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Presto change-o 

with a hang! 

Now industry has a brand-new and inexpensive 
tool for forming even the toughest metals into 
intricate shapes. Using plastic dies, hard-to
handle metals are blasted into shape with ex
plosives. 

Developed as a low-cost way to form metals 
into shapes such as spheres, cones, cylinders, 
and corrugated panels, this technique is made 
even more practical by Shell Chemical's tough 
Epon® resin. The smooth, impact-resistant sur
face of Epon resin dies form such metals as tita
nium and stainless steel to extremely close 
tolerances . . . costly hand finishing of parts is 
eliminated. 

With Epon resins to shape metals into more 
useful forms for industry, Shell Chemical helps 
give shape to a world of things to come. 

Shell Chemical Corporation 
. Chemical Partner of Industry and Agriculture 

NEW YORK 
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Space for 
S.tafoar.n.. today-! 
A few months ago we published an advertisement featuring 
the illustration above, predicting the many uses for Stafoam 

urethane products in manned space ships of the future . •  

Actual photograph of prototype manned capsule, a major element of maneuverable 
satellite for rendezvous in space, under development by the Astra Systems Research 
laboratories, Norair, Division of Northrop Corp. 

Today, a prototype man-carrying space capsule 
is using Stafoam cushioning to provide shock endurance 
and comfort for its human cargo. Today, men and intricate 
devices are insulated against new temperature dimensions 
with rigid Stafoam. Today, delicate instruments and 
components are potted in Stafoam Polypot. Today, precise 
mechanical parts are cast with Stafoam Daycollan. 

A.¥�E����� CORP. 

Today practical applications for Stafoam urethanes 
are as infinite as space itself. The successful projects 
listed below have proven to men of vision that there is 
"space for Stafoam today." 

For a new dimension in material technology, contact the Freedlander 
R&D Laboratories, American Latex Products Corp., or its 
branches. Specify product requirements and/or material category. 

STAFOAM RIGID STAFOAM FLEXIBLE POLYRUBBER 

Thermal inSUlation Aircraft & conveyance seating Personnel shock padding 

Acoustic dampening Commercial cushioning Instrument & motor mounts 

Foam core construction Shock padding (high hysterisis) Elastomer coupling 

Helmets and liners Clothing insulation & liners Oxygen hose and masks 

Packaging & flotation Air & liquid filtering Window and hatch gasketing 

3341 West El Segundo Blvd., Hawthorne, California 
ORegon 8-5021 OSborne 6-0141 

BRANCHE S: San Francisco, 42 Gough St.; 

Seattle, 2231 5th Avenue; Dallas, 1300 Crampton St.; 

Houston, 401 Velasco; Omaha, 3304 N. 48th Avenue. 

A DIVISION OF THE DAYTON RUBBER CO. � 
Headquarters for New Ideas � 

POLYPOT DAYCOLLAN 

Instrument potting Gear, roller bearings, 0 rings 

Crystal clear windows & mtrls. Instrument & control knobs 

Control knobs & accessories Instrument scope boots 

Electronic encasing Airless wheels & tires 
Applicable hardware Applicable hardware 
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CREATIVE 

INSIGHT 

The ability to apply basic physical principles and utilize new·found scientific 

knowledge has characterized Varian accomplishments ever since 

its klystron tube inaugurated the era of microwave electronics. An example is 

the Varian NMR Spectrometer, which applies the phenomenon of nuclear 

magnetic resonance to determine the subtlest details of molecular structure. 

The original Nobel·Prize·Winning discovery permitted observance only 

of broad single peaks which, while useful in identifying isotopes, yielded no 

clear chemical information concerning the molecule. The Varian 

60 megacycle high resolution NMR Spectrometer which evolved from this 

phenomenon is capable of observing spectral differences of one part 

in 100,000,000, providing a signal consisting of dozens of sharp peaks 

representing, for example, hydrogen atoms situated in the various 

chemical environments within the molecule. 

Other examples of Varian's creative insight and foresight are the 

Vaclon Pump which uses an electro·magnetic interaction to achieve vacuums 

to a trillionth of an atmosphere . • .  the 100 kc Electron Paramagnetic 

Resonance (EPR) Spectrometer which uses unpaired electrons as "spies" 

to probe the basic mechanisms of chemistry (and life) ... and a 

miniaturized magnetometer using proton precession to measure the earth's 

magnetic field from a globe·circling Vanguard Satellite. 

This creative insight and Varian's "science of practicality" -the 

ability to put prototypes of complex equipment into quantity production

have accounted for Varian's rapid growth and its reputation for 

products of unequalled performance and reliability. 

VARIAN associat.s 

611 HANSEN WAY. PALO ALTO. CALIFORNIA 

BOMAC LABORATORIES, INC., BEVERLY, MASS. / VARIAN ASSOCIATES OF CANADA, LTD., GEORGETOWN, CANADA / S.F.D. LABORATORIES, INC., UNION, NEW JERSEY 
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KENNAMETAl* 
Formula for better 

baby bottles 
... and other things, too 

To make polyethylene for 
baby bottles, and similar 
unbreakable "squeeze" 
type containers, compo-
nent gases must be com
pressed to pressures as 
high as 35,000 psi. At 
such high pressures, 
compressor cylinder 

liners of ordinary materials deform 
and permit leaks around the pistons. 

Cylinder liners made from Kenna
metal solved the problem. Three times 
as stiff as the hardest steel alloys, 
Kennametal held leakage to an abso
lute minimum. Chances are Kenna
metal tungsten carbide alloys (up to 
YME-94 million psi) can solve one 
of your problems. These hard carbides 
are available in a wide range of grades 
... each with exceptional character
istics. If you need dependable resist
ance to abrasion, corrosion, cavita
tion, wear, deformation or impact ... 
Kennametal may be the answer. 

Kentanium, * a series of hard tita
nium carbide alloys, retains high 
strength for continuous operation at 
temperatures to 2200° F. 

Send for the following booklets: 
B-lllA-"Characteristics of Kenna
metal," B-222-"Designing with 
Kennametal, " and B-444A- "Kenta
nium." Write to Department SA, 
KENNAMETAL INC., Latrobe, Pa. 
·Trademark 97251 

<» KENNAMETAL 
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THE COVER 

The photograph on the cover shows the disk of the sun, reddened and 
distorted by the earth's atmosphere, as it sinks behind the Tolfa Hills 
in Italy. The yellow-green wisp at the top of the disk is the green flash, 
a rare phenomenon that is caused by the dispersion of colors in the 
atmosphere (see page 112). The photograph was made at the Vatican 
Observatory with a reflecting telescope having a focal length of eight feet. 
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SCIENTIFICALLY ORIENTED to achieve signipcant results for gover�
ment and civilian agencies-in the broad areas of defense ph�sics ... weapons 
s�stem concepts and evaluation ... efectronic technolog�-this organization 
applies creative scientipc thinking ... to advanced problems of nuclear and 
plasma ph�sics ... to unique computer programming techniques ... to origi
nal electronic design criteria ... to s�stems anal�ses that meet measure of 
effectiveness standards. 
THE G. C. DEWEY CORPORATION, 202 East 44tb Street, N. Y. C. 17 

ph�sicists, mathematicians and engineers with advanced degrees, 
write for information on professional career opportunities. 
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What 3 things 

do these parts 

have in common? 

They perform better. Yet they 
'
cost less. And they are 

all molded of plastics. 

The exhaust fan blades have a molded-in metal bearing, and 
are unaffected by corrosive fumes. The washing machine filter 
not only costs less to make, it also licked a rust problem. 
The one-piece phonograph spindle cap simplified a complicated 
assembly, while maintaining tolerances of + .003 and -.000. 
The jewelers' screw driver, the pistol grip tool handle, the 
dryer control panel, and the milk bottle handle are all 
low cost product improvements, made possible by the 
ever-widening choice of plastics materials and the growing 
efficiencies of custom molders. 

Think of the custom molder of plastics as the "manufacturer's 
manufacturer." His engineering staff measures the product 
for plastics. His tool-makers build the master molds to close 
tolerances. His manufacturing facilities produce the most 
complex parts with consistent quality, at rates to meet 
the tightest schedules and budgets. 

Monsanto, supplier of plastics molding compounds to leading custom 
molders, has prepared a special report on "How To Buy Custom Molded 
Plastics." Write for your free copy to Monsanto Chemical Company, 
Plastics Division, Room 710, Springfield 2, Mass. 

M O N SANTO PAOE-SETTER IN PLASTICS 
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Avco helps defend America from sea to space. 
Global security and peace depend upon an America geared to a space·age concept of defense. 

At Avco, skilled manpower and modern machines supply the attention and emphasis this con· 

cept deserves. Alert to the responsibilities of peace are: Avco·Everett Research Laboratory

investigating problems in gas dynamics and space technology; Crosley-communications, radar, 

infrared, electronic control systems, missile fuzing; Lycoming-aircraft, marine and industrial 

power plants, missile subsystems; Nashville-aircraft and missile aluminum and stainless steel 

structures; Pre-Flite Industries Corporation-jet engine starters, ground support and test 

equipment; Research and Advanced Development Division-basic and applied research in 

el«tcoo'". phy,'''' "'e",e,. aod eo.'oee<'-:A reo 
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AVCO MAKES THINGS BETTER FOR AMERICA I AVCO CORPORATION 1750 THIRD AVENUE, NEW YORK 17, N. Y. 
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HOW TO GET MORE 
USEFUL HEAT PER KW 

It's not much to look at, but our new 
VYCOR Brand Radiant Heater is loaded 
with advantages for those involved with 
drying, baking, curing or pre-heating. 

The basic appeal of this unit is the 
kind of heat it gives you-long wave; 
efficient because it's readily absorbed. 

These long waves are emitted from 
wire coils enclosed in tubes of 96% silica 
glass. And the tubes (made from one of 
our rugged VYCOR brand glasses) resist 
heat, heat shock, and corrosion. 

Long wave output is just one reason 
why your kilowatts will yield more useful 
heat. This heater also has a reflector 
system that includes a platinum strip 
bonded to one side of the tubing, and 
two layers of aluminized steel with Fiber
glas insulation in the housing. 

Result: Between 85 and 90% of the 
available radiation is directed to your 
work. 

With VYCOR Brand Radiant Heaters 
mounted horizontally above or below 
your process line, you average 20 watts 
per square inch of working space and 
get full heating (800-850°F) in three 
minutes, so there's no costly warm-up 
delay. These units cool quickly, too, so 
you don't need complex equipment for 
diverting heat after shutting off the line. 

Heating tubes come in 14", 26", 38" 
and 54" lengths, mounted in twos or 
fours. You get each unit complete with 
frame, reflector sheet, junction box, 
mounting hangers and leads. 

More facts? Use the coupon. 

NEW MATERIAL FOR MISSILE 
MAKERS AND OTHERS WITH 
HIGH-TEMPERATURE PROBLEMS 
The biggest drawback to fused silica, 
despite its many desirable thermal and 
electrical properties, has been the limi
tation on sizes and shapes available. 

No more. Now Corning comes up with 
Multiform Fused Silica-a combination 
of a unique process and a versatile 
material. 

With Multiform Fused Silica you can 
put the useful properties of fused silica to 
work in shapes and sizes that previously 
were unattainable. 

For example, you can now have 
cylinders, domes, crucibles, rods and 
slabs-in sizes equal to any achieved by 
conventional ceramic forming processes_ 

Corning's new Multiform Fused Silica offers the 
unique thermal and electrical properties of fused 
silica in shapes and sizes that up to now were 
considered impractical. 

Softening point for this new material 
is 2880°F; you can design for long-term 
use at temperatures over I 770°F, inter
mittent up to 2250°F. 

Resistance to thermal shock is high, 
since coefficient of expansion is 3 x 10-7 
per degree F. 

This new material also displays an 
extremel y stable dielectric constan t and a 
low loss tangen t over a broad temperature 
range. Example: At a frequency of 8.6 x 
109 cps, the dielectric constant is 3.58 at 
77°F and 3.57 at 750°F. 

Through either slip-casting or dry 
pressing you end up with an object 
(a radome, perhaps?) that has an 
opaque, fine-grained structure machina
ble to tolerances of plus or minus .00 I inch. 

For samples of and/or detailed specs 
on new Multiform Fused Silica, mark 
the coupon and send it to our New 
Products Division. 

CORNING MEA N S 

A MIRROR FOR THE STARS 

This is a glass telescope mirror blank that 
measures 84 inches across and weighs 
4,000Ibs. 

We made it. And we did it with a new 
process in which solid chunks of glass 
were placed in a mold and sagged into a 
single piece under intense heat. 

Back in the thirties we also made some 
big mirrors. But then we ladled molten 
glass into molds and came up with a 200-
inch disk for the Hale Observatory on 
Mt. Palomar and a 120-incher for the 
Lick Observatory. 

Our new sagging approach improves 
quality. It also costs less and is less 
complicated. 

Seven months the disk was annealed. 
Now at the Kitt Peak Observatory in 
Arizona, grin�ing and polishing will. go 
on for an estImated 24 months. FlI1al 
polishing will be done after the telescope 
is fixed on a star. Time for that? Another 
year. 

Leading us to these facts: Patience is 
part of the art of the astronomer. And 
Corning can do almo'st anything with 
glass-be it a "one-shot," hand-tailored 
piece or mass production oj small items at a 
very rapid pace_ 

Find ou t for yourself. The basic ref
erences are "This is Glass" and Bulletin 
IZ-I, "Designing with Glass for Indus
trial, Commercial and Consumer Appli
cations." 

Or outline your need in whatever 
detail seems feasible. Could be your star 
is just around the corner, with glass 
by Corning. 

RESEARCH IN GLASS 

CORNING GLASS WORKS 49 Crystal St., Corning, N. Y. 

Please send me: 0 "Corning Industrial Heaters"; 0 Information on Multiform 

Fused Silica; 0 "This is Glass"; 0 Bulletin IZ-l 

Name ........... _ .................................................................... Title ........................................... . 

Company ......................................... _ .. _ .............................................................................. . 

StreeL ..................................... _ .. _ .. _ ............................................................. ' .. " .. '.'.'." ." '.'. 

City ....................................................................... 20ne ............ State ............................... . 

�-----------------------------------� 
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FABRICATION TESTS SHOW ... 
r----------------------------, 

New iTitaniumi alloy takes the 
I I 
l ____________________________ J 

... in strength ... in weight ... in reliability ... in price! 

Titanium rocket-motor cases can be built at least 30 
percent stronger (or lighter) than best available alter
nate metals; provide permanent corrosion resistance 
without protective coatings; withstand temperatures 
from -4000 F to + 8000 F; will not absorb moisture 
which distorts critical parts in storage. . 

Completed assemblies give a spectacular two-way 
pay-off ... immediately; provide a growth potential 
virtually unlimited. 

The alloy: Ti-13V-llCr-3AI, the beta titanium alloy. 
Now available from Titanium Metals Corporation of 
America at commercial lead-times (billet, 2-3 weeks), 
beta may well become the metals story of the year. 

Welding of titanium at P&WA is based on the company's experience in produc
tion of more than 5800 jet engines containing titanium parts. Weld strength 
of beta titanium alloy is considerably improved by cold working the weld. 

End Closure Titanium Forgings produced 
by Wyman-Gordon Company and 
machined by P & W A, will be girth 
welded to the flow-turned cylinders. 
Bosses are an integral part of the 
closures. 

Flow·turning from roll-forged rings, 
makes feasible production of full
scale titanium rocket cases, since it 
yields integral cylinders, eliminates 
need for longitudinal welds, con
serves input metal. 

Pilot rocket-motor cases manufactured by Pratt 
& Whitney Aircraft from beta titanium alloy 
Ti-13V-llCr-3AI have been consistently burst
tested at levels in excess of 235,000 psi - a burst 
strength/density ratio of 1,340,000. 

So successful has been its titanium program 
that Pratt & Whitney Aircraft considers that 
production of full-scale titanium cases can be 
easily realized. Estimated initial burst strengths: 
a conservative 180,000 psi - a burst strength/ 
density ratio of 1,000,000. Readily attainable: 
1,250,000. 

Reasons for optimism, spelled out by P&W A's 
engineers are: 

1. "The welded beta titanium alloy is capable of 
considerable plastic deformation prior to rup
ture. As welding has improved, the failure 
origins have moved into the thin wall (of the 

case itself). With beta titanium, the case tears, 
but doesn't fragment. 

2. "We have successfully tested small scale titanium 
cases with a steel equivalent yield strength well 
beyond the 300,000 psi point. Considering that 
the metallurgy of metastable beta titanium alloys 
is not far beyond its infancy, conservatively one 
would predict strengths substantially higher than 
the 320,000 psi equivalent as being quite 
possible. 

3. "Beta titanium has to develop (only) 140,009 psi 

to be equivalent to 220,000 psi steel (which is 
almost near steel's top limits). But titanium's 

great potential above other alloys is reflected in 

the high figure for practical (based on 5% 
elongation) yield strength. At 180,000 beta 

titanium is equivalent to steel at 280,000 psi; at 
200,000 psi, beta titanium is equivalent to steel at 
320,000 psi. 200,000 psi in beta titanium is possi· 
ble, and obviously would mean substantially in
creased payload to the moon or out into space. 

4. "Apart from the strengths attainable in the beta 
titanium alloy, there is another property of con
siderable significance. Like other titanium alloys, 

it has excellent resistance to corrosion under 
normal atmospheric conditions, in salt water as 
well as in many other media. 

"In considering the long time storage problems 

with rocket cases - a pit in a thin-walled casing 

can be catastrophic - we would regard the beta 

titanium a lloy, as the outstanding material 
under consideration." 

© 1959 SCIENTIFIC AMERICAN, INC



lead in rocket case construction 

PRATT & WHITNEY AIRCRAFT SURVEY OF ROCKET CASE MATERIALS 
GENERAL PROGRAM 

The goal: "A material capable of reaching 
300,000 psi yield strength in steel, with a 
considerable development margin." 

The result: "While this goal had to be modi
fied for steel cases, we have successfully 
tested small scale titanium cases with a 
steel equivalent yield strength well beyond 
the 300,000 psi point." 

Conclusions: 1. "By exercising reasonable 
care, the development of full scale (steel) 
cases at 240,000 psi is perfectly feasible. 

2. "Small scale (titanium) cases have been 
burst at stress levels as high as 260,000 psi 
. . .  we are convinced that reliable cases 
can be manufactured (from titanium) at 
yield strength levels of 180,000 psi and 
over ... at 180,000 beta titanium is equiv
alent to steel at 280,000 psi. 

"At 200,000 psi beta is equivalent to 
steel at 320,000 psi. 200,000 psi beta is 
possible and obviously would mean sub
stantially increased payload to the moon 
or out into space." 

SPECIFIC COMPARISON: Corrosion Resistance 

Steel: "All of the low-alloy constructional 
steels which have been discussed are sub
ject to general rusting and, far more seri
ous, to pitting type corrosion during ma
chining, welding, heat treatment, pressure 
testing and final storage. Corrosion pits 
can act as severe stress-raisers and, in con
junction with hydrogen, have been demon
strated to cause catastrophic failure. It 
therefore goes without saying that pitting 
corrosion is a serious hazard." 

Titanium: "Like other titanium alloys, the 
beta titanium alloy has excellent resistance 
to corrosion under normal atmospheric 
conditions, in salt water as well as in many 
other media. 

"In considering the long-time storage 
problems with rocket cases-a pit in a thin
walled casing can be catastrophic - we 
wou Id regard the beta titanium alloy as the 
outstanding material under consideration." 

• Reliability and growth ... the parallel • When a case fails, so does the missile 
Pratt & Whitney Aircraft data reveal 
rocket-cases can now be built from beta 
titanium at strengths 17 percent greater 
than alternate metals, with beta tita
nium's strengths bounding forward under 
a minimum of development. 

A striking parallel exists in liquid
fueled rocketry where titanium alloy 
Ti-6AI-4V was selected for helium stor
age bottles in the Atlas missile because 
of its strength/density ratio. Airite 
Products, Inc., a leading supplier of the 
titanium vessels, reports: 

"Minor modifications in processing 
techniques and continuous tightening 
of tolerances and other variables have 
shown an increase from the original 
5400 psig average burst pressure to 
the present average which is in excess 
of 9000 psig. 

"This has been done without increas
ing the weight of the article by one 
ounce. Weight of the unit, incidentally 
is controlled to a tolerance of plus or 
minus one-half pound, on a weight of 79 
pounds, and volume is controlled and 
guaranteed to plus or minus one percent." 

While the performa11ce of the titanium 
pressure vess els has been almos t 
doubled, the price has been reduced 
almost 50 percent - and the missile 
has become operational. 

The price of completed beta titanium 
rocket-cases is now estimated at 2 Y2 
times the price of other metals, with 
titanium cases virtually in their infancy. 

Should the titanium cost difference re
main, the pay-off would still be two-fold: 

1. Cost: engineering time, would be 
greatly curtailed; expensive fuels 
(for example, 30 pounds of fuel are 
required in earlier stages for each 
additional third-stage pound) would 
be saved. 

2. Reliability: titanium cases simply will 
not pit, rust, deliquesce, or become 
hydrogen embrittled. 

Added together, these elements 

mean feasibility-feasibility supported 

by the commercial availability of the 

metal itself. Beta titanium allo y 

Ti-1 3V-llCr- 3AI is available from 

Titanium Metals Corporation of 

America at these lead times: billet, 

2- 3 weeks; bar, 3-4 weeks; flat-roll, 

5-6 weeks. TMCA's metallurgical ex

perience with the alloy is yours for 

the asking. 

SPECIFIC COMPARISON: Strength 

Practical 

Alloy Density 

Ti-SAI-4V 0.161= lin.' 

Yield Strength (5% elongation) 

155 ks; = 

steel at 270 ksi 

Ti-13V-11Cr-3AI 0.175'</in.' 

(Beta) 

B u r st T e st 
Results s how 
titanium h as 
provided con
si stent burst 
strengths of 
235,000 p s i  
- a bur s t  
s t r e n g t h/ 
den sity ratio 
of 1,340,000. 
Failure occurs 
in the wall of 
the c ase itself 
- not the weld 
zones. Titani
um c ases do 
not fragment. 

200 ksi = 

steel at 320 ks; 

For further information, write for 

TMCA Data Bulletin 10, All-Beta 

Titanium for Solid Rocket Pressure 

Chambers. Extensive welding 

information is included. 

::'" 
..•..... .. : ........... �: '-.. \ ... .. :::::.,.® 

TIMET':}.:·, . . . ... 
. . 

;.-

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

SALES OFFICES, NEW YORK 
CLEVELAND • CHICAGO . DALLAS . LOS ANGELES 
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LETTERS 
Sirs: 

George Wald's otherwise authoritative 
article "Life and Light" in your October 
issue leaves the mistaken impression that 
carotenoids play an exclusive role as 
photoreceptor pigments in the photo
tropic responses of plants. While carote
noids indeed may function in this way, 
the collective evidence in favor of 
photoreception by some form of ribo
flavin conjugate is also sufficiently im
pressive to have merited some discussion. 

I would therefore like to take this 
opportunity to correct the impression 
created by Wald's article, and to sum
marize briefly the pro-riboflavin evi
dence which was overlooked. 

Let me proceed by quoting the rele
vant passages that stand in need of 
modification. On page 100 Wald says: 
"The red wavelengths, which are most 
effective in photosynthesis, are wholly 
ineffective in phototropism." While this 
is generally true, there are several ex
ceptions that need to be taken into 
account. For example, Hans Mohr has 
demonstrated that fern sporelings show 
a marked phototropic response to red 
light; Adriaan Manten has found an 
effect of orange light in an alga, while 
other workers have reported on the 
phototropic effectiveness of red light in 
green (but not etiolated) higher plant 
cells. Obviously some red-light recep
tive pigment can be effective in pho
totropic perception in chlorophyll-bear
ing cells. Wald's generalization is thus 
true only for etiolated or otherwise non
green cells. 

In another sentence Wald states: "In 
certain instances, the carotenoids are 
localized specifically in the region of 
the plant that is phototropically sensi
tive." I do not believe this statement 
can be supported by a valid reference 
to higher plants, for the original evidence 
to this effect has been shown to be in
accurate. In fact, the extreme tip of 
the grass coleoptile, which is by far its 
most photoreceptive zone, has far less 
carotenoid than the relatively insensi
tive region one to three millimeters be
hind the tip. Furthermore, there are 
several recorded instances (corn, barley, 
sunflower) in which mutants completely 
lacking in or almost totally devoid of 
carotenoids are as phototropically active 
as the carotene-abundant wild type from 
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which they were derived. Furthermore, 
fungal hyphae that have been made 
deficient in carotene by feeding with 
diphenylamine and other nutritional 
manipulations have apparently undi
minished phototropic sensitivity. Cer
tain other photo activated processes in 
fungi having action spectra resembling 
that for phototropism are also unaffected 
by an artificial lowering of carotenoid 
levels. Especially interesting is the ob
servation that diphenylamine, which 
completely represses carotenoid forma
tion in Pilobolus kleinii is without effect 
on the photoactivation of trophocyst 
formation, while L-lyxoflavin, a ribo
flavin antagonist, is effective in com
pletely checking this light-activated 
process. Thus vVald's general state
ment concerning the correlation between 
carotenoid levels and phototropic sen
sitivity needs some modification. 

The crux of the matter lies, however, 
in this statement: "The most careful 
measurements of the effectiveness of 
various wavelengths of light in stimu
lating phototropism in molds and higher 
plants have yielded action spectra which 
resemble closely the absorption spectra 
of the carotenoids that are present." This 
is only approximately true, and even so, 
it is not the whole truth. Apparently 
Wald is considering only the visible 
peaks, at about 475, 445 and 425 milli
microns. He disregards the peak at about 
370 millimicrons, observed in the most 
recent accurate action spectra found by 
investigators at Harvard University and 
the Smithsonian Institution. This peak, 
so far as I know, is not found in any 
carotenoid known to be present in any 
phototropically sensitive organ. 

