat flux rates of 1 to 20 
BTU per sq. inch per second. 

As the amount of heat transferred into a fluid is increased, the mech­
anism of heat transfer goes through several distinct phases. At low heat rates 
and small differences in temperature between the fluid and the wall, heat is 
transferred by conduction into the moving fluid and by convection of the 
heated layer. Heat rates at these low temperature differences may be in the 
order of 0.01 BTU per sq. inch per second. At slightly larger temperature 
differences (l'.T), local boiling on the wall commences. Vapor bubbles form 
and are swept away into the bulk of the fluid and absorbed by condensation. 
With this type of transfer, called nucleate boiling, heat rates become very 
large-in the order of 1-20 BTU per sq. inch per second, as indicated earlier. 

As l'.T is further increased, the heat transfer rate continues to increase 
until the bubbles are so numerous that the wall is completely isolated from 
the liquid by a vapor layer. This type of heat transfer is called film boiling. 
When the insulating layer forms, resistance to heat transfer from the wall to 
the liquid increases abruptly. Then, since the amount of heat being supplied 
to the metal wall is constant, and the heat being taken from the wall by the 
liquid is decreasing, the temperature of the wall increases abruptly, fre­
quently causing a spectacular pyrotechnic display. 

Engineers designing regeneratively cooled thrust chambers need an 
enormous amount of heat transfer data for many fluid fuels and oxidizers. 
For example, the maximum heat rate obtainable-without burning out the 
walls-by utilizing the phenomenon of nucleate boiling, varies with inlet or 
bulk temperatures, pressures, and fluid velocities. Generally speaking the 
great mass of data available from the chemical, petroleum, and power 
industries is not useful to the rocket scientist because it is in a regime of 
much smaller heat transfer rates and low l'.T. At present there is no known 
method for extrapolating this data with any reasonable degree of accuracy. 

Reaction Motors has pioneered the investigation of heat transfer 
problems in liquid-cooled rocket engines. A semi-automatic apparatus for 
the mass production of heat transfer data for liquid propellants was built by 
the Physics Department in 1956. Since many of the fuels investigated are 
corrosive, toxic, unstable, or highly energetic compounds, their handling 
and measurement present interesting problems. 

The small group of physicists dealing with this phase of rocket research 
are a part of the large family of specialists comprising RMI's Physics 
Department, where both physical determinations and theoretical investiga­
tion of rocket problems are challenged today and resolved tomorrow. 
Membership in this family is open to qualified men interested in this 
challenging and rewarding work. 

If you desire one or more reprints 0/ Mr. 
Kaechele's article, or would like to receive fur­
ther information about employment at RM I, 
write to Information Services, Reaction Motors, 
Inc., 20 Ford Road, Denville, N.J. 
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following way. Quite early it had be­
come obvious that in early stages of 
otosclerosis mobilization is easy. The 
physical reasons for this are clear. At the 
beginning of the disease, the bony 
bridge across the elastic band on the 
edge of the stapes footplate is small and 
it can be broken without too much 
force. In these cases the mobility of the 
footplate may be a third or a fourth of 
the normal (hearing loss 10 or 12 de­
cibels). If the mobilization is successful, 
of course, the hearing improves at best 
only 10 to 12 db. In the usual otoscle­
rotic patient, however, the mobility may 
be one hundredth or one thousandth of 
normal (hearing loss 40 to 60 db.). In 
these cases the bony growth is so ex­
tended that mobilization is more diffi­
cult to achieve. It is obvious that by 
mobilizing only very early cases the per­
centage of successes can be very much 
increased. But the improvement in hear­
ing is so small that there is a legitimate 
question whether, in these cases, the 
operation is necessary. 

It has also been suggested that in 
those cases in which it is not possible 
to mobilize the stapes footplate a hole 
may be pierced through the footplate. 
It is well known that if the diagnosis of 
otosclerosis was correct, the opening im­
mediately improves the hearing. But it 
is not known how, in the weeks after the 
operation, the inner ear will stand such 
an open wound. Many cases may de­
velop secondary inflammation of the 
inner ear, and nerve deafness may re­
sult. This procedure is definitely not 
mobilization, and in my opinion a pa­
tient should be asked for his permission 
before this type of surgery is undertaken. 
It is a short-cut form of fenestration, and 
the improvement of hearing cannot be 
claimed for mobilization. I would like 
to point out further that a patient counts 
any surgery successful only if, as a con­
sequence of the operation, he does not 
have to wear a hearing aid. Using the 
patient's criterion, the mobilization is 
hardly successful in 30 per cent of pa­
tients. 

Surgery is a difficult field and as it 
grows many new and different points of 
view must be evaluated. I do not want 
to discourage new approaches to alle­
viating otosclerosis, but I am not con­
vinced that the early literature on oto­
sclerosis provides a goldmine of surgical 
procedures. 

GEORG VON B:EKESY 

Psycho-Acoustic Laboratory 
Harvard University 
Cambridge, Mass. 
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A specially "engineered" nylon fabric for com· 

bining with butyl rubber was developed by 

Wellington Sears for the Carlisle Tire & Rubber 

Div., Carlisle, Pa. Wellington Sears supplied only 

the base fabric-not the finished piping. 

With a new kind of pipe hauling water for them, farm owners may soon have 
irrigation usually considered way beyond their reach. Made of a specially woven 
nylon fabric in combination with butyl rubber, this pipe eliminates much of the 
cost of equipment, ditching, and other ordinary details, and provides an easily 
assembled, easily knocked down water carrier. It is durable, water tight, resists 
erosion and eliminates water losses due to seepage and evaporation. It costs less, 
carries more. And it can be moved easily from place to place: a 50-foot link weighs 
approximately 50 pounds. 

Whether it works on the farm or in the factory, fabric is doing a bigger and 
bigger job these days. The nylon used in this irrigation system is just one of the 
many fabrics made for industry by the mills of West Point Manufacturing Com­
pany, and supplied by Wellington Sears. It represents over a century of experience 
in industrial textiles of all kinds, a record of service which means problem-solving 
help for you, on call. Just let us know. For informative booklet, "Fabrics Plus," 
write Dept. F-IO. 

ellingfon Sears '�' 
FIRsr In Fabrics For Indus,ry 

WEST POINT 
MANUFACTURING co. 

For the Rubber, Plastics, Chemical, Metallurgical, Automotive, Marine and Many Other Industries 

Wellington Sears Co., 6S Worth St., New York 13, N. Y.· Atlanta' Boston' Chicago' Dallas' Detroit· Los Angeles' Philadelphia' San Francisco' St. Louis 
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Life on the Chemical Newsfront 

THE THREAT OF ASIATIC FLU VIRUS spurred a "crash" 
program at Lederle Laboratories in which the entire 
virus section was turned to producing preventive vac­
cine. First step is the inoculation of chick embryo with 
the virus strain. The harvested virus is subsequently 
concentrated and purified, then inactivated by formalin 
so that it is safe for human use and will still protect 
against influenza. Cyanamid's virus research center is 
one of the world's largest and most fully equipped, and 
conducts a continuing program to combat these ultra­
microscopic killers. (led erie laboratories Division) 
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A MODERN QUALITY is given to cotton fabrics by CYANALUBE':' TSI 
Softener. A non-ionic emulsion of polyethylene, CYANALUBE TSI Sof­
tener is added to the resin baths used in finishing processes. The tear 
resistance and workability of the treated cottons are improved, leading 
to wider use of CYANALUBE TSI "lubricated" fabrics in wearing 
apparel. CYANALUBE TSI is a translucent emulsion, readily dilutable in 
cold water and is compatible with most textile finishing agents nor­
mally employed. (Organic Chemicals Division) 
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Vinyl Polymerization 

1 GH2 
I N,N-DIALLYLMELAMINE 

A POL YFUNCTIONAL TRIAZINE combines the possibilities of vinyl 
polymerization and linear condensation. It's N,N-diallylmelamine 
which, for example, forms curable resins with vinyl monomers and 
polymerizes with Acrylonitrile to form synthetic fibers receptive to 
acid dyes. A dimethylol derivative is easily obtained and this converts 
to a hard resin suitable for thermosetting polymerization. Technical 
data on N,N-diallylmelamine is available from the New Product 
Development Department. (Dept. A) 

c: 

N EW HIGHWAYS "MAKE THE GRADE" more easily with 
Cyanamid explosives economically reducing obstructing rock 
formations to rubble. As tens of thousands of miles of first­
class roads are built in the next few years, there will be 
greater dependence than ever on explosives in the construc­
tion of straight, level highways meeting today's motoring 
requirements. Cyanamid is increasing the capacity of its New 
Castle, Pa. plant to meet the growing demand for modern 
explosives for road construction. (Organic Chemicals Division) 

LOWER-COST, BETTER-WORKING LACQUERS are being 
made with AERO" Ethyl Lactate. This synthetic ester-alcohol 
improves the compatibility between the relatively expensive 
lacquer solvents and low-cost diluents, permitting more eco­
nomical formulations. In addition, the low evaporation rate 
of ethyl lactate reduces the danger of "blushing" -the stain­
ing caused by water condensation on the lacquer surface. 
AERO Ethyl Lactate is a high-quality product having physical 
properties that are reproducible from batch to batch. 

(Industrial Chemicals Division, Dept, A) 

*Trademark 

AMERICAN CYANAMID COMPANY 
30 ROCKEFELLER PLAZA, NEW YORK 20, N. V. 

Helping America Make Better Use of Its Resources 

For further information on these and other chemicals, call, write or wire American Cyanamid Company 
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What do you 

hot and hu 
Temperature 38°, humidity 98%-mid-winter, but just 
about as nasty and uncomfortable a day as you could 
imagine. The high humidity made it so. 

It doesn't have .to be hot to be humid! 
Like people, many a process suffers from too much moisture 
in the air, even when that air is cold. Out of doors, fog forms 
to warn you of its presence. Indoors, unfortunately, high 
humidities are not so apparent, and we're not aware of 
moisture in the air surrounding us. 

H moisture were pink, we'd be living in a world of color­
you'd see this danger signal and take steps to remove the water 
from the air. Without this warning, processors must be con­
tinually on the alert, measuring humidity and controlling it. 

lectrodryer* oRers a solution 
Our engineers will advise on ways of insulating workrooms 

against moisture infiltration. They'll 
help you select dehumidification 

a---- equipment and controls. The booklet, 

II Because Moisture Isn't Pink, te
h

l!s 
how Lectrodryers are doing t IS 
DRYing job for many industries. 

Fo r a c o p y, w r i t e  Pittsburgh 
Lectrodryer Division, McGraw­
Edison Company, 336 32nd Street, 
Pittsburgh 30, Pennsylvania. 

Air-Drying 

r 
*REGISTEREO TRAOEMARK u. S. PAT. OFF. 

50 AND fOO 
YEARS AGO 

OCTOBER, 1907: "It always affords 
the SCIENTIFIC AMERICAN very real 
pleasure to record the final success of 
an inventor who has shown the intelli­
gence and indomitable perseverance 
which have characterized Mr. Marconi 
in his six years' struggle to achieve the 
seemingly impossible, and establish a 
system of wireless transatlantic telegra­
phy between the old and the new world. 
It is certain that among the many names 
which will always be honorably associ­
ated with the development of wireless 
telegraphy, that of the young Anglo­
Italian will ever hold the place of honor. 
We say this with full knowledge of the 
fact that the foundation of his accom­
plishment was laid over 30 years ago, 
when Clerk Maxwell, in an address to 
the Royal Society, defined the character 
of ether waves and predicted the possi­
bility of wireless telegraphy by means 
of electro-magnetic waves. Nor are we 
forgetful of the fact that in 1887 Prof. 
Hertz, by the announcement of his dis­
coveries, earned the right to give his 
name to the etheric waves which Mar­
coni and his contemporaries have turned 
to such good account. During the past 
four years the inventor has been devot­
ing himself with unrelenting energy to 
the perfecting of his apparatus. The 
power of the plants on both sides of the 
Atlantic has been greatly increased. In a 
few days' time the system is to be opened 
for regular commercial dispatches, and 
there is a general belief that at last Mar­
coni has triumphed over all difficulties 
and has seen the successful completion 
of his life work." 

"The success of the Lusitania in stead­
ily breaking all transatlantic records 
stands for something more than the 
achievement of an individual steamship 
company, commendable though that is, 
and for something more than the success 
of one of the two great maritime nations 
contending for supremacy on the high 
seas. The significance of the fine per­
formance of this ship lies in the fact that 
it marks the successful accomplishment 
of a supreme effort in the development 
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Shown at Bell Laboratories, Murray Hill, N. J., are, left to right, F. J. Herr, S. T. Brewer, 1. R. Snoke, E. E. Zajac and F. W. Kinsman. 

They're wiring the seas for sound 
These five Bell Labs scientists and engineers may never "go down to the sea in ships." Yet, 
they're part of one of the most exciting sea adventures of modern times. Along with many 
other specialists, they are developing the deep-sea telephone cable systems of the future. 

Here's how they join many phases of communications science and engineering-to bring 
people who are oceans apart within speaking distance. 

F. J. Herr, M.S., Stevens Institute, is concerned 
with systems design and analysis. He studies the 
feasibility of new approaches and carries out 
analysis programs to select optimum parameters 
for a proposed system design. 

S. T. Brewer, M.S. in E.E., Purdue, communications 
and electronics engineer, explores new designs 
for sea-bottom amplifiers needed to step up 
power of hundreds of simultaneous telephone 
conversations. 

L. R. Snoke, B.S. in Forestry, Penn State, is the 
team biologist. He investigates the resistance of 
materials to chemical and microbiological attack 
in sea water. Materials are evaluated both in 
the laboratory and in the ocean. 

E. E. Zajac, Ph.D. in Engineering Mechanics, Stan. 
ford, is a mathematician. He studies the kine­
matics of cable laying and recovery. Cable's 
dynamic characteristics, ship's motion, the 
mountains and valleys in the ocean bottom-all 
must be taken into account. 

F. W. Kinsman, Ph.D. in Engineering, Cornell, 
solves the shipboard problems of storage, han­
dling and "overboarding" of cable. New ma­
chinery for laying cable is being developed. 

Deep-sea cables once were limited to trans­
mitting telegraph signals. Bell Labs research 
gave the long underseas cable a voice. New re­
search and development at the Labs will make 
this voice even more useful. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Ato"mic Age 

ADVANCED LABORATORIES DESIGN 

18 

THE engineering and design of laboratories of the advanced 
type has been a specialty of Vitro Engineering Company over 

the past few years. Several of its design projects include the in­
creasingly necessary "hot labs", or nuclear radiation laboratories. 
Some are for other highly specialized purposes - such as nerve 
gas, high temperature or biological warfare. 

Vitro's role in the hot lab field is exemplified in the design of 
new radiation laboratories for The Texas Company in Beacon, 
N. Y., the CP-5 reactor facility in Milan, ItaJy, and others for a 
major oil company, a large electronics firm, and a prominent 
university. 

Other recent Vitro laboratory design contracts include: 

• Nuclear Development Center for Lockheed Aircraft - Dawsonville, Ga. 

• Elevated Temperature Facility for General Electric - Evendale, O. 
• Navy Aero Ballistic Facility - Whiteoak, Md. 
• High Temperature Facility for Wright Air Development Center - Dayton, O. 
• Animal Disease laboratory for the Dept. of Agriculture - Plum Island, N. Y. 
-Biological laboratory for the Army Chemical Corps - Fort Detrick, Md. 

The selection of Vitro to handle these key projects reflects 
solid performance in modern advanced laboratory design. 

The atomic age requires many types of nuclear engineering­
reactor facilities, central power stations, disposal systems, plants 
for processing ore, separating isotopes, reprocessing fuel or 
producing heavy water. Vitro Engineering Company has played 
a significant part in these activities-in many cases designing 
the pioneer plant. 

For in/ormation write to VITRO ENGINEERING COMPANY 

A Division of 

(ir Research, development, weapons systems 

$ Nuclear and process engineering, design 

A Refinery engineering, design, construction 

� Uranium mining, milling, and processing 

CORPORATION of AMERICA 

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

'\:, Thorium, rare earths, and heavy minerals 

CJ Recovery of rare metals and fine chemicals 

.l'f Aircraft components and ordnance systems 

6' Ceramic colors, pigments, and chemicals 

of the latest type of motive power, the 
steam turbine. For all his reputation for 
caution and conservatism, your typical 
Briton, when he does break away from 
traditions, is apt to go just a little further 
than his competitor, whether it be in the 
building of a 1,710-foot Forth Bridge 
cantilever, or the construction of a 45,­
ODD-ton turbine steamship. The second 
trip of the Lusitania, which commenced 
at 10:25 a.m. on Sunday, October 6, and 
ended at New York at 1:17 a.m. Friday 
morning, has served to set at rest all 
doubts as to the success of this boat. 
The whole voyage from Daunts Rock to 
Sandy Hook was completed in four days, 
19 hours and 52 minutes, at an average 
speed of just 24 knots an hour. In addi­
tion to securing the land-to-land record, 
the Lusitania in two days broke the rec­
ord for all-day steaming, doing 608 knots 
on one day and 617 knots on another, 
as against the highest previous record 
of 601 knots, credited to the Deutsch­
land." 

"Dr. Frederick A. Cook is at present 
at Etah, Peary's base in North Green­
land, and proposes to make a winter 
dash for the Pole. This expedition is in 
marked contrast to many that have set 
out for the same objective. Dr. Cook is 
attended by only one man, a cook, and 
his expedition is said to be an after­
thought, he having resolved on making 
the attempt while on a pleasure cruise 
in the North. Capt. Bartlett, the sailing 
master of the craft which conveyed Dr. 
Cook to Etah, says that a fine lot of dogs 
are available. To reach the Pole and re­
turn in safety, Dr. Cook must cover 
about one thousand miles-a dangerous 
trip in the winter season." 

OCTOBER, 1857: "By the latest ac­
counts from England, it is reported that 
the directors of the Atlantic Telegraph 
Company have come to the conclusion 
to delay the attempt to re-lay the cable 
until next summer. This decision, in our 
opinion, amounts to a confession that the 
failure of the undertaking was more 
complete than has been reported, and 
there is some disagreeable fact con­
nected with it, not yet given to the pub­
lic; it has also the appearance of an 
attempt to delay the enterprise indefi­
nitely. We insist, however, that they are 
bound, in honor, by the means placed at 
their service, by what has been done, 
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Avco makes things better for America ... 

Avco 

Avc:o today 

Avco's Crosley 

helps put 

a "Quartermaster" 

in the sky 

Now, critical Ail' Force supplies cross the 

skies in greater bulk-with greater speed-

via Lockheed's new C-130 Military Transport 

To produce the all-important C-130 empennage 

(tail section), Lockheed called on Crosley 

The result: empennages of consistent quality, 

and perfect interchangeability. Crosley's long 

experience with all m
'
ethods of airframe tooling 

guarantees positive fidelity to design, Another 

contribution by Crosley Division at Avco. 

THIS IS AVCO 

Avco today is a diversified organization whose 

products include aircraft power plants and 

structures, electronics for defense and industry, 

and specialized home and farm equipment. 

Avco's divisions and subsidiaries are: 

Crosley-electronics and aircraft structures ... 

Lycoming-aviation, marine and industrial 

power plants • . • American Kitchens . . • 

New Idea and Ezee Flow-specialized farm 

equipment . . •  Research and Advanced 

Development ... Crosley Broadcasting 

Corporation, . •  Moffats, Ltd. (Canada)­

commercial gas and heating equipment, 

Sct'entists interested in unusual opportunities 
for advancement can grow with Avco. 

Avco Manufacturing Corporation 

420 Lexington Avenue, New York, N.Y. 
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KONRAD R. M. S. ANSBACHER (STANDING) LEADS DISCUSSION OF 

SIGMA DEVELOPMENT WITH A VARIETY OF SECTION HEADS. 

Sigma Advanced Scientific Team 
.. constant challenge to the pinnaticerebric 

Original exploration by Sigma's staff 
scientists at the top level often yields not 
only marvelous new concepts, but occa­
sional answers to lower order problems 
as well. In the unposed scene above (our 
last meeting), world-renowned theoretical 
application engineer Ansbacher (plain 

"Square" to his colleagues) has made an 
electrifying suggestion concerning the 
Series 8000 Magnetic Amplifier Relay: 
plug it in to see if it works! Here is the 
kind of unfettered, creative thinking that 
has made all industry react swiftly at the 
mention of our name. 

Carrying on from their leader's initial dis­
covery, the group rapidly uncovered more 
and more secrets of the "Mag-Amp" -some 
by intensive thought, others by unsoldering 
certain enclosures. It was soon agreed by all 
members that Magnetic Amplifier Relays were 
excellent devices for detecting unbalance (a 
sizable number are in use at Sigma's own 
plant), and comparing the outputs of low 
impedance D. C. signal sources. On went 
the discussion, out came the applications, 
higher and higher rose the enthusiasm as 
each new specification was added to the list. 
Predictions flew of uses in temperature control 
devices with thermistor bridges, thermo­

couples and such, light-sensitive equipment, and wherever 0.1 microwatt is the most 
you can get to switch I to 5 ampere loads at 120 V AC. A caution was voiced over 
the Magnetic Amplifier Relay's slow speed (30-300 milliseconds), but was cast aside 
as usually not a consideration. Final moments were devoted to eulogizing such virtues 
as ruggedness, long life (in the millions) and availability in practically any state of 
completeness and with whatever Sigma relays necessary to suit the customer's whims. 
In the warm camaraderie that comes from the knowledge that one of their products 
is both useful alld in production, the distinguished little group rose and in unison 
repeated their oath: "Exitlls, ab e10qllwtia colljusio: * 
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• Literally, IISuccess, from eloquent confusion", but generally interpreted 
IIGo, before you get things any more confused." 

SIGMA INSTRUMENTS, INC. 
40 Pearl Street, South Braintree 85, Massachusetts 

and by what has failed to be done, to 
lay that submarine cable safely through 
the Atlantic, whether or not a single 
message should ever pass from shore to 
shore through it." 

"It is said that the number of loco­
motives running in the U. S. at the pres­
ent time is estimated to exceed 9,000. 

The proportion of engines to length of 
road will average one to every three 
miles; for, while some of the Wi/stern 
roads have but one to every five or six 
miles, many others, like the Erie, New 
York Central, Baltimore and Ohio, &c., 
have one for nearly every two miles." 

"Some experiments of an interesting 
character have been made in Paris, with 
a view to testing the value of different 
diving machines and appliances. Four 
kinds of diving apparatus were tried­
those of Messrs. Siebe, Heinke, Cabirol 
and Ernous. All of these are constructed 
in nearly the same manner, being com­
posed of a water-proof dress, terminated 
at the upper part by a cuirass of metal, 
to which, when on the body of the diver, 
is screwed a helmet of the same metal, 
having affixed to it a hlbe for giving air, 
the supply of which is kept up by means 
of an air pump and a valve for letting 
off the breath of the diver. One of the 
experiments tried with Siebe's appara­
tus proved that the diver cari, of his own 
free will, come to the surface by remov­
ing a part of the weight which keeps him 
under water. The four divers descended 
at the same time. One of them remained 
under water 40 minutes consecutively, 
and the others a somewhat shorter pe­
riod of time, picking up, during the sub­
mersion, several small pieces of metal 
which had been thrown down." 

"The misunderstanding between the 
Russian government and Col. Colt, in 
regard to the delivery of a large quan­
tity of Minie rifles, has been determined 
by the referees against the latter. So far 
as we know, it is the first case in which 
any government ever consented to re­
fer a private claim to arbitrators. Under 
our government, meritorious claimants 
oftentimes suffer great injustice for want 
of a simple and fair mode of proceeding 
like this." 

"The Legislature of New York has in­
corporated a company to build a ship 
canal round Niagara Falls, capable of re­
ceiving ships of war and vessels of the 
largest size. Congress is to be solicited 
to aid this great national work. Wheat 
can thus be sent direct from the Lakes 
to Liverpool." 
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An old bromide about chlorides! 

The old bromide that a saIted tail immobilizes a bird has 
frustrated children for generations. Another old bromide 
that chlorides are ruinous to engineering metals has 
plagued design engineers for decades. That was before 
titanium. 

Strong ferric, stannic and mercuric chloride solutions 
have no effect on titanium. Extraordinary resistance to 
mineral acids is shown by excellent performance in boil­
ing 65 % nitric acid. 

Boiling glacial acetic, concentrated lactic and concen­
trated formic acids are completely resisted by titanium. 
Even vapors are non-corrosive . 

• • • FIRST IN 

Titanium is more than a "promising" metal for the 
chemical-processing and pulp industries. It's already pay­
ing for itself in applications where severe corrosion once 
posed forbidding maintenance or design problems. Ti­
tanium means longer service life, less down-time. 

All forms of titanium-tubing, sheet, wire, strip, plate, 
extrusions, bar and billet-are routine production items 
for TMCA, at prices attractively competitive with other 
engineering metals. Extensive research facilities and 
trained technical service personnel are available to pro­
vide quick answers to specific requests. 

TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 

2 1  
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NOW . . .  LARGE-SCALE COMPUTER 

IBM ANNO 

AU INT 

• Automatic Positioning of Decimal Point 
- Eliminates Scaling 

• Easy, Fast, Direct Programming 

• Single-Instruction Square Root 

• Divides and Multiplies Simultaneously 

• No De-bugging Run Necessary 
• Minimum Instruction Required 

• Develops 30-Digit Product 
• Mobile, Desk-Side Convenience 

• Fifteen-Digit Input and Output 
• New, More Flexible Tape Units 

22 
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TECHNIQUES RIGHT AT YOUR FINGER TIPS 

UNCES THE 

COMPUTER 

• Cathode Ray Tube Display 

• Decimal or Octal Arithmetic 

• High-Speed Printed Numerical Output 

• No Special Air Conditioning Needed 

• Low Cost 

TIME EQUIPMENT 

DATA PROCESSING 

ELECTRIC TYPEWRITERS 

MILITARY PRODUCTS 

For the engineer and sci entist, with a 

minimum of i nstructio n, the compact new 

IBM 610 Auto-Po i nt Computer pro vides 

large-scale electronic computer facilities 

at desk-side. 

�,--T_IM_E ___ --, � EQUIPMENT 
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The principle 
of the ..... 

• MAY SOLVE A PROBLEM FOR YOU! 

# 1 Safety Factor for Jet Engines • . •  the ONLY 
Tester for EXACT HEAT and R.P.M. Measurement 

The HEATER PROBE simulates operating temperatures on 

the engine's thermocouples. An embedded thermocouple in 

the Heater Probe accurately reads temperature on the ... 

"TA'POT' slide wire POTENTIOMETER with infinite 
resolution, a field instrument of laboratory accuracy. The 

manually operated, direct reading Ta'Pot's versatility and 

unique features open an entirely new field for the electronic 

designer, engineer and instrument manufacturer. 

The Light-Beam GALVANOMETER, extremely sensitive 

(shock resistant to 25 G's), is coupled with the TA'POT for 

highest accuracy readin!!. 

The JETCAL 
Tests EGT System 
Accuracy to ±4° C 

at Test Temperature 
(FUNCTIONALLY. WITHOUT RUNNING THE ENGINE) 

Tests RPM Accuracy 
to 10 RPM in 
10,000 RPM 

(±O.1%l 

ANAL YZESJET ENGINES 1 0 WAYS: 
1) The JETCAL Analyzer Iui,clionally tests 
EGT thermocouple circuit of a jet aircraft or 
pilotless aircraft missile for error without 
running the engine or disconnectilJg any wir· 
ing. GUARANTEED ACCURACY is ±4°C. at en· 
gine test temperature. 

2) Checks individual thermocouples "on the 
bench" before placement in parallel harness. 

3) Checks thermocouples within the harness 
for continuity. 

4) Checks thermocouples alld paralleling 
harness for accuracy. 

5) Checks resistance of the Exhaust Gas 
Temperature system. 

6) Checks insulation of the EGT circuit for 
shorts to ground and for shorts between leads. 

7) Checks EGT Indicators (in or out of the 
aircraft) . 

8) Checks EGT system with engine removed 

from aircraft (in production line or overhaul 
shop). 

9) Reads jet engine speed while the engine is 
running with a guaranteed accuracy of ±O.l % 
in the range of 0-110% RPM. Additionally, 
the TAKCAL circuit can be used to trouble 
shoot and isolate errors in the aircraft tachom­
eter system. 

10) JETCAL Analyzer enables engine adjust­
ment to proper relationship between engine 
temperature and engine RPM for maximum 
thrust and efficiency during engine run (Tab­
bing or Micing). 

ALSO fUllctionally checks aircraft Over­
Heat Detectors and Wing Anti-Ice Systems 
(thermal switch and continuous wire) by 
using TEMPCAL Probes .. Rapid heat rise • . .  
3 minutes to 800°F! Fast cycling time of 
thermal switches ... 4 to 5 complete cycles 
per minute for bench checking in production. 

''''rit(·. wire or phone 

lor complete ill/ormatioll. 
B 8: H INSTRUMENT CO .• INC. 
3479 West Vickery Blvd., Fort Worth 7, Texas 

THE AUTHORS 
MORTON GRODZINS ("Metropoli­

tan Segregation") is a political scientist 
who has written several notable books on 
the social basis of political activity . 
Among these are Americans Betrayed 
(about the displaced Nisei Japanese of 
World War II) and The Loyal and the 
Disloyal. Born in Chicago, he graduated 
from the University of Louisville in 
1940, after having served that insti­
tution for two years as its director of 
public relations. He received a Ph.D. 
from the University of California in 
1945, then went to the University of 
Chicago, where he has been at various 
times dean of the social sciences, editor 
of the University of Chicago Press and 
adviser to the Chancellor. He is now 
chairman of the Department of Political 
Science. Grodzins is using Chicago and 
its suburbs as a base for studying the 
intimate structure of the U. S. Federal 
system, which he describes as "not a 
three-layer cake of government but a 
marble cake or what the British call a 

rainbow cake: i.e, all 'levels' of govern­
ment share important decisions in all 
major activities of government." His 
article stems from an investigation he 
made for the Special Studies Project of 
the Rockefeller Brothers Fund. 

A. H. WOODCOCK ("Salt and Rain") 
is an oceanographer whose career has 
taken several unusual turns. Born in 
Georgia in 1905, he thought his life's 
ambition fulfilled when he completed 
two years of agricultural training at the 
state college and became a farmer. As 
luck would have it, his first job was with 
a yacht-fancying orchardist, and in the 
slack season he found himself cruising 
off the New England coast. Finding the 
sea-going life congenial, he switched to 
a full-time job as sailor-technician aboard 
the Atlantis, a research vessel of the 
Woods Hole Oceanographic Institution. 
At sea Woodcock began making scien­
tific observations of his own (in fact, his 
recent studies in cloud physics were in­
spired by his early attempt to explain the 
soaring of sea birds). In 1942 he became 
a research associate of the Institution, 
and four years later he was appointed 
oceanographer. 

N. TIN BERGEN ("Defense by Col­
or") does his research at the University 
of Oxford, where he is well known both 
as an expert on the innate behavior of 
animals and as

-
a popular lecturer. A 
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Barrett 

.. beat barnacles 

.. olefin opportunities 

.. water-resistant coatings 

�new urethane booklet 

General Chemical 

National Aniline 

Nitrogen 

Semet·Solvay 

Solvay Process 

International 

Beat barnacles 
"Barnacle Bill" is not only the title 
of an old sea song-it's the price 
ship operators pay for inefficient 
operation due to barnacle-fouled 
hulls. 

Although you can combat foul­
ing with copper pigments, conven­
tional copper bottom paints may 
create new problems by accelerat­
ing the corrosion of steel hulls. 

MUTUAL sodium copper chro­
ma te to the rescue: research shows 
that it has both anti-fouling and 
anti-corrosive properties. No sur­
prise either, because it is a mem­
ber of the same pigment family as 
"zinc yellow," a chromate long 
used as a corrosion inhibitor in 
metal priming paints. Anti-fouling 
of course, because it contains cop­
per. 

This useful combination of prop­
erties also has led us to test 
MUTUAL sodium copper chromate 
in preservative combinations for 
wood, cordage, fabrics and paper, 
and in agricultural fungicides. 

Olefin opportunities 
Did it ever occur to you that your 
product might be epoxidizable? 
Or even hydroxylatable? 

What, never? All we mean is 
you can upgrade it with hydrogen 
peroxide, to put you in new mar­
kets with greater profits. 

With H20Z, you can upgrade 
such olefins as soya bean oil, cot­
tonseed oil, tall oil, turpentine, lin­
seed oil or unsaturated petroleum 
derivatives. 

By upgrading, you find yourself 
making resin plasticizers, glycols, 
stabilizers, insecticides, monomers, 
lubricants, waxes, surfactants or 
brake fluids. 

In the epoxidation and hydro­
xylation processes, hydrogen per­
oxide reacts with unsaturated ole­
fins to form a completely different 
class of chemical compounds. Of 
course, hydrogen peroxide has 
been around for some time, but 
recent developments now , permit 
broad commercial use of these 
processes. 

Research people working in 
chemicals, plastics and pharma­
ceuticals will be interested in a 
new Solvay Process Division up­
to-date review and bibliography 
on the subject. 

Water-resistant coatings 
Paper coaters know that if they 
want to keep a coating from com­
ing off in water, they must insolu­
bilize the binder after application. 

Starch, casein, protein and latex 
are the most widely used paper 
coating and sizing adhesives. The 
major advantage of starch is its 
ease of use, but this is offset by its 

lack of water resistance. On the 
other hand, although casein, pro­
tein and latex give good water re­
sistance, they are more expensive. 

May we suggest a starch coating 
modified with U.F. CONCENTRATE-
85, for low-cost, water-resistant 
paper coatings. A product of our 
Nitrogen Division, U.F. CONCEN­
TRATE-85 is a low-cost, non-resin­
ous, high-concentration urea-for­
maldehyde product. 

You can obtain different degrees 
of insolubility by adding 2 to 50% 
to the starch, though 20% gener­
ally makes an excellent coating. 
Other assets: a simple mixing 
operation, a useable pH range of 
4 to 8. 

We have available a new tech­
nical paper on the subject, "A new 
product for the insolubilization of 
starch films." 

New urethane booklet 
In these columns, we've talked 
about what the industry calls "the 
next great synthetic." Allied's in­
terest in urethane materials lies 
with our National Aniline and 
Barrett Divisions, which produce 
the key chemicals-diisocyanates 
and polyester resins respectively­
used in making these versatile 
plastics. Now we have a new 
booklet available on urethane ma­
terials, detailing their applications 
and their future. 

MUTUAL and U.F. CONCENTRATE·85 are Allied 
Chemical trademarks. 

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

Information Service 
ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
Please send me further information: 
D Sodium copper chromate 
D Upgrading with hydrogen peroxide 
D U.F. Concentrate·a5 
D Urethone materials booklet 

Name __________ __ 

Company _________ _ 

Address __________ _ 

Position __________ _ 

Remarks; _________ _ 
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physicists 
engineers 
psychologists 
mathematicians 

I 
I are constantly developing new ideas at 

I Lincoln Laboratory. Our folder tells some­
I thing about the work we do in basic ; research and developmen� in such 
I projects as: 

I 

SAGE 
semi·automatic ground 
environment 
AEW 
air-borne early warning 
SYSTEMS ANALYSIS 
SCATTER COMMUNICATIONS 
TRANSISTORIZED 
DIGITAL COMPUTERS 
MEMORY DEVICES 
HEAVY RADARS 
SOLID STATE 

If you are interested 

in learning more 

about us, simply 

address your request to: 

RESEARCH A N D  DEVELOPMENT 

MIT LINCOLN LABORATORY 

Box 18, Lexington, Massachusetts 

native of the Netherlands, he received 
his doctorate from the University of Lei­
den in 1932, later studied and taught 
at the University of Vienna, Yale Uni­
versity and Columbia University. Tin­
bergen is the author of The Hel'ring 
Gull's vV orld. His two previous articles 
for SCIENTIFIC AMERICAN were "The 
Curious Behavior of the Stickleback" 
(December, 1952) and "The Courtship 
of Animals" (November, 1954). 

SAMUEL NOAH KRAMER ("The 
Sumerians") has devoted his life to 
studying, copying and translating cunei­
form tablets-especially those few among 
them which preserve the epic poems and 
other literary texts of ancient Sumer. He 
was born in Russia in 1897 and brought 
by his parents to Philadelphia in 1906. 
There he went to normal school and was 
a teacher in public and private schools 
for 10 years, meanwhile earning a B.S. 
from Temple University and a Ph.D. 
from the University of Pennsylvania. At 
Pennsylvania he studied the languages 
of ancient Mesopotamia, and after a year 
on expedition in Iraq, he joined the 
Assyrian Dictionary Staff at the Oriental 
Institute of the University of Chicago. A 
long series of grants enabled him to 
puzzle out hundreds of tablets preserved 
in U. S. and Turkish museums, and to 
renew the excavation of tablets at Nip­
pur after a lapse of 50 years. He is now 
Clark Research Professor of Assyriology 
at the University of Pennsylvania and 
curator of the tablet collections in the 
University Museum. 

WINSTON H. BOSTICK ("Plas­
moids") is professor of physics and head 
of the physics department at Stevens 
Institute of Technology. There he manu­
factures and studies plasmoids by the 
technique which he developed over the 
past three years at the Livermore Radia­
tion Laboratory of the Atomic Energy 
Commission. Bostick was trained at the 
University of Chicago, where he ac­
quired a B.S. in 1938 (along with a var­
sity letter in swimming), and a Ph.D. 
under Arthur H. Compton in 1941. Dur­
ing World War II he worked at the 
Radiation Laboratory of the Massachu­
setts Institute of Technology. In 1948 he 
went to Tufts University, where his work 
in the well-known "pinch" effect led him 
to Livermore. In spare time Bostick plays 
chamber music on the violin or viola. 

S. J. SINGER ("The Specificity of 
Antibodies") is associate professor of 
physical chemistry at Yale University. 
He was born in New York, graduated 
from Columbia University and received 
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Oxygen from the air puts on weight 
... thousands of tons a day 

Oxygen-part of the air you breathe-is so light 
you can weigh it only with the most delicate of 
balances. A whole roomful tips the scale at just a 
few pounds. 

Yet, oxygen is so essential to the nation's econ­
omy that LINDE produces it by the thousands of 
tons. In a small flask or cylinder ... in large cylin­
del's ... in tank trucks or railroad tank cars ... or 
in tonnage quantities through pipelines- LINDE 
delivers oxygen, as a gas or as a liquid, in what­
ever quantity that may be required. A welding re­
pair shop may need only one cylinder-hospitals, 
large banks of cylinders for hundreds of patients. 
Portable units, too, are supplied for therapy in 
your doctor's office, or in your home. 

For tonnage users-steelmakers, chemical proc-

essors, defense industries-LINDE builds oxygen­
producing plants right where needed. Such on-site 
facilities, capable of supplying a few or thousands 
of tons each-with no capital investment by the 
user and at a price guaranteed by LINDE-are pro­
ducing thousands of tons of oxygen daily for the 
requirements of industry. 

If you use oxygen .. . or acetylene, nitrogen, 
argon, the rare gases ... contact LINDE. Our con-
tinuing expansion program is part and parcel of 
LINDE's 50-year-old policy of providing depend­
able service. 

LINDE COMPANY, Division of Union Carbide 
Corporation, 30 E. 42nd St., N. Y. 17, N. Y .  Offices 
in other principal cities. In Canada: Linde Com­
pany, Division of Union Carbide Canada Limited. 
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New 
AO-Bal{er 
INTERFERENCE 

MICROSCOPE 

The NEW AO-Baker Interference Microscope is the unique combination of a 

double beam interferometer and polarizing microscope_ It dramatically provides 
for the precise examination of transparent specimens where detail is exhibited by 
variations in thickness or refractive index_ 

With white light illumination, contrast effects are greatly enhanced by brilliant 
and variable color cOIl/raJ/J. Details show up as if differentially stained. 

With monochromatic or filtered light, interference contrasts can be varied 
from bright to dark and relative optical thicknesses are measurable to an opti­
mum accuracy of 1/300 wave length. 

Interference COntrast Microscopy like Phase Contrast Microscopy depends on 
the nature of the specimen detail to retard light-by virtue of refractive index and 
thickness-and does not depend on the property of the specimen to absorb light. 
In this connection the AO-Baker Interference Microscope is similar to the con­
ventional Phase Contrast Microscope. 

The principle of the Phase Contrast Microscope depends upon light diffrac­
tion for its contrast effects - the AO-Baker Interference Microscope does not. By 
means of the unique built-in interferometer, mutually interfering beams are pro­
duced, recombined, and if the two beams suffer relative retardation, readily visible 
contrast results. 

The AO-Baker Interference Microscope has already won acclaim and recog­
nition as an important aid to the solution of a great variery of biological and in­
dustrial microscopical problems. Most scientific workers were initially of the 
opinion that the Interference Microscope would have its greatest utility for solving 
measurement problems. It now develops that equal or greater promise can be ex­
pected from its value as a method of variable phase and variable color contrast. 

If you need to examine or measure your material 
more effectively and precisely, we invite you to 

investigate this new advance in microscopy. 

------�------------ , 
American Optical. Instrument Division I 

American Optical 
Company 

INSTRUMENT DIVISION, BUFFALO 15, N. Y. 
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Buffala 15, New York I 
Dept. V178 I 

Please send me your catalog on the NE W 
AO-Baker Interference Microscope. 

I 
I 
I 

NAME _______________ I 
ADDRESS _______________ I 
CITY ZONE_STATE __ I 

------- ____________ J 

his doctorate in 1947 from the Polytech­
nic Institute of Brooklyn, where he stud­
ied the properties of synthetic polymers. 
From this subject it was but a short step 
to the polymers of biology, with which 
he has since been concerned. For four 
years Singer was a postdoctoral fellow 
under Linus Pauling at the California 
Institute of Technology. With Pauling 
and Harvey A. Hano, he was a codiscov­
erer of the abnormal hemoglobin found 
in victims of sickle cell anemia. He has 
taught at Yale since 1951. 

THEODORE H. INGALLS ("Con­
genital Deformities") is an epidemiolo­
gist at the School of Public Health of 
Harvard University. He was born in 
Utica, N.Y. , graduated from Hamilton 
College, and received his M.D. from 
Harvard in 1933. Since then his career 
has centered at Harvard and the hos­
pitals of Boston. After completing his 
internship at Peter Bent Brigham Hos­
pital, he was a research fellow in pedi­
atrics for five years. Then he became an 
instructor in clinical pathology at Har­
vard Medical School. Wartime service 
with the Army Medical Corps led him 
to an interest in preventive medicine, 
and thus to the Harvard School of Pub­
lic Health, with which he has been con­
nected since 1951 (he is now an asso­
ciate professor). This is his third article 
for SCIENTIFIC AMERICAN; the others 
were "Mongolism" (February, 1952) 
and "The Strange Case of the Blind 
Babies" (December, 1955). 

J. M. BARRY ("The Synthesis of 
Milk") is a lecturer in biochemistry in 
the agriculture department of the Uni­
versity of Oxford. An Oxford graduate, 
he did research there for his M.A. in 
1946 in the laboratory of Sir Robert 
Robinson, and also rowed in the annual 
boat race between Oxford and Cam­
bridge. Since Oxford offered no course 
in biochemistry at that time, Barry then 
betook himself to the University of Cam­
bridge for a year. (He later returned to 
Oxford for his doctorate.) While work­
ing at the National Institute for Research 
in Dairying he became curious about the 
chemistry of milk production. From 
1948 to 1951 Barry, as a postdoctoral 
fellow at the University of Chicago, in­
vestigated the formation of milk pro­
teins. Recently he has returned to the 
U. S.: "Last year I married an Oxford 
English graduate and left Oxford and 
milk secretion for a year's leave at the 
McCollum-Pratt Institute of the Johns 
Hopkins University, where I have been 
trying to find some facts about how bac­
teria make proteins." 
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THE WORLD'S FIRST CARD-OPERATED MILL, 

PROMISES YOU BETTER STEEL-AUTOMATICALLY 

ANEW punch-card control system, recently installed on the 56" uni­
versal roughing mill at Allegheny Ludlum's Brackenridge, Pa. 

plant, is advancing mill standards of quality COntrol. 
Here's how it works: Allegheny Ludlum rolling experts predetermine 

optimum rolling procedures for the type of steel desired and translate 
this data inro punches on an IBM card. These punches represent the 
proper screwdown settings, mill speed and number of passes. When the 
mill schedule calls for it, the mill operaror in the pulpit simply selects 
the proper card, inserts it into the card reader, and he is ready to roll. 
As the operator makes each pass, the mill is automatically adjusted for 
each additional pass required. The rolled material is held uniformly to 
desired dimensions, and day in, day out it proves to have better, more 
constant physical properties. 

It's easy to see how this kind of progress fits into your interest in 
consistent high quality. By performing rolling operations exactly the 
same way time after time, this new unit further assures Allegheny 
Ludlum customers that they are getting the best possible product 
from the industry's pioneer producer. 

Let us talk over your requirements with you. Write us, or call the 
Allegheny Ludlum sales office nearest you, and an AL sales engineer will 
help you with any problem. Allegheny Ludlum Steel Corporation, 
Olzver Building, Pittsburgh 22, Pennsylvania. 

HIGHER QUALITY 

MORE 

UNIFORM SIZE 

BETTER 

PHYSICAL PROPERTIES 

General Electric engineers, working closely with 
AL personnel, developed and installed the con­
trol systems which regulate the mill. 

Better quality, more uniform steel is the result. 

wsw 062e 

PIONEERING on the Horizons of Sfeel 

Allegheny Ludlum 
29 
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Unvulcanized rubber is essentially a plastic substance. 
Since its molecules are not tightly linked together, it will 
permanently deform when stretched. An adhesive made 
from uncured rubber cannot produce a high-strength bond. 
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secret that isn't in any formula 

There's nothing in the formula for an industrial adhe­
sive that tells you anything about the subtle art of 
putting the ingredients together. Nevertheless, this 
secret often is the most important single factor in pro­
ducing an outstanding adhesive. In fact, it's so im­
portant that in many cases the formula could be given 
to a competitor ... and he might never be able to 
duplicate the compound. 

There are many facets to the art of making adhe­
sives. One of them is as simple and basic as the size 
of the batch you mix. An adhesive made in an experi­
mental laboratory usually has different properties 
when it's produced on a large scale. Achieving labo­
ratory quality in production quantities takes skill not 
found in any formula. 

Another thing an adhesive formula doesn't tell you 
is the order in which ingredients should be mixed. 
For example, Armstrong chemists know that certain 
adhesives can be made far stronger by doing just two 
things: by combining the raw materials in a particular 
order; and by a delicate adjustment in their proportion. 

Advanced processing techniques can also be used to 
extend the natural limits of some raw materials. As an 
illustration of this, Armstrong research chemists were 
recently given the problem of building more "muscle" 
into an already successful rubber-base adhesive. 

The immediate answer seemed to be vulcanization, 

since it's well known that this process strengthens rub­
ber. There was a catch here, though. Fully vulcan­
ized rubber can't be dissolved in the solvents normally 
used in making adhesives. A partially vulcanized 
rubber could be dissolved all right, but vulcanization 
is a process that's hard to stop at exactly the same 
point every time. It would be practically impossible, 
therefore, to keep the quality of the adhesive uniform 
from batch to batch. 

Armstrong chemists solved the problem by combin­
ing two rubbers that are cured with different agents. 
Then they treated the blend so that only one rubber 
cured-and its strength reinforced the uncured rubber. 
The result: an adhesive that was plastic and workable 
-and had far greater strength than its predecessor. 

Making new and better adhesives 
is a year-round job at Armstrong. 
Because of this, we've been able to 
help a lot of fabricators find better 
ways to join things. For helpful in­
formation on how you can use ad­
hesives, send for our new 36-page 
illustrated manual, "Adhesives, 
Coatings and Sealers." It's free to 
industrial users. Write on your let­
terhead to Armstrong Cork Com­
pany, Industrial Division, 8210 In­
land Road, Lancaster, Pennsylvania. 

ADHESIVES 

@mstrong Industrial Produots 
CORK COMPOSITION 

CORK·ANO·RUBBER 

FELT PAPERS 

FRICTION MATERIALS • • •  USED WHEREVER PERFORMANCE COUNTS 

Fully cured rubber, on the other hand, is elastic. Because 
of its tightly linked molecules, it will return to its original 
shape after being stretched. But a fully cured rubber can't 
be dissolved in the solvents used to make an adhesive. 

A combination of these cured and uncured rubbers does 
the trick. The particles of the cured rubber lend strength 
and elasticity to the uncured rubber. These blended rub­
bers can be dissolved to make a high-strength adhesive. 
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Henri Bergson ... on ll1al�ing gods 

Humanity is groaning, half-crushed under the 

weight of the progress it has made. Men do not 

sufficiently realize that their future depends on 

themselves. They must first decide vvhether they 

wish to continue to live. They must then ask 

whether they want merely to live, or to make the 

further effort necessary to fulf ill, even on our 

unmanageable planet, the essential function of 

the universe, which is a machine for making gods. 

Les deux sources de la morale et de la religion, 1932 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit orgilnization engaged in research on problems rclzdcd to nntional security and the public inlcrest 

32 

© 1957 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 AME RI CAN" October, 1957 Volume 197 Number 4 

Metropolitan Segregation 

As Negroes more in from the South and whites more out to the suburbs 

a new pattern of segregation emerges in the big cities of the U. S., 
bringing with it significant econ01nic, social and political problelns 

T
he white and non-white citizens of 
the U. S. are being sorted out in a 
new pattern of segregation. In 

each of the major urban centers the 
story is the same: the better-off white 
families are moving out of the central 
cities into the suburbs; the ranks of the 
poor who remain are being swelled by 
Negroes from the South. This trend 
threatens to transform the cities into 
slums, largely inhabited by Negroes, 
ringed about with predominantly white 
suburbs. The "racial problem" of the 
U. S., still festering in the rural South, 
will become equally, perhaps most 
acutely, a problem of the urban North. 

The trend is most pronounced in the 
14 largest metropolitan areas, those with 
more than one million population, where 
nearly one third of all U. S. citizens re­
side. These cities have long attracted 
Negroes from the South. For several 
decades their Negro population has been 
increasing much faster than their white. 
The decade of war and full employment 
between 1940 and 1950 saw the most 
rapid growth. While the total white 
population within these 14 cities rose 
only 4 per cent, the Negro population 
of the same cities leaped upward 68 
per cent. Negro migration to the cities 
has since continued at a high, but prob­
ably less extreme, rate. A special inter­
decennial census for Los Angeles shows 
that its non-white population increased 
45 per cent between 1950 and 1956, as 
compared with a 10 per cent gain in the 
white population. 

As late as 1950 non-whites consti­
tuted only a minor fraction of the total 

by Morton Grodzins 

population in most of the central cities 
of the 14 largest metropolitan areas [see 
charts on the next two pages J. But the 
Negro migration, the comparatively 
greater rate of natural increase among 
non-whites and the exodus of whites to 
the suburbs will dramatically raise the 
proportion of non-whites in central cit­
ies. In Los Angeles non-whites have 
moved up from 6.5 per cent of the popu­
lation in 1940 to nearly 14 per cent in 
1956. In Chicago, according to a careful 
estimate by Otis Dudley Duncan and 
Beverly Duncan of the University of 
Chicago, Negroes now comprise 19 per 
cent of the total, compared with 8 per 
cent in 1940. The city is expected to be 
one third Negro by 1970. New York City 
officials forecast that in 1970 Negroes 
and Puerto Ricans will constitute 45 per 
cent of the population of Manhattan and 
nearly one third that of the entire city. 
Washington, D.C., may already have an 
actual Negro majority. 

Estimates of future population trends 
must take into account some reurbani­
zation of white suburbanites, as the pro­
portion of older people increases and the 
suburbs become less attractive to those 
whose children have grown up and left 
home. Even making allowance for shifts 
of this sort, all evidence makes it highly 
probable that within 30 years Negroes 
will constitute from 25 to 50 per cent of 
the total population in at least 10 of the 
14 largest central cities. 

The suburbs of the metropolitan areas 
exhibit quite different population 

trends. Negroes made up only 4 per cent 

of their populations in 1940 and no more 
than 5 per cent in 1950. The only nota­
ble recent Negro suburban population 
growth has taken place in industrial 
fringe cities such as Gary, Ind., and in 
segregated Negro dormitory communi­
ties such as Robbins, Ill. 

The sheer cost of suburban housing 
excludes Negroes from many suburban 
areas. Furthermore, the social satisfac­
tions of slum or near-slum existence for 
a homogeneous population have been 
insuffiCiently studied, and it may very 
well be true that many Negro urban 
dwellers would not easily exchange cur­
rent big-city life for even reasonably 
priced suburban homes. The crucial fact, 
however, is that Negroes presently do 
not have any free choice in the matter. 
They are excluded from suburbia by a 
wide variety of devices. 

Social antagonism alone has been 
highly effective. In addition, the subur­
ban towns have employed restrictive 
zoning, subdivision and building regu­
lations to keep Negroes out. Some, for 
example, have set a minimum of two or 
more acres for a house site, or required 
expensive street improvements, and have 
enforced these regulations against "un­
desirable" developments but waived 
them for "desirable" ones. A builder in 
a Philadelphia suburb recently told an 
interviewer that he would like to sell 
houses to Negroes, but the town officials 
would ruin him. He explained: "The 
building inspectors would have me mov­
ing pipes three eighths of an inch every 
afternoon in every one of the places I 
was building-and moving a pipe three 
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eighths of an inch is mighty expensive 
if you have to do it in concrete!" 

When barriers of this sort fail, subur­
ban whites have been known to resort to 
violence against Negro property and 
persons. As this is written, 350 residents 
of Levittown, Pa., are demonstrating in 
the street before a home acquired by a 
Negro family. 

W ithin the central cities, to which 
Negroes are thus consigned, they 

are further confined to virtual ghettos. 
Every city has its "black belt" or series of 
"black areas." In Chicago 79 per cent of 
all Negroes in 1950 lived in areas in 
which at least 75 per cent of the resi­
dents were Negroes [see maps on pages 
.36 and .37]. On the other hand, 84 per 
cent of the non-Negroes resided in areas 
in which fewer than 1 per cent of the 
residents were Negro; the figure would 
be even more disparate if Negro servants 
"living in" were not counted. Chicago is 
an extreme case, but all cities follow this 
pattern. 

The initial Negro settlements are al­
most invariably near the center of the 
city. As the Negro population grows, the 
black belt tends to expand from the cen­
ter block by block and neighborhood by 
neighborhood, sometimes radially and 
sometimes in concentric circles. Once a 
neighborhood begins to swing from 
white to colored occupancy, the change 
is rarely arrested or reversed. The Dun­
cans found in Chicago not a single in­
stance between 1940 and 1950 of a 
neighborhood "with mixed population 
(25 to 75 per cent non-white) in which 
succession from white to Negro occu-
pancy was arrested." 

This process of "tipping" proceeds 
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more rapidly in some neighborhoods 40 

than in others. White residents who will 
tolerate a few Negroes. as neighbors, 
either willingly or unwillingly, begin to 
move out when the proportion of Ne­
groes in the neighborhood or apartment 
building passes a certain critical point. 
This "tip point" varies from city to city 
and from neighborhood to neighbor­
hood. But for the vast majority of white 
Americans a tip point exists. Once it is 
exceeded, they will no longer stay among 
Negro neighbors. 

The process is not the simple one of 
"flight" that is a part of the real estate 
agent's mythology of changing neighbor­
hoods. Negroes do not necessarily 
"downgrade" a neighborhood, or "push" 
whites out. \"'hen vacancies in a white 
neighborhood become available, the first 
Negroes to take advantage of them are 
usually similar to their white neighbors 
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in income, employment, educational at­
tainment, habits and manners. Yet what­
ever the social qualifications of the new 
Negro neighbors, when their numbers 
increase, whites leave. The "piling np" 
process-gross overcrowding of dwell­
ings and areas-occurs only after the 
transition from complete white to com­
plete Negro occupancy has taken place. 

Many people for many purposes have 
explored how the tip point operates. Real 

estate operators, seeking the higher reve­
nues that come with Negro overcrowd­
ing, talk freely among themselves about 
"tipping a building" or "tipping a neigh­
borhood." Quakers in the Philadelphia 
suburbs of Concord Park and Greenbelt 
Knoll have given heed to the tip pOint in 
their efforts to build interracial commu­
nities. They have concluded that this 
goal can be achieved only if the propor­
tion of Negroes is controlled: "Early in 

our sales program we found that white 
lmyei's would not buy without assurance 
that Negroes would be in a minority." 
The only interracial communities in the 
U. S., with the exception of a few abject 
slums, are those where limits exist upon 
the inHux of non-whites. 

Education and community organiza­
tion can raise the tip point, but they 
have not yet prevented tipping in the 
end. Sooner or later, as the increasing 

_ 90 TO 100 

� 50 TO 89.9 

� 10 TO 49.9 
PROPORTION OF NEGROES in areas of Chicago is mapped for 1920 
lIe/t) and 1950 I right). The proportion i, giYeIl in per cellt as indio 

cated by the key at the lower left. 
These maps are based 011 The Negro 
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Negro population of the big cities makes 
its demand for additional housing effec­
tive, the apartment house, the block and 
the neighborhood are tipped and incor­
porated in the black belt. If Negroes 
were permitted to distribute themselves 
throughout the city on the basis of in­
come, fewer areas would be tipped, but 
the restriction process confines them to 
particular areas. 

The general picture for the future is 

thus clear enough: large segregated 
minorities, even majorities, of Negroes 
in the central cities; large majorities of 
whites, with scattered Negro enclaves, 
in their suburbs. 

Some of the social consequences of 
the urban-suburban racial and class 
schism are already apparent; others can 
be predicted. Within the central cities 
the first result is the spreading of the 
slums. The Negro population always in-

_ PILING UP 

creases faster than the living space avail­
able to it. The new areas that open up 
to Negro residence become grossly over­
crowded by conversion of one-family 
houses to multiple dwellings and the 
squeezing of two or more Negro families 
into apartments preViously occupied by 
a single white one. Though complete 
statistical evidence is lacking, it is likely 
that Negroes pay substantially more rent 
for given accommodations than whites, 

Population 0/ Chicago, by Otis Dud· 

ley Duncan and Beverly Duncan. 

� CONSOLIDATION 
� INVASION 

CREATION OF SLUMS is suggested in this map for 1950. "Piling 

up" of Negro population occurs in areas almost entirely Negro. 
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and the higher rent itself makes for high­
er density. Housing occupied by Negroes 
is always more crowded, more dilapi­
dated and more lacking in amenities such 
as private baths than housing occupied 
by whites with equivalent incomes. 

Income factors alone account in sig­
nificant part for the slum conditions in 
which urban Negroes live. �egroes are 
heavily over-represented in low-income 
jobs, in menial service, in unskilled and 
semiskilled factory labor and in "dirty 
work" generally. In this respect they are 
not unlike some earlier immigrants to 
our cities: the Irish and the Poles, for 
example, also settled mainly in slums. 
Aside from low income, movement into 
the unaccustomed city environment 
tends to break down whatever stability 
of attitude and habit the l'\egro brings 
with him from the rural South. Family 
disorganization among Negro city dwell­
ers is high, as measured by such indices 
as broken marriages, families headed by 
females, and unrelated individuals living 
in the same household. How does a 
mother keep her teen-aged son off the 
streets if an entire family must eat, sleep 
and live in a single room? What oppor­
tunity for quiet or security is there in a 
tightlv packed, restless neighborhood? 
The slum encourages rowdiness, casual 
and competitive sexuality, a readiness 
for combat; disease and crime rates soar. 

The boundaries of the black belt are 
often sharply defined by the racial an­
tagonisms of its surrounding neighbor­
hoods. These are usually inhabited by 
low-income groups whose condition bor­
ders on that of the Negroes themselves. 
Some of these neighbors are also recent 
immigrants to the city: Southern "poor 
whites" in Chicago, Puerto Ricans in 
New York. Others are old residents at 
the lower end of the income scale, peo­
ple who, like the Negroes themselves, do 
not find success in life or life itself easy. 
Between these groups and the Negroes 
tensions run high. Studies have shown 
that the greatest animosity is found on 
the edge of the expanding Negro dis­
trict, where whites live in fear of "inva­
sion." A young white resident of one of 
those neighborhoods recently beat a 
Negro to death with a hammer. "I just 
wanted to get one of them," he ex­
plained. "Which one didn't matter." 
With the exodus of middle and upper 
classes to the suburbs, the white popula­
tion of the city is made up in larger part 
of low-income groups, who generally ex­
hibit more racial prejudice. In conse­
quence, racial passions are on the rise 
and find less community restraint. 

Within the black belts hundreds of 
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ALTERED CHARACTER of the Harlem area of New York City is 

demonstrated by these two photographs. The photograph at top 

---

shows residences at the southwest corner of Lenox Avenue and 

13lst Street in 1910. The photograph at bottom shows corner today. 
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thousands of Negroes live, eat, shop, 
work, play and die in a completely Negro 
world with little or no contact with other 
people. For large numbers of them, seg­
regation is more complete than it ever 
was for Negro rural residents in the 
South. This is true even in the city school 
systems. If segregation is measured by 
the standard of the number of students 
who attend all-Negro schools, then it is 
undoubtedly true that more Negro stu­
dents are segregated in the schools of 
New York City and Chicago than in 
some Southern states. 

This picture of segregated Negro 
slums needs some qualification. Here and 
there churches have successfully estab­
lished interracial congregations. On a 
few blocks in urban America Negroes 
and whites have demonstrated that they 
can live together as neighbors. Labor 
unions, though traditionally anti-Negro, 
have in some places accepted Negroes 
as full partners in leadership as well as 
membership. There have also been ad­
vances within the Negro community it­
self. Although a casual observer of the 
black belt sees only slums, the fact is 
that there are oases, usually areas of 
newest acquisition, inhabited by better­
off Negroes. As the Negro community 
grows in size, satisfactory career lines, 
economic security and the home and 
community life that accompany these 
developments become possible. 

Segregation bestows some advantages 
on part of the Negro community, pro­
viding protected markets for profes­
sionals and businessmen and protected 
constituencies for political and church 
leaders. But those who profit from segre­
gation also suffer from it. Like other 
well-off Negroes they feel the pinpricks 
along with the sledges of discrimination. 

The larger evidence is not that of in­
tegration nor intracommunity social 
gains. Rather it is in the direction of 
more uncompromising segregation and 
larger Negro slums. 

1' hese population shifts bring with 
them profound economic conse­

quences. Of first importance is a decline 
of parts of the central cities' business ac­
tivity and associated property values. In 
almost every city the big downtown de­
partmen t stores are lOSing trade to the 
suburban shopping centers. Retail sales 
in the central business district of Chi­
cago fell 5 per cent between 1948 and 
1954 while sales in the suburbs increased 
53 per cent. The downtown stores, with 
non-white and low-income customers 

merchandise. "'Borax' for downtown, 
Herman Miller for the suburbs" is a slo­
gan of the furniture business. The de­
cline of the central-city department store 
is accompanied by a general deteriora­
tion of the downtown area. There are 
some striking exceptions, most notably 
in mid-town Manhattan. But in most cit­
ies-Chicago, Boston, Los Angeles are 
good examples-the main streets become 
infested with "sucker joints" for tourists: 
all-night jewelry auctions, bargain linens 
and cheap neckties, hamburger stands 
and bars with jazz bands. The slums, in 
other words, are spreading to the central 
business districts. 

A further, though more problematic 
development, is the movement to the 
suburbs of banks, corporation offices, 
law firms and the businesses that service 
them. The need for close contact and 
communication that caused them to clus­
ter in the city may be relieved by the 
teletype machine, facsimile and closed­
circuit television. Even the downtown 

hotel is likely to give way to the subur­
ban motel, except for the convention 
trade, an incidental further boost to the 
honky-tonk transformation of the down­
town business areas. On the other hand, 
the cities have maintained their prepon­
derance in manufacturing. The relative 
immobility of heavy industry has the re­
sult of fixing the laboring and semiskilled 
groups, including large numbers of Ne­
groes, within the central cities. To re­
build the loss of tax revenues resulting 
from decline of their downtown and resi­
dential areas, some cities are engaged in 
campaigns to attract new manufacturing 
enterprises. The success of such efforts 
will, of course, accentuate the evolution 
of the central cities into lower-class eth­
nic islands. 

\Vhatever the melancholy resem­
blance between the older segregation 
patterns of the rural South and the 
newer ones of the urban North, there is 
one important difference: the Negroes 
of the North can vote. What will happen 

more and more predominant in their cli- DEPARTMENT STORES EXTEND THEIR OPERATIONS to the suburbs because of the 

entele, tend to concentrate on cheap changing character of their metropolitan surroundings. At left is a photograph of Broadway 
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when the councils of some cities, and 
their representations in state legisla­
tures, become predominantly Negro? 

l' he most likely political development 
is the organization of Negroes for 

ends conceived narrowly to the advan­
tage of the Negro community. Such 
political effort might aim to destroy zon­
ing and building restrictions for the im­
mediate purpose of enlarging opportuni­
ties for desperately needed Negro hous­
ing against stubborn social pressures. If 
successful, the outcome might merely ex­
tend the Negro ghetto and cause a fur­
ther departure of white populations to 
the suburbs. Yet the short-run political 
appeal of this action cannot be denied. 
What the Negroes seek for themselves in 
Chicago in 1975 or 1985 might not be 
any more selfishly conceived than what 
Irish-dominated city councils in Boston 
and New York have sought in the past. 

At the very least, these cities that be­
come politically dominated by Negroes 

will find it more difficult to bring about 
the urban-suburban cooperation so badly 
needed in so many fields. They will find 
greatly exacerbated what is already 
keenly felt in a majority of states: the 
conflict between the great urban center 
and the rural "downstate" or "upstate" 
areas. Similar effects will follow in the 
national Congress, once a number of 
large cities are largely represented by 
Negro congressmen. The pitting of 
whites against Negroes, of white policies 
against Negro policies, does not await 
actual Negro urban domination. The cry 
has already been raised in state legisla­
tures. The conflict can only grow more 
acute as race and class become increas­
ingly coterminous with local government 
boundaries. 

In the long run it is highly unlikely 
that the white population will, without 
resistance, allow Negroes to become 
dominant in the cities. The cultural and 
economic stakes are too high. One coun­
termeasure will surely present itself to 

the suburbanites: to annex the suburbs, 
with their predominantly white popula­
tions, to the cities. This will be a historic 
reversal of the traditional suburban an­
tipathy to annexation. But from the 
point of view of the suburbanite he will 
be annexing the city to the suburbs. 

The use of annexation to curb Negro 
political power is already under way. It 
was an explicit argument used in the 
large-scale suburban annexation to 
Nashville in 1951. And other recent an­
nexations, largely confined to the South, 
have been designed for the same end. 
The more familiar practice of gerry­
mandering is also already widely em­
ployed to reduce Negro representation 
in legislative bodies of city, state and 
nation. 

The political forecast is a new round 
of repression aimed at Negroes. For this 
one, they will be better armed-in effec­
tive numbers, economic strength, politi­
cal sophistication, and allies in the white 
population. 

and Third Street in downtown Los Angeles. In the middle distance 

is a department store called "The Bl'Oadway." Farther down the 

street is another store called "May Co." At right is a photograph 

of new branches of these stores in a suburban shopping center. 
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. SALT AND RAIN 

What Inake the tiny \yater droplets of a cloud gro\y into the large 
drops of rain? Some recent studies indicate that particles of salt fron1 
the sea may play a key role in the process over both sea and land 

W
hen you stand at the rail of a 
ship on a bright sunny day with 
a fresh wind blowing and 

watch the sparkling whitecaps dancing 
on the sea, rain is likely to be one of the 
farthest subjects from your mind. But 
those whitecaps have begun to interest 
meteorologists intensely. There is reason 

• 

• 

by A. J-l. Woodcock 

to su pect that they are responsible, in 
an unexpected way, for much of the 
rainfall that nourishes life on the earth. 
We have arrived at this suspicion 
through laboratory studies of the bub­
bles that form their spray. 

The chain of reasoning starts from 
one of the key questions of meteorology: 

• 

\;Vhat makes clouds turn into rain? �lore 
specifically, the question is: How do the 
tiny droplets of a cloud coalesce into 
water drops big enough to fall as rain? 

If cloud droplets themselves could fall 
to the ground, our planet would have 
fewer water problems. As everyone 
knows, a cloud at ground level (i.e., fog) 

• 

• 

CLOUD DROPLETS AND RAINDROP are enlarged some 100 

diameters in this schematic comparison. The cloud droplets (dots) 
are about .001 inch in diameter; the raindrop (arc), about .1 inch. 

One raindrop consists of a million to eight million cloud droplets. 
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deposits moisture on leaves, twigs and 
other surfaces. The grass grows greener 
and longer under the drip zone of a tree 
or bush, and even under a telephone 
line. (This observation has led one cloud 
physicist to propose that water might be 
trapped for reservoirs by stringing wires 
on mountains frequently shrouded in 
cloud.) But over most of the earth clouds 
usually float high in the air. Their drop­
lets fall so slowly that they evaporate 
long before they might reach the ground. 
To come down as rain the droplets in a 
cloud must grow to drops that fall at 
least 20 times faster. The problem that 
has occupied cloud physicists is to learn 
just how and under what conditions 
droplets grow into raindrops. 

Let us see what gives rise to the cloud 
droplets themselves. The beam of a 
searchlight pointed upward at night 
shows that even apparently clear air is 
actually a "soup" of particles. The air 
may contain anywhere from 10,000 to 
100,000 particles per cubic inch. When 
the relative humidity is high, water va­
por condenses on many particles and be­
gins to form droplets; this accounts for 
the haziness of the air on a muggy day 
and for the poor visibility you may have 
noticed while flying in an airplane below 
a cloud. Actual cloud materializes when 
the humidity reaches a certain critical 
value which turns most of the dust par­
ticles into water droplets. 

Under the right conditions the cloud 
droplets will combine rapidly into rain­
drops; a concentration of 10,000 cloud 
droplets per cubic inch yields one rain­
drop per 10 cubic inches. There are two 
general theories about how this takes 
place. 

One is the ice-crystal theory, origi-
nally developed by Tor Bergeron of 

Sweden and Walter Findeisen of Ger­
many. In the cold upper regions of a 
high cloud the droplets are supercooled. 
If ice crystals are present, they evapo­
rate the droplets and then absorb the 
vapor, much as crystals of calcium chlo­
ride and other drying agents absorb 
moisture. The ice crystals, feeding on 
the cloud droplets, may grow to large 
size and fall as snow or melt to rain. 

This process is the basis of artificial 
rainmaking by means of dry ice and 
other crystals. The exciting experiments 
and discoveries of Irving Langmuir, Vin­
cent J. Schaefer and Bernard Vonnegut 
in the laboratories of the General Elec­
tric Company led to the first clear-cut 
information on how nature makes rain 
[see "Cloud Seeding," by Bernard Von­
negut; SCIENTIFIC AMEHICAN, January, 
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TWO PROCESSES by which cloud droplets grow into raindrops or snow are outlined. In 

the first picture of the sequence at left droplets of various sizes have formed by condensing 

on nuclei such as smoke or salt particles. The largest nuclei form the largest droplets. In the 

second and third pictures a large droplet grows by collision with small droplets until it is 

heavy enough to fall to the ground. In the first picture of the sequence at right a snow 

crystal forms when a droplet freezes or when a freezing nucleus is present. The droplets in 

the vicinity of the crystal tend to evaporate, providing water vapor for the crystal to grow. 

In the second and third pictures the crystal has grown large enough to fall and to grow 

by coalescence with the droplets. It may melt into a raindrop or reach the ground as snow. 
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1952]. But it soon became evident that 
the ice-crystal process is not the only 
way. Rain can fall from warm clouds as 
well as cold. How is it generated in 
clouds that lack ice crystals and super­
cooled droplets? 

We must find some other mechanism 
that can combine droplets into big drops, 
and this brings us to the second theory. 
It suggests that large particles in 
clouds grow into raindrops by sweeping 
up the smaller droplets. The particles of 
dust or dustlike material in our atmos­
phere have a great range of sizes: if we 
magnified them so that the smallest were 
the size of a BB pellet, the largest would 
be as big as a bathtub. The big particles 
form comparatively large cloud droplets, 
and these of course fall faster than the 
smail ones. As they move through the 
cloud, they pick up the smaller droplets 
in their path, just as a rolling drop of 
mercury gathers up any mercury drops 
it encounters. Thus the larger dust nu­
clei in a cloud can grow to the size of a 
raindrop. Each big droplet has plenty 

of smaller ones to feed on, because BB­
sized nuclei outnumber the bathtub­
sized ones about 100,000 to 1. A cloud 
will produce rain, according to this 
theory, when it contains sufficient mois­
ture and a suitable number of giant 
nuclei. 

I t may be that some rains are triggered 
by ice crystals, some by giant nuclei 

and some by both combined. Very prob­
ably both processes play a part in many 
rains. We are therefore led to the inter­
esting question: What are the giant nu­
clei and where do they come from? This 
question gave rise to the researches I 
mentioned at the beginning of the arti­
cle. My associates and I at the Woods 
Hole Oceanographic Institution, and 
other groups in the U. S., Sweden and 
Australia, have been investigating the 
possibility that the rain-generating giant 
nuclei are salt particles from the sea. 

The problem is being explored along 
several lines, with the objects of deter­
mining how much salt is taken up from 

SALT PARTICLE SIZE 

(TIMES 100) 
RAINDROP SIZE 

(TIMES 10) 

APPROXIMATE NUMBER 

PER CUBIC YARD OF AIR 

• 

• 

• 

DIAMETER 

(MILLIMETERS) 

.44 

.66 

.96 

1.41 

2.06 

• 

DIAMETER 

(MILLIMETERS) 

5.8 

8.7 

12.4 

18.7 

26.8 

3,000 

1,000 

400 

100 

SIZE OF RAINDROPS is directly related to the size of the salt particles on which they 

condense. This relationship was observed in photographs such as those on pages 46 and 47. 
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the sea by winds, how much is carried 
inland over the continents, what the 
sizes of the salt particles are, whether 
they serve as nuclei for raindrops, how 
salty inland rains are, and so on. 

First, there can be no doubt that 
winds blowing over the oceans pick up 
a substantial load of salt particles. Or­
dinary sea winds carry from 10 to 100 
pounds of sea salt per cubic mile of air; 
storm winds may bear as much as 1,000 
pounds or more per cubic mile. Sec­
ondly, it is equally plain that the winds 
transport a great deal of salt from the 
sea over land. The corrosion of steel tow­
ers testifies to the saltiness of our inland 
atmosphere. A gentle, invisible rain of 
salt falls constantly on the land. We can 
taste the salt on pine needles, and in the 
early morning light we see the salt par­
ticles glittering like jewels on spider 
webs. Systematic surveys have verified 
that salt particles, large and small, are 
spread through the atmosphere, from the 
ground up to high altitudes. Cloud­
physics groups at the University of Chi­
cago, at the University of Stockholm 
and in Australia have found them over 
much of the interior of the U. S., Sweden 
and Australia. 

Next, there is statistical evidence of a 
relationship between the amount of salt 
carried inland from the sea and the 
amount of salt in our rainfall. This is 
based on measurements of the average 
salt content of sea air, the amount of sea 
air blown in over our coastlines in a year, 
the country's total yearly rainfall and the 
average saltiness of the rain (as sampled 
by C. Junge at 60 stations distributed 
throughout the U. S.). It turns out that 
the actual "salt-fall" in rain (3.8 pounds 
per acre per year) is remarkably close 
to the theoretical total deposit of salt 
(4.8 pounds per acre) that would be 
expected from the calculation of the salt 
load brought in over our shores by the 
winds. 

let us look at the salt particles in somE. 
--.l detail. We have collected them in 

the air on glass slides held out of an air­
plane: the slides soon become fogged 
with salt crystals or droplets. Although 
the particles are tiny (some amounting 
to as little as a millionth of a millionth of 
an ounce), we can weigh them by an 
indirect method which entails exposing 
them to moisture. Salt greedily takes up 
water from the air, as anyone who has 
dealt with a salt shaker on a humid 
morning is well aware. A salt crystal kept 
in damp air collects enough water to dis­
solve completely into a droplet. The 
amount of water it will collect depends 
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SALT WAS SAMPLED by Woodcock with glass slides such as the 

one at left. The slides were held out of airplanes at various altitudes 

by means of the apparatus at right. The slide can be seen projecting 

from the top of the apparatus. Below the slide is a housing in which 

it is enclosed until it is ready for exposure. To the right of the 

housing is a wooden airfoil which keeps the slide pointed forward. 

When the apparatus is held out of an airplane, the slide is brought 

out of the housing by pushing the handle at bottom. After a pre­

scribed interval, the slide is moved back into the housing, the 

apparatus brought back into the airplane and the slide dismounted_ 
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SALT PARTICLES grow into droplets in these two sequences of 

three photomicrogr"phs each. The photomicrographs were made 

by placing slides bearing salt particles in a chamber in which the 

humidity could be controlled. The salt particles in the se<juence 

on its weight [see illustrations on pages 
46 and 47]. Thus we can calculate the 
weight of a salt particle from the size of 
the droplet it forms in air of a given 
relative humidity. 

By "reading" the weights of sea-salt 
particles in this way we have been able 
not only to measure the salt load of the 
air at various locations and altitudes but 
also to relate the particles to raindrops. 
We have learned, for one thing, that 
there is a direct parallel between the 
sizes of salt particles in the air and the 
sizes of raindrops [see chaIt on page 44]. 
Rain usually has a salt concentration of 
about one part per million by weight. 
Assuming that this ratio holds in the in­
dividual drops, we can compute the size 
of raindrop that a salt particle of a given 
size should form. The larger the particle, 
the larger the raindrop, of course. Anal­
,'sis of ocean rain with the help of a rain-

drop "spectrograph," an instrument de­
veloped by Australian workers to sort 
out the drops according to size, has 
shown that the larger drops do indeed 
contain more salt than the small ones. 

All of this certainly seems to indicate 
that salt particles act as nuclei to pro­
duce raindrops and precipitation. The 
idea gains further support from a find­
ing that the number of drops per unit 
volume in rain over the sea is about the 
same as the number of salt particles in 
ocean air. 

We come now to the question of how 
salt particles get into the air from 

sea water. A natural place to look for 
the mechanism is in whitecaps or surf. 
Their bursting bubbles are known to 
shoot small droplets into the air. Ylem­
bers of our laboratory have examined the 
process by high-speed photography and 

other studies and learned some impor­
tant facts. 

When a bubble in the froth of a white­
cap bursts, it shoots into the air a jet 
which breaks into many droplets. The 
starting speed of these droplets ranges 
from 10 to 80 miles per hour. Because 
of the air resistance, the droplets rise no 
higher than eight inches from the sur­
face. But this gives time enough for the 
water to evaporate and leave tiny salt 
particles floating in the air, where they 
can be swept up by the wind. The bub­
bles range from microscopic size up to 
about one tenth of an inch in diameter. 
Small bubbles vastly outnumber the 
larger ones, which accounts for the fact 
that small salt particles are so much more 
numerous than large ones in the air, 

The discovery that salt particles fired 
into the air by bubbles 011 the sea sur­
face may be largely responsible for our 

BURSTING BUBBLE fires droplets of water into the air in this 

sequence of six high·speed photographs made at the Woods Hole 

Oceanographic Institution. This is the main mechanism by "'hich 

salt particles rise from the surface of the sea. In the first photo· 
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at left were obtained from concentrated sea water; the particles in 

the sequence at right, from droplets in the air at an altitude of 2,000 

feet. In the first photograph of each sequence the relative humidity 

is 32 per cent; in the second, 84 per cent; in the third, 96 per cent. 

rain presents a number of exciting ques­
tions for study. Among other things, we 
would like to- know a good deal more 
about what factors control the formation 
of bubbles on the surface of the sea. Be­
sides the winds that kick up whitecaps, 
other important factors seem to be the 
fall of raindrops and the melting of snow­
flakes, both of which processes produce 
bubbles. Since these three phenomena 
(wind, rain and snow) are so variable, 
air masses arriving over land from the 
sea must vary a great deal in salt load. 
Does saltier air produce more rain? The 
answers to such questions may bring us 
closer to being able to control rainfall 
than we have been up to now. 

B asic research often yields by-products 
which are just as interesting as the 

main question being pursued. It was so 
in our studies. Studying the droplets shot 

from the sea surface, we discovered that 
they were electrified. In some manner 
not yet understood, the bubble-bursting 
mechanism separates charges, so that 
most of the ejected droplets are positive­
ly charged. Duncan C. Blanchard of our 
laboratory measured their charges by 
suspending them in an electric field (the 
technique originated by the Nobel prize 
physicist Robert A. Millikan). On the 
basis of his measurements he calculated 
that the charged droplets ejected from 
the oceans may account for a major part 
of the electrification of the atmosphere. 

Another unexpected and important 
discovery, made in our laboratory by 
Charles H. Keith, was that droplets 
ejected from a water surface covered 
with organic matter come out coated 
with this material. Since the seas in many 
parts of the world have organic films 
floating on their surface, this finding sug-

gests that the oceans may supply a 
substantial part of the food of plants. It 
has been known that airborne droplets 
sometimes contain small sea organisms 
and parts of plankton. The notorious 
"red tide" along our Gulf seacoast, 
an occasional phenomenon produced by 
great swarms of reddish plankton, sends 
up airborne droplets containing a sub­
stance very irritating to mucous mem­
branes, as shore dwellers and fishermen 
have discovered to their distress. 

Looking at those innocent whitecaps 
on the sea, one would hardly imagine 
that they are important causes of our 
planet's rain, the electrification of our 
atmosphere and the distribution of plant 
nutrients from the sea to the land. 
Whether they turn out in the end to be 
more or less important than we now 
think them, they have led us into an eye­
opening new field of research. 

graph the bubble is intact. In the second the bubble breaks through 

the surface. In the third it becomes almost conical. In the fourth 

a tiny jet of water begins to form. In the fifth a droplet breaks 

away from the jet. In the sixth another droplet begins to form. 
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PEPPERED MOTH (Biston betularia) is almost invisible against 

the varicolored background of a mossy tree trunk. The reader will 
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find the moth just above and to the right of the center of this photo· 

graph. This kind of camouflage is called disruptive coloration. 
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Defense by Color 

It lS generally assumed that the coloration of some animals lS 

for the purpose of deceiving predators. Is this assun1ption true? 

An account of some experilnental efforts to answer the question 

A
imals with the gift of "camouflage" 

have been a beguiling subject of 
debate ever since Charles Dar­

win's time. Is their coloring actually a 
disguise to deceive their enemies, or is 
it just an accident of nature? Anyone 
who has watched a flounder change 
color to match its background, or seen 
a "twig" suddenly start crawling along 
a branch, is not likely to be in much 
doubt about the answer. But it can be 
argued that this evidence is entirely 
subjective and circumstantial. After all, 
we see these animals with human eyes, 
and we cannot be sure that their preda­
tors see them exactly as we do; in fact, 
we know that the vision of many ani­
mals is quite different from ours. Fur­
thermore, if we accept the idea of pro­
tective coloration, it is not easy to under­
stand how the processes of evolution 
could have produced the exquisitely 
precise patterns of mimicry that some of 
these animals display. 

The 19th-century naturalists looked 
for answers to these questions in the 
field; nowadays zoologists prefer to in­
vestigate them in the laboratory. This 
article is an account of experiments 
which have cleared up some of the ques­
tions and brought to light many fas­
cinating new facts. 

The English zoologist Hugh B. Cott, 
in his classic work called Adaptive Col­
oration in Animals, has described a num­
ber of ways in which color patterns can 
serve as defense. There are animals 
whose coloring gives concealment, by 
matching the background of their usual 
environment; there are evil-tasting ani­
mals whose coloring is bright and con­
spicuous, as if to advertise their distaste­
fulness; there are animals that mimic 
these species, so that, although they are 
not distasteful themselves, predators 
avoid them; there are insects that dis-

by N. Tinbergen 

play glaring "eye spots" which are 
thought to scare predators away; there 
are other insects with small eyelike spots 
on their wing tips which are believed to 
deceive predators into striking there in­
stead of at the head. 

Some of this may sound fanciful, but 
experiments have shown that the facts 
are stranger than fancy. Let us take the 
camouflage experiments first. 

A classic series of experiments was 
performed by the late F. B. Sumner 

at the Scripps Institution of Oceanogra­
phy [see "How Animals Change Color," 
by Loms J. and Margery J. Milne; SCI­
ENTIFIC AMERICAN, March, 1952]. He 
tested, among other things, the effective­
ness of adaptive coloring in protecting 

fish against a predator. As subjects he 
used minnows of the genus called Gam­
busia, which turn dark when kept in a 
black tank and bleach out when kept in 
a white tank. Sumner put a large number 
of bleached and dark fish in a white 
tank and introduced a penguin to feed 
on them. Since the fish change color 
only slowly, the dark fish remained con­
siderably more conspicuous in this tank 
than the bleached ones. The upshot of 
the experiment was that the penguin did 
in fact catch many more of the dark fish; 
conversely, in a dark tank the bleached 
fish suffered the heavier losses. Tests 
with other predators-herons and fish 
that prey on Gambusia-gave the same 
result. 

Many other experiments have con-

LARVA OF THE PUSS MOTH (Dicranura vinulal illustrates the stratagem of counter· 

shading. The larva usually hangs upside down from a branch or twig; in that position its 

shading makes it appear flat. In this position the shading makes the larva conspicuous. 
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CONSPICUOUS CATERPILLARS advertise their distastefulness with yellow and black 

stripes. Birds that have tasted the cinnabar·moth larvae shown in this pbotograph learn to 

avoid them, and cease to prey upon other larvae which have a similar warning pattern. 
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firmed that camouflaged individuals 
come off far better against their preda­
tors than more conspicuous ones. Some 
of the camouflage patterns are quite re­
markable: certnin caterpillars look ex­
actly like a twig [see photograph on 
page 54]; there is a peppered moth 
which matches tree bark almost per­
fectly [see page 48], and so on. One of 
the effective camouflage devices is coun­
tershading-a transition from a dark 
shade on the upper side of the animal 
to a lighter shade on the underside, 
which counteracts natural shading and 
makes the creature look like a flat spot 
instead of three-dimensional, at least to 
human eyes [see photograph 011 the pre­
cedil1g page]. 

Leen de Ruiter, one of my co-workers 
in the department of zoology at the Uni­
versity of Oxford, has demonstrated that 
countershading protects caterpillars 
against birds. He had to use killed cater­
pillars to eliminate the possibility of 
their giving theJllselves away by JllO\·ing. 
(In nature all camouflaged animals 
freeze as soon as they spot a predator, 
and some of them hold a stationary po­
sition all day.) De Ruiter mounted coun­
tershaded caterpillars on twigs, half of 
them dark side up, the other half, lig:1t 
side up. He then distributed these ob­
jects in a naturally planted aviary occu­
pied by European jays. The birds ate 
many more of the inverted (light-side­
up) caterpillars than of the others. De 
Ruiter was able to prove that the loss 
of countershading was responsible for 
their readier detection. By tests with 
models he established further that shad­
ing creates an illusion of three-dimen­
sionality for birds, as it does for us in a 

painting. 
De Ruiter next tested the birds on 

caterpillars that resemble twigs. The 
very first experiment yielded a result al­
most too good to be true. Over the Hoar 
of the aviary he scattered some birch 
twigs and caterpillars of a species that 
looks like these twigs. When jays were 
admitted to the cage, they began to hop 
about looking for food. For the first 20 
minutes or so they ignored the twigs and 
the motionless caterpillars. Then one of 
the birds happened to step on a cater­
pillar, and this made the animal wriggle. 
The jay snapped it up and immediately 
began to pick up, indiscriminately, other 
caterpillars and twigs as well! Clearly 
the bird confused twigs with caterpillars, 
and vice versa. Much the same thing 
happened in repetitions of the test with 
other jays and with chaffinches. When 
caterpillars outnumbered twigs, the 
birds took the disappointments in stride 
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EFFECTIVENESS OF FRIGHTENING PATTERNS at bottom was 

tested by flashing a light in the box at top just as a bird approached 

a mealworm, so tbat the patterns appeared snddenly on either side 

of the worm. The birds were frightened most by the eye spots at 

lower right, which closely resemble the "warning spots" on the 

wings of certain moths (see photographs on next two pages) . 
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EYED HAWK MOTH (Smerillthus ocellata) in the photographs on 

these two pages shows how a species with eye spots on its wings 

uses them to frighten birds. In its usual position (photograph at 

left) the moth's eye spots are concealed. It will remain in this 

and went on hunting for caterpillars. But 
if they picked up more twigs than cater­
pillars, they became discouraged and 
gave up searching. This suggests that in 
nature it is important for stick cater­
pillars not to become as numerous as 
their inedible models. 

The tests illustrated another interest­
ing point. The detection of the first cater­
pillar apparently affected the bird's nerv­
ous system in some way: in anthropo­
morphic language, it suddenly began to 
"expect" stick caterpillars. This phenom­
enon of developing a "set" for a particu­
lar stimulus-a searching image of a spe­
cific prey-has been observed in many 
animals. The German physiologist Erich 
von Holst has noted similar effects at 
lower integration levels of the nervous 
system, and he has proposed a theory to 
explain such "stimulus expectation." 

Consider now the opposite of camou-
flage-the showy coloring that an­

nounces distastefulness. A good example 
is the caterpillar stage of the European 
cinnabar moth. This larva is boldly col-
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ored with yellow and black stripes, and 
its characteristic swarms on ragwort can 
be seen a long way,off [see photograph 
on page 50]. Birds and other cater­
pillar-eaters sometimes try the creature, 
but after one taste they let it stIictly 
alone. The German zoologist Wilhelm 
Windecker made a systematic analysis 
to find out what part of the cinnabar 
caterpillar was distasteful to birds, offer­
ing them various portions of its body in 
a mixture with meal worms. He found 
that the unpalatable part was the cater­
pillar's hairs. 

Windecker also discovered that once 
a bird has tasted this unpleasantness, it 
will avoid all animals colored like the 
cinnabar caterpillar. Other experiment­
ers have demonstrated the same phe­
nomenon. For example, Georg Mostler 
of Germany found that a bird will not 
attack wasps after one or two disagree­
able experiences with them; further­
more, it will not even take certain flies 
with the same yellow and black pat­
tern as wasps, although it has previous­
ly eaten these flies with relish. The mem-

ory of a bird for unpleasant experiences 
is very good indeed; one of MO,stler's 
birds refused wasps eight months after 
its last encounter with one. Another ex­
perimenter who has looked into the mat­
ter of color-pattern conditioning is 
Hans Miihlmann of Germany. He paint­
ed red rings around mealworms, dipped 
them in a distasteful substance and then 
offered them to his birds. The birds 
thereafter shied away from mealworms 
with red wings or any roughly similar 
markings. 

Possibly the strangest form of visual 
armor is �he frightening "eye spots" 
possessed by certain moths and butter­
flies. These species have no bad taste or 
other weapon: their only defense is a 
pair of big, bold eyelike markings on 
their underwings which they display 
suddenly when touched by a predator 
[see photograph on next page]. My col­
league A. D. Blest proved that this bluff 
scares birds off. He presented peacock 
butterflies, a species that has these mark­
ings, to his birds. When the butterflies, 
on being pecked, displayed their eye 
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posIllOn until it is touched or pecked at by a bird. When this 

happens it will display its eye spots (photograph at right). The 

spots are called false warning colors because they are capable of 
frightening a bird even though the moth poses no real threat. 

spots, the birds jumped back. Sometimes 
the birds tried again later and ate the 
butterflies, but in most cases they let 
the creatures alone. Testing the birds on 
peacock butterflies whose eye spots had 
been rubbed off, Blest found them much 
less inhibited about attacking these. 

He went on to compare the effects of 
various patterns. For these experiments 
he constructed a simple box with slides 
bearing patterns-a pair of crosses, a pair 
of rings, etc. The pattern was displayed 
by switching on a light in the box [see 
illustrations on page 51l. Blest laid a 

meal worm on top of the box to attract 
the bird and switched on the display 
suddenly just as the bird pecked. Its 
frightening effect was measured by how 
frequently it put birds to flight. Each 
pattern evoked very consistent responses 
from the various birds tested, some of 
which had been raised in cages, others 
caught in the wild. The birds were some­
what troubled by a pair of crosses or 
parallel bars; a pair of single rings was 
more frightening; double rings still more 
frightening; and the pattern that drove 

the birds off most effectively was a pair 
of eyelike designs exactly like the eye 
spots on insects' wings. 

Finally, Blest tested the theory that 
small spots on the extremities of some 
insects serve as deceptions to deflect 
predators from a vulnerable part of the 
animal. Using mealworms for his experi­
ments, he painted a small spot on either 
the head or tail end. The birds then 
usually picked up the end that had the 
spot, whether it was at the head or the 
tail, although they normally show a 
slight bias for the head end. The experi­
ments gave support to the idea that the 
natural spots found on the wing tips of 
insects may serve as deceptive targets 
for birds. 

We have overwhelming evidence, 
then, that the protective colors and 

markings of animals cannot be mere ac­
cidents. An enormous number of animal 
forms have patterns of the kinds I have 
been discussing. Moreover, the behavior 
of the animal is generally calculated to 
make the most of its deceptive markings. 

For instance, a countershaded animal 
always keeps its dark side up: indeed, 
there is a fish (Synodontis batensoda) 
whose bottom side is darker than its top, 
and this fish habitually swims upside 
down! Countershaded animals vary con­
Siderably in the mechanisms responsible 
for their color scheme (in some it is due 
to the skin, in others to the skin and 
blood, etc.), and they differ in the 
method of determining which side is up 
(some responding to light, others to 
gravity), but in every case the net result 
is the same: all of them keep the darker 
side turned up. This can only mean that 
the phenomenon is a true adaptation. 

If protective coloration is not an ac­
cident but an adaptive product of evo­
lution, how does the crude process of 
natural selection produce the highly 
special and intricate patterns that these 
animals display? In the case of the in­
sects we have been considering, birds 
must act as the selectors. Now birds are 
notoriously undiscriminating in some 
ways: for instance, a male robin will 
posture at the sight of a dummy made 
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MIMICRY OF A TWIG (second from top) by a caterpillar (at top) is shown in this 

photograph. The mimicked twig came from the species of birch that this caterpillar 

normally inhabits. The rest of the twigs came from other trees. In experiments predatory 

birds confused the caterpillars only with twigs from the caterpillars' host trees. 
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of red feathers, as if it were a rival male 
robin. What reason is there to suppose, 
then, that birds can act as fine-grain 
selectors, destroying, say, caterpillars 
that differ slightly from twigs, so that 
only the very ''best'' stick insects survive? 
De Ruiter's and Blest's experiments give 
direct information on this point. 

De Ruiter strewed various kinds of 
twigs in a cage, along with caterpillars 
that mimicked one of the twig types. He 
found that birds confused a caterpillar 
only with a twig that it resembled close­
ly. For instance, when a bird discovered 
the caterpillar resembling a birch twig 
(by accidentally stepping on it), the 
bird proceeded to pick up birch twigs 
but not other kinds. This discrimination 
suggests that a bird is capable of distin­
guishing between a twig and a cater· 
pillar that does not quite match the twig. 

Blest's experiments with the various 
patterns on his slides likewise demon­
strated that birds have fairly good pow­
ers of discrimination. His birds were 
markedly less frightened by a double­
ring pattern than by a drawing which 
included shading and a highlight so that 
it looked more like an eye. 

The same set of experiments suggests 
an answer to another key question about 
the evolution of protective patterns: 
How did such adaptations start? It is 
quite unlikely that mutation suddenly 
produced a butterfly with spots on its 
wings that looked like eyes. The eye 
spots must have evolved from much 
cruder beginnings. Let us imagine some 
ancient ancestor of this butterfly which 
had only a weak tendency to fly. When 
pecked by a bird, it merely flapped its 
wings. This would be a poor defense 
against the bird, but if a mutant of the 
butterfly turned up with spots on its 
wings, the deterrent would be stronger. 
As Blest's experiments showed, even a 
pair of crosses suddenly displayed to a 
bird has a slightly frightening effect up­
on it. So wing spots which appeared 
suddenly when a butterfly spread its 
wings would give it a slightly improved 
chance of survival; in the course of time 
evolution would favor the descendants 
whose spots came more and more to re­
semble an eye. Thus the insect, aImed 
only with this phony but effective threat, 
would remain a viable species in spite of 
its stationary habits. 

Of course we have no direct proof of 
such a theory, but we can at least say 
that the results of the experiments per­
formed so far are consistent with it. In­
deed, it is hard to think of any other 
reasonable explanation of the experi­
mental findings and the amazingly artful 
color defenses of these animals in nature. 
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___ Kodak reports on: 
photographic materials for looking down ... lending a certain air to your work . • •  

photographic materials for looking up 

Two new aerial films 

In an economy based squarely and 
frankly on planned technological 
obsolescence, it has been almost em­
barrassing that for many years the 
aerial mappers' Kodak Super-XX 
Aerographic Film has stayed vir­
tually unchanged. When a company 
makes a product on which a whole 
craft bases itself, strong pressures 
are felt from the customers them­
selves to leave well enough alone. 
Eventually, though, comes time to 
uncork the achievements of re­
search and see what happens. 

So : In an airplane we identically 
mount two identical, simultane­
ously actuated cameras with identi­
cal lenses and take them up to 
20,000 feet on a good day. One con­
tains Kodak Super-XX Film and the 
other the new Kodak Plus-X Aere­
con Film. We do some photogra­
phy, give both films the same proc­
essing in Kodak Developer D-J9, 
and put a magnifier to the nega­
tives. Railroad ties are not resolved 
on the Super-XX, and they are re­
solved on the Plus-X Aerecon. 

Plus-X Aerecon is designed for 
high-altitude work. It is about a 
third of a stop slower than Super­
Xx. Its spectral sensitivity goes 
out to 710 mJ.L in the near-infrared. 
Its acutance-a measure of the 
sharpness with which it can repro­
duce the edge of an object-is very 
much higher than that of Super-XX. 
Furthermore, its acutance remains 
high at the high densities. On a re­
solving power test object of 1000: I 
contrast, Plus-X gives an advan­
tage over Super-XX in the ratio of 
9 :8, but when the contrast drops 
to 2:1 the resolving power advan­
tage of Plus-X, instead of vanishing, 
rises to 3 :2. Our research men find 
this astonishing. (They will be glad 
to talk with you and load you up 
with reprints of papers that dis­
tinguish in extremely precise lan­
guage between resolving power, 
acutance, granularity, and graini­
ness, which are all very different 
concepts.) 

The new Kodak Tri-X Aerecon 
Film also goes out to 710 mJ.L and 
has twice the speed of Super-XX. 
We have long made "Tri-X" aerial 
film of this speed in order to ex­
tend the length of the shooting day 

and, in high latitudes, of the shoot­
ing season; to say nothing of the 
shooting night for nocturnal aerial 
photographers, who can work long­
er hours when their load capacity 
of light-bombs goes farther. 

Now we have succeeded in put­
ting this high speed into an emul­
sion of higher acutance which, in 
hot countries, can be processed as 
hot as 90 F. 

To dig into this thing, write Eastman 
Kodak Company, Government Sales 
Division, Rochester 4, N. Y. 

For titrating 
There are direct-reading pH meters 
and there are 57 different Eastman 
pH Indicators that work by simple 
color change. (We own a great 
many meters and sell a lot of in­
dicators.) If none of our indicators 
gives a color you can see through 
the material being measured, you 
might consider one of the 23 East­
man Fluorescent Indicators and an 
ultraviolet lamp. They change fluo­
rescence with pH. They also lendl a 
Mephistophelean air to your work. 

Our newest compound with this 
property, trans-o-Hydroxycinnamic 
Acid (Eastman 7398, long known 
as coumaric acid) is for titrating 
weak acid against strong base. It is 
said to take on a green fluorescence 
in passing from pH 7.2 to 9.0, to 
detect mercurous ions amidst mer­
curic ions, and to inhibit zygote 
germination in the green alga 
Chlamydomonas eugametus. 

I For an J 1" X 15V2" chart oj the indi­
cators or a copy oj List No. 40 oj some 
3600 other highly available Eastman 
Organic Chemicals, write Distillation 
Products Industries, Rochester 3, N. Y. 
(Division oj Eastman Kodak Company). 
lJ anybody wants to give us a procedural 
abstract oj the mercurous ion determi­
nation Jrom the Polish journal that 
published it, we'lt distribute it to other 
interested parties. 

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 

A hobby for dear nights 
The following proposal offers little 
prospect for fame, advancement, or 
even succor to suffering humanity. 
All it offers is a chance to add a few 
grains to the mortar in the edifice 
of science. Here and there are a few 
happy people who enjoy that sort 
of thing. 

Why not celebrate the Interna­
tional Geophysical Year by gather­
ing some data for the IGY Auroral 
Data Center, Rockefeller Hall, 
Cornell University, Ithaca, N. Y. 
(or, if you are Canadian, for the 
IGY Auroral Centre, National Re­
search Council, Ottawa)? Write 
them for instructions. 

The sun is now at the stormy 
stage of .its cycle. It sends forth 
bursts of electrons and ions which 
set the night sky ablaze with the 
rayed arcs, homogeneous arcs, pul­
sating arcs, pulsating spots, glows, 
rays, coronas, and flames of the 
aurora. On clear, moonless nights 
when the show is on, in places with­
out overwhelming competition from 
smog-scattered illumination emitted 
by certain atmospheric gases when 
they are excited in glass tubes for 
the greater glory of hot dogs and 
horsepower, it is worth looking up 
in the sky for. 

Looking is all you need do. 
Either the Center or the Centre 
supplies free report forms carrying 
a printed protractor for measuring 
angles in the sky. 

Photographic records, however, 
are also wanted. To make them one 
needs a camera lens faster than 
//4.5. (The Cine-Kodak K-JOO Cam­
eras of the U. S. and Canadian 
official observing programs have 
//1.4 lenses.) With Kodak Royal 
Pan Film or Kodak Tri-X Film at 
//3.5, reasonable exposure times 
for medium to bright auroras run 
from 18 to 60 seconds. Much faster 
and better for the purpose is the 
phenomenal new Kodak Royal-X 
Pan Film, but it must be processed 
according to the package directions 
rather than through usual commer­
cial channels. 

At Cornell, if necessary, they'll put 
the graduate students' wives to work 
reading the /lood oj photos and reports 
that ought to come in. 
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T
he half-century-long decline in 
study of science and mathematics 
in high schools was reversed last 

year, according to an official survey by 
the U. S. Office of Education. For the 
first time since 1910, the proportion of 
students taking science and mathematics 
courses increased. 

More high schools made such instruc­
tion available. In 1956 physics and 
chemistry were offered by 82 per cent 
of the nation's high schools, against only 
77 per cent in 1954; and 81 per cent 
gave courses in plane geometry, com­
pared with 78 per cent in 1954. But en­
rollments are still far behind 1910. For 
example, last year 28.7 per cent of all 
high-school students were taking alge­
bra; in 1910, 56.9 per cent. 

Biased Neutrons 

N ow that physicists have discovered 
the first examples of asymmetrical 

matter [see "The Overthrow of Parity," 
by Philip Morrison; SCIENTIFIC AMERI­
CAN, April), symmetry is beginning to 
collapse all along the line. They first 
found violations of the conservation of 
parity in the decay of cobalt atoms and 
mesons, which turned out to emit elec­
trons mainly in one direction. Physicists 
of the Argonne National Laboratory now 
report that they have detected asym­
metry in the neutron: when a neutron 
decays, about two times out of three it 
discharges the electron from its north 
magnetic pole. 

The Argonne experimenters got their 
neutrons lined up parallel by putting a 

SCIENCE AND 
magnetized cobalt-iron mirror in the 
path of a neutron beam from a reactor: 
after reflection from the mirror the mag­
netic axes of all the neutrons were uni­
formly oriented with the north poles 
pointing upward. The direction of emis­
sion of electrons from the lined-up neu­
trons was then detected with counters. 
It developed that emission upward pre­
vailed over emission downward in the 
ratio of 100 to 62. The theoreticians are 
now trying to figure out what this tells 
about the nature of neutrons. 

The group reportin g this work in The 
Physical Review were M. T. Burgy, R. J. 
Epstein, V. E. Krohn, T. B. Novey, S. 
Raboy, C. R. Ringo and V. L. Telegdi. 

Storable Liqnid Hydrogen 

l iquid hydrogen evaporates rapidly 
L even in the best-insulated container: 
about 20 per cent boils away in a single 
day. Three scientists at the National Bu­
reau of Standards have now discovered a 

. way to slow its evaporation. 
In a hydrogen molecule the two pro­

tons may spin in the same direction or 
in opposite directions: the first form is 
called ortho, the second para. Normally 
hydrogen is mainly in the ortho form, 
but when it is lil\uefied at minus 423 
degrees Fahrenheit, nearly all the mole­
cules slowly change to the para form. 
The change releases heat, and this is the 
reason for lil\uid hydrogen's evaporation 
even in a sealed and cooled container. 

Daniel H. Weitzel, Charles C. Van 
Valin and James W. Draper of the Bu­
reau of Standards devised a treatment 
which quickly converts hydrogen almost 
completely to the para form. As soon as 
it is liquefied, they let it run over a bed 
of ferric oxide palticles, which Hip over 
some of the magnetic hydrogen atoms so 
that the spins of each pair are in oppo­
site directions. The homogeneous para 
hydrogen then releases no appreciable 
heat. It can be stored for a month with 
only 20 per cent loss. 

Revolution in Radar 

A team of Columbia University physi-
cists and engineers has extended the 

practical range of radar perhaps tenfold 
through an entirely new method of send­
ing and receiving signals. Heretofore not 
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THE CITIZEN 
even the most powerful radar has been 
able to get a distinguishable echo from 
an object as small as an airplane beyond 
a few hundred miles. The new radar will 
resolve such signals for much greater dis­
tances or with much less power. 

The system, whose details are classi­
fied, is able to separate weak signals from 
background electrical "noise" and ampli­
fy them. It broadcasts a continuous 
stream of microwaves, instead of pulses, 
and analyzes the incoming signal; it 
identifies the steady reflection from the 
target and filters out the erratic noise. 

John R. Dunning, dean of the Colum­
bia School of Engineering, expects the 
new radar to "alter the whole concept of 
how we're going to communicate over 
long distances and in outer space." There 
are still, however, some engineering 
problems to be solved, and it may be 
three years before the equipment can be 
manufactured. 

The new radar is an outgrowth of 
ideas on which the late Edwin H. Arm­
strong, pioneer in FM radio, was work­
ing before his suicide in 1954. The re­
search was completed at Columbia's 
Edwin H. Armstrong Laboratory by a 
group headed by John H. Bose, Law­
rence H. O'Neill, R. I. Bernstein and 
Sterling Fisher. 