This brings us to the question of pos
sible photoreception by a riboflavin-con
taining conjugate of some sort. Ribo
flavin itself is known to be quite active 
as a photoreceptor for various in vitm 
photooxidations and photoreductions. It 
absorbs heavily in the regions that are 
phototropically effective, including the 
370-millimicron region. Although the 
absorption maximum of free riboflavin 
has only a single peak in the visible, 
this is converted to a multiple peak by 
conjugation of the flavin with other sub
stances or by solution in various organic 
solvents. Thus, although such com
pounds as flavin mononucleotide (FMN) 
and lumiflavin have a single absorption 
peak when dissolved in water, they have 
three absorption peaks in the visible 
(around 470, 445 and 425 millimicrons) 
in addition to one in the near ulh·a
violet when dissolved in aqueous pyri-

dine. I have also made the point in 
several publications that various flavin
containing enzymes, including metallo
flavoproteins, do have absorption spectra 
that could fit phototropic action spectra. 
Such proteins include, among others, an 
electron-transferring flavoprotein and di
hydrothioctyl dehydrogenase. These and 
similar compounds have the appropriate 
visible absorption peaks, mentioned 
above, as well as peaks near 370 milli
microns and 280 millimicrons which 
Max Delbriick and Walter Shropshire 
have concluded are all part of the same 
photoreceptor for phototropism and the 
light-growth reaction of Phycomyces 
(which, incidentally, appeared as an il
lustration in Wald's article) . 

These facts, plus the (at best) ap
proximate coincidence of absorption and 
action spectra, would seem to me to 
indicate the necessity for a more ade
·
quate consideration of the Havin theory 
of photoreception in plants. I would also 
make the point that, in view of the 
known abundance of Havins in the eyes 
of certain animals, especially fish, some 
consideration should be given to their 
having some photoreceptive role here as 
well. Wald's brilliant work on the 
carotenoid photo receptors in animal vis
ion should not be permitted to obscure 
the possibility of the coexistence of other 
visual systems, which might serve ac
cessory functions, such as that of wave
length transducers. 

Let me conclude by summarizing my 
point of view. Much evidence, especially 
from the study of comparative biochem
istry, indicates that carotenes may be 
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at least one step ahead - and it should be a 

• • •  The idea is to keep 

ne. In business and industry, 

Beckman makes giant steps easy .• It may be a precision potentiometer in an electronic 

system, an analog computer to help pre-test a space vehicle still on the drawing board, 

an amino acid analyzer for medical research or a transfer oscillator in microwave com-

munications ... each establishing a commanding lead in its field .• A component or a 

complete system - wherever electronics has, or should have application - thoughtful 

research, manufacturing and processing groups put Beckman on their shopping 

I ist. Wherever qua I ity is someth i ng that is not just sprayed on, Beckma n is a symbol 

of performance above and beyond the call of duty .• In any business or service today, 

it pays to keep a step ahead. 

Beckman 1935-1960: OUR 25TH YEAR 

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

EXECUTIVE OFFICES: FULLERTON, CALI FORNIA I DIVISIONS: BERKELEY· HEll POT· INTERNATIONAL· SCIENTI FIC & PROCESS I NSTRU MENTS' SPINCO· 

SYSTEMS I SUBSIDIARIES: SHOCKLEY TRANSISTOR CORP - BECKMAN INSTRUMENTS, G.m.b.H., GERMANY - BECKMAN INSTRUMENTS, LTD., SCOTLAND 

© 1959 B.!.!. Be 60088 
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AT RAYTHEON-

Scientific imagination 

focuses on 

HIGH-TEMPERATURE 

SEMICONDUCTORS 

Silicon carbide, long employed as a refractory for furnaces, 
shows promise as a material for semiconductor operation 
at temperatures up to 1,000· C. Substances presently used 
as semiconductors-silicon and germanium-fail at 300· C. 
and 150· C., respectively. At these temperatures, the ther
mal energies of their electron carriers are too high for satis
factory semiconductor operation. In silicon carbide, the 
carriers have a broader energy gap to bridge in reaching 
conductivity and thus permit semiconductor characteris
tics at high temperatures. 

Crystals of this man-made compound have a cubic (bela) 
or hexagonal (alpha) lattice structure. The highly ordered 

bela phase appears to have more desirable characteristics, 
including greater mobility and lifetime of electron car
riers. Raytheon scientists have been investigating crystal 
growth of the bela phase by gaseous reaction and from 
solution. Because crystals for semiconductive devices must 
be of extreme purity, production techniques are far more 
sophisticated than those called for in producing silicon 
carbide for commercial applications. 

Raytheon scientists responsible for these efforts are R. C. 
Ellis, Jr. and Dr. A. H. Smith, who are contributing to 
fundamental knowledge of the morphology and growth 
mechanisms of high-temperature semiconductors. 

'",II,"," '" ElK'ro"'" _ .AVTH.ON COMPANV, W,'''.m, M •••. 
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important photoreceptors in plants as 
well as in various kinds of animals. The 
evidence is, however, by no means con
clusive, and many objections exist to a 
complete acceptance of the carotenoid 
hypothesis of photoreception in plants. 
These objections include (a) virtual or 
complete absence of carotenoids from 
certain phototropically active organs and 
(b) non coincidence of the action spec
trum with the absorption spectra of 
known carotenoids, especially in the re
gion near 370 millimicrons. Both of these 
objections are successfully met by ribo
flavin-type compounds, which thus merit 
more consideration as photoreceptors 
than Wald has given them. 

ARTHUR W. GALSTON 

Josiah Willard Gibbs Research 
Laboratory 

Department of Botany 
Yale University 
New Haven, Conn. 

Sirs: 
Present-day plant physiology thrives 

on its controversies, and in skirting the 
edge of one in my paper, I seem to 
have landed in another. I do know Dr. 
Galston's views, and would have been 
glad, had there been space or were this 
the place, to discuss them. As it is, 
Dr. Galston has now presented very fully 
the case for riboflavin and against ca
rotenoids in his letter. I think it fair 
to speak of this as a case, rather than 
a judgment. It would be easy to pre
pare an opposing brief, but not very 
useful. I am glad to agree that ribo
flavin should be considered in this con
nection. POSSibly both carotenoids and 
riboflavin are at work here; though I 
hope for simplicity's sake that eventu
ally it comes out to be one or the other. 
In my judgment the present evidence, 
for all its complications, favors the 
carotenoids. 

My first concern is to reassure the 
lay reader that this is not an aberrant 
view. It may help to cite the conclu
sions of two groups of workers. "From 
the action spectra (i.e_, of the oat 
coleoptile) it is concluded that the ac
tive photoreceptor is a yellow pigment, 
probably carotenoid in nature . . _ . A fla
vin photoreceptor appears unlikely"' 
(Walter Shropshire and R. B. Withrow; 
Plant Physiology, Vol. 33, No. 360, 
1958) . "The photoreceptor of Phy
comyces in the visible is very similar to, 
or may be identical with, that of Avena 

coleoptiles. Both are probably carote
noids" (G. M. Curry and H. E. Gruen; 
Pmceedings of the National Academy of 
Sciences, Vol. 45, No. 797, 1959) . 

For the rest, I should like to make 
two pOints that may help to disentangle 
this argument: 

(1) The carotenoid that may be 
involved in plant photoreception is al
most certainly bound, probably to 
protein, and very likely is not the 
bulk of the carotenoid that is present. 
I would suppose that the same might 
be said of any riboflavin that might be 
thought to act in photoreception. In 
that case, however, we are concerned 
only with a specific, probably minor, 
fraction of either pigment, and what 
happens to the bulk of it does not mat
ter. In that case also the very inter
esting photochemical properties of free 
riboflavin and its phosphate, not shared 
by protein-bound riboflavin, may be 
irrelevant. 

(2) The mechanism of response, as 
opposed to excitation, in plant photo
tropism is differential growth. As such, 
it depends on everything needed for 
growth: oxygen, respiratory enzymes, 
and under certain special circumstances 
photosynthesis. Among the respiratory 
enzymes are riboflavin proteins. It would 
not be surprising therefore if plants 
deprived of riboflavin failed to bend; 
but that would be poor evidence that 
riboflavin is acting as a photoreceptor. 
Similarly, a phototropic or phototactic 
response might become dependent on 
the oxygen supplied by photosynthesis, 
and for this reason might acquire sensi
tivity to red light, as a secondary phe
nomenon. 

Finally, Dr. Galston mentions the re
markable observation made many years 
ago that the eyes of certain fishes con
tain high concentrations of free ribo
flavin. The thought that this is acting 
in vision is a little clouded with the 
realization that the riboflavin is in the 
pigment epithelium of the eye, not in 
the receptor cells or in the neural retina. 
Perhaps it is playing some photochemi
cal role in the pigment epithelium; we 
keep trying to find one for it, so far 
without success. Indeed I know of no 
normal phYSiological process that has 
yet been shown to involve the action of 
light upon free or bound riboflavin. 

GEOHGE WALD 

The Biological Laboratories 
Harvard University 
Cambridge, Mass. 

how to 
make 
dew � 

Do you make do with water laden 
with chlorine and organic decay 
or discoloration when fresh morn· 
ing dew will do better? Make dew 
do for you too with water purified 
by activated charcoal. Chemical, 
pharmaceutical and food produc
ers have been doing it for years. 
It's a s u r e  b e t  f o r  pr o d u ct 
improvement. 

how to' 
find a � 
silver , e 
lining I&.�J. 

It's clouds of money back in the 
till when solvent vapors go back 
in the process. Solvent vapors can 
play hob with the process - and 
the people. One activated charcoal 
solvent recovery system took the 
contaminant out of the air, the 
complaint out of the employee, 
and put 2000 gallons of solvent 
back into the process daily. Are 
you prepared for recovery? 

how to get 
a pure 
idea 

Think activated charcoal and you 
think big: industrial areas made 
clean and free of smog-pure 
drinking water extracted from in
dustrial wastes-an odorless zoo 
-a key to a new chemical process 
-a well ventilated space ship-a 
new lift for products, processes 
and profits. 

activated 
charcoal 

Activated charcoal (or carbon), a 
hard, granular, black material, 
acts as a molecular sponge, puri
fies air, gases, liquids - recovers 
solvents-removes odors and im
purities-does hundreds of jobs. 
Write for Bulletin E-188. Barne
bey·Cheney, Columbus 19, Ohio. 

Barnebey 
Cheney 

15 

© 1959 SCIENTIFIC AMERICAN, INC



Pedigree of a Hound Dog 

The guidance and control system of America's HOUND DOG missiles-best 

of breed - has a pedigree 13 years long. Created by Autonetics, the HOUND 

DOG'S inertial auto navigation system sends this supersonic air·to-surface 

missile from mother-ship to target anywhere in the world, in any weather. 

Equipped with an invulnerable sense, HOUND DOG extends the retaliatory effec

tiveness of SAC's B-52G bombers by hundreds of miles. 

Against a 13-year background of blue-ribbon winners, Autonetics is now 

producing in quantity and at low cost the N5G autonavigator. This is the pedi

gree that makes the GAM-?? HOUND DOG missile performance "best in show:' 

DID YOU KNOW? •• 

At Autonetics, n avigation gy ros are 
made so precisely that it would 
t ake over 40 years for one to pre· 
ces s one complete revo lution. 

Inertial navigation by Autonetics � 
A DIVISION OF NORTH AMERICAN AVIATION, INC., DOWNEY, CALIFORNIA · REGIONAL OFFICES: WASHINGTON, D.C. AND DAYTON, OHIO 

INERTIAL NAVIGATION / ARMAMENT CONTROL / FLIGHT CONTROL / COMPUTERS AND DATA PROCESSING 
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Whyyou can 

always depend on 

Asarco high 

purity elements 

1. ASARCO examines every lot of material 
by chemical, spectrographic, and other 
instrumental techniques and reports all 
detectable impurities. This assures you of a 

uniform quality of material from a 
dependable source of supply. 

2. ASARCO supplies for you with each 
purchase an actual analysis of impurity 
elements detectable and the probable level 
at which these impurities are present. 

3. ASARCO has been a pioneer in the 
production of high purity elements for over 
25 years. ASARCO high purity elements 
have been used for research in this country 
and abroad for fundamental studies in 

The above information i$ among the pertinent 0 data compiled by ASARCO's Central Research 
Laboratories in a catalogue, now available to users of 
high purity elements. For copy. write on your 
letterhead to American Smelting and Refining Company, 
120 Broadway, New York 5, N. Y. 

(If you use high purity elements. save this page as a current buying guide) 
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ewmo ••• 

makes potentiometers 
easier to use and maintain 

Now, four great new features add new operating 

and servicing ease to all ElectroniK circular and strip 

chart potentiometers. 

• New servo and chart drive motors are sectionalized so 

that any major part can be replaced in two minutes. 

• A new constant voltage unit replaces batteries, stand

ard cells and standardizing mechanisms. 

• A new measuring circuit, with quick-change range 

spools, simplifies range changing and reduces stray 

pickup. 

ERING THE FUTURE 

YEAR 

• A quick-connect feature lets you remove the amplifier 

for service and replace it quickly. 

Now, modular design is combined with the traditional 

precision of ElectroniK potentiometers, to give you a 

greater value than ever in accurate, dependable 

measurement and control. 

For full details, call your nearby Honeywell field 

engineer today. He's as near as your phone. 

MINNEAPOLIS-HoNEYWELL, Wayne and Windrim 

Avenues, Philadelphia 44, Pa. 

HoneYlNel1 
H �t�� 
HONEYWEll SIN C E 1 8 8 5 
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At this lllolllent, 30,000 transistors 
are on test at General Electric 

Among the more than 30,000 transistors you 
will find right now on General Electric's 
cycled life-test racks are Series 2N43 PNP 
germanium devices dating back to 1952. 

Each of these 2N43's has clocked at least 
40,000 hours of operating life. This repre
sents five years of "power-on" operation with
out failure. And the "old" 43's still live on! 

Since 1952, General Electric Company has 
produced and thoroughly tested well over 
20-million transistors. A quarter-million of 
these devices have been subjected to from 
1000 to 10,000 hours of maximum-rated-power. 

Life testing is but one of many exacting 
product quality-assurance criteria all General 
Electric semiconductor products must meet. 
For example, on an average, 16 separate 
quality-level tests ... electrical, mechanical, 
environmental, as well as life ... are given 
every General Electric transisror. 

Through its system of stringent quality con
trol, General Electric strives to continuously 
raise the stability jlong-life reliability goals 
for semiconductor products-to the ultimate 
benefit of the user, the industry and the 
country at large. 

lhJgress Is Ovr Mosf Imporft1nf Prot/vel 

GENERAL . ELECTRIC 
Semiconductor Products Department, Electronics Park, Syracuse, New York 
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• • • news about metals and metal chemicals 

JANUARY - FEBRUARY, 1960 

UNION 

CARBIDE METALS 

E'ectromet brand ferroalloys, 

pure metals and metal chemicals 

Using arc-melted "Electromet" columbium, The Ladish Company, Cudahy, 
Wis., has successfully forged a Cb-0.75% Zr ring, measuring 7% in. O.D. x 6 in. 
I.D. x � in. thick. The ring was made during a co-operative experimental program 
in which Union Carbide Metals supplied the columbium in the form of an alloyed 
ingot. An objective of this program was to demonstrate the forgeability of a 
columbium alloy of "commercial" purity. Much of the work to date has been based 
on ultra-high purity material. General data on columbium can be found in 
Bulletin CB2-S5. 

* * * 

Ferric acetylacetonate is going into semicommercial production at Union 
Carbide Metals. This "Electromet" metal chemical and other acetylacetonate 
derivatives of the transition metals (e.g., Cr, Co, Mo, Mn, V, and Ni) offer 
a convenient means of putting the metals in solution in organic systems. They 
are chelated, non-ionizing compounds, and slightly soluble in water. They form 
solutions which are neutral and resistant to hydrolysis. The acetylacetonates 
are available as pure, crystalline powders. Bulletin AA1-S5 gives property data. 

* * * 

Vanadium sheet -- wider than previously available -- has been produced by 
Union Carbide Metals Company. The sheet, measuring 19% in. wide by 40% in. long 
by 0.065 in. thick, is a new development in vanadium technol� Formerly requests 
for widths greater than 6 in. had not been-made. Should the demand arise, wider 
sheet can be produced without difficulty. The high degree of workability observed 
during this wide-sheet production reflects the improved purity of the Company's 
vanadium metal. Several wire sizes are also available from stock. Union Carbide 
Metals offers melting stock for sale and will supply custom quantities of a range 
of vanadium mill products. Request Bulletin VM1-S5 for general information on 
vanadium. 

* * * 

The outstanding oxidation and corrosion resistance of chromium carbide 
can now be utilized on pre-formed base materials. Coating techniques such as flame
spraying and electrodeposition, currently under study, are extending the applica
bility of this refractory compound. New areas include coatings for such components 
as turbine blades, while established uses are in shapes fabricated by powder 
metallurgy techniques. Union Carbide Metals' field representatives are discussing 
chromium carbide powder and its application with users of oxidation- and corrosion
resistant coatings. Bulletin CCl-S5 gives general data on chromium carbide. 

* * * 

Oxidation-resistant coatings for columbium and its allo1£ are another 
area of research at Union Carbide Metals. A duplex coating, which is among those 
being studie�, performed satisfactorily above 2000o� during preliminary tests. 
The Company's field representatives are available to exchange information on 
coatings, their applications, and related problems. For laboratory performance 
data , ask for AC1-S5. 

* * * 

Union Carbide Metals Company, Division of Union Carbide Corporation, P. O. 

Box 330. Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 

The terms "Eleotromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation 
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This thimble-actual size-greatly magnified on 
the left, contains 1,053 PSI Micro·Diodes. The standard 

subminiature diode is shown below. 
(Photos by Don Mannix.) 

RESEARCH TODAY··· 

NEW PRODUCTS TOMORROW 

More "brains" per thimbleful-

The modern digital computer or "electronic brain" employs a large 

number of identical solid state electronic circuits much as the human 

brain uses many identical brain cells. 

The new PSI Micro-Diode-so small that a thousand fit into a thimble and yet 

with performance and reliability characteristics second to none-will help 

make practical computers with greatly increased "brain capacity." 

The Micro-Diode, a result of three years of research in the laboratories of TRW's 

Pacific Semiconductors, Inc., is one of the new products that should enable 

PSI to continue the dramatic growth that has in the last two years made 

it one of the nation's principal producers of semiconductor devices. 

A major part of TRW's 2500 professional scientists and engineers are 

engaged in such company-supported research activities. Large 

though this program is, the cost is small when compared with the 

greatly increased future productivity that results from competent 

research in growth fields. 

Thompson Ramo Wooldridge Inc. 
MAIN OFFICES · CLEVELAND 17, OHIO · LOS ANGELES 45, CALIFORNIA 

Precision mechanical products for the automotive, aircraft, missile and nuclear industries. 

Electronic products for home and industry. Military electronics and space technology. 
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Nontoxic, inert, malleable - all 
three are descriptive of tin. One of 
man's oldest metals, it is still vital in 
our modern economy. For example -

For product protection, 60.7% of all 
tin consumed in the U.S. is used in 
manufacturing tinplate, largely for 
containers. 135 industries package a 
total of over 2500 products in more 
than 42 billion cans annually! 

For joining and sealing, 14.8% of all 
tin used is in alloy w!th lead to form 
solder. 

For strength and corrosion re
sistance, 6.5% is consumed in the tin
copper alloy, bronze. 

For anti-friction properties, 4. I % is 
consumed in the high-tin/lead alloy, 
babbitt, generic for bearing metals. 

For protective coatings, tinning ac
counts for 3.9%. Hot-dipped tin pro
vides a smooth, reflecting surface, 
particularly adaptable for food pro
cessing equipment. 

For castability, white metal -
alloys of tin, antimony, lead, bismuth, 
and copper - account for 3.2% of 
U.S. tin consumption. 

Miscellaneous alloys use 4.2 %; chemi
cals, 1.1 %; and collapsible tubes, 
1.5%. 

There's no substitute for tin 
... and no substitute for Straits Tin 
from Malaya - recognized standard 
for quality and uniformity, available ill 
reliable supply from sizeable reserves. 

Write today for more 

data on these items or 

for a free subscription to 

TIN NEWS-a monthly 

bulletin on tin supply. 

prices and new uses. 

The Malayan Tin Bureau 
Dept. 15A. 2000 K Street. N.W .• Washington 6. D.C. 
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50 AND 100 
YEARS AGO 

&IENTIFI£IIlMERI£AN I 
JANUARY, 1910: "In spite of many 

predictions of failure, the United States 
government, through its Army engineers, 
is building the Panama Canal with a 
rapidity which augurs well for its open
ing by January 1st, 1915. Over one half 
of the excavation at the Culebra Cut has 
been done, and if we include the work 
done by the French, the cut may be 
considered as two thirds completed. On 
the Atlantic side between three and four 
miles of the entrance channel have been 
completed, and on the Pacific side the 
channel is open to full depth for about 
five miles. At Gatun the lock excavation 
is so far done that the laying of the floor 
and the building of the walls are well un
der way, and over 80,000 cubic yards of 
concrete are already in place. The health 
conditions have shown steady improve
ment, and the rate of sickness and mor
tality is now less than in some parts of 
the United States." 

"The year 1909 has closed with only 
a single trial for the Scientific American 
Flying Machine Trophy. The conditions, 
which at first required a straightaway 
flight of one kilometer (.621 mile), were 
changed for 1909 to 25 kilometers (15J� 
miles) in a closed circuit, in view of the 
flights which were then being made by 
French aviators. Under the 1909 rules 
the winner is the aviator who makes the 
longest and best flight in a closed circuit 
during that year. In 1909 Mr. Glenn 
Curtiss was the only competitor who 
came forward. He easily complied with 
the conditions and accordingly he must 
be regarded as the winner of the Trophy 
for that year." 

"The first aviation meeting to be held 
in this country opened at Los Angeles, 
Calif., on the 10th instant. Louis Paul
han, the record-breaking French avia
tor, was present with two Farman bi
planes and two Bleriot monoplanes. 
America was represented by Glenn 
Curtiss, C. F. Willard and C. K. Hamil
ton, all of whom flew Curtiss biplanes. 
The great event of the third day was 
Paulhan's successful attempt at breaking 

the world's record for altitude. The exist
ing record of 3,444 feet had been made 
only six days before by Hubert Latham 
at Mourmelon-Ie-Grand, France. Paul
han's height, as measured from the 
ground, was officially determined at 
4,165 feet. Lieut. Paul Berk tried drop
ping dummy bombs upon a measured 
square on the ground. While he did not 
succeed in hitting the mark, he came 
very close to it, and showed the possi
bility of dynamiting a warship or a town 
in this way." 

"Convincing evidence that the auto
mobile of to-day is as far perfected as 
the materials of construction and me
chanical ingenuity will allow is afford
ed by the fact that the cars shown in the 
two annual exhibitions this year exhibit 
no novelties of a radical character as 
compared with the cars of the preceding 
year. The tendency toward standardi
zation is even more marked this year 
than last, and the freak car is conspicu
ous by its absence. For all cars the four
cylinder, four-cycle engine, with vari
ations in the valve arrangements, has 
become the standard type. Undoubtedly 
the present prosperity in the automobile 
industry is due largely to the fact that 
many people of moderate means, who 
have been waiting until a thoroughly 
serviceable car was placed on the mar
ket at low price, are now being accom
modated. Several makers are offering a 
four-cylinder 20-horsepower car, having 
all the features of stylish design and 
certainty of control of the more costly 
designs, and for the low price of $750." 

"The Scott expedition in search of 
the South Pole is now assured. The 
British government has promised $100,-
000 toward the $200,000 which is the 
estimated expense. A total of between 
$55,000 and $60,000 has been raised by 
public subscription. In all likelihood the 
expedition will start in July. Capt. Scott 
commanded the British arctic expedi
tion of 1900-1904. Lieut. Ernest H. 
Shackleton, who was one of his lieuten
ants, has also announced that he will 
enter upon another antarctic expedition. 
The date of the expedition has not as yet 
been decided." 

JANUARY, 1860: "Combined with 
much success in 1859 there has also 
been considerable disappointment ex
perienced in some enterprises which had 
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SHIP WITHOUT AN OCEAN 

How do you lay a cable on the ocean floor-a cable that 
is connected to scores of large, heavy amplifiers? How do 
you "overboard" such a system in a continuous operation, 
without once halting the cable ship? 

Bell Telephone Laboratories engineers must answer these 
questions in order to lay a new deep-sea telephone system 
designed to carry many more simultaneous conversations. 

They're experimenting on dry land because it is easier and 
more economical than on a ship. Ideas that couldn't even be 
attempted at sea are safely tested and evaluated. 

In one experiment, they use a mock-up of the storage 
tank area of a cable ship (above). Here, they learn how 
amplifiers (see photo right), too rigid and heavy to be stored 

with the cable coils below decks, must be positioned on deck 
for trouble-free handling and overboarding. 

Elsewhere in the Laboratories, engineers learn how best 

to grip the cable and control its speed, what happens as the 
cable with its amplifiers falls through the sea, and how fast 

it must be payed out to snugly fit the ocean floor. Ocean

ographic studies reveal the hills and valleys which will be 
encountered. Studies with naval architects show how the 

findings can be best put to work in actual cable ships. 

This work is typical of the research and development 
effort that goes on at Bell Laboratories to bring you more 

and better communications services. 

Experimental amplifier about to be "Iaunched" from "cable 
ship." like a giant string of beads, amplifiers and connect
ing cable must be overboarded without stopping the ship. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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CARRY A®RECORDER 

�.( 
Now you can record test data on-the-spot. In both lab and field you 
get accuracies equal to or better than big, rack mounted units. Just pick 
up and move a multi-channel (up to 14) PI tape recorder/reproducer 
as you would any other item of test equipment. 