Uranium Plasma 

A radically new and possibly cheaper 
way of generating electric power 

from nuclear fission has been suggested 
by S. A. Colgate and R. L. Aamodt of 
the University of California. They pro­
pose an ingenious scheme for converting 
the energy of uranium fission directly to 
electricity. 

Their reactor would simply be a hol­
low cylinder, 150 feet long and 25 feet 
in diameter. Into one end they would 
pump a plasma of fissionable uranium 
at 6,000 degrees centigrade (that is, in 
the form of completely ionized gas) . The 
cloud of uranium vapor, sufficiently con­
centrated to form a critical mass, would 
start an explosive fission chain reaction. 
This would shoot the gas down the 
length of the cylinder. It would pass 
through a magnetic field girdling the 
cylinder. Since ionized gas is an excellent 
conductor of electricity, its interaction 
with the stationary magnetic field would 
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generate an electric current, just as in a 
conventional generator. When the dis­
persed gas collected at the other end of 
the cylinder, it would again be concen­
trated enough to constitute a critical 
mass, and it would now be fired back. 
Shuttling back and forth faster than the 
speed of sound, the gas would generate 
a continuous alternating current. 

Colgate and Aamodt, outlining their 
proposal in Nucleonics, concede that it 
may be hard to find a suitable heat-re­
sisting material for the walls of the reac­
tor: their preliminary design calls for 
graphite. If this problem can be solved, 
they believe their odd reactor will work. 
They estimate that one such reactor 
would generate almost 500,000 kilowatts 
at an over-all efficiency of about 20 per 
cent-a figure that compares favorably 
with the efficiency of generating plants 
in general. 

Colgate is a member of Project Sher­
wood, the hydrogen-fusion experimental 
program at Livermore, Calif. Aamodt is 
on the staff of the Los Alamos Scientific 
Laboratory. 

Backward Comet 

�st April astronomers were treated to 
a rare sight: a new comet with a 

tail that points toward the sun instead 
of away from it, as most comets' tails 
do. Fred L. Whipple, director of the 
Smithsonian Institution's Astrophysical 
Observatory, now believes he can ex­
plain why this freak comet, called Arend­
Roland, wears its tail backward. 

The pressure of the sun's light is 
generally assumed to push a comet's tail 
away from its direction. Whipple sug­
gests that Arend-Roland is probably a 
newly formed comet which has never 
before visited the neighborhood of the 
sun. Still unbaked by the sun's heat, it 
may have a feathery mantle of icy crys­
tals. As it approaches the sun, heat may 
be penetrating deeply into this mantle 
and vaporizing the crystals; jets of steam 
from the heated material would then 
shoot in the sun's direction, for the jets 
would be stronger than the pressure of 
the sun's light. 

Early Returns from I.C.Y. 

T he International Geophysical Year, 
only three months old, has already 

yielded some important discoveries. As 
this issue of SCIENTIFIC AMERICAN went 
to press several had been mllounced. 

Alfred C. B. Lovell, director of the 
Jodrell Bank Experimental Station in 

England, reported that radar stations at 
Jodrell Bank and at Halley Bay in Ant­
arctica had confirmed that auroras occur 
Simultaneously in the Northern and 
Southern Hemispheres. 

Sydney Chapman, president of the in­
ternational I.G.Y. committee, reported 
that streams of corpuscles from the sun 
come much closer to the earth's surface 
than had been thought. A balloon-borne 
Geiger counter released in Minnesota 
after the eruption of a gigantic solar 
flare detected charged particles as low 
as 20 miles above the ground. 

Maurice J. Davidson, a Columbia Uni­
versity geologist, discovered a submarine 
mountain range 5,000 feet high on the 
floor of the Arctic Ocean. 

But the satellite projects were not 
going too well. Scientists of the U. S. S. R. 
had not yet made laboratory models of 
their satellites or even decided on their 
size or weight. In the U. S. , workers on 
Project Vanguard have built 20-pound 
models, but the propulsion problem is 
still so formidable that they think they 
may have to begin with projectiles no 
bigger than a softball, carrying no in­
struments except possibly a radio trans­
mitter for tracking purposes. 

From Babylon to Crete 

�near A has been cracked. This is the 
strange ancient script, found by 

archaeologists on the island of Crete, 
which has long resisted decoding [see 
"The Language of Homer's Heroes," by 
Jotham Johnson; SCIEl\TIFIC AMERICAN, 
Y1ay, 1954]. Cyrus H. Gordon of Bran­
deis University, a specialist in Semitic 
languages and culture, has now de­
ciphered Linear A and made the surpris­
ing discovery that it is the language of 
the ancient Babylonians, the so-called 
Akkadian language [see mticle begin­
ning on page 70]. 

Sixty years ago the British archaeol­
ogist Sir Arthur Evans unearthed some 
2,000 baked clay tablets in the ruins 
of an ancient palace at Knossos on Crete. 
They had two kinds of script, which 
were given the names Linear A and Lin­
ear B. After defying linguists and cryp­
tographers for half a century, Linear B 
was finally broken five years ago by a 
young British architect, Michael Ventris. 
It was identified as a pre-Homeric Greek 
language. Linear A remained baffiing. 
It seemed to be an earlier version of 
Linear B, but the language was plainly 
not Greek. 

Gordon studied Ventris's work and 
concluded that Linear A must have been 
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used for a Semitic language. The first 
break came when he found that two fre­
quently linked symbols, according to 
Ventris's pronunciation key, stood for the 
sounds "gab-ba." This he recognized as 
the word meaning "all" in Akkadian. 
Gordon confirmed that the language is 
Akkadian by working out a dozen syl­
lables, and he is proceeding toward un­
raveling the Linear A writing. 

Apart from the interesting discovery 
of this intimate connection between an­
cient Crete and distant Babylonia, the 
finding raises some puzzling questions, 
among them: Why did the Cretans go to 
the trouble of devising a new script for 
Akkadian to replace the cuneiform script 
in which it had long been written? 

Controlled Mlttation 

A team of biologists at Columbia Uni-
versity has succeeded in producing 

synthetic genes which changed the he­
redity of bacteria. Stephen Zamenhof, 
Rosalie de Giovanni and Sheldon Greer 
reported their achievement at a meeting 
of the American Institute of Biological 
Sciences in Palo Alto, Calif. 

They created the new genes by sub­
stituting one compound for another in 
nucleic acids, the genetic material. The 
substance they replaced is thymine. In­
stead of thymine they fed the bacteria 
a similar substance called 5-bromouracil. 
Apparently some of the bacteria incor­
porated 5-bromouracil in their genetic 
material, for their offspring differed 
drastically from the original strain. 
Some were giants, others dwarfs, still 
others grotesquely misshapen. Not all 
the changes were permanent, but a few 
have persisted through 180 generations. 

Mouse-Rat 

Dutch physiologists at the Nether-
lands national Medical Biological 

Laboratory have manufactured a beast 
with the body of a mouse, the blood of 
a rat and patches of mouse skin and rat 
skin. Their feat is reported in Nature. 

The Dutch experimenters, and also 
English workers, had first produced mice 
which made rat blood instead of mouse 
blood. After exposing the mice to heavy 
doses of radiation which presumably 
desh'oyed their blood-cell synthesizing 
machinery, the experimenters planted 
rat bone-marrow in the mice. Many of 
the mice survived and thereafter had 
only red and white cells of the rat type 
in their blood. 

On their rat-blooded mice the Dutch 
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SILICONE NEWS 

Task Force: Silicones 
• Help deliver the Hustler's punch glass laminate. While the spacers 

and insulators formerly used would 
melt under unusual stress, the 
silicone-glass parts are unaffected 
even if trouble on the circuit should 
"force temperatures to 680 F! Here 
again, as in hundreds of industrial 
and consumer products, Dow Corn­
ing Silicones have helped solve a 
major dependability problem. 

• Protect vital communications 

• Keep the DEW line lighted 

DEPENDABLE ALLIES in the constant battle to preserve peace are silicones­
the same Dow Corning Silicones that help production men mop up trouble 
spots ... that help designers engineer better consumer products. While the 
detailed story of how silicones aid our defense program is under security 
wraps, some information about the vital role silicones play in strengthening 
our defense arm can now be revealed. 

READY RADAR - Strung above 
the Arctic Circle is a line of Distant 
Early Warning radar stations. In that 
remote, deep-freeze area, dependable 
and maintenance-free power is essen­
tial. That's why Western Electric 
Company, prime contractor for DEW 
Line installations, specified silicone 
insulated dry-type transformers to 
supply station power and lighting 
requirements. 

STRIKING STRENGTH - The 
Convair B58 Hustler, spectacular new 
addition to our air arm, delivers 
an extremely accurate and lethal 
"punch". One of the reasons for 
its superior fire power efficiency is 
Silas tic, * the Dow Corning silicone 
rubber. 

The B58's electronic fire control cen­
ters need protection against jolting 
and electrical leakage. Silastic pro­
vides for that need. Silas tic cushions 
and insulates the fire control "brains" 
against the roughest flight, despite the 
sub-zero temperatures encountered 
aloft. Silas tic also remains resilient 
when subjected - as often occurs 
in this equipment - to temperatures 
of 350F. Designed and produced for 
the Convair B58 by Emerson Elec­
tric Manufacturing, these electronic 
packages, cushioned in Silastic, assure 
the Hustler's ability to deliver. 

On the civilian front, products rang-
*T. M. REG. U. S. PAT. OFF. 

ing from "fry pans" to electric motors 
-from portable TV's to automobile 
transmissions - have been improved 
with Silas tic, the silicone ru bber 
that retains superior electrical and 
physical properties from -130 to 
over 500 F. 

NEW SWITCH-Communications 

When insulated with Dow Corning 
Silicones, dry-type transformers offer 
exceptionally light weight, maximum 
reliability, and are unaffected by 
arctic cold even when idle. In indus-

are vital in military operation. Strom- trial installations, this type of silicone 
berg-Carlson solved a major problem insulated transformer offers excep­
of reliability in field-type telephone tionally safe and reliable perform­
switches by adopting coil spacers and ance and permits location close to 
insulators of silicone resin-bonded the load. 

FOR MORE INFORMATION on any of these silicone products 
or applications, write Dept. 9822 

Do"" Corning CORPORATION 
MIDLAND. MICHIGAN 

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON. D. C. 
C.A,..AOA, cow CORNING SII,.ICONES I..TD_. TORONTO GIilEAT .'UTAIH, MIDL.AND SILICONES I..TO •• L.ONOON ,."ANce. ST. G.O'A.N, ,. ... RIS 
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create � 

PositioN 
AT MELPAR 

leading Research Laboratory in Suburban 
Washington, D. C. 

Several long range systems development 
programs have recently been awarded to 
Melpar, the execution of which require our 
engineers and scientists to pioneer into the 
no-man's-land of science. Of a highly ad­
vanced nature, these programs are vital to 
the Nation's defense and include weapons 
systems evaluation in a variety of fields and 
over 90 diversified projects in electronic 
R&D. 

These long term assignments have created 
challenging openings which you are invited 
to consider. As a Melpar staff member you 
will become a member of a small project 
team charged with responsibility for entire 

projects, from initial conception to comple-
tion of prototype. Your advancement will be 
rapid, thanks to our policy of individual 
recognition, which promotes you on the 
basis of your performance, rather than age 
or tenure. 

Wire or phone collect, or write to: 
Technical Personnel Representative 

® MELPAR Incorporated 
A SubsIdIary of Westmghouse Air Brake Company 
3334 Arlington Boulevard, Falls Church, Va. 

10 miles from Washington, D. C. 

Openings Also Available at Our 
Laboratories in Boston and Watertown, Massachusetts. 

workers grafted patches of rat skin. Or­
dinarily a skin graft from one animal 
to another will not take. But on the 
mice with rat blood the rat skin not 
only took hold but grew rat hair. Ap­
parently these mice had lost the ability 
to manufacture antibodies against rat 
tissue. This idea is borne out by analysis 
of their gamma globulin (the blood 
fraction that contains antibodies). The 
mice's blood serum contains gamma 
globulin of the rat type. 

Some of the mice with transplanted 
rat marrow have a mixture of mouse and 
rat blood. No one has yet explained how 
they can survive, for the two kinds of 
blood might be expected to induce anti­
bodies which would make the blood cells 
clump and kill the animals. 

Long Dreams 

N athaniel Kleitman, the eminent Uni-
versity of Chicago student of sleep, 

has killed another myth about sleep. 
He reports that dreams are not fleeting 
but have about the same pace as waking 
experiences. 

Kleitman and an associate, William 
Dement, had seven men and two women 
sleep wearing electrodes that recorded 
their brain waves and eyeball move­
ments. Five or six times a night the 
sleepers were awakened and asked what, 
if anything, they had just been dreaming. 
Comparing the answers with the electri­
cal records, Kleitman and Dement were 
able to trace parallels between the 
dreams and their records. They found 
that during a dream the eyeballs move 
rapidly and brain waves take on a saw­
tooth pattern quite different from the 
long, rolling waves of dreamless sleep. 
Most of the eyeball movements were up 
and down, but one sleeper who 
dreamed that he was watching two peo­
ple hurl tomatoes at each other moved 
his eyes from side to side. 

The experimenters concluded that the 
dreams of th�ir subjects averaged about 
20 minutes in length. The shortest was 
three minutes, the longest 50. Dreams 
tend to be longer toward morning. The 
experiments were described in the JOllr­
nal of Expe1"imental Psychology. 

Lonely Eminence 

�!Jilit�ry traditio� says, and most or-
dmary experIence agrees, that a 

leader is most effective when he does not 
fraternize with his men. Fred E. Fied­
ler, a University of Illinois psychologist, 
tested this theory by long observation of 
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Your business is in the Age of Electronics 

Your engineers 
a man can�uch -or can 

Aren't your 

modern, highly trained 

engineers happier and more 

productive when they have fast, mod­

ern engineering tools to work with? Is your 

Company profiting from the use of electronic 

instruments-time-saving, supremely accurate 

new engineering aids? Hewlett-Packard electronic 

instruments save engineering time. 300 different 

-hp- instruments make countless measurements 

more swiftly and precisely than possible any other 

way. Your present engineering group can do much 

more creative work if not shackled by routine meas-

urement made in tedious obsolete ways. Over 

130 Hewlett-Packard field engineers are today 

helping company after company eliminate 

time-wasting measuring methods. A letter 

from you will assure an -hp- engineer 

in touch with your engineers 

- instantly. 

he! 

� world leader tn electronic m,easuring instruments 

� 

Frequency, quantities, power, speed, 

velocity, temperature, pressure, RPM, 
RPS, ratios --hp- instruments meas­

ure almost anything that can be 

transduced to electrical impulses. 

Alongside is -hp- 500C Electronic 

Tachometer Indicator, for measuring 

RPM from 15 to 6,000.000 RPM. 
$285. Make sure your next instrument 

requisition specifies -hp- equipment. 

HEWLETT- PACKARD COMPANY 
PALO ALTO, CALIFORNIA 

Field application engineers throughout the world 
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Engineers ancl Scientists: 

YOU SWITCH 

SCIENCE NO 

Let RM.'s Self-Evaluating 
test help you make your 
decision ... 
in your own home. 

Determine for yourself-immediately-whether 
your training in your present position qualifies 
you for the vast opportunities in rocket science. 
Reaction Motors, America's first rocket engine 
company, has prepared a technical test for men 
with three to five years professional engineering 
experience. You can take this test at home ... 
and evaluate the results for yourself. 

Send for the test that applies to your particular 
field of engineering, physics or chemistry. The 
problems are typical of the kind rocket scientists 
work with every day. Take the test at your leisure, 
and score it with the answer sheet provided. 

If you score well in the test, you may be ready 
right now to take your place at RMI in America's 
fastest-growing industry ... to work creatively in 
an exciting new field ... to enjoy high pay and 
unusual opportunities for advancement and pro­
fessional recognition. 

Fill out and send in the coupon below for your 
copy of RMl's Technical Test. 

r---------------------------------, 
I 
I 
I 
I 
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REACTION MOTORS, INC. 
20 Ford Road, Denville, N.J. 

Please send me your Self-Evaluating Technical 
Test for Success Potential in Rocket Science. 

My Name' ___________ _ 

My Addres>-s __________ _ 

Please check your field. 

o Mechanical Engineering 

o Electrical Engineering 

o Chemical Engineering 

o Civil Engineering 

D Aeronautical Engineering 

o Industrial Engineering 

o Physics 

o Chemistry 

I REACTION MOTORS. INC. 
------- - -------------------------

military officers, business executives and 
athletic coaches. He concludes that so­
cial aloofness does indeed strengthen 
leadership-but not for the reason most 
people think. 

The supposed reason is that familiarity 
breeds contempt. Fiedler finds, however, 
that the degree of familiarity of a group 
with its leader has little or no bearing 
on how well the members follow him. 
They get to know him well and freely 
discuss his weaknesses no matter how 
distant he is from them. The most im­
portant effect of aloofness is on the 
leader himself. A leader who has few 
personal friendships with members of 
his group has a clearer perception of his 
role and is freer to make rational deci­
sions. Such a leader gains the greatest 
respect and cooperation from his fol­
lowers-whether the group is a military 
unit, a basketball team or a business or­
ganization. 

Philology by Machine 

The International Business Machines 
Corporation and the Roman Catholic 

Church recently collaborated on a mas­
sive work of linguistic scholarship. They 
compiled a concordance (index of words 
and phrases) of the IS-million-word 
complete works of Saint Thomas Aqui­
nas, employing a relatively simple data­
processing machine of the punched-card 
type, which is economical enough to be 
used in many universities. If manually 
performed, this task would have re­
quired about 40 years of drudgery by 50 
scholars. 

The method was devised by P. Tas­
man of IBM in collaboration with a 
Jesuit priest, Father Robert Busa of the 
Aloisianum, an academy of Thomistic 
studies in Italy near Milan. After clerks 
had typed every phrase on cards, the 
machine broke them down into indi­
vidual words, listed the words alpha­
betically and cited all their occurrences 
in phrases. 

The project raised the intriguing pos­
sibility of using mechanized scholarship 
for textual analysis, according to a re­
port in the IBM Journal of Research and 
Development. In making a concordance, 
the computer acquires so perfect a 
knowledge of the author's style that it 
can be used to ferret out spurious addi­
tions to the text and reconstruct brief 
lost passages with far greater accuracy 
than any human scholar. On a test run, 
the IBM 705 computer was able to fill 
in correctly gaps as long as five words 
which had been deliberately crossed out 
in a text. 
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LUBRICANTS . . .  for the Daedalus to circle the moon 

If you work with avant-garde, special­
ized engineering-for jet aircraft, rocket 
flight through space, or cross-country 
turnpike cruisers-you run smack up 
against a need for particular kinds of 
liquids for special kinds of work. You 
might find you need a special coolant 
that slows down neutrons; a hydraulic 
fluid with a particular viscosity range; 
a fire-resistant or high-temperature lubri­
cant. Such functional fluids must be 
chemically made to meet the demands 
of the operation: higher temperatures, 
greater velocities, extreme pressures, 
highly critical operating environments. 

In your development of new engineering 
design in the field of servomechanisms, 
aerodynamics, applied hydraulics­
Monsanto can assist you greatly with 
the development of the kind of func­
tional fluid your work requires-from 
synthetic lubricants for turbine-engine 
cars to operable hydraulic fluids for rock­
ets that approach the thermal barrier. 

Here are some examples of fluids now 
undergoing field evaluation which show 

how Monsanto can help meet special­
ized needs for "chemically tailored" 
lubricants: 

Monsanto, to date, has developed: Fire­
resistant hydraulic fluids for aviation 
and industrial applications including: 

PYDRAUL* F-9, PYDRAUL 150, 
PYDRAUL 600, PYDRAUL AC, 
PYDRAUL 60, PYDRAUL 625, 
SKYDROL*, and SKYDROL 500. 

Thermally stable synthetic hydraulic 
fluids for guided missiles and super­
sonic aircraft including OS-45, Type III, 
and OS-45, Type IV. 

Monsanto is presently developing: Fire­
resistant steam turbine lubricants; nu­
clear reactor coolants; radiation resist­
ant hydraulic fluids and lubricants; 7000 
F. jet engine lubricants; synthetic auto­
matic weapons lubricant. 

Monsanto has programmed for devel­

opment: "Chemically tailored" fluids 
for automotive use such as improved 
high-temperature brake fluids, superior 

automatic transmission fluids, synthetic 
lubricants for automotive gas turbine 
engines, and, for the aircraft field: hy­
draulic fluids and lubricants capable of 
operating in the range of 8000 F.-
10000 F. 

When you require a special fluid for 
special needs, you are invited to con­
tact Monsanto ... the pioneer in devel­
opment of synthetic functional fluids. 

Organic Chemicals Division; Dept SA-2 
MONSANTO CHEMICAL COMPANY 

St. Louis 1, Missouri 

'Reg. U. S. Pat. Off. 
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DESIGNED FOR 

TRAINING 
TES'TING 

RESEARCH 

The current "need to know" phase of peace time 

Nuclear Energy Applications requires a versatile, prac­

tical, and economical tool for the ultimate realization of 

economic nuclear propulsion and locomotion as well as 

the multitude of radiation applications requiring experi­

mentation and study. 

The present state of the art emphasizes the need for 

data which determine radiation damage effects, the 

constant improvement in energy conversion, the manu­

facture and use of isotopes and the training of skilled 

operators and technicians. 

After carefully studying the reactors available, 

Nucledyne undertook the design of the NTR 100. This 

new reactor makes possible the following specifications 

and realizations. 

NUCLEDYNE FURNISHES THE SUPPORT FACILITIES 
The above operative 100,000 curie cobalt 60 hot cell was designed and con­

structed by Nucledyne. This cell will provide an area 16 x 16 x 15% to be 
used for dynamic testing (under a lOG R/HR flux) to determine the effect 
of radiation upon fuels, lubricants and oils. 
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,00 Reactor 
This reactor design provides a basic neutron source that can be used by both industry and 

training centers. The use to which this design can be put is limited only by the imagination of 
the user. For a minimum cost, a medium flux level of 10l�n/cn� /sec. is achieved. This enables 
the researchers in reactor engineering, chemistry, physics, biology, and medicine to explore the 
peace time uses of the atom. 

Because of the flux level and "customized" experimental facilities this reactor can be used 
in most testing situations. 

Typical experiments used in reactor engineering training can be performed with ease and 
safety. Start up and operating procedures are those in common use on most reactors providing 
thorough training in reactor operation. 
REACTOR CORE 

The reactor core uses a standard and well proven type of fuel element; namely the MTR 
type fuel plates. The core is water moderated, water reflected top and bottom, and graphite 
reflected on the sides to achieve a high flux to power ratio by lowering the critical mass. 
REACTOR SHIELD 

The biological shield is barytes concrete. Experimental facilities such as water irradiation 
tank, thermal column, beam holes, etc. can be designed to meet individual requirements. 
CONTROL ROD SYSTEM 

Four symmetrically located control rods are being used. One is under servo control, one is 
a shim and the other two are cocked for safety rods. 
SHUTDOWN MECHANISMS AND SAFETY FEATURES 

The reactor core has large negative temperature and void coefficients plus two independent 
shutdown mechanisms. These shutdown mechanisms consist of insertion of gravity actuated 
rods and a moderator dump feature. 

GENERAL REACTOR DESCRIPTION 

Maximum Power: 
Maximum Thermal Flux: 
Critical Mass: 
Type 01 Core: 

Cere Size: 
Available 'Test Area on One Face 01 Graphite Reflector: 
Graphite Thermal Column: 
Moderator & Coolant: 
Over·all Reactor Height: 
Maximum Width (acra;s corners 01 octegon) 
Biolagicel Shield: 
Shield Over lattice: 
Water Circulation Rate: 
Stprage Tank Volume: 
Power Re.quirements: 

100 kw 
> 101�n/cm�/sec 
2.5 kg 
Four side graphite reflected heterogeneous, water re; 
fleeted top & bottom 
5 element x 5 element, MTR type 
5 It.� 
51t. x 5 It. x 6 It. �eep 
Water 
11 It. 
18 It. 
6 It. Barytes Concrete 
3.5 It. Water and 3.75 It. Barytes Concrete 
34 gpm 
500 gal. 
50 kw, 110·V a·c, Single Phase 
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@ 
Radio Engineering 
Laboratories -Inc. 

29-01 Borden Ave· Long Island City 1, N. Y. 

STillwell 6-2100. Teletype: NY 4-2816 

Canadian Representative: 

AltearH & Soper Co • 384 Bank 5t • Ottawa 

U N I Q U E 

Full utilization of the superior characteristics of tropo scatter communication is 
achieved by REL combining diversity receiver equipment. These notable 
advantages are unique with RE L diversity receivers: 

1) Positive in/provement in signal-to-noise ratios over single receiver operation, \Vhen 
received signals in each receiver are approximately equal in quality; 

3 db for dual diversity 

4.75 db for triple diversity 

6 db for quadruple diversity 

2) Signal-to-noise ratios at least equal to that of best receiver in the diversity 
combina tion. 

3) Circuit reliability enhanced by cofnbining all signal paths. 

4) Response time of the combiniHg actioH optimized for both voice aHd teletype 
reception to an attack time of o. 2 milliseconds. 

5) Combiner dynamic response increased to 40 db. 

6) The adaptability and versatility of all receivers further augmented by a 1500 ohnt 
output for staHdard graphic recordif/g equipment. 

The same imagination and skills which devised this apparatus are available for 
solving your specialized radio problems. 

Typical quadruple diversity operation of REL combining receiver. Output to multiplex available frolll all receivers. 
V = vertical polarizatioll, H = horizontal. 
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no substitute can do what copper does ! 
Keeping out weather, heating more comfortably, assuring brisk flow of rust-free water through 

pipe lines . . .  these are jobs that only copper, of all building metals, does so well. Its superb resistance to 

corrosion adds years of life to roofing products, water and drainage lines. Copper's durability, ease of 

installation and outstanding ability to transfer heat makes it best of all metals, too, for radiant heating. 

In home wiring, no other commercial metal matches copper for electrical conductivity and ease of joining! 

KENNECOTT COPPER CORPORATION � :"b�;�:��i::' CHASE BRASS & COPPER CO . •  KEN N ECOTT WIRE & CABLE CO. 
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PARTLY EXCAVATED BURIAL of a lady.in.waiting to a 

Sumerian royal family of 2500 B.C. was moved intact from Ur to 

the University Museum of the University of Pennsylvania. Amid 
the rich ornaments of gold may be seen the teeth of their wearer. 
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The Sumerians 
This gifted people lived at the head of the Persian Gulf roughly 

between 5,000 and 3,500 years ago. Their brilliant technological 

and social inventions laid the foundation of Inodern civibizotion 

T he Tigris-Euphrates plain is a hot, 
arid land. Six thousand years ago 
it was a wind-swept barren. It had 

no minerals, almost no stone, no trees, 
practically no building material of any 
kind. It has been described as a land 
with "the hand of God against it." Yet 
it was in this desolate region that man 
built what was probably the first high 
civilization. Here were born the inven­
tions of writing, farming technology, ar­
chitecture, the first codes of law, the first 
cities. Perhaps the very poverty of the 
land provided the stimulus that moth­
ered these inventions. But the main 
credit must go to the people who cre­
ated them-a most remarkable people 
called the S,}merians. 

These Sumerians, as now revealed by 
long archaeological research, were a sur­
prisingly modern folk. In many ways 
they were like the pioneers who built 
the U. S.-practical, ambitious, enter­
prising, jealous of their personal rights, 
technologically inventive. Having no 
stone or timber, they built with marsh 
reeds and river mud, invented the brick 
mold and erected cities of baked clay. 
They canalled the waters of the Tigris 
and Euphrates rivers into the arid fields 
and turned Sumer into a veritable Gar­
den of Eden. To manage their irrigation 
systems they originated regional govern­
ment, thus emerging from the petty so­
cial order of the family and village to the 
city-state. They created a written lan­
guage and committed it to permanent 
clay tablets. They traded their grain sur­
pluses to distant peoples for metals and 
other materials they lacked. By the third 
millennium B.C. the culture and civili­
zation of Sumer, a country about the size 
of the state of Massachusetts, had spread 
its influence over the whole Middle East, 
from India to the Mediterranean. And 
there is hardly an area of our culture 

by Samuel Noah Kramer 

today-in mathematics or philosophy, 
literature or architecture, finance or edu­
cation, law or politics, religion or folk­
lore-that does not owe some of its ori­
gins to the Sumerians. 

One might suppose that the story of 
the Sumerians and their accomplish­
ments would be one of the most cele­
brated in history. But the astonishing 
fact is that until about a century ago the 
modern world had no idea that Sumer 
or its people had ever existed. For more 
than 2,000 years they had simply van­
ished from the human record. Babylonia 
and ancient Egypt were known to every 
history student, but the earlier Sume­
rians were buried and forgotten. Now, 
thanks to a century of archaeological 
labor and to the Sumerians' own cunei­
form tablets, we have come to know 
them intimately-as well as or better than 
any other people of the early history of 
mankind. The story of how the lost Su­
merian civilization was discovered is it­
self a remarkable chapter. This article 
will review briefly how the history of the 
Sumerians was resurrected and what we 
have learned about them. 

The Cuneiform Tablets 

Modern archaeologists began to dig 
in Mesopotamia for its ancient civiliza­
tions around a century ago. They were 
looking for the cities of the Assyrians and 
Babylonians, who of course were well 
known from Biblical and Greek litera­
ture. As the world knows, the diggers 
soon came upon incredibly rich finds. At 
the sites of Nineveh and other ancient 
Assyrian cities they unearthed many clay 
tablets inscribed with the wedge-shaped 
writing called cuneiform. This script was 
taken to be the invention of the Assyri­
ans. Since the Assyrians were apparently 
a Semitic people, the language was as-

sumed to be Semitic. But few clues were 
available for decipherment of the strange 
cuneiform script. 

Then came a development which was 
to be as important a key to discovery in 
Mesopotamia as the famous Rosetta 
Stone in Egypt. In western Persia, nota­
bly on the Rock of Behistun, European 
scholars found some cuneiform inscrip­
tions in three languages. They identified 
one of the languages as Old Persian, an­
other as Elamite, and the third as the 
language of the Assyrian tablets. The 
way was now open to decipher the cunei­
form writing-first the Old Persian, then 
the Assyrian, of which it was apparently 
a translation. 

When scholars finally deciphered the 
"Assyrian" script, they discovered that 
the cuneiform writing could not have 
been originated by the Assyrian Semites. 
Its symbols, which were not alphabetic 
but syllabic and ideographic, apparently 
were derived from non-Semitic rather 
than Semitic words. And many of the 
cuneiform tablets turned out to be writ­
ten in a language without any Semitic 
characteristics whatever. The archaeolo­
gists had to conclude, therefore, that the 
Assyrians had taken over the cuneiform 
script from a people who had lived in 
the region before them. 

Who were this people? Jules Oppelt, 
a leading 19th-century investigator of 
ancient Mesopotamia, found a clue to 
their name in certain inscriptions which 
referred to the "King of Sumer and 
Akkad." He concluded that Akkad was 
the northern part of the country (in­
deed, the Assyrians and Babylonians 
are now called Akkadians) , and that 
Sumer was the southern part, inhabited 
by the people who spoke the non­
Semitic language and had invented 
cuneiform writing. 

So it was that the Sumerians were re-
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discovered after 2,000 years of oblivion. 
Oppelt resurrected their name in 1869. 
In the following decades French, Amer­
ican, Anglo-American and German ex­
peditions uncovered the buried Sume­
rian cities-Lagash, Nippur, Shuruppak, 
Kish, Ur (Ur of the Chaldees in the 
Bible) , Erech, Asmar and so on. The 
excavation of ancient Sumer has pro­
ceeded almost continuously for three 
quarters of a century; even during World 
War II the Iraqi went on digging at a 
few sites. These historic explorations 
have recovered hundreds of thousands of 
Sumerian tablets, great temples, monu­
ments, tombs, sculptures, paintings, 
tools, irrigation systems and remnants of 
almost every aspect of the Sumerian cul­
ture. As a result we have a fairly com­
plete picture of what life in Sumer was 
like 5,000 years ago. We know some­
thing about how the Sumerians looked 
(from their statues) ; we know a good 
deal about their houses and palaces, 
their tools and weapons, their art and 
musical instruments, their jewels and or­
naments, their skills and crafts, their in­
dustry and commerce, their belles lettres 
and government, their schools and tem­
ples, their loves and hates, their kings 
and history. 

The Peoples of Sumer 

Let us run quickly over the history. 
The area where the Sumerians lived is 
lower Mesopotamia, from Baghdad 
down to the Persian Gulf [see the map 
at the right]. It is reasonably certain 
that the Sumerians themselves were 
not the first settlers in this region. Just as 
the Indian names Mississippi, Massachu­
setts, etc., show that North America was 
inhabited before the English-speaking 
settlers came, so we know that the Sume­
rians were preceded in Mesopotamia by 
another people because the ancient 
names of the Tigris and Euphrates riv­
ers (Idigna and Buranun), and even 
the names of the Sumerian cities (Nip­
pur, Ur, Kish, etc.) , are not Sumerian 
words. The city names must be derived 
from villages inhabited by the earlier 
people. 

The same kind of clue-words that 
turn up in the Sumerian writing but are 
plainly not Sumerian in origin-tells us 
something about those first settlers in 
Sumel'. As Benno Landsberger of the 
University of Chicago, one of the keen­
est minds in cuneiform research, has 
shown, among these pre-Sumerian words 
are those for farmer, herdsman, fisher­
man, plow, metal smith, carpenter, 
weaver, potter, mason and perhaps even 
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merchant. It follows that the predeces­
sors of the Sumerians must already have 
developed a fairly advanced civilization. 
This is confirmed by excavations of their 
stone implements and pottery. 

The dates of Sumer's early history 
have always been surrounded with un­
certainty, and they have not been satis­
factOl'ily settled by tests with the new 
method of radiocarbon dating. Accord­
ing to the best present estimates, the 
first settlers occupied the area some time 
before 4000 B.C.; new geological evi­
dence indicates that the lower Tigris­
Euphrates Valley, once covered by the 
Persian Gulf, became an inhabitable 
land well before that date. Be that as it 
may, it seems that the people called Su­
merians did not arrive in the region until 
nearly 3000 B.C. Just where they came 
from is in doubt, but there is some rea­
son to believe that their original home 
had been in the neighborhood of a city 
called Aratta, which may have been near 
the Caspian Sea: Sumerian epic poets 
sang glowingly of Aratta, and its people 
were said to speak the Sumerian lan­
guage. 

Wherever the Sumerians came from, 
they brought a creative spirit and an ex­
traordinary surge of progress to the land 
of Sumel'. Uniting with the people who 
already inhabited it, they developed a 
rich and powerful civilization. Not long 
after they arrived, a king called Etana 
became the ruler of all Sumer: he is de­
scribed in Sumerian literature as "the 
man who stabilized all the lands," and 
he may therefore be the first empire 
builder in human history. Sumer reached 
its fullest flowering around 2500 B.C., 
when its people had developed the 
cuneiform symbols and thereby originat­
ed their finest gift to civilization-the gift 
of written communication and history. 
Their own history came to an end some 
800 years later: about 1720 B.C. In that 
year Hammurabi of Babylon won con­
trol of the country, and Sumer disap­
peared in a Babylonian kingdom. 

Life in Sumer 

The Sumerians' writings and disin­
terred cities, as I have said, make it pos­
sible to reconstruct their life in great 
detail. Their civilization rested on agri­
culture and fishing. Among their inven­
tions were the wagon wheel, the plow 
and the sailboat, but their science and 
engineering went far beyond these ele­
mentary tools. For irrigation the Sume­
rians built intricate systems of canals, 
dikes, weirs and reservoirs. They devel­
oped measuring and surveying instru-
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Turkey and the Persian Gulf. Ancient cities are indicated by black 

dots; modern cities, by open dots. Cities and areas whose exact 

LOWER SEA 
(PERSIAN GULF) 

location is not known are marked by asterisks. In Sumerian times 

a large fresh-water lake lay beyond the head of the Persian G nlf. 
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SUMERIAN TABLETS are inscribed with cuneiform signs. At 

upper left is the medical tablet of which a section is shown on the 
cover (about 2000 B.c.) . At upper right is a fragment of the epic 
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poem "Enmerkar and the Lord of Aratta" (about 1800 B.C.). At 

lower left is part of the law code of Hammurabi (about 1700 
B.C.) . At lower right is a textile inventory (about 1950 B.C.). 
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ments, and a sexagesimal number system 
(i.e., based on the number 60) with a 
place notation device not unlike our 
decimal system. Their farming was high­
ly sophisticated: among their tablets is a 
veritable farmer's almanac of instruc­
tions in agriculture. 

In the crafts, the Sumerians' inven­
tions included the potter's wheel, metal 
casting (of copper and bronze) , riveting, 
soldering, engraving, cloth fulling, 
bleaching and dyeing. They manufac­
tured paints, leather, cosmetics, per­
fumes and drugs. Prescriptions recorded 
on some of their tablets show that the 
Sumerian physician had command of a 
large assortment of materia medica, pre­
pared from plants, animals and inorganic 
sources. 

Although the Sumerians' economy was 
primarily agricultural, their life was cen­
tered mainly in the cities. Here lived 
many of the farmers, herdsmen and fish­
ennen, as well as merchants, craftsmen, 
architects, doctors, scribes, soldiers and 
priests. Artisans and traveling merchants 
sold their products in the central town 
market, and were paid in kind or in 
money-usually silver coin in the form of 
a disk or ring. The dozen or so cities in 
Sumer probably ranged from 10,000 to 
50,000 in population. Each was enclosed 
by a wall and surrounded with suburban 
villages and hamlets. 

The dominant feature of every Sume­
rian city was a massive temple mounted 
on a high terrace. It usually had the 
form of a ziggurat, Sumer's most distinc­
tive contribution to religious architec­
ture. This is a pyramidal tower with a 
series of ascending terraces winding 
around the outside. To break the unat­
tractive blankness of the temple's mud­
brick walls, the Sumerian architects in­
troduced buttresses and recesses, and 
they also beautified the building with 
columns decorated in colored mosaics. 
Inside the temple were rooms for the 
priests and a central shrine with a niche 
for the statue of the god. Each city in 
Sumer had a different tutelary god, and 
the Sumerians considered the city the 
god's property. Thus the city of Nippur, 
for example, belonged to Enlil, the god 
of the air. Nippur became Sumer's chief 
religious and cultural center, and Enlil 
was elevated to the highest rank as 
father of all the gods. 

Originally the cities were governed 
by the citizens themselves, presided over 
by a governor of their selection. On all 
important decisions the citizens met in 
an assembly divided into two chambers 
-the "elders" and the "men." But for 
military reasons they gradually relin-

TWO SUMERIAN CYLINDER SEALS are shown at left. Impressions were made with 

the seals by rolling them over wet clay. At right are two impressions made by this method. 

quished this democratic system. Each 
City acquired a ruler-at first elected, 
later hereditary-who organized its de­
fense against the other cities and against 
foreign invaders. In the course of time 
the king rivaled the city's religious lead­
ers in wealth and influence. The rulers 
of Sumer's dozen or so city-states also 
contended with one another for control 
of the whole country, and the history 
of Sumer is largely a record of bitter 
conflicts among its cities, which eventu­
ally led to its downfall. 

The life of the individual citizen in a 
Sumerian city was remarkably free and 
prosperous. The poorest citizen managed 
to own a farm and cattle or a house and 
garden. To be sure, slavery was permit­
ted, and a man could sell his children or 
his entire family to pay off his debts. But 
even slaves had certain legal rights: they 
could engage in business, borrow money 
and buy their freedom. (The average 
price for an adult slave was 10 shekels­
less than the price of an ass.) The great 
majority of Sumerians were free citizens, 
going about their business and the pur­
suit of happiness with a minimum of re­
strictions. This did not, however, apply 
to children, who were under the absolute 
authority of their parents, could be dis­
inherited or sold into slavery, and had 
to marry mates chosen by the parents. 
But in the normal course of events Sume­
rian families cherished their children 
and were knit closely together by love 

and mutual obligations. Women had 
many legal rights, including the right to 
hold property and engage in business. A 
man could divorce his wife on compara­
tively slender grounds, or, if they had 
no children, he was allowed to take a 
second wife. 

Most Sumerian families lived in a one­
story, mud-brick house consisting of sev­
eral rooms grouped around an open 
court. The well-to-do had two-story 
houses of about a dozen rooms, plastered 
and whitewashed inside and out; these 
houses boasted servants' rooms and 
sometimes even a private chapel. Often 
the house had a mausoleum in the base­
ment where the family buried its dead. 
The Sumerians believed that the souls of 
the dead traveled to a nether world 
where existence continued more or less 
as on earth. They therefore buried pots, 
tools, weapons and jewels with the dead. 
When a king died, the palace sometimes 
buried with him some of his courtiers 
and servants and even his chariot and 
animals. 

Sumerian men were often clean-shav­
en, but many of them wore a long beard 
and had long hair parted in the middle. 
In early times their usual dress was a 
flounced skirt and felt cloak; later these 
were replaced by a long shirt and a big 
fringed shawl draped over the left shoul­
der, leaving the right arm bare. The 
common dress for women was a long 
shawl covering the body from head to 
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foot, except for the right shoulder. 
Women usually braided their hair into 
a heavy pigtail and wound it around the 
head, but on important occasions they 
wore elaborate headdresses consisting of 
ribbons, beads and pendants. 

Music apparently occupied a large 
place in the life of the Sumerians-at 
home, in school and in the temple. Beau­
tifully constructed harps and lyres were 
found in the royal tombs at Vr. Research 
has also turned up references to drums, 
tambourines, reed and metal pipes, and 
hymns written on tablets. Some of the 

important personages in the palaces and 
temples of the Sumerian cities were mu­
sicians. 

The Sumerians cannot be said to have 
produced any great art, but they did 
show considerable skill in carving and 
sculpture. Perhaps their most original 
contribution to the graphic arts was the 
cylinder seal-a stone cylinder with a 
carved design which was impressed in 
clay by rolling the cylinder over it. These 
designs, or seals, appear on clay tablets, 
jar covers and so on. They depict scenes 
such as a king on the battlefield, a shep-

EARLIEST DENOTATION PICTOGRAPHS CUNEIFORM BASIC 
PICTOGRAPHS OF IN ROTATED SIGNS LOGOGRAPHIC VALUES 

(3000 B.C.) PICTOGRAPHS POSITION CA. 1900 B. C. READING MEANING 

HEAD AND � :11. BODY OF A � LU MAN ," ----
" MAN 

� 
HEAD WITH � � MOUTH KA MOUTH 
INDICATED 

\3 BOWL OF 

IT> ]II FOOD, 
FOOD 

NINDA 
BREAD 

\!� MOUTH � � + KU TO EAT 
FOOD 

� STREAM OF 
�� Tf A WATER 

WATER 

� MOUTH � �T + NAG TO DRINK 
WATER 

� FISH J1 I� KUA FISH 

d BIRD � 11 MUSEN BIRD 

�1 HEAD OF � �� ANSE ASS 
AN ASS 

f EAR OF 
*""" i� SE BARLEY 

BARLEY 

herd defending his flock from wild 
beasts, heraldic arrangements of ani­
mals. Eventually the Sumerians settled 
on one favorite seal design which be­
came almost their trademark-a scene 
showing a worshipper being presented to 
a god by his personal good angel. 

Religion 

The Sumerians lived by a simple, fa­
talistic theology. They believed that the 
universe and their personal lives were 
ruled by living gods, invisible to mortal 

ADDITIONAL SYLLABARY 
LOGOGRAPHIC VALUES (PHONETIC 

READING MEANING VALUES) 

KI�13 NOSE 
ZU TEETH KA 
GU VOICE 

DUG4 TO SPEAK ZU 
INIM WORD 

NIG THING 

GAR TO PLACE 

SAGAR HUNGER 

DURU5 MOIST A 

EMMEN THIRST 

KU6 

HA 

HU 

PAG 

SE 

EVOLUTION OF SUMERIAN WRITING is outlined in the chart 

alleft. The earliest pictographs were inscribed vertically on tablets. 

Around 2800 B.c. the direction of this writing was changed from 

vertical to horizontal, with a corresponding rotation of the picto. 

graphs. The pictographs were now reduced to collections of linear 

strokes made by a stylus which had a triangular point. Some of 

these cuneiform signs are logographic, i.e., each sign represents a 
spoken word. Some of the signs represent more than one word; 
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eyes. The chief gods were those of wa­
ter, earth, air and heaven, named respec­
tively Enki, Ki, Enlil and An. From a 
primeval sea were created the earth, the 
atmosphere, the gods and sky, the sun, 
moon, planets and stars, and finally life. 
There were gods in charge of the sun, 
moon and planets, of winds and storms, 
of rivers and mountains, of cities and 
states, of farms and irrigation ditches, of 
the pickax, brick mold and plow. The 
major gods established a set of un­
changeable laws which must be obeyed 
willy-nilly by everything and everybody. 

Thus the Sumerians were untroubled by 
any question of free will. Man existed to 
please and serve the gods, and his life 
followed their divine orders. Because the 
great gods were far away in the distant 
sky and had more important matters to 
attend to, each person appealed to a par­
ticular personal god, a "good angel," 
through whom he sought salvation. Not 
that the people neglected regular public 
devotions to the gods. In the Sumerian 
temples a court of profeSSionals, includ­
ing priests, priestesses, musicians and 
eunuchs, offered daily libations and sac-

CUNEIFORM SIGNS 

�tM* 
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. � 

,tJJ(1t# 
Ar=T�.t! 

�� 

r-

£?�mr 

�� 

�� 

]Jrt¢ 

]rr�� 

)I:a� 

�� 
:W-

TR ANSLI TERATION 

AMA·AR-GI4 

ARHUS 

DINGIR 

DUB-SAR 

E-DUB-BA 

, , 

HE-GAL 

ME 

NAM-LU-LU7 

NAM-LUGAL 

NAM-TAR 

NIG-GA 

NIG-GE-NA 

NIG-SI-SA 

SAG-GIG 

UKKIN 

TR ANS LA TION 

FREEDOM 

COMPASSION 

GOD, GODDESS 

SCRIBE 

SCHOOL, ACADEMY 

PLENTY, PROSPERITY 

DIVINE LAWS 

HUMANITY, HUMANENESS 

KINGSHIP 

FATE, DESTINY 

PROPERTY 

TRUTH 

JUSTICE 

BLACK-HEADED ONES, 
THE SUMERIAN PEOPLE 

ASSEMBLY 

some are syllabic, i.e., they also represent syllables. The accents and subscript numbers on 

the modern tl'ansliteration of the cuneiform signs are used by modern scholm's to dis­

tinguish between signs having the same pronunciation but different meanings. In the 

chart at right are 15 cuneiform words, their transliteration and their English translation. 
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AREA AROUND NIPPUR, one of the principal cities of Sl1mer 

(see map on pages 72 and 73), is covered with batTen dllnes today. 

NIPPUR WAS EXCAVATED in 1951 and 1952 by a joint expedi. 

tion of the University Museum of the University of Pennsylvania 
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Six thousand years ago much of the area was similarly barren. The 

Sllmerians and their predecessors made it fertile by irrigation. 

and the Oriental Institute of the University of Chicago. In this 

photograph the hOllses of Nippur's scribal quarter are uncovered. 
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rifices of animal and vegetable fats. 
There were also periodic feasts and cele­
brations, of which the most important 
was a royal ceremony ushering in each 
new year. 

This ceremony is traceable to the cy­
cle of nature in Mesopotamia. Every 
summer, in the hot, parched months, all 
vegetation died and animal life lan­
guished. In the autumn the land began 
to revive and bloom again. The Sumerian 
theology explained these events by sup­
posing that the god of vegetation retired 
to the nether world in the summer and 
returned to the earth around the time 
of the new year; his sexual reunion with 
his wife Inanna, the goddess of love and 
procreation, then restored fertility to the 
land. To celebrate this revival and en­
sure fecundity, the Sumerians each year 
staged a marriage ceremony between 
their king, as the risen god, and a priest­
ess representing the goddess Inanna. 
The marriage was made an occasion 
of prolonged festival, ritual, music and 
rejoicing. 

The Sumerians considered themselves 
to be a chosen people, in more intimate 
contact with the gods than was the rest 
of mankind. Nevertheless they had a 
moving vision of all mankind living in 
peace and security, united by a univer­
sal faith and perhaps even by a univer­
sal language. Curiously, they projected 
this vision into the past, into a long-gone 
golden age, rather than into the future. 
As a Sumerian poet put it: 

Once upon a time there was 110 snake, 
there was no scorpion, 

There was no hyena, thel'e was no lion, 
Them was no wild dog, no wolf 
There was no feaT, no tel'ror, 
M an had no rival. 

Once upon a time . . . 

The whole univel'se, the people in unison, 
To Enlil in one tongue gave praise. 

To students of the ancient religions 
of the Near East, much of the Sumerian 
cosmology and theology is easily recog­
nizable. The order of the universe's cre­
ation, the Job-like resignation of sinful 
and mortal man to the will of the gods, 
the mystic tale of the dying god and his 
triumphant resurrection, the Aphrodite­
like goddess Inanna, the ideals of "hu­
maneness"-these and many other fea­
tures of the Sumerian creed survive with­
out much change in the later religions of 
the ancient world. Indeed, the very name 
of the Sumerian dying god, Dumuzi, en­
dures as Biblical Tammuz, whose de­
scent to the nether regions was still 
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STATUETTES show the appearance of the Sumerians. The four 
statuettes at left, made ahout 2500 B.C., were found at Tutub (mod· 

ern Khafajel. The statuette at right, made about 1850 B.C., was 

found at Ur. It represents Princess Enannatumma, high priestess 

mourned by the women of Jerusalem in 
the days of the prophet Ezekiel. It is not 
too much to say that, with the decipher­
ment of the Sumerian tablets, we can 
now trace many of the roots of man's 
major religious creeds back to Sumer. 

Cuneiform 

But the Sumerians' chief contribution 
to civilization was their invention of 
writing. Their cuneiform script is the 
earliest known system of writing in man's 
history. The cuneiform system served as 
the main tool of written communication 
throughout western Asia for some 2,000 
years-long after the Sumerians them­
selves had disappeared. Without it, 
mankind's cultural progress would cer­
tainly have been much delayed. 

The Sumerian script began as a set of 
pictographic signs devised by temple 
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administrators and priests to keep track 
of the temple's resources and activities. 
They inscribed the signs in clay with 
a reed stylus, and this accounts for the 
curious wedge-shaped characters. In the 
course of the centuries Sumerian scholars 
developed the signs into purely phonetic 
symbols representing words or syllables. 

More than 90 per cent of the tablets 
that have been excavated in Sumer are 
economic, legal and administrative 
documents, not unlike the commercial 
and governmental records of our own 
day. But some 5,000 of the finds are 
literary works: myths and epic tales, 
hymns and lamentations, proverbs, fa­
bles, essays. They qualify as man's old­
est known literature-nearly 1,000 years 
older than the Iliad and the Hebrew 
Bible. In addition the tablets include a 
number of Sumerian "textbooks," listing 
the names of trees, birds, insects, miner-

als, cities, countries and so forth. There 
are even commemorative narratives 
which constitute mankind's first writing 
of history. 

From the Sumerians' invention of 
writing grew the first formal system of 
education-another milestone in human 
intellectual progress. They set up "pro­
fessional" schools to train scribes, secre­
taries and administrators; in time these 
vocational schools became also centers 
of culture where scholars, scientists and 
poets devoted their lives to learning and 
teaching. 

The head of the school was called "the 
school father"; the pupils, "school sons." 
Among the faculty members were "the 
man in charge of drawing," "the man in 
charge of Sumerian," "the man in charge 
of the whip." There was no sparing of 
the rod. The curriculum consisted in 
copying and memorizing the lists of 
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of the moon·god Nanna and sister of Lipit.lshtar, king of lsin. Enannatumma presided at 

some of the most important reconstruction of Vr after it had heen destroyed by the Elamites. 

words and names on the textbook tablets, 
in studying and composing poetic narra­
tives, hymns and essays and in mastering 
mathematical tables and problems, in­
cluding tables of square and cube roots. 

Teachers in ancient Sumer seem to 
have been treated not unlike their coun­
terparts in the U. S. today: their salaries 
were low and they were looked upon 
with a mixture of respect and contempt. 
The Sumerians were an aggressive peo­
ple, prizing wealth, renown and social 
prestige. As their tablets suggest, they 
were far more concerned with accounts 
than with academic learning. 

Their restless ambition and aggressive 
spirit are reflected in the bitter rivalry 
among their cities and kings. The history 
of Sumer is a story of wars in which one 
city after another rose to ascendancy 
over the country. Although there are 
many gaps in our information, we can 

reconstruct the main outlines of that his­
tory from references in the tablets. The 
first recorded ruler of Sumer, as I have 
mentioned, was Etana, king of Kish. 
Probably not long afterward a king of 
Erech by the name of Meskiaggasher 
founded a dynasty which ruled the 
whole region from the Mediterranean 
to the Zagros Mountains northeast of 
Sumer. The city of Kish then rose to 
dominance again, only to be supplanted 
by the city of Ur, whose first king, Me­
sannepadda, is said to have ruled for 80 
years and made Ur the capital of Sumer. 
After Mesannepadda's death, Sumer 
again came under the rule of the city 
of Erech, under a king named Gilgamesh 
who became the supreme hero of Sume­
rian history-a brave, adventurous figure 
whose deeds were celebrated throughout 
the ancient world of western Asia. The 
next great ruler who appears in the 
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ARTIFACTS at left are Sumerian stone weights. The weight at top 

is one mana (505 grams) ; the weight at bottom, one gin (8.416 
grams); the weight in middle, one gin 160 she 05.896 grams). 