Instead of 1,000-lb. cabinets, requiring 1000 watts, you're working 
with recorders 10 times smaller and lighter, using 250 watts or less. 

In the field, you get laboratory performance under the most difficult 
environments. PI fits many places where 19-inch racks won't go. One 
man can carry a rugged PI recorder to virtually any test site. 

How did PI put precision in a small package? By combining transistor
ized electronics with unique stacked reel tape magazines. PI recorders 
use standard tapes and heads, are compatible in every way with standard 
recording practices and other recording equipment. 

May we suggest you call your PI representative to arrange a demon
stration? If you are uncertain who he is, please write direct. Address 
Dept. 701. 

Precision !§ Portable 

PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET. SAN CARLOS, CALIFORNIA ' PHONE: LYTELL 1·4441 

excited much public hope. The Great 
Eastern-the most wonderful effort in 
shipbuilding ever attempted-has not 
yet reached our shores, although we 
were all 'on the tip-toe' of excitement in 
expectation of her arrival about three 
months ago. Thus far she has not come 
up to the expectation of anybody, and a 

committee of inspection has just pro
nounced her unfit for an ocean voyage 
until many changes are made in her. 
The balloon voyage across the Atlantic 
has not yet been accomplished; neither 
Professor Wise, La Mountain nor the 
redoubtable Lowe has yet achieved the 
grand problem. The Atlantic telegraph 
cable has become mythical. Efforts were 
lately made to raise more capital and un
dertake the construction and laying of a 

new cable, but these, we understand, 
have proved abortive of any good result, 
and probably such a gigantic enterprise 
may never be again attempted, not for a 

number of years at least." 

"The number of patents whose claims 
are published entire in our last volume, 
which covers a period of six months, is 
1,864. The greatest number of patents 
issued for anyone class in the six months 
is 36 for corn and other seed planters; 
the next largest number is 32 for sewing 
machines; the next, 29 for harvesters; 
and the next, 25 for washing machines. 
Agricultural machinery claimed the 
largest share of the inventor's attention; 
and this is one of the best signs of prog
ress that could have been presented, be-
cause agriculture is the foundation of 
all the other useful arts." 

"Dr. Hiram Cox, the Cincinnati in
spector, has found that in 700 inspec
tions of stores and lots of liquors of every 
variety, 90 per cent were impregnated 
with the most pernicious and poisonous 
ingredients. Nineteen young men were 
killed outright by only three months' 
drinking of these poisoned liquors. Many 
older men, who were only moderate 
drinkers, died of delirium tremens. Of 
400 insane patients, he found that two 
thirds had lost· their reason from this 
same liquor. One boy of 17 was made 
insane from being drunk only once. 
Seeing two men drinking whiskey that 
was so strong it actually caused tears to 
flow from the eyes of one of them, the 
doctor obtained some for his tests. He 
found it to contain only 17 per cent of 
alcohol, when it should have contained 
40, and that the difference was supplied 
by sulphuric acid, red pepper, caustic, 
potash and strychnine. A pint of this 

5 liquor contained e,�10ugh poison to kill 
the strongest man. 
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(CENTER OF FIELD) 

HIGH POWER FIELD 8° 
LOW POWER FlELO 32° 

The Nuclear Navy has Kollmorgen eyes 

The USS NAUTILUS and her sister subs in our 

nuclear navy are each fitred with two or three 

modern periscopes designed and manufactured by 

Kollmorgen. These naval "eyes" are precise optical 
instruments over forty feet long with controls and 

components that solve difficult problems of view

ing, computation and tactics. 

Kollmorgen has had notable successful ex peri-

ence developing optical inspection and alignment 

equipment. High speed projection lenses, indus
trial periscopes, mechanical and electronic controls 

for viewing instruments are all typical of advanced 

Kollmorgen production. 

Write on your company letterhead for a fully 

illustrated, twenty-four page brochure describing 
Kollmorgen's experience, skills and facilities. 

�KOLLMORGEN o optical corporation C NORTHAMPTON. MASSACHUSETTS 

NUCLEAR REMOTE VIEWING EQUIPMENT . SUBM A RINE 

PER I SCOPES . OPT I C S . BO R E S COPE S • MOTION 

PICT URE AND TELEVISION LENSES • PRECIS ION OPTICA L 

INSPECTION A ND A LI GNMENT DEVICES • ELECTRONIC 

CONT RO L S  A N D  COMPONENT S . NA V I G A TIONAL A I D S  

WESTERN TECHNICAL REPRESENTA TIVES-COSTELLO & COMPANY, LOS ANGELES. CALIFORNIA. 
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WHAT WAS SINGER DOING AT FORT MONMOUTH? In this instance, Singer was working with 

U. S. Army Signal Corps engineers to advance the state of infrared art. At Fort Monmouth, and other 

idea-bastions of American defense, representatives of the Singer Military Products Division, 

are in constant-and productive-liaison. A division of The Singer Manufacturing Company, 

SMPD is composed of the Singer-Bridgeport, Diehl Manufacturing 

Company and HRB-Singer. A comprehensive 

brochure describing these engineering and 

production facilities is yours for the asking. 

SINGER MILITARV PRODUCTS DIVISION I, I, The Singer Manufacturing Company 149 Broadway. New York 6. N. Y. 

SINGER"BRIDGEPORT • DIEHL · HRS"SINGER 

-'A Trademark of THE SINGER MANUFACTURING COMPANY 

SINGER* 

til 
2160 
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potent 

CATALYSTS 

Making reactions really GO is a job particularly well done by tin chemicals in 
dozens of commercial applications. Our recently completed patent and liter
ature survey on catalytic applications of tin chemicals will undoubtedly suggest 
many more to development men. 

A wide variety of inorganic and organic tin chemicals are available from M&T. 
Catalytic application possibilities for organotins are greatly broadened by their 
solubility in many organic solvents and their volatility in vapor systems. 

If you are interested in new cataly.sts, request our new patent and literature 
survey. M&T will then be glad to supply samples and further information based 
on your specific development interest. 

See our insert in Chemica' Materials Catalog 

METAL & THERMIT Corporation, 

Sn Sb. P organometallics 
Si Ti Zr and inorganics 

Rahway, N. J. Dept. S 
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The feIllur ... friction . .  

30 

© 1959 SCIENTIFIC AMERICAN, INC



:l,nd a greaseless joint 

Try as she did, nature couldn't quite make 
a greaseless joint. Even the near-perfect joint 
of the femur and acetabulum requires a lu
bricant to overcome inherent friction. 

But man is now able to fabricate non-lu
bricated joints, thanks to the unique fric
tional properties of a synthetic fiber -
"Teflon" TFE fluorocarbon fiber. 

With the lowest coefficient of friction of 
any known solid (as low as 0.01), and a high 
resistance to abrasion, this fiber is well suited 
to a multitude of joints and bearings- par
ticularly in high-load, low-speed applications. 

We submit "Teflon" for your appraisal. 

Du Pont's family of man-made fibers offers 
you exceptional versatility. Even now-tai
lored to specific needs, or combined with other 
materials-fibers qm outperform such ma
terials as steel and wood ... or even lubricants. 

Please tell us your requirements. We'll be 
happy to provide any information or tech
nical assistance regarding your use ofDu Pont 
fibers for industry. 

Textile Fibers Department, E. I. du Pont 
de Nemours & Co. (Inc.), 5518-A Nemours 
Building, Wilmington 98, Delaware. 

NYLON 

"DACRON"* polyester fiber 
"ORLON"* acrylic fiber 
"TEFLON"* TFEjluorocarbonfiber 
.. SUP E R COR D U R A"* high tenacity rayon yarn 

Du Pont Fibers for Industry <[[! POtiJ) 
REG.U.5.P.Io.T.oH. 

BETTER THINGS FOR BETTER LIVING • • •  THROUGH CHEMISTRY 

*ou PONT'S REGISTERED TRADEMARKS 
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"We demanded the 

flexible computer 

that is expandable 

and easy to use ... 

the Bendix 6-15" 
( 

A. F. ESKElIN, MFG. RESEARCH ENGINEER, 

NORAIR DIVISION OF NORTHROP CORPORATION, 

HAWTHORNE, CALIFORNIA 

In the production of Norair's sleek new supersonic N-156 jet fighter, a low-cost computer 

was required. It had to provide extreme accuracy and reliability, yet be easy for engineers 

to program. And it would have to accept magnetic tape and punched paper tape. 

"Only the Bendix G-15 digital computer could meet these requirements," said Mr. Eskelin. 

32 

Hundreds of other users, with applications 
ranging from payroll accounting to the 
design of nuclear power plants, happily 
second Norair's choice. 

Why so many pleased users? One reason 
is price. The G-15 is a medium-scale com
puter, yet costs no more than small-scale 
machines. Another reason is versatility. 
The G-15 will handle complex computing 
jobs in every type of business or industry. 

You can start with the basic 
G-15, a complete operating 
computer in itself, with a 
unique photo-electric paper 
t a p e r e a d e r-pu nc h a n d  
electric typewriter. 

Then, add magnetic tape units, punched 
card eq uipment, multi-code p a p e r  t a p e  
readers, and other accessories as your 
work load expands and changes. 

Simplified programming systems make 
the G-15 usable by your present staff, and 
hundreds of programs are available at no 
cost. Naturally, fast nation-wide service 
is available. 

Complete details will be sent upon request. 
Mention specific problems where the G-15 
may be helpful, and we will be pleased 
to advise you. Write to: 

DIVISION 

DEPT. C-15A 

LOS ANGELES 45, CALIFORNIA 
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CONTROLLED 
POWER 

AT WORK 

Controlled power is playing a bigger part 
than ever in today's technology. 

Here are a few novel problems solved by 
Sorensen controlled power: 

Playback from space. Obtaining the 
voltage to operate satellite communications 
equipment from batteries was solved neatly 
in one project by a miniature Sorensen sup
ply. Similar transistorized, compact, light
weight units are available commercially as 
dc-to-ac inverters, dc-to-dc converters, and 
highly-regulated d-c supplies. 

Missile ground checks. Critical voltages 
in a large missile test-stand come from a 
highly-regulated Sorensen 28-volt d-c sup
ply. 2:1 voltage adjustment and ±0.25% 
regulation greatly facilitate reliable tests. 

"Drive. it. itself" car. An experimental 
setup for automatic automobile steering 
used a 2000-cyc1e signal in a buried roadway 
cable to keep the car on the .road. Signal 
came from a Sorensen Variable Frequency 
Power Source (frequency chan!;er). Bread
and-butter job for VFPS iq;owering 400-
cycle (also 45-2000 cps) gear, single and 
three-phase, from 60-cycle line. 

"True·blue" photos. Color photography 
and related measurements depend for good 
results on light intensity and� composition. 
These in turn depend on line voltage. Soren
sen A-C Line-Voltage Regulators, to 15 kva, 
provide easy answers to this problem for 
labs, processors and instrument makers. 
Regulations to ±0.01 % available. 

Perhaps one of these applications will 
spark a controlled-power idea for you. If so, 
remember, Sorensen gives you the widest 
choice in controlled-power sources. They in
clude a-c regulators, regulated or unregu
lated d-c supplies, variable-frequency power 
sources (frequency changers), and. high-volt
age products covering the range to 600 
kilovolts. Sorensen application engineers are. 
always glad to discuss your special power 
supply problems. Write: Sorensen & Co., 
Richards Avenue, South Norwalk, Conn. 

5 
A SUBSIDIARY OF RAYTHEON COMPANY 

9.44 

CONTROLLED 
POWER 

PRODUCTS 
... the widest line Jets you make the wisest choice 
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THE AUTHORS 
EDWARD F. McCLAIN, JR. ("The 

600-Foot Radio Telescope") is head of 
the radio astronomy branch of the Naval 
Research Laboratory in Washington. He 
was born in Carrollton, Mo., in 1921 and 
attended the Missouri School of Mines 
from 1939 until he joined the N. R. L. 
in 1942. He worked on microwave radar 
until 1947, when he took charge of a 
project that led to the development of 
an automatic navigator for aircraft. He 
continued his schooling while working 
at the N. R. L., and in 1950 took his 
bachelor's degree in electrical engineer
ing at George Washington University. 
Soon afterward he became interested in 
radio astronomy. He has done much 
work in the determination of astronom
ical distances by means of the absorption 
of the 21-centimeter radiation emitted 
by hydrogen in space. 

EMMANUEL ANATI ("Prehistoric 
Art in the Alps") is an authority on pre
historic art who is presently based at the 
Institut de Paleontologie Humaine in 
Paris. He was born 29 years ago in 
Florence, Italy. He migrated to Israel in 
1945, fought in the Israeli Army in 1948 
and 1949 and then began to study ar
chaeology at the Hebrew University in 
Jerusalem. After obtaining his M.A. , he 
directed several projects for the Israel 
Department of Antiquities. He was also 
in charge of an archaeological survey of 
the Negev Desert. His interest in prehis
toric art was aroused one day in 1953 
when he came across a prehistoric rock
carving in the Negev. He organized 
several research parties to the area and 
in a few months had discovered several 
thousand of these pictures. His articles 
on these finds attracted attention in 
Europe, and the French Government of
fered him a fellowship. In 1956 and 
1957 he led expeditions for the French 
Centre National de la Recherche Scien
tifique to seek prehistoric and protohis
toric art in southern Spain, the French 
Maritime Alps and the Italian Alps. 
Anati first visited the Camonica Valley, 
where the carvings described in his arti
cle are located, in 1956. 

WILLIAM O. PRUITT, JR. ("Ani
mals in the Snow") is a research associ
ate in mammalogy at the University of 
Alaska. He was born in Easton, Md., 
in 1922, and as a child he always had 
a small animal as a pet. "I count myself 
as one of the fortunate people in this 

world," he reports. "Even with unlimit
ed financial resources I would probably 
be doing just what I am doing now
studying animals." He took his bach
elor's degree at the University of Mary
land and his M.A. and Ph.D degrees in 
zoology at the University of Michigan. 
He has been in the far north since he 
went to Alaska in 1953 as a research 
biologist with the Arctic Aeromedical 
Laboratory at Fairbanks. 

ALVIN M. WEINBERG ("Breeder 
Reactors") is director of the Oak Ridge 
National Laboratory. He was born in 
Chicago in 1915 and acquired B.S., M.S. 
and Ph.D. degrees in physics at the Uni
versity of Chicago. From 1939 to 1942 
he did biophysical research at Chicago, 
and then he joined the Metallurgical 
Laboratory of the Manhattan project. 
During the war he worked with Eu
gene P. Wigner designing the Hanford 
nuclear reactors, and in 1945 he was 
named a section chief in the Physics 
Division of the Metallurgical Labora
tory. He directed the Physics Division 
for 10 months in 1948 before becoming 
director of research for the entire Lab
oratory. He was appointed to his pres
ent position in 1955. Last June Wein
berg was elected president of the Ameri
can Nuclear Society, and in October he 
visited the atomic-energy research estab
lishments of the U. S. S.R. as a technical 
adviser to John A. McCone, chairman of 
U. S. Atomic Energy Commission. 

PETER ALEXANDER ("Radiation
Imitating Chemicals") has since 1950 
been a member of the staff of the 
Chester Beatty Research Institute of the 
Royal Cancer Hospital in London. He 
acquired a degree in chemistry in 1941 
at the Imperial College of Science and 
Technology, where he undertook re
search on insecticides. In 1944 he en
tered the research department of a tex
tile firm and initiated studies of the 
physics and chemistry of wool. This 
project resulted in his return to aca
demic life in 1950. He has investigated 
the action of drugs that have proved use
ful in the treatment of cancer. The radia
tion-like effects of these and other sub
stances aroused his interest in the bio
logical effects of radiation, which he 
subsequently studied. He is the author 
of a Pelican book, Atomic Radiation and 
Life, and co-author of a scientific mono
graph, The Fundamentals of Radio
biology. 

D. J. K. O'CONNELL, S.J. ("The 
Green Flash") is director of the Vatican 
Observatory at Castel Gandolfo. He was 
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The eight divisions of The Marlin Company are: 
ACT/VA T/ON • BAL T/MORE • COCOA • DENVER . NUCLEAR . ORLANDO . RIAS • SPACE FLIGHT 

© 1959 SCIENTIFIC AMERICAN, INC



36 

See the 7J� difference 
B & L DYNOPTIC DESIGN 
saves time ... You get today's 
fastest focus. And you keep it 
... no drift, no backlash. From 
automatic focus to parfocal ob
jectives, B.&L gives you more 
minutes per hour. 

saves effort ... Your hands rest 
on table for orientation and fine 
adjustment. Focusing system 
"floats" on rollers and bearings 
for the easiest operation you've 
ever known. 

saves your eyes ... Wide, flat, 
clear fields make it easier to in
terpret complex specimens. You 
can get ample light for deeply 
stained specimens, for phase con
trast or dark field work. See for 
yourself in a demonstration at 
your convenience. 

BAUSCH & LOMB 

@7)� 
MICROSCOPES 

lABORATORY 
RESEARCH 
POLARIZING 

METAllURGICAL 

r-----------------------------------
I BAUSCH & LOMB OPTICAL CO. 
I 69401 Bausch St., Rochester 2, N. Y. 
I I would like 0 data and 0 demonstration I 

of the following B&L Dynoptic Microscopes: MAil COUPON FOR I 0 Laboratory DATA AND DEMONSTRATION 
I 0 Research 

I 0 Polarizing 
I 0 Metallurgical BAUSCH &- LOMB 
I 
I NAME, TITLE ...................................................... . I PROFESSIONAL ADDRESS 

SlN"V"" 

I ............................. . I 
I ......... .......... .... .. . .  . 
L ___________________ J 

born in England and educated in Ire
land, where he entered the Jesuit Order. 
He acquired his bachelor's and master's 
degrees in mathematics and physics at 
University College, Dublin, and his 
doctorate at the National University of 
Ireland. Father O'Connell was at the 
Harvard College Observatory from 1931 
to 1933; then he went to the Riverview 
College Observatory in Australia, where 
he served as director from 1938 until 
he went to the Vatican Observatory in 
1952. He is president of the Commission 
on Eclipsing Binaries of the Interna
tional Astronomical Union. 

HELEN GAY ("Nuclear Control of 
the Cell") is a research associate in the 
Carnegie Institution of Washington's 
Department of Genetics at Cold Spring 
Harbor, N.Y. A native of Pittsfield, 
Mass., she attended Mount Holyoke Col
lege, planning to major in languages or 
history. A zoology course taught by Ann 
Haven Morgan changed her mind, and 
in 1940 she took her B.A. in zoology. 
She obtained her M.A. at Mills College 
and her Ph.D. at the University of-Penn
sylvania. During World War II she did 
research at the National Institutes of 
Health. Since then, with three years out 
to earn her Ph.D., she has been at Cold 
Spring Harbor. 

WALLACE O. FENN ("The Mech
anism of Breathing") is professor of 
physiology at the School of Medicine and 
Dentistry of the University of Rochester. 
He received his degrees from Harvard 
University, taking his Ph.D. there in 
1919. Among the physiological topics in 
which he has been interested are muscle, 
nerve, potassium and other electrolytes, 
respiration and aviation medicine. He is 
chairman of the Panel on Underwater 
Swimmer Technology of the National 
Research Council and is a member of 
the Committee on Space Research of 
the International Council of Scientific 
Unions. Fenn has served as president of 
the American Physiological Society, of 
the American Institute of Biological Sci
ences and of the Society for Experi
mental Biology and Medicine, and is 
now secretary-general of the Interna
tional Union of Physiological Sciences. 

SIR GEORGE CLARK, who reviews 
Volume I of The Correspondence of 
Isaac Newton in this issue, retired in 
1957 as provost of Oriel College, Ox
ford. He has been professor of economic 
history and modern history at the uni
versities of Oxford and Cambridge and 
has served as president of the British 
Academy. 
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complex 
jet engine 
componentry 
This complete jet turbine wheel 

is a product of Kelsey-Hayes, 

Jackson, Michigan plant. 

Its high standards of performance 

reflect Kelsey-Hayes' capabilities 

in the production of crucial 

rotating machinery, components 

and assemblies. 

As a major subcontractor to the 

aerospace industries, Kelsey-Hayes' 

capabilities also include the 

production of vacuum-induction

melted alloys, as well as design, 

development and production of 

advanced thrust vectoring devices. 

Kelsey-Hayes Company, 

Detroit 32, Michigan. 

KELSEY 
HAVES 
©@)CM1J�ffiOOW 
Automotive, Aviation and Agricultural Parts 
Hand Tools for I ndustry and Home 
18 PLANTS: Detroit and Jackson, Michigan; 
LOB Angeles; Philadelphia and McKeesport. 
Pennsylvania; Springfield, Ohio: New Hartford 
ant.f Utica, New York; Davenport, Iowa; 
Wtndsor. OntariQ, Canada. 
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Bendix electrically excited shock tube 
can be photographed by illumination 
from hot gases. 

PLASMA PRODUCTION 

... for magnetohydrodynamic investigations 

Hypersonic flight can generate ionized shock layers with 
free electron densities as great as 1012 particles per cc. 
Temperature near the stagnation point can be as high as 
7000°C. This is the self-generated environment of a 
missile or aircraft traveling at Mach 20 in the upper 
atmosphere. 

To create these conditions in the laboratory for 
magnetohydrodynamic and electromagnetic propagation 
investigations requires a hypersonic wind tunnel. The 
Bendix electrically excited shock tube is such a research 
tool. Discharge of a capacitor bank into a conical region 
at one end of the tube instantly creates a shock wave 
which is driven down the length of the tunnel past the 
test body. Flow velocities up to 75,000 fps and tem
peratures of 20,000°C can be generated. 

By passing electric and magnetic fields through the 
plasma in the shock tube, Bendix engineers can measure 
the attenuation of radio transmission through the ionized 
layer surrounding hypersonic vehicles. They can also 
investigate the acceleration of conducting gases for space 
propulsion, and the feasibility of direct conversion of 
thermal energy to electrical energy.· 

Plasma production is one of the projects being carried 
out at Bendix Systems Division to solve the technical 
problems which are the keys to the systems of the future. 
Other investigations include satellite communications 
systems, navigation satellites, advanced infrared recon
naissance, and the EAGLE Air-to-Air Missile System. 
Inquiries are invited from better engineers also looking 
to the future. 

Bendix Systems Division �ncft/ 
ANN ARBOR, MICHIGAN AVIATION CORPORATION 
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first solid state 

engineering computer 

in the low-price field 

Here is a new and powerful stored program, desk-size com

puter designed to bring more computing ability to engineering 

problems at low cost. 

Transistorized throughout, the IBM 1620 is the only solid 

state, core-storage computer in its price class. 

Easy to learn-easy to operate-easy to communicate with 

-this powerful computer relieves engineers from routine 

calculations-frees them for creative tasks. 

Data is fed into the 20,000-digit magnetic core memory of 
the 1620 via punched paper tape. Alpha-numeric output is 

printed at the console typewriter in desired format, under 

stored program control. 

This new computer with its two-address instruction format 

and variable field length, gives you up to 50% more storage 

capacity than a fixed word· length system. 

All notations of input and output are in the decimal system. 

An unlimited decimal field and internal self· checking assure 

accuracy. A powerful two-address instruction format adds to 
the 1620's timesaving capabilities. 

Programming is simplified through the use of IBM Fortran 

-a mathematical programming system which compiles ma

chine instructions from algebraic and English language nota

tion. A library of programs for standard engineering compu

tations will also be part of the 1620 package. 

Call your IBM representative-ask him to show you all the 

unique features of the IBM 1620. Like all IBM data pro

cessing equipment, this system may be purchased or leased. 

BALANCED DATA PROCESSING 

Balanced Data Processing combines systems and services insepa
rably to produce performance in the best tradition of more than 
45 years of IBM experience. It means more productwn per data 
processing dollar for you. 
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SPARROW III 
NIKE HERCULES 

SIDEWINDER 

REGULUS II 
VANGUARD 

PERSHING 

BULL PUP 

POLARIS 

CORVUS 

FALCON 

!Vew�. Processes Improye instrument SenslliWty.1 
In delicately-precise instrumentation, parts must react 
to relatively small rotive forces. Here . . .  bearing 
torque is the highly critical factor. Separator selection, 
bearing finish and clinically clean assembly areas are 
extremely important. 

It"s here that New Departure is setting new industry 
standards! Special dies and in-process gauging of 
separators assure ball retention with improved torque 
and vibration characteristics. In addition, new N.D. 
honing processes and Talyrond gouging deliver uniform 
accuracy to millionths of an inch. Moreover, having 
originated the first bearing industry "white room", 
followed by continuous experience, New Departure's 

present day, modern assembly areas approach 
fantastic levels of cleanliness. 

An everyday example of N.D'-s contribution to improved 
instrument sensitivity can be found in the Smithsonian 
Institution-selected Micro Clocks. These vitally important 
instruments are accurately tracking both U.S. and 
foreign satellite movements in time determinations of 
, milli-second ... and better! 

For new performance and reliability in your precision 
instruments, ask your N.D. Miniature/ Instrument Bearing 
Specialist to sit in on early design level discussions, For 
further information call or write Department L.S., New 
Departure Division, General Motors Corp., Bristol, Conn. 

�. / 
........... lee!55: � I • F;;;;;" !'� i !It I .'_-,,' 11=::::tr i++ 

IUIINIATURE & �RUIUIENT BA .... BEARINGS -;:'o��d reliability you can build around 
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ADIPRENE® L 
new Du Pont liquid urethane elastomer 

CARRIES A HEAVY LOAD An outstanding attribute of 

this new Du Pont synthetic rubber is its combination of toughness, 

high load-carrying ability and resilience. Load-bearing capacities of 

hard ADIPRENE L compounds far excel those of general purpose 

synthetic rubbers .. 

RESISTS ABRASI ON Both in the laboratory and in 

actual service, ADIPRENE L has demonstrated its ability to resist 

wear. On industrial wheels it has outlasted natural rubber as much 

as 10 times ... has more than doubled service in pump impellers 

handling abrasive slurries. 

NOT BRITTLE AT "EIGHTY BELOW" ADIPRENE L 

vulcanizates maintain their resilience at �20° F .... and do not 

become brittle at temperatures as low as -800 F. They exhibit out

standing resistance to thermal shock, and will operate at intermit

tent temperatures as high as 2500 F. 

OTHER PROPERTIES Products made from ADIPRENE L are available in 

various hardnesses from 10 to 99 Shore A (78 Shore D ). They resist the action of 

lubricating oils, greases, weak acids, alkalies, as well as oxygen, ozone and radiation. 

Suggested uses for ADIPRENE L include industrial rolls, motor mounts, seals, potting 

compounds, solid tires, striker plates, wear-resistant linings and coverings. Write 

for booklet on properties and applications of this new material. E. I. du Pont de 

Nemours & Co. (Inc.), Elastomer Chemicals Dept. SA-I, Wilmington 98, Delaware. 

SYNTHETIC RUBBER 
NEOPRENE HVPALON® VITON® AOIPRENE® 

Better Things for Better Living . . . through Chemistry 
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William Harvey ... on the quest for l�nowledge 

''True philosophers, who are only eager for truth 
and knowledge, never regard themselves as 
already so thoroughly informed, but that they wel
come further information from whomsoever and 
from wheresoever it may come; nor are they so 
narrow minded as to imagine any of the arts or 

sciences transmitted to us by the ancients in such a 

state of forwardness or completeness that nothing 
is left for the ingenuity and industry of others. On 
the contrary, very many maintain that all we know 
is still infinitely less than all that still remains 
unknown." 
..... Letter to the Royal College of Physicians, 1628. 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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The 600-Foot Radio Telescope 

The world's largest steerable telescope zs under construction zn West 

Virginia. Its great power to gather radio waves and resolve ·celestial 

radio source" prOlnises inlportant advances in knowledge of the universe 

B
y 1962, in a secluded valley in 

West Virginia, a radio-telescope 
reflector as big as a stadium will 

be majestically tracking the sky. It will 
have a diameter of 600 feet, a circum
ference of nearly a third of a mile and 
a reflecting surface of more than seven 
acres. It will tower to the height of a 66-
story building above the semi wilderness 
around it. Yet this huge instrument will 
be able to sweep the entire sky above it 
and to point at any spot with high pre
cision. 

The U. S. Navy started to build the 
$79-million apparatus last summer. For 
half of each operating day it will be used 
to conduct classified research for the 
Navy in such fields as ionospheric phys
ics, communications and navigation. 
During the other half of the day the 
gigantic parabolic reflector will be avail
able to astronomers for basic studies in 
radio astronomy, extending our knowl
edge of the solar system, the galaxy and 
the cosmos beyond. 

The very size of the 600-foot radio 
telescope is the justification for building 
it. Like the mirror in a light-gathering 
telescope, the parabolic reflector is sim
ply a device to collect and focus electro
magnetic radiation. The larger the re
flector, the more radiation it can collect. 
The radiation-gathering power of any 
telescope increases approximately as the 
square of the increase in its diameter. 
The 200-inch mirror on Palomar Moun
tain that collects radiation in the optical 
part of the spectrum can gather more 
than 1,000 times as much light as an 

by Edward F. McClain, Jr. 

amateur's six-inch telescope. A 600-foot 
radio telescope, with a diameter 12 
times that of a 50-foot instrument, col
lects 144 times as much radiation. 

Radio astronomers have a second 
compelling reason to want such a big 
telescope. This is the need for resolving 
power, or capacity to distinguish celes
tial objects and locate them accurately. 
The resolving power of a telescope is 
theoretically equal to its aperture, or di
ameter, divided by the wavelength of 
the radiation with which it works. Since 
light waves are of the order of a 50,000th 
of an inch long, the 200-inch telescope 
has an aperture 10 million times the 
length of the waves of light. As a result it 
can ideally discriminate an object in the 
sky that has a diameter of only .023 sec
ond of arc (the best the human eye can 
do is about one minute of arc). The 
electromagnetic waves gathered by a 
radio telescope are hundreds of thou
sands and even millions of times longer 
than light waves. Because radio waves 
are so very long, a radio telescope must 
be extremely large if it is to have ade
quate resolving power. 

It would take the impossible diameter 
of more than 1,000 miles to achieve an 
aperture 10 million times the length of 
the astronomically important 21-centi
meter (8.27 -inch) waves radiated by the 
cool hydrogen in space. The 600-foot 
diameter of the biggest radio telescope 
will be only 900 times the length of 21-
centimeter waves. An optical-telescope 
mirror with a dIameter only 900 times as 
long as light waves would be about a 

50th of an inch in diameter. Thus the 
600-foot telescope is optically minuscule 
in comparison with the 200-inch. None
theless it is as large a precision instru
ment as today's engineers can design and 
construct. 

T 
he contrast between the resolving 
power of an optical telescope and 

that of a radio telescope can be visual
ized in terms of their capacity to distin
guish two imaginary sources of radiation 
on the surface of the moon, some 240,-
000 miles away. If the sources were two 
bright lights, the 200-inch telescope 
would recognize them as two spots when 
they were about 200 feet apart; the tele
scope would see them as a single blurred 
light when they were closer together. 
The human eye would see them as two 
lights if they were 72 miles apart. (It 
should be said, however, that the dis
crimination of the eye is limited not by 
its optics but by the coarse "grain" of 
the receptors in the retina.) If the 
sources were transmitters broadcasting 
on the 21-centimeter wavelength, they 
would have to be some 360 miles apart 
for the 600-foot telescope to "see" them 
as a pair and not as a single source. At 
42 centimeters they would have to be 
720 miles apart, because resolving pow
er is halved when wavelength is dou
bled. On the other hand, if the 200-inch 
Palomar telescope were "tuned" to 21 
centimeters, it would have so little re
solving power as to be practically blind. 

The resolving power of the 600-foot 
telescope will achieve a considerable 
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APPEARANCE OF THE TELESCOPE when it is completed is de· 

picted in this drawing. The instrument will stand 665 feet high, 
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and will incorporate 20,000 tons of steel and 600 tons of alumi· 

num. Its scale is suggested by the tiny human figures at lower right. 
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advance on the capacity of the smaller 
instruments that have opened up the 
universe of radio astronomy. The 50-foot 
parabolic reflector at the Naval Research 
Laboratory in Washington, for example, 
could not even fully resolve the moon at 
21 centimeters. At this wavelength it 
has a theoretical beam width (equiv
alent to resolving power) of 47 minutes 
of arc, while the moon subtends 30 min
utes of arc in the sky. The highly pro
ductive 82-foot telescope at Dwingeloo 
in the Netherlands has a beam width at 
21 centimeters of 34 minutes. In con
trast, the 600-foot antenna will achieve 
a resolving power of five minutes, or 
a 12th of a degree. 

In the early days of radio astronomy, 
one and two decades ago, it was not the 
lack of resolving power so much as the 
poor radiation-gathering capacity of 
radio telescopes that made radio as
tronomers want larger instruments. The 
workers employed their relatively small 
telescopes mostly for tuning in on the 
sun, primarily because it emits strong 
signals. They needed larger instruments 
to develop information about the far 
weaker radio sources that were thought 
to exist outside the solar system. 

After World War II (and partly as a 
consequence of the intensive wartime 
development of radar) electrical engi
neers, physicists and astronomers in sev
eral countries entered radio astronomy. 
The British now have the world's largest 
steerable telescope, the 250-foot parab
oloid at Jodrell Bank. The Australians are 
building a 210-foot telescope. The larg
est comparable instrument in this coun
try is the 140-foot telescope nearing com
pletion at the National Radio Astronomy 
Observatory at Green Bank, W. Va. 

About 12 years ago two groups at the 
Naval Research Laboratory almost si
multaneously decided that they badly 
needed and might obtain a gigantic tele
scope, 500 or 600 feet in diameter. One 
group was made up of radio astronomers 
who were planning the 50-foot telescope 
mentioned earlier. The other group con
sisted of communications engineers led 
by James H. Trexler, who had the in
triguing idea of employing the moon as a 
reflector to relay communications around 
the world. In 1951 Trexler undertook to 
test his theory. Subsequent studies led 
to the construction of a stationary re
flector 220 by 263 feet, the surface of 
which was set in a hole scooped out of 
the ground at a Navy research station 
in southern Maryland [see top illustra
tion on page 50]. By 1956 his group 
was able to bounce radio signals off the 
moon and to achieve excellent tele
type transmission between Maryland 

and both the West Coast and Hawaii. 
In 1956 the two Naval Research Labora
tory groups formulated the initial speci
fications for a large steerable telescope 
in a document for the Bureau of Yards 
and Docks, the Navy's agency for shore 
construction. Exhaustive engineering 
studies by the Bureau and its contractors 
showed that the 600-foot instrument was 
feasible, and Congress approved the 
project two years ago. 

Construction of the telescope is now 
under way in a small valley surrounded 
by protective mountains near the tiny 
community of Sugar Grove, \\T. Va., 
about 30 miles east of Green Bank. The 
telescope will rise to the imposing height 
of 665 feet above the floor of the valley. 
It will require 20,000 tons of steel, 600 
tons of aluminum and 14,000 cubic 
yards of concrete. (The 200-inch tele
scope weighs about 500 tons.) The re
flector will be cradled in two structures 
resembling Ferris wheels, which will tilt 
it to any angle of elevation from zero to 
90 degrees. To turn it a full 360 degrees 
in the horizontal plane the entire struc
ture will ride on trucks on a circular rail
road track. The instrument will thus be 
just as movable as the great optical tele
scopes. An inertial-guidance system
controlled gyroscopes that maintain their 
position in space regardless of such out
side influences as the motion of the 
earth-will direct the instrument so pre
cisely that it will point to a spot on the 
celestial sphere that is no larger than a 
60th the diameter of the moon, or 30 
seconds of arc. 

An aluminum-wire screen will provide 
a smooth surface for the reflector. The 
screen will be divided into individual 
panels that will be adjusted automatical
ly by servomechanisms to compensate 
for distortions caused by wind, tempera
ture changes and the immense stresses of 
gravity to which the reflector will be 
subjected when it moves. The surface 
must maintain itself very close to the 
parabolic configuration at all times if 
the radio reception is to be free of dis
tortion. The surface must not vary from 
a true paraboloid by more than plus or 
minus one inch when the telescope 
is working at the relatively short wave-

. length of 21 centimeters. This may ap
pear to be a rather large tolerance. But 
it is the same-an eighth of a wavelength 
-as that permitted in the 200-inch Palo
mar telescope. If the surface of the 200-
inch telescope departs from a pm'abo
loid by more than a 200,000th of an inch, 
the image of a star becomes fuzzy and 
virtually worthless for observation. The 
huge piece of glass is subject to distor
tion by gravity and even more by tem-

perature changes. To correct the gravi
tational distortion, weighted-lever mech
anisms are mounted at the underside of 
the mirror; they keep its surface true by 
automatically pushing at its back as it 
is tilted. The servomechanisms in the 
600-foot radio telescope will have the 
same function, and they will compensate 
for the other distortions as well. 

The radio astronomer will have a new 
experience when he uses the huge re
Rector. With telescopes having a diame
ter of 100 feet or less, he usually has 
complete control of the movement of the 
instrument, and he may alter his experi
ment at will simply by turning a knob 
or throwing a switch. It is probable that 
no human operator will ever have his 
hands directly on the controls of the 600-
foot telescope. Instead, the astronomer 
will submit a detailed description of his 
experiment some time before it is to be 
done. An expert operating crew will pro
gram the experiments, along with others 
to be carried out that particular day, 
on punch cards or tape to be fed into 
computers that will direct the inertial
guidance system. The Naval Research 
Laboratory will install various types of 
receiving apparatus to be placed at the 
focus of the telescope, 240 feet above 
the center of the reflector. Some as
tronomers may wish to install their own 
equipment. The visiting astronomer will 
probably place his instruments in a 
gondola-like structure to be hoisted into 
position at the focus just before his ob
servations begin. The data obtained dur
ing observations will probably emerge 
on punch cards or tapes, which the 
astronomer can take to his home labora
tory for analysis on his own computing 
machines. 

S ince radio astronomy is concerned 
with virtually all physical processes 

that occur in the universe, from those in 
the earth's atmosphere to those in the 
deepest reaches of space, the 600-foot 
telescope will have a crowded agenda. 
The Navy has established a consulting 
committee representing such fields as 
communications, astrophysics and cos
mology to assist in the selection of 
projects that will most advantageously 
exploi t the unique capabilities of the in
strument. Within this limitation, radio 
astronomers from universities and other 
institutions as well as from the Naval 
Research Laboratory will be able to use 
the telescope during the half of each day 
that it is devoted to astronomy. 

In almost every observation they make 
with the 600-foot telescope, astronomerS 
will be taking advantage of both its high 
resolving power and its great capacity 
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to gather radiation. The size of the re
Hector supplies both characteristics, and 
they are interdependent. For most proj
ects, however, one is more important 
than the other. 

The resolving power of the instrument 
will be especially valuable in studies of 
the solar system. Measurements made 
with smaller telescopes indicate, for ex
ample, that the surface of the moon re
mains warm for a time after it has turned 
away from the sun, and that it remains 
cool for some days after it has turned 
toward the sun. This suggests that the 
lunar surface is insulated, perhaps by a 
layer of fine dust. The resolution of pres
ent radio telescopes at wavelengths of 
21 centimeters or more is so poor, how
ever, that they can make only the crudest 
measurements of the difference in tem-

perature at various pOints on the moon's 
surface. At 21 centimeters the 600-foot 
telescope has a beam width one sixth 
the apparent diameter of the moon; 
hence at this wavelength it could make 
a six-line "picture" of the moon. This is 
not a fine-grained picture compared 
with that presented by the 480 lines on 
a television screen, but it might help 
to correlate radiation temperatures with 
some of the specific geographical fea
tures of the moon. 

The sun, like the moon, subtends 30 
minutes of arc. It is the most intense 
radio source in the sky, and although it 
has been studied for years, only a few 
instruments have been able to distin
guish among radio emissions from vari
ous parts of the solar disk. The 600-foot 
telescope will be able to follow single 

spots on the sun if they are far enough 
apart, and will even make measure
ments of the radiation from the spec
tacular solar Hares that attend the ap
pearance of sunspots. 

T 
he planets are, of course, too small 
to be resolved even by the 600-foot 

telescope. Jupiter, the largest of the 
planets, presents the largest planetary 
image in the sky, but it subtends an an
gle of only 47 seconds of arc. At wave
lengths up to several meters, however, 
the new telescope will still receive useful 
radio emission from Jupiter, extending 
observation of the planet into wave
lengths now virtually closed to radio 
astronomy. 

Existing radio telescopes have picked 
up radiation at shorter wavelengths from 

SITE OF THE TELESCOPE is in a valley surrounded by hills 

that will protect the structure from high winds. A 60·£00t radio 
telescope to supplement the 600·{00t is visible below con· 

struction area. The nearest town is Sugar Grove, W. Va. 
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Venus, Mars, Jupiter and possibly Sat
urn. The results are most interesting in 
the case of Venus and Jupiter. With the 
50-foot reflector at the Naval Research 
Laboratory, Cornell H. Mayer, Timothy 
McCullough and Russell Sloanaker have 
made the surprising discovery that the 
radiation from Venus at centimeter 
wavelengths indicates a surface temper
ature of approximately 600 degrees Kel
vin (621 degrees Fahrenheit) . Measure
ments in the infrared region of the 
spectrum had shown a temperature of 
about 250 degrees K. (nine degrees be
low zero F.) at the top of the planet's 
cloud cover. Radio measurements of 
Jupiter are even more startling. About a 
year ago Sloanaker, working at 10 centi
meters, found a temperature of about 
600 degrees Kelvin, much higher than 

optical measurements had led us to ex
pect. At 22 centimeters, Frank Drake of 
the National Radio Astronomy Observa
tory has recently detected temperatures 
in the neighborhood of 2,000 to 3,000 
degrees K. Such a high temperature sug
gests a nonthermal source of radiation, 
perhaps electrons accelerated to speeds 
near that of light by strong magnetic 
fields. The temperature may also have a 
thermal origin, perhaps a very hot layer 
below the top of Jupiter's atmosphere. 
The energy-gathering power of the 
600-foot telescope at longer wavelengths 
may settle this question. 

In contrast to Venus and Jupiter, Mars 
and Saturn show temperatures in the 
radio spectrum that agree reasonably 
well with those found in the optical 
spectrum. Radio emissions from Saturn 

are so weak, however, that little more 
than detection has been achieved. In
deed, all of the radio observations of 
planets lie at the limits of present in
struments. The radiation-gathering as 
well as the resolving power of the 600-
foot telescope will help put the observa
tions on firmer ground. Radiation from 
celestial sources falls off to low energy
levels by the time it reaches a radio 
antenna, in some cases to as low as a 
few hundredths of a degree K. of equiva
lent temperature. Circuit noise inside 
even the best conventional receiver may 
correspond to temperature as high as 
1,000 to 2,000 degrees. Recently masers 
and parametric amplifiers, both solid
state devices, have lowered receiver 
temperatures to around 100 degrees K. 
By careful control of the variation in cir-

TWIN ERECTION TOWERS to be used in building tbe telescope 

are each 90 feet square and 420 feet high. They will have derricks 

on top with booms 200 feet long. The towers will be removed when 
the telescope is completed and put into service during 1962. 
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"HOLE·IN·THE·GROUND" ANTENNA devised by James H. Trexler bounces radar 

signals off moon. Paraboloid, 220 by 263 feet, is at Naval Research Laboratory station in 

Maryland. Large boom over surface moves to track the moon through restricted rauge. 

TWIN 90·FOOT ANTENNAS at Bishop, Calif., are the largest steer able paraboloids oper· 

ating in the U. S. They are on tracks so that distance between them can be varied when they 

are used as interferometers. They are operated by the California Institute of Technology. 
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cuit noise, however, and by elaborate 
programs of analysis carried out on elec
tronic computers, it is possible to distin
guish the signal from the noise and to 
derive useful data. Seven acres of re
Recting surface will gather a great deal 
of energy, considerably improving the 
signal-to-noise ratio and giving the data 
higher reliability. 

The 600-foot telescope may be used 
as a transmitter as well as a receiver, and 
so will make important contributions to 
radar studies of the solar system. The 
employment of existing radio telescopes 
in this work has produced some tantaliz
ing results. When the 84-foot-reRector at 
the Lincoln Laboratory of the Massa
chusetts Institute of Technology was 
used to bounce radar signals off Venus, 
it took almost a year of work by a com
puter to differentiate the faint echo from 
the noise of the receiver. A similar ex
periment with the moon as the target 
kept a computer at the Naval Research 
Laboratory busy for seven months in 
1957. Trexler was able to overcome the 
signal-to-noise problem with his big re
Rector set in the ground, but his work 
was limited by the immobility of the re
Rector, which could function only when 
the moon was at certain positions. With 
its great power-gain and high resolution 
the 600-foot telescope should obtain ra
dar echoes fairly �asily from the moon, 
Venus and Mars and perhaps even Jupi
ter. These measurements, apart from 
their inherent interest, will fix solar sys
tem distances with the great precision 
necessary to plan space-vehicle orbits. 

R
adar echoes will be especially useful 

in studies of the sun and its corona. 
Careful measurement of the time re
quired for signals to travel to and from 
the sun will show how far above the 
sun's surface the signals are reRected. 
Such data will provide an independent 
measurement of the height at which 
various phenomena occur in the solar at
mosphere. Closer to home, particles sent 
out by the sun during a Rare may at 
times intercept a radar beam between 
the earth and the moon, causing meas
urable delays in the return of the signa\. 
At present the signal-to-noise ratios in 
moon-radar systems are so small that 
such delays have not been detected. 
The 600-foot telescope should yield 
rather accurate measurements of the de
lay and thus an indication of the quan
tity of solar particles. The instrument 
may even be able to detect an echo from 
the particle clouds themselves. 

In its work on the solar system the 
600-foot telescope will greatly assist the 
instrumentation of deep-space probes. 
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At the very least it will establish the 
order of magnitude of some of the phe
nomena to be encountered. As a result 
of its findings a rocket to Jupiter might 
be equipped to measure strong magnetic 
fields and one to Venus to measure high 
surface-tempera tures. 

Resolving power is an important con
sideration in radio observation beyond 
the solar system as well as within it. The 
600-foot telescope will help to deter
mine, for example, whether the radia
tion of hot, ionized hydrogen from cer
tain regions in the central plane of the 
galaxy originates from a uniformly dis
tributed source or from a large number 
of discrete sources. At 21 centimeters it 
will resolve in much greater detail the 
distribution of the clouds of neutral (un
ionized) hydrogen that mark out the 
arms of our galaxy. The high resolution 
of the instrument at this wavelength will 
even play a useful role in extragalactic 
astronomy. The Great Nebula in Andro
meda occupies five degrees of arc in the 
sky, 60 times the five-minute beam width 
of the 600-foot telescope. Thus it should 
be possible to make detailed maps of the 
radio image of this galaxy. 

The great radiation-gathering power 
of the 600-foot telescope will demon
strate its special value in the study of 
certain major questions confronting ga
lactic and extragalactic astronomy. Our 
galaxy, for example, is enveloped in a 
spherical "halo" that emits weak radio 
signals; the same appears to be true of 
the Andromeda nebula and other galax
ies. Determination of the source of this 
radiation would clarify the processes in
volved in galactic evolution. The 600-

foot telescope will also be used to seek 
radio emission and absorption lines from 
material other than hydrogen. Some of 
the materials which are possible emitters 
or absorbers in the radio spectrum are 
helium, deuterium, sodium, aluminum, 
potassium, chlorine and the chemical 
radicals OH and CH. The relative abun
dance of these materials has a bearing on 
the life history of stars. If their radio lines 
exist at all, they are extremely faint. The 
question of the distribution of matter, 
especially hydrogen, in intergalactic 
space is a crucial one in cosmology; emis
sions from this source, if any, have es
caped detection by existing instruments. 

/\ n especially vexing question in radio 
ft astronomy is the determination of 
distances of radio sources. It is impossi
ble at present to distinguish a low-in
tensity source inside the Milky Way from 
a high-intensity source located at a great 
distance outside, except in the few cases 
in which sources are clearly identified 
with optically visible objects at known 
distances. Perhaps the 600-foot telescope 
will find some phenomenon, analogous 
to the variable stars and galactic clusters 
of optical astronomy, to give radio as
tronomy its distance scale. 

Astronomers are looking forward with 
special interest to measurements of the 
red-shift in the radio spectrum that have 
a high priority in the program of the 
600-foot telescope. As is well known, 
the velocity at which objects recede from 
our position in the universe causes the 
emission and absorption lines in the op
tical spectrum of their radiation to shift 
to the longer-wave or red end of the 

spectrum. Since the velocity of the re
treating galaxies increases with their dis
tance, the red-shift constitutes the pri
mary cosmological distance-scale. Ex
periments conducted some years ago by 
David S. Heeschen at Harvard Univer
sity and by A. E. Lilley and the author at 
the Naval Research Laboratory indicat
ed that the red-shift carries over into the 
radio spectrum and may be applied with 
equal confidence to the measurement of 
distance to extragalactic radio sources. 
But neither we nor other workers have 
been able to produce satisfactory con
firmation of these early results. 

One thing the 600-foot radio telescope 
will not do is "see" 40 billion light-years 
into the universe, as has been widely re
ported. In a static universe it could de
tect a bright radio object such as a pair 
of colliding galaxies at that great dis
tance. But in our expanding universe the 
limit of radio observation is in practice 
the same as the limit of observation in 
the visible spectrum-far short of 40 bil
lion light-years. It is the red-shift that 
sets the outer boundary on the reach of 
both kinds of telescope. In the case of 
the radio telescope, the red-shift creates 
a special difficulty; as the spectral line of 
neutral hydrogen moves to longer and 
longer wavelengths it becomes drowned 
in the radio noise of our galaxy, which is 
intense at these wavelengths. The earth's 
ionosphere, furthermore, is generally 
opaque to longer wavelengths. Within 
the confines of the red-shift limitation, 
however, the 600-foot telescope will 
make possible the study of a greatly in
creased number of objects not accessible 
to observation by other instruments. 

THE 250·FOOT TELESCOPE at 10drell Bank in England is now 

the largest in the world. Its reflecting sllrface is steel sheets rather 
than the wire mesh that will be the mirror in the 600·foot 

instrllment. The 10drell Bank telescope was completed in 1957. 
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PREHISTORIC ART IN THE ALPS 

Beginning some 3,000 years ago the people of the Can10nica Valley 

carved the rocks around them with thousands of drawings that show 

the Camunian way of life and the influence of other early cultures 

T
he people of Val Camonica in the 
north of Italy have always known 
of a rock slab in their valley that 

is covered with strange carvings. The 
weathered surface of the rock bears 
the stylized figures of animals and an
cient weapons. Because the rock was 
well known it was seldom talked about, 

by Emmanuel Anati 

and so it lay buried in the casual ac
ceptance of the villagers. 

The first word of the rock reached 
scientific circles in 1914 when A. Laeng 
made a report of it to the Italian Geo
graphic Society. He surmised that the 
carvings dated from pre-Roman times 
and were comparable in antiquity to 

CAMUNIAN CARVINGS OF THE BRONZE AGE depict daggers of Mycenaean type and 
a sun (upper right), daggers of local design (lower right) and yoked oxen (lower left). 
Other carvings crowd the space between. Carvings have been chalked to increase visibility. 