DIADEM of Queen Shub·Ad, who lived about 2500 B.C., was found 

in the royal cemetery of Vr. The horizontal band of the diadem is 

8 2  

At right is a group of copper and bronze tools and weapons. They 
are, from top to bottom, two bronze drills, a copper axhead, 
a copper spearhead, a copper saw blade and a bronze adzhead. 

fashioned out of beads of lapis lazuli. Mounted on the band are 

tiny leaves, fruits, flowers and figures of rams, all made of gold. 
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record was Lugalannemundu of the city 
of Adab; he is reported to have ruled 90 
years and to have controlled an empire 
extending far beyond Sumer. But his 
empire also fell apart, and a king of 
Kish named Mesilim became the domi­
nant figure in Sumer. Later rule over the 
country was won by the city of Lagash. 
The last ruler of the Lagash dynasty, a 
king named Urukagina, has the distinc­
tion of being the first recorded social re­
former. He suppressed the city's harsh 
bureaucracy, reduced taxes, and brought 
relief to widows, orphans and the poor. 
One of King Urukagina's inscriptions 
contains the word "freedom" -the first 
appearance of this word in man's history. 
But within less than 10 years a king of 
the neighboring city of Umma overthrew 
Urukagina and put the city of Lagash to 
the torch. 

The Fall of Sumer 

The cities' incessant struggle for pow­
er exhausted Sumer. A Semitic people 
from the west, under the famous war­
rior Sargon the Great, marched into 
the country and established a new dy­
nasty. Sargon founded a capital called 
Agade (from which came the name 
Akkadian) and made it the richest and 
most powerful city in the Middle Eastern 
world. He conquered almost all of 
western Asia and perhaps also parts of 
Egypt and Ethiopia. Sargon's sons held 
on to the empire, but his grandson, Na­
ramsin, brought. Sumer to disaster. For 
reasons unknown, he destroyed the holy 
city of Nippur, and soon afterward he 
was defeated by semibarbaric invaders 
from the mountains of Iran who overran 
Sumer and completely wiped out the 
city of Agade. 

It took the Sumerians several gener­
ations to recover. But their civilization 
did come to life again, �nder a governor 
of Lagash named Gudea, whose face 
is the best known to us of all the Sume­
rians because a score of statues of him 
have been found in the ancient temples 
of Lagash. Gudea re-established con­
tacts and trade with the rest of the 
known world and put Sumer on the path 
to prosperity. After Gudea, however, the 
rivalry among its cities broke out again 
and became Sumer's final undoing. The 
city of Ur, under a king named Ur­
Nammu, defeated Lagash; Ur-Nammu 
founded a new rule called the Third 
Dynasty of Ur. It was to be Sumer's 
last dynasty. 

Ur-Nammu was a strong and benevo­
lent ruler. According to inscriptions that 
have recently come to light, he removed 
"chiselers" and grafters and established 

a law code which insured honest weights 
and measures and took care that the 
poor should not "fall a prey to the 
wealthy." Ur-Nammu's code is especially 
significant for the fact that instead of 
the barbarous rule of "an eye for an 
eye and a tooth for a tooth" common 
among early societies it established a , 
money fine as punishment for assaults. 

In spite of Sumer's civilized kings and 
prosperity, time was running out for the 
Sumerians. Their internal rivalries and 
the growing pressure of surrounding 
peoples soon overwhelmed them. Sem­
itic nomads from the Arabian desert to 
the west (the Amorites of the Bible) 
took over the Sumerian cities of Isin, 
Larsa and Babylon. Ur itself was con­
quered by the Elamites to the east, who 
carried off its last king, Ibbi-Sin. In the 
following two and a half centuries the 
Semitic rulers of Isin and Larsa, and 
then Larsa and Babylon, struggled for 
control of the country. Finally, in about 
the year 1720 B.C., Hammurabi de­
feated Rim-Sin, the last king of Larsa, 
and Babylon emerged as the dominant 
city of southern Mesopotamia. The Su­
merians were submerged by the Sem­
ites and lost their identity as a people. 
In time their name was erased from the 
memory of man; the Sumerian language 
disappeared as a living, spoken tongue, 
though for centuries it continued to be 
the written language studied in schools. 

The Sumerians firmly believed that 
when man died, his emasculated spirit 
descended to a dark, dreary nether 
world. The spirit and fame of this proud, 
vigorous peop-Ie certainly suffered a re­
markable eclipse after their empire fell. 
But what their minds created survives 
throughout the living corpus of present­
day civilization: it appears in the form 
of a Biblical proverb, a statutory law, 
a heroic folktale, an Aesopic fable, a 
zodiacal sign, a Euclidean theorem, the 
weight of a coin, the degree of an angle. 
And in the cuneiform tablets which were 
the Sumerians' pre-eminent gift we have 
found the earliest intellectual record of 
man's strivings toward civilization. 
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ceramic magnet material avail­
able today. It is suitable for 
almost all motors above 1/25 
hp, but not for tiny toy motors. 
Q. What are size limitations? 
A. Indox I is suitable for the 
smallest possible motors up to 
about 1/5 hp. Indox V can be 
applied to much larger motors. 

Write for the July-September 
issue of Applied Magnetics for a 
complete discussion of the sub­
ject. Write to Dept. J-IO. 

THE INDIANA 
STEEL PRODUCTS COMPANY 

VALPARAISO, INDIANA 
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The nine resistors and capacitors above 
are replaced by the RC network at the 
right. This new General Electric component 

is just 3/16" thick. It is priced 10 percent 

less and saves about 67 percent in assembly 

costs as proved in actual production runs. 

, lead Metan iobate 

•• • A piezoelectric material recently developed 
by General Electric, Lead Metaniobate 
remains remarkably stable over the temper­
ature range from -54°C to 265°C, an im­
portant fact in high-temperature instrumen­
tation devices. It displays superior aging 
characteristics compared with other ceramic 
piezoelectric bodies. The high Curie tem­
perature (570°C) allows repeated heat cy­
cling with no effect on electrical output. 

Now you can design a compact wiring pattern 
on both sides of the board without the cost of 
further processing to connect them. The 
"Thru-Con" board additive technique plates 
through the holes at the same time it plates 
the wiring pattern. This permits high-speed 
dip soldering remarkably free from rejects_ 
No special eyelets or pre-cleaning is required. 
Assembly weight is reduced, inventory sim­
plified. 
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Basic Improvements in RC Networks and Capaci­

tors Developed by General Electric Research 

Technical ceramics have remarkable electrical and mechanical prop­
erties that lead to the utmost simplification i n  component parts-as 
superior to present components as the auto was to the horse. 

The new RC network shown at the left repl aces a host of individual 
resistors and capacito rs .  The price saving can be ten percent or better.  
The assembly saving i n  print wire boards-insertin g  one unit  i nstead 
of five or  ten-averages about 67 percent. Fu rthermore, this sma l l  RC 
network results in a smaller overal l  assembly, at proportionate savings 
in board costs. Yet you are not restricted to the usual limitations due 
to envi ronmental temperatures, for the new network operates at

. 950 C, ten degrees over the normal requiremen t .  

Wejcaps. Wej caps are small, 
flat capacitors that have no leads 
at all . They are merely wedged 
into print wire boards.  Leads 
are an encumbrance. They get 
bent and broken. They are tough 
t o  a l i g n .  T h e y  h a v e  t o  b e  
c r i m p e d .  We j c a p s  e l i m i n a te 
these problems and cost  25 per­
cent less.  Tests on \Vej caps also 

show that four of them can be inserted i n  the time i t  takes to put  i n  
three ordinary capacitors. If only three Wej caps a r e  applied i n  y o u r  
volume-production chassis, y o u  c a n  expect to c u t  as m u c h  as 20 per­
cent from your capacitor costs. 

Both Wejcaps and RC networks are availab le  in a range that 
makers of medium and high volume assembl ies can capitalize on.  
For further i nformation fi l l  out  the coupon. 

- - - - - - - - - --. 
Manager of Sales, Specialty Electronic  Components Department, I I 
General Electric Company, Auburn, New York 

I Pl
ease send :: �::::�:Chn ica l i nformat ion on 

Lead Meta n iobate I I I Ferrites We jcaps I 
Progress Is Ovr Most Imporf<1nt Prot/vcf I G E N E R A L " E L E e T R I C  I :::;aoy 

I Th,"-CO O® P.;o:=::
;

:�oa'd' 

I 
I Address I I City Zone ___ State ____ _ 

- - - - - - - - - - �  
8 5  
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I n  telescope mirrors, the reflecting part is a fi l m  of a l u m i n u m  a p plied over g lass by vacu u m  distil lation .  This fi l m  tokes its shape from the g lass which 
has been g ro u n d  and polished to a paraboloid that br ings  light rays to a focus. In the a p p l ication described here, tita n i u m  wou ld replace g lass. 

Telescope mirrors of titanium ? 
For three hundred years, astronomers have experi­
mented with metals and glass for telescope mirrors. 
Newton and Herschel used speculum metal-alloys of 
copper and tin ; others have used Stellite, magnalium 
( magnesium and aluminum ) ,  stainless steel, and, of 

course, Pyrex and glass. 
Today, at least one researcher is experimenting 

with titanium because it has a low coefficient of ex­
pansion. This property is vital in giant telescope mir­
rors where slight temporary warping can alter the 

REIVI- CRU 
TITANIUIVI 

MIDLA ND, PENNS YL VA NIA 

precision focus. Titanium also has a high strength-to­
weight ratio ( section for section, it is 40 % lighter 
than stainless steel ) . 

Perhaps in your field you can take advantage of 
these unique properties of titanium. Or perhaps you 
can utilize other properties : its excellent ability to re­
sist corrosion, including complete resistance to sea 
water and marine atmospheres, and its ability to 
withstand temperatures up to 800 to 1000 F. 

If so, write REM-CRU today. 

World 's Mos t  Versatile Metal 
Write D ept. S . I O for the 
Rem-Cru Review - a free 
periodical presenting the 
latest  data on titanium.  

Sales Olliees: 6 0 3 3  E a s t  B a n d i n i  Bou levard,  L o s  A n g e l e s  22, Ca l ifornia • 4501 W. C o r t l a n d  Street,  C h i c a g o  39, I l l i n o i s  • 4 0 5  Lex i n gton Aven u e ,  New Y o r k  1 7 ,  N .  Y. 
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PLASMOIDS 
These little pieces of plasma (a gas of electrons and ions) 

are created in the laboratory \vith an electrical gun. They 

have an unexpected capacity for maintaining their identity 

In physics laboratories of several coun­
tries-notably the U. S., Great Brit­
ain and the U. S. S.R.-man is feeling 

his way gingerly toward harnessing ther­
monuclear power. The studies are cen­
tered on small "bottles" of hot gas which 
correspond to tiny samples of the sun 
(though they are not nearly so hot or 
dense). The gas is called a plasma. It is 
a collection of electrons and ions (elec­
trically charged atoms) . The behavior of 
this assemblage of particles is at once 
very simple and very complex. It chal­
lenges all the mathematical and experi­
mental ingenuity of modern phYSiCS, and 
it has ushered us into a world of unex-

by Winston H. Bostick 

pected and exciting phenomena. This 
article is an account of some recent ex­
periments which have generated remark­
able bodies that we call plasmoids. 

The properties of these bodies stem 
basically from two familiar phenomena 
of nature, both of which, oddly enough, 
go back to the same discoverer-William 
Gilbert, Queen Elizabeth's physician, 
who will forever be a great name in 
physics. In 1600 this imaginative experi­
menter placed an electrically charged 
knob of metal close to a flame and found 
that the metal lost its charge: the heated 
air had carried it away. Thus Gilbert 
discovered that a gas (an ionized gas, 

as we know now) can conduct electric­
ity. The other physical phenomenon that 
governs the behavior of plasmoids is 
magnetism-a field in which Gilbert was 
also the first experimenter. Ionization 
and magnetism combine to produce 
what have recently become known as 
magnetohydrodynamic effects, and plas­
moids are a magnetohydroclynamic phe­
nomenon [see "Electricity in Space," by 
Hannes Alfven; SCIEKTIFIC AMERICAK, 
May, 1952]. 

T he late Irving Langmuir of the Gen­
- eral Electric Company began to study 

plasmas as long ago as 1921. Plasmas, 

TWO PLASMOIDS are fired at each other in a vacuum chamber 
containing a strong magnetic field. The initial bursts from the 
guns are marked by the bright spots at left and right. The lu-

minous streaks are the subsequent paths of the plasmoids. It can 
be seen that they repel and veer away from each other, so that 
each of the strange gaseous shapes retains its separate identity. 
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of course, are nothing new: whenever we 
look at a neon sign we see a plasma. It 
is produced by an electric discharge, 
which knocks electrons from the gas 
atoms in the tube; the released electrons 
collide with other atoms and produce 
more ions. This process continues until 
there are enough liberated electrons to 
make the gas a good electrical conductor. 

Langmuir was interested in learning, 
among other things, the energy of agita­
tion, or "temperature," of the electrons. 
The wall of the neon tube is cool, and so 
are the ions and gas atoms in the tube, 

because comparatively few atoms are 
ionized and the ions quickly distribute 
their energy among the neutral atoms. 
But the electrons are so much lighter 
that they lose little energy in rebounding 
from the more massive atoms or the tube 
wall. By ingenious experiments Lang­
muir measured the electrons' tempera­
ture and found that it amounted to about 
20,000 degrees Fahrenheit-about twice 
as hot as the sun's surface. 

This high figure explains the interest 
in plasmas on the part of physicists who 
are now studying the possibilities for 

FORMATION OF PLASMOID is diagrammed schematically. In drawing 1 a burst of plasma 

emerges from the electrodes of an arc gun. The gray arrow shows direction of current 

flow in the ionized gas. Loop enlarges (2) and breaks off (3). Black circles around the 

doughnut-like body are magnetic lines of force set up by current in the plasmoid itself. 

88 

achieving controlled thermonuclear fu­
sion. To fuse atoms of deuterium (heavy 
hydrogen) on a large scale requires a 
temperature of about 300 million dc­
grees centigrade. Such a temperature is 
far beyond our reach in the laboratory, 
nor could a dense gas at this temperature 
be contained by any method we know at 
present. But f9r exploratory experiments 
it should at least be possible to raise a 
plasma to a temperature of scores of 
thousands of degrees, and the plasma 
can be contained if its density is suffi­
ciently low. 

The difficulty is that in a low-density 
gas, energized ions and electrons do not 
collide with one another often enough to 
raise the temperature greatly; instead 
thev lose their energy in collisions with 
the walls of the container. But as every­
one who has followed events knows, a 
beautiful solution to this problem has 
been found. It is the magnetiC "bottle." 
Within a magnetic field, which .swings 
the electrified particles in circular orbits, 
the plasma can temporarily be held in 
thrall as tightly as by any material con­
tainer. The electrons and atoms collide 
only with one another, and the plasma 
becomes fully ionized. 

I n the University of California Radia-
tion Laboratory at Livermore and at 

the Stevens Institute of Technology we 
have been studying magnetically con­
fined plasmas with the help of a special 
plasma gun. It generates a plasma of 
deuterium, the potential fuel of the�mo­
nuclear fusion. There are two electrodes, 
made of titanium with deuterium atoms 
absorbed in them [see diagram at left]. 
A pulsed arc current of several thousand 
amperes, each pulse lasting about half a 
microsecond, is passed across the gap 
between the electrodes. This high cur­
rent evaporates electrons and ions from 
the two electrodes. It also generates a 
magnetiC field which, like a girdle, 
pinches the plasma into a slender col­
umn. The special feature of our gun is 
that the plasma emerging from the two 
"mouths" is bent into a loop, and it fires 
doughnut-shaped blobs of plasma. Just 
as, when a spring is bent, the turns of 
the wire are crowded closer on the in­
side of the loop than on the outside, so 
the magnetic field lines of the loop of 
plasma emerging from our gun are more 
crowded on the inside than on the out­
side. The strong magnetic pressure on 
the inside of the loop blows the plasma 
forward at high speed-up to 120 miles 
per second! Considering that the gun is 
smaller than a thimble and that the driv­
ing energy stored in the capacitor is only 
six joules-no more than is needed to 
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MOTION OF CHARGES in plasmoid moving across a magnetic field is seen in two frames 
of reference. In laboratory frame (le/t) the black arrow indicates motion of the loop across 
a magnetic field directed vertically up from the page. The gray arrow (E,) shows the elec· 
tric field produced by separation of charges. The upper curve is path of electrons; the 
lower curve, path of positive ions. In the plasmoid frame of reference (right) E, is 
offset by the charge·separating voltage E" and the charges have simple circular orbits. 

light a six-watt bulb for one second­
this is a truly remarkable performance. 
A velocity of 120 miles per second for 
deuterium ions represents a temperature 
of four million degrees. It suggests that 
with larger plasma guns of this kind we 
might begin to approach thermonuclear 
temperatures. 

The velocities of the plasma bodies 
shot from our gun are comparable to the 
speeds of stars in galaxies and of flares 
shooting out from the sun. It seemed 
worthwhile to follow up the analogy. 
Would the high-speed plasma serve as a 
kind of laboratory model to throw light 
on the magnetohydrodynamic processes 
operating in the universe? We have stud­
ied it from this point of view, with what 
seem to me interesting and significant 
results. 

I:.t us see first what happens when we 
fire a piece of plasma into a vacuum 

under an external magnetic field (that 
is, a field applied from outside the plas­
ma itself, which is bottled within its own 
self-excited field). Although the plasma 
darts through our chamber at a speed in 
the neighborhood of 120 miles a second, 

fortunately it leaves a luminous wake 
which can be photographed with a high­
speed camera, so that we can see its 
track. Now we would expect the elec­
trons and ions in the plasma to be thrown 
into circular orbits as soon as they enter 
the externally applied magnetic field, so 
that the plasma would not move more 
than a very short distance from the gun. 
But the camera discloses the somewhat 
shocking fact that the plasma crosses the 
magnetic field with ease! How does it 
get through the field? 

To follow our explanation the reader 
is advised to consult the accompanying 
diagrams [above]. As the plasma starts 
to move across the magnetic field, the 
electrons curve upward and the positive 
ions downward. This effect essentially 
produces an electromotive force, just as 
copper wires moving across a magnetic 
field do in an ordinary dynamo. An elec­
tromotive force can be thought of as the 
electric pressure exerted by an electric 
pump. If there is no outlet (such as an 
electric toaster) for the pump, no cur­
rent will flow. Similarly this little piece 
of plasma has no outlet in the vacuum 
chamber, and no current can flow. Its 

Technic HG Gold provides all the 
attributes you have needed in hard 
bright gold. In particular, cyanide is 
less than 1/10 oz. per gallon ... cost 

is less than 10¢ per troy oz. over reg­
ular 24 kt. gold. In addition-

TECHNIC HG GOLD QUALITIES: 
Bright smooth-grained deposits; super 
hardness (130-150 DPH); low stress, 
less porosity than usual bright gold; 

high karat (23+). 

TECHNIC HG GOLD ADVANTAGES: 
Wide operating range (60° to 95°F), 
no cooling or heating required; no 

organic brighteners; high efficiency 
(requires less gold to meet most 
specifications) . 

Only Technic HG Gold fills all your 
requirements. We invite you to apply 

any practical performance tests­
prove to yourself that it meets every 

standard of what hard bright gold 

should be. 
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PLASMOID STRETCHES into a cylinder as it travels through a magnetic field. In this 

drawing the travel is in a straight line away from the gun at upper right. Curved arrows 

show direction of the plasmoid's spin; heavy gray arrow gives the direction of the field. 
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MUTUAL REPULSION of approaching plasmoids is presumably due to a strong magnetic 

field created between them. In this diagram a pair of plasmoids avoid each other, the plas­

moid from the left moving up and the plasmoid from the right down as they approach. 

The magnetic field arises from a current (oval broken line) produced by the plasmoids' in­

ternal electric fields. The resulting magnetic field (light straight arrows) adds to the external 

field (heavy arrow) in the space between the plasmoids and subtracts in the space outside. 
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pump pushes against closed valves, so 
to speak, and merely creates an electrical 
pressure opposing that of the pump. 
Within the plasma frame of reference 
the direct and opposing electric fields 
cancel each other, and the magnetic field 
swings the electrons and ions in perfect­
ly circular orbits. But from our outside 
point of view we can see that the op­
posing electric field (E2), in conjunction 
with the magnetic field, moves the or­
bits, so that the plasma travels across the 
magnetic field. The particle orbits trace 
a track such as a marker at one point 
on the edge of a merry-go-round would 
leave on the ground if the merry-go­
round were dragged along by a tractor 
while it was turning. 

Apparently some ions and electrons in 
the plasma, escaping the full effect of 
electric field E2, stay behind in station­
ary circular orbits. These ions and elec­
trons recombine and give off light. Their 
luminous tracks are, in a manner of 
speaking, the funeral pyres of the parti­
cles which were sacrificed in laying 
down the electric field E2 so that the 
main body of the plasma might pass 
across the magnetic field. 

We can actually draw current from 
the primary electric field produced by 
the little dynamo contained in this plas­
ma. If we put two small stationary 
probes connected by a resistance in the 
chamber (equivalent to plugging in a 
toaster), we get a pulse of current of 
about one ampere as the two regions of 
the plasma pass simultaneously over the 
probes. 

Further measurements with probes 
show that the plasma forms an ever­
elongating hollow cylinder as it pro­
ceeds across the magnetic field [see 
ttppeT diagmm at left J. It is to this type 
of plasma-a self-generating, shaped 
body-that we have given the name 
plasm aid. And plasmoids, under labora­
tory manipulation, display some fasci­
nating behavior. 

What will happen if we fire two plas-
maids at each other from opposite 

directions? We might suppose that when 
they meet their transverse electric fields 
will cancel each other so that both plas­
maids stop dead. But in fact they bounce 
off each other like billiard balls! Appar­
ently each dynamo acts as an outlet or 
short-circuit for the other, and a sub­
stantial current (several amperes) flows 
briefly. The current gives rise to a 
"cushion" of high magnetic-field pres­
sure between the two plasmoids which 
pushes them away from each other. 

Occasionally two plasmoids crashing 
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PLASMOID TWISTS when it is fired into a gas which slows it 
down. The helical arrows give direction of plasmoid's internal mag-

PLASMOIDS MAY LINK TOGETHER if they approach each 
other in such a way that they can interchange portions of their 

RING IS FORMED when a pair of twisted· plasmoids meet head 

to tail, thus joining together at two points. Because of the electro. 

netic field. The ellipses give direction of the magnetic field pro· 
duced by the plasmoid around itself and the direction of its spin. 

internal magnetic fields. In this diagram a pair of twisted plus· 
. moids meet one another head to head, blending into a new unit. 

magnetic forces which exist within this ring·shaped structure, it 
subsequently twists itself around its mid·point, forming a figure 8. 
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New York State 
labor leads the 

nation In: 
Stability: Year after year, on the 

a verage, it loses the fewest man 

hours (per hours worked) due to 

work stoppages. 

Adaptability: It staff's the widest 

variety of shops, plants and fac­

tories in the nation. 

Productivity: Being well educated 

and mature, it turns out at high, 

steady rates finished products 

worth more than those produced 

in any other state. 

* 
Before you decide on a new plant site, 

what other labor data do you need? 

• Availability ... 

by skills 

by sex 

by age groups 

• Prevailing wage rates . • •  

• Local management relations? 

The New York State Department of 

Commerce stands ready with a pro­

fessional, long-experienced staff to 
give you a tailor-made analysis of the 

labor force in any New York State 

community. 

* 
But labor is only one of your factors. 

What about 

· . . markets ... transportation 

• . . components ... raw materials 

• . . sites and buildings ... power 

· .. water . • •  fuel ... financing? 

Let us answer your questions. Write 

for "Industrial Location Services," a 
free booklet that tells what we can do 

for you. Send your request to me at 
Room 670, 112 State Street, Albany 7. 
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SPIRAL GALAXY SHAPE is produced when four plasmoids are fired simultaneously 

through a magnetic field toward a common center. The field is perpendicular to the page. 

head on break into fragments, but even 
these fragments seem to behave as en­
tities. In other words, we appear to be 
dealing with bodies which have strong 
powers of self-organization and preser­
vation. We find these powers still more 
strikingly demonstrated when we go on 
to further experiments. 

Suppose we fire a plasmoid not into 
a vacuum but into a thin gas. We in­
troduce into the chamber a little deu­
terium gas, amounting to a pressure of 
about one micron. Now when a plas­
moid is fired into the chamber through 
a magnetic field, the gas, which becomes 
somewhat ionized by the firing, allows 
current to How. The current slows the 
movement of the plasmoid and also 

twists its path and its shape. When we 
fire four (or eight) plasmoids at one 
another from different directions, upon 
meeting near the center they whirl and 
form a ring with spiral arms [see photo­
graph aboveJ. The formation looks strik­
ingly like a photograph of a spiral gal­
axy. If we fire two plasmoids at each 
other head on, they form an S-shaped 
figure resembling a "barred" spiral gal­
axy [see photograph below J. 

Just how are these interesting shapes 
formed? We can explain them on the 
basis of complicated interactions be­
tween the plasmoids and the magnetic 
field, which are diagrammed here for 
readers versed in electricity and mag­
netism who may be interested in the 

BARRED SPIRAL results when two plasmoids are fired at each other. The photograph 

at the top of the page is a linle exposure; the one at bottom is a two-Inicrosecond "snapshot." 
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Shown here is the Sonotone Model 
only half an ounce and worn entirely 

\ 
\. 

/ 

The hearing aid has proved a bigger blessing now 

that it has become smaller. 

Thanks to Copper, one new hearing aid is not much 

bigger than a 5-cent piece. No outside cord. Incon­

spicuous, not embarrassing . 

Its built-in receiver contains 1100 turns of Copper 
wire. That wire is only .0015-inch in diameter. Luckily 

Copper can be drawn hair-fine ... for miles, if required 

• .  . and still conduct current efficiently. 

Copper's capacity to perform great deeds in small 

space is unique. The newer hearing aids are only one 

instance of the way this metal lends itself to modern 

miniaturization. 

"Pocket" radios (with printed circuits) tele-

phones, wrist watches ... the list is endless! Copper 

and copper-base alloys "miniaturize" in new ways 

almost every day. 

For regardless of product-size, the outstanding 

properties of Copper function efficiently. Electrical 

conductivity .. . heat transfer .. permanent rust­

lessness and excellent workability ... these are some 

of Copper's great gifts to American invention and 

production . 

Working with Copper your net cost is always less­

ened by the higher-cash-value of your manufacturing 

scrap! 

Plan to use Copper in your product! Continuous 

expansion in the Copper Industry assures you an 

ample supply for your future needs. 

COPPER • BRASS • BRONZE 
in over 40 Standard Alloys I 

For other examples of miniaturization, write to the Copper & Brass Research Association, 420 Lexington Ave., New York 17 
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PAIRS OF RINGS, moving in opposite directions, may be formed by the merging of sepa. 
rate looped plasmoids as indicated in these drawings. Helical arrows show direction of the 
internal magnetic fields; the heavy gray arrows, the direction of the external field. Broken 
gray ellipse represents the ,center plane hetween the rings, from which each moves away. 
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mechanism [see diagmms on page 91]. 
A barred spiral, it appears, may be 
formed by plasmoids joining head to 
head; a ring spiral, by plasmoids join­
ing head to tail. When the ring is oval­
shaped, part of it Hips over and forms 
a figure 8. 

Photographs of plasmoids in three 
dimensions show that as a plasmoid 
moves across the magnetic field it is 
twisted into the shape of a left-handed 
screw [see diagram at top of page 91]. 
It is amusing to speculate on the pos­
sible relation of this fact to the recent 
breakdown of the parity principle, when 
it was found by particle experiments 
that the matter of our universe has a 
preferred left-handed spin [see "The 
Overthrow of Parity," by Philip Morri­
son; SCIENTIFIC AMERICAN, April]. If 
we reversed the poles of the magnetic 
field and the sign of the current in our 
plasma gun, our plasmoids would be 
right-handed instead of left-handed. 
The tempting speculation is that the 
matter of our galaxies may have been 
formed under the influence of vast 
galactic magnetic fields of one predomi­
nant orientation, which gave our matter 
a left-handed bias. 

Under certain conditions our plas-
moids form a pair of rings, which 

do not stay in the center of the chamber 
but move away from each other in op­
posite directions [see diagmms at left]. 
We believe that these rings are basically 
similar to magnetohydrodynamic whirls 
which, according to Alfven, are appar­
ently formed in pairs in the interior of 
the sun and may be responsible for sun­
spots. However, our plasma rings are not 
whirls in a fluid but are separate, inde­
pendent ''bodies.'' As such they repre­
sent a form of ordered organization by 
nature of which we have not been fully 
aware until now. Here is a case of elec­
trons and ions collaborating with a mag­
netic field to form bodies which, though 
inanimate, assume orderly, characteris­
tic shapes and possess a firm integrity. 

We can look upon the combination 
of plasma and a magnetic field as a kind 
of self-shaping putty. Perhaps study of 
the forms assumed by this putty may 
help us to understand configurations 
such as the stars and galaxies. It may 
also throw light, at the other end of the 
scale, on the construction of funda­
mental particles such as the electron, 
the proton, mesons and neutrinos. They, 
too, may be made of a self-organizing 
putty: a putty composed of the electro­
magnetic field and its own gravitational 
forces, which, working together, create 
the bodies we know as particles. 
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·Trade·Mark Reg. U. S. Pat. Off. and Foreign Countries 

this worldl 
Norton ROKtDE* coating may aid in 
launching the satellite at the end of 
its final rocket ride - 300 miles high 

In the Defense Department's Project Vanguard, a 
three-stage rocket is planned to carry a shining sa telli te 
into an orbit hundreds of miles above the earth. The 
third and last stage of the rocket will reach approxi­
mately 18,000 miles per hour when it releases the 
sa telli te 300 miles above the earth. 

One of the third-stage rocket engines being tested for 
Project Vanguard - and successfully flown last May 1 st 
- was manufactured by The Grand Central Rocket Com­
pany of Redlands, California. To help contain the terrific 

energy release required to reach this supersonic speed, 
the inside of its nozzle is protected with ROKIDE "A" 
aluminum oxide coating applied by the Metallizing 
Company of Los Angeles. 

Besides ROKIDE "A" other Norton ROKIDE spray 
coatings include "ZS" zirconium silicate and "Z" 
zirconium oxide. All are hard, adherent crystalline 
refractory materials. All can be applied to base ma­
terials, particularly metals, of a wide variety of shapes 
and sizes. 

Parts on which ROKIDE coatings are especially use­
ful are those requiring thermal or electrical insulation 
• . .  refractoriness ... resistance to wear or corrosion 
• . .  high melting points . . . excellent mechanical 
strength ... dimensional stability . .. reI a ti ve chemi­
cal inertness. 

Proved in such critical applications as reaction 
motors and some A.E.C. projects, ROKIDE coatings are 
also of great value to general industry. Other Norton 
high-purity, chemically-stable refractory materials are 
helping industry to break through the "thermal 
barrier." 

Facilities for applying ROKIDE coatings are available 
at Norton Company, Worcester, Mass., and Santa 
Clara, Cal., and at strategically located licensee 
plants. For complete facts, write to NORTON COMPANY, 
Refractories Division, 549 New Bond Street, Worcester 
6, Massachusetts. 

(NORTON' 
REFRACTORIES 

/1J1ldnf/ IJrlf6r prQl/ucfs • • • fD make your producls 6effer 

NORTON PRODUCTS 
Abrasives • Grinding Wheels 

Grinding Machines • Refractories 

BEHR·MANNING DIVISION 
Coated Abrasives • Sharpening Siones 

Pressure-Sensitive Tapes 
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Mobil 
....... -�:....-..--. 
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Correct Lubrication in Action 

2000 Machine 

These completely automated honing machines finish to 
mirror smoothness cylinder walls of up to 100 V-8 
engine blocks per hour. They're located in one of the 
Michigan plants producing one of America's most 
popular medium-priced cars. Machines and entire 
plant are protected by Mobil Correct Lubrication. 

SOCONY MOBIL 
Leader in Lubrication for over 91 years 
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in the Automotive Industry 

Production Hours Saved 
6000 REPAIR MAN-HOURS ELIMINATED! 

Two of many cost-cutting benefits achieved by 

this leading automobile company with the help of Socony Mobil 

The machines used to produce this automobile 
company's V-8 engines are so complex and closely 
interlocked that the failure of one small part may 
result in the shutdown of an entire production line. 

That's why company management recommended 
the adoption of a planned lubrication program . . •  

decided on the depth of service offered by Socony 
Mobil Correct Lubrication. Under this compre­
hensive program, plant personnel and Mobil en­
gineers coordinated their efforts so effectively that 
the size and number of maintenance savings have 
significantly added to company profits. 

To cite one example-After surveying 650 hydrau-

lically operated machines in this company's axle and 
motor plants, Mobil engineers noted use of 8 differ­
ent hydraulic oils. Their varying performance caused 
excessive downtime, constant repairs, short oil batch 
life. Minor machine modifications suggested by Mobil 
engineers permitted use of a Single wide-range high 
quality Mobil hydraulic oil. In just two years, this 
change made available 2000 additional production 
hours . . . eliminated 6000 repair man-hours 
saved 10000 gallons of oil. 

* * * 
Here's another example of Correct Lubrication in 

action ... proof that it can pay to rely on Socony Mobil. 

More Savings-made with the help of Socony Mobil Correct Lubrication 

This chart gives some idea of the extent and size of 
savings achieved through the knowledge, service, 

Machine Production 

Hours Saved 

Hydraulic Systems 2000 
Trio Nut Runners 138 

Air Wrenches 

(Motor Assembly) Not Recorded 

Bullard Chucks 82 

Landis Wheel Dresser 
Not Recorded 

Bearings 

Keller Air Hoist Not Recorded 

Ex-Cell-O Cylinder 100 
Boring Machines 

facilities and quality products available through 
Mobil Correct Lubrication. 

Machine Repair Repair Parts Savings 

Man-Hours Saved Saving Period 

6000 Not Recorded 1953-55 

276 $1610. 1952-55 

188 Not Recorded 1952-55 

328 Not Recorded 1952-55 

Not Recorded 87Y2% 1952-55 

276 $8970. 1952-55 

800 $8750. 1952-55 

Correct Luhrlcatlon A proved program to reduce 
equipment maintenance costs 

SOCONY MOBIL OIL COMPANY, INC., and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INC. 

97 

© 1957 SCIENTIFIC AMERICAN, INC



ROMAN MYTHOLOGY'S guard of the gates of Heaven was a 

concept which anticipated the many·sighted eye of today's 

color display tube. Color designation in display of micro· 

wave information increases our ability to differentiate 

moving from stationary objects, enemy from friendly air-

Janus COl1leS Down To Earth 

craft, hazardous from safe terrain, meaningful signals 

from noise - to name only a few uses. We have for YOll 

a brochure on industrial and military applications of the 

Lawrence single.gun color display tube. Included in the 

brochure is an explanation of Post Deflection Focusing. 

LITTON INDUSTRIES BEVERLY HILLS, CALIFORNIA 

Plants and Laboratories in California, Maryland, Indiana, Utah and New York 

DICITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE SPACE SIMULATION RESEARCIl 

MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING SERVOMECHANISMS PRECISION COMPONENTS & TRANSFORMERS 
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The Specificity of Antibodies 

Research is beginning to show how these bocJ.r proteins "recognize" 

and react with particular foreign molecules and not with others 

that have very nearly the same chemical structure and properties 

T
he chemistry of living matter in­
volves many substances so special­
ized that each reacts with just one 

counterpart and no other substance. This 
specificity is vividly demonstrated by 
the antibodies that furnish resistance to 
infection. An antibody is generated in 
response to the presence in the blood-

by S. J. Singer 

stream of a foreign substance called its 
antigen. The antibody combines with 
its antigen and brings about its removal 
from the blood. In a test tube the two 
substances often form a visible precipi­
tate. Each antibody is tailor-made; it will 
react only with the antigen that evokes 
it or with a very similar substance. 

I 

Such specificity sets the molecules of 
biochemistry apart from those of ordi­
nary chemistry. Inorganic chemicals re­
act by classes. For example, any acid 
will react with any base, regardless of 
the details of composition and structure. 
A biological molecule, on the other hand, 
often has a built-in capacity to recognize 

ANTIGEN·ANTIBODY REACTION is demonstrated. The tube 

at left contains rabbit antibody to bovine serum albumin (BSA). 
When BSA is added (second from le/t), a cloudy suspension is pro· 

duced (third from left), which settles out in 10 minutes (right). 

99 

© 1957 SCIENTIFIC AMERICAN, INC



1. 

2. 

3. 

H H 

H I I o 

I C-C � � I 

N - C C - As - O -H 

I "'C=C/ I 
H 

H 

I 

I I o 

I H H 
H 

H CH, 

I I o 
C--C : � '\- : 

N-C C - As - O-H 

I "'C=C/ I 
I I H o 

I H H 
H 

H H 

H I I o 

/I I ,f"C-C,\-
N-C C-C - O-H 

I "'C=C/ 
H I I 

H H 

H H 

I I o 
C -- C : � '\- : 

N=N - C C - As- O -H 

"C=C/ I 
I I 
H 

o 

I H 
H 

SMALL MOLECULES can be made to induce the formation of antibodies specific to 

themselves if they are attached to protein molecules. Formula 1 at top represents para­

arsanilic acid. When It is attached to a protein such as egg albumin, indicated by the shaded 

region in the diagram at bottom, and injected into rabbits, the animals make antibody 

which reacts with this compound and also with para-arsanilic acid. Formulas 2 and 3 are 

compounds closely related to p"ra-arsanilic acid. The antibody does not react with them. 
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and react with a particular molecular 
structure. This makes possible the rich 
variety of the chemical reactions that 
constitute the processes of life. Chemical 
specificity sometimes requires great 
complexity. For instance, to decompose 
urea, a molecule of eight atoms, nature 
has produced a giant molecule, the en­
zyme urease, which is made up of 
80,000 atoms. Specificity is one of the 
most important studies in biology, for it 
holds the answers to such vital questions 
as why the poliomyelitis virus infects 
only the nerve tissues of animals, why 
sperm will fertilize only the eggs of its 
own species, why the body will accept 
grafts only of its own tissues. 

I-lOW does a molecule "recognize" its 
particular chemical partner and 

why does it react with it alone? We are 
indebted to the study of antigens and 
antibodies for much of what we have 
learned about this matter in recent years. 
Antibodies are interesting subjects of 
experimental attack on the problems of 
specificity for a special and remarkable 
reason: the antibodies in an organism 
cannot be distinguished from one an­
other except by their reaction with their 
antigens. They are all globular proteins 
and they are all found in the same frac­
tion of the blood-gamma globulin. Ef­
forts to show that difference in activity 
is associated with difference in the 
chemical composition of antibodies have 
so far proved fruitless. For example, the 
antibodies of a rabbit, which have been 
studied most thoroughly, all appear to 
be made up of the same amino acid 
units, usually about 1,500 in number, 
and in the same proportions. They can­
not be distinguished from normal rabbit 
gamma globulins. The first five amino 
acids in the chain are arranged in identi­
cal sequence in both the antibodies and 
the "normal" gamma globulin. Since it 
is only their specificity to their respective 
antigens that distinguishes one antibody 
from another, we can hope that close 
study of the antibody-antigen reaction 
will tell us something about how this 
specificity is established. 

The modern study of the antibody-
antigen reaction began about 40 

years ago with the historic investigations 
of Karl Landsteiner. It had been estab­
lished that an tigens were large mole­
cules, most often proteins. It was also 
known that not only toxic substances 
produced by infectious organisms but all 
proteins foreign to the organism acted as 
antigens. But because so little was 
known about the structure of these large 
molecules, the way to further under-
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Drilling mud, containing sand and rock particles, looks like this 

as it flows from a well hole. It is "freshened up" for re-use 

in a cleaning machine equipped with a wear-resisting Monel 

alloy screen. Photo courtesy Standard Oil Company, (New Jersey). 

It's murder on most metals 
when mud goes to the cleaners 

The idea of putting mud through a 

cleaning process may seem fantastic. 

But that's exactly what they do in 

the oilfields. 

Drillers use special chemically 

treated mud to cool high-speed bits, 

and to bring up loose sand and rock 

particles. 

That sand-rock-mud mixture is a 

murderous combination, an abrasive 

compound that no one recommends 

for continued use with expensive 

equipment. 

So into a cleaning machine goes the 

mud! That's easier - and cheaper -

than getting new mud. And just as 

INCO 

good. All those bits of sharp and de­

structive rock are trapped inside a 

revolving cylinder made of Monel'" 

nickel-copper alloy screen. 

Monel alloy has the strength and 

toughness needed to resist this wear 

and abrasion. It also withstands cor­

rosion by the chemicals in the mud, 

and the acid used in cleaning the 

machine. It's the kind of metal that 

takes problem jobs in stride. 

Do you have a problem job, too? 
One where abrasion, corrosion, high 

or low temperatures, stresses or fa­

tigue are causing trouble? Talk it 

over with us. *Registered trademark 

Remember, when you buy 

INCO NICKEL . . . you also get 

INCO-t-SERVICES 
Whenever you are looking for answers to 
your metal problems. all the information 
and help we can give you are yours for the 
asking. For instance . • .  

1- Corrosion Service 

+ High Temperature Service 

+ Fabrication Help 

+ Foundry Service 

.,.. Field Information Centers 

+ Convenient Sales & Service 

+ Technical Publications 

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

NICKEL ALLOYS 
NICKEL ALLOYS PERFORM BETTER LONGER 
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standing of the antigen-antibody reac­
tion was blocked. Landsteiner opened 
the way by inducing animals to generate 
antibodies which were reactive to small 
molecules of known structure. The small 
molecules themselves were not anti­
genic, but Landsteiner made them so by 
coupling them to proteins. In one series 
of experiments he employed para-arsa­
nilic acid [see diagmm 1 on page 100] 
coupled to the protein egg albumin. This 
compound substance, when injected into 
a rabbit, induced antibodies which were 
proved to be capable of combining with 
para-arsanilic acid. 

Landsteiner went on to test the effects 
of a whole series of variations in the 
structure of the small molecular append­
age. These gave the first real measure of 
the exquisite specificity of the antigen­
antibody reaction. For example, anti­
bodies reactive to para-arsanilic acid 
reacted poorly with two very slightly 
different relatives of the substance [see 
diagmms 2 a11d 3 on page 100]. Land­
steiner showed that antibodies could 
even distinguish between optical isomers 

-molecules which are identical in all re­
spects except that one is the mirror im­
age of the other. The precise recognition 
demonstrated in these and other experi­
ments led to the conclusion that the anti­
body and antigen must make intimate 
atomic contact when they combine. The 
lock-and-key idea provides an excellent, 
if rough, analogy. Only contact between 
precisely complementary portions of the 
two molecules can explain the high spec­
ificity of the reaction. The presence of 
atomic "burrs" -an extra side group or a 
group of a different configuration-can 
prevent the antigen from fitting to an 
antibody made to the original structure. 
As for the optical isomer, it will fit the 
antibody no more easily than your left 
glove will fit your right hand. 

How antibodies achieve such discrim­
ination remains a bafRing question. If 
they do not differ from one another in 
composition, then perhaps their amino 
acids are arranged in different sequences 
in their molecular chains. Or it may be 
that their molecular chains are folded 
differently, since variation in folding 

could arrange the chemically active 
groups of the antibody molecule in pat­
terns to fit the complementary groups in 
the antigen. If we knew which of these 
alternatives is correct, we would have a 
real insight into how antibodies are 
made. It may be that the antigen or a 
portion of it acts as a template in the 
original synthesis of the antibody in the 
cells of the blood-forming tissues. On the 
other hand, the antigen may somehow 
act to modify the folding of the already 
synthesized chain. 

We would like to know the answers 
to such questions because they have 

a bearing on the practical question of 
immunity. We remain immune to certain 
diseases long after infection or after the 
injection of a vaccine. Antibodies are 
found still circulating in the blood even 
though their antigens have apparently 
disappeared from the body. Since anti­
gens are rapidly broken down by en­
zymes within the cells where antibody 
is made, it is difficult to see how an­
tigen templates can survive long in the 

ANTIBODY·ANTIGEN PRECIPITATE forms when antibody (el· 

lipsoids) and antigen molecules (spheres) are mixed in the right 

proportion to produce a three·dimensional framework, a section of 

which is shown here in highly schematic form. Rods between the el-

lipsoids and spberes represent reactive sites; antibodies have two 

such sites, antigens six. A precipitate forms when they combine 

in a ratio of one antigen to three antibodies. In solutions which 

contain an excess of antigen, smaller, soluble aggregates form. 
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Model of a typical modern copper tube sanitary drainage system for a kitchen and two baths in a ranch-style home. Plumbing 
contractor (left) is shown making a solder connection, while his assistant (right) prepares to cut a 20-foot length of copper tube. 

New trend in plumbing: Cop-p-er Tube Drainage Lines 
For sanitary drainage systems, city after city 

is approving modern nonrusting copper tube. 

It simplifies both building and remodeling. 

Copper tubes for hot and cold water 
lines have been the mark of a quality 
house for many years. Today, copper is 
meeting our complete plumbing needs 
better than any other metal. More and 
more is being used for sanitary drainage 
lines. And here's why. 

light, easy to handle and cut. Old-type 
threaded or caulked joints are elimi­
nated. A copper drainage system can be 
assembled quickly and easily with com­
pact, durable solder-joint fittings-even 
in tight quarters. And there are fewer 
joints to make because copper tube 
comes in 20-foot lengths. 

Because of all these advantages, cop­
per tube is being included as approved 
material for sanitary drainage lines as 
plumbing codes are brought up to date. 

THE FUTURE: Anaconda's American 
Brass Company is backing this great 
advance in the plumbing industry by 
providing the high-quality tube and fit­
tings needed - and by helping to de­
velop new applications and installation 
techniques. 

In building, as well as in industry, 
Anaconda and its manufacturing com­
panies-The American Brass Company 
and Anaconda Wire & Cable Company 
-are constantly seeking better ways of 
doing things with nonferrous metals. 

Whatever your specific metal prob­
lem, see the Man from Anaconda. The 
Anaconda Company, 25 Broadway, New 
York 4, N. Y. 57261 

SLIM AND TRIM. With modem cop­
per drainage tube, you can put plumb­
ing where you want it and need it. Cop­
per won't rust and its smooth surface 
resists clogging. Thus, copper tube for 
household drainage can be slim and trim 
- fitting easily inside standard-width 
wall partitions. 

EASY TO INSTALL. Work goes faster, 
too, because copper tubes are relatively 

ANACONOP: 
THE AMERICAN BRASS COMPANY-ANACONDA. WIRE & CABLE COMPANY 
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A I(nowing Look 
When Lockheed wanted to watch the in-flight 

behavior oj the giant skis on their 62 ton C-130 
Hercules prop jet - they used an IT&T closed­

circuit TV system to show engineers inside the 

plane exactly what was happening. 

Closed-circuit television systems developed by 

International Telephone and Telegraph Corpora­

tion are proving to be valuable tools for industry, 
management, and the military. 

When there's a need to see, you can use the eyes 

of the TV camera to overcome distance, dust, or 

hazardous locations-even to peer inside a boiler! 

It takes you anywhere-and sees everything. 

This is another major contribution in visual 

telecommunication and electronic controls by the 

creative engineering of IT&T. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 67 Broad Street, New York, N. Y. 
For information about Closed-Circuit Television Systems write Industrial Products Division of IT&T, 100 Kingsland Road, Clifton, N. J. 
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cell. Just one template, however, may 
suffice to cause the production of mil­
lions of antibody molecules; it could 
easily persist in the cell beyond the 
reach of our power to detect it. 

Despite our ignorance, we have 
learned enough to be able to practice 
artificial immunization with some suc­
cess. The trick is to present the body 
with a template for the formation of the 
antibody and yet not infect it with the 
disease. Edward Jenner, the discoverer 
of vaccination, was able to do this some 
150 years ago. The vaccinia virus ap­
parently carries the atomic groups that 
make the template for the antibody to 
smallpox virus. More recently, by hit­
and-miss methods, we have succeeded in 
altering viruses chemically to achieve 
the same purpose. This is how the Salk 
polio vaccine is made. Treatment of the 
virus molecule with formaldehyde ap­
parently alters those amino acid groups 
in its structure that are involved in the 
process of infection. This "killing" proc­
ess does not affect the part of the struc­
ture that acts as a template for the 
antibody. 

The foregoing of course applies only 
to active immunization, which produces 
prolonged resistance to infection. By 
borrowing gamma globulin (i.e., anti-

bodies) from an immune individual and 
injecting it into a susceptible one, we 
can confer passive immunization. But the 
antibodies disappear within weeks, and 
because the individual injected is no 
more able to produce antibodies than be­
fore, his immunity ends. 

The mere combination of two mole­
cules in a solution does not necessarily 
produce a precipitate. In fact, antibodies 
and antigens form an insoluble com­
pound only when they are mixed in the 
right proportions. 

A particularly useful antigen for ex­
periments is bovine serum albumin 
(BSA) . It can be prepared easily in high 
purity and is a very powerful antigen in 
rabbits: after repeated injections of 
BSA, as much as 30 per cent of a rabbit's 
gamma globulin may consist of anti­
body. Now if we react BSA with its 
rabbit antibody and increase the ratio of 
antigen to antibody in a series of test 
tubes, we get an increasing volume of 
precipitate. But this goes on only up to 
a certain maximum; in tubes containing 
still more antigen the amount of precipi­
tate decreases. With sufficient antigen 
present, no precipitate comes down at 
all! 

Determination of the antigen-to-anti­
body ratio that yields the maximum pre-

cipitate has taught us something im­
portant about how they react. As in 
ordinary chemistry, this ratio is related 
to the ratio of the valence numbers of 
the two molecules. When we analyze 
a precipitate of sodium phosphate, we 
find that the crystal is made up of 
sodium and phosphate ions in the ratio 
of 3 to 1: Na3 (P04)1. The mixture of 
BSA and its rabbit antibody that yields 
their maximum precipitate corresponds 
to BSA1 antibody 3. This establishes the 
ratio of the valences but not their actual 
number. BSA could have three active 
sites and the antibody only one, or BSA 
could have six and the antibody two. 

Whether antibodies have only one re­
active site or more than one used to be 
a subject of debate. The more-than-one 
hypothesis was advanced by the so­
called framework theory of J. R. Mar­
rack and Michael Heidelberger. Their 
theory gave a plausible explanation of 
the precipitation of antibody-antigen 
combinations. It holds that antibodies 
with more than one valence can hook on 
to more than one antigen at a time and 
thus build up large, three-dimensional 
"frameworks" which are too big to stay 
in solution. When there is an excess of 
antigen over antibody, the theory goes 
on to say, more small aggregates are 

EFFECT OF VARYING PROPORTIONS of antigen and antibody 

is illustrated. All these test tubes contain the �ame amount of an-

tibody to BSA. From left to right, however, the amount of BSA it· 

self is increased. No precipitate forms when there is too much BSA. 
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ON PERIODICAL 

STORAGE SPACE 

SCIENTIFIC AMERICAN and 

over seven hundred and fifty 

other leading periodicals are 

now available on microfilm-

cost about equal to library bind-

ing. Microfilms of issues from 
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SCIENTIFIC AMERICAN ] may be 
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Addressing InqUIrIeS to 

us on your organization's letter-
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service to you. Write for details 

to Department SA. 
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formed because the antibodies are used 
up in binding antigens rather than in 
accumulating on large frameworks. The 
reaction products therefore remain small 
enough to stay in solution. 

Although the framework theory ex­
plained the experimental facts, the evi­
dence was still inconclusive. Some scien­
tists held to the hypothesis that the anti­
body has but one reactive site, on the 
principle that nature chooses the sim­
plest way. They pointed to the fact that 
most giant molecules, notably the en­
zymes, appear to have only one reactive 
site, and they tried to explain the forma­
tion of precipitates in other ways. 

Within the past few years, however, 
our group at Yale University has devel­
oped some direct evidence in support of 
the framework theory and the multiva­
lence of antibodies. In this work we have 
depended principally on the ultracentri­
fuge. By measuring the varying sedimen­
tation rates of particles in solution, the 
instrument can detect and weigh the 
smaller antibody-antigen aggregates. 
They show up as distinct peaks in the 
ultracentrifuge pictures [see below l. 
In solutions containing a heavy excess of 
antigen, so that each antibody is bound 
to the maximum number of antigen 
molecules with which it can combine, 
the dominant peak in our pictures proved 
to be the one indicating an aggregate of 
two antigens with one antibody. This 
showed that the antibody has two reac­
tive sites. In solutions containing pro-

gressively smaller excesses of antigen we 
have found larger and larger aggregates. 
We have thus been able to "see" the 
growth of antibody-antigen frameworks 
on the way to precipitation. 

The same ultracentrifuge pictures 
help us to estimate the forces involved in 
the antibody-antigen reaction. The more 
aggregates are formed, the stronger the 
forces must be. Measured by the quan­
tity of aggregates shown in our pictures, 
the forces turn out to be surprisingly 
weak. They are much weaker than those 
binding together the atoms 'of a mole­
cule. This places a limit on the number 
and the kinds of groups (especially bear­
ing electric charges) that can possibly 
be present in the complementary reac­
tive regions of the two molecules. 