52 

rock carvings that had been found at 
other sites in the Alps. During the next 
few years other engraved rocks were 
discovered, and the task of dating the 
carvings more exactly began to engage 
the attention of archaeologists. Val Ca
monica became the scene of organized 
expeditions in 1956. These were soon 
rewarded with what is probably the 
richest concentration of European rock
carvings yet found. So far more than 600 
rocks bearing some 15,000 carvings have 
come to light. Some rocks, more than 
150 feet long, are crowded with at least 
1,000 carvings of people, animals, 'Neap
ons, tools, houses, carts, altars and sym
bols. In a veritable open-air museum that 
reaches from Lake Iseo to the Swiss bor
der 75 miles away, the rock carvers had 
portrayed in detail the life and history 
of their people. 

Val Camonica, or the Camonica Val
ley, is named for its ancient inhabitants: 
the Camunians. vVhen they were con
quered by the Romans in 16 B.C., their 
center was a village that still bears the 
Roman name Cividate Camuna. Little of 
the pre-Roman history of these people is 
reported by ancient authors. Strabo 
thought that they were a Rhetian tribe, 
Pliny the Elder called them Euganeans. 

The discovery some years ago of two 
small fortified sites, a group of graves 
and some pottery indicated that the val
ley was inhabited between the Bronze 
Age and the fourth century B.C. Though 
numerous remains of stone walls pro
vide evidence that houses or farms had 
been scattered through the woods and 
on the valley slopes, no large villages 
have been uncovered; probably none ex
isted before the era of the Roman con
quest. This is about all that was known 
of Val Camonica's prehistoric past be
fore the rock carvings were found. 

The record disclosed by the carvings 
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PICTURE OF CAMUNIAN HERO with sword and armor of 
Etruscan design was carved in Late Iron Age. Evidence of exter· 

nal influences has helped to determine chronology of Camunian 
culture and to check chronologies of influencing civilizations. 
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IRON AGE OCCUPATIONS were recorded by the prolific artists of 
the Camonica Valley. In tbe pictnre at far left a crew of farmers follows 

a plow drawn by a team of horses; at the right side of the 
second picture a metalworker swings his hammer. In the 

is explicit and detailed; there are places 
in the valley where it is difficult to find 
a single smooth rock-face left bare. In 
the search for more working surfaces, 
some artists chiseled over the works of 
their predecessors. In some places they 
eradicated the older carvings; in others 

A 

B 

c 

D 

E 

2 

they left traces showing through-pre
cious clues to the dating of their own 
and the earlier work. Val Camonica 
is now known to archaeology as the most 
rewarding of the many sites where such 
Bronze and Iron Age pictures are to be 
observed. 

3 4 

When the first rocks were discovered, 
the problem of dating them seemed all 
but insurmountable. There were so few 
carvings that it was impossible to assign 
them to dates or periods on the basis of 
style and subject. Because they had been 
found close together and seemed similar 

5 6 7 

DETAILS OF CAMUNIAN LIFE are depicted in extensive scenes 
carved dnring the Late Bronze and Early Iron ages (Camunian 
Periods III and IV). Among the things shown in this tracing are 
buildings (C 2·3 and C 5·6), a labyrinth (D 2·3), an animal and its 

reflection (A 4.5) and two people carrying a loom (A 7·8). Ritual 
scenes, as at D 3·4, where two dancers perform in ceremonial dress, 
are characterized by figures with arms upraised. Importance of 
deer in Camunian economy is suggested by their frequent occur-
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third picture a lackey leads his master's mount. The scene 
at the right, in which a strangely misshapen human figure 

dances or fights with a huge snake, is representative of the cults that sup
planted the archaic Camunian religion in the latter part of the Iron Age. 

in appearance, many archaeologists 
tried to group the lot in a single period. 
On the other hand, the rocks bore such 
apparently contradictory evidence as 
pictures of weapons from the second 
millennium B.C. and an alphabet from 
the late first millennium B.C. In choos
ing between two dates more than 1,000 
years apart some archaeologists favored 
the first millennium and reasoned that 
the second-millennium weapons had 
been carved in later times for reasons 
of tradition or cult. 

The ambiguities were resolved as the 

9 10 

• 
• 

I 
-

wealth of carvings were uncovered and 
their sheer number made classification 
relatively easy. Such clues as the super
position of later carvings on earlier ones 
and differences in patination helped to 
determine the sequence of execution and 
yielded a table of relative dates and 
artistic periods. Two major clues estab
lished the absolute chronology of the 
carvings: Many of the artifacts depicted 
could be dated by comparing them with 
similar, well-known archaeological ma
terials, and several short inscriptions in 
archaic Retico-Etruscan lettering fixed 
these in a precisely known period. Thus 
the weapons and alphabet, which in the 
beginning had been so puzzling, as
sumed their proper places: not within a 
narrow band of time but at opposite 

ends of a vast period that reached across 
2,000 years from neolithic times to with
in 16 years of the birth of Christ. 

As order was brought to the rich con
fusion of carvings, there unfolded the 
story of how Camunian art and religion 
had evolved. The artist of the late neo
lithic period, reflecting the preoccupa
tions of his time, depicted the most rudi
mentary elements of his experience. His 
subjects were chiefly religiOUS: solar 
disks, labyrinths, strange patterns of 
lines and schematic figures of people 
with arms uplifted in prayer. Most of the 
subjects are isolated and repetitive; ap
parently the idea of organizing them into 
scenes had not occurred to the artist of 
this first period. But there are occasional 
pairs of figmes. A praying figure is 
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renee and by ceremonies centered around tbem (D·E 7·11). Deer 
at E 9 is focus of procession led by chief (E 8·9), the only one al· 
lowed a horse during rituals. Shamans, wearing ritual hats, are at 
D 10. Prowess of hunter at D 10·11 is probably indicated by his 

large spear. Among other activities are worship of deer taken in 
net (D 1l·12), shepherd (D 13) with his dog and flock, hunter and 
deer (D·E 15). Carvings of deer·worship and ritual dances were 
added by artists of Period IV to original scene of Period III. 
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PREHISTORIC ROUTE by which amber was carried from northern Europe to Mediter· 

ranean civilizations was opened in the Early Bronze Age (solid lines). Other routes were 

added in Middle Bronze (short dashes) and Early Iron (long dashes) ages. Routes were 

reconstructed from amber found in archaeological sites. Central route carried important 

influences to Camonica Valley. Area indicated by small square appears on the opposite page. 
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shown with a solar disk or with a deer; 
a deer is pictured with a dagger; the 
symbols for male and female appear 
together. 

Around 1750 B.C. the formal sym
bolism of the first period yielded to a 
freer narrative style. The symbolic dag
ger shown with an animal became a man 
in the act of throwing his weapon at 
the animal. With the new narrative free
dom came the first attempts at compo
sition. The isolated and paired figures 
were united in larger scenes showing 
such ceremonies as weddings and reli
gious rites. 

Val Camonica was not isolated from 
the rest of the world. The carvings of 
each period bear evidence of contact 
with other societies. The weapons de
picted toward the end of Period II are 
very similar to those found in the regions 
that are now East Germany and Hun
gary. There are signs of influence from 
Spain and much to suggest daily contact 
with the nearby Copper Age culture at 
Remedello. Influences from places as dis
tant as Greece and northern and central 
Europe became extensive during Period 
III: the Middle and Late Bronze Age . 

.N.. that time the Mycenaean civiliza-
tion, which preceded the classical 

Greek culture in the Mediterranean, was 
at its peak. The evidence of its influence 
in Val Camonica corroborates the solu
tion of an archaeological riddle that had 
been posed by the finding of amber in 
Mycenaean tombs. Amber, the fossilized 
resin of extinct coniferous trees, was 
prized by the ancients as a precious 
stone. A very important source of it at 
that time was the area which is now the 
Danish province of Jutland and the 
neighboring area of Germany. But what 
archaeologists did not know was the pre
cise route by which the amber traveled 
to Greece. The puzzle was solved when 
J. M. de Navarro, a British archaeolo
gist, traced a line through the European 
sites where amber artifacts had been 
found. The line ran from Denmark down 
the Elbe River, across the Alps, through 
the Adige Valley in Italy and down the 
Po River to its mouth, whence boats car
ried the amber to Greece. De Navarro 
bestowed on the route the name "The 
Amber Road." 

The Alpine leg of the Amber Road 
came close to Val Camonica, and with 
it came the influences of distant cul
tures. Daggers and chariots like those 
found on the stelae of Mycenaean tombs 
now appear in the Camunian carv
ings, along with the first pictures of 
plows and wheeled vehicles. The influ-
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ences were, of course, reciprocal. At 
least O;le blade of the Camunian type has 
been found at Mycenae. Contemporary 
rock-pictures in southern Sweden share 
many stylistiC features with those in Val 
Camonica, and the chariots depicted in 
both places are strikingly similar to the 
Mycenaean. Through the traffic on the 
Amber Road, Val Camonica had more 
contact with Scandinavia and Greece, 
each 1,000 miles away, than it did with 
Mount Bego, another center of rock-en
graving a scant 200 miles to the west. 
Mount Bego, untouched by the great 

prehistoric highway, underwent a very 
different artistic development. 

Perhaps as a result of such contacts, 
the Camunian artist of the Bronze Age 
acquired a broader range of subject mat
ter and a maturer technique to portray 
it. In a style that reflected his greater 
freedom he added fields, plows, carts 
and chariots to the religious scenes and 
symbols he had depicted earlier. He 
reached up from the horizontal surfaces 
to which he had been restricted and 
carved his images on vertical rock-faces. 
In their simplicity and easy composition 

these Bronze Age carvings are among 
the most beautiful of their kind. 

With the coming of the Iron Age, and 
Period IV, the Camunian artist apparent
ly became less preoccupied with religion 
and more interested in depicting the ma
terial aspect of his existence. Scarcely a 
detail of the daily activities about him 
failed to absorb his attention: hunting, 
farming, weaving, house-building, love
making, metalworking, war, death. He 
carved scene upon scene showing entire 
villages with their simple huts and small
er stables or storehouses. Some buildings 

AREAS IN THE CAMONICA V ALLEY where rock carvings were 
found (shading) are labeled in smaller type. The names are derived 

from their topography or from nearby towns (larger type). Region 
depicted here is located by small square on map on opposite page. 
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are complicated structures of at least two 
stories built on piles or platforms. There 
are maplike depictions of cultivated 
nelds around the village, complete with 
details of farming activities. 

Many of these changes must have re
sulted from the partial cultural unifica-

tion that central Europe underwent dur
ing the Iron Age. Though secondary 
local differences persisted, the ages in 
which small, isolated societies stood 
apart were definitely over. The Celts 
spread their influence southward across 
the Alps and the Etruscans northward 

from the Apennines. As early as the 
seventh, and perhaps the eighth, cen
tury B.C. symbols characteristic of the 
Celts were introduced into the Camu
nian record. Etruscan helmets and 
swords entered the engravings of the 
flfth century B.C. The almost total 

CARVING PERIOD PRINCIPAL SUBJECTS __ 1 FEATURES OF STYLE INFLUENCES 
. .. _ ... - . .  �-........ -� ..... -

X 
NEOLITHIC 

0 1750 

~ 
COPPER 

1500 

LJ 
1250 

III BRONZE 

1000 

750 

IV IRON 

500 

250 

B.C. _ 

·"�· .. ··-····t-·,·· 

SOLAR DISKS, LABYRINTHS, 

GEOMETRICAL DESIGNS, 

PRAYING FIGURES 

SOLAR DISKS, LABYRINTHS, 

GEOMETRICAL DESIGNS, 

PRAYING FIGURES 

AND WEAPONS 

SOLAR DISKS, LABYRINTHS, 

GEOMETRICAL DESIGNS, 

PRAYING FIGURES, 

WEAPONS 

AND ANIMAL GROUPS 

SOLAR DISKS, 

LABYRINTHS, 

GEOMETRICAL DESIGNS, 

PRAYING FIGURES, 

WEAPONS, ANIMAL GROUPS 

AND PEOPLE, MAPS 

OF FIELDS AND HOUSES, 

PLOWS, 2- AND 4-WHEELED 

CARTS, CHARIOTS 

SOLAR DISKS, LABYRINTHS, 

GEOMET.RICAL DESIGNS, 

WEAPONS, ANIMAL GROUPS 

PEOPLE, MAPS OF 

FIELDS AND HOUSES, 

PLOWS, CARTS, CHARIOTS 

AND GREAT VARIETY 

OF SCENES, CULT, WAR, 

ECONOMIC LIFE, VILLAGES, 

BESTIALITY, MYTHICAL 

BEINGS 

ISOLA TED OR COUPLED 

SUBJECTS; LACK 

OF COMPOSITION 

FIRST ATTEMPTS 

AT COMPOSITION 

STYLIZED COMPOSITION; 

BEGINNING OF 

MONUMENTAL ART 

MONUMENT AL ART, 

SYMBOLISM, 

RELIGIOUS SCENES 

DECLINE OF 

MONUMENTAL ART, 

DEVELOPMENT OF 

DESCRIPTIVE SCENES 

COMPLETE 

DESCRIPTIVE SCENES 

MINIATURES OF 

CAREFUL DESIGN 

FIRST LARGE 

COMPOSITIONS 

VERY LARGE 

COMPOSITIONS 

DECLINE OF 

DESIGN AND 

COMPOSITION 

II/> 
'0 

c -; 
I m 
}> I/> -; 
-n '" m 

Z 
In 
II 

n m 
Z -; '" 
"f:. 
m 
c '" 
0 -0 m 
}> 

Z 

, 
'Z 

0 '" -; 
I 
-; 
"f:. 
); 
Z 

m -; '" 
C 
I/> 
n 
}> 
z 
}> 
z 
o 

, G) 
I Z � rri I m 

�IA 
Z 
o '" 
o 

In , 

s: 
-< 
n m 
Z 
}> m 
}> 
Z 

z 
o '" 
o 
n 

CHRONOLOGY OF CAMUNIAN ART is charted here with trac
ings of carvings Ihat ilIuslrate changes in style_ At top a male fig-

me worships a solar disk; below it a wedding couple link arms; 
third is a composition with daggers; at bottom a monster gambols. 
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change of pattern in Camunian art re
Rects the impact of these more sophisti
cated societies upon the more primitive 
one. New gods appear. One with horns 
resembles one of the principal Celtic 
deities: Cernunnos. Another, represent
ing the archetype of the craftsman and 
metalworker, is as yet nameless but in 
many carvings suggests the Teutonic 
artisan-god Thor. 

With the new gods came new cults. 
The late-period carvings show 

human and animal sacrifices, worship of 
the dead, harvest rites, sexual inter
course with animals, and a supernatural 
world of monsters, some with horns 
and tails and others with human bodies 
and animal faces. Many scenes show 
men battling against enormous snakes, 
and there are heroic figures armed with 
gigantic weapons. Some connection 
may well be found between the 
Camunian supernatural world and Ger
man mythology, especially with the 
underground monsters of Teutonic my
thology. 

No less richly illustrated is the valley's 
economy. The rock pictures show many 
hunting, pastoral and agricultural scenes. 
In one a fisherman is shown in a small 
boat throwing a net or trap. Fishing 
must have been an important Camunian 
occupation, because the valley is dotted 
with the dried beds of little lakes beside 
which the Camunians must have built 
their pile-supported dwellings. The 
Camunians had a long tradition in 
technology. At least one Bronze Age 
carving shows a network of canals ir
rigating cultivated fields. Iron Age 
scenes depict weaving, metalworking, 
wagon- and weapon-manufacture and 
a house in the process of construction. 

The valley was conquered in 16 B.C. 
by Augustus. Some Latin inscriptions tes
tify to the Camunians' ethnic survival at 
least until the middle of the first cen
tury A. D. A few carvings of castles and 
related motifs show that their carving 
tradition may have been perpetuated 
by their successors until the Middle 
Ages. 

As the work of interpreting the rock 
pictures goes on, we are learning that 
there were chiefs and shamans, nobles 
and servants, and we are glimpsing the 
social institutions that ordered the 
Camunian society. Gradually there is 
emerging a history of the prehistoric 
Camunians that is even more complete 
and more detailed than our knowledge 
of their successors who lived in the 

GLADIATORS armed with shields and short swords or daggers face each other in carving of 
Period IV. Combat scenes became increasingly commou in later periods of Camunian urt_ 

valley from the Roman conquest to WAR AND WORSHIP are combined in this group of carvings, which is part of a larger 
modern times. group. At lower right a wa .... ior with a sun between his legs engages an armed monster. 
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MIGRATING HERD OF CARIBOU was photographed from the 
air as the animals rested on snow·covered ice of a Canadian lake. 

60 

In the fall they migrate from the open tundra to the forested taiga, 

where soft snow·cover permits them to dig down to their fodder. 
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Animals in the Snow 

Aninzals that live ln reglons where snow persists for nlne months 

of the year are adapted to various kinds of snow cover resulting 

from interaction of weather, plants and the contour of the land 

I
f snowflakes were rare objects, gene

rations of graduate students would 
doubtless have received degrees for 

research into the properties and poten
tial uses of snow. As it is, some tens of 
billions of these beautiful crystals of 
frozen water-vapor pile up in each 
square yard of snow of even moderate 
depth. In greater or lesser depth snow 
covers more than half of the land area 
of the Northern Hemisphere at some 
time during the year. In centers of civ
ilization it is welcomed with shovel and 
snowplow; labor and equipment are 
speedily mobilized to clear it from side
walks, streets, driveways, highways and 
airstrips. The very abundance of snow 
seems to have suppressed almost all but 
this negative interest in getting rid of 
it as quickly as possible. In the literature 
of the sciences that ought to be con
cerned there is little to suggest that 
snow is a major element in the environ
ment of life and that it is one of life's 
most interesting provinces. 

To our way of thinking snow would 
seem principally a hindrance to the lo
comotion and food-getting of animals. 
The onset of winter is the occasion for 
spectacular southward migrations of 
birds and mammals. But many crea
tures, by anatomy and behavior, have 
become adapted to survive in snow cov
er that may persist for nine months of 
the year. Some have developed snow
shoes or stilts that permit them to move 
freely above the snow. Others have 
found refuge beneath the snow cover 
and there have occupied a dark, damp 
and silent world with a constant climate 
warmer than that of the world above. 

The biologist who sets out to study the 
role of snow in the life history and dis
tribution of animals must first learn 
something about snow itself. A snow 
cover is by no means simple and homo-

by William O. Pruitt, Jr. 

geneous. The snow cover varies greatly 
in texture and structure from place to 
place and presents sharply contrasting 
environmental situations. On this diverse 
subject the wisest instructors are the 
subarctic Indians and the Eskimos. Long 
ago they fashioned quite different 

technologies to take advantage of the 
special properties of the snow cover in 
the regions they inhabit. They each suc
ceeded, for example, in making snow do 
the service of the wheel. On the wind
hardened snow of the open Arctic tun
dra the Eskimo sled, or "komatik," rides 

SNOW COVER lies at some time in the year on more than half of the land mass of the 

Northern Hemisphere. The limits of the snow·covered (shaded) area are approximate. 
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CHARACTER OF SNOW COVER varies with weather as it ac· 

cumulates. The first snow is compressed by later falls (shaded layer 
at left). Warm, moist winds may thaw the top centimeter (second 
from left) which freezes to a thin, dense crust. Cold, dry winds 

break up the flakes (third from left) and lay down a "wind crust" 

of more densely packed snow. Trees, catching the snow in their 

branches, cast a "snow shadow" on the ground. The ground tempera· 

ture in the shadow is lower than that under the insulating snow covel'. 

upon runners, and is unsurpassed in 
lightness, ruggedness and ease of pull
ing. For the thick, fluffy snows of the 
subarctic forest, or taiga, where the ko
matik would bog down, the Indians cre
ated the runnerless toboggan. The Es
kimos built snug houses quickly and 
easily from roughly shaped blocks of the 

hard tundra snow, though many of them 
have now lost the art. To build a snow 
house in the soft taiga snow the Dindye 
or Kutchin Indians of Alaska first heaped 
up a huge mound, allowed it to harden 
or "set," and then hollowed out a cavern 
inside. On the snow-covered tundra the 
Eskimo can walk almost anywhere with-

out sinking, but in the forest the Indians 
had to devise snowshoes; small ones with 
coarse-meshed webbing for relatively 
dense snow-cover and long, broad ones 
with fine-meshed webbing and turned
up tips for a thick cover of light snow. 
The rich lore of snow that underlies such 
ingenious adaptations is reflected in the 

TECHNOLOGICAL ADAPTATION of Indian and Eskimo reo 

fleets the different quality of the tundra and taiga snow cover. To 
walk upon the light, fluffy snow of the taiga country, Indians must 

use snowshoes; large shoes with fine·mesh webbing for soft, deep 
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ADAPTATION TO SNOW is achieved by three principal routes. 

The varying hare has developed "snowshoes" and so travels on top 

of the snow. The moose is able to manage fairly deep snow on its 

long "stilts." Smaller animals such as the lemming, shrew and vole 

(left to right) live under the snow, finding there a damp environ

ment with a relatively constant tern perature that never falls far be

low freezing. The heat loss due to the high surface-to·volume ratio 

of these small animals would cause them to perish above the snow. 

languages of the northern peoples. Each 
of these languages offers concise words 
to designate particular aspects of snow 
which in English call for cumbersome 
descriptive phrases [see glossary on page 
66]. I have found many of these words 
more suitable than the "official" mete
orological terms for specifying snow 

conditions in their relationship to the 
life of animals that inhabit snowy re
gions. 

The variations in snow cover begin 
with the formation of the snow as it 

falls. In temperate and cold-temperate 
climates, as atmospheric moisture sub-

limes directly from the vapor to the solid 
state, the snowflake builds up as a six
armed star or hexagonal plate with a 
thickness of about .1 millimeter and a 
diameter ranging from one to five milli
meters. Through aggregation as they 
fall, such snowflakes may form extremely 
complex structures. In the arctic or sub-

snow; smaller shoes with wide·mesh webbing for denser snow. 

From roughly carved blocks of hard, dense tundra snow Eskimos 

build igloos. The Indian toboggan is adapted to the soft taiga snow; 

the Eskimo "komatik" rides on runners on top of tundra snow. 
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arctic, snow falls more frequently as 
needles or tiny prisms, ranging in length 
from .1 to three millimeters and in diam
eter from .01 to .2 millimeter. From the 
moment they come to rest on the earth 
or upon snowflakes that have preceded 
them, the delicate stars and flakes 
change their shape. 

The taiga snow, on which my work 
has centered, may best be visualized as 
an emulsion of air and ice, with the vol
ume of air far exceeding that of the ice. 
New-fallen taiga snow may have a spe
cific density only 5 per cent of that of 
water. Beneath the snow cover, as a 
rule, the soil is warmer than the air 
through which the flakes have fallen. 
Heat and moisture therefore flow up
ward from the soil through the snow. 
These temperature and vapor-pressure 
gradients play a crucial role in the his
tory of the cover. Through sublimation, 
molecules of water leave the attenuated 
tips and comers of the flakes below and 
attach themselves to the tips of flakes 

above, which are colder because they 
are farther from the soil. In this process 
the larger and more massive jlakes also 
grow at the expense of the smaller and 
more delicate ones. Eventually the bot
tom layer of the cover assumes a coarse 
granular structure, the so-called depth 
hoar-"pukak" in the language of the 
Kobuk valley Eskimos of Alaska. The 
snow particles next to the ground may in 
time be completely eroded away, leav
ing a vacant space with fragile, lattice
like walls and roof. 

As the cover thickens with successive 
falls, its lower layers are compressed. 
Each snowfall, originating in a unique 
sequence of meteorological events, is 
somewhat different from all others. Thus 
each layer is made of a different type of 
flake or grain and has a different thick
ness, hardness and density. The passage 
of a warm, moist air-mass, bringing 
thawing temperatures and perhaps even 
a light rain, will increase the moisture 
content and density of the uppermost 

centimeter or so of snow. The succeed
ing cold air-mass will freeze the mois
ture, and the snow cover will now pos
sess a hard, dense top-layer, or even a 
crust of ice. This layer may be buried by 
subsequent snowfalls. If it is dense 
enough, it may be impervious to the pas
sage of air and water vapor and so will 
cause a change in the steepness of the 
moisture and heat-flow gradients in the 
cover. Marked fluctuations in the air 
temperature during the accumulation of 
the cover will thus set up complex gradi
ents and a succession of ever changing 
densities and hardnesses within. 

Later in the winter a windstorm may 
sweep over the snow. Reaching down 
through the sheltering spruce trees of a 
taiga the wind picks up the surface flakes 
and tumbles them about, abrading their 
delicate points and reducing the flakes 
to shattered remnants. With their small
er size and simpler outlines, the particles 
nest more closely together, forming a 
hard, dense layer. If this reworking of 

FOREST STATION 
NO CARIBOU 

FOREST STATION 
OCCASIONAL CARIBOU 

FOREST STATION 

CARIBOU CONCENTRATION 
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DISTRIBUTION OF CARIBOU is determined by the character of 

the snow cover. The hardness of the layers in the cross sections of 
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snow is measured by the weight (in grams) that can be supported 

by a square centimeter of the snow. The density is relative to water; 
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the cover is confined to the surface, it 
forms a "wind slab." If it involves the en
tire depth of snow, as happens regularly 
on the tundra, the cover is transformed 
into a hard, dense mass ("upsik") 
capable of supporting the weight of a 
fox, wolf, caribou or man. 

� the snow whispers down through the 
spruce trees, a significant portion 

of it remains caught in the branches. 
The snow that clings to the trees 
("qali") often accumulates in quantities 
sufficient to bend and break mature 
spruces. Indeed, there is evidence that in 
the interior of Alaska breakage by qali in
itiates the cycle of forest succession that 
gives the taiga there its characteristic 
mosaic of evenly aged stands of spruce 
interspersed with stands of variously 
aged willow, alder and aspen. With so 
much snow caught in the branches of the 
spruce there develops around the base 
of each tree a bowl-shaped depression in 
the cover, called a "qamaniq." The soil 

LAKE STATION 

NO CARIBOU 

may be bare at the trunk, and the snow 
gradually increases in depth outward 
from the tree. At the tips of the branches 
the "snow shadow" ends, and the depth 
of the snow increases abruptly. 

As the days lengthen in the spring, 
sunlight striking down through the trees 
melts the top layer. Upon freezing at 
night, the soggy surface forms a "sun 
crust," or "siqoqtoaq." In high altitudes 
and latitudes, where the coming of 
spring brings lengthening periods of 
intense sunlight with the air tempera
ture still far below freezing, the surface 
flakes are transformed into long verti
cal spicules, called ablation needles or 
"qulu." 

For most birds and several of the larg
er mammals the snow cover means dep
rivation of food supply. Their behav
ioral response to this ecological challenge 
is to flee the country that is so ideally 
suited in the spring and summer for their 
reproductive period, the most vulnerable 
in their life cycle. Investigation has 

LAKE STATION 

CARIBOU CONCENTRATION 

shown that in most cases these animals 
can withstand the prevailing winter tem
perature of the regions they abandon, if 
they are provided with sufficient food. It 
must therefore be their inability to pro
cure food from under the snow that in
duces their mass exodus. Among birds 
the migratory species are principally in
sect-eaters and ground-feeders; among 
mammals the most notable migrators are 
the elk and the gregarious caribou. 

I have found that the winter distribu
tion of caribou is quite precisely regu
lated by the character of the snow cover. 
Most of them abandon the tundra and its 
hard-packed snow-cover in the autumn 
and migrate to within the tree line. Aerial 
surveys of wintering bands of caribou, 
combined with on-the-spot analyses of 
the snow cover, show that these animals 
concentrate where the snow is soft, light 
and thin, permitting them to dig through 
it easily to uncover the food below. 
These areas are bounded, as if by a 
fence, by areas where the snow is hard, 

TUNDRA 
NO CARIBOU 

ice has a density of .92. Caribou typically concentrate in the soft 

snow·cover in and around spruce forests, but they also congregate 
in similar cover on lakes to rest and chew their cud. The plants 

across the bottom of this illustration are not drawn to scale. 
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ENGLISH 

SNOW 

SNOW THAT COLLECTS 
ON TREES 

SNOW ON THE GROUND 

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

DEPTH HOAR 

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

WIND·BEA TEN SNOW 

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

FLUFFY TAIGA SNOW 

SMOKY SNOW OR 
DRIFTING SNOW 

SMOOTH SNOW SURFACE 
OF VERY FINE PARTICLES 

ROUGH SNOW SURFACE 
OF LARGE PARTICLES 

SUN CRUST 

DRIFT 

SPACE FORMED BETWEEN 
DRIFT AND OBSTRUCTION 
CAUSING IT 

KOBUK VALLEY 
ESKIMO (ALASKA) 

...........•. 

ANNiu 

OALI 

APi 

PUKAK 

UPSIK 

SIOOO 

SALUMA ROAO 

NATATGONAQ 

SIQOQTOAQ 

KIMOAQRUK 

-_ •.••.. . • ..••.••.....•..................... ............................... [ . ................. . 
SHARPLY ETCHED WIND· 
ERODED SNOW SURFACE 
(SASTRUGi OR SKAVLER) 

...................................... _._----1--
IRREGULAR SURFACE CAUSED 
BY DIFFERENTIAL EROSION 
OF HARD AND SOFT LAYERS 

BOWL·SHAPED 
DEPRESSION IN SNOW 
AROUND BASE OF TREES 

SNOW DEEP ENOUGH 
TO NEED SNOWSHOES 

SPOT BLOWN BARE 
OF SNOW 

AREA OF DEEP SNOW 
THAT PERSISTS 
PERHAPS ALL SUMMER 

KAIOGLAQ 

TUMARiNYIQ 

QAMANIQ 

DINDYE (FORT CHIPEWYAN 
YUKON, ALASKA) (NORTHERN ALBERTA) 

ZA SILlCH) 

DE·ZA nF.rHFN.�' 

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

NON·KOT·ZA SILICH)·DE·TRAN 

ZAI.YA YATH(K)ONA 

SETHICH) Sill CHI· TrCHIRAN·AL 

THEH·Ni·ZEE YATH·THEY· yE·REE.LAY 

ZA·HE·AH·TREE NILrCH ·SEE·NI·rKIOTH 

. ............ ....... .................................. .... ................. ......•...... __ .-

NA-HO.T(CH)RAN 

-)- .. ---t----------.. -... --

ZA·KE.AN·E·HAE 

-- - -

IZHIE·QUIN·ZEE 

DE�··HLC(K) 

SIICH) 

ZA·KAY·TAK·KOK 

Y A TH·NEE·ZUS 

DAY·CHEN·YA TH·DO·DEE 

L 
( 
i YATH.THAY.TIR)AN.AIICHI.HA 

OH·BEH 

YATH.THAy.(AN) 

TERMINOLOGY OF SNOW is enriched by precise words from Eskimo and Indian lan

guages, Each word specifies a snow condition that often requires a full phrase in English_ 
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dense or thick. The critical hardness, 
expressed in terms of capacity to bear 
weight, seems to be around 60 grams per 
square centimeter. The corresponding 
specific density ranges upward from 1 6  
per cent o f  that o f  water t o  that o f  ice 
(which of course has a density somewhat 
less than that of water) , and the fence
forming depth of snow is about two feet 
[see illustration 011 preceding two 
pages]. In the course of a winter the 
caribou herds may be seen to move 
about in accord with the shifting of the 
fences of unsuitable snow, 

In contrast to the caribou, the moose 
is an exemplar of anatomical adaptation. 
Its long legs reach down through the 
snow cover to the firm ground beneath 
and carry its belly well above the surface. 
When the snow cover attains a thick
ness of about three feet, however, stilts 
no longer suffice. At such times the 
moose packs the snow in trails or 
"yards." The alternative to the stilt is the 
snowshoe, and the classic example of 
this adaptation is the oversize feet of the 
varying hare (Lepus americal1lts), But 
wherever the hardness and density of 
the snow fall below a critical level, the 
hare too turns to packing the snow to 
form regular trails and runways, 

T emperature as well as snow cover is 
an important factor determining the 

behavior of animals in the northern win
ter, Only the larger mammals-the hare, 
fox, wolf, lynx and moose-are meta
bolically able to withstand the extremes 
of cold and live above the snow surface, 
Smaller mammals such as shrews, voles 
and lemmings have such a small body 
mass with respect to their heat-dissipat
ing body surface (and such compara
tively inefficient fur) that their metab
olism cannot maintain normal body 
temperature. Their survival in the sub
arctic winter climate is made possible 
only by the behavioral adaptation that 
causes them to seek shelter under the 
taiga snow cover. 

The snow is such an effective insula
tor that the temperature of the mossy 
floor of a mature spruce forest seldom 
drops below 20 degrees Fahrenheit, 
even though the air above may fall to 
50 and 60 degrees below zero F, In the 
interior of Alaska I was once unable to 
detect any temperature change dming 
a period of nine days at a spot in the 
forest floor under a cover of two and a 
half feet of snow, even though the air 
temperature above fluctuated between 
24 degrees above and 28 degrees below 
zero F, Freshly fallen fluffy snow has a 
thermal conductivity of only ,0002 calo-
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rie per square centimeter per second 
through a gradient of one degree centi
grade. Thus vegetation, small mammals 
and hibernating or pupating insects are 
protected from the violent temperature 
changes that characterize the climate 
above the snow cover. 

Small mammals disappear below the 
surface in the autumn when the snow 
cover has built up to a depth of about 
six inches. The temperature of the moss 
and the soil at this time ceases to follow 
the fluctuation of the air temperature. 
A. N. Formozov, the distinguished Rus
sian naturalist, has observed the same 
threshold in the activity of small mam
mals of the taiga in the U. S. S.R. In the 
cyc�e of the seasons the period between 
the onset of subfreezing temperatures 
and the development of the snow cover 
to the critical thickness undoubtedly 
gives shrews, voles and lemmings their 
severest trials. 

Although the temperature under the 
snow cover remains stable from day to 
day, the temperature of the forest floor 
varies strikingly from place to place. 
One would expect, for example, that the 
qamaniq under the snow shadow of the 
spruce would be cold spots. I have 
found this to be true: With the air tem
perature at 25 degrees below zero, the 
soil temperature one inch below the sur
face was 2.5 degrees below zero at the 
base of a tree and 9.5 degrees above 
zero just beyond the qamaniq. Later in 
the winter, with the air temperature at 
33 degrees below zero, the temperatures 
were respectively 6.5 below zero and 
10.5 degrees above zero. The activity of 
the small mammals under the snow re
flects this pattern of temperature at the 
forest floor. Sampling of the population 
by means of live traps under the snow 
shows that red-backed voles avoid the 
qamaniq in favor of those parts of the 
home range under full snow-cover. The 
Russian worker N. V. Bashenina has re
cently shown that carbon dioxide gas 
sometimes accumulates under a taiga 
snow cover in concentrations sufficient 
to cause voles to construct "ventilator 
shafts" up through the snow. At the 
openings of these shafts the voles are 
exposed to predation by owls. Formozov 
believes that it is this habit of the vole 
that permits certain species of owls to 
survive the subarctic winter. 

Since snow is an excellent insulator 
against sound, the winter environment 
of the voles and shrews is silent. It is also 
dark, because a one-foot snow cover 
transmits only 8 per cent of the incident 
light and a two-foot snow cover only 1 
per cent. The air beneath the snow is 

calm and essentially saturated with 
moisture. Hovering between 15 and 25 
degrees above zero for most of the win
ter, the temperature varies quite slowly. 
The subnivean environment is thus 
strangely removed from the subarctic 
winter above the snow, with its brilliant 
days and moonlit nights, its relatively 
sudden and violent temperature chang
es, its winds and forest noises. By di
verse bodily and behavioral adaptations 
the small mammals of the taiga are able 
to utilize this environment and survive 
the northern winter. '''iithout the snow 

cover the region would be deprived of 
most of its mammals. 

'J' here is one mammal, the familiar red 
- squirrel (Tamiasciunts hudsonicus) , 

whose size and weight place it just be
tween the two groups that live respec
tively above and below the snow. When 
the deep cold of the subarctic winter 
settles over the spruce forests of the 
Alaskan interior, the red squirrels shift 
the locus of their activity from the trees 
above the snow to subterranean tunnels 
below. For weeks at a time no red slluir-
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UNDER-SNOW TEMPERATURES recorded through two winters at an Alaskan station 

show the relative stability established by the insulation of the snow. The horizontal dimen

sion of the colored areas indicates the frequency with which each temperature occurred. 
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LAKE SNOW, contoured like sand dunes by the wind, has a relatively high density due to 

abrading and breaking up of the snowflakes, which permits them to pack closely together. 

TAIGA SNOW, sheltered from the wind, tends to be light and fluffy and clings to tbe 

hranches of spruce trees. Beneath the trees at left can be seen the snow shadow or "qamaniq." 
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rels will be seen in the forest. The criti
cal temperature that sends them from 
the environment of the moose, fox and 
lynx into the environment of the shrew 
and red-backed vole seems to lie be
tween 25 and 30 below zero. 

We are indebted to Formozov for a 
scheme that classifies mammals 

on the basis of their adaptation to snow. 
Those animals that are unable to adjust 
to snowy conditions he calls chiono
phobes, from chiOn, the Greek word 
for snow. In North America the prong
horn antelope, the wild turkey and the 
opossum belong to this category. Chi
oneuphores are animals such as the 
shrew, fox, vole, moose and elk, which 
can survive in snowy regions. The small, 
select group of animals such as the vary
ing hare, the North American caribou 
and the varying or "hoofed" lemming, 
which possess definite adaptations for 
snow and are limited to snowy regions, 
are known as chionophiles. This ecologi
cal classification has great possibilities as 
a tool in zoogeographic studies and 
should also underlie all wildlife man
agement programs in snowy regions. 

In Alaska the distribution of the snow 
cover very closely follows the known 
distribution of glacial ice during the 
Wisconsin age, during which the last ex
tensive glaciation occurred in North 
America. Formozov has noted a similar '
relationship between regions of heavy 
snowfaIl in the U. S. S.R. and the region 
occupied by the Dnieper and Don lobes 
of the glacial ice during the Wiirm age, 
which corresponds to the Wisconsin. Un
doubtedly the snow-producing condi
tions that attended the opening of the 
Pleistocene Epoch contributed consider
ably to the wholesale extermination of 
the earlier Pliocene mammals. We may 
find here an explanation for the disap
pearance of such mammals as the mam
moth, mastodon, antelope, and of certain 
species of musk ox in North America and 
the woolly rhinoceros and the "Irish Elk" 
in Europe and Asia. These animals may 
have been chionophobes, tied to envi
ronments that were cold but had little 
snow. As their semiarid arctic prairies: 
retreated poleward before the advance 
of the taiga, with its deep soft snows, the 
doomed chionophobe species may have 
been trapped behind such barriers as the 
glacial Lake Agassiz, which reached 
across North America from Ontario to 
eastern Saskatchewan. Or they may have 
been caught in cul-de-sacs of suitable 
environmental conditions surrounded by 
ever constricting fences of unsuitable 
snow. 
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___ Kodak reports on: 
flnding an organic compound when you aren't sure what you want • • •  four views of a 
1920 Bavarian postage stamp • • •  a polyolefln you can make springs out of 

A devil of a job 

EASTMAN ORGANIC CHEMICALS by fUNCTIONAL GROUPS 

tlF.T£ROCYCLIC CO�f'(lU:'iDS 
C 5�11u. (_,,,,.,..dJ 

C"'_· 

•• ...... k .. _ .... 

'0' .................. "' .. 
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See a typical page from the new "East
man Organic Chemicals Classified by 
Functional Groups." 

Putting this book together was one 
devil of a job. It should have been done 
25 years ago, but we'd kept putting it 
off and putting it off. 

The job was not done by a commit
tee. One man decided how it ought to 
be done and issued appropriate orders 
to his helpers. We hope he has done a 
good job. Some other chemist would 
have done it some other way. The 
other way would have seemed far more 
sensible to the other chemist. That's 
the trouble with committees (although 
they do have their uses). If a committee 
had had to agree on the scheme, you 
would not now be able to obtain a 
copy of Eastman Organic Chemicals 
Classified by Functional Groups by 
merely asking Distillation Products 
Industries, Eastman Organic Chemi
cals Department, Rochester 3, N. Y. 
(Division of Eastman Kodak Co.). 

There are some 3700 Eastman Or
ganic Chemicals for laboratory use. To 
look one up in our regular alphabeti
cal "Eastman Organic Chemicals List 
No. 41" for availability, package size, 
price, structural formula, and MP or 
BP, you must know what specific com
pound you want and how we interpret 

Chemical Abstracts nomenclatural rules 
in naming it. This isn't always easy. 

Now, if you first consult " ... by 
Functional Groups," you see gathered 
together in one handily comprehensible 

list all the compounds we offer that 
contain a given functional group. Each 
compound appears under each of the 
functional groups it contains. 

We think we have done a good thing for 
chemistry and for business. 

About the new x-ray films 

Bavarian stamp of 1920 (Scott No. 052). A. 
Visible light photograph. The design is green 
and the "Deutsches Reich" overprint is black. 
B. Soft x-ray radiograph. Details of both de
sign and paper visible. Design is "negative," 

indicating absorption of x-rays by the ink. C. 
Electron radiograph. Only the details of the 
paper are shown. D. Electron-emission radio

graph. The design is upositive," indicating a 
relatively high electron emission from some 
heavy element in the ink. The overprint cannot 

be seen. 

This is a clever scheme to snare the at
tention of those who use philately for a 
hobby and radiation for a livelihood. 
Having gained your attention, we must 
reward you for it. The reward takes 
the form of a handsome 24-page book 
which contains not only a discussion 
of the above illustrations but (much 
more important) of general techniques 
for radiography by emitted electrons, 
transmitted electrons, soft x-rays, hard 
x-rays, and gamma rays; and (most 
important) operating data about the 
several new and newly improved 
Kodak films for all manner of radiog
raphy and x-ray diffraction. 

Request a copy of the Second Supple
ment to "Radiography ill Modern Industry" 
from Eastman Kodak Company, X-ray Di
vision, Rochester 4, N. Y. To have it make 

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 

full sense, it helps to have a copy of the 
book that the supplement supplements. This 
hard-cover, thoroughly indexed, 136-page 
affair is sold by x-ray dealers for $5. If you 
already own it and have sent in the postcard 
that came with it, you doubtless have al
ready received and read the supplement and 
have been wasting your time for the past 
90 seconds. 

Big one coming 

See what Pioneer Plastics of Jackson
ville, Fla., has done with some of our 
first commercial output from a process 
we have invented for polymerizing our 
high-purity propylene. 

The polypropylene dawn is breaking. 
Polypropylene has a significantly lower 
density than polyethylene. * A pound 
of it therefore yields more funnels, 
beakers, weighing bottles, or anything 
else-dimension for dimension. It 
melts higher. It resists stress-cracking 
better. Its stiffness permits it to hold a 
vacuum under conditions where poly
ethylene would collapse. Its resilience 
permits it to serve as a molded spring 
to seat a check valve, where a spring 
of even expensive alloy would still 
contaminate a reagent. 

As yet we are making 110 excessive noise 
about Tenite Polypropylene, but inquiries 
directed to Eastman Chemical Products, 
Inc., Plastics Division, Kingsport, Tenn. 
(Subsidiary of Eastman Kodak Company) 
will elicit adequate replies. 

• Among the uses of Tenite Polyethylene-may their 
numbers ever grow-we have just heard of one that 
requires neither molding nor extruding. You just 
set out 1.5 kg of the raw pellets outdoors over a 
sheet of polyester in a tray and let them sit there to 
entrap debris from nuclear detonations as it falls 
from the sky. Then you wash them with isopropyl 
alcohol, and, by the use of sieves, analyze for fall
out. They do a better job than washed pea gravel, 
quartz sand, glass beads, or several other granular 
synthetics. Read aU about it in Indus-
trial Hygiene Journa� 20,267 (1959). 

Price quoted is subject 
to change without notice. 

© 1959 SCIENTIFIC AMERICAN, INC



f 
I 

70 

E.M.I. 
This great organization, whose 
research and development lab
oratories produced the world's 
first practical high-definition 
television system, now offers: 

• TheE.M.I. 

Hand and 
Clothing 
Monitor 

• E.M.I. SCIENTIFIC AND 
INDUSTRIAL INSTRUMENTS 
Nuclear safety instruments, wide
range high performance Oscillo
scopes, and Stroboscope Type 6. 

o EMIAC II ANALOG COMPUTER 
Outstanding value - an accurate, 
versatile and easily extensible 
instrument. 

• WIDE RANGE OF E.M.I, TUBES 
Photomultipliers, Klystrons, 
Ma g n e t r o n s ,  Vi d i c o n s  a nd 
special-purpose tubes. 
Full details contained in our cata
log upon request. 

JJ. of. AII_ & eo., Jt.c. 
DEPARTMENT SA-l 

35 OLD COUNTRY ROAD · WESTBURY · N.Y. 

TELEPHONE: EDGEWOOD 4-5600 

T
he antarctic continent, an area as 
large as Europe and the U. S. put 
together, has been removed from 

the sphere of international wrangling 
and dedicated to scientific and other 
peaceful pursuits. Scientific cooperation 
in the region during the International 
Geophysical Year has culminated in a 
treaty, signed by 12 nations, outlawing 
military activities in Antarctica and on 
the shelf ice around it at least until 1994. 
If none of the countries withdraws at 
that time, the treaty will continue in
definitely. 

The agreement declares that "it is in 
the interest of all mankind that Antarc
tica shall continue forever to be used 
exclusively for peaceful purposes and 
shall not become the scene or object of 
international discord. " It therefore bans 
from the region "any measure of a mili
tary nature," including military bases or 
maneuvers and "the testing of any type 
of weapon. " A separate provision pro
hibits the setting-off of nuclear explo
sions in Antarctica or the disposal there 
of radioactive wastes. To enforce these 
bans the signatory nations will appoint 
observers who "shall have complete 
freedom of access at any time to any or 
all areas of Antarctica." 

Noting "the substantial contributions 
to scientific knowledge" resulting from 
international cooperation in the Antarc
tic during the I. G.Y., the treaty provides 
for a systematic exchange of scientific 
plans, personnel and data among the 
signatories. 

The thorny issue of conflicting ter
ritorial claims in the region was "frozen" 

SCIENCE AND 
by provisions that neither the treaty nor 
any activity undertaken while it is in 
force shall strengthen or weaken ex
isting claims, and that no new claims 
may be made for the duration of the 
agreement. 

The nations signing the treaty were 
Argentina, Australia, Belgium, Chile, 
France, Great Britain, Japan, New 
Zealand, Norway, the Union of South 
Africa, the U. S. and the U.S.S. R. 

Nuclear -Test Negotiations 

I-laving agreed to join in keeping the 
Antarctic free of nuclear explosions, 

Great Britain, the U. S. and the U.S.S.R. 
last month resumed their efforts to abol
ish bomb tests over the rest of the earth. 
After almost a year of debate the 
U.S.S.R. consented to a review by a 
committee of experts of the technical 
problem of identifying underground ex
plosions. It had previously insisted on 
a 180-station network, proposed in 1958, 
as the sole basis for negotiation, and had 
refused to consider U. S. data indicating 
that the ability of this system to dis
tinguish explosions from earthquakes 
had been overestimated. 

The experts began deliberations in 
Geneva with instructions to "consider 
all data and studies relevant to the de
tection and identification of seismic 
events" and to "consider possible im
provements of the techniques and in
strumentation. " James B. Fisk, executive 
vice-president of the Bell Telephone 
Laboratories, is the leader of the U. S. 
delegation, which also includes Wolf
gang K. H. Panofsky of Stanford Uni
versity and Carl F. Romney of the Air 
Force Applications Center. Yevgeni 1. 
Federov heads the Soviet team and Sir 
William Penney the British. 

In a statement to the United Nations 
the U.S.S.R. reiterated that it would not 
resume testing unless the Western 
powers do so. The U. S. had formally 
agreed to suspend tests through the end 
of 1959. Henceforth, according to re
ports from Washington, it will be guided 
by the progress of the Geneva talks. 

As long ago as last May the conferees 
had framed 17 articles of a treaty to out
law bomb tests. While the experts were 
meeting they agreed on an additional 
measure: to set up a control organiza
tion as soon as the treaty is signed, with-
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out waiting for its ratification. Under 
the provisions of the treaty the three nu
clear powers will be permanent mem
bers of the control commission and four 
places will rotate among other countries 
every two years. The U. S. and Great 
Britain have proposed that the rotating 
memberships be filled by one "West
ern " nation, one country of the Soviet 
bloc and two neutrals. The U.S.S. R. 
wants two places assigned to Communist 
countries. 

Resolutions adopted by the U. N. 
General Assembly called upon the 
Geneva negotiators to "intensify their 
efforts to reach an agreement " and to 
continue their voluntary suspension of 
tests. The U. N. also appealed to other 
states to desist from tests. The only vote 
against the latter declaration was cast 
by France, which is going ahead with 
its own development of atomic weapons 
and plans an explosion in the Sahara. �nother U. r::. resolution expressed 

grave concern over the Sahara test. 

Atomic Cooperation 

W ith the dawning recognition by lay-
men and governments that scientific 

knowledge is no one's secret, the security 
that once surrounded atomic-energy re
search is giving way to cooperation. An 
agreement concluded last month be
tween the U. S. Atomic Energy Com
mission and the U.S.S. R. Main Ad
ministration for Utilization of Atomic 
Energy provides for reciprocal visits by 
scientists and engineers, for possible 
joint research projects and for sharing 
unclassified information. 

Small groups of researchers in the 
fields of high-energy physics, power
reactor development and controlled 
thermonuclear energy will exchange 
two-week visits during the early part of 
the program. Possible cooperative proj
ects include "joint facilities and under
takings in controlled thermonuclear re
actions; the design and construction of 
an accelerator of large and novel type; 
approaches to waste-disposal problems; 
nuclear-data evaluation and compila
tion, and the development of nuclear 
standards." Representatives of the two 
nations will meet before July to consider 
which of these enterprises seems the 
most promising. Information exchanged 
and developed in the new program will 

they're performing 
a vacuum first! 

At Ohio Steel Foundry, an acid open hearth steel heat was split 
into a conventional air poured roll and a vacuum stream degassed 
roll for side-by-side evaluation. 

This was United States' first acid open hearth, vacuum stream 

degassed-air poured steel heat. Specially designed Stokes vacuum 

equipment made it possible. 

OBSERVATIONS 

4:23 Open hearth tap started; chamber evacuated to 1501'. 

4:31 Heat transported to foundry, pony ladle filling. 

4:33 Degassing started. 1 y," diameter nozzle flowing @ 3.5 tons 
molten steel/min. Vacuum maintained at 450-5101'. 

4:37 17 tons of alloy steel degassed; inert and atmosphere vacuum 
breaked. 

4:43 Pony ladle and chamber cover away. Cover slag made. 

4:51 Roll casting topped off. 

4:57 Air roll (balance of heat, non-degassed) poured. 

Result: successful heat. Ohio Steel reports hydrogen contents of 
vacuum cast ingots normally in 0.8-1.3 PPM. Ohio Steel 
metallurgists were much pleased with inclusion reduction and 
ductility improvement. 

Perhaps Stokes can assist your operation with another vacuum 
first. Stokes' great backlog of experience in vacuum technology 
can help lead the way to better operating efficiencies and higher 
quality products. Your nearby Stokes field engineer will be glad 
to discuss your particular requirements. Why not call him 
... today. 