T he next big step in antibody research 
- will be to learn in detail how the 

atoms are arranged in the reactive region 
of an antigen or antibody molecule. That 
step in turn will bring us into direct ex­
perimental contact with these further 
questions: How does the reactive site on 
an antibody attain a structure comple­
mentary to that of its antigen? Are the 
same two portions of the antibody mole­
cule involved in antibodies reactive to 
different antigens? The answers, added 
to what we have already learned about 
the specificity of the antibody-antigen 
reaction, will help illuminate many other 
vital and more complicated molecular in­
teractions in living matter. 

ULTRACENTRIFUGE PICTURES display peaks corresponding to molecules of different 

weight, with the heavier molecules to the left and the area under each peak reflecting the 

quantity of molecules present. As the centrifuge spins, these peaks move to the left at dif­

ferent rates, because the sedimentation rate increases with weight. These two pictures show 

the peaks produced by two different antibody·antigen solutions. The peak to the right in 

both pictures is due to uncombined antigen molecules. In the picture at left the small peak 

corresponds to aggregates in which two autigens are bound to each antibody. A small peak 

corresponding to these aggregates can also be seen at center in the picture at right. To the 

left of this peak is a larger peak probably corresponding to an aggregate of three antibodies 

to each two antigens. Still heavier aggregates are indicated by shadows to the left of this peak. 
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A Clear Look .... 

at the economics of 
Petroleum Products 

Marketing 

For nearly a half century UOP has been developing 
and engineering processes for more efficient and 
more economic production of petroleum products and 
by-products. Always of primary concern, too, has 
been the profitable manufacture and marketing of these 
products by the individual refiner. 

Because of this extensive experience Universal is now 
able to offer the industry the services of a highly 
qualified marketing and economic research group to 
help refiners, established or potential, plan 
intelligently for future development. 

This service is comprehensive. It includes such factors 
as designation of profitable markets, sales potentials, 
organization and installation requirements, plant 
locations, product and by-product determination, 
facilities and raw material supply, manpower and 
transportation availabilities, financial requirements, 
projected yields ... a full and careful analysis of 
all the factors involved in manufacturing and marketing 
petroleum products. The service is available to 
any refiner, anywhere, regardless of the volume or scope 
of his operation. 

L ' 

uniVERSAL OIL PRODUETS EOmPADV 
30 ALGONQUIN ROAD, DES PLAINES, ILLINOIS, U. S. A. 

More Than Forty Years Of Leadership In Petroleum Refining Technology 
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first 
Burroughs is first with the full 

power of a giant electronic 

computing system at half 

the cost ... the Datatron 220 . 

First too, a medium-priced 

system with a full magnetic core 

memory, increasing productivity 

10 to 15 times over previous 

systems. Designed for both 

scientific computation and 

business data processing. 

Delivery of the Datatron 220 

will begin during the 2nd 

quarter of 1958. For a summary 

of its benefits, write to Dept. F, 

Pasadena, California: 

ElectroData 0 I v I 5 ION 

BURROUGHS CORPORATION 
GRAPHIC. MECHANICAL' ELECTRO·MECH .... NICAl • ELECTRONIC SVSTEIJ'S 

extending the usefulness of man's mind 
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CONGENITAL DEFORMITIES 

It is now kno\vn that many of them are caused, not by hereditary 

factors, but by injuries during gestation. The kind of deformity 

is related to the time of e-arly life at which the injury occurs 

A
(. nd surely we are all out of com­

putation of our age, and every 
man is some months elder than 

he bethinks him; for we live, move, have 
a being, and are subject to the action of 
the elements and the malice of diseases, 
in that other world, the truest micro­
cosm, the womb of our mother." 

It has taken medicine 300 years to 

by Theodore H. Ingalls 

appreciate the truth and importance of 
these words which Sir Thomas Browne 
wrote in 1642 (in Religio Medici). The 
life of an individual begins not on the 
day he is born but when he is conceived. 
And life's grisliest tragedies take place, 
as often as not, in the womb. The catas­
trophe goes unnoticed at the time: it 
may be signaled only by a rash or some 

other symptom of an infection of the 
mother. Far more often there is no sign 
of the tiny h'agedy until the baby is 
born-with two heads, or a single eye, 
or a cleft palate, or a dwarfed body, or 
unseeing eyes, unhearing ears or a 
blighted mind. 

The embryonic period of life has had 
only perfunctory attention from medi-

CONJOINED TWINS are depicted in Monstrorum Historia (Histo· 
ry of Monsters), published in Bologna in 1642. This is a genuine 

deformity, often called Siamese twins. In ancient and medieval 

times such deformities provided the basis for fanciful monsters. 
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cine until recently. It was allowed to slip 
into a blind spot between genetics, ob­
stetrics and pediatrics. Only within the 
last 15 years has the realization come 
that many-probably most-congenital 
deformities are not foreordained by he­
redity but are preventable incidents of 
development in the womb. Today inves­
tigation of the causes of these deformi­
ties is laying the basis for a new field of 
preventive medicine which we might 
call prenatal pediatrics or prenatal pub­
lic health-concerned with that part of 
the population which is in its mother's 
womb. I believe that it will become pos­
sible to prevent many congenital de­
formities by improving the preparation 
for pregnancy and by careful attention 
to stresses and diseases during the preg­
nancy period. 

The concern with congenital deformity 
has its roots in antiquity: in the leg­

ends of fauns with pointed ears, of sirens 
with fish like tails, of Cyclops, the one­
eyed giant, and of Janus, the two-headed 
god of the Romans, whose ability to look 
both forward into the future and back­
ward into the past is commemorated in 
the name of the month of January and 
who was venerated with the respect 
naturally commanded by anyone gifted 
with two heads and extraordinary pow­
ers of perception. These fanciful crea­
tures of course had a basis in fact. The 
birth of a deformed baby in ancient times 
evoked fear and awe. The event was a 
portent that needed to be interpreted 
(the word monster itself comes from 
the Latin monstrare, to show) . In savage 
cultures such babies were often sacri­
ficed to the gods or thrown into a river 
as possessed of evil spirits; even in less 
crude societies the mothers were some­
times brought to trial on metaphysical 
grounds and occasionally were burned 
at the stake. 

In recent times the blame has been 
transferred mainly to the genes. The 
brilliant experiments of Gregor Mendel 
with peas seemed to provide a complete 
basis for explaining the birth of freaks in 
terms of genes and chromosomes. Fami­
ly heredity and the accidents of muta­
tion and natural selection supplied an 
altogether intelligible explanation. 

Today we know better. Let no one 
suppose that what we have learned be­
littles the importance of heredity and the 
genes in forming individuals-freakish as 
well as normal. Inheritance is respons­
ible for some deformities, and for sus­
ceptibilities that lead to imperfect de­
velopment. It is also true that the genes 
determine whether an individual is des-

110 

tined to have a single head, two eyes and 
two legs. But months after conception 
it may develop that possession of normal 
features was settled only in theory, not 
in fact. An embryo that began its life 
with perfectly normal genes may, by the 
time it is born, have only one eye or two 
heads or three legs. And experiments on 
animals have demonstrated conclusively 
that crippling deformities arise from in­
juries to the embryo at certain stages of 
its development. 

This thought was proposed more than 
a century ago by a French zoologist, 
Isidore Geoffroy Saint-Hilaire. It was 
presented in his three-volume study, 
published in 1832, called The Geneml 
and Particular Histol'Y of Anomalies of 
01'ganization in Man and Animals. Geof­
froy Saint-Hilaire concluded that con­
genital deformities were "the effects of 
disturbances and adverse influences hap­
pening during the course of develop­
ment" in the womb, and he urged that 
the causes of these accidents of preg­
nancy were a vital subject for further 
research-'''l subject important, immense 
and capital." 

Half a century later another French­
man, Camille Dareste, took up such re­
search, exploring the reasonable propo­
sition that sickness should have profound 
effects upon the embryo, particularly in 
the early stages when the embryonic or­
gans were in a "semifluid state." Da­
reste's experiments, carried out unsys­
tematically and mainly with hen's eggs, 
were not convincing. It was not until 
half a century later that laboratory work 
on pregnant mammals and a freak epi­
demic in Australia proved that Geoffroy 
Saint-Hilaire and Dareste were right. 

The epidemic was an outbreak of Ger-
man measles in 1941. A year later 

medical researchers discovered with 
amazement almost amounting to incre­
dulity that the mild disease had left a 
train of blind, deaf, heart-diseased and 
mentally retarded infants among the 
babies born to pregnant women who had 
had the infection. The discovery jolted 
physiCians everywhere. It was a shock­
ing thought that the birth of deformed 
babies could no longer be dismissed fa­
talistically (and complacently) as an act 
of God or a genetic accident. 

Medical research in the 1940s and 
early 1950s opened other new inSights 
into the importance of the unborn baby's 
environment during its life in the womb. 
It was discovered that a mother's sensi­
tivitv to Rh-positive blood could produce 
in her baby the fatal blood disease called 
erythroblastosis. Exposure of premature 

babies to excessive oxygen pressure in 
incubators was found to cause blindness 
[see "The Strange Case of the Blind 
Babies," by Theodore H. Ingalls; SCIEN­
TIFIC AMERICAN, December, 19551· 
Physicians investigating the aftermath of 
Hiroshima observed that pregnant wom­
en who had been exposed to the atomic 
bomb gave birth to mongoloid babies. 
Swiftly the meaning of many discon­
nected researches and observations be­
came clear. There was no longer room 
for doubt that congenital deformities 
could spring from mishaps to the mother 
of various kinds: German measles, seri­
ous blood disturbances, deep anesthesia 
and surgery, automobile accidents, heavy 
exposure to X-rays and so on. 

Just what consequences will ensue 
from these insults to the unborn baby 
depends upon the time they occur. We 
can draft a timetable or calendar which 
relates deformities to the age of the 
embryo at the time of injury. 

The stresses that produce a one-eyed 
baby must come at the very beginning 
of the embryo's life, during the first week 
or two after fertilization of the egg, for 
at this time the primordia from which 
the two eyes will develop are so close 
together as to be virtually single. Next 
in order comes the stage at which con­
joined (so-called Siamese) twins may 
originate, from an injury which prevents 
separation of the two individuals. In 
about the third week of development a 
critical injury may result in the heart or 
viscera being left outside the chest cavi­
ty, or in failure of one or both legs or 
arms to develop, because this is the time 
when the heart and viscera are still out­
side the body cavity and the limb buds 
are starting to grow. An injury in the 
fourth week, when the windpipe is bud­
ding off from the gullet, may produce the 

THREE DEFORMITIES are related to the 

period of embryonic development at which 

the injuries that cause them may occur. The 

drawings on the left side of the illustration 

on the opposite page show the normal de· 

velopment of the human embryo from three 

to eight weeks. The deformity at bottom is 

cyclopia, the main feature of which is a sin· 

gle eye; this deformity is probably caused 

by an injury about the third week of gesta· 

tion. The deformity in the middle is con· 

joined twins, which may result from injury 

to the cephalic (head) region of the em· 

bryo at about the same time, but probably 

after the eyes are paired. The deformity at 

top, characterized by incomplete limbs, is 

probably caused by injury between five and 

eight weeks, when the limbs are forming. 
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EXPERIMENTS WITH FISH were performed at the Harvard 

School of Public Health to determine the effects of lack of oxygen 

on the development of vertebrate embryos. In the photograph at 

left is a tank of zebra fish, a tropical species. The male fish (left) 

well-known defect which leaves an open­
ing between the windpipe and gullet­
so-called tracheo-esophageal fistula. In 
the fifth week, when the lenses of the 
eyes are forming, the embryo is vulner­
able to congenital cataract. In the sev­
enth week it may be doomed to a cleft 
palate, for the two halves of the palate 
normally start to close at that time. In 
the eighth week an injury may produce 
mongolism; it is then that the embryo 
begins to develop the base of the brain 
and skull, the wall of the heart, the nasal 
bones and the fingers-all structures that 
are blighted in mongolism. In the ninth 
week, when the inner ear is undergoing 

rapid differentiation, a mishap to the 
mother may result in a deaf baby. 

This is only part of the list of defects 
that can be created at the respective 
ages of the embryo. Part of the picture 
has been verified by the histories of 
mothers stricken with German measles 
and other mishaps. One mother gave 
birth to a mongoloid baby after almost 
suffocating from carbon monoxide poi­
soning in the second month of pregnan­
cy. Another, who bore mongoloid twins, 
had been in a head-on automobile colli­
sion on the 59th day of pregnancy. A 
third had had a tooth pulled under gas 
and oxygen anesthesia late in the second 

month of pregnancy. Two Hiroshima 
women in about the third month of 
pregnancy, caught less than a mile away 
from the atomic bomb explosion center, 
had mongoloid babies. 

plainly the whole matter calls for or-
derly scientific studies. In the depart­

ment of epidemiology at the Harvard 
School of Public Health we have been 
carrying out systematic experiments on 
colonies of fish and of mice. The ferti­
lized eggs of fish are especially suitable 
for studying effects of damage to the 
embryo in its earliest stages, and preg­
nant mice have been used to study ab-

FERTILIZED FISH EGGS are placed in a glass dish in the photo· 

graph at left. In the second photograph from left, after the fer· 

tilized egg has divided one or more times, the dye trypan blue is 

added to the dish; this dye interferes with respiration of the 
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are separated from the female (right) by a vertical translucent 

screen. In the photograph in renter the screen has been removed; 

the females lay their eggs and the males fertilize them. In the 

photograph at right the fertilized eggs are collected from tank. 

normalities produced in the last two 
thirds of pregnancy. The standard stress 
we have applied on these animals is lack 
of oxygen, known to be a cause of con­
genital deformity. For the fish, we cre­
ate a deficiency by scrubbing oxygen out 
of the aquarium water with nitrogen. 
The mice we put in a low-pressure 
chamber simulating altitudes of 25,000 
to 30,000 feet-equivalent to taking the 
animals to the top of Mount Everest. Our 
procedure is to subject the experimental 
organisms-fish eggs or pregnant mice­
to lack of oxygen for three to five hours 
at a given stage of development and 
later study the effects on the offspring. 

The earliest stage at which my co­
workers and I have been able to induce 
a deformity in the fish is during the first 
division of the fertilized egg. Depriva­
tion of oxygen at this time may cause 
fish to be born without eyes. The same 
treatment of eggs when they have 
reached the stage of division into 16 
cells results in the development of fish 
with very small eyes or only a single eye 
and without rumps. At mid-gastrulation 
(when the single-chambered blastula 
develops into the two-chambered gas­
trula) the injury may result in the for­
mation of "Siamese" twins. (Twinning, it 
should be borne in mind, may affect only 

a part of an animal's body, producing an 
extra finger, hand, foot or other organ.) 

We have not yet been able to induce 
such severe deformities in mice, pre­
sumably in part because few of the em­
bryos survive exposure to a drastic stress 
in the earliest stages. But stresses im­
posed on pregnant mice on and after the 
ninth day have produced a regular pat­
tern of congenital defects in their off­
spring. These include a cleft palate, lack 
of eyelids and defects of the skull, brain, 
skeleton and spine. The critically vul­
nerable time for the embryonic mouse's 
central nervous system and skeleton is 
the 9th and 10th days. A cleft palate is 

dividing cells. In the third photograph the dividing cells have been 
placed in another dish, but remain stained by the dye. In the fourth 

photograph the dish contains fish about three days old. These are 

now examined under the microscope for congenital deformities. 
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Want to be 

a two-income man? 
The number of people who have two in­

comes - one from the job and one from 

stocks - is increasing all the time. 

And no wonder. Because when you own 

good common stock you can get income 

from businesses other than the one you're 

in. And your dollars have a chance to 

g?·ow. 
You want to be as sure as possible, of 

course, that you invest in a prosperous, 

growing company. A company may not be 

going anywhere, may not pay dividends. 

And remember that stock prices can go 

down as well as up. So always get facts 

before you buy - never depend on tips 

or rumors. Use only extra money left 

over after living expenses and emer­

gencies are provided for. And get advice 

from a nearby friendly broker-making 

sure he's with a Member Firm of the 

New York Stock Exchange. 

Send for free booklet 

Start with our fascinating free booklet 
"DIVIDENDS OVER THE YEARS." Here you'll 

find more than 300 stocks that have paid 
dividends every year for a quarter of a 

century and more. You'll see which have 

been paying 5 to 6 percent at recent 

prices, which are favored by financial 

institutions. And you'll find a description 

of the Monthly Investment Plan, which 

enables you to buy part-ownership in 

some of America's greatest companies 

for as little as $40 every three months up 
to $1000 a month. Incidentally, two out 

of three shareowners have incomes under 

$7500 a year. 

Waste no time adding a broker in a 

Member Firm to your circle of friends. 

He'll help you invest sensibly, help you 

buy or sell, help you decide between 

stocks or bonds. And ask him to review 

your securities from time to time. 

But right now, send the coupon. Get 

started on that second income. 

Own your share of American business 

Members New York 
Stock Exchange 

For offices of Members nearest you, look under New 

York Stock Exchange in the stock broker section of 

your classified telephone directory. 

r----------------� 
Send for new free booklet. M a i I t o  
your local Member Firm of the Stock 
Exchange, or to the New York Stock 
Exchange, Dept. H7-7, P. O. Box 252, 
New York 5, N. Y. 
Please send me, free, "DIVIDENDS OVER 
THE YEARS-a basic guide for common 
stock investment." 

NAME; ________________________ __ 

ADDRESS ____________________ __ __ 

BROKER,IFANY ________________ ___ 

�----------------� 
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SMALL LEFT EYE of the zebra fish in the photograph at left was caused by lack of oxygen 

when the fish consisted of from two to eight cells. At right is a photograph of a normal fish. 

induced on the 14th and 15th days; 
the lack or incomplete development 
of eyelids, about the 17th and 18th 
days. 

Other workers have tested a number 
of stresses on the mice besides depriva­
tion of oxygen-for example, X-ray in­
jury, vitamin deficiencies, cortisone in­
toxication. Each of these agents can 
produce a cleft palate, provided that the 

stress takes effect on or before the 14th 
or 15th day of pregnancy. 

I would sum up all the observations 
and experiments in a clear-cut theory: 

Cyclopia (one eye), Siamese twins, 
mongolism, congenital heart disease, 
deafness and cataract-these and many 
lesser anomalies are members of a series 
of defects produced by severe stress at 

LACK OF RUMP in the zebra fish in the photograph at top was caused by lack of oxygen 

when the fish consisted of about 64 cells. In the photograph at the bottom is a normal fish. 

© 1957 SCIENTIFIC AMERICAN, INC



... from 

Columbia-National 

Up-to-date information about commer­
cial'grade zirconium is summarized in a 
new, easy-to-use booklet. 

Featuring: 
• established and suggested uses 
• corrosion.resistance data 

• physical and mechanical properties 
• fabrication techniques 

• Columbia· National technical service 

Send 
for your copy 
now! 

The coupon at the top puts your 

name on our mailing list to receive future 

bulletins. A folder on reactor·grade zir· 

conium is also available. 

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

Name • . • • . • • . . . • • . . . • . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .• • . • .  

Title ...................................................................... . .  

Company ................................................................ '," 

Address ................................... ' . . . . ... . . . . . .. . . . . . . . . . . . . . . . . . .  

Please send: 

o Technical Digest on Commercial·Grade Zirconium. 

o Folder on Reactor·Grade Zirconium. 

Columbia-National Corporation 
Jointly owned by Columbio-Southern Chemical Corporation 

and National Research Corporation. "'f "" UUf" U Tn 
DEPT. C-3A. 70 MEMORIAL DRIVE 

CAMBRIDGE 42. MASSACHUSETTS 
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PALATE of normal mouse embryo is photo­

graphed at 14% days (top), lSlh days (mid­
dle) and 16lh days (bottom) after concep­

tion_ At top and middle the palate is cleft; at 

bottom the halves of the palate are joined_ 

CLEFT PALATE occurred in a mouse em­

bryo which had been deprived of oxygen 

14lh days after conception_ Age of embryo 

from which palate was removed was 18lh days_ 

1 16 

various critical stages of the develop­
ment of the embryo. They are the 
scars of injury to the unborn child in 
the womb. Each deformity is like a 
"still" picture taken from a moving pic­
ture strip, representing abnormal de­
velopment of the particular affected 
organs. 

This is not to deprecate the enormous 
contribution of genetic factors to the de­
fects we observe in living organisms. But 
whereas the genetic dangers have been 
well recognized, the hazards of the em­
bryo have not. There have been great 
fears, for example, as to the conse­
yuences of the bombing of Hiroshima for 
future descendants of the survivors. So 
far, however, no evidence of mutations 
among children of the survivors has 
emerged, while on the other hand we 
have direct and tragic evidence that the 
embryos then being carried by pregnant 
women did suffer. Fifteen babies born to 
mothers who were standing within a mile 
and a half of the explosion center were 
born with shortened skulls and defective 
brains. 

The hopeful moral is that many con­
genital deformities can be prevented. 
The monstrosities that have appalled 
and frightened mankind since antiquity 
should become avoidable as we learn 
more about the mishaps of pregnancy 
that may give rise to them. When we 
have brought German measles under 
control, we shall undoubtedly reduce 
significantly the number of children born 
with congenital cataract and even more 
serious defects. By seeing to it that preg­
nant women avoid deep anesthesia or 
severe hemorrhage we may be able to 
prevent much blindness, mental retarda­
tion and cerebral palsy. We can make in­
roads into the number of cases of mon­
golism by paying more attention to the 
pregnancies of older women. We can 
further reduce the hazards of the popu­
lation in the womb by close and careful 
attention to the health of prospective 
mothers; severe diseases of the blood 
and circulatory system, infections and 
diabetes seem to be dangerous. Pregnant 
women should, if possible, avoid X-ray 
treatments, operations, major dental 
work and long airplane flights. A single 
stress may not be decisive, but a combi­
nation of them must be cause for con­
cern. 

In the past half century we have 
brought down tremendously the rate of 
infant mortality. For the next half cen­
tury we can look forward to improving 
the quality of our offspring by coming 
to a clearer understanding of the impor­
tant months of life they spend in the 
womb of their mother. 

ENGINEERS 
., . cross new 

frontiers in system 
electronics at THE 

GARRETT CORPORATION 

Increased activity in the 
design and production of sys­

tem electronics has created 
openings for engineers in the 

following areas: 

ELECTRONIC AND AIR DATA 
SYSTEMS Required are men of proj-

ect engineering capabilities. Also 
required are development a n d  
design engineers with specialized 

experience in servo-mechanisms, 
circuit and analog computer design 
utilizing vacuum tubes, transistors, 
and magnetic amplifiers. 

SERVO-MECHANISMS 
AND ELECTRO-MAGNETICS Com p l e t e  

working knowledge o f  electro-magnet­
ic theory and familiarity with materi­
als and methods employed in the design 
of magnetic amplifiers is required. 

FLIGHT INSTRUMENTS AND 
TRANSDUCER DEVELOPMENT 

Requires engineers capable of analyz­
ing performance duri.ng preliminary 
design and able to prepare proposals 
and reports. 

FLIGHT INSTRUMENTS 
DESIGN Requires engineers skilled 

with the drafting and design of light 
mechanisms for production in which 
low friction, freedom from vibration 
effects and compensation of thermo 
expansion are important. 

HIGH FREQUENCY MOTORS, 
GENERA TORS, CONTROLS Requires 

electrical design engineers with 
BSEE or equivalent interested in 
high frequency motors, generators 
and associated controls. 

Send resume of education 
and experience today to: 

Mr. C. D. Bradley 

CORPORA .... ON 

9851 S. Sepulveda Blvd. 
Los Angeles 45, Calif. 

DIVISIONS: 
AiResearch Manufacturing 

Los Angeles 
AiResearch Manufacturing 

Phoenix 
AiResearch Industrial 

Rex -Aero Engineering 
Airsupply-Air Cruisers 

AiResearch Aviation 
Service 
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Electronic 

Cooling 

Package . . .  by AiResearch , 

SPECIFICATIONS OF TYPICAL 
AIRESEARCH COOLING PACKAGE 

Air Flow 
Fan Air Inlet Pressure 
Fan Pressure Rise 
Heat Exchanger Pressure Drop 
Liquid 

Liquid Flow 
Heat Rejection" 
Fan Power 

Package envelope dimensions 
Package wet weight 

60 CFM 
18 PSIA 
1.2 inches water 
1.0 inches water 
Water 
Methanol 

(70% Methanol) 
0.4 GPM 
300 Walts 
30 Watts, 110 V., 

single phase, 
400 cycle 

7 x 6 x 3 inches 
2.5Ibs. 

"Assumes Class A (85°C.) electronic components, 
liquid inlet temperature to heat exchanger, 55°C. 

Includes heat from fan motor. 

This high performance AiResearch package cools sealed and 
pressurized electronic equipment. The fan circulates air 
through the liquid cooled heat exchanger and over electronic 
components in a hermetically sealed module. Air cooled 
units are also available. Fan and heat exchanger are designed, 
built and packaged by AiResearch for matched performance. 
Package size is tailored to your individual cooling requirements. 

The Garrett Corporation, through its AiResearch 
Manufacturing divisions, is an industry leader in components 
and cooling systems for aircraft, missiles and nuclear 
applications. This wide experience is now being offered to the 
electronics industry to provide a cooling package to meet 
any cooling requirement. Send us details of your problem or 
contact the nearest Airsupply or Aero Engineering office 
for further information. 

THE CORPORATION 

?liResearch Manufacturing Divisions 
Los Angeles 45, California· Phoenix, Arizona 

AERO aNGINEERING OFFICES. 
MINEOLA' ATLANTA' BALTIMORE· BOSTON' CHICAGO' CINCINNATI' COLUMBUS 

DtTRQ1T' INDIANAPOLIS' PHILADELPHIA' ST. LOUIS' SYRACUSE' WINTER PAAK 

AIRSUPPLY OFFICES. 
BEVERLY HILLS' DENVER' FT. WORTH' KANSAS CITY ' SAN DIEGO ' SAN fRANCISCO 

SEATTLE' TULSA' WICHITA 
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HEAT • WEAR • CORROSION 

HAYNES Alloys solve the 

HEAT 
10 Years' Service at 1600 to 

1800 deg. F. 
Rotors and impellers made of MULTIMET 
alloy are being used to circulate the at­
mosphere inside heat-treating furnaces 
where temperatures range from 1600 to 
1800 deg. F. They are expected to last 10 
years even though they are exposed to 
both reducing and oxidizing conditions. 
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tough problems 

EROSION 
Withstands High Velocity Erosion 

for 19 Years 

�� 
," �. 
\��, .� ��, 
'.' �\'\ 
'::i�,'i: . 

Blading at the cold end of steam tur­
bines spins at speeds approaching that 
of a high speed bullet. At these high 
velocities even small water particles 
can cause rapid wear on most metal 
parts. Yet when the leading edges of 
these blades are protected by a 27-in. 
strip of HAYNES STELLITE alloy, they 
remain in operation up to 19 years! 

\t� 
, . "\ ,��-- 'i�i.� �-. 

�HAYNES alloys give long, dependable 
�i;ervice under some of industry's tough­

}�st conditions. They operate for long per­

iods of time at temperatures up to 2000 

��eg. F; they resist the severe corrosive 
,f action of many chemicals; and they with­

/' stand the wearing effects of abrasion and 
erosion. 

There are over 100 HAYNES alloys-a 
wide seiection that practically guaran­

tees you a tailor-made solution to your 
heat, abrasion, or corrosion problems. 
Many of these alloys are available as 

sheet, plate, bar stock, tubing, wire, sand 

castings, investment castings, welding 
rods, hard-facing rods, and metal-cutting 

tools. 
For complete details on properties, 

prices, and forms, write for literature, or 

contact our nearest sales office ... HAYNES 
STELLITE COMPANY, Division of Union 

Carbide Corporation, Kokomo, Indiana. 
Sales Offices in Chicago, Cleveland, De­
troit, Houston, Los Angeles, New York, 
and San Francisco. 

Resists Chlorine Compounds 
at 300 deg. F. 

Vessels lined with HASTELLOY alloy C last from 2 to 4 years 
while handling such severely corrosive media as hydrochloric 
acid, tri-chlor benzene and other chlorine compounds. Because 
of the unusual resistance of HASTELLOY alloy C to a variety 
of corrosives, it is widely used in the Petroleum, Chemical 
Processing, Metalworking, and many other industries. 

A. L L O"V'S 

HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 

Kokomo, Indiana 

"Multimet." "HasteIloy," "Haynes," and "Union Carbide" 
a,re registered trade-marks of Union Carbide Corporation. 
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Higher and faster than ever before 

World's first throllieable rocket engine is one of a 
group of Curtiss-Wright powerplants and missiles 
capable of several times the speed of sound. 

The Curtiss-Wright Rocket Engine would fit under the hood of your 
car, yet delivers a thrust equal to the power that drives a Navy 
cruiser at high speeds ... a thrust that has flown man higher 
and faster than ever before. And this record-breaking power is 
controlled, by the hand of the pilot, for the first time in 
history ... doesn't burn itself out in ordinary rocket fashion. 

The pilot can control his thrust through a wide range, start or 
stop it at will, conserve fuel or use it all in one prolonged 
burst. Operating at speeds near the thermal barrier he can 
explore the advanced problems of supersonic and hypersonic flight. 

The Rocket Engine is one of a group of Curtiss-Wright 
powerplants and missiles capable of several times the speed 
of sound ... a group that includes also the Ram Jet ... 
and the HTV rocket which reaches supersonic speed a 
fraction of a second after launching. 

PROPELLER DIVISION 

Rocket Engines by CURTI99=\Y\YIRIGHI � 
CORPORATION • CALDWELL, N. J. 

Divisions and Wholly Owned Subsidiaries of Curtiss-Wright Corporation: 

WRICII1' AERONAUTICAL DIVISION, Wood·Ridge. N. 1 . •  PROPELLER DIVISION, Caldwell. N. J • •  PLASTICS DIVISION, Quehanna, Po . •  ELECTRONICS DIVISION, Ca,l�lad,. N. I. 
Mn,\LS PROCESSINC DIVISION, BuDalo. N. Y. • SPECIALTIES D'VIS10N9 Wuod-Ridge, N. J • •  UTICA-BEND CORPORATION. Utica, Miell . •  Ext>ORT DIVISION, New York, N. E 
CALDWELL WRICHT DIVISION, Caldwell. N. J . •  AEROP JlfSlCS DEVELOPMENT CORPORATION, Santa Barbara. Calif, • RESEAttCH D'''''SlON, CUleon. N. I • •  Quehanna. Po. 

INDUSTRIAL AND SCIENTIFIC PRODUCTS DIVISION. Caldwell. N. J • •  CURTISS-WRICHT EUROPA, N. 11'., Amsterdam, The Netherland:! • TUR80MOTOR DIVISION, Princeton, N. I. 
MARQUETTE METAL PRODUCTS DIVISION, Cleveland. Ohio • ClIJtTISS-WRICHT OF CANADA Ln ... Montreal. Canada • PROPULSION RESEARCH CORPORATION, Santa Montca. Caltl. 
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The Synthesis of Milk 

Ho�v does a n1ammal make lnilk out of blood? The answer is 

sought by new experiments in which substances in the blood 

are labeled with either radioactive or nonradioactive isotopes 

P
robably not many parents have 
been spared the embarrassing 
conundrum: "What makes a red 

cow give white milk when it eats only 
green grass?" Those who do not like to 
admit ignorance may be comforted to 
know that biologists do not have a com-

\ \ ,','\ 

' , '  " 

by J. M. Barry 

plete answer to the question either; in 
fact, until very recently they were pretty 
much in the dark about how milk is 
made. Thanks to investigations with iso­
topic tracers, some definite information 
on the subject is now forthcoming. 

The principal scene of this fascinating 

','," , ',' ,' " 

" ' 
I • � I • I I �, 
, ,! "",/ f.' f : I /' 

story is, of course, the mammary gland, 
or udder. It manufactures milk from 
foods or raw materials brought to it 
by the blood; as is well known, the pro­
duction and secretion of milk is con­
trolled by hormones. The milk is syn­
thesized in cells; these are organized 

' .  , 

, " 
• I' \' 

. .  
, \ ,, " 

. , 

MILK-SECRETING CELLS surround little sacs or alveoli. This 

semi-schematic cross section shows a few of the alveoli and the 

ducts which drain the milk secreted into them. The arterial capil­

laries are shown in dark red; the venous capillaries, in light red. 
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DUCK-BILLED PLATYPUS, the pnm1tlve Australian mammal, 

has an extremely simple mammary gland (see drawing at bottom of 
this page) _ In this drawing a female platypus feeds young by ly­

ing on her back and allowing them to lick milk from her abdomen. 

into different structures in various spe­
cies of mammals_ The duck-billed platy­
pus, lowest mammal on the evolutionary 
scale, has extremely simple mammary 
glands: its milk oozes through small 
pores of the belly onto the fur, where 
it is sucked up by the young_ In the 
higher mammals, such as a cow or a 
human female, there is a complex struc­
ture for collecting and discharging the 
milk. The milk-forming cells line tiny 
spheres called alveoli [see diagram on 
preceding page]. The cells secrete the 
milk into the center of each alveolus, 
and it passes out through a small duct; 
the ducts of all the alveoli join like 
tributaries of a river and eventually 
drain into a storage cistern from which 
the milk can be drawn off through a 
teat. The general form of the mam­
mary gland has been compared to that 
of a bunch of grapes, with the grapes 
representing the alveoli and the stalks 
representing the ducts-but there is a 
vastly larger number of alveoli than 
there are grapes in a bunch. 

Our question is: How do the mam­
mary cells produce milk from the sub­
stances furnished by the blood? Milk is 
a unique substance, differing in composi­
tion from any other body fluid. It has 
the same vitamins and minerals as other 
tissues, but its three main components 
have a special chemical character. They 
are fats (the cream), lactose (a sugar) 
and proteins. The principal proteins of 
milk are found nowhere else in the 
body-casein and beta-lactoglobulin. 
Lactose, the sugar, also exists only in 
milk, though it is composed of two com­
mon sugars-glucose and galactose. The 
fats in milk fall into two categories; one 
group is the same as the fats in blood 
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and other body tissues, the other is 
unique to milk. The common fats are 
compounds made up of glycerol and 
long-chain fatty acids-that is, chains of 
16 or 18 carbon atoms. Milk contains 
these fats. But it also contains special 
fats with short-chain fatty acids-chains 
of 2, 4, 6, 8, 10, 12 and 14 carbon atoms. 

The milk of various animals differs 
widely in the percentage of fat, lac­

tose and protein_ Cow's milk averages 
about 4 per cent fat,S per cent lactose 
and 3 per cent protein (most of the rest, 
of course, is water). Human milk has 
about the same proportion of fat, a little 
more lactose and a little less protein. 
Mare's milk is very similar to human 
milk. The milk of porpoises is an 
anomaly: it is about 50 per cent fat and 
11 per cent protein. Presumably its com­
paratively small water content is attrib­
utable to the fact that the porpoise has 
to obtain its body fluids by desalting sea 
water, which takes energy. 

How does the blood fluid of mammals 
compare in composition with their milk? 
That is to say, what supply of nutrients 
does the milk-making machinery have 
to draw upon? The main organic com­
ponents of the blood plasma are fats, 
proteins, amino acids, glucose and lactic 
acid, plus acetic and propionic acids in 
the cow and goat. To find out which 
of these substances are taken up by the 
mammary gland to make milk, two meth­
ods are available. We can analyze the 
blood before and after it has passed 
through the gland, or we can use iso­
topic tracers. I shall discuss first the 
blood-measurement method, which has 
been used for some 50 years. 

Let us say we wish to determine how 

much glucose the gland takes from the 
blood streaming through it. We measure 
the weight of glucose per liter of blood 
in a sample of the arterial blood, and we 
make the same measurement on a sam­
ple of the venous blood coming from the 
mammary gland [see diagram on page 
124]. If the venous blood has less glucose 
than the arterial, we know that the gland 
has taken glucose from the blood. But in 
order to learn how much glucose the 
gland absorbs from the bloodstream for 
the manufacture of a liter of milk, we 

IN "=:--/""'-;-11' 

! 
.1 

THE MAMMARY GLANDS of the platy­

pus consist of sacs which empty into a pore­

like depression. The glands have no nipples_ 
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New improved Exon 900 with tailored blending qualities 

means faster, more versatile production 

RESINS 

... typical of the pin-pointed properties in Exon Vinyl Resins 
Here is another addition to Firestone 
Exon's growing list of pin-pointed ans­
wers to specific problems: the new im­
proved Exon 900 series. 

These three new polyvinyl chloride 
resins offer many profitable advantages. 
The most important is greater versatility 
in both production and in the products 
you can make. For now Firestone gives 
you tailored blending to answer product 
and processing problems. 

Firestone engineers have improved 
both the absorptive and adsorptive qual­
ities of these new PVC resins. As a 
result, you get a greater pre-mix blend­
ing range, whether running hot or neu­
tral. You can blend greater amounts of 
monomeric or polymeric plasticizer in 

the formulation. You get a wider area of 
temperature control. 

To these temperature-tailored resins 
add the advantages of faster solvation, 
faster fusion rates in Banburys and mills, 
high quality, less fisheyes, greater prod­
uct uniformity. New Exon 900 series 
resins give you greater dollar economies 
through quicker production. 

Exon 911, 921 and 931 are just three 
of the resins in industry's most complete 
line of versatile vinyls. Another reason 
industry looks to Firestone Exon for en­
gineered answers to its needs. 

Consider your own production or 
product problem. Then for the resin 
properties pin-pointed to the best solu­
tion for you, check with Firestone. 

For complete in/ormation and technical service, call or write: 
CHEMICAL SALES DIVISION: FIRESTONE PLASTICS COMPANY 
DEPT 747M. POTTSTOWN. PA. ' A DIVISION OFTHE FIRESTONE TIRE & RUBBER CO. 
IN CA.NAOA, CONTACT CHEMICAL SALES DIVISION, FIRESTONE TIRE AND RUBBER COMPANY OF CANADA, L TO. HAMILTON, ONT. 

INDUSTRY'S MO ST COMPL ETE LINE OF VINYL S ENGINEERED TO YOUR SPECIFIC NEED S 
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ARTERIES AND VEINS OF COW'S MAMMARY GLAND are 

tapped in one type of experiment to determine the raw materials 

of milk. Nutrient substances (colored dots) which the gland 

(center) removes to synthesize milk are present in greater concen· 

tration in blood carried into the gland by the artery (left) than in 

blood leaving the gland by the vein (right). Samples of blood are 

taken from the artery and the vein neal' the gland, and differences 

in the content of glucose or other substances are then determined. 

must find out how many liters of blood 
Row through the gland for every liter of 
milk produced. A rough measure of the 
rate of Row can be obtained with a Row­
meter inserted in the blood vessels. By 
means of such measurements C. W. Tur­
ner and his associates at the University 
of Missouri estimated that the Row of 
blood through the mammary gland of a 
goat amounts to 150 to 250 liters for each 
liter of milk secreted. Another way to es­
timate the rate of Row is to measure the 
amount of a substance (a convenient 
one is calcium) in a liter of milk, deter­
mine the difference in concentration of 
this substance in the arterial and the 
venous blood, and from these figures 
calculate the rate of blood Row through 
the gland. Using this method, J. C. Shaw 

124 

and W. E. Petersen at the University of 
Minnesota concluded that in a cow 
about 400 liters of blood Row through 
the mammary gland for each liter of 
milk produced. 

Although the blood-measurement 
technique is simple in principle, in prac­
tice it is beset with difficulties. The main 
trouble is that the arteriovenous differ­
ence in concentration of most substances 
is small, and therefore hard to measure 
with precision. Another trouble is that 
the concentration of various compounds 
in an animal's blood may Ructuate er­
ratically when the animal is upset. Since 
the taking of the arterial blood sample 
from a cow involves thrusting a hypo­
dermic needle through its rectum into 
the iliac artery, only the combination of 

a skilled operator and a placid cow is 
likely to give results with any meaning. 

The blood-comparison technique gives 
us only a rough idea of what the mam­
mary gland takes from the blood. It tells 
us nothing about how the gland uses 
these substances to manufacture milk. 
For example, while these studies show 
clearly that the gland takes up glucose, 
we are left in the dark about whether 
the glucose is used to make the lactose 
of milk or merely to provide energy for 
the gland's chemical processes. The same 
goes for the gland's uptake of acetic 
acid: this substance might be used either 
for synthesizing fats or for supplying 
energy. 

It is here that the tracer technique has 
come to our aid in recent years. With 
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Flintkote applies asphalt at 485°F. 

A horizontal vaporizer (above) is used 
by Flintkote. Low pressure perform­
ance (144 p.s.i. at 750°F.) of Dow­
therm permits the use of compact, 
thin-walled equipment. 

Dowtherm (Dow heot tronsfer medium) mokes precise process 

temperoture (± 1° F.) possible with no coking or corbonizotion 
Applying asphalt at 485°F. is a hot 
job. And when the temperature can't 
vary more than a few degrees F., it's a 
hot problem! And that was the prob­
lem facing The Flintkote Company in 
Chicago Heights, Illinois. 

To obtain the required temperature 
control, Flintkote decided to invest in 
an entirely closed heating system using 
Dowthetm® as a vapor heating medium. 

With Dowtherm they found they could 
use more compact and thinner-walled 
equipment. Fraction-of-a-degree tem­
perature accuracy was easily main­
tained. With the heating source far 

from the processing area, they prac-. 
tically eliminated any problem of burn­
ing asphalt. Dowtherm also completely 
did away with "hotspots"-providing 
more uniform heating and at the same 
time cutting down on equipment clean­
ing time. 

Manufacturers of closed heating sys­
tems using Dowtherm will gladly study 
your heating process. They will design 
equipment to fit your needs. For more 
information about this interesting, use­
ful and economical product, call us. 
We'd be delighted to meet you. THE 
DOW CHEMICAL COMPANY, Midland, 
Michigan, Dept. BD 846L-1. 

YOU CAN DEPEND ON ... .. 
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SYNTHESIS OF LACTOSE, a sugar found in milk, from glucose, a sugar found in blood, 

was traced in the goat. Glucose labeled with radioactive carbon was injected into the j ugu. 

lar vein of the goat. Glucose was then isolated from a sample of blood; lactose, from a 

sample of milk. Samples of each sugar were burned, and the carbon dioxide given off was 

converted into barium carbonate. The radioactivity of barium carbonate from each sugar 

was equal (dials at bottom), showing that lactose is made entirely from glucose in blood. 
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isotopic tracers we have been able to 
learn what nutrients the mammary gland 
uses to make the various components of 
milk. 

The general principle of the tracer 
method is well known. The experimenter 
labels a given compound by incorpo­
rating in it either a radioactive isotope 
or a heavy isotope of a particular atom, 
and he can then follow the fate of this 
compound, or products derived from it, 
with a Geiger counter or a mass spec­
trometer (which identifies the heavy iso­
tope) . In a problem such as the one with 
which we are concerned, the application 
of the technique becomes somewhat 
complicated, because the metabolism of 
the body continually breaks down most 
of its organic substances and uses the 
atoms in building almost every type of 
compound. If, for instance, we label 
glucose in the blood with radioactive 
carbon 14, radiocarbon atoms may later 
turn up in almost every organic compo­
nent of the milk. We must therefore re­
sort to a statistical device, which is illus­
trated by the following analogy. 

Imagine a fairground which people 
are continually entering and leaving. It 
has two entrances (A and B) and one 
exit. Suppose we want to find what pro­
portion of the people who leave at the 
exit came in through entrance A. We can 
do this by having a man label with a 
colored ribbon one in 10 of the persons 
who come in at this entrance. A second 
man stationed at the exit counts the pro­
portion of persons leaving who are wear­
ing colored ribbons. If one in 10 is la­
beled, we know that all of them came in 
through A and none through B. If the 
proportion is one in 20, then half of them 
must have entered at A and half at B; if 
it is one in 100, nine tenths came in 
through B and one tenth through A. 

We use isotopic tracers in exactly this ,.. 
way. Suppose we want to learn whether 
the lactose in milk is derived only from 
glucose in the blood or from other or­
ganic nutrients as well. For the purposes 
of this study we can consider that carbon 
atoms may come into the lactose manu­
factured in the mammary gland via two 
sources: (A) the blood glucose, or (B) 
all other carbon compounds in the blood. 
We mark a certain percentage of the 
carbon atoms fed into entrance A by in­
jecting into the blood some glucose la­
beled with radiocarbon. Now we can 
determine how much of the carbon in 
lactose comes from blood glucose by 
measuring the radioactivity of the lac­
tose. If its carbon atoms show the same 
proportionate amount of radioactivity as 
the blood glucose carbon does, then all 
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Sections of UNITRACE in the new shape can 
be easily and quickly joined by the weld 
and patch method (top). And a brand new 
UNITRACE flange-with product and steam 
passages cast as integral parts of the flange 
-simplifies installation of valves (center) and 
other flanged connections (bottom). 

Want to save money on steam-traced 
piping? Here's good news for your 
pocketbook! ALCOA® UNITRACE 
has a new cost-cutting shape . . . a 
round section matching standard pipe 
shapes ... available in Biz", 2", 3" 
and 4" sizes. 

With steam and product passages 
extruded in a single unit of light, 
strong, corrosion-resistant Alcoa 
aluminum alloy 3003-F, UNITRACE 
completely eliminates the cost of ex­
ternal steam jackets or tracer tubes. 
And the new UNITRACE shape 
makes possible these extra savings: 

Lower cost per foot • . •  total volume 
of metal is less; material costs are 
lower. 

Easier, faster joining • • .  new config­
uration (with exterior grooves for 
quick steam passage identification) 

makes mating and joining fast and 
simple to cut installation costs. 

Less external heat loss • • •  improved 
internal heal transfer • • •  the new 
design reduces area for external 
radiation loss. 

The natural corrosion resistance of 
aluminum makes UNITRACE ideal 
for handling naval stores, molten 
sulfur, ammonium nitrate solutions, 
glacial acetic acid, fatty acids, tar, 
pitch, wax, urea and similar products 
which normally require heated trans­
fer lines. 

Find out today how you can use 
ALCOA UNITRACE to cut costs 
and improve efficiency of your heated 
transfer lines. Call your nearest Alcoa 
sales office, or write Aluminum Com­
pany of America, 891-K Alcoa Build­
ing, Pittsburgh 19, Pennsylvania. 

NEW/ � "ALCOA THEATRE" 

Write for this FREE BOOKLET! 
This new, illustrated booklet con­

tains complete engineering, speci­

fication and fabrication data on 

ALCOA UNITRACE in the new 

shape. It's your guide to low cost 

heated transfer lines. Write for it 
todoy! � .. Exciting Adventure 

'" ALTERNATE MONDAY EVENINGS 
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WE DON'T NEED ENGINEERS 
• • •  but they write to us daily to order our 

GENIAC Electric Brain Construc:tion Kits. 
So do TEACHERS, SCIENTIFIC: AMATEURS4 INDUS­

TRIAL FIRMS and schools. (See hst below.) 

THOUSANDS OF SATISFIED CUSTOMERS have 
bought GENIACS on a 7 DAY REFUND guarantee 

'Ve are proud to offer our 1957 Model, with up to the 
minute inlprovements for the thousands of new customers 
who cnn use them. 

WHAT IS A GENIAC? 
pla�e��cks 

($8\j�rieg!r��:I;)
9
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GENIAC stands for Genius Semi-Automatic Computer. A 
kit of specially designed switch decks and racks which 
permit the user to construct more than thirty different rna· 
chines (following directions and wiring diagrams) and as 
many more as he is able to design himself. These machines 
demonstrate t� applications of electriC circuitry. 

APPLICATIONS OF GENIAC 
SIMPLE COMPUTER CIRCUITS of binary, adding, 

LEMS in 
LOGICAL 
IRCUrrS 

���t�ff�n1o;l�id���so����PI��p:::'f��� 
TESTING and EXPERIMENT GAME PL 
for tit-tat-toe and nim. ACTUARIAL ANAL 

SOME OF OUR CUSTOMERS 
Allis-Chalmers _ Re mington-Rand _ Inte rnational Bus iness 
Machines _ Manue l Miss ionary Colle ge _ Barnard Colle ge 
_ Wes tinghous e  Ele ctric _ Phdlips Laboratories _ Ge neral 
Ins urance Co. of Arnerica _ Lafaye tte Radio _ Rohr Air­
craft Co. _ Albe rt Eins te in Me dical College _ Naval Re-
�e

e
a;�:s ka

La:0L.��or��S
ge l�s =�t'i?c ��ho���c:tlf:fferI��U ��f:� 

High School _ O klahoma A & M _ Courtland Jr. High School 
_ Be ll Te le p hone Laboratories. 

WHAT COMES WITH THE KIT? 
BO O KS-I. SIMPLE ELECTRIC BRAINS, AND HOW TO 
MAKE THEM . . . 64 page experiment manual.-N�W! 2. 
MINDS AND MACHINES . . .  200 page text on computers, 
automation and.cybernetics.-NEW! 3. WIRING DIAGRAMS 
for basic GENfAC circuit-s.-NEW! 4. Beginners Manual for 
the person who has little or no familiarity with electric 
clrcuits.-NEW! 5. GENIAC study guide . . .  the equivalent 
of a full course in computer fundamentals, lists additional 
readings. 
PARTS-PANELS, DISCS, RACK (for easy assembly and dis­
play). HardWare, wire, tools, battery, holder, etc. for more 
than thirty machines. 
SEND for your GENIAC now. At only $19.95, a bargain, 
comes complete with over 400 parts and components. 7 
books and manuals. \Ve guarantee that if you do not want 
to keep GENIAC after one week you can return it for full 
refund. 
Add SOc west of Miss. $2 outs ide U.S. Mail Name & Ad­
dress with che ck or Money Orde r to 

OLIVER GARFIELD CO., DEPT. SA 1078 
126 LEXINGTON AVE. NEW YO RK 16, N. Y. 

Brown Servo 

amplifiers 

motors 

Proved in thousands of ElectroniK in­
struments, these components are also 
available as individual units. Use them 
in remote positioners, null balance cir­
cuits, analog and coordinate transla­
tors, servo loops_ 

Order a few for prototype development 
... or thousands for production use. 
Quick, dependable delivery. 

• Write for Data Sheets giving full facts. 
Or phone your local Honeywell office. 

MINNEAPOL[S-HONEYWELL REGULATOR Co., 
Industrial Division, 4580 Wayne Ave., Phila­
delphia 44, Pa. 

Honeywell 
B ROWN INSTR U ME NTS 

H 
IIOH[YW£ll 
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of the carbon in the lactose must have 
come from the glucose; if the activity is 
less, some of the carbon must have come 
from elsewhere. 

O. K. Reiss and I performed this ex­
periment on a goat at the University of 
Chicago, and the results showed clearly 
that the mammary gland of the animal 
derives all of the carbon for its lactose 
from blood glucose. We found that the 
radioactivity of the lactose in the goat's 
milk reached the same level as that of 
the blood glucose about two hours later, 
which indicates that it takes about two 
hours for milk to be manufactured and 
secreted from the mammary gland. 

We have accounted, then, for the lac-
tose in milk. Next, what of the fats: 

from what sources do they come? Farm­
ers have long had some knowledge on 
this point from rough tracer experiments 
of their own. They know that if they 
give cows foods containing soft fats of 
low melting pOint, the cows' milk yields 
soft, greasy butter. This suggests that at 
least part of the fat in milk comes ready­
made to the mammary gland via the 
bloodstream. Further evidence for the 
same conclusion is furnished by the fact 
that some of the milk fats are identical 
with fats found in the blood, and also by 
uptake measurements which show that 
the mammary gland absorbs such fats 
from the blood. A recent experiment by 
R. F. Glascock in England clinched the 
proof. He labeled the blood fats of goats 
with tritium, the radioactive isotope of 
hydrogen, and by this means proved that 
these fats go directly into the formation 
of milk. 

But as I have already mentioned, milk 
also contains certain fats (with short­
chain fatty acids) which are found no­
where else, and these have been investi­
gated recently by other tracer studies. 
Blood analyses had suggested that they 
are synthesized from acetic acid taken 
from the blood. S. J. Folley and G. 
Popjak in England therefore injected 
acetic acid labeled with radiocarbon into 
the bloodstream of a goat and then ex­
amined samples of the goat's milk. The 
milk's short-chain fatty acids turned out 
to have a high level of radioactivity, 
which proved that they had been formed 
completely, or almost completely, from 
the acetic acid supplied by the blood. 
On the other hand, the long-chain fatty 
acids in the milk had almost no radio­
activity, as was to be expected from the 
previous findings that these fats are sup­
plied preformed by the blood. 

As for glycerol, the compound that 
combines with fatty acids to make a fat, 

Folley and Popjak proved by tracer ex­
periments that the source of the glycerol 
used by the mammary gland to synthe­
size fat is glucose, taken from the blood. 

Finally, there is the question of milk's 
proteins. Does the mammary gland 
make casein and beta-lactoglobulin by 
converting proteins taken from the 
blood, or by a complete synthesis from 
amino acid building blocks, either sup­
plied by the blood or formed by the 
gland itself? My co-workers and I at the 
University of Oxford, and T. S. Work 
and his colleagues at the National Insti­
tute for Medical Research in London, 
have explored these questions with trac­
ers. Experimenting on goats and mbbits, 
we traced labeled amino acids and also 
labeled blood proteins. The experiments 
showed that free amino acids in the 
blood are the source of at least 90 per 
cent of the amino acids in the milk pro­
teins. We found no evidence that the 
mammary gland manufactures amino 
acids itself or that it converts blood pro­
teins into milk proteins. 

This last finding has a significant bear­
ing on a debated point as to how proteins 
in general are made in the body. The 
question at issue is: Can the body con­
vert one protein into another by partly 
breaking it down and recombining the 
segments in a different order, or can it 
build proteins only from the basic amino 
acid building blocks? Our experiments 
on the mammary gland indicate that pro­
tein syntheSis must start from scratch­
with amino acids. That is to say, if one 
protein molecule is to be converted to 
another, it must first be broken down 
completely into its individual amino 
acids. It seems that the mammary gland 
possesses a mechanism which selects 
amino acids from the 20 different kinds 
in the blood and arranges them in the 
specific sequence that forms the casein 
molecule-just as a typist selects letters 
from the 26 on her keyboard and arranges 
them in the sequence "c-a-s-e-i-n." 

N ow that we know what materials the 
mammary gland uses to make milk, 

we can go on to explore how it manufac­
tures this useful fluid. The fascination of 
the study is reward enough, but of course 
it is also likely to have a practical value . 
It has already been learned, for instance, 
that when the butterfat content of a 
cow's milk falls below normal because 
the cow has fed on young spring grass 
or a concentrated food low in roughage, 
the fat content can be raised by feeding 
the cow sodium acetate or, more prac­
tically, some food that increases its sup­
ply of acetic acid. 
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Plan agai nst it • • • not for · t , I . 

Cellulube fire-resistant hydraulic fluids and synthetic lubricants open up new areas of in-plant fire prevention 

The stakes are high-personnel. equipment. 

production. reputation. No one has better rea­

sons than industry has to plan against fire. 

And with today's advances in chemistry. in­

dustry has never had more effective and spe­

cialized materials with which to do just that. 
Cellulube fire-resistant hydraulic fluids and 

synthetic lubricants are good examples. In 
hydraulic equipment. they reduce the danger 

Basic reasons ...... . 

Functional Fluids 

Gasoline Additives 

Glycols 

Ketones 

Polyols 

Plasticizers 

Salts 

Solvents 

of uncontrollable fire caused by line breaks 
or other failures when flammable fluids are 

in use. In air compressors. these non-petroleum 
oils not only prevent excessive carbon forma­

tions-the main source of fire and violent 
explosion -but also meet the severest of lubri­
cation requirements. 

Minimizing the hazards of industrial opera­
tions through development of fire-resistant 

Acids 

Alcohols 

Aldehydes 

Anhydrides 

Esters Oxides Vinyl Monomers 

Cellulubes ... making these functional fluids 

available in 6 controlled viscosities for 

broader application . . . this is another ex­
ample of Celanese research and product de­

velopment at work hand-in-hand with industry. 
Celanese Corporation of America. Chemical 

Division. Dept. 582-J. 180 Madison Avenue. 
New York 16. 

Celanese® Cellulube® 

......... for improved products 

Agricultural 

Automotive 

Aviation 

Building 

Electrical 

Paper 

Pharmaceutical 

Plastics 

Surface Coatings 

Textiles 
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AN INVITATION 
TO JOIN ORO 

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak­
ing. It employs the services of 
mathematicians, physicists, econo­
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non­
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe­
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision­
making on the highest military 
levels. 

Our computer laboratory is 
equipped with the 1103-A Univac, 
the"Cadillac" of computers. Encom­
passing 1200 sq. ft., it is leased at a 
cost of $40,000 per month. ORO's 
professional atmosphere encourages 
those with initiative and imagina­
tion to broaden their scientific 
capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com­
petitive with those of industry and 
other private research organiza­
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea­
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Chevy 
Chase suburb in which ORO is 
located. Attractive homes and 
apartments are within walking dis­
tance and readily available in all 
price ranges. Schools are excellent. 
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For further information write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFICE� 

The Johns Hopkins University 
7100 CONNECTICUT AVENUE 
CHEVY CHASE, MARYLAND 

MATHEMATICAL GAMES 
How to remenlber numbers by lnnemonic 

devices such as cuff links and red zebras 

by Martin Gardner 

E
veryone uses mnemonic devices­
ways of memorizing bits of infor­
mation by associating them with 

things that are easier to remember. In 
the U. S. the most familiar of these de­
vices is surely the rhyme beginning: 
"Thirty days hath September. ... " An­
other well-known mnemonic device is: 

M llemos),lle was the goddess of Tn emory 

"Every good boy does fine" (for EGBDF, 
the lines of the musical staff). 

The same principle can also be ap­
plied, with ingenious variations, to the 
memorizing of numbers. Such tricks 
come easily to mathematicians. When 
Bertrand Russell visited New York lin 
1951 he told a newspaper columnist that 
he had no difficulty in recalling the num­
ber of his room at the Waldorf-Astoria 
-1414-because 1.414 is the square root 
of 2. The British mathematician G. H. 
Hardy wrote of calling on his friend 
Srinivasa Ramanujan, the Indian mathe­
matical genius, in a taxicab numbered 
1729. Hardy remarked that this was a 
dull number. "No," Ramanujan promptly 
replied. "It is a very interesting number. 
It is the smallest number expressible as 
a sum of two cubes in two different 
ways" (12 cubed plus 1 cubed, or 10 
cubed plus 9 cubed). It must be ad­
mitted that even among mathematicians 
such an intimate acquaintance with 
numbers is rare. 

The most common mnemonic device 
for remembering a series of digits is a 
sentence or rhyme in which the number 
of letters in each word corresponds to 
the digits in the desired order. Many 
such memory props have been worked 
out in various languages to recall pi be­
yond the usual four decimals. In Eng­
lish they range in length from the anony­
mous "May I have a large container of 
coffee?" through Sir James Jeans's "How 
I want a drink, alcoholic of course, after 
the heavy chapters involving quantum 
mechanics" to this doggerel contributed 
by Edouard Prevost to a publication of 
Graham Transmissions, Inc.: 

Now I-even I-would celebrate 
In rhymes inept the great 
Immortal Syractlsan rivaled nevermore, 
Who by his W011drous lore, 
Untold us before, 
Made the way straight 
H ow to circles mensurate. 

I know of no similar aids in English 
to recall e, the other common transcen­
dental number. However, if you memo-

© 1957 SCIENTIFIC AMERICAN, INC



graduate study opportunity ... 

lo�(' 

an important "plus" benefit at Los Alamos! 

1 \ 

When a scientist or engineer comes to Los Alamos to work, it is important to him, and 

to us, that his fund of knowledge continues to grow. For that reason, the Graduate Center 

at Los Alamos is one of this interesting community's most valuable assets . 

The Ceriter, operated by the University of New Mexico, offers graduate programs in the 
fields of nuclear, mechanical and electrical engineering, chemistry, physics and mathematics. 

Additional facts, of interest ... 
• Instruction is by recognized leaders in their scientific fields from the laboratory staff and from the 

University of ew Mexico 

• Classes are held in the evening, a few minutes from your Los Alamos residence 

• One-half of your tuition is paid by the Laboratory 

• Unique laboratory facilities and equipment are available 

• Los Alamos technical library, among the nation's most complete, is open 24 hours each day for study 
and research. 

College graduates in the physical sciences and engineering who are interested in accepting 

important research assignments and at the same time continuing their advanced education 

are invited to write for more information. Details about the Laboratory, the Graduate 

Center and the delightful family living conditions in northern New Mexico will be sent by 

return m ail . 

jalamos 
:��Ei����f��f }A���N�Aatory 

lOS ALAMOS, NEW MEXICO 

DIRECTOR OF PERSONNEL 
Los ALAMOS SCIENTIFIC LABORATORY 
Division 2212 
Los Alamos, New Mexico 
Los Alamos Scientific laboratory is a non c.ivil service­
operation of the University of California for the U. S. 
Atomic Energy Commission 
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The Macbeth Daylighting Corporation has manufactured 
scientific equipment for visual color matching since 1915. 
Following eight years of intensive research and develop­
ment, beginning in 1949, Macbeth now offers a complete 
line of quality-controlled, standardized lighting equipment 
duplicating preferred North Sky Daylight for visual color 
matching of dyes, colorants and pigments. Use of this con­
stant, color-corrected light will not solve all of your color 
problems but it will permit colors to be seen without dis­
tortion, thereby avoiding costly color matching errors and 
rejects. Color differences that cannot be seen by the color 
matcher's eye, due to Ii ght source spectral deficiency, can­
not be corrected. 

In many industries Macbeth daylighting equipment is 
the accepted standard. It is also used for colorimetry and 
color specification and complete data for colorimetry com. 
putation relative to a Macbeth lamp at 75000 K. may be 
found in the text "The Science of Color" by the Optical 
Society of America Committee on Colorimetry. 

Some Macbeth lighting equipment is being used today 
in the following industries: 

Petroleum, diamond, leather, ceramics, pain'. 
plastics, cosmetics, Jood, dyes, printing ink, 
paper, textile, major appliances, automotive, 
Jurs, tobacco, graphic arts, construction lind 
building materials. 

Some oj the bllsic application.s are: 

1. Color maLching dyes and pigments or color· 
ants to match the customer's standard. 

2. Inspection Jar color dejects, streaks and 01J· 
color. 

3. Grading of materials into color shades or 
groupings. 

In addition, Macbeth manufactures adjustable intensity 
and color temperature color transparency illuminators, in­
dustrial and laboratory pH meters and titration meters, 
and the newly announced Macbeth-Ansco Model 12A elec· 
tronic, direct-reading color densitometer. Color aptitude 
tests, color blindness tests, color standards, a color harmony 
manual, and spectrophotometric measurement service are 
offered. Write to Dept. SA-IO for informative bulletin #267 
-"The first major development in color-viewing in 8 years," 

Corporation 
NEWBURGH, N EW YORK 

Can you think faster 
than this Machine? 

Control Panel of GENIAC set up to do a problem 

B(> careful berore you answer. GENJAC the first elec­
trical brain construction kit is equipped to play tic·tac· 
toe, cipher and encipher codes, convert from binary to 
decimal, reason (in syllogisms) as well as add, sub-

t����'
ty 

m�ltW�rds���tu�iri��� ' 
P�fi��ifi�lafri',°b1�u�el��nt� 

physics, etc.-can be set UP and solved with the com-

���E����d C\�?rhe�����a��� rgl&e:��s
n��� �he

iS
c�����t�� 

cil'cuits and shows how new ones can be designed. 

You will find building and using GENIACS a wonder­
ful experience; one kit user wrote us: "this kit has 
opened up a new world of thinking to me." You actu­
ally !"ee how computing, problem solving, and game 

S��Nt�I���;��:, a��m'
th:tca\gi��ic

be 
so���:l;':d 

tr";��� 
formed directly Into circuit diagrams. You create from 
over 400 specially designed and manufactured com­
ponents a machine that solves problems faster tilan you 
can express them. 

Schools and colleges, teachers of science or matn, 
engineering, philosophy or psychology will find thc."e 
excellent demonstrators of ch'cuitry, solutions in Synl­
bolie logic, theory of numbers, cybernetics, and auto­
mation. 

SEND for your GENJAC kit no\v. Only $19.95 wltn 
over four hundred components and parts, 7 fully illus. 
trated manuals and wiring diagrams. \Ve guarantee that 
if you do not want to keep GENIAC after seven days 
you can return it for full refund plus shipping costs. 

_______ MAIL THIS COUPON ______ _ 

SCIENCE KITS. Department SAl 07 A 
Oliver- Garfield Company 
126 Lexington Avenue, New York 16. N. Y. 
Plcasfl send me: 

1 GENIAC Electric Brain Construction Kit and 
Manual. 

S19.95 (East of MissiSSiPPi) 
S20.95 (Elsewhere in United States) 
$21.95 (Outside the United States) 

Hcturnable in seven days for full refund if not satisfied. 
I enclose $ in fult payment. 

:\iy name and address are IIltacht'd. 
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rize e to five decimal places (2.71828), 
you automatically know it to nine, be­
cause the last four digits obligingly re­
peat themselves (2.718281828). In 
France e is memorized to 10 places by 
the traditional memory aid : Tu aidel'as 
u mppelel' ta quantite a beau coup de 
docteul's amis (You will be aided in 
remembering your quantity by many 
friendly teachers). Perhaps the reader 
can construct an amusing English sen­
tence that will carry e to at least five 
decimals. 

IS there a mnemonic system which, 
once it has been mastered, will enable 
one to memorize quickly any series of 
digits? There is such a system, and it 
has been developed to a high degree by 
modern memory experts. Not only can 
the system be used to give an impressive 
dinner-table demonstration of memory; 
it also can be highly useful in memoriz­
ing important mathematical and physi­
cal constants, historical dates, house and 
telephone numbers, license plates, social 
security numbers and so on. 

Although the art of mnemonics goes 

DIGITS CONSONANTS 

back to ancient Greece (the term comes 
from Mnemosyne, the Greek goddess of 
memory), it was not until 1648 that a 
German named Stanislaus Mink von 
Winckelmann disclosed what he called 
his "most fertile secret" for memorizing 
numbers. The secret consisted in substi­
tuting consonants for digits, then adding 
vowels wherever required so that words 
could be formed. The words were then 
easily memorized by other mnemonic 
methods. 

Winckelmann's original number al­
phabet was crude, but numerous im­
proved versions were soon worked out 
in many languages. The great Gottfried 
Wilhelm von Leibniz was sufficiently in­
trigued by the notion to incorporate it 
into his scheme for a universal language; 
Lewis Carroll devised what he regarded 
as an improvement over the number 
alphabet in Richard Grey's Memoria 
Technica, a popular British work on 
mnemonics published in 1730. (A re­
production of Carroll's notes on his num­
ber alphabet will be found in Warren 
Weaver's article "Lewis Carroll: Mathe-

MEMORY AIDS 

T, D T has one downstroke 

2 N N has two downstrokes n 

3 M M has three downstrokes m 

4 R R is the fourth letter in "four" FOUR 

5 l L is 50 in Roman numerals 50 

6 J, soft G, 

SH, CH 
J looks like 6 when reversed J 6 

7 K, hard G. 

hard C 
K can be printed with two sevens 1< 

8 F, V, 
PH os in photo 

F • in lower-case script. 

has two loops like the figure 8 f 8 

9 P, 8 P looks like 9 when reversed P 9 

0 Z, 5, 
soft C ZERO Z is the initial of "zero" 

A "nu",ber alphabet" in which consonants s/,and for digits 
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Large Scale Computers Speed Engineering and Astro-Navigational 

Data Processing For Coming Interplanetary Travel! 

Philco Transac* 
5-2000 Computer 

Here is the world's first all-transis­
tor, large-scale integrated data 
processing com pu ter. Years ahead 
in design and performance, it's 
another outstanding achievement 
of Philco research and engineering. 

·"TRANSAC" 
Trademark of Philco Corporation for Transistor Automatic Compllter 

Man's conquest of outer space is no 
longer an impossible dream. Dara gained 
from rhis year's earrh sarellire experi­
ments will be used co furrher man's 
penerrarion of rhe trackless universe. 

Toward rhis end, rhe U. S. Govern­
ment, Armed Services, Indusrry and In­
rernarional Science are joining forces for 
research and experimentarion_ 

Modern large scale Integrared Dara 
Processing Sysrems are invaluable in 
compiling, coordinaring and analyzing 
rhe huge volumes of significant dara 
being collecred. Only rhrough rhese giant 

elecrronic "brains" can rhe complex cal­
cularions involved in rhe design, engi­
neering, launching and navigarion of 
space ships be accomplished wirh neces­
sary speed and accuracy. 

Tomorrow's interplanetary space ships 
are bur one example of rhe huge dara 
processing projecrs which will milize 
amazing digiral compurers co cur engi­
neering manhours co a fracrion, 

Fulfilling rhe narion's need for fasrer, 
more reliable and compacr large-scale 
dara processing sysrems, Philco is proud 
co present TRANsAc S-2000. 

At Phi!co, career opportllilities are unlimited in comp"ter, electronic 
and mechanical engineering. Look ahead ... and yo,//I choose Phi!co. 

PH I LCO® Government & Industrial Division 
Philadelphia 44, Pennsylvania 
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PHOENIX 
N 
I 
X 

At the crossroads of opportunity for men with 
vision in Electronic Engineering. 

GOODYEAR 
AIRCRAFT 

CORPORATION 
ELECTRONIC LABORATORY 

Arizona Division 
Litchfield Park, Arizona 

A Subsidiary of the 
GOODYEAR TIRE & RUBBER CO. 

WE HAVE OPENINGS IN OUR 
MODERN LABORATORIES FOR 

ADVANCED ENGINEERS 
IN ELECTRONIC RESEARCH 

Long range research and 
development projects. 

University of Arizona graduate studies available 

tlnder company financed evening courses. 

LEISURE LIVING AT ITS BEST 

"IN THE VALLEY OF THE SUN" 

Modern Inexpensive Housing 

Send resume to: A. E. Manning 

Engineering and Scientific Personnel 

GOOOjYEAR AIR€:RAFT 
LITCHFIELD PARK 

PHOENIX, ARIZONA 
Similar opportunities available In our 

Akron, Ohio. Laboratory 

Are you a 
"STRATEGICAL 

THINKER"? 

The fascinating game of strategy 
simple to play as Tic-Tac-Toe - as 
challenging as chess. 

• Play it anywhere - comes in conven­
ient pocket-size pads of 50 games. 

• You need only a pencil to play. 
• Provides minutes - or hours - of fun 

pitting your "tactical IQ" against that 
of your friends. 

Mail coupon today! 
PAD Of 50 games only $1.00 pp. 
Send cash, check or money order 

�-----------------I 

I JETA P. O. Box 2023, Chicago 9, III. I 
I ' I 
I Send me Tic-Tac-Hex. $1.00 enclosed. I 
I Harne I 
I I 
I Address I 
I City State I 
�-----------------' 
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matician," in SCIENTIFIC AMERICAN for 
April, 1956.) 

The modern form of the number al­
phabet, as currently used by all English­
speaking memory experts, is shown in 
the chart on page 132. This must be 
thoroughly Rxed in the memory before 
the system can be used proRtably. On 
the right side of the chart are sugges­
tions which may help in memorizing the 
table. The reader will note that only 
consonants are employed, and that 
where two or more consonants stand for 
the same digit, they have similar sounds. 
Three consonants-W, H and Y (spell­
ing "why") -do not appear on the chart. 

Suppose we wish to use this system 
for remembering that mercury boils at 
357 degrees centigrade. Our Rrst step is 
to Rnd a word in which the consonants, 
taken in order, will translate into 357. 
Such a word readily comes to mind­
MiLK. The next step is to associate this 
word by a vivid mental picture with the 
word "mercury." One way to do this is 
to imagine Mercury, the messenger of 
the gods, winging his way through the 
clouds with a container of milk in his 

NUMBER SQUARE ROOT 

hands. The more preposterous the men­
tal image the easier it is retained by the 
mind. When we wish to recall the boil­
ing point of mercury we have only to 
follow the chain of associations from the 
element to the Greek god to milk to 357. 
This may seem like a roundabout means 
of memorizing a number, but no better 
artiRcial system has yet been discovered. 
It is astonishing how Rrmly the links of 
the chain remain planted in the mind. 

Consider some additional examples. 
The atomic number of the element in­
dium is 49. We can recall this easily by 
linking India with the word RuPee. Nep­
tunium has an atomic number of 93; we 
imagine Neptune puffing an oPiuM pipe. 
For tantalum, element 73, we might pic­
ture Tantalus plugging the hole in his 
tantalizing cup with a wad of chewing 
GuM. Platinum, number 78, can be re­
called by thinking of yourself sporting a 
pair of CuFF links. Double letters, such 
as the f's in "cuff," are regarded as single 
letters. The number alphabet is strictly 
phonetic. Silent consonants, as well as 
W, H and Y, are ignored. 

The chart on this page shows how the 

MNEMONIC KEY 

2 1.414 RAT RACE. Think of two rats racing. 

KIMONO. Three suggests triangle. Think 
3 1.732 of a kimono decorated with a pattern of small 

Iriangles. 

ENMESH. Five suggests pentogan. Think of 
5 2.236 the pentogon hopelessly enmeshed in red 

tape. 

RARE BEE. Six suggests hexagon. Think 01 
6 2.449 the hexagonal cells of a beehive. Crawling 

over the cells is 0 two-headed bee. 

SHEER LINEN. Seven suggests the dance of 
7 2.645 seven veils. Think of the veils as made 01 sheer 

linen. 

8 2.828 FUNNY FACE. Eight suggests "ate." Think 
of taking a bite and making a funny loce. 

TOUCH NOSE. Ten suggests the fingers. 
10 3.162 Think of touching your nose with all ten of 

them. 

How the IlUmber alphabet can be used to memorize square roots 
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for trouble free 

Allen-Bradley 

control panel 

for operati ng 

an automation 

assembly of 

machine tools. 

operation-

Motor control 

panel for a 

multiple head 

drill press 

using Allen­

Bradley quality 

components. 

:'Iio matter how complex your control requirements may be, 
as specialists in this field Allen-Bradley's experience can 
be of valuable assistance to you. 

Allen-Bradley control panels are built from standard 
components whose reliability and maintenance free oper­
ation have heen proved ill many years of service. The 
"quality" that is built into each apparatus will guarantee 
you satisfaction-that is, trouble free operation-no matter 
how complex your requirements may be. 

Why not become better acquainted with the complete 
line of Allen-Bradley control. Please ask the nearest Allen­
Bradley control specialist to discuss your control problem 
with you. 

Allen-Bradley Co., 134 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada-Allen-Bradley Canada Ltd., Galt, Onto 

[;::7 ... � 
\;\. 1 

ALLE -BR q LEY , �<>Q"lHli'" 
MOTOR CONTROL 135 
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PHYSICISTS & MATHEMATICIANS 
CONTBIBllTE 

NllCLEAB 

POWEBED 

PLANE 

Possibilities of almost unlimited 
range and speed for aircraft give top 
priority to the work now underway 
at the Aircraft Nuclear Propulsion 
Department of General Electric. 

The product stage has been reached, 
and physicists and mathematicians­
with or without previous nuclear ex· 
perience-are needed immediately 
for assignmen ts in: 

Thermodynamics & Air Cycle Analysis 

Reactor Analysis· Shield Physics 

Nuclear Instrumentation 

Applied Mathematics 

Digital and Analog Computers 

Theoretical Physics 

Numerical & Programming Analysis 

Your nuclear knowledge will be sup· 
plemented through a special series of 
in· plant courses that will give you a 
sound basis for work in this field. 

The emphasis here is on research. 
Technical assistance is liberal, facili· 
ties modern and extensive. Responsi. 
bility is fully delegated. 

Your professional development is en· 
couraged in every way by on the spot 
management. There are opportunities 
for graduate study on a Full Tuition 
Refund Plan. And frequent merit reo 
views keep advancement based on 
ability and performance, not number 
of years on the job. 

Comprehensive Benefits 
Relocation Expenses Paid 

Publication of Technical 
Papers is Encouraged 

Choice of Two Locations: 

Cincinnati, Ohio and Idaho Falls, Idaho 

Write in confidence, stating 
salary requirements to: 

J. R. Rosselot 
P.O. Box 132 
Cincinnati, Ohio 

L. A. Munther 
P.O. Box 535 

Idaho Falls, Idaho 

GENERAL _ ELECTRIC 
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system can be used for memonzmg to 
three decimal places the square roots of 
2, 3, 5, 6, 7, 8, 10. Only the Rrst three 
consonants of each key word or phrase 
are considered. They stand for the three 
decimals of the corresponding square 
root. (The digit preceding the decimal 
point need not be considered since it is 
obvious.) Many other words can of 
course be substituted for those chosen 
here. It is usually best, in fact, to work 
out your own key words and mental as­
sociations rather than adopt those of 
someone else; your inventions will be 
closer to your own experience and there­
fore easier to recall. 

Larger numbers can be memorized by 
taking Rgures in pairs or triplets, devis­
ing a suitable word for each group and 
linking the words in a chain of striking 
mental pictures. A telephone number, 
for example, would be Rxed in the mem­
ory by a chain of images connecting the 
person or Rrm to the exchange, then to 
two words which stand for the digits in 
the phone number. 

It is by means of such chains of men­
tal pictures that professional memory ex­
perts are able to repeat long lists of 
random digits immediately after the list 
has been read aloud to them. This seem­
ingly incredible feat is well within the 
powers of anyone who troubles to spend 
a few weeks of daily practice in master­
ing the number alphabet. As a Rrst step 
try memorizing the eight digits in the 
number on a dollar bill. Take the digits 
two at a time, forming words in which 
the Rrst two consonants of each word 

An image for the boiling point 0/ mercury 

correspond to a pair of numbers. For ex­
ample, if the number is 41-09-15-85, 
these pairs can be translated into the 
four words : ReD, ZeBra, TeLescope, 
FLower. Think Rrst of a red zebra. It 
holds a telescope to its eye. The tele­
scope is trained on a distant flowe1·. 

In choosing words, nouns that pro­
vide vivid pictures are of course pref­
erable, though adjectives can often be 
linked conveniently to a following noun, 
as in red zebra. In most cases the Rrst 
words that come to mind are preferable, 
and each word should be linked to the 
next one by the most ridiculous image 
you can imagine. With practice, appro-

A red zebra stands for the number 4109 
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"What happened to the price of oxygen? 

The price of bulk oxygen has dropped about 80% in 12 years, while 
most other prices have risen. Oxygen is now being produced in 

large quantities for a few dollars per ton. 

Oxygen isn't the high-priced chemical it used to be. Now, it's a low­
priced tonnage commodity-a utility purchased like electricity or 

water. The price drop is the real reason oxygen usage has climbed 

beyond 70 billion cubic feet per year. 

Why was it costly? 
Transportation costs, storage, outside labor involvements and the 
other limitations of outside supply added expense and uncertainty to 
hauled-in-oxygen. Trucks and tank cars are still in use, but today's 
major savings result from Air Products on-location generation. 

Air Products reduced the cost 
In 1940, Air Products developed oxygen generators which could be 
installed right in an industrial plant to meet any oxygen need, safely 
and economically. With generators built, operated and maintained by 

Air Products, industry could now have its own on-site supply of 
oxygen at a guaranteed price ... without investing one cent of capital. 

The pioneering continues 
As the pace-setter in on-location oxygen generation, Air 

Products has continued to perfect new techniques and 
equipment ... producing oxygen and nitrogen in any 
purity, quantity or pressure desired .. . with greater 

efficiency, reliability and safety. And, Air Products has 
used its experience and knowledge to extend the applica-

tions of low temperature processing ... to transform 
waste gases into valuable products ... to purify chem-

icals ... to serve the defense program. 

You can benefit now 
Air Products' resources are at your command ... for 
low-cost oxygen ... for the separation, purification and 
liquefaction of other gases. Call us, or write us at 
P.O. Box 538, Allentown, Pa . 

... INCORPORATED 

Hundreds of Air Products package generators and tonnage planls are now on stream ... capacities range from Y:l ton to 500 tons per day. 
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2 CAREERS in 1 ••• 

When you 
build a career 

atFTL 

... you build a 
career with the 
• TI';,T System! 

"TWO Careers in ONE" exemplifies one of the many 
reasons why Federal Telecommunication Laboratories 
is such a distinctive place to work and grow. 

Achievement at FTL not only brings professional 
recognition, but simultaneously enhances your stature 
as a member of International Telephone and Telegraph 
Corporation's distinguished engineering team! 

FTL's "small-company" project system provides un­
limited opportunities for advancement. Assignments in 
FTL's eight laboratories are of the highest calibre and 
national importance .. . facilities are the finest. Stability 
is assured by FTL's long-range, diversified program and 
extensive expansion on the East and West Coasts. All 
popular medical-surgical, pension and insurance bene­
fits are available. Typical assignments at our East 
Coast Laboratory include: 

Radio Communication Systems' Traveling Wave Tubes 

Electronic Countermeasures· Air Navigation Systems 

Antennas· Missile Guidance· Computers 

Transistors and other Semiconductor Devices 

Telephone and Wire Transmission Systems 

If you prefer CALIFORNIA 
Opportunities for relaxed living and 

career-building also at FTL's West 

Coast Laboratories: San Fernando, 

Col., 15151 Bledsoe St.-openings in 

Digital Computers, Inertial Naviga­

tion Systems and Infra Red Systems. 

Palo Alto, Col., 937 Commercial Street 

-openings in Carrier Systems. 

FTL's East Coast laboratory, Nutley, N. J.­
only 28 minutes by bus from New York City 

r-------------, 
I MAIL THIS COUPON TODAY S·IO I 
I Federal Telecommunication Laboratories I 
I 500 Washington Avenue, Nutley, N. J. I 
I Please send literature describing opportunities 

I and benefits at FTL, in Nutley, New Jersey. 

I I 
I Name I 
I Address I 
I City Zone __ State I 
L _____________ J 

Hdem! Telecommunication .laboratories 
A D;v;s;on of INTERNATIONAL TELEPHONE 

AND TELEGRAPH CORPORATION 

priate words will occur to you more rap­
idly and you should soon be able to form 
your chain of mental pictures fast 
enough to keep pace with anyone who 
calls the digits to you slowly . 

Memory experts are able to form 
chains of mental associations with ex­
traordinary speed because every pair of 
digits immediately suggests to them a 
picture word taken from a previously 
memorized list. Thus they do not waste 
time in groping for suitable words. Some 
experts work with pre-memorized word 
lists for three-digit groups. To aid the 
students of his memory school in New 
York, Bruno Furst provides them with a 
printed number dictionary listing a va­
riety of appropriate words for each num­
ber from 1 to 1,000. Such lists are not 
necessary, however, unless you intend to 
develop great proficiency in the art. 
Suitable words can always be devised 
as you go along if the numbers are read 
to you slowly, and you will discover that 
it is not at all difficult to memorize a se­
ries of 50 random digits by this method. 
Fortunately long chains of quickly im­
provised mental pictures do not remain 
long in the mind, so if you repeat the 
stunt a day or so later there will be no 
confusion of the new key words with 
those of the previous demonstration. 

I n the discussion of the game of Hex, 
to which this department was devoted 

in July, it was not mentioned that the 
game was independently invented in 
1948 by John Nash, then a student at 
Princeton University. The popularity of 
the game among Princeton students of 
mathematics resulted from this version, 
which was developed and extensively 
analyzed before news reached Princeton 
of the earlier Danish invention. 

Image for the atomic number of neptunium 
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Researchers: 

- litht@-- rb0geTto-cite another 
m carbonate are exa�ple, is a preferred catalyst for 

experimental and the �._;�.rificati�
.
" of tall oils. Again, �/ � f 

lithium hydroxide has been found to 
be a superior catalyst for the manu­
facture of alkyd resins. And work has 
been done with lithium hydride for 

_,,"""I'''''r interchange reactions. 
$' ) ('\ n case you have(a . catalyst problem in 

10f highly re­
ithiu e,;b rj�entTs 

making availab� iqformatiC?n on this 
years. By contrast, I . isper. 
sions were onlYle�ntly used .... �p�ly. 
merize isoprene\t.9/a \\natural" I�er. 

t 1 ' 1  
new and highly valuable 'r��$earch tool. 
Describe your application or re9uest 
general information. 

\' �tnembtrOJ ' " '\ '� 

\ 
, ' , YOCESSORS OF . • . SAlTS F"'l'" Co." 

SPECIAL COMPOUNDS: Alul1'linate. Borate. Bo 
Molybdate'. Silicate. Titanate. 

..f 

IUM CORPORATION 
OF AMERICA, INC. 

BRANCH SALES OFFICES: New York. Chicago. Bessemer City, N. -C. 
MINES: Keystone, Custer, Hill City, South Dakota. Bessemer CIty, N.C. 
Cat Lake, Manitoba. Amos Area, Quebec 
PLANTS: St. Louis Park, Minnesota. Bessemer City, N. C. 
RESEARCH LABORATORY: St. Louis Park, Minnesota 
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Royal Precision LGP-30 Electronic Computer 
1 

• • 

high-speed computation right at your desk 
The result of 20 years' experience in the design of elec­
tronic computers, LGP-30 puts you in complete control 

of your own engineering problems. Used right at your 
desk, LGP-30 allows you to program your own material 

without planning in detail. You modify equations on the 
spot, follow your work to completion. Thus, you eliminate 

much detailed calculation ... uncover added time for cre­
ative engineering. 

Ease of operation. LGP-30's simple command structure 
offers the same complete internal programming found 

in computers many times its size and cost. Internally 
binary, serial, single address ... LGP-30 enters and re­
ports alpha-numeric information by punched paper tape 
or keyboard. 

Greatest capacity in price range. The most powerful stored 
program computer of its size yet developed, LGP-30 has 
a magnetic drum "memory" of 4096 words. Fully auto­
matic, it performs sub-routines ... executes self-modi­
fying programs. 

Exceptional flexibility. LGP-30's wide range of applica­

tions includes double precision abstractions; compiling 
and diagnostic routines; 3-address interpretive routine 

with floating point abstractions; matrix operations in­

cluding inverting and Eigen value problems; basic trigo-
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nometry and log functions; square root and roots of 

polynomials. 

Nation-wide sales and service. Detailed analysis of your re­
quirements is available through Royal McBee's nation­
wide staff of trained applications engineers. 

r--- Outstanding features of LGP-30 ----, 
• Operates from regular wall outlet (110 volts AC). 

• No expensive installation .. . no external 
air conditioning. 

• Unusually large "memory"- 4096 words. 

• Word length: 32 bits, including sign and spacer bit. 

• Average access time: 8.5 ms. 

• Optimum access time: 2 ms. 

• Lowest cost ever for a "complete" computer. 

• Nation·wide sales and service. 

For further information, write Royal McBee Corporation, 
Data Processing Equipment Division, Port Chester, N. Y. 

ROYAL MCBEE 
c o R p 0 R A T o N 
ROYAL TYPEWRITERS • McBEE BUSINESS SYSTEMS 
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THE AMATEUR SCIENTIST 

The photograph on page 144 shows 
a part of the sun's visible disk, or 
photosphere, as it appeared on 

February 13, 1956. The clearly deRned 
spots and sharp granules demonstrate 
how effectively the sun can be photo­
graphed in white light with a small tele­
scope and an ordinary camera. The pic­
ture was made, partly for amusement 
and partly to show what can be accom­
plished with simple equipment, by J. H. 
Rush, a physicist of Boulder, Col., who 
insists that all science is essentially an 
amateur pursuit. "By that," he writes, "I 
mean that when science quits being fun 
and becomes just a way to make a living 
or a reputation, one is no longer a sci­
entist." 

By this standard Rush has been a sci­
entist since he was 12. "One night I 
went out to draw a bucket of water from 
the cistern on the Texas farm where I 
grew up. I was facing north, and as I 
stood leaning back against the tug of 
the pulley rope with nothing much on 
my mind I recognized the Big Dipper. 
Stars I had always seen before as a ran­
dom scatter suddenly fell into a beauti­
ful pattern. Life was never the same 
again! Shortly thereafter I managed to 
find some nondescript lenses and Rtted 
them into a caricature of a telescope. It 
wasn't much as telescopes go, but its 
power and my enthusiasm both approx­
imated those of Galileo and his Rrst in­
strument. Curiously I cannot remember 
my Rrst look through a respectable tele­
scope. It was years later and by that time 
I knew too much to be greatly impressed. 

"But I still enjoy tackling problems in 
science with equipment normally avail­
able to amateurs. The sun is a particu­
larly appealing object in this sense. Its 
abundant light permits excellent pho­
tography without need for large tele­
scopes or precision clock-drives. It also 
has the advantage of shining in the day­
time! Amateurs have reported varying 

The sLuface details of the sun are repeaLed 
by a slnrtll telescope and ar�fill photograph.Y 

degrees of success in photographing sun­
spot details and the granulation of the 
photosphere in white light, but many 
have failed to recognize the full poten­
tial of this simple method and the pos­
sibility of employing it for recording 
certain information about the sun which 
is greatly desired. 

"The granular pattern of the photo­
sphere presents some of the most puz­
zling questions in solar astronomy, and 
is the subject of increasingly intensive 
study. The idea is generally accepted 
that the photosphere is the outside of an 
opaque layer of gas through which en­
ergy is transported out of the interior of 
the sun by convection. On this theory 
bright granules are the tops of rising 
columns of very hot gas, and dark gran­
ules are cells of cooler gas descending 
back into the interior. Or maybe it is the 
other way round. In any case, the con­
vection turbulence that appears as mot­
tling or granulation of the photosphere 
in white light is believed to be intimate­
ly related to the spicules of the overlying 
chromosphere. These spikelike jets, 
which can be observed only at total 
eclipse or with coronagraph telescopes 
at high altitudes, seem to be projections 
to higher levels of the uprushing gas of 
the convection cells, which has become 
transparent. The spicules seem to repre­
sent a key process in the maintenance of 
the corona and in other phenomena of 
the sun's atmosphere. 

"The subject is complex, but enough 
has been said to indicate that the granu­
lar pattern of the 'quiet' photosphere is 
at least as signiRcant a clue to the sun's 
behavior as the more spectacular sun­
spot regions. Moreover, granule cells are 
easily observed in the gray penumbrae 
of spots. In at least one instance they 
have been observed in the dark umbra 
itself. These and other observations of 
spot detail pose intriguing questions as 
to the relation between sunspots and the 
undisturbed photosphere, and the nature 
of the spots themselves. 

"The most obvious approach to the 
study of the granulation is to determine 
the frequency distribution of granule 

sizes, and to Rnd out whether this dis­
tribution varies in the vicinities of sun­
spots, or with solar latitude, or during 
the sunspot cycle. Several studies under 
very good seeing conditions have indi­
cated that the granules vary in size over 
a wide range, the most frequent diameter 
being about 800 kilometers. These stud­
ies do not agree as closely as one would 
like, and theoretical reasoning-sup­
ported by some recent observations-sug­
gests that granules much less than 800 
kilometers in diameter must be still more 
numerous. ''''hy are they not observed? 
Mainly because the earth's atmosphere 
is too unsteady. Instrumental defects and 
heating contribute to the difficulty. Few 
observers have claimed to Rnd mean­
ingful granular detail much below one 
second of arc, which is about 725 kilo­
meters at the distance of the sun. Yet so 
important is this question to a better 
understanding of the processes going on 
in the sun that a project is now under 
way to mount a 12-inch telescope with a 
photoelectric sun-pointing mechanism 
on a balloon and photograph the granu­
lation from an altitude of 80,000 feet 
[see "Science and the Citizen"; SCIEK­
TIFIC A:--[ERICAK, September]. 

"The problem of extending the ob­
servations to granules smaller than one 
second of arc is not for the amateur, 
unless he is an instrumental genius. But 
details of that size and larger often can 
be photographed, if one is patient and 
uses suitable techniques, and such ob­
servations may contribute toward an un­
derstanding of certain solar problems. 
Besides, the work is fun. Rather than 
generalize, I shall tell in some detail of 
an instrumental arrangement and tech­
nique that I have used with good results 
for photographing the granulation and 
sunspots. 

"This work was done in the late win­
ter and spring of 1956 in the physics de­
partment at Texas Technological Col­
lege. The school is located at Lubbock 
on a high, flat plain at an altitude of 
about 3,500 feet. The region probablv 
would be excellent for general astro­
nomical work, if it were not so arid and 
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bare of permanent vegetation. The air 
usually contains a great deal of sus­
pended dust, and thermal turbulence is 
serious-particularly during the months 
when the ground is exposed. The visual 
seeing is usually good at sunrise. It de­
teriorates rapidly as the ground is heat­
ed, and by noon is usually so poor that 
it prohibits any worthwhile observing. 

"Seeing is not a simple matter, how­
ever. I found during the period in which 
I made regular observations that the 
image of a sunspot usually looked as if 
it were under water rufRed by the wind. 
Despite the 'rubbery' appearance of the 
image the fine detail in it appeared to 
be good. Apparently a considerable area 
of image could be displaced at a visible 
rate, perhaps 10 oscillations per second, 
without much blurring or distortion of 
internal detail. Photographs confirmed 
this impression. A speed of even 1/125 

�y.;' X 3Y;' 
Speed Graphic 

camera 

second was enough to 'cut through' the 
slow, visible disturbances and yield good 
detail. A variety of evidence indicated 
that the long-period, large-amplitude 
seeing disturbances that were disastrous 
to visual work originated very near the 
ground, while the type of bad seeing 
that blurred and distorted the fine photo­
graphic detail originated at high alti­
tudes and was relatively independent of 
local conditions and the time of day. In 
this connection, it is interesting to note 
that W. A. Miller of the Radio Corpora­
tion of America Laboratories (to whom 
I am indebted for much of the 'know­
how' of such observations) has obtained 
many excellent pictures of the solar 
granulation at Rocky Point, Long Island 
-but only when the sky was hazy! When 
the sky cleared, the seeing went to 
pieces. 

"The best photographic seeing I found 

cal"dboard 
svn.shade 

.5-inch 
re. fr actor 

A five-inch refracting telescope fitted with a camera for solar photography 
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at Lubbock occurred about the end of 
January, 1956, when the sun came out 
after a week of heavy snow and cloudy 
weather. On that day the transient spec­
tral colors (not halos) that are common 
at 10,000 feet in the Rockies appeared 
in light clouds near the sun, and the sky 
was the deep blue that is seen at the top 
of a mountain. Excellent conditions per­
sisted long enough for me to obtain the 
photographs reproduced here of the 
great sunspot group that traversed the 
visible hemisphere of the sun from about 
February 10 to 23. The printed repro­
ductions cannot, of course, do justice to 
the exquisite detail in the negatives, 
which in the best pictures was very near 
the theoretical resolving power of the 
five-inch objective that I used. The pho­
tographic seeing gradually deteriorated 
as the windy spring season came on and 
the clean air once more was burdened 
with suspended dust. By May opportu­
nities for good photographs were rare. 

"The equipment I used is illustrated 
in the accompanying drawing [at left]. 
The High Altitude Observatory of the 
University of Colorado lent us a port­
able refractor with an excellent five­
inch objective of about 60 inches focal 
length. To this I fitted a large low-power 
eyepiece taken from an ordnance tele­
scope, and a Speed Graphic camera with 
the lens-and-shutter assembly removed. 
To hold the camera in alignment with 
the telescope, I clamped a one-by-four­
inch stick to the telescope tube and 
mounted the camera on the stick. After 
focusing and loading the camera I sim­
ply steadied the stick between my knees 
while leaning forward to check the posi­
tion of the solar image on the focal-plane 
shutter screen, and fired the shutter. No 
motion blurring ever appeared. The 
mechanical details of this arrangement 
are unimportant; I mention them only to 
indicate that good results in work of this 
kind can be obtained without elegant 
design or precision workmanship. 

"The logic of such an improvised setup 
is devious, as any experimenter knows. 
In this case it went somewhat as fol­
lows. I had a five-inch objective with 
an ideal resolving power of about one 
second of arc. Not wishing to sacrifice 
any of this resolving power by stopping 
down the aperture to reduce the bright­
ness of the image, and having no shutter 
speed greater than 1/1,000 second, I 
had to magnify the primary image suf­
ficiently to hold the exposure time to 
something greater than 1/1,000 second 
on very slow emulsion. A large image 
makes visual focusing practicable and 
saves a lot of tedious photographic cali­
bration-and also saves having to make 
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• Armament 

• Ballistics 
• Rodar Antennas 

• Guided Missile 

Support Equipment 

• Auxiliary Power Supplies 

• Control Sys/ems 

For the "killing" demands of accessory power ... 

AMF has experience you can use 
• No part of a missile is more important than the power supply that directs it to the "kill". 

And AMF has produced more gas turbine power units for guided missiles than any other 

source . •  Typical AMF systems produce up to 50 hp.-with modifications, up to 200 hp.-at 

durations from 20 seconds to many hours. They are completely independent of the main 

power plant, insensitive to missile attitude or altitude, and to environment, acceleration, 

shock, or vibration . •  Units offer multiple start-stop flexibility, precise frequency and voltage 

control, and can be packaged to fit practically any space arrangement, with little size and 

low weight . •  See for yourself why, in accessory missile power as in a variety of other highly 

specialized fields, AMF has experience you can use • 

DEFENSE 
DeI.M. Products Group 
AMERICAN MACHINE & FOUNDRY COMPANY 

PRODUCTS 1101 North Royal Street. Alexandria. Va. 
AsbulY Pork. Atlonta _ Boston • Brooklvn • Daltas • Dayton • los Angeles • Seattle • Tucson _ Washington, D. C. 
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Spots and granules on the surface of the sun were photographed on February 13, 1956 

a camera mount stable enough to hold 
such an adjustment from one observing 
period to the next. 

"The physics department's Speed 
Graphic made negatives 234 by 374 inches. 
I settled on a solar image diameter of 
about three inches, mainly because that 
was the size that resulted from mounting 
the camera on a certain one of several 
holes I had bored in the stick. The ad­
jacent holes corresponded to image sizes 
that departed too far from the exposure 
requirements. The plateholders were de­
signed for cut film only, but I wanted 
to use some Eastman 549-GH glass 
plates I had cadged from High Altitude 
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Observatory along with the telescope. I 
cut the plates small enough to fit inside 
the film slides and stuck them to pieces 
of cut film with pressure-sensitive ad­
hesive cement (ordinary rubber cement 
or two-sided masking tape probably 
would work) . One such plateholder with 
an undeveloped plate served as an ex­
cellent focusing screen. The usual 
ground glass was useless for this pur­
pose; but the yellowish, fine matte sur­
face of the emulsion yielded an image by 
reflection that was easily viewed and 
rich in detail. I found it possible to fo­
cus critically by eye, racking the eye­
piece lens through a small range relative 

to the fixed objective and camera. How­
ever, a low-power reading telescope 
would have been helpful. 

"No light-tight cover between tele­
scope and camera was necessary. A large 
piece of cardboard fitted over the ob­
jective cell shaded the equipment from 
direct sunlight. Since the image was 
nearly three times as bright as full sun­
light, the indirect light that reached the 
plate was insignificant. I racked the 
camera bellows back out of the way 
while focusing, and then extended it 
during exposure just for safety. 

"Lest this account leave the impres­
sion that one can throw together any­
thing handy and come up with good 
solar pictmes, it may be worthwhile to 
point out the essential technical features 
of the arrangement. First, of course, is 
the objective. Besides being of excellent 
quality, it must be large enough to re­
solve significant small detail. The resolv­
ing power of a telescope is inversely pro­
pOltional to the diameter of the objective 
aperture, and it is convenient to remem­
ber that-subject to some qualification­
a five-inch objective can just resolve dis­
tinct details one second apart in the ob­
ject. Even a two-inch instrument will re­
veal granular details in the photosphere; 
but these will lack the crisp quality and 
fineness of structure that can be ob­
tained with a larger instrument at times 
of superlative seeing. A refractor has 
some advantages over a reflector, be­
cause of the superior optical corrections 
that are possible in a two-element lens 
and because of the tendency of a mirror 
to warp slightly in the heat of the sun. 
But although I have not tried a small re­
flector for solar work, I see no reason 
why a good mirror judiciously used 
should not give satisfactory granulation 
detail near the center of its field. 

"For the finest work it is best to use a 
long telescope and photograph the pri­
mary image. The amatem, however, is 
usually limited to a telescope too short 
to produce an image large enough to 
avoid compromising resolution with the 
grain of the photographic emulsion. Fur­
thermore, the f ratio for a short telescope 
of four or five inches aperture is so great 
that the necessary exposure time be­
comes impossibly short for any ordinary 
shutter. Filters can be used to reduce 
the light intensity, but they have serious 
drawbacks. A filter placed near the focus 
is exposed to intense heating, and any 
lack of uniformity in its density will show 
up with startling strength on the high­
contrast emulsions that must be used for 
granular work. A filter near the objective 
is free from these disadvantages; but it 
must be as large as the objective, and of 
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YTTRIUM 
Availability of high purity yttrium and rare earth oxides 

Only three years ago, most high purity 
rare earths were little more than labo­
ratory curiosities. 

Today they are extensively used for 

A report by LINDSAY 

an amazing variety of chemical and 
industrial applications. 

What happened? Lindsay techni­
cians pioneered the first commercially 

TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM DXIDES 

ATOMIC I % RARE EARTH MAXIMUM 
NO. OXIDE CODE PURITY 

IMPURITIES AS OXIDES 

57 La2OJ. LANTHANUM OXIDE 
528 99.99 0.01 Pr, 0.001 Ce o 

529 99.997 0.0025 Pr, 0.0005 others 

58 Ce02. CERIC OXIDE 
215 99.8 0.2 (largely La + Pr + Nd). 

216 99.9 0.1 (largely La + Pr + Nd). 

726 99 1 La + Nd + smaller amounts of 
59 Pr60". PRASEODYMIUM OXIDE Ce and Sm. 

729.9 99.9 0.1 Ce + Nd. 

628 95 1·4 Pr, 1-4 Sm, 0.5-1 others. 
60 Nd20J' NEODYMIUM OXIDE 629 99 0.1·0.4 Pr + 0.1·0.4 Sm + 0.5 others. 

629.9 99.9 0.1 (largely Pr + Sm)_ 

822 99 0.2-0.7 Gd, 0.2-0.6 Eu , and 
62 Sm20J. SAMARIUM OXIDE smaller amounts of others. 

823 99.9 0.1 (largely Nd + Gd + Eu). 

1012 98-99 1-2 Sm + smaller amounts of Nd + 
63 EU20J. EUROPIUM OXIDE Gd +·others. 

1011 99.8 0.2 (largely Sm + Gd + Nd). 

64 Gd2OJ. GADOLINIUM OXIDE 
928.9 99 1 Sm + Eu + trace Tb. 

929.9 99.9 0.1 Sm + Eu + trace Tb. 

65 Tb407• TERBIUM OXIDE 
1803 99 1 Gd + Dy + Y. 

1805 99.9 0.1 Gd + Dy + Y. 

1703 99 1 (largely Ho + Y + Tb + small 

66 DY20J. DYSPROSIUM OXIDE amounts of others). 

1705 99.9 0.1 Ho + Y + traces of others. 

1603 99 1 (largely Er + Dy + small amounts 

67 H02OJ. HOLMIUM OXIDE of others). 

1605 99.9 0.1 Er + Dy + traces of others. 

68 Er20,. ERBIUM OXIDE 
1303 99 1 Ho + Dy + traces Yb and Y. 

1305 99.9 0.1 Ho + Tm. 

69 Tm20,. THULIUM OXIDE 
1405 99.9 0.1 Er + Yb + trace Lu. 
1403 99 1 Er + Yb + trace Lu 

70 Yb20,. YTTERBIUM OXIDE 
1201 99 1 Er + Tm + trace Lu. 
1202 99.9 0.1 Tm + trace Lu + Er. 

7l LU20,. LUTETIUM OXIDE 
1503 99 1 Yb + Tm + traces of others. 
1505 99.9 0.1 Yb + Tm + traces of others. 

1112 99 1 Dy + Gd + traces Tb and others. 
39 Y2O,. YTTRIUM OXIDE 1115 99.9 0.1 Dy + Gd + traces Tb 

1116 99.9+ Approx. 0.05 Dy + Gd. 

PLEASE ADDRESS INQUIRIES TO 

UNDSAY CHEMICAL COMPANY 
264 ANN STREET, WEST CHICAGO, ILLINOIS 

installed ion exchange unit for the pro­
duction of separated rare earths. The 
process was patterned after techniques 
developed by Doctors Spedding and 
Powell of the Institute for Atomic Re­
search at Ames, Iowa. 

Lindsay's pilot plant rare earth ion 
exchange installation had 40 six-inch 
columns. This unit made purified rare 
earths available to industry for the first 
time in practical, even though still 
limited, quantities. 

The response from industry was so 
enthusiastic, we were forced to expand 
our ion exchange facilities rapidly. To­
day we have in continuous operation 
more than 100 columns with large pro­
duction units of eighteen-inch and 
sixty-inch diameters. 

With our larger production 
facilities, we are now making 
prompt shipments of high pu­
rity yttrium and rare earth 
oxides in quantities from a gram 
to hundreds of pounds. 

COSTS GREATLY REDUCED 

Of course, as production of purified 
rare earths increased, costs came down. 
For example, only three years ago Ter­
bium Oxide cost $500 a gram. Today 
you can obtain moderate size lots at 
less than $3 a gram. 

Now that you know these high purity 
oxides are so readily available and the 
cost so remarkably low, what are you 
waiting for? 

Rare earths, in purities up to 99.99%, 
have captured the interest and imagina­
tion of scientists in many industries as 
valuable new tools for the improvement 
of processes and products. 

Your research, product development 
and production people should investi­
gate the possibilities of these materials. 
Our bulletin "Purified Rare Earth and 
Yttrium Oxides" will give you detailed· 
information and prices. 
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ENGINEERS Be 
SCIENTISTS 

Electronics, Aerodynamics, 
Mechanics 

Information 
manual about 
APL and its 
programs 
now available 
The Applied Physics Labo­
ratory (APL) of The Johns 
Hopkins U ni versity is unique 
in that we are neither an in­
dustrial nor an academic 
organization, but rather a 

composite, having drawn 
freely from the methodolo­
gies of each. 

For thirteen years APLhas 
pioneered in guided missiles. 
Today we are engaged in a 
broad program of R&D for 
the Navy; in addition, we are 
responsible for technical di­
rection of industrial and 
academic contractors in de­
veloping the Terrier, Talos 
and other major weapons and 
weapons systems. Our staff 
members enjoy not only the 
stimulus of association with 
their immediate colleagues at 
APL, but also with those in 
other organizations of con­
siderable stature. 