Vacuum Equipment Division 

F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. STOKES 
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an effective material 
for neutron shielding 
Boral is a uniform dispersion of boron 
carbide crystals in aluminum. Its high boron 
carbide content (up to 50%) enables it to 
absorb thermal neutrons without the pro
duction of hard gamma rays. 

Boral Plate can be worked to meet the 
require.nen ls of a ,\-'ide range of shielding 
applications. It can be drilled, tapped, 
punched, sawed, sheared, formed, and 
welded. The accompanying sketches show 
typical designs and assembly methods. 

Shut-down Control Rod for Reactors 

Assembly of this unit is made by arc welding. 
All edges of Boral Pia te are clad. The cen ter 
bar is tapped to receive the threaded rod. 

Storage Cells for Fresh Fuel 

Cells are usually used in assemblies of 
several fuel units, encased in aluminum or 
stainless steel cylinders. The Boral shapes 
should have corner radii of %"; length can 
be up to 12 feet. 

t 

Water-cooled Boral-lined Case 
for Spent Fuel Elements 

This Boral-lined aluminum case with egg
crate type separators for the transportation 
and storage of spent fuel units, is assembled 
from Boral Plate by arc welding. 

Typical and Potential Applications 

Reactor shields, neulron curtains, shutters 
for thermal curtains, safety rods, storage 
and shipping containers for fissionable 
material, fabricated boxes for radiation
sensi tive devices, protective shields for 
easily activated components. 

Brooks & Perkins, the first commercial producer of 
Borai, invites yon to send for technical 

data and literature. 60-T-11 

BROOKS & PERKINS, INC. 
1920 W. FORT STREET· DETROIT 16, MICHIGAN 

Offices in Washington and New York 
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be shared with other nations through the 
International Atomic Energy Agency in 
Vienna. 

Astounding Science in the U.S.S.R. 

rr'he press of the Soviet Union, which 
- has recently had so much to report 

about the achievements of that coun
try's scientists and engineers, has been 
further astounding its readers with ac
counts of a "revolution" in science and 
a "miracle" of technology. Nikolai A. 
Kozyrev, an astrophysicist at Pulkovo 
Observatory, was said to have wrought 
the revolution, with his hypothesis that 
the passage of time is the source of cos
mic energy. The miracle was the har
nessing of a "concentration of energy" 
in semiconductors that promised to 
achieve "180 per cent efficiency" and 
pour "oceans of cheap power . . .  tor
rentially into our machines, devices and 
installations. " 

Suddenly the celebration was brought 
to a halt. Speaking for the Presidium of 
the U.S.S. R. Academy of Sciences, three 
distinguished physicists, Lev A. Artsim
ovitch, Pyotr L. Kapitsa and Igor Y. 
Tamm, joined in a public rebuke to the 
press for" cheap sensationalism" and for 
placing its pages "at the disposal of ab
solutely incompetent people. " "Articles 
of this kind," they said, "which give pub
licity to unverified or simply mistaken 
'discoveries' misinform the readers and 
discredit Soviet science. " 

Taking up the Kozyrev sensation, 
they declared: "We are not against bold 
hypotheses, provided they are given sub
stantiation. " They could see, however, 
"no logical sequence in the continual 
leaps of the thinking, the accumulation 
of unjustified assumptions, etc. " But 
their indignation was directed not so 
much to Kozyrev's theory, which is be
ing checked and analyzed by his col
leagues at Pulkovo Observatory, as to 
the way the press reported it. One ar
ticle that appeared in an important lit
erary magazine was cited as "better 
suited to advocating a new creed than 
to expounding a scientific problem." 

As for the semiconductor develop
ment, they declared: "This is not a case 
of the concentration of energy, but of 
the concentration of amazing ignor
ance. " In calculating the 180-per-cent 
gain achieved by a thermoelectric heat
pump, the science writers had failed to 
reckon with the heat energy contributed 
by the water circulating in the system. 

"These examples," the physicists 
concluded, "show that there are seri
ous shortcomings in popularizing the 
achievements of science and engineer-

ing in our country .... Surely compe
tent people can be found, say from 
among the enthusiastic scientific youth, 
to carry out the important work of popu
larization. " 

Terrestrial Relativity-Test 

X exquisitely sensitive method for 
checking one of the central predic

tions of the general theory of relativity 
has been proposed by R. V. Pound and 
C. A. Rebka, Jr. , of Harvard University. 
According to the theory, gravitational 
force has the same kind of effect on 
electromagntic waves as it has on mate
rial bodies. Thus light moving outward 
from the sun or another massive body 
should lose energy, the loss appearing 
as a decrease in frequency or a "gravi
tational red-shift. " Astronomical obser
vations seem to demonstrate such a shift, 
but physicists have long wanted a quan
titative laboratory test. 

One possibility now under considera
tion is to compare the timekeeping of 
two identical atomic clocks, one in a 

satellite and one on the gr9lll1d. The 
earth's gravitational field, which should 
increase the energy (and frequency) of 
radio waves falling from the satellite to 
the ground, should also have the effect 
of making the satellite-borne clock run 
faster than the one on the ground. The 
expected effect is very small-about one 
part in 10,000 billion for each kilometer 
of height-and requires a very narrow 
frequency-spread, or band width, if it 
is to be detected. The band width of 
atomic clocks is just about narrow 
enough, but putting them in a satellite 
involves practical difficulties, and the 
motion of the vehicle will introduce oth
er frequency shifts. 

It would be much more desirable to 
conduct the experiment between fixed 
points on the earth's surface, but this 
would require a fantastically narrow 
frequency standard. Such a standard, 
Pound and Rebka suggest in Physical 
Review Letters, can be found in the 
gamma radiation emitted by radio
active atomic nuclei. Each nucleus has 
discrete energy-states, and in passing 
from one to another it sends out gamma 
rays of sharply defined energy, or fre
quency. The sharpness is smeared, how
ever, by the recoil of the emitting nuclei, 
which must acquire an equal and oppo
site momentum to that of the gamma
ray photons. Depending on the various 
motions of the nuclei at the time of emis
sion, they absorb more or less energy 
from the photons, and the latter emerge 
with slightly different frequencies. 

Recently a new aspect of this process 
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SILICONE NEWS from Dow Corning 

Cast Fine Detail Quickly 

SILASTIC RTV flows in and around 
co:mplex shapes; 
sets up in :minutes 

The incredibly life-like hand above was cast of rubber- It was made from 
a mold of the same material: Silastic RTV, the Dow Corning fluid sili
cone rubber that vulcanizes at room temperature. 

The striking detail reproduced here - detail that would stir the heart of 
a Madame Tussaud - can be duplicated by you in your own plant. With 
ease. Simply pour liquid Silastic RTV into or around any object you 
wish reproduced. Wait a short time while the fluid sets up to form rubber. 
No heat-vulcanizing is needed. Now strip the rubber away and you have 
a mold for 

. 
exact 

. 
Into this you can pour a variety 

casting materials including many plastics, 
molten metals ... even more Silastic RTV. 

The Perfect Prototype . . . Silastic RTV is 
the answer to a prototype-part maker's prayer. 
Because of its heat resistance - temperatures 
to 500 F are easily withstood - many molten 
substances can be cast directly in Silastic RTV. 
If you want to make a limited run of some 
part, for use as test models, samples or give
aways, you can do it with only one mold. 

Free Sample. Write on your letterhead for 
data and sample of Silastic RTV. 

STRIP IT 

MOLTEN METAL 

Parting is easy ... Silastic RTV seldom 
requires the use of a release agent: The 
mold strips easily from most surfaces. In 
cases where a release agent is needed, a 
simple solution of household detergent does 
the job. 

Symphony in RTV. Just to illustrate how 
accurately Silastic RTV reproduces detail, 
Dow Corning has made Silastic RTV molds 
of 33V3 and 45 rpm records, then cast plas
tic records from them. Result: excellent 
sound fidelity! 

IDENTICAL TWINS 

Choose your cure. Some types of Silastic 
RTV set up to solid rubber five minutes 
after the catalyst is mixed in. Others cure 
in 24 hours . . . stay "open" and work
able a long time. Write for details! 

Address Dept. 9801. 
Corning CORPORATION 

MIDLAND. MICHIGAN 

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON. D. C. 
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EXECUTIVES • •• 

"site -see" 
INDUSTRIAL COLORADO 

• Discover how your company ,can profit 
positively in Colorado. 

• Learn why Colorado has become lithe 
State that more than meets your site 
requirements. 

• Examine the documented facts on Colo
rado's great wealth of Manpower, Ma
terials, Markets. 

• See why Pleasant Living, a product of 
Colorado's magic climate, is such a 
valuable bonus to industry, 

This revised-to-the-minute 9-booklet port
fo1io. "Industrial Colorado, II presents an 
informative, concise ana'ysis of the oppor
tunities awaiting new and expanding indus .. 
try in Colorado. 

WRITE FOR YOUR COpy TODAY I 

COLORADO 
DEPARTMENT OF DEVELOPMENT 

60 STATE CAPITOL BLDG., DENVER 2, COLO. 
Your inquiry will be held in strictest confidence. 

Business in Washington? 

Plan to stay at 

�Qrriott 
Motor Hotels 
Convenient to everything - Only a 
minute from the Pentagon • • • 
closest to National Airport 
Whether you need an attractive 
private room, a suite for entertain
ing, exhibit space, or a large meet
ing and banquet room, it will be 
our pleasure to serve you. Full hotel 
service available, with the conven· 
ience and easy informality of a 
motor hotel. 

580 De· Luxe rooms. Luxurious Res· 
taurants • Car Rentals • News
stands, gifts and barber shops, etc. 

For Reservations Write, Phone or 
Teletype TWX ARL VA 991 

MARRIOTT MOTOR HOTEL 
r' Washington 1, D. C. 

NAtional 8·4200 

MARRIOTT·KEY BRIDGE 
MOTOR HOTEL 

Washington 1, D. C. • 
JAckson 4-6400 

_IN NEW YORK-Phone Circle 5·8668-
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has been discovered by a German physi
cist, R. L. Mossbauer. In crystalline sol
ids a certain fraction of the gamma rays 
transfer momentum not to their individ
ual nuclei but to all the nuclei of the 
crystal as a coherent whole. This multi
plies the recoiling mass enormously, 
which means that the velocity of recoil, 
and hence the energy extracted from the 
photons, is correspondingly reduced. All 
these photons emerge with essentially 
their full and identical energy. If the 
radiation is now sent through a second 
crystal of the same material, the crystal 
atoms absorb the gamma rays in the 
same way. The sharply defined beam has 
just the right energy to transfer mo
mentum to the whole crystal and is 
largely absorbed. 

An almost unimaginably small change 
in energy destroys the absorption reso
nance and allows the beam to pass 
straight through the second crystal. One 
way to change the energy is to move 
the source toward or away from the 
absorber. In frequency terms, this in
troduces a Doppler shift in the gam
ma rays. Pound and Rebka have dem
onstrated that, for iron-57 nuclei, mov
ing the source at the rate of .017 centi
meter per second cuts the absorption 
by half. In the familiar Doppler-shift 
example of the whistle on a moving 
train, this would correspond to detecting 
a frequency shift in a whistle on a train 
moving at the rate of an eighth of an inch 
per year! 

Another way to change the gamma 
rays' energy is to let them fall in a gravi
tational field. A fall of 2.9 kilometers 
between the source and the absorber 
should also reduce the absorption of 
iron-57 radiation by half. A fall of even 
a few tens of meters should be easily 
detectable. The Harvard physicists are 
now preparing to "drop" gamma rays in 
a tower. 

A recent cryptic announcement from 
the U.S.S.R. suggests that Soviet physi
cists may be up to a similar trick. Dmitri 
Blokhintsev of the Nuclear Research In
stitute at Dubna said that his laboratory 
will conduct the first terrestrial experi
ment to check the general theory of rela
tivity. 

Catalyzed Synthetic Diamonds 

Investigators at the General Electric 
Research Laboratories five years ago 

turned base graphite into precious dia
mond. The man-made stones are not 
gems, but the economically more signifi
cant industrial diamonds. With the lift
ing of aU. S. Government secrecy order, 
the investigators have now revealed how 

they did it. The crucial factor, they re
port in Nature, is a catalyst that reduces 
by half the temperatures and pressures 
needed for the task. 

The transformation of graphite into 
diamonds is a struggle up a thermody
namic hill. Thermodynamics indicates 
that a pressure of three million pounds 
per square inch and a temperature of 
7,000 degrees Fahrenheit are required to 
free the carbon atoms from the hexago
nal lattice of graphite and force them 
into the cubic lattice of diamond. This 
combination of pressure and tempera
ture is unattainable in the laboratory; 
such high temperature would melt down 
the pressure-generating apparatus. The 
catalyst, which can be any of a dozen 
metals or their metal-yielding salts, re
duces the temperature-pressure combi
nation to technologically feasible levels 
of 800,000 to 1.8 million p.s.i and 2,200 
to 4,400 degrees F. 

The heart of the diamond-making 
mechanism is a small cylinder packed 
with graphite and layers of catalyst 
metal. Tungsten-carbide pistons con
verging on the cylinder build the neces
sary pressures. The intense heat of an 
electric current melts the catalyst and 
tears the carbon atoms from the graph
ite. As the molten catalyst seeps into the 
graphite, alloying with it, a thin film 
forms at the leading edge of the melt. 
Just behind the film the carbon atoms 
realign themselves and form diamonds. 

Temperature determines the shape 
and affects the color of the synthetic 
stones. Lower temperatures produce 
black cubes; intermediate temperatures, 
green or yellow cubes, cuba-octahedra 
and dodecahedra; high temperatures, 
white octahedra. Lower pressure-tem
perature levels slow the synthesis but 
yield somewhat larger stones; higher 
levels, while yielding smaller stones, fre
quently produce five-pOinted stars that 
are superior to natural diamonds for 
many industrial uses. 

The catalyst film plays a vital but 
puzzling role in the process. Diamonds 
will not grow without it, nor will they 
grow very far from it. Despite the pres
ence of the film, however, the process 
occasionally yields graphite and no dia
monds. The investigators, H. P. Boven
kerk, F. P. Bundy, H. Tracy Hall, H. M. 
Sh'ong and R. H. Wentorf, Jr., observe 
that "stubborn mysteries" still surround 
the transformation. 

Spacious Talk 

�e intelligent beings on the planets 
of other suns trying to get in touch 

with us? Two Cornell University physi-
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United Air lines pilots review flight plan calculated by Bendix. C-tS Computer at UAl's Operating Bose, Denver, Colorado. 

UNITED USES "ELECTRONIC PLANNING" TO ADD 
SPEED AND COMFORT TO JET TRAVEL 

To enhance its fine new DC-8 Jet
liner Service, United Air Lines has 
taken two modern jet age steps so 
you will receive the best possible 
flight under the smoothest, safest 
conditions. 

One step involves the use of a 
Bendix * G-15 Computer which 
solves difficult flight planning prob
lems in seconds; the other makes 
use of Bendix* Doppler Radar, an 
airborne system for pinpoint navi
gation that is completely independ
ent of ground facilities. 

Your flight always starts and 
ends with a Flight Plan. It specifies 
the desired route, flying time, 
alternate airports and other impor
tant factors. Copies are filed with 
the Federal Aviation Agency to 
insure that a section of the skyways 
will be reserved for your flight. 

Its preparation often required 
more than an hour of the Captain's 
time, as he studied a mass of 

weather data; calculated load, fuel 
supplies, ceiling limitations, wind 
speed, etc. His aim was to seek a 
route with the smoothest conditions 
and to take advantage of favorable 
winds. A Bendix Computer now 
performs this task. It pre-calculates 
flight plans for the entire system, 
which are as free from error as 
modern technology can make them. 

Once in the air Bendix Doppler 
Radar lets the pilot know whether 
he is being slowed by head winds or 
speeded by" jet stream" tail winds. 
It gives him instant, constant navi
gation data that previously required 
continual calculation. At a glance 
he reads his ground speed, drift 

A thousand diversified products 

Bendix Doppler Radar bounces beams off the eorth's 
surface, gives pilot pinpoint navigation data, permits 
him to toke advantage of most favorable winds. 

angle, actual course and distance
to-go and, therefore, his exact posi
tion. Thus, he can quickly adjust 
to take advantage of the most 
favorable winds. 

United's first use of Bendix 
Doppler Radar will be over its route 
to Hawaii, which requires about 
five short hours and places our 
fiftieth state within commuting 
distance of the mainland. 

*REG. U. S. PAl. OFF. 
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I F PH EN 0 Lie seA N DOl T, P LEN C 0 CAN 

PROVIDE IT-AND DOES-FOR P. R. MALLORY 

PLENCC> 
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PHENOLIC MOLDING COMPOUNDS 

Just a fingerprint-yet the amount of salt 
deposited by it is enormous compared to the 

minute (less-than-one-part per million) chloride 

content a modern electrolytic capacitor can 

tolerate. The problem presented to Plenco 

engineers by P. R. Mallory & Co., one of the 

leading producers of capacitors, was thus precise 

and challenging: Provide a phenolic compound 
for the molding of capacitor casings that is within 
one part per million chloride-free. The challenge 

was met. Through uncompromising research and 

manufacturing standards, a custom-designed 

formulation was created. It answers this as 

well as other exacting Mallory specifications

minimum moisture absorption, maximum heat 

resistance, dimensional stability. Result: Virtu

ally 100% chemically pure, dependable Mallory 

Plastic Case Electrolytic AC Capacitors are the 

recognized standard of the industry. Backed by 

an extensive selection of general and special

purpose phenolic compounds, Plenco's 

knowledge and experience are available 

always for consultation about your 
challenging problems. 

PLASTICS ENGINEERING COMPANY 
SHEBOYGAN, WISCONSIN 

Serving the plastics industry in the manufacture of high grade 

phenolic molding compounds, industrial resins and coating resins. 

cists suggest that this may be the case 
and propose that we start listening. 

Writing in Nature, Giuseppe Cocconi 
and Philip Morrison point out that there 
is no known reason why other stars like 
the sun should not have planets. If life 
has evolved on two planets in the solar 
system (the earth and "very probably" 
Mars), the chances seem good that it 
will have sprung up elsewhere. Societies 
capable, like our own, of "considerable 
scientific investigation" may well exist, 
and some may be considerably older and 
more sophisticated than ours. 

To the super-scientists of such civili
zations our sun would appear a promis
ing place for life, and scientific investi
gation, to occur. Very likely they would 
have long ago established a channel of 
communication with us and would "look 
forward patiently" to return signals in
forming them "that a new society has 
entered the community of intelligence." 

What could they use to signal? So far 
as we know, only electromagnetic waves. 
The best frequencies, from the stand
point of low atmospheric absorption and 
ease of reception, lie between one and 
10,000 megacycles per second. It would 
be almost impossible, however, to scan 
all of this vast band of wavelengths. Is 
there some standard celestial frequency 
that other beings might choose? The best 
bet is 1,420 megacycles, the frequency 
of the 21-centimeter line emitted by in
terstellar hydrogen. 

According to the authors' calculations, 
a detectable beam could be sent to our 
largest existing radio telescopes from a 

distance of a few tens of light-years by 
a transmitter only somewhat more pow
erful than those we now have. The big
ger telescopes now under construction 
should be able to detect signals even 
from transmitters like our own. This as

sumes the transmitter is located out of 
the galactic plane, away from the region 
of high 21-centimeter background-noise. 
As likely starting candidates the authors 
suggest the stars Tau Ceti, Omicron Eri
dani II, Eta Eridani and Eta Indi. All 
have luminosities and lifetimes like those 
of the sun, and all lie within 15 light
years and out of the high-background 
region. 

Depending on the distance, a two
way communication would be subject 
to a delay of 10 years or more between 
Q and A. So the putative message (very 
likely pulse-coded) may go on for a few 
years before repeating. As recognition 
symbols it might contain a sequence of 
small prime numbers or simple arith
metical sums. 

"The reader may seek to consign these 
speculations wholly to the domain of 
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Announcing PLiOLITE LATEX 5352 for the foam of the future 

All-synthetic foam rubber is here-made from a new 

synthetic rubber latex by Goodyear. Its name: 

PLIOLITE LATEX 5352. Already interested: the auto

motive industry, furniture companies, shoe manufac

turers -even firms that have never used foam before! 

Why all this interest? PLiOLlTE LATEX 5352 is of such 

high quality that it can be used alone, does not require 

blending with natural latex to produce an outstanding 

foam. Result: foam TubbeT cushioning made f Tom 

GoodyeaT's new PLIOLITE LATEX 5352 will be substan-

tially loweT in cost than any foam eveT used in com

meTcial pTOducts befoTe. 

Another key point: because this new Goodyear latex 

is man-made, its fine quality will not fluctuate. 

If your products can profit from a low-cost foam with 

excellent compression characteristics, good resilience, 

remarkable stress resistance and great durability - it 
will pay you to investigate PLIOLITE LATEX 5352. Write 

for details to: Goodyear, Chemical Division, Dept. 

M-9457, Akron 16, Ohio. 

GOOD Jl 
water dispersion 

of synthetjc rubber CHEMICAL DIVISION 
Pliolite-T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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AC Seeks and Solves the Significant - Because of GM's large contribution in the international race 

for technological superiority, AC accepts a challenge. AC Research is on a scientific quest for solutions 

to significant problems • • .  for accomplishments even more advanced than AChiever inertial guidance 

for Titan. / We call this creative challenge . . • AC QUESTMANSHIP. It's an exciting quest for new ideas, 

components and systems . . •  to advance AC's many projects in guidance, navigation, control and detec· 

tion. / Right now Dr. Joseph F. Shea, AC's Director of Advanced Systems Research and Development, 

is drawing a group of competent men around him to build "the greatest R&D organization in the 

industry." And Dr. Shea adds strong support to the fact that AC offers "an excellent working atmos· 

phere for a scientist or engineer who wishes to produce and progress." / You may qualify for our 

specially selected staff ... if you have a B.S., M.S. or Ph.D. in the electronics, electrical or mechanical 

fields, plus related experience. If you are a "seeker and solver," write the Director of Scientific and 

Professional Employment, Mr. Robert Allen, Oak Creek Plant, Box 746, South Milwaukee, Wisconsin. 

GUIDANCE I NAVIGATION I CONTRO L I DETECTION I AC SPARK PLUG .gg, The Electronics Division of General Motors 
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science fiction," Cocconi and Morrison 
conclude, "but we submit that the . . .  
presence of interstellar signals is entirely 
consistent with all we now know . . . . 
The probability of [finding signals] is 
difficult to estimate; but if we never 
search, the chance of success is zero." 

One radio astronomer who does not 
consign such speculation to the domain 
of science fiction is Frank D. Drake of 
the National Radio Astronomy Observa
tory. As director of Project Ozma (after 
the queen of the fictional land of Oz), he 
is preparing to turn an 85-foot antenna 
toward Tau Ceti and Eta Eridani to see 
whether he can strike up a conversation. 

Population Control 

U nder the pressure of its super-dense 
population Japan has achieved the 

most rapid decline of a birth rate in his
tory. A report in Population Bulletin 
states that the rate has dropped from 

34.3 births per 1,000 people in 1947 to 
18.5 in 1956 and 17.2 in 1957. The an
nual rate of population growth is now 
the lowest in Asia: about 1.2 per cent 
(compared with 1.8 per cent in the 
U. S. ). The Japanese resorted primarily 
to abortion and sterilization: In 1957 
there were 1,170,000 recorded abortions 
and probably an equal number of un
recorded ones. More than 42,000 women 
were reported sterilized in 1955, and-the 
actual total may have been 10 times as 
high. Recent smveys indicate that con
traception is now becoming the principal 
means of birth control, even in rural 
areas. 

In the U. S. birth control for over
populated countries has recently 'been 
advocated by two governmental advi
sory groups. The President's Committee 
to Study the U. S. Military Assistance 
Program recommended last July that 
this country furnish assistance in pop
ulation control to any nation request
ing it lest growing populations make 
other aid expenditures futile. In a study 
for the Senate Foreign Relations Com
mittee, the Stanford Research Institute 
pointed out that while population 
growth in the Western world followed 
economic development, "in many un
derdeveloped countries today a very 
rapid population growth is preceding 
economic development," thanks to mod
ern medicine and public-health tech
niques. Its report called for U. S. help 
in combatting the "world population ex
plOSion." It added: "The traditional 
means have been disease, famine and 
war. If other means are to be substituted, 
conscious national and international po
licies will be required. " 

Westinghouse 50 Ampere Silicon "T rinistor" Triode replaces 

thyratrons in high-power, high-speed switching applications 

Westinghouse announces a new Silicon 
"Trinistor" Triode, a three-terminal 
NPNP switch in a new and improved 
double-ended case with a ceramic header. 
The "Trinistor" Triode, like the gas tube 
thyratron, operates as a high-capacity 
switch: it blocks voltages in the forward 
and reverse direction up to the rated 
breakover voltage, but it conducts in the 
forward direction, like a conventional sili
con rectifier, upon application of a small 
base signal or a pulse. The "Trinistor" 
Triode has many advantages over the thy
ratron: greater efficiency, due to its lower 
forward drop; no filament, hence no 
warm-up time or unnecessary power dissi
pation; faster firing and recovery time; 
and longer operating life. 

The new ceramic double-ended case is of 
an all-welded construction and is hermeti
cally sealed. The case design provides for 
maximum creepage distance for highest 
voltage ratings and large lead sizes for 
highest current. The all hard-soldered in
ternal construction eliminates thermal fa
tigue, insuring high reliability. 

The "Trinistor" Triode is ideally suited 
to applications in circuits with voltages up 
to 400 volts and currents up to 50 amperes. 