NEW 30·PAGE PUBLICATION 

A few positions for senior engi­
neers and scientists are now 
open. Information on our ac­
complishments and goals is 
available in a new 30-page pub­
lication, just off the press. 

In it staff leaders representing 
each of the various disciplines 
and fields outline the nature of 
their programs. Information on 
our new laboratory in Howard 
County, Md. (equidistant be­
tween Baltimore and Washing­
ton) is also included, together 
with facts on the outstanding 
communities in which our staff 
members live . 

.Q.uantity is somewhat limited. 
May we suggest you send now to: 
Professional Staff Appointments, 

The Johns Hopkins University 

Applied Physics Laboratory 

8641 Georgia Avenue, Silver Spring, Md. 
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Similarly high optical quality, or it will 
affect the definition. Consequently it is 
usually more practical to introduce a 
second lens to form a magnified image of 
reduced brightness, even though any 
such additional optical element neces­
sarily causes some further deterioration 
in image quality. In a system designed 
for this work the second lens would be 
carefully computed to match the objec­
tive and the conjugate distances at which 
it would be used. But the amateur usu­
ally does what I did at Lubbock. He 
picks up the most likely looking piece of 

• 

glass that is handy and tries it to see 
what will happen. I was lucky. 

"The ordinary camera leaf-shutter, 
working near the lens, is not satisfactory 
for solar photography. The exposure 
time is so short that the shutter has 
hardly opened before it starts to close. 
Thus if the shutter is used at the magni­
fying lens, the average aperture during 
the exposure is not circular and is sub­
stantially less than the full aperture of 
the optical system, so that the resolving 
power is reduced. If the shutter is op­
erated at the primary image, various 

This photograph was made with the same equipment on February 14, 1956 

/ 
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�Leadership 'Uranium SINGLE Crystals ... 

The purest uranium in the world is 
. obtained as clusters of electrolytic deposits like 

that shown in the background. The pure, 
clean metal is valuable in itself for research. 

Still more valuable are the single crystals made from 
such metal. Argonne metallurgists developed the 

methods for making ultra pure uranium castings and 
the single crystals, opening the way for 

improved uranium technology. 

99.992% Pure 

;frgonne GTIONA.L LA.BORATORV' 

Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 

PROFESSIONAL PERSONNEL OFFICE 
P. O. BOX 299 • LEMONT, ILLINOIS 

Inquiries Invited MATHEMATICIANS. PHYSICISTS · METALLURGISTS · CHEMISTS 
HEALTH PHYSICISTS · INDUSTRIAL HYGIENISTS 
ENGINEERS: ELECTRICAL, CHEMICAL, METALLURGICAL, COMPUTER, 

PLANT, MECHANICAL, ELECTRONICS 

© 1957 SCIENTIFIC AMERICAN, INC



GIANT "3" inch TELESCOPE 
•. :::� ... : .. :::::::-::::�.:.::.- S+c 

40 POWER postpaid $57.50 
HIGH POWER SPOTTING SCOPE-American Mado 
ilig ;)" diameter Achromatic Coated ObJectire will give 
bright crystal clear images. Micrometer Spiral Focusing 
Draw '.rube. Lightweight aluminum construction throughout, 
black crackle finish. length open 22", closed 15%". UprIght 
image. Guaranteed to give superb performance. 

MOUNTED AIR SPACED OBJECTIVES 
We offer the finest hand-corrected atr 

spaced American made astronomical objectives. 
Mounted in Black Anodized Aluminum Cells. 

OIA. F. L. PRICE PRICE 

3Y4" 48" Coaled 532.00 Not Coated 528.00 
4Ys" 62" Coated 569.00 Not Coated 560.00 
We can supply A LU MINUM TUBING for the above lenses. 

MOUNTED 1y.{' D.O. EYEPIECES 
12.5 mm F.L. Symmetrical . ............ $6.00 

16 rum F.L. Erfle (Wide Angle). 12.50 
16 mm F.L. Triplet . .... . ...... 12.50 
18 mm F.L. Symmetrical .. . .. 6.00 
22 mm F.L. Kellner ................... 6.00 

32 mm F.L. Orthoscopic ..... . .................. 12.50 
35 mm F.L. Symmetrical ................ 8.00 
55 mm F.L. Kellner ......... ..... ...... .................... .............. 6.00 

COATING 7St extra 

"BIC" LENSES ��� :��er
f�g� r!n�����; 

the largest In the United 
States available for immediate dell very. l")erfect magnesium 
fluoride coated and cemented achromatic telescope objectives. 
Aluminum tubing and cells avallahle for lenses listed below. 
Send for complete list of other diameters and focal lengths. 

Oia. F. L. EACH Oia. F. L. EACH 
2%" 10" 512.50 3t." 15" 521.00 
2¥S" 15" $ 9.75 3-r\" 24'"h" 522.50 
2%" 24%" $12.50 3%" 40" 530.00 
2%" 40" 512.50 4%" 42t." 567.00 
2%" 50" 512.50 5,.." 24\>" 585.00 

ASTRONOMICAL TELESCOPE MIRRORS 

Pyrex 
Pyrex 

Polished to Y4 Wave and Aluminized 
Oia. F. L. 
3i1<" 42" 
4%11 45" 
6" 60" 

Postpaid 
5 9.75 
513.50 
525.00 

Free r.atalnplle "MILLIONS" of Lenses. etc. 

We pay the POSTAGE-C.O.Do's you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 

Optics 
a 
problem? r-; v 

/ 
PcIFIC OPTICAL has solved 

many a complex optics prob­

lem-often in record time. \Ve 

have the largest independent 

facilities in the West for the 

design and manufacture of 

precision glass and plastic 

lenses in every shape and 

curvature, up to 36" in diam­

eter. 

Perhaps you, too, can profit­

ably make use of our engineers 

and techn icians for research, 

development, testing, proto­

type or quantity production. 

Let us work with you. 

PACIFIC OPTICAL CORPORATION 
120 Glasgow Ave., Inglewood 1, Calif. 
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This photograph was made on February 19, 1956 

portions of the field receive different ex­
posure times. The only good way out of 
the dilemma is to use a moving-slit type 
of shutter ( such as the shutter of a 
GraHex camera) at the primary image 
or just in front of the film. The latter 
location is preferable, of course, unless 
you are using a specially made shutter 
for the small aperture at the primary 
image. The main criterion of quality for 
a focal-plane shutter is uniform speed of 
travel. Sometimes such a shutter, par­
ticularly an old one, is unsatisfactory for 
high-contrast work because its progress 
across the image field is jerky and re­
sults in bands of varying density on the 
negative. This trouble may appear on 
high-contrast emulsions despite satisfac­
tory shutter performance in ordinary 
pictorial work. I had no such trouble 
with the new Speed Graphic that I used. 

"Given an adequate telescope with a 
good shutter, the remaining crucial re­
quirement for white-light photography 
of the sun is a suitable photographic ma­
terial. Ordinary films designed for pic-

torial photography have not nearly 
enough contrast, and usually too much 
grain, to render solar details satisfac­
torily. Kodalith or Reprolith can be used 
with some success, but even these high­
contrast copying films are inadequate 
for solar granulation. Some amateurs 
have obtained good granulation nega­
tives on Kodak Micro-File film; I have 
not tried this material. 

"The best emulsions I know for solar 
work in white light are Eastman 548-GH 
and 549-GH. Of these the 549-GH yields 
somewhat more contrast and shows less 
stain; but either is capable of a gamma 
of 14 or better. These emulsions are very 
slow. The 548-GH has about a twentieth 
the speed of Eastman lantern-slide 
plates, and 549-GH is about three times 
slower. ( Note that I exposed a three­
inch solar image from a five-inch objec­
tive about 1/250 second on 549-GH!) 
Thus these materials eliminate the prob­
lem of shutter speed v. telescope aper­
ture that makes the use of faster emul­
sions so difficult. Of course this problem 
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IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION-IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 

Growth - in production and technical computing 

capacities, for example-tells the Temco success story. 

Through the acquisition of new and advanced 
production machines, such as six large Bullard turret 
lathes installed recently, Temco's manufacturing 
capabilities have increased manyfold during the past 
few years. 

Analog computing equipment, capable of saving 
thousands of engineering man hours, has been added 
to meet the needs of Temco's expansion in research 
fields. 

AIRCRAFT CORPORATION . Dallas, Texas 

Greater productivity is a clear index to Temco's 
growth in engineering skills, increasing contracts and 
significant progress in the development of Temco­
designed weapons systems. The engineer seeking 
the challenge of a growing organization ... the pres-
tige of a soundly established company ... will find 

r-:���������!�:��------�, 
I 

Mr. JOE RUSSELL, Engineering Personnel ; 
Room llO-L, Temco Aircraft Corp., Dallas, Texas : 

Please send me complete details of the Temco story 

of unusual opportunities for experienced engineers. I 
am especially interested in'-________ _ 

NAME ______________________ ____ _ 

ADDRESS _______________________ __ 

CITY ____________ STATE _________ _ 

I 
I 
I 
I 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

L ________________________________ � 

IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION-IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 
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is still serious if you use an image much 
smaller than three inches. The resolu­
tion of these slow emulsions is extremely 
high. The manufacturer states that 548-
GH will resolve more than 1,000 lines 
per millimeter, and 549-GH more than 
1,500. 

"The relative sensitivity of Type GH 
plates to various colors is important. 
Granulation photographs in the full 
white-light spectrum yield less detail 
than in more restricted regions, and 
some observers report more detail in 
yellow-green light than in the blue. 
The GH color sensitization extends- the 
basic blue sensitivity of the �mulsion 
far into the yellow-green, with maximum 
response at about 5,400 Angstroms and 
a cutoff at about 5,650. Thus this sen­
sitization does not require a filter to ex­
clude the red. A yellow or yellow-green 
filter might provide still better detail 
by excluding the blue and violet. 

"The Eastman Company supplies both 
548-GH and 549-GH (as well as other 
spectroscopic emulsions) in both films 
and glass plates, in several sizes, and 
with the antihalation backing that is so 
important for solar work (backing 
should be specified in the order). 

"The Type 548-GH plates are also 
sold as a regular commercial product un­
der the name Kodak High Resolution 
Plates. These are not backed, however, 
and the price is about twice that of the 
corresponding spectroscopic 548-GH 
plates. 

"In using these emulsions it is par­
ticularly important to remove all dust 
from the plate or film holders before 
loading, and to brush the plate lightly 
before closing the holder. The high con­
trast and resolution of the emulsions 
make even the smallest dust spots par­
ticularly noticeable. Development is best 
done in a tray with a deep yellow safe­
light. The emulsions will stand a great 

deal of exposure to such a light after 
they are wet, and with a little experience 
one can learn to judge the state of de­
velopment by viewing the wet plate 
with the light behind it. To assure uni­
form development, first soak the plate or 
film in distilled water about one minute. 
Develop in Eastman D-19; exposure 
should be such that the desired density 
is reached in about five minutes, but I 
have obtained good results in under­
exposed negatives by developing as long 
as 40 minutes. Rinse in water, fix in acid 
fixer and wash thoroughly as usual. 
Water and solutions should be at about 
68 degrees Fahrenheit. 

"Solar photography, like all astronom­
ical experimentation, is good fun. But 
let me close on a note of caution. Noth­
ing could seem quite so harmless as a 
small telescope, and the instrument al­
ways attracts visitors of all ages who 
are ready to seize on any brief oppor­
tunity to peek through the eyepiece. The 
consequences of such a look at the sun 
hardly needs emphasizing. I never leave 
a telescope unattended, even for a min­
ute, when the sun is up. I have found 
that it makes a healthy impression on 
an audience to stick a piece of paper into 
the beam at the exit pupil of the eye­
piece and let them see it explode into 
flame. In this connection it should be 
noted that the use of a dark filter-glass 
near the focus for visual observation of 
the sun is a dangerous procedure. If 
the glass cracks, the eye is likely to be 
permanently damaged." 

Robert Lawrence and Henry Soloway, 
students at the State University of 

New York College of Medicine in Brook­
lyn, write: "The apparatus for measur­
ing the metabolism of mice described by . 
Nancy Rentschler in your department 
for August is most interesting. We sug­
gest, however, that comparable results 

candy jar 
plAstic tap£ 

IJ ... 
" 

wire: me:sh 

can be achieved with the much simpler 
apparatus devised by D. T. Watts and 
D. R. H. Gourley of the University of 
Virginia Department of Medicine. 

"In this apparatus, the rate at which 
oxygen is consumed by the animal in the 
test chamber is indicated by the move­
ment of a soap bubble through a cali­
brated pipette connected to the chamber 
[see illustration belowl. Exhaled carbon 
dioxide is absorbed by a layer of soda 
lime on the bottom of the chamber. 

"The setup consists of a wide-mouthed 
jar of approximately half-gallon size 
fitted with a screw cap into which a 
graduated pipette is sealed with model 
cement as shown. The cnlibrated por­
tion of the pipette which extends out­
side the cap should have a volume of 
five milliliters. In operation the jar is 
placed on its side and the bottom cov­
ered with half an inch of soda lime. 
A platform of wire screening is placed 
inside the jar an inch above the cor­
rosive lime. The experimental animal is 
first weighed (in grams) and then 
placed in a small restraining cage of 
wire screening. The ends of the cage 
are closed with crosses of adhesive tape. 
The caged animal is then transferred 
to the platform, the jar capped and 
the edge of the cap sealed to the jar 
with Scotch electrical tape. The ani­
mal is permitted to rest for 20 minutes. 

"At the end of this interval record the 
room temperature (in degrees centi­
grade) and the barometric pressure (in 
millimeters of mercury). The inside of 
the pipette is then wetted by means of a 
test-tube brush dipped in Aladdin's Bub­
ble Set diluted with three parts of water. 
The soap film (which is to serve as 
the indicator) is applied by dipping the 
brush into the soap solution and drawing 
it across the end of the pipette. The film 
will move down the pipette slowly, in 
response to the animal's consumption of 

50�p film 
indicate:5 o�ygen 

con5umption 

A simple apparatus to perform metabolic experiments of the sort described in this department for August 
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U N U S U A L  O P T I C A L B A R G A I N S  
S PITZ 

M OON SCO PE 
A precis ion-made 3 2  power reflecting 
telescope-by the makers of Sp itz Plan­
etarium . Clearly reveal s  the craters or 
the moon , shows Saturn, Jupiter, other 
wonders of the heavens. Based on same 
principles as world ' s  giant telescopes. 
S tands 3 6'" h i gh on removable legs. Ad­
Justahle 3" pol ished and corrected mirror. 
"�ork type Alt-Azimuth rotates on full 3 6 0 0  
circle-swings to any location in t h e  sky, 
Fascinating IS-page instruction book is in­
cluded, Instrument packed In sturdy carry­
ing case. 

Stock No. 70. 068·5 ........ $ 1 4.95 Pstpd .  

Take Telephoto 

Shots Thru 

7 X SO 
MONOCULAR 

This i s  fine Quality. A m erican m ade instrument-war 

surplus ! Actually % of U.S. Gmt. 7 x 50 Binocular. Used 

for general observation both day and night and to take 

fas<: lna ting telephoto shots with your camera. Brand new. 

$05 ,lillie. Due t.n .T a p anese compelition we close thcse out 

at a ba rgain price. Directions and mounting hints included. 

Stock No.  5 0 . 0 0 3 · 5  . . . . . . . . . . .. . . . . . . . . . . . . . .  5 1 5 . 0 0  Pstpd. 

C h e c k ,  Measure,  
, I nspect with this 

6 POWER 
POC KET 

C O M PARATOR 
(Co m p l ete w i t h  
Leather  Case) 

M E A S U R E S  
• A n g les 

• R ad i i  • C i r c l es 
• L i n ear- i n  both 
d e c i m a l  i n ches and 
m i l l i meters. 

Used to check layouts, 
mach ining on tools, FAST l  ACCU RATE! 
dies. gauges; to check threads, chamfers, wear on cutting 
too l s ,  etc. 

Fine. American-Made I nstru ment at Over 50% Saving 

STEREO M I CROSCOPE 
For I ndustrial or H obby Use 

U p  t o  3" Working Distonce-Erect Imoge-Wide 3 Dimensionol Field 
Now, ready after years in development-this instrument answers the long standing need 
for a sturdy, efficient STEH.EO MICROSCOPE at low cost. Used in production-in re­
search-in the lab. shop, factory, or at home ; tor inspections. examinations, counting, 
checking, assembling, dissecting-speeding up and improving Quality control. 2 sets ot 
objectives on rotating turret. Standard pair of wide field lOX Kellner Eyepieces gh'e you 
23 power and 40 power. Additional eyepieces available for greater or lesser magnification. 
Helical rack and pinion focusing. PreCision. American -made l Storage chest included. WE 
WILL SHIP ON 1 0 - DAY FREE TRIAL . . .  complete satisfaction or your money back. 

Order Stock No. 85. 039·5 . . . . . . . . . . . . . . . . . . . . . . . . .  $99.50 f . o . b .  Barrington . N.  J.  

(Sh i p p i n g  wt .  approx. II  Ibs. )  Send check o r  M.O. 

41�" A S T R O N O M I C A L  T E L E S C O P E  
14 M T. PALOMAR TYPE ONLY 

U P  TO 270 POWER $7450 
A REAL REFLECTOR TELESCOPE 

Complete with Equatorial Mount. Tripod 
COM PLETE 

'Vith this scope you can see the craters on the moon, rings of Saturn. 
double stars, or a newspapcr headline at a mile l Mirror guaranteed to 
give theoretical limit of resolUtion. Rack and pin focusing, removable 
mirror mount, real equatorial mounting-only one adjustment follows 
stars! Aluminum tube-takes standard eyepieces. You get 40X l{ellner. 
1'2 " F. L. eyepicce. one Barlow lens to gh'c l'OU up to 270 Power, F I l l  
mirror corrected to better than 14 "  wavelength. 

Stock #85 .006·5 . .  . . . . . . . .  $74.50 f.o.b.  Barrington . N. J .  

S e e  t h e  Stars. Moon. Pla nets Close U p !  

3" ASTRONOMICAL REFLECTING TELESCOPE 
60 & 1 20 Power-An Unusual Buy! 

F a m o u s  Mt. P a l o m a r  Type 

You ' l l  see the Rings of Saturn, the fascinatIng p l anet Mars, 
huge cruters on the Moon, Star Clusters, 1\loons of Jupiter in 
deta i l ,  Galaxlesl l'\on-breakable a l um inum covel'ed tube. Equa. 
torlal mount with lock on both axes. Alumin ized and overcoated 
3 N  diameter high-spero f / l 0  mirror. Teleseope comes equ i pped 
with a 60X eyepiece and a mounted Barlow Lens, giving you 
60 & 1 20 power. An Optical Finder Telescope, always so essen_ tial, is also included. Sturdy. hardwood, portable tripod. 

Free with scope: Val u a b l e  STAR C H A RT 
and 272 page "Astronomy Boo k . "  

Stock No. 8 5 . 050·5. . . . . . . . . . .  $29.50 f.o.b. 
(S h i pp i n g  wt. 1 0  I b s . )  Barr i n gto n .  N • .I.  

Stock No. 30 . 0G I -S . . . . Ne�w.Liow .. iiP '.;.'e •..•. . is l.9ii.is o�����I-.III.���������������� ••••••••••••••• �!!� ••• 
SIL ICONE POLISHING MAKE YO U R  OWN POWERFUL 

AND CLEANING CLOTHS ASTRONOM ICAl TELESCOPE 
New J Saving industry thou­
sands of dollars. Combines the 
miracle of Silicones with a non­
woven, all rayon cloth. Used 
over and over (washable) to 
dust, polish, protect, anti-fog ; 

mirrors. reftectors, lenses, coated oPtics, crYstal. glass. 
lucite other plastics. Won ' t  scratch. Lintless, non- ally. Try 
sample package. Cloth size 18" x 16". 

Stock No. 60.059·5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 .00 Pstpd. 
Sample package--3 c l oths 

Stock No. 70. 1 37·5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26.50 Pstpd. 
Package ,of 100 c l oths . .  

Lower p r i ces on l arger q u antities 

N EW !  S T A T I C  E L E C T R I C I T Y 
G E N E R A T O R  

See a thrilling spark display as you 
s�t off a miniature bolt of lightning. 
Absolutelysafeand harmless. Sturdi­
ly made-stands 1 4" high. 'rurn the 
handle and two 9" plastic disc,,, ro­
tate in opposite directions, Metal 
collector brushes pick U P  the static 
electricity. store it in the Leyden 
jar type condenser until discharged 
by the jumping spark. Countless 
tricks and experiments, 24 page 
instruction booklet included. 

0.95 Postpaid 

B U I L D  A S O L A R  
E N E R G Y  F U R N A C E  

Good Geophysical Year Project 

.A fascinating new fleld. You can 
build your own Solar Furnace for 
experimentation-many practical 
uses. It's easy-inexpensive-use 
your scrap wood. \Ve furnish in­
struction sheet. This sun l)OWered 

furnace will generate terrific heat 2 0 0 0 °  to 3000 ° .  
Fuses enamel t o  metal-produces many unusual 
fusing effects. Sets paper aflame in seconds. Use 
our Fresnel Lens-1 4 %, "  diameter . . .  f.I. 14". 

Stock No. 7 0 . 1 30·5 package of 1 ...... .. $ 6.00 Postpaid 
Stock No. 70. 1 3 1 ·5 package of 2 . ....... 1 1 .00 Postpaid 
Stock No. 70. 1 32·5 package of 4 ...... .. 20.00 Postpaid 

GRIND YOUR OWN ASTRONOM ICAL M I RROR 

Com p l ete Kits Inc l uding Blank. Tool and Abrasives 

All over America amateurs are grinding their 
own mirrors and making expensive Telescopes 
cheaply. You can do the same using our Kits. 
These contain mirror blank, tool, abrasives, 
diagonal mirror and eyepiece lenses. You 
build Instruments ranging In value from $245 
to thousands of dollars. 

Stock No. 
70.003-5 
70.004-5 
70,005·5 
70.006-5 
70.007-5 

Dia. Mirror 
4'/.' 
6" 
8" 

1 0" 
1 2" 

Th ickness 
'A" 

I "  
P l." 
1 ';.," 2'/. 

Price 
$ 7.50 postpaid 

1 1 .95 postpaid 
1 9.50 postpaid 
30.75 postpaid 
54.75 postpaid 

IN FRARED S N I PERSCOPE TELESCOPE & PARTS 
See in the dark-without being observed. '''ar surplus Sniperscope 1\£ - 2 .  
G o v ' t  c o s t  about $ 1 2 00 ,  U s e d  f o r  industrial p l a n t  security ; research lab 
experiments ; infrared photography .: spectroscopy, etc. Instrument complete, 
ready to use. Includes Power Pack, infrared light source. 'Vill operate 
from 6V auto battery. Battery 01' transformer available. 

Stock No. 85.053·5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 50.00 f.o.b.  

S h pg .  w t .  approx. 1 2  I bs .  
Barr i n g ton ,  N. J .  

S a v e  still m o r e  money ! Build y o u r  o w n  Sniperscope ! 'Va 
will furnish instrUctions-parts, including : Power Packs, 
IP25A image tubes, light unitSI ftltersl etc. For details-re­
quest FREE Bulletin A·26-S. 

Newl 2 in I CombinatIon I Pocket·Slze 

50 POWER M ICROSCOPE 
and 1 0  POWER TELESCOPE 

GS 
Useful Telescope and M i ·  
croscope combined i n  one 
amazing, precision instru-
ment. 1m larger 

ppd . ����e
a

l!o �D��: 
scope magnifies Sharp 

fgg�rn�t :rY
s�a

a�f objects, just P;l�� 
snooping. 

Order Stock # 30 , 0 59-5 . . . .  $4.50 ppd. 
Send Check or M.O. 

W RITE 
FOR FREE CATALOG·S 

H u g e  se lection of lenses, prisms, war  surp lus  
o ptica l instruments, pa rts and accessories. Te le­
scopes,  m ic roscopes, sate l l ite scopes, binoc u l a rs.  
Hand spectroscopes,  retic les ,  
m i r rors ,  Ronchi  ru l i ngs ,  doz­
ens of other ha rd-to-get op­
tica l  items.  America ' s  No. 1 
sou rce of supply  .for Pho­
to g ra p h e rs ,  H o b b y i st s l  
Telescope M a kers, etc. 

Ask for cata log 5 

1 5 1 
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The Newest Frontier 
Ultra High Temperatures 
N EEDE D :  The engineer who 

can prove a real grasp of the 

fundamentals of science, and 

who can adapt rapidly to a new 

field. Formal training might be 

in engineering physic s ,  m e ­

chanical engineering, electrical 

engineering, or metallurgy. 

FOR:  Work with the jet flame 

of the high intensity electric 

arc. This new tool is vital in the 

evolution of ultra -high temper ­

ature m aterials and processes. 

W H E RE : A modern laborato-

INFRARED 
OPTICAL SYSTEMS 
This facility has produced 
infrared systems involving 
all-air path optics for the 
far infrared spectrum, and 
combinations of reflecting 
optics and the newer in­
frared transmitting mate­
rials. Needs in short focus 
Cassegrain systems have 
been satisfactorily supplied. 

If you have such a prob­
lem we will be pleased to 
entertain it. 

1 5 2 

ry, the pioneer in the field. 

WRI T E :  M anager of Research, 

Speedway Laboratories 

LINDE COMPANY, Division of 
Union Carbide Corporation 
P. O. Box 82 37, Indianapolis 24, 
Indiana. 

This valuable 38-page book 
is yours for the asking! 

With the a rtificia l sate l l ite a n d  space travel 
a l most a rea l ity. a stronomy has beco m e  
today's fa stest growing h o b by. U N I T RO N ' S  
n ew h a n d book conta i n s  fu l l 'page i l l u strated 
a rticles o n  a stronomy. observing, tele­
scopes and a ccessories. Of inte rest to 
begi n n e r  and a d va n ced a m ateu rs a l i k e .  

Con'en', incluJe -
• Observing the sun.  

moo n ,  planets and 
wonders of the sky 

• Constellation map 

• Hints for  observers 

• Glossary of.telescope terms. 

• How to choose a telescope 

• Amateur clubs and research 
progra ms 

Please rush to me, free of cha rge, U N ITRON'S new 
Observer's Guide and Telescope Cata log. 

• N a me . .  _ Street . .  . 

City . . . . . . . . . . . . . .  , . . 
L _ _  _ 

: si�i� . � : : : : : : : : :  : : :  _ 
SA .. 

- - - -

oxygen. Fresh air, to replace the con­
sumed oxygen, flows into the chamber 
through the pipette and drives the soap 
£1m before it. Hence a movement of the 
£1m from the zero graduation on the 
pipette to the five-milliliter graduation 
indicates that five m! . of oxygen have 
been consumed by the anima!. 

"The time required for the soap £1m 
to move from the '0' graduation on the 
pipette to the 'five m!.' is a function of 
the animal's metabolism. Measure this 
interval with a stop watch calibrated in 
1 00ths of a minute. M ake three such 
runs, add the three stop-watch read­
ings, divide the sum by three and record 
the quotient. This is the average time 
( in minutes) required by the animal to 
consume five m! . of oxygen. Divide .3 
by the average time. This converts the 
consumption to liters of oxygen per hour. 
Now multiply the consumption in liters 
per hour by 273 and divide the product 
by 273 plus the room temperature ex­
pressed in degrees C. This converts the 
volume of oxygen actually consumed 
to what would have been consumed at 
standard temperature ( zero degrees C.). 
Next, a similar conversion must be made 
to what the consumption would have 
been at standard barometric pressure. If 
the barometric pressure of the room is 
higher than 760 millimeters ( standard 
pressure), multiply the consumption 
( corrected for standard temperature) by 
the measured barometric pressure and 
divide the product by 760. If the meas­
ured pressure is lower than 760 mm. ,  
then multiply the consumption corrected 
for temperature by 760 and divide the 
product by the measured pressure. The 
consumption is now adjusted to both 
standard temperature and standard 
barometric pressure. 

"The remaining calculations are 
equally simple. Look up the logarithm 
( to the base 10) of the adjusted con­
sumption. Square the recorded weight 
of the animal, find the cube root of the 
result and divide it by 1,000. This gives 
you the surface area ( approximately) 
of the animal in square meters. Look 
up the logarithm of the surface area, 
subtract it from the logarithm of the 
oxygen consumption and, finally, look 
up the antilogarithm of the difference. 
This quantity is equal to the liters of oxy­
gen consumed per hour per square meter 
of surface area at standard temperature 
and pressure-the measure of the ani­
mal's metabolism. 

"We hope this procedure, which is 
much simpler to perform than to de­
scribe, will encourage more amateurs­
particularly those of high-school age­
to undertake metabolic studies," 
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Work in the world of supersonic f l ight - at Boeing 

Supersonic flight i s  still i n  its infancy, and Boeing engineers are engaged in 

"NIMBUS," a new painting by the 
well-known team of science­
artists Simpson-Middleman. In 
this work, the creators have 
found new artistic meaning in 
the Moon and its reflected light. 
An attempt to capture the 
polarized nature of moonlight is 
made. The result, an almost 
half-light. Collection of the 
Whitney Museum of American 
Art, New York. 

the adventurous task of pushing forward the frontiers of knowledge in this years-ahead world. 

Underway at Boeing are design projects for top-secret aircraft and missiles 

far more advanced than any yet developed_ Related explorations delve into the 

required properties and capabilities of materials, fuels and systems not yet in existence. 

You'd find working on advanced Boeing projects a true adventure-

challenging, rewarding, stature-building. Boeing offers this opportunity 
today to scientists, and to experienced 
engineers in many categories. IIIIE'IIVC 

Drop a note now, to fohn C. Sanders, Engineering Personnel Administrator, Boeing Airplane Company, Department 8-68, Seattle 24, Washington. 
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To e n g i n ee rs w h o  want to strai g hten 

o u t  t h e  c u rves i n  th e i r  c areers . . .  

D O U G LAS T E A M WO R K  

H E L P S  T O  R E LI EV E  

E N G I N E E RS O F  

B U R D E N SO M E 

P R O J ECT D ETA I LS ! 

There are no "dead end" j obs at Douglas. As part of a crack engineering 
team, you'll be encouraged to use your full talents. Important 
assignments will give you the opportunity for greater accomplishments 
and the kind of future you want for you and your family. 
Wherever you choose to locate - in California or across the nation ­
Douglas offers many career opportunities including . . .  

TOP ASS I G � M E NTS FOR M EC H A N I CAL A N D  
STRUCTURAL D E S I G N  E N G I N EERS ! 

Aeronautical, Mechanical 
and Civil Engineers design, develop and 

I 

test aircraft components from original design stage 
through flight test. F I R S T I N  A V I A T I O N  

For important career opportunities i n  your field, write : 

C. C. L aV E N E  

D O U G LA S  A I R C R A F T  C O M PA N Y ,  B O X  6 2 0 - N  

S A N TA M O N I CA ,  C A L I F O R N I A  
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by James R. Newman 

THE COPERNICAN REVOLUTION, by 
Thomas S. Kuhn. Harvard University 
Press ($5.50). FROM THE CLOSED 
WORLD TO THE INFINITE UNIVERSE, 
by Alexandre Koyn\. The Johns Hop­
kins Press ( $5). DISCOVERIES AND 
OPINIONS OF GALILEO, translation and 
introduction by Stillman Drake. Dou­
bleday Anchor Books ($1.25). 

I
t will never be known when man first 

became convinced that he was of 
cosmic importance, but the date this 

pretension was demolished is clear. The 
De revolutionibus orbium coelestium of 
Nicolaus Copernicus was published in 
1543. Its aim was to improve existing 
methods for computing the motions of 
the planets. A narrowly technical work, 
it was addressed to astronomers who 
could follow its mathematics. Coper­
nicus proposed a sun-centered system in 
which the earth had a twofold motion: 
a daily rotation and an annual orbital 
revolution. He was aware that this theo­
ry, flouting accepted opinion, might stir 
a tempest. The prefatory letter of De 
revolutionibus to "The Most Holy Lord, 
Pope Paul III" anticipates that for ad­
vancing these views the author could 
expect "at once [to] be hissed off the 
stage." He was mistaken. There was not 
much hissing nor, for that matter, much 
applause. The book made its mark slow­
ly. Astronomers borrowed its data, com­
putations and diagrams; it was obviously 
more dependable than Ptolemy's Alma­
gest regardless of whether one accepted 
or rejected as lunacy the notion that the 
earth moves. It was recognized that Co­
pernicus was a great astronomer and a 
devout Catholic; therefore he was per­
mitted a harebrained idea that could do 
little harm. The most favorable of the 
early reactions to his innovation was 
typified by this comment of the English 
astronomer Thomas Blundeville: "Co­
pernicus . . . affirmeth that the earth 

BOOKS 
Three works about the transition 
from ancient to modern astronomy 

turneth about and that the sun standeth 
still in .the midst of the heavens, by help 
of which false supposition he hath made 
truer demonstrations of the motions and 
revolutions of the celestial spheres, than 
ever were made before." But in the end 
it was the "false supposition" that be­
came the marker of modern thought. 
Copernicus the orthodox had promul­
gated a heresy more massive and more 
consequential than any the Church had 
yet struck down. Nestled in the mathe­
matics and tables and diagrams was a 
concept that put man in his place in the 
cosmos, as Charles Darwin's concept was 
to put him in his place on earth. It was 
the harebrained idea that started the 
revolution. By a simple geometric rear­
rangement man was dethroned. 

Looking backward in history it is 
easy for us to see that a moving earth 
and a sun-centered universe gravely sub­
verted Christian theology. If man's 
abode was not at the center of things, 
how could he be the king? Kings do not 
reign from provinces. But Copernicus' 
hypothesis did not work a revolution 
overnight. The consequences unfolded 
slowly in theology and other branches of 
thought. It took 150 years and the com­
bined exertions of Tycho Brahe, Jo­
hannes Kepler, Galileo Galilei, Isaac 
Newton and many lesser men to con­
struct a coherent model of the universe 
to replace the Aristotelian model that 
Copernicus had discredited. Not only 
were a new astronomy and a new cos­
mology needed, but also a new physics. 
And it was not enough to humble man; 
he had also to be encouraged. He had to 
find a new source of pride in his abilny 
to interpret the world. To be God's favor­
ite was gratifying, but in some ways it 
was even more gratifying to make one's 
own way; magiC was good, but discover­
ing nature's laws was better. So the out­
look of educated men was changed and 
modern science was made. 

That the Copernican revolution was 
long in coming and even longer in ful­
fillment may be seen in the three books 
under review. Stillman Drake presents a 

selection, consisting partly of his own 

translations, from certain lesser known 
writings of Galileo. (Nothing Galileo 
wrote should be "lesser known"; this lit­
tle book is a treasure.) Alexandre Koyre's 
study deals with the change that took 
place in 16th- and 17 -century thought 
regarding the boundaries of the uni­
verse. Thomas S. Kuhn, a young his­
torian of science who taught for a time 
at Harvard and is now at the University 
of California, undertakes the most ambi­
tious task, a history of the Copernican 
revolution: how it came about, what it 
overthrew, what it accomplished. 

It must be said that the subject has 
been pretty well picked over by special­
ists. Herbert Butterfield in The Origins 
of Modern Science, which I reviewed in 
this department some eight years ago, 
presented a fresh, penetrating appraisal 
of Copernicanism. (Kuhn acknowledges 
his indebtedness to Butterfield.) A. C. 
Crombie's Augustine to Galileo and 
A. R. Hall's The Scientific Revolution, 
1500-1800, are but two of many scholar­
ly monographs which address them­
selves to the topics in Kuhn's book. His 
telling of the story is nonetheless wel­
come, for he offers the general reader 
an illuminating account of the intel­
lectual transformation which laid the 
foundations of modern science and phi­
losophy, and which may therefore be 
said to have created the modern world. 

The intricacies of ancient and medi­
eval astronomy are a sufficient barrier to 
the average educated man to prevent 
him from gaining any but the most gen­
eral notion of what was involved in the 
overthrow of the Ptolemaic system. 
Kuhn handles this part of the history 
with exemplary skill. Antiquity be­
queathed to the medieval world the 
wonderfully coherent and persuasive 
theory of the two-sphere universe. This 
consisted of an interior sphere for man 
and an exterior sphere for the stars. Be­
tween the earth, which was a tiny globe 
somehow fixed in the exact center of the 
universe, and the immense rotating 
sphere carrying the stars, moved the sun 
and the planets. Outside the sphere of 
the stars there was neither space nor 
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matter-a void of no concern to God or 
man. The sphere of the stars rotated 
steadily westward on a fixed axis once 
every 23 hours and 56 minutes. The sun 
moved obligingly in daily revolutions 
and spiraled sedately eastward on its 
great track, the ecliptic, tilted at 23% 
degrees to the celestial equator; a com­
plete circuit took 365)� days. From our 
little perch at the center we could see 
all this; and the variations which ob­
servers in different positions on the globe 
(e.g., in northern or southern latitudes) 
might expect to encounter if the theory 
was correct were in fact encountered. 
This hypothetical arrangement explained 
the days and the nights, the changing 
seasons, the nightly procession of the 
stars. It was a coherent conceptual 
scheme which provided a compact sum­
mary of a huge quantity of observational 
data. To this day navigation and survey­
ing are taught by means of the two­
sphere model. 

If the sun and stars were all we could 
see in the sky, the two-sphere universe 
might still be acceptable. But the plan­
ets (among which the Greeks included 
the sun and moon) raise difficulties. 
Planets-the term comes from the Greek 
word meaning wanderer-have a com­
plex motion. They have a westward di­
urnal motion with the stars, and they 
all move gradually eastward among the 
stars until they return more or less to 
their original positions. So far so good. 
But now individual irregularities appear. 
The moon travels around the ecliptic 
faster and less steadily than the sun; and 
while the moon's phases, being easily 
visible, are the oldest of all calendar 
units, the simple lunar unit soon turns 
out to be intractable because successive 
new moons may be separated by various 
intervals between 29 and 30 days. The 
remaining planets of ancient astronomy­
Mercury, Venus, Mars, Jupiter, Saturn­
all have different periods; moreover, in 
each case the time required for any sin­
gle journey may be quite different from 
the average period. Not only is the rate 
of motion irregular, but also planets ap­
pear to have moments of indecision: 
their normal direction of motion (ex­
cept for the sun and moon) is eastward, 
but occasionally the journey is inter­
rupted by brief intervals of westward or 
"retrograde" motion. Sometimes when a 
planet retrogresses it increases in bril­
liance; Mars, for example, when it is 180 
degrees across the sky or "in opposition" 
to the sun, outshines everything in the 
night sky except the moon and Venus. 

How were these phenomena to be ex­
plained? The behavior of the planets was 
of less interest to ancient peoples than 
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that of the sun and moon; but, as astron­
omy grew up, more and more attention 
was directed to the mysterious ways of 
the wanderers. Indeed, it was this group 
of problems which formed the principal 
source of the Copernican revolution. 

The Greeks proposed a model of in­
terlocked concentric spheres to explain 
the several planetary motions. This de­
vice, invented by Plato's pupil Eudoxus, 
was a central feature of Aristotle's astro­
nomical system, the most comprehensive 
and influential cosmology of the ancient 
world. In fact, the notion that the planets 
are embedded in rotating spheres per­
sisted to the 17th century, and the "orbs" 
of Copernicus' De revolutioT!:ibus ol'bium 
coelestium are none other than Eudoxus' 
spherical shells. But even in antiquity it 
was recognized that the model fell short 
of "saving the appearances." Since the 
spheres were concentric with the earth, 
the distances of the planets from the 
earth could not vary, and it was there­
fore impossible to account for the varia­
tion in planetary brilliance. 

Two Greek astronomers and mathe­
maticians, Apollonius and Hipparchus, 
were the leading proponents of the cele­
brated epicycle-deferent mechanism 
which came to replace the concentric 
spheres. In its simplest form this ar­
rangement envisaged a small circle, the 
epicycle, which rotates uniformly about 
a point on the circumference of a second 
rotating circle, the deferent. The planet 
rides on the epicycle, and the center of 
the deferent coincides with the center of 
the earth. 

Both the epicycle and the deferent are 
imagined to lie in the plane of the eclip­
tic (the great circular track of the sun), 
so that the rotation of the stellar sphere 
carries the entire system, except the cen­
tral earth, through one rotation per day. 
Thus the mechanism mirrors the diurnal 
motion of the planet. 

To describe the motions of the planets 
a separate epicycle-deferent system had 
to be designed for each. The loops de­
scribed by the planets varied in size, de­
pending on the relative proportion of 
epicycle to deferent, and in number, de­
pending on the rate of rotation of the 
epicycle with respect to the turning 
speed of the deferent. The Jupiter dia­
gram showed 11 loops for each trip, the 
Saturn diagram 28, and so on. But by 
means of these variations the system of 
compounded circular motions could be 
made to describe fairly accurately all the 
vagaries of planetary motions-the retro­
gressions, the irregularities in time of 
successive journeys around the ecliptic, 
and kindred anomalies. The mechanism 
was a triumph of imagination. 

To be sure, improvements in sky­
watching brought new problems. As 
more was observed, more had to be ex­
plained. But the system was versatile 
and by elaboration could be made to 
satisfy the demand for increased accu­
racy of prediction. Minor epicycles were 
added-as many as a dozen in a single 
system-to account for small irregulari­
ties of motion. 

Other devices introduced to correct 
discrepancies included the "eccentric," 
which was a deferent circle whose cen­
ter is displaced from the center of the 
earth, and the "equant." This was an 
arbitrarily chosen reference point for 
measuring the rate of rotation of a def­
erent or other planetary circle. By plac­
ing this point at a locus displaced from 
the geometric center of the deferent, and 
requiring the rate of rotation to be uni­
form not with respect to the deferent's 
own geometric center but with respect to 
the equant, the planet, observed from 
the center of its deferent, seems to move 
at an irregular rate. This feature helped 
to smooth out wrinkles in the theory. 
Not all these improvements were Ptol­
emy's, but his was the chief contribu­
tion. The Almagest, epitomizing the 
greatest achievements of ancient astron-. 
omy, '\vas the first systematic mathe­
matical treatise to give a complete, de­
tailed and quantitative account of all the 
celestial motions." 

"For its subtlety, flexibility, complex­
ity and power," writes Kuhn, the epi­
cycle-deferent technique "has no parallel 
in the history of science." And yet, as he 
says, it never quite worked. Apollonius' 
initial conception solved the main prob­
lems of planetary irregularities. Hippar­
clms tightened up the method. Ptolemy 
advanced it by his brilliantly ingenious 
orchestration of deferents, eccentrics, 
epicycles and equants. His successors, by 
patching and stretching, made further 
improvements. But always the theory 
fell a little short of the results of ob­
servation, always the promise of a final 
solution proved a will-o'-the-wiSp. 

Why, then, did the two-sphere uni­
verse and the model of wheels upon and 
within wheels survive for 1,800 years? 
Or, to put it differently, why was the 
Copernican revolution so long delayed, 
and what finally brought it about? These 
are the questions to which Kuhn devotes 
a major portion of his work. 

The main line of his analysis runs 
somewhat as follows. To abandon Ptol­
emy meant much more than merely to 
abandon a system of astronomy. The 
two-sphere universe was a grandiose and 
beguiling interpretation of nature and 
of man's place in it. It was a guide to 
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Now available •.. direct to you from the Publisher 
BRAND NEW EDITION OF THE WORLD FAMOUS 

ENCYCLOPAEDIA /cJ�; BRITANNICA 
., 116' v 

"1'" ... ,,' 

On Easy . . .  Book a Month PaYIllent Plan 
• Yes, the latest edition of Britannica-the 
greatest treasure of knowledge ever pub­
lished-is now being offered on a remark­
able, direct-from-the-publisher plan that 
puts this world-renowned reference library 
within reach of every family. All 24 volumes 
will be placed in your home NOW ... you 
pay for it later on convenient budget terms. 
It's as easy-and as convenient-as buy­
ing a book a month. 

You may wonder how we're able to make 
this truly amazing offer. First, because of 
the great demand for this magnificent set, 
we have ordered a tremendous printing. 
Also, by offering this set Direct from the 
Publisher, we have saved many distribution 
costs. These savings are passed on to you. 

Thousands of Subiects of Practical Value 

In the brand-new edition of Britannica you 
will find thousands of subjects that you and 
your family will refer to in the course of 
your normal day-to-day affairs. For example, 
you'll find special articles on household 
budgets, interior decorating, medicine and 
health, home remodeling, child care, adoles­
cent problems, rules and regulations for all 
sports, every kind of hobby ... plus a treas­
ure house of knowledge on all subjects. Use­
able information that can save you many 
dollars. 

New Edition is Profusely Illustrated 

The new Britannica almost "televises" the 
information to you by means of 23,494 mag­
nificent illustrations. But it does not merely 
show "attractive" pictures-it is the work 
of 5,565 of the world's greatest authorities 
on all information significant to mankind. 
Britannica is the largest and most complete 
reference set published in America-con­
taining over 38,000,000 words. Its accuracy 
and authority are unquestioned-it is even 
offered as evidence in courts of law. 

Britannica Often Called Key to Success 

The brand-new Britannica-the biggest and 
greatest edition in our almost 200-year pub­
lishing history-is expressly designed to 
help you enjoy a richer and fuller family life, 
aid you in achieving greater financial re­
wards and success in your business or trade, 

Preview Booklet Offered FREE! 
Simply fill in and mail the coupon to­
day, and we will send you ... without 
cost or obligation . . .  a copy of our 
beautiful, new booklet which contains 
an exciting preview of the latest edi­
tion of Encyclopaedia Britannica. 
Send no money-not even for post­
age. It's yours, absolutely free! 

In its pages, you will see the most 
magnificent scenery on the North 
American Continent. You'll go on a 
cruise to France-to the mysterious 
Orient-to a Pacific Island-or by 
rocket to the moon! In color so beau­
tifully etched it gives the illusion of 
a third dimension, you will see art 
treasures of famous museums, world 
landmarks • • .  and scientific wonders. 

help your children in school, and enable you 
to speak factually and intelligently on the 
widest range of subjects. Yes, Britannica 
will assure every member of your family 
the constant companionship of the world's 
greatest minds. It will enable parents to 
work more closely with their children at 
home-helping them build a more solid 
foundation in today's highly competitive 
society. Leading educators say: "Too many 
parents leave the entire educational job up 
to the school teachers." 

Y e s ,  y o u ' l l  f i n d  
stimulating ma­
t e r i a l  i n  m a n y  
fields o f  k n o w l ­
edge-presented 
in t h e  most en­
t e r t a i n i n g  a n d  
informative man­
ner possible. 

Just as soon as we receive y o u r  
coupon, w e  will send your illustrated 
free booklet, so that you can read 
and enjoy it at your leisure, in the 
privacy of your home. No obligation, 
of course. However, since this offer is 
necessarily limited, please mail the 
coupon today before i t  slips your 
mind. 

FREE Research Service 
As a Britannica owner, you would be en­
titled to free research reports on subjects of 
your choice. These comprehensive and au­
thoritative reports are prepared for you by 
members of the world-famous Britannica 
Re searcb Staff, a n d  cover subjects of 
important interest to you: buying a new 
home, preparation for retirement, starting 
your own business, sports, politics, world 
affairs, family life, music, art-or other 
subjects of your choice. 

--------------------------- � 
ENCYCLOPAEDIA BRITANNICA, DEPT. l3-G. I 
425 N. Michigan Aven�e. Chicago 11, Illinois 
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IMPORTANT BOOI(S 
FROM 

VAN NOSTRAND 
NUCLEAR RADIATION IN 

FOOD AND AGRICULTURE 
By Ralph W. Singleton, Miller Professor 
of Biology and Director of the Blandy 
Experimental Farm, University of Virginia 
This final yolume in The Geneva Series on 
The Peace!,,' Uses of Atomic Energy brings 
together material on the methods, techniques 
and effects of applying nuclear radiation in the 
fields of food and agriculture. Material is in­
cluded on the uses of radioisotopes in agricul­
tural and silvicultural research, biosynthesis, 
stimulation of plant gro\\-th, radioactive tracing 
and the effects of radiation in plant breeding. 
Soil treatment, radiation effects, food preserva­
tion and the control of parasites are also cov­
ered. Coming in November. Pre-pnb price $7.50 

ORGANIC COLLOIDS 
By B. Jirgensons, Asso ciate Professor 
o f  Biochemistry, University of Texas 

Applications for solving many practical prob­
lems in such areas as fibers, plastics, detergents, 
technology of milk products, blood and plasma 
substitutes are included in this up-to-date sur­
,·ey. Methods of preparation and study of or­
ganic colloids are reyiewed and a condensed, 
systematic treatment is given the most impor­
tant classes of molecular and miscellar colloids. 

Coming in Novelllber. About $8.00 

THE ANALYTICAL USES 
OF ETHYLENEDIAMINE 

TETRAACETIC ACID 
By Frank J. Welcher, Professor 

of Chemistry, Indiana University 

A major chelating agent used in metallurgical 
as well as chemical processes, organic chemists 
and biochemists have found it widely applicable 
in inhibiting unwanted catalytic effects. Here 
are details of the significant work, in analysis 
and control, that has appeared up to this time, 
including types of procedures and variations, 
reports on interference, optimum conditions 
and' claims of accuracy. C01ning 1·11 October. 

About $9.75 

DIGITAL COMPUTER 
COMPONENTS AND CIRCUITS 

By R. K. Richards, 
Consultant on Digital C omputers 

Basic engineering approaches related to digital 
techniques, carefully organized for practical 
use-the information engineers need to reduce 
ideas about logic and arithmetic to a working 
machine. Logical functions and digital storage 
are discussed at length. Comhlg ill November. 

About $10.00 

FROM THE 

BELL LABORATORIES SERIES 
TRANSISTOR TECHNOLOGY 

Volume I 
Edited by H. E. Bridgers, J. H. Scaff and 
J. N. Shive, members of the technical 
staff, B ell Telephone Laboratories, Inc. 

From the laboratories where the transistor 
was first developed comes this unique ex­
position of the principles of germanium 
transistor fabrication, with specific informa­
tion necessary in each step leading to pro­
duction on a commercial scale. Set forth as 
they were developed are processes on pre­
paring the crystal, forming the junctions, 
treating the surface, attaching the elec­
trodes, capsulating the transistor and test­
ing to performance standards. This book of 
principles brings invaluable aid to the un­
derstanding of present-clay transistor capa­
bilities and potentialities. Coming hI Octo-

ber. About $17.50 

D. Van Nostrand Company, Inc. 
120 ALEXANDER ST. • PRINCETON, N. J. 
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problems of the earth-the behavior of 
falling bodies and the flight of an ar­
row-as well as those of the heavens; it 
had religious and philosophical as well 
as scientific meaning. In the Aristotelian 
theory of motion, matter remained at 
rest in the absence of a force pushing it; 
every terresh-ial body had a terrestrial 
home of its own, a "region natural to 
it," which the body strove to regain 
whenever it had been displaced. "Place," 
as Aristotle said in his Physics, "exerts a 
certain influence"; it possesses "distinct 
potencies." From his terrestrial physiCS 
Aristotle derived support for the notion 
of the earth-centered universe, for the 
sphericity, stability and central location 
of the earth. An entirely new theory of 
motion had to be invented before the 
theory of a rotating earth could be made 
plausible. Otherwise, for example, why 
would a stone thrown straight up in the 
air hit the ground at the very spot it was 
thrown from, instead of being left be­
hind by the earth? 

The long-accepted Aristotelian con­
cept of space also buttressed the earth­
centered scheme. Matter and space, it 
was said, are inseparable. Nature detests 
vacuums; every corner of the universe is 
full. Beyond the last crystalline sphere, 
carrying the stars, there is no matter, and 
therefore no space. It follows that the 
universe is finite. Being finite it must 
have a central point: here sits the earth. 
On the other hand, if the universe were 
infinite, it is "scarcely plausible that all 
the earth, water, air and fire ... should 
have aggregated at one and only one 
point." In an infinite universe one may 
assume the existence of other worlds, 
with plants, men and animals. Thus the 
earth's uniqueness vanishes. Obviously 
this cannot be permitted. 

There were of course philosophers 
both in antiquity and the Middle Ages 
(notably the great poet Lucretius and 
the 15th-century cardinal, Nicholas of 
Cusa) who believed that the universe is 
infinite. But until the 17th century no 
one who advanced this view was able to 
back it up with a cosmology that fitted 
the everyday phenomena of earth and 
sky as well as Aristotle's. By the 14th 
century medieval scholars nonetheless 
began to chip away at the Aristotelian 
foundations. The meticulous study of 
his texts exposed inconsistencies. More 
and more we are coming to recognize 
how much we owe to the scholastics, not 
for their ideas but for their venturesome­
ness and faith in reason. In Paris Nicole 
Oresme showed the weakness of the ar­
guments for the uniqueness of the earth 
and the assertion that it is stationary. His 
skeptiCism spread to Oxford and later 

to Padua, where Copernicus studied and 
Calileo taught. The impetus theory (i.e., 
that a moving body is "impressed" with 
a certain impetus or motive force which 
keeps it going until the resistance of the 
air stops it) invented by Ores me's teach­
er, Jean Buridan, opened a major breach 
in Aristotelian dynamics. The theory 
even took care of the puzzle of the fall­
ing stone: If the earth rotated, it en­
dowed the stone with impetus, so that 
it would not be left behind but would 
land at the point of departure. 

Political, economic, social and reli­
gious ferment facilitated acceptance of 
the innovations of Copernicus. The Mos­
lems were again on the rampage. The 
feudal order was cracking. A new com­
mercial class was entering the lists of 
SOciety. Luther and Calvin were shaking 
the Church. There was a hunger for 
fresh ideas, an impatience with the old. 
Even humanism, the "dominant learned 
movement of the age" helped set the 
stage for the Copernican revolution. The 
humanists condemned the values of sci­
ence, which, they said, helped in no way 
toward a happy life; they bitterly op­
posed Aristotle as the prophet of all they 
detested. Yet their "other-worldliness" 
and mysticism also stimulated scientific 
thought. For as Kuhn points out, Coper­
nicus, Calileo and Kepler seem to have 
drawn from Neoplatonism "two decided­
ly un-Aristotelian ideas: a new belief in 
the possibility and importance of discov­
ering simple arithmetic and geometric 
regularities in nature, and a new view of 
the sun as the source of all vital princi­
ples and forces in the universe." All great 
scientists are poets; many are mystics. 
Copernicus was both-though not to the 
same extent as Kepler. It was the mathe­
matical disorder of the Ptolemaic system 
that deeply distressed him. Esthetic feel­
ings directed his preferences as to the 
motions of the planets: they had to be 
circular and uniform. A geometric har­
mony characterized the sun-centered 
astronomy. As Bertrand Russell has said, 
De revolutionibus is not a modern book; 
it is Pythagorean. And yet it broke com­
pletely with the past. 

Kuhn sketches the content of De revo­
ltttionibus and explains why its influence 
grew despite its inaccuracy, complexity 
and inconsistency. Copernicus' system 
was neither simpler nor more depend­
able than Ptolemy's. Its radical hypothe­
sis had no immediate pragmatic value. 
But it made a start towards a new as­
tronomical and cosmological tradition, 
which Newton brought to a trium­
phant culmination. Protestant theologi­
ans clawed at Copernicus even before 
1543. Martin Luther called him an "up-
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INSIDE A REACTOR 
This mockup of the pressurized water 

reactor for the nation's first full-scale 

civilian nuclear power station, being built 

at Shippingport, Pa., rises,four stories tall 

at Bettis Atomic Power Division. The full­
size model is shown when it was under 
construction. The Shippingport Atomic 
Power Station is being built as a joint 
venture of the United States Atomic 
Energy Commission and the Duquesne 
Light Co. Westinghouse is developing the 
nuclear components under a contract with 
the AEC. Duquesne Light Co. will operate 
the station. 

Design of the Shippingport reactor is 
just one of the challenging nuclear pro­

jects at Bettis, one of the leaders in the 
growing atomic power industry. We 

welcome inquiries from physicists, 
mathematicians, and engineers 

interested in a rewarding career 
in this new industry. Please 
address your resume to: 

Mr. M. J. Downey 
Bettis Atomic Power Division 
Westinghouse Electric Corp. 
Dept. A200 
P.O. Box 1468 
Pittsburgh 30, Pa. 
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PHILOSOPHICAL 
LIBRARY BOOKS 
o ELECTRONIC COMPUTERS by T. E. Ivall. A non­
mathematical introduction to the mechanism and applica­
tion of comllUters employing valves and transistors. with 
reference to their rapidly developing applications in indus­
try, commerce and science. Illustrated. $10.00 
o ELECTRONICS by A. lV. Keen. In this book a seriou!! 
attempt has been made to present. in accurate terms, an up­
to-date and comprehensive account of electronic dC\'ices and 
their applicatlons. llhlsf,roted with 190 spec,jolly prepared 
i1l8trllctiofla� diagrams and over 50 photographs. An intro­
duction for tile non-technical reader and student to all as­
pects 01 electronics in this modem age. $7.50 
o METALLURGICAL PROGRES5-3 by Dr. J. M. Mc­
LeodJ and others. Survey of the present state of knowledge 
on various industrial subjects is here continued with re­
views by a number of leading specialists in four further 
branches of the iron and steel industry : refractories, non­
destructive testing, coke and foundry technology, $ 6.00 
o HISTORY OF MATHEMATICS by Joseph E, Ho/mann. 
An unusually sensitive account of the growth of mathematical 
techniques from prehistoric times to the ad\'ent of the mod­
ern era. Against a broad background of ).1an's ad\'ancing 
ch'ilization, Professor Hofmann connects the progress of 
mathematics with the rise of intellectual attitudes and in­
creasingly complex practical demands, In a wealth of detail 
he explores the number systems and methods of ancient peo­
ples. the role of the great translators of the )1iddle Ages. 
the problems and tensions of the Scholastic period. $4.75 
o A KEY TO THE STARS by R. Van der 1V0olley. A clear 
account of the actual appearance of the hea\'ens which ex­
plains the constitution of the stars and the galaxy as a 
whole. traces the growth of astronomical science through the 
lives of great astronomers. and describes today's famous 
obserratories. their equipment and work. Dr. Woolley is 
director of the Commonwealth Observatory. Australia. illus­
trated. $4.75 
o GALACTIC NEBULAE AND INTERSTELLAR MAT­
TER by Jean Du/ay. 'l'he \'alue of this authoritative work 
is that it provides the most complete account a\'ailable of 
the many di\'erse phenomena. obsen'ational and theoretical. 
invoh'ed in the study of interstellar matter. 1t is not over­
loaded with mathematics. but the general principles of 
mathematical im'csUgation are adequately described. 

115.00 
o EXPERIMENTAL PSYCHOLOGY by lvan Pavlov. A 
comprehensive selection of the basic writings of the Russian 
physiologist and psychologist. winner of the Nobel Prize in 
physiology. i\Iany of Pavlo\"s works were of pioneering 
character; others. like those on thc nen'ollS regulation of 
the heart and cardiac vessels. are now classics in their field, 
His theory on conditioncd reflexes has become a landmark 
in the derelopment of psychological thought. The present. 
work contains. among others. papers on blood circulation, 
digestion, experimcntal psychology and psychopathology in 
animals. problems of sleep and hypnosis. a theory of types, 
and experimental pathology of the higher nervous activity. 
Some rare pictorial material is included. Illustrated. $7.50 
o DICTIONARY OF PHOTOGRAPHY edited by A. L. M. 
Sower by. A comprehensive reference book. alphabetically ar­
ranged. covering erery aspect of amateur photography. It 
containS the essence of a dozen ordinary textbooks. and 
provides the answer to every photographic problem. This 
editiOn has been meticulously re\'lsed throughout with par­
ticular attention to the sections on flash and color photog­
raphy. lUustrated. $10.00 
o DICTIONARY OF ANTHROPOLOGY hy Clwrles 
Winick. The Dicti01H1ry 0/ AlIfJlf07)o!Ofm is a comprehensive 
explication of basic terms and concepts of archaeology, 
cultural anthropology. lingUistics. and physical anthro­
pology. The author is on the staff of Hochester Universit.y. 

$10.00 
o AN ENCYCLOPEDIA OF THE IRON & STEEL IN­
DUSTRY by A. K. Oshome. 'l'ile purpose of this Encyclo­
pe(lia is to provide a concise description of the materials, 
plant. tools and processes used in the Tron and Steel Indus­
tr:y. and in those industries c1ose!.y allied to it, from the 
I)reparation of the ore. down to the finished product; and 
to define the technical terms employed. The book Is intend­
ed as a work of reference. not in an,\' sense as a textbook; 
but the specialist might Usefully look to it for information 
on subjects bordering his OWI1. $25.00 
o THE HAND PRODUCED BOOK by David Diringer. 
The author suneys the development or books from pre­
historic times to our own day. a fascinating story indi­
cating. as it does. how the learned textbook and cheap 
novel have de\'elolled frorn prehistoric cave paintings. 
Mesollotarnian cuneiform clay tablets. Eg:yptian papyrus 
rolls. Graeco-Uoman codices. and Chinese-Arabic paper 
documents: from the ilH'ention of writing to printing and to 
modcrn techniques. [Uustrat.ed. $15.00 
o A STAMP COLLECTOR'S ENCYCLOPEDIA compiled 
by R. J. Sutton. An entirely new illustrated work designed 
to pro\'ide both amateur and expert with an Invaluable and 
constant work of reference to "the king of hobbies, and 
the hobby of kings." Revised and enlarged edition. Illus­
trated. $6.00 
o REASON AND CHANCE IN SCIENTIFIC DISCOV­
ERY by It. Taton. Dr. '1'aton examines the relative role of 
acth'e purpose and chance in the processes or scientific dis­
covery. Steering clear of theor�'. he illustrates his thesis by 
practical example's drawn from the li\'es and works of such 
distinguished scientists as Poincare. De Broglie. Bernard, 
Galileo. Roentgen, BecQuereI. the Curies. Leibniz. Newton 
and others. lUllstrafetl. $1 0.00 
o LlGHT_ VEGETATION AND CHLOROPHYLL by 
J. 'l'errien, O. Truffalllt and J. Carles, This useful work 
contains two important books translated from the French. 
The flrst deals with the nature of light as a form of energy 
and the light requirement of I)lants under nrious climatic 
conditions; the second deals mainly with the chemistry of 
chlorol1hyll and photosynthesis. $6.00 
o A BOOK OF CONTEMPLATION by Dauobert D. 
nl/lles. 'l'his is a hook of philosophy at work. 'l'he author's 
mind ranges freely and fearlessly O\'er the main topics. 
tenets and taboos of our time-and. indeed. of all time 
that man has been on earth. Connoisseurs of wit and irony 
will relish the Book 0/ Contemplatian as a delightful and 
inexhaustible source of epigrammatic Quotes. Most impor­
tant. by this swiftwpaced criticism of our world of ac­
ce'1ted appearances. he lays bare. in its breath-taking sim­
plicity. the essence of righteousness which underlies the 
great religions and sYStems of thought. and on which the 
thoughtful modern man may base his own faith. The 
author is editor of such standard works as 1'1re Dictionary 
0/ Philosophy and Treasury 0/ P7iilosophy. $3.00 
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start astrologer" and a "fool"; Melanch­
thon said he was indecent, dishonest, a 
charlatan. The Catholic Church was 
more forbearing; it was not until Galileo 
began to make fools of those who clung 
to Aristotle and Ptolemy that De revolu­
tionibus was placed on the Index and 
Copernicanism became formal heresy. 

Kuhn's account of these matters, of 
the gradual assimilation of Copernican 
astronomy, and the evolution of the new 
universe is on the whole well-managed. 
He is a better writer when he sticks to 
science than when he tackles philosophy. 
He indulges in the not always happy 
device of emphasizing his points by cast­
ing them as paradoxes_ History is not 
so conveniently dramatic; complex cul­
tural transitions of the 16th century 
which are most difficult for us to under­
stand today are not necessarily made 
plain by flights of dialectical virtuosity_ 
One does not come away from Kuhn 
with a sure sense of why Copernicus' 
work caused such an enormous upheav­
aL Yet in Kuhn's approach, apart from 
its strong expository merits, there is en­
couraging evidence of a fresh turn in 
the study of the history of science. He 
is not afraid to examine his subject in 
breadth, to trace its connections with 
other features of society. This is surely 
the way to teach the history of science, 
if it is to take its place in the educa­
tional curriculum as more than either 
a graduate-school specialty or an agree­
able alternate to courses in music ap­
preciation. 

Koyre's study is an example of the or­
thodox approach-the history of science 
in the same case as the study of Coptic 
texts. The subject matter of his book 
is far from triviaL Nothing, one might 
suppose, would be more engrossing than 
the story of how men came to believe in 
an infinite universe. And Koyre has the 
learning and experience required to 
trace this evolution in thought. Unfor­
tunately what he lays before us is little 
more than a wordy examination of texts. 
What did Giordano Bruno think of the 
principle of plenitude? What was Henry 
More' s second argument against the 
Cartesian concept of reciprocity of mo­
tion? Why did he regard Spirit as a 
"substance penetrable and indiscern­
ible"? How was Joseph Raphson influ­
enced by Spinoza without ever becom­
ing Spinozist? The sight of the heavens, 
Plato has Timaeus say, made men won­
der about the universe and themselves, 
created number and the concept of time, 
and was the source of all philosophy, 
"than which no greater good ever was or 
will be given by the gods to mortal man." 
But the men portrayed by Koyre-

though Newton, Kepler, Galileo, Berke­
ley, Leibniz are in the company-appear 
mainly as logic choppers. They do not 
wonder; they make nests of word boxes 
which they crawl into and cannot get 
out of; they duel with quibbles. The 
extracts from the lovely writings of 
Galileo, the quotations from Newton's 
famous Queries attached to his Optics 
are not improved by Koyre's para­
phrases and underscorings. Koyre's ex­
egetic text runs to 256 pages, gravid 
with footnotes_ It touches upon few of 
the rich aspects of science as a human 
struggle. 

A final word about Drake's delightful 
volume. He has included translations of 
The Starry Messenger, Le.tters on Sun­
spots, Letter to the Grand Duchess 
Christina and excerpts from The As­
sayer. Two of these short works have 
never before appeared in English; the 
other two have been translated but are 
very hard to find. The translations are 
"free," and since the book is pointed to 
the general reader, mathematical sec­
tions have been omitted. Drake has 
prefaced each translation with a helpful 
introduction. Galileo was an incompara­
ble expositor and polemicist. In these 
pieces he tells us what he saw through 
his telescope-the features of the moon, 
sunspots, the satellites of Jupiter; he an­
nounces the principle of inertia; he de­
fends Copernicus and demolishes his 
detractors; he issues his famous mani­
festo for scientific method_ The reader 
will, I think, be left in a happy frame of 
mind if I cOl;!clude this review by a 
specimen of Galileo's wit: 

"If Sarsi wants me to believe with 
Suidas [a Greek lexicographer of the 
10th century] that the Babylonians 
cooked their eggs by whirling them in 
slings, I shall do so; but I must say 
that the cause of this effect was very 
different from what he suggests. To dis­
cover the true cause I reason as follows: 
' If we do not achieve an effect which 
others formerly achieved, then it must 
be that in our operations we lack some­
thing that produced their success. And 
if there is just one single thing we lack, 
then that alone can be the true cause. 
Now we do not lack eggs, nor slings, 
nor sturdy fellows to whirl them; yet 
our eggs do not cook, but merely cool 
down faster if they happen to be hot. 
And since nothing is lacking to us except 
being Babylonians, then being Baby­
lonians is the cause of the hardening 
of eggs, and not friction of the air.' And 
this is what I wished to discover. Is it 
possible that Sarsi has never observed 
the coolness produced on his face by 
the continual change of air when he is 
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Dr. A. L. Marshall, Ph.D., University of Lon­
don (1922), served on the faculty at Prince­
ton University before joining the General 
Electric Research Laboratory in 1926. He 
is now in his 25th year as manager of 
chemistry research. Dr. Marshall has made 
individual contributions in the fields of 
photochemistry, thermochemistry, vapor 
pressure phenomena, the solubility of gases 
in metals, and the chemistry of synthetic 
resins and insulating materials. 

Chemistry in the electrical industry 
The work of Dr. A. L. Marshall shows why research 

in chemistry is vital to General Electric 

The problems of electrical insulation prompted the 

electrical industry's earliest interest in chemistry. 

Dr. A. L. Marshall was among the first to realize 

that getting better electrical insulation would depend 

heavily on getting fundamental facts about polymers, 

and under his leadership the primary goal of chem­

ists at the General Electric Research Laboratory has 

been a "new undersianding of basic structures and 

basic reaction mechanisms." 
New knowledge has led inevitably to new products: 

silicones, improved wire enamels, irradiated poly­

ethylene, and many others. It has helped produce 

materials with potential for structural use as well as 

insulation. Dr. Marshall predicts that within a decade 
the electrical industry may have as much need for 

plastics as for steel. 

He also has directed his philosophy of basic re­

search toward other areas. In superpressure, friction 

studies, and combustion, for example, the eventual 

results from new scientific knowledge can be seen in 

such things as man-made diamonds, better bearings, 

and jet engine combustors. 

Dr. Marshall's leadership in fundamental research 
is another reason why scientists at General Electric 
are uncovering new knowledge that can contribute 

to better living standards for people today and for 

generations to come. 

"A-ogress Is Ow Most Imporfanf Prot/vc/ 

GENERAL fj ELECTRIC 
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The UNIVERSITY 
of CHICAGO 

IN YOUR 
OWN 

HOME 

GIVEN : Your own mature skills, experi­
ence and intelligence, ADD the resources 
of this great University , , , its distinguished 
scholars,  advanced educational techniques! 
and over I SO stimulating courses for adults 
in SEMA N T I C S ,  CREA T I V E  W R I T I N G, 
MATHEMATI C S, GREAT BO O K S, 
P SYCHOLOGY, ASTRO N O MY and 
other fields. 

MULTIPLY by the enjoyment and intel­
lectual excitement you derive from indi vid­
ualized instruction and absorbing conversa­
tion-by-mail with a University instructor. 

RESULT : A richer life, expanded cul­
tural horizons, improved j ob and profession­
al status. 

Study at home with the University'  of 
Chicago-start any time-advance at your 
own pace. TAKE THE F I R ST STEP 
TODAY: send for your free copy of tbe 
Home-Study A N N O U N C E ME N T S. You'll 
find in it I S O exciting adventures in ideas. 
N o  obligation; write to: 

The Home-Study Department 

The UNIVERSITY 
of CHICAGO 

Box SA- I06, Chicago 37, Ill. 

Everyone with an interest 
in science-and its 
future-should read the 
October issue of 

-a double-size issue featuring 
(t magazine-length section on 

A FORWARD LOOK 
AT SCIENCE 
AND INDUSTRY 
TIME AND THE S PACE TRAVELER. Two 
opposing views by Eugen Sanger and 
William R. Brewster, Jr. 

THE FUTU RE OF FLYING by Louis N. 
Ridenour. The head of Lockheed's 
missile development reviews the past, 
predicts the future. 

RESEARCH B UILDS AMERICA' S  FUTURE. 
New directions for industry-by Ray­
mond Stevens, President of  Arthur D. 
Little, Inc.  

SCIENCE: CAREERS FOR WOMEN. How 
a scientific career can be successfully 
combined with marriage and a family. 

SCIENCE AND MAN'S FREEDOM. Nobel 
Prize winner Arthnr C ompton writes 
of  science's impact on philosophy. 

PLUS MANY OTHER OUTSTAND I N G  FEATURES !  
N OW O N  SALE! 
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riding post? I f  he has, then how can he 
prefer to believe things related by other 
men as having happened two thousand 
years ago in Babylon rather than present 
events which he himself experiences?" 

Short Reviews 

NLAS OF THE BIBLE, by L. H. Grollen-
berg, O.P. Thomas Nelson and Sons 

($15) . Father Grollenberg's atlas is a 
book of great worth. He uses three 
media to impart an immense amount of 
information about the Bible: maps, 
photographs and an attractive historical 
text. The colored maps, of which there 
are 35, illustrate the different periods of 
Biblical history, and show all the Biblical 
places which can be identified with any 
degree of certainty, from Abel-beth­
maacah to Zorah. The maps are un­
cluttered and, thanks to an excellent 
system of symbols and overprinted 
legends, convey a clear sense of Biblical 
geography not to be gained from any 
other source. The photographs, which 
are linked with the maps, are taken from 
the air and the ground and give a vivid 
panorama of Palestine and the other 
lands of the Fertile Crescent. Many 
things in this fabled region have re­
mained unchanged through 2,000 years ; 
by means of these pictures the reader 
is carried back in time and the ancient 
setting is recreated. The text carries the 
story along and answers the countless 
questions that arise in the minds of 
readers of the Bible-questions that 
usually rema"in unsolved because they 
require searching through innumerable 
reference works, many of contradictory 
tendency. Father Grollenberg's book 
embodies the results of the most up-to­
date researches of archaeology, linguis­
tics and cartography. He is a responsible 
guide who, while recognizing the di­
verSity of views on many points, does 
not overburden his work with academic 
minutiae. For all who are interested in 
the Bible and its history this atlas will 
give many hours of pleasure and in­
struction. 

THE QUATERNAHY ERA, by J. K. 
Charlesworth. Edward Arnold Ltd. 

and St. Martin's Press, Incorporated 
($50) . This massive work, to which 
Professor Charlesworth of Queen's Uni­
versity, Belfast, devoted 35 years, is a 
survey of all existing knowledge con­
cerning the latest and shortest but, from 
man's standpoint, the most dramatic and 
important of the geological periods. The 
Quaternary was marked by a great 
glaCial period when Europe and Ameri­
ca lay under ice, by erosion which 

shaped mountains and valleys, by 
changes in the earth's crust and violent 
earthquakes and volcanoes, by the for­
mation of the earth's soil. During the 
Quaternary today's climate and the pres­
ent boundaries between land and sea 
were established and man himself made 
his bow. The study of Quaternary ge­
ology is only 100 years old, but its litera­
ture is huge. The author has gone 
through it and presents the present po­
sition, assessments and conflicts of opin­
ion on a vast array of topics, including 
snow, glaciers, land ice, ice motion, sea 
ice, glacial erosion, the formation of 
cirques, U-shaped valleys, fjords and 
fohrdes, glacial deposition, glacial ef­
fect on scenery, volcanic and tectonic 
activity, Pleistocene meteorology and 
climatology, Pleistocene life, early man, 
Pleistocene stratigraphy, effect of the 
glacial period on life, postglacial climatic 
changes, cause of the glacial period, 
Quaternary chronology. Among the most 
valuable features of this admirable 
monograph are a 100-page index and a 
bibliography which contains thousands 
of items. 

RADIATION : WHAT IT Is AND How IT 
AFFECTS You, by Jack Schubert and 

Ralph E. Lapp. The Viking Press 
($3.95) . It is unlikely that the average 
reader has the patience required to go 
through this entire book, and yet it is 
hard to imagine a study the general con­
tent of which is more necessary for the 
making of intelligent decisions affecting 
not only the welfare of the individual 
but also the very survival of the human 
species. Schubert is a biologist and 
chemist who has specialized in the sub­
ject of radioactive poisons ; Lapp is a 
nuclear physicist and publicist who has 
written and lectured on various aspects 
of atomic energy. The product of the 
collaboration is a careful survey of ra­
dioactivity: the discovery of the phe­
nomenon, the invention and develop­
ment of devices to detect radiation, the 
misuse of radiation, how it affects the 
cells of living organisms and disturbs the 
mechanism of heredity, the hazards of 
fallout from atom bomb tests, the safe­
guards which will have to be established 
in research, in clinical medicine, in in­
dustry and in other spheres if we are 
ever to gain the benefits of atomic en­
ergy without endangering the human 
population. The book requires no spe­
cialized knowledge, but it contains in­
formation of which many specialists are 
apparently ignorant, or at least find it 
expedient to brush under the rug. This 
book is too long to serve its popular edu­
cational purposes ideally ; its profuse de-
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NEEDS Good ENGINEERS 
----

Tea mwork is a n  esse nti a l  i n gredient  of a l l  suc­

cessfu l  a ctivity, be it between m a n  a n d  m a n ,  m a n  

a n d  beast o r  m a n  a n d  t h e  m a c h i nery w h i c h  h i s  

m i n d  creates. The  m a n -computer tea m is  t h e  l atest 

of modern i n d u stry's u n beata b l e  combi natio ns. 

Sepa rately, each is  restricted in scope of a ctivity 

a n d  acco m p l is h m e nt. Together, as  a work ing 

tea m, they a d d  u p  to not h i n g  l ess t h a n  a g ia nt. 

Kee p i n g  the va ried a b i l it ies of h i m self  a n d  the 

computer i n  b a l a nce, is  sc ientifi c  ma n's co ntrol 

ove r th is  pote nt new force that is ra pid l y  shaping 

m u c h  of today's i n d u stri a l  p h i l osophy.  By h a r n ess­

i n g  the c o m pute r's fa ntastic speed a nd accu racy, 

he is  solvi ng  he retofore im possi b l e  prob lems  a n d  

ope n i n g  roads t o  v i rg in  fi e l d s  o f  advanced 

thoug ht. 

E n g i n e e r i n g  a n d  i m p r o v i n g  u p o n  t h e s e  n e w  

el ectro n i c  devices is  t h e  speci a l  j o b  o f  o u r  cre­

ative teams at the Resea rch Ce nter. You, too, c a n  

be a pa rt of th is  prog ra m of p la n ned prog ress 

that has m a d e  Burroughs  the forem ost n a m e  in 

com putation .  

O u r  present needs  a re for  people experie nced i n  

E l ectro n ic  Dig ital Com pute rs,  Guided Missi les,  

Radar, F i re Control Syste ms and a l l ied a reas of 

e l ectro n ics, with specifi c  em phasis  on men who 

by educat ion o r  experience c a n  q u a l ify for the 

open ings  l isted herein .  

Write or Telephone 
M. E. J E N K I N S  
Placement Manager 
PA O L I  4 700 
For Interview a t  Your Convenience 

BU RRO U G H S  
CORPORATION 
R�etVlCk Ctmfert 
PA O L I ,  PA. 

On Ph iladelph ia's Main Line, 
Near Historic Valley Forge 

1 63 

© 1957 SCIENTIFIC AMERICAN, INC



LEFAX 
TECHNICAL DATA BOOKS 
POC K ET S IZ E · LOOS E L EAF  

Printed o n  loose leaf, six hole, $ 1 25 
6 % "  x 3 % "  bond paper, each each 

book contains about 140 pages of tech-

nical data, presenting condensed, ac­

curate and essential material for the 

engineer, technical worker, teacher, 

student and business man. 

Arch itecture 
Home H eating 
I l l u m i nation 
El ectricia n ' s  Data 
B u i l d e r ' s  Oata 
L u m b e r  Oata 
A i r  Conditi o n i n g  
B l d g .  Construction 
Rei nforced 

Concrete 
P i p i n g  Oata 
S u rveying 
S u rveying Ta b l e s  
H i g hway E n g .  
G e n e ra l  M a t h  
M ath Ta b l e s  
Physics 
Trig-Log T a b l e s  
Ge n "  C h e m i stry 
C h e m i c a l  Ta b l e s  
A n a l ytic 

Chem istry 
M e c h a n i c a l  D ra w i n g  

M a c h i n e  Desi g n  
M a c h i n ist ' s  Data 
M ec h a n i c s  

of M ateria l s  
Power Tra n s .  M a c h .  
Therm o d y n a m i c  

T a b l e s  & C h a rts 
Physica l & 

Thermod y n a m i c  Oata 
Meta l s  
Meta l l urgy 
H y d r a u l i c s  
R a d i o  
Television & F M  
El ectricity, A C  
E lectricity, DC 
AC M otors 

& G e n erators 
Tra nsfo rmers,  

Re lays  & M eters 
Conversion Ta b l e s  
S t e e l  F o r m s  
W e l d i n g  Data 

Write for FREE catalog ( over 2000 listings ) .  

See for yourself how helpful LEFAX can be to 

you. Send $ 1 .2 5  for each book, or $6 for any 

five books listed above, to : 

lefax Publishers, Dept. SAl 07, Phila. 7, Pa. 

S P A  N I S H  (o��:;��:�n) · F R E N C H  
ITAlIAN.GERMAN . RUSSIAN .JAPANESE 
ICElANDIC • MODERN GREEK 
-any 01 34 languages available AT HOME 
W i th LINGUAPHONE-The Worl d ' s  Standard Conversa· 
tional Method-You Start to S P EA K  another lan g uage 
l OMORROW -or IT COSTS YO U NO THING !  
I n j u st 20 m i n  utes a day, you can learn another 
language AT HOME-the same easy. natural way 
you learned to speak English long before you went 
to school. 

O n ly L I N G U A P H O N E  brings 8 to 12 of the world's 
best nath-e language teachers into your home. You 
hear both men and women converse about up-to­
date, eyeryday matters in their native tongue. YOU 
listen-YOU understand-YOU SPEAK correctly 
as they do. It's like living in another land. 

T h at's why L i n g u a p h o n e  is used 'round the world 
by scientists, educators, gO\"ernments and business 
firms. Over a million home-study students of all 
ages haye learned to speak another language this 
ideal, con v e r satio n a l  way. 
Send today for Free booklet thai ful l y  describes the 
Conve rsati o n a l  M ethod : a l so deta i l s  o n  how you may 
o bta i n  a C O M P LETE Course-unit i n  the l a n g u a g e  
you c h o o s e  o n  F R E E  T R I A L .  
L i n g u a phone I n stitute , 1-31 07 Radio C i t y ,  N .  Y .  20 .  

r -;:;��;;'�N-; �;;I�;; -- - -;;;-;;;8-;;; '1 I T·3107 Rad io C i ty. New York 20, N. Y. 

I Please send me : 0 FUEE Book. I 
I 

�y�:�a:�:g�l 
i
��{!� ���

_
al . No obligation, of course. 

I 
I Name. . . .  I 
I Addres s . . . . I 
I Cll) Zone State I 
I World's Standard �:rfv:rs

C
a:����� Method For Over I 
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tail and copious quotations from sundry 
investigators are at times likely to be­
wilder the reader. But it is an honest, 
comprehensive and searching report, 
whose main points, if more widely dis­
seminated and understood, might avert 
much suffering and save countless lives. 

THE TESTIMONY OF THE SPADE , by 
Geoffrey Bibby. Alfred A. Knopf 

( $6.75) . So many popularizations of 
archaeology have been published in the 
last few years that reviewers' heads be­
gin to spin, and general readers exhibit 
symptoms of shard shock. It would be a 
pity if Geoffrey Bibby's book fell victim 
to these reactions, because it is one of 
the best surveys of its kind. Planned and 
written as a companion to Gods, Graves 
and Scholars (put out by the same pub­
lisher) , The Testimony of the Spade 
covers the reconstruction by renowned 
diggers and interpreters of the early his­
tory and prehistory of Europe. The first 
toolmakers, cave painters, mammoth and 
reindeer hunters are part of the story; 
also Swiss lake villages, the kitchen­
midden people, the first farmers, Skara 
Brae (the Pompeii of North Britain) , 
Stonehenge, Maiden Castle, the Sun 
Chariot of Trundholm, Sutton Hoo, the 
Polish Iron Age town of Biskupin, and 
the ' 'bodies in the bogs"-' 'better pre­
served than any Egyptian Pharaoh." A 
practicing archaeologist on the staff of 
the Prehistoric Museum at Aarhus in 
Denmark, Bibby knows how to guide his 
audience through the subject. He has 
good taste and writes with humor. His 
book stands well above the crowd. 

S PACE , TIME AND CREATION, by Milton 
K. Munitz. The Free Press ($3.75). 

THEORIES OF THE UNIVERSE, edited by 
Milton K. Munitz. The Free Press 
( $6.50). These two volumes survey the 

history of cosmology' - from the Enuma 
elish, the Babylonian epic of creation in 
which the ingenious and indefatigable 
Marduk vanquishes chaos and establish­
es an ordered universe, to the cheerful 
system of Fred Hoyle, who assures us 
that by virtue of continuous creation the 
universe will last forever. Four main 
stages may be distinguished in the de­
velopment of man's wonderings about 
the natme of the cosmos: the pre-So­
cratic and Pythagorean notions; the 
classic views of a geocentric, finite uni­
verse; the grand cumulative Copernicus­
Galileo - Kepler- Newton - Kant - Herschel 
conception; the intricate contemporary 
models spun from the news gathered by 
the great telescopes and the fantasies of 
mathematical physicists , Each stage is 
represented in the second of these books 

by selections from the writings of noted 
contributors to cosmological thought. In 
Space, Time and Creation Dr. Munitz, 
associate professor of philosophy at New 
York University, presents an unpreten­
tious, admirably clear exposition of the 
philosophical aspects of scientific cos­
mology. He considers questions of logiC 
(e.g. ,  does it make sense to say that the 
universe had a beginning, or is finite or 
infinite in its dimensions?) ; he examines 
the nature of concept formation and of 
scientific theory; he discusses the mean­
ings of the term "the universe" and the 
relation of cosmological models to the 
data of observation. Concepts of physical 
space and different views of world ge­
ometry are analyzed. Critical assess­
ments are made of various methods and 
principles of cosmological inquiry, and 
of the world theories of Albert Einstein, 
Hermann Bondi, E. A. Milne, Edwin P. 
Hubble, W. H. McCrea and others. Dr. 
Munitz's essay succeeds in breaking 
down a forbidding subject into a group 
of live, engroSSing questions intelligible 
to the educated nonspecialist. Together 
his two books should be a treat for a 

wide circle of readers. 

THE BIRDS OF THE BRITISH ISLE S : VOL. 
VI, by David Armitage Bannerman. 

Oliver and Boyd (63 shillings) . The 
sixth volume of this fine natural history 
deals with two orders: the Onconii­
formes (storks, spoonbills, ibises, her­
ons, egrets, bitterns, flamingos) and with 
some of the Anseriformes (swans, geese, 
shelducks, surface-feeding and diving 
ducks) . Readers acquainted with the 
earlier volumes will know what excellent 
fare to expect: Dr. Bannerman's authori­
tative treatment of appearance, occur­
rences, migrations, distribution, habits, 
all very leisurely and readably presented, 
with an abundance of firsthand field de­
tail and diverting anecdotes and attrac­
tive reproductions (26 in this volume) 
of paintings by the late George E. 
Lodge. There are few bird books so 
eagerly awaited, so pleasurable and so 
informative as the installments of Ban-
nerman. 

T HE VALIDATION OF SCIENTIFIC THEO-

RIES, edited by Philipp G. Frank. The 
Beacon Press ($5). In this volume are 
collected a number of papers presented 
at a conference entitled "The Validation 
of Scientific Theories," held in 1953 as 
part of the annual meeting of the Ameri­
can Association for the Advancement of 
Science. One of the major topics which 
the participants considered is the present 
state of operationalism-a concept em­
phasizing the need of recourse, wherever 
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New positions in : 
M I S S I L E  SYSTE l\I S A E RO DY NAM I C S 

Weapon systems management activities at Lockheed's Palo Alto 
and Sunnyvale organizations can for major achievement in 
aerodynamic areas such as :  Theoretical and experimental investigations 
of the aerodynamic characteristics of missiles at Mach numbers 
through the hypersonic range; optimization of controIIed missile 
performance, specification and supervision of experimental aerodynamic 
investigations required to verify and improve missile and weapon 
system design; analysis and interpretation of aerodynamic flight test 
data. Inquiries are invited. Please address the Research and 
Development Staff, Sunnyvale 4, California. 

Here members of the A erothermodynamics Staff discuss heating of jet 
control surfaces. Left to right: W. E. Brandt, thermodynamic 
analysis; M. Tucker, A erothermodynamics Department head; R. L. Nelson, 
project aerodynamics; B. W. Marsh, aerodynamics; I. I. Osborne 
(back to camera), aerodynamics. 

Y� M I S S I L E  S YS T E M S  

A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

PA LO ALTO . S U N N Y VA L E . VA N N UY S  

CAL I FO R N I A  
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GEN IACS & Tyniacs ARE FUN 
for boys from J 2  to 7 J !  

B u i l d  y o u r  own Tiny  G e n i u s  Com pute rs­
S c  i e n t  i f i  c - I  n s t r u  c t i v e - E  n t e  r t a  i n i n g - S a f e  

W i t h  ea sy-ta- use P a  rts & P l a n s  i n  n e w  K 9  Kit !  

H e re i s  t h e  fun 

of creat ion  . . .  

a s  th is  1 4-year­

old boy wi res 

h i s  f irst com­

puter  with re­

u sa b l e ,  s o l d e r ­

l ess  pa rts. 

W H AT I S  G E N I A C  K I T  Kg ? An improved 
GENIAC and TYNIAC Kit with which you can 
make o"\er 45  small electric brain machines a nd 
toys which can think or display intelligent b e ­
havior . . .  including several semi-automatic 
computers. Each one works on 1 flashlight b a t ­
t e r y  . . .  is fun to make, use and play w i t h  . . .  
teaches you something new about electrical 
computing and reasoning circuits. They are the 
outcome of 7 years of B erli:cley Enterprise d e ­
velopment w o r k  w i t h  s m a l l  robots, including 
Simon ( miniature mechanical brain) J Squee 
( electronic robot squirrel) , Relay Moe ( tit-tat­
toe machine p ictured in LIF}� MAGAZINE ) ,  etc. 
W H AT CAN YOU MAKE WITH T H E GENIAC KIT? 
Louie Machin e8 : Jntelligence t e s t ,  syllogism prorer . . . 
Garne·playj,ig M(lchille8 : T i t · T a t - T o e ,  Nim . . .  Com­
Imters : T o  add.  subtract. multiply or didde, using 
decimal or binary numbers . . . CryptO{Jraphic Ma­
chines : Coder s ,  decoders ,  lock w i t h  6 5 . 0 0 0  combinat ions 
. . . Puzzle-Solvino Macllilles : Fox-Hen-Corn & 
Hired )fan, Bruce Campbell ' s  \Vill and m a ny more . 

W H AT COM ES W IT H  T H E GENIAC KIT? • 6 4 -
p a g e  GENIAC �f anual & 4 S - p a g e  TYKIAC Munual 
( both by E .  C .  BERKELEY) showing how to make 46 
ma chines . Iptroduction to Boolean Algebra for design­
ing circuits • Wiring Diagrams i n  cxa ct template 
form to hclp beginners • Over 4 0 0  l.>arts including 
panel.  switch discs,  j u m pers, wipers ( i mprovcd design ) ,  
b u l b s ,  sockets, washers,  wire, battery , . everything 
you need, 
H O W  CAN YOU ORDER? Simply send check or money 
order for $ 1 6 . 9 5  to ])ept. RI09 for each k i t  )'Oll want 
. .  , for shiJ)lnent West of M. i s s  . .  add SOt ; outside 
C. S . .  add $ 1 . S 0 .  Buy it  now on o u r  7 - ])ay Full  
Hcfund Guarantee if  not sati sfactory. 

I-;::;:y-;n-;:-r�i�}s� 1�� ,ISDe;t���o�� - - - - -I 
I 8 1 5  Wash ington st . ,  Newtonv i l l e  60. Mass. I 
I �1O��-1A6� �t1X�AJ1YE� O�!PEJ:E�:::�� ���ldY�l�� I 
I 

. . . . . . . . . . . . K9 Kit(s)_l enclose $ . . . . . . . . . . . . in full payment. 
I 
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feasible, to  "instrumental procedures" 
when meanings are to be established . 
This concept was introduced, at least in 
its modern form, in Percy Bridgman's 
celebrated manifesto The Logic of M ad­
em Physics. Other subjects include the 
scientific status of psychoanalysis, organ­
ism and machine, and science as a social 
and historical phenomenon. Several of 
the papers on the methodology of science 
sparkle and excite reflection ; the ma­
jority are competent examinations of 
fundamental questions to which neither 
the general reader nor the profeSSional 
scientist can be ii1different.  

Notes 

THERMODYNAMIC PROPERTIES OF THE 

ELEMENTS, edited by the Staff of Indus­
trial and Engineering Chemistry . Ameri­
can Chemical Society ($5) . A collection 
of tables of thermodynamic data : heat 
capacity, heat content, entropy and free 
energy function of the several states of 
the first 92 elements. 

DIE THEORIE DER GRUPPEN VON END­

LICHER ORDNUNG, by Andreas Speiser. 
Birkhauser Verlag ( 26 Swiss francs ) .  
The fourth edition of this standard 
mathematical monograph on the theory 
of groups of finite order has been cor­
rected and contains new material on the 
visual presentation of groups.  

NON-STABLE STARS, edited by George 
H. Herbig. Cambridge University Press 
($5 .50) . Twenty-three papers on non­
stable stars presented at a symposium 
held in connection with the 1955 assem­
bly of the International Astronomical 
Union in Dublin . 

NEUTRON TRANSPORT THEORY, by B .  
Davison, with the collaboration o f  J .  B .  
Sykes. Oxford University Press ($12) . A 
comprehensive account of the principal 
mathematical methods used in the theo­
ry concerned with the migration of neu­
trons through bulk media. 

ALCOHOLISM, arranged and edited by 
Harold E. Himwich. American Associa­
tion for the Advancement of Science 
($5.75) . Some 20 papers on basic as­
pects and treatment of alcoholism are 
presented in this symposium held under 
the auspices of the American Association 
for the Advancement of Science in coop­
eration with the American Psychiatric 
Association and the American Physio­
logical Society. The essays discuss, in 
addition to medical topics, psychiatric 
and sociological questions of this impor­
tant and complex disorder. 
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"I'M GOING TO 

BE A TEACHER" 

Six-year-old Yoo Song Kim entered the 
first grade last April. He gets good marks 
and his wish to become a teacher is natu­
ral, for in Korea, a scholar is greatly re­
vered and respected. Yoo Song, who was 
born after his father was killed in a 
bombing raid, is today supported by a 
widowed mother. Despite a crippled left 
hand, Mrs. Kim is a bread peddler and 
works late into the night to support two 
boys. 

If determination and ambition are all 
that is needed, both boys will be edu­
cated even though free education stops 
at the 6th grade. From then on it will 
cost Mrs. Kim from $80 to $100 a year 
to send each child to school. Won't you 
help Yoo Song or others like him? 

What $10 a month can do 
for a child like Yoo Song 

There are 5,000 overseas children like 
y 00 Song who are sponsored through 
Save the Children Federation and re­
ceive a variety of food benefits, clothing 
and many other essentials. You can have 
a child of your own for only $10 a 
month-$120 a year. Won't you please 
help? 

SCF National Sponsors include: Mrs. 
Dwight D. Eisenhower, Herbert Hoover, 
Henry R. Luce, Rabbi Edgar F. Magnin, 
Norman Rockwell, Dr. Ralph W. Sock-
111an. 

FOUNDED 1932 SAlO·7 

SAVE THE CHILDREN 
FEDERATION 

345 East 46th Street, New York, N.Y. 
Please send me my child's name, story and 
picture. 

I want to sponsor a child in Greece .... Korea ...• 

Finland .... West Germany .... France .... Austria .... or 
where the need is greatest .... Enclosed is $10 for 
I monlh .... $30 for lsi quarler .... $120 for 1 year. I 

cannot be a sponsor but enclosed is a gift of $ ... 

Name .. 

Address .. 

City .................. 5Iale ... 

CONTRIBUTIONS ARE DEDUCTIBLE FROM INCOME TAX 
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TO MAKE THINGS 

BETTER 

FOR AMERICA-

A vco Manufacturing Corporation is a builder of quality products 

for the commercial economy and high-performance military 

systems for national defense. Aircraft engines, electronics systems, 

farm implements, kitchen components and the nose cone for the 

Air Force Titan intercontinental ballistic missile are being 

produced by A vco today. 

The foundation for Avco tomorrow is being laid at our Research 

and Advanced Development Division. We know that the tech­

nology of the future will be built on scientific research being done 

now. Amazing new materials and new means for creating useful 

power hold out the promise of great advances in transportation, 

in agriculture, in consumer products, in nearly every aspect of 

our future economy. New scientific knowledge and its imaginative 

application can turn these promises into reality. Work at the 

Research and Advanced Development Division has already shown 

what rapid strides can be taken in a short time. 

The division is composed of outstanding scientists and engineers 

who work in an environment that fosters creative investigation. 

It is the "breakthrough" division of a progressive manufacturing 

organization. A vco management recognizes the role of the 

scientist in modern technology. Avco's determination to make 

things better for America places the resources of a large, diver­

sified, aggressive company firmly behind the Research and 

Advanced Development Division. 

Raymond A. Rich 

President, Avco Manufacturing Corporation 

rc:o 
llesearcn anti Jltlvancetl/leve/opmenl 

Raymond A. Rich, President, Avco Manufacturing Corp. 

Pictured above is our new Research and Development Center now under 

construction in Wilmington, Massachusetts. Scheduled for completion in 

early 1958, this ultramodern laboratory will house the scientific and tech­

nical staff of the Avco Research and Advanced Development Division. 

Avco's new research division now offers unusual and exciting 

career opportunities for exceptionally qualified and forward­

looking scientists and engineers in such fields as: 

Science: 

Aerodynamics · Electronics " Mathematics · Metallurgy 

Physical Chemistry · Physics · Thermodynamics 

Engineering: 

Aeronautical' Applied Mechanics' Chemical' Electrical 

Heat Transfer' Mechanical' Reliability · Flight Test 

Write to Dr. R. W. Johnston, Scientific and Technical Relations, 

Avco Research and Advanced Development Division, 

20 South Union Street, Lawrence, Massachusetts. 
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« A choice of a handsome and durable library file-or 

binder-for your copies of SCIENTIFIC AMERICAN. 

« Both styles are bound in dark green library fabric 

stamped in gold leaf. 

Index for entire year in December issue. * 

FILE 

(shown at right) 

Holds 12 issues. 

Single copies easily accessible. 

Price: $2.35 (U.S.A. only). 

Address your order, enclos­

ing check or money order for 

each file, to: 
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BIND ER 
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Holds 6 issues. 
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ing check or money order for 
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Department A 

(New York City residents please add 3% Sales Tax) 

*Supply of back copies of SCIENTIFIC AMERICAN is limited. To replace 

missing copies, mail request with your order for file or binder. 
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The American Journal of Anatomy, 
Vol. 3, No.4, pages 387-472; Septem­
ber 20, 1904. 

ETIOLOGY OF CONGENITAL MALFOHMA­

TIONS. Joseph Warkany in Advances 'in 

Pediatrics, Vol. 2, pages 1-63; 1947. 
THE OCCUHHENCE OF CONGENITAL DE­

FECTS IN CHILDHEN FOLLOWING MA­

TEHNAL RUBELLA DUHING PHEGNAN­

CY. N. McA. Gregg, W. Ramsay 
Beavis, M. Heseltine, A. E. Machin, 
D. Vickery and E. Meyers in The 
Medical Journal of Austmlia, Vol. 2, 

No. 4, pages 122-126; July 28, 1945. 
PHEVENTIVE PHENATAL PEDIATHICS. The­

odore H. Ingalls in Advances in Pedi­
atrics, Vol. 6, pages 33-62; 1953. 

THE RELATION OF VITAMIN A TO ANOPH­

THALMOS IN PIGS. Fred Hale in Amer­
ican Journal of Ophthalmology, Vol. 
18, No. 12, pages 1,087-1,093; De­
cember, 1935. 

A STUDY OF THE CAUSES UNDEHLYIKG 

THE OHIGIN OF HUMAN MONSTEHS 

( THIHD CONTHIBUTION TO THE STUDY 

OF THE PATHOLOGY OF HUMAN EM­

BlUOS ) . Franklin P. Mall in Journal of 
MOlphology, Vol. 19, No. 1, pages 
1-367; February, 1908. 

THE SYNTHESIS OF MILK 

BIOCHEMICAL ASPECTS OF MAMMAHY 

GLAND FUNCTION. S. J. Folley in 
Biological Reviews of the Cambridge 
Philosophical SOCiety, Vol. 24, No. 3, 
pages 316-354; July, 1949. 

THE PHYSIOLOGY AND BIOCHEMISTHY OF 

LACTATION. S. J. Folley. Oliver and 
Boyd, 1956. 

RECENT LIGHT ON MAMMAHY FUNCTION. 

H. D. Kay in Lectures on the Scientific 
Basis of Medicine, Vol. 1, pages 39-
60; 1951-52. 

THE UPTAKE OF GLUTAMINE AND OTHEH 

AMINO ACIDS FHOM THE BLOOD 

STHEAM BY THE LACTATING MAMMA­

HY GLAND. Jane C. M. Sheldon-Peters 
and J. M. Barry in The Biochemical 
Joul'l1al, Vol. 63, No. 4, pages 676-
679; August, 1956. 

MATHEMATICAL GAMES 

MNEMONICS. J. M. M. in Encyclopedia 
Britannica, lIth edition, Vol. 18, 
pages 629-630; 1911. 

THE AMATEUR SCIENTIST 

AMATEUH TELESCOPE MAKING. Edited 
by Albert G. Ingalls. Scientific Ameri­
can, Inc., 1951. 

AMATEUH TELESCOPE MAKING-AD-

VANCED. Edited by Albert G. Ingalls. 
Scientific American, Inc., 1952. 
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decisive move 

Here is a battle in progress. Not a shot fired, but the 
outcome may affect major military tactical and organiza­
tional decisions for years. It all takes place in a two-sided 
map maneuver, perhaps involving thousands of troops 
and weapons. For realism, almost infinite data on logistics, 
geography, weapons effects, economics, communications­
as well as thousands of decisions-must be integrated into 
the game's dynamics. To fit all these factors into a game 
played in "real time" is typical of the broad, varied 
problems being solved by techjops scientists. 

You may make the decisive move that points your career 
in a new and profitable direction, when you join one of 
tech j ops' groups in military and civilian operations research. 

Address: ROBERT L. KOLLER 

TECHNICAL OPERATIONS, INCORPORATED 
Burlington, Massachusetts 

for your career at 

WASHINGTON, D. C., where an 
operatIOns group chairman IS needed to direct 
scientists in conversion of data Into quanti· 
tative terms; PhD In physical sCiences with 
five years of group leading experience. 

FORT MONROE, Virginia, where 
SCientists with experience and training in 
physical sCiences are needed for work in 
military operations research. 

MONTEREY, California, where an 
expenment planning and research group 
chairman will direct SCientists in design, 
planning, interpretation of large· scale experi· 
ments with men and eqUIpment; five years in 
operations research, part as group leader. 

BUR LI N G T O N, Massachusetts. 
where senior computer applications are 
needed, to be responsible for development of 
computer techniques to solve complex opera­
tions research problems. 
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PUMP HOUSING is made precisely 
and accurately from REFRAX® silicon­
nitride-bonded silicon carbide. It is 
used in handlirig chemical abrasive 
slurries where corrosion r�$istance is 
most important. 

Refractories . . .  to surpass metals 

What material combines all the following properties? Cor­
rosion resistance so that it is not wet by molten aluminum, 
and resists attack by most acids; abrasion resistance that 
prevents wear by both high velocity particles and sliding 
heavy masses; the ability to withstand temperatures to 
3000° F; hot strength so high that at 2450° F its modulus 
of rupture is 5600 psi? 

What material combines all these properties? Obviously 
not a metal, not even a cermet. It is one of Carborundum's 
special refractories - REFRAX® silicon-nitride-bonded sili­
con carbide. This material can be precisely formed to 
tolerances of ±0.005 in./in. with external and internal 

CARBORUNDUM 
Registered Trade Mark 

threads. Finish resembles that of a cast iron part. 
Your high temperature problem, no matter how com­

plex it may be, can almost certainly be solved with one of 
the scores of super refractories by Carborundum. For 
assistance, write for these three booklets: 

r------- MAIL THIS COUPON TODAY-------

Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. Ql07 

Please send me: 

o Current issue of Refractories magazine on REFRAX® 

o Reprint af article in Product Engineering, Feb. '57 entitled "Nitride­

bonded silicon-carbide bridges gap between metals and ceramics". 

o Bulletin on REFRAX® 

Name _______________ Title _____ _ 

Company ___________ ___ _ 

Street 

City ____________ -LZone __ State ____ _ 
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Photo courtesy Mohawk Carpet Mills, Inc., Amsterdam, N. Y. 

Now-They can live in wall-to-wall luxury 

A revolution is going on in the carpet industry, They call it "tufting" - a 12 to 15 
times faster method of making wide carpet that brings wall-to-wall luxury within 
virtually everyone's reach. 

Much of the credit for the success - even the very existence - of tufted carpet is 
laid to the back-size. This is a coating, applied to the backing, which anchors the 
tufts and adds much to the body and dimensional stability of the carpet. 

Because of its vital role, the back-size used by more than one leading manufac­

turer is based on CHEMIGUM LATEX. The reasons? Sizes made with CHEMIGUM 
LATEX are easy to compound, easy to apply. They exhibit excellent long term 
aging, good pile or loop bind, resist washing or dry cleaning, don't become 
brittle or tacky, and retain their light color. 

.....1�MIGIJM 
LATEX 

water dispersion 
of oil-resistant 

rubber 

For much the same reasons, CHEMIGUM LATEX is used in sizes 

for high-quality woven carpets and in sizes, binders and 

finishes for many other textile, paper and leather 

C H E M I CAL�-.! 

products. If you would like further information on 
CHEMIGUM LATEX, write to: 

GOOOjiEAR 
Goodyear, Chemical Division, Dept. J-9458, Akron 16, Ohio. DIVISION 

DEPARTMENT 

Chemlgum, Plioflex, Pliolite, Plio-Tuf, Pltovic-T.1'T.'s The Goodyear Tire & Rubber Company, Akron, Ohio 

CHEMIGUM • PLiOFLEX • PLiOLITE • PLiO-TUF • PLiOVIC • WING-CHEMICALS 
High Polymer Resins, Rubbers, latices and Related Chemicals for the Process Industries 
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The problem of the Atomic Age is to contain the destructive power 
of the atom and at the same time to release its power for good. 

Toward a further understanding of nuclear energy, what it has wrought, 
and the new scientific, economic, and social worlds Lo which it points 

the way, General Dynamics presents a thirLy.two page picture·caption 
booklet: "The Atomic RevoluLion." With a foreword by Gordon Dean, 

former Chairman of the United SLates Atomic Energy Commission, 
"The ALomic Revolution" is a simple, comprehensive and aULhoritaLive 

story of the development and promise of atomic enLerprise. 

GENERAL DYNAMICS CORPORATION • 445 PARK AVENUE, NEW YORK 22, N. Y. 

For single copies, free of charge, Of for 
quantity 'or.ders, at cost, for student, 
employee, or community distribution, 
write Director of Advertising, 
General Dynamics, 445 Park Avenue, 
New York 22, N. Y. 
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