It can be used in many ways-wherever 
today's thyratrons, relays, magnetic am
plifiers, high-power switching transistors 
and standard rectifiers are serving. Specific 
applications include high-�peed switching 
of AC and DC, full-wave phase-controlled 
DC power supplies, circuit breakers, in
verters, converters, motor control, variable 
frequency generators, high-power modu
lators. 

The new Westinghouse 50 ampere Sili
con "Trinistor" Triode with double
ended case will be available in sample quan
tities soon. Watch for its announcement. 

TRINISTOR SWITCHING 
CHARACTERISTICS 
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YOU ARE INVITED to inspect the 
Gulfstream and arrange for demonstration 
flights through one of the foIlowing dis
tributors: Atlantic Aviation, Wilmington, 
Delaware; Southwest Airmotive, DaIlas, 
Texas; Pacific Airmotive, Burbank, Cali
fornia; Timmins Aviation, Montreal. 

Instrumentation, including the most up
to-date and sophisticated communication, 
navigation and radio equipment, is custom 
built into the Gulfstream by these dis_ 
tributors. Custom cabin interiors are fitted 
to customer specifications. Illustration 
shows how one Gulfstream owner deco
rated the aircraft's interior. 
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BREEDER REAC"rORS 

Reactors that produce more fuel than they consun1e make it feastble 

to "burn the rocks," that is, to utilize the vast supply of uraniUHl 
and thoriunl contained not in rich ores but in rocks such as granite 

E
ven the gloomiest of contemporary 

Malthusians, projecting an in
creasingly desolate future for a 

rising world population, have had to 
concede that there is one ray of hope. 
If the controlled fusion of the heavy iso
topes of hydrogen can be engineered on 
a large scale, future generations will 
have available in the oceans a supply 
of energy that will last for the lifetime 
of the solar system. Workers in several 
nations have been engaged in an effort to 
learn how to "burn the sea." They have 
learned a great deal about the behavior 
of matter at the very high temperatures 
associated with thermonuclear reactions. 
But it is not yet possible to assume that 
a successful thermonuclear reactor can 
be developed. 

Even if such reactors cannot be built, 

by Alvin M. Weinberg 

however, mankind will not be con
demned to an impasse in the problem 
of population v. resources. Closer at 
hand is another energy resource about as 
abundant as that contained in the sea. 
This resource consists of the enormous 
quantities of uranium and thorium dis
persed in trace amounts throughout the 
rocky crust of the earth. To extract the 
energy the rocks contain we can draw 
upon an existing technology. Nuclear 
reactors that operate on the controlled 
fission of the heavy elements are al
ready generating electrical power. vVe 
need only to perfect the breeder reac
tor-the reactor that "breeds" more nu
clear fuel than it consumes-and we 
shall literally be able to "burn the rocks." 

The realization that an essentially in
exhaustible source of energy lies al-

f;;\�0h232 �0h233 �r;?\�0233 V 90 90 V 92 

I 23 \!f MINUTES I 27 \lI DAYS 

f;\-70238 -70239 -7�-70U239 V 92 9
2 

V 94 

I 23 \lI MINUTES I 2.8 \lI DAYS 

BREEDING CYCLES are based on two sets of nuclear reactions. In the thorium cycle (top) 
an atom of fertile thorium 232 absorbs a neutron and emits a beta particle (e-) to become 

protoactinium, which spontaneously emits a beta particle to become fissionable uranium 233. 
]n uranium cycle (bottom) fertile uranium 238 absorbs a neutron and emits a beta particle 

to become neptunium, which then undergoes beta decay to become fissionable plutonium 239. 
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most within our grasp has come sur
prisingly late in the evolution of nuclear 
power. It was not until 1955, at the first 
Geneva Conference on the Peaceful 
Uses of Atomic Energy, that Harrison 
Brown and L. T. Silver of the California 
Institute of Technology demonstrated 
that the trace amounts of radioactive 
elements present in the granite of the 
continents could vastly multiply the sup
ply of fissionable material accessible in 
ores. This conclusion has been supported 
by Farrington Daniels and his colleagues 
at the University of Wisconsin. 

As a result of these studies and the 
progress that has been made in develop
ment of breeder reactors, there is no 
longer any doubt that nuclear breeding 
offers a long-term solution to the energy 
problem. With the full Significance of 
nuclear breeding now becoming appar
ent, the Atomic Energy Commission's 
research program aimed at furthering 
the development of breeder reactors 
takes on new significance: If the pro
gram is successful, we shall be able to 
satisfy mankind's hunger for energy, 
even though we never learn how to burn 
the sea. 

Breeding Cycles 

Breeder reactors have been built or 
are under construction in the U. S., 
Great Britain and the U.S.S.R. The first, 
the Experimental Breeder Reactor No. 1 
(EBR-1) at the National Reactor Test
ing Station in Arco, Idaho, was also the 
first reactor in the world to generate 
electricity (on December 20, 195 1). Its 
successor, EBR-2, is now being built at 
the same site, and a third reactor, the 
Enrico Fermi Fast Breeder, is under con
struction near Detroit. The U.S.S.R. has 
built two breeders at Obninsk, some 100 
miles from Moscow. And last November 
the Dounreay reactor, the first breeder 
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Beauty ... is more than skin deep 

The beauty of any business airplane must be weighed against its past. If 

it is a "re-do" of an older airplane, the structural stress and strain of 

years of operation may be invisible today, critical tomorrow. The business 

airplane must be qualified to meet the stringent licensing requirements 

demanded by today's-and tomorrow's-all-weather and high 

density traffic conditions. 

A business airplane, like the Grumman Gulfstream, starts new with you, 

and has beauty more than skin deep. Sandwiched between the Gulfstream's 

clean exterior and custom interior is a rugged Grumman structure built 

to withstand fatigue for the equivalent of more than 50 years of operation. 

This structure is based on the most recent knowledge gained from 

designing supersonic, and especially carrier-based aircraft, required to 

withstand the rigors of in-fleet service. Within the Gulfstream's 

nacelles are two Dart turbo-prop engines, their famous Rolls-Royce 

reliability proven by millions of airline flight hours. 

When you select the Gulfstream you get an 

airplane, new from nose to tail, conceived and 

engineered by Grumman for today's business flying 

operations, in terms of performance, utility, 

reliability, and all-weather safety. 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 

Bethpage • Long Island • New York 
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LARGEST BREEDER REACTOR designed to produce electrical 

powe,· is the Enrico Fermi Atomic Power Plant, now under con· 

struction near Detroit. It is expected to produce 300,000 kilowatts 

of heat and 100,000 kilowatts of electricity. The photograph shows 

the top edge of the shield tank (large circle) and inside it the cir

cular shield plug that caps the reactor vessel. The flanged opening 

in the right side of the plug is for the reactor control-rods; the 

fuel.handling mechanism protrudes from the left side of the plug_ 
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FUEl-HANDLING 

MECHANISM 

.,. 

' . O ' �': :' . . 
.. " . 0 : ::. ' • ',0', 

TRANSFER ROTOR --l-;;---,f---'li!f-it-

TH ERMAL SH I EL D --t-tt----t-----....:...,.,--+l-:,4.<:f. 

SHIELD TANK 

CUT A WAY VIEW of Fermi reactor shows the interior of the 40-

foot shield tank with the 36-foot reactor vessel inside it, Fuel ele

ments can be removed from the sodium-filled reactor vessel by the 

fuel-handling mechanism at center, which transfers the elements 
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CORE 

from the core to the transfer rotor_ The elements leave the reactor 

via the exit pipe and cask car_ By reversing the procedure, new 

fuel and blanket elements can be added to the reactor_ Shield 

plug at top contains cans of neutron-absorbing borated graphite. 
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in Great Britain, began to operate at low 
power. 

Most breeder reactors are now fueled 
with uranium 235, but ultimately they 
will burn the uranium 233 and plutoni
um 239 they produce. The fission of 
each atom of these fuels liberates, on 
the average, two fast (high-energy) 
neutrons. One of the neutrons must 
trigger another fission to maintain the 
nuclear chain-reaction; the other neu
tron is available to breed a new fission
able atom, that is, to transform a "fertile" 
isotope of one of the heavy elements into 
a fissionable isotope. The fertile raw 
materials for breeder reactions are thori
um 232 (which is transmuted into urani
um 233) and uranium 238 (which is 
transmuted into plutonium 239) . As the 
most abundant isotopes of their ele
ments, thorium 232 and uranium 238 
are respectively present in an average 
of about 12 and three parts per million 
in the various kinds of granite. 

In the thorium-uranium cycle an atom 
of thorium 232 captures a neutron and 
decays spontaneously in two steps into 
fissionable uranium 233 [see top l'eaction 
on page 82]. Similarly, in the uranium
plutonium cycle an atom of uranium 238 
captures a neutron and decays in two 
steps into fissionable plutonium 239 
[see bottom l'eaction on page 82]. 

With a newly bred fissionable atom to 
replace the one destroyed in the original 
fission reaction, a breeder can operate 
with no net loss of fissionable material. 
One measure of the performance of a 
breeder reactor is its "breeding ratio": 
the ratio of fissionable atoms produced to 
fissionable atoms destroyed. If the ratio is 
greater than one, the reactor will breed 
more nuclear fuel than it consumes; if 
the ratio is less than one, the fissionable 
fuel must be replenished to keep the 
reactor going. 

Theoretically a breeder reactor can 
achieve a breeding ratio of one if it pro
duces two neutrons for each fissionable 
atom destroyed. In practice, however, 
the neutron economy is always upset by 
the absorption of neutrons in the control 
rods and structural materials of the re
actor and in the neutron-absorbing iso
topes (such as xenon 135 and samarium 
149) formed by the fission of uranium 
or plutonium. Moreover, some newly 
bred fissionable material is lost in the 
ch.emical processing necessary to get rid 
of fission products and to recover the 
fissionable and fertile material not yet 
burned or bred. Because of these losses, 
it is generally believed that a reactor 
must produce at least 2.2 neutrons per 
fissionable atom destroyed in order to 

EXTERIOR VIEW shows the Fermi plant with Lake Michigan in the background. The 

steel dome that houses the reactor is 120 feet high and 72 feet in diameter. The adjoining 

buildings contain power.plant equipment such as heat exchangers and turbogenerators. 

FIRST BREEDER REACTOR, the Experimental Breeder Reactor No. 1 (EBR-l), was 

built in 1951 by the Argonne National Laboratory. It was the first reactor to produce elec· 

trical power, and is still in operation at the National Reactor Testing Station at Arco, Idaho. 
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achieve a breeding ratio of one or better. 
Many workers have seriously doubted 

the possibility of achieving a breeding 
ratio well above one, especially in the 
thorium-uranium cycle, because fission
able atoms do not always fission when 
they absorb a neutron. As Boyce D. 
McDaniel discovered during the war
time development of the atomic bomb at 
the Los Alamos Scientific Laboratory, 
both uranium 233 and plutonium 239 
participate in so-called radiative-capture 
reactions, in which they absorb a neu
tron and emit a gamma ray to become 

the nonfissionable isotopes uranium 234 
and plutonium 240. In addition to de
stroying fuel, radiative-capture reac
tions use up neutrons and so reduce the 
reactor's ability to breed. 

In general the competition between 
fission and capture reactions tends to 
favor fission as the energy of the neutron 
that triggers the reaction increases. This 
consideration carries more weight in the 
uranium-plutonium cycle than it does in 
the thorium-uranium cycle. When a nu
cleus of plutonium 239 absorbs a thermal 
(low-energy) neutron, it fissions and 

liberates an average of only 2.09 neu
trons; when it absorbs a fairly fast neu
tron (one with an energy of about 500,-
000 electron volts) , it liberates an aver
age of 2.7 neutrons-well above the 
2.2-neutron mll1lmUm necessary to 
achieve a breeding ratio of one. In the 
thorium-uranium cycle, on the other 
hand, a thermal neutron produces an 
average of about 2.3 neutrons when it 
is absorbed by a uranium-233 nucleus, 
but a fast neutron increases the yield 
only to 2.4. The values in the thorium
uranium cycle are so close to the 2.2-

LIQUID-FUEL REACTOR, the Homogeneous Reactor Experiment 

No.2 (HRE-2) was originally designed as a prototype of a liquid. 

fuel breeder. The core of the reactor is inside the 74·inch spherical 

blast shield which is visible at top center. The pipes on the shield 

are cooliug coils. The fuel burned in the reactor consists of uranyl 

sulfate dissolved in beavy water. In the later stages of construction 

the reactor sphere was lowered into the pit directly iu front of it; 

the reactor and the pit were then covered by slabs of shielding. 

86 

© 1959 SCIENTIFIC AMERICAN, INC



neutron mll11mum that a great deal of 
work has been done at the Oak Ridge 
National Laboratory and elsewhere to 
determine precisely how many neutrons 
are emitted (the so-called eta value) 
when a uranium-233 nucleus is fissioned 
by a thermal neutron. The thermal-neu
tron eta value of uranium 233 is now 
firmly established as 2.28. It is one of 
the most accurately measured of all nu
clear constants. 

The eta values for the uranium-pluto
nium and thorium-uranium cycles have 
determined the whole strategy of breed-

er-reactor design. Because there is ob
viously little to be gained by using fast 
neutrons to trigger the chain reaction in 
thorium breeders, these reactors are de
signed to breed with thermal neutrons, 
and are often called thermal breeders. 
Uranium-plutonium breeders, on the 
other hand, are designed to take advan
tage of the abundance of neutrons pro
duced in fast-neutron fission; these re
actors are accordingly known as fast 
breeders. 

On the basis of breeding ratio alone, 
the fast breeder would appear to have a 

CORE OF HRE-2 is a pear-shaped tank 32 inches in diameter_ It is surrounded by a steel 

pressure-vessel and a hlast shield. Liquid fuel is pumped into the core from below and 

leaves at the top. The blanket, a slurry of thorium oxide suspended in heavy water, was to 

fill the space hetween core tank and pressure vessel, but a hole in the core prevented this. 

decisive superiority over the thermal 
breeder. As the respective eta values of 
the two breeding cycles suggest, the fast 
breeder has a theoretical breeding ratio 
of 1.6, and the thermal breeder has a 
ratio of only 1.1. There is, however, an
other important consideration. This is 
the "doubling time": the time it takes a 
reactor to double its original inventory 
of fissionable material. The doubling 
time is determined by two factors. One 
of them is of course the breeding ratio. 
The other is the specific power of the 
reactor, that is, its output in kilowatts 
per kilogram of fissionable material tied 
up in the reactor and in the chemical 
plant that processes its fuel. Specific 
power is thus a measure of the rate at 
which fuel is burned in the reactor. Since 
the burning of each fissionable atom re
sults in a certain fractional gain (de
termined by the breeding ratio) in the 
over-all inventory of fuel, the higher the 
rate of burning-that is, the higher the 
specific power-the shorter the doubling 
time. The ideal reactor must therefore 
have a high specific power as well as a 

high breeding-ratio. 
Unfortunately this ideal can only be 

approximated. The fast reactor has a 
high breeding-ratio, as nuclear physics 
shows. But engineering considerations 
give it an inherently low specific power. 
If a fast reactor is to breed at all, the 
fuel in its core must not be greatly di
luted by coolants or structural materials; 
these decrease the energy of fast neu
trons to the point where many are lost 
in useless radiative-capture reactions. 
The only way to prevent such losses is to 
design a more compact core containing 
more concentrated fuel. But this raises 
serious obstacles to the extraction of 
heat from the reactor, an operation nec
essary both to obtain power and to keep 
the core from melting. For efficient heat
transfer the fuel should be as dilute as 
possible, a requirement that can be met 
only by the sacrifice of fast neutrons. 
Thus the fast breeder is faced with the 
dilemma of "unusable compactness" v. 

"unworkable diluteness." 
In contrast, thermal breeders are in

herently dilute systems and so have ex
cellent heat-transfer properties. The fuel 
in the core is always mixed with large 
quantities of coolant as well as with a 
moderator (such as graphite, beryllium 
or heavy water) and slows fast neutrons 
down to thermal energies. The thermal 
breeder thus has a relatively high specif
ic power, perhaps five times as high as 
the fast breeder. This is enough to offset 
the lower breeding-ratio of the thermal 
system. On the basis of present data 
both types of reactor should have a dou-
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NEW BRITISH BREEDER was recently completed at Dounreay, 

on the coast of Scotland. The reactor is housed in a steel sphere 

135 feet in diameter (center); the surrounding buildings contain 

electrical generating equipment. The reactor is expected to produce 

bling time of 10 to 20 years. It should 
be emphasized that the fast breeder gets 
its name from the fast neutrons that do 
its breeding and not from the speed at 
which it breeds. 

Fast Breeders 

The compromises that must go into 
the design of a fast breeder are well 
demonstrated in the Fermi reactor, an 
engineering tour de force. Like all breed
ers, the Felmi reactor has a blanket of 
fertile material that surrounds a core of 
fissionable fuel [see illustrations on pages 
84 and 94]. Both core and blanket are 
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submerged in a pool of liquid sodium, 
the favorite coolant for fast breeders be
cause it does not sharply decrease the 
energy of fast neutrons as most other 
coolants do. The fuel in the core is a mix
ture of metallic uranium 238 and urani
um 235, alloyed with a small amount of 
molybdenum to improve resistance to 
radiation. The alloy is fabricated into 
thin zirconium-clad fuel pins, which are 
arrayed side by side and far enough 
apart to permit coolant to Bow upward 
between them. When the molten sodium 
leaves the core (at a temperature of 
about 400 degrees centigrade), it is 
pumped to specially designed heat ex-

changers, where it converts water into 
high-pressure steam. The steam drives 
a series of turbo generators that pro
duce 100,000 kilowatts of electricity, 
and the cooled sodium is cycled back 
through the core. 

The conBict of compactness v. dilute
ness is evident in the design of the re
actor core. Most of the reactor's 300,000 
kilowatts of heat are produced in a cylin
der not much bigger than a large gar
bage can; the cylinder is about a meter 
high, a meter in diameter and has a total 
volume of about 600 liters. The thermal
power density in the core thus reaches a 
level of about 500 watts per cubic cen-
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60,000 kilowatts of heat and 15,000 kilowatts of electricity. It began 

to operate at low power last November and will be gradually 

worked up to full power over a period of months. The Dounreay 

reactor is a solid· fuel breeder that will produce plutonium 239. 

timeter-one of the highest values for 
any reactor in the world. But considering 
the amount of fuel in the core (485 kilo
grams of uranium 235) , the specific 
power is actually quite low. It is expect
ed that the reactor will yield only about 
650 kilowatts per kilogram of fissionable 
material. A full-scale thermal breeder, 
by contrast, would deliver about 2,000 
to 3,000 kilowatts per kilogram. 

The specific power of fast breeders 
would be even lower if the designers did 
not take advantage of the fact that fast 
neutrons can trigger the fission of urani
um 238, a reaction that produces addi
tional neutrons. By mixing uranium 238 

with the fissionable material in the core, 
the breeding ratio can be increased by 
as much as .3. The resulting dilution of 
the fuel also serves to improve the heat
transfer characteristics of the core, in
creasing the reactor's thermal efficiency 
and easing the strain that the high pow
er-density places on the fuel elements. 

Despite these inherent engineering 
difficulties, fast breeders have attracted 
the major portion of the world's re
search effort. This is only natural, be
cause the breeding ratio in the uranium
plutonium cycle is so large that there can 
be no question that fast-neutron breed
ing is possible. Almost every nation that 

has a reactor-development program has 
given serious consideration to building 
a fast breeder. 

The first fast breeder, EBR -1 ( de
signed and built by a group headed by 
Walter H. Zinn, then director of the 
Argonne National Laboratory) , is rated 
at 1,400 kilowatts of heat and about 200 
kilowatts of electricity [see illustration at 
bottom of page 85]. Several years ago, 
during experiments designed to test its 
response to temporary overheating, the 
core of the EBR-1 melted. But the re
actor has since been rebuilt and has 
operated routinely since 1957. 

As its thermal rating suggests, the 
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CUTAWAY OF EBR·2 shows the interior of the 13·foot reactor 

vessel. Sodium coolant enters at the bottom of the reactor and is 

pumped upward through the core (inner hexagonal area) and the 
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surrounding blanket. The drive shafts of the control rods can be 

seen protruding through the concrete·filled reactor vessel cover. 

The shielding on t he sides of the reactor is canned borated graphite. 
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EBR-1 is much smaller than the Fermi 
reactor. Its core is about as large as a 
football and is fueled with stainless
steel-clad rods of almost pure uranium 
235, about .3 inch in diameter. The 
blanket contains rods of uranium 238 
about an inch in diameter, also clad 
with stainless steel. Because EBR-1 is 
fueled with uranium 235 instead of plu
tonium 239, it achieved a breeding ratio 
of only about one (instead of the theo
retically possible 1.6). Nevertheless, the 
fact that the reactor operated reliably at 
reasonable temperature and power while 
achieving a significant breeding ratio 
was a major milestone in nuclear-energy 
development. 

Encouraged by the success of EBR-1, 
several groups are now constructing 
much larger fast breeders. The Fermi 
reactor is being built by Atomic Power 
Development Associates, Inc., a consor
tium of public utilities and manufactur
ers, and the Argonne National Labora
tory is currently completing the con
struction of EBR-2 [see illustmtion on 
opposite page]. Designed to yield 62,500 
kilowatts of heat and 15,000 kilowatts 
of electricity, EBR-2 resembles the new
ly completed Dounreay reactor in Scot
land, which is rated at 60,000 kilowatts 
of heat and 15,000 kilowatts of elec
tricity [see illustmtion on pages 88 and 
89]. Of the two breeders in the U. S.S.R., 
the smaller, rated at 100 kilowatts of 
heat, has been dismantled; the other, the 
BR-5, has a thermal rating of 5,000 kilo
watts. All of these reactors are basically 
similar. They are sodium-cooled and are 
loaded initially with uranium 235 in the 
expectation that they will be fueled with 
plutonium when they have been thor
oughly tested. The single exception is 
the 5,000-kilowatt Soviet reactor, which 
has begun operation using ceramic plu
tonium-oxide fuel. 

So far there have been no completely 
satisfactory estimates of the cost of pro
ducing electrical power in these early 
experimental breeders. It is generally 
conceded, however, that the cost will be 
hopelessly high in comparison with that 
of conventional power. Much of the cost 
of nuclear power can be dismissed as 
being due to the inevitable expense of 
developing a new technology; we can 
expect these costs to fall as we gain more 
experience. Fast breeders are nonethe
less beset by two technical prebiems 
which are inherent in their design and 
which must be solved before they can 
produce economical power. One is "high 
holdup": the fact that their low specific 
power ties up large quantities of fission
able and fertile material. The other is 
"low burnup," that is, their consumption 

of only a small percentage of the fission
able material contained in each loading. 

Fast reactors must contend with low 
burnup so long as their fast-neutron 
economy requires the use of solid metal
lic fuel. Only about 15 per cent of the 
fissionable material in a solid-fuel reac
tor can be burned before the fuel rods 
become so swollen, warped and weak
ened by radiation and poisoned by fission 
products that they must be replaced and 
reprocessed [see "Reactor Fuel Ele
ments," by James F. Schumm'; SCIEN
TIFIC AMERICAN, February, 1959]. This 
means that each gram of fuel must go 
through seven cycles of reprocessing be
fore it is at last consumed. At an initial 
cost of $15 per gram and a cost of $3 
per gram for each reprocessing, the cost 
of burning one gram of uranium 235 
comes to $35. The fast reactor thus 
runs up a fuel cost of about seven 
mills per kilowatt hour, perhaps two to 
three times the energy cost of conven
tional fuel. 

Of course the cost of reprocessing can 
be charged against the value of the new 
plutonium fuel bred in the reactor, but 
this is not enough. Fast breeding will not 
be economical until fuel elements can 
be made to withstand much longer 
burnup, or the cost of reprocessing is re
duced, or both. Work in both of these 
directions is proceeding at the Argonne 
National Laboratory. Fuel elements 
made of "fissium," an alloy of uranium 
and rare earths, seem to be less suscepti
ble to radiation damage than uranium
molybdenum alloy. Greatly simplified 
fuel-recovering processes and new 
techniques for refabricating fuel ele
ments, particularly the substitution of 
casting for machining, promise to re
duce costs. Radiation-resistant plutoni
um-oxide ceramic fuel elements, similar 
to those in the Soviet BR-5 reactor, are 
also being tested. 

The high holdup of fissionable and 
fertile material is a problem that stems 
even more directly from the essential 
nature of the fast-breeder cycle. In ad
dition to the 485 kilograms of fissionable 
material in its core, the Fermi reactor 
will tie up some 40,000 kilograms of 
fertile material in its blanket. Such large 
inventories of material will represent an 
even heavier capital requirement when 
present high-grade uranium ores have 
been exhausted. In the Age of Granite 
envisioned by Harrison Brown, the cost 
of extracting fertile uranium 238 from 
rocks will force its price far above the 
present $5 per pound. With an inven
tory of half a ton of uranium 238 in the 
blanket for each 1,000 kilowatts of elec
trical output, the total capital cost of the 

blanket of the Fermi reactor is now 
$2.50 per kilowatt. The cost of extract
ing uranium in trace amounts from gran
ite is likely to multiply this figure to a 

prohibitive value, perhaps to $500 per 
kilowatt of capacity. To the high fixed 
charge imposed by this capital burden 
must be added the high operating cost 
attributable to low burnup. 

Undoubtedly future improvements in 
technology will reduce the inventory. 
But present circumstances offer a neat 
way around the difficulty that can re
duce at least the start-up costs of nu
clear breeding. The reactor can be 
stocked initially with cheap uranium 
from high-grade ores, and then be kept 
burning indefinitely with more costly 
uranium from low-grade sources to re
place the minute amounts of material 
consumed in each burnup cycle. I can 
even foresee a situation in which thc 
cheap uranium tied up as inventory in 
nonbreeding reactors will be trans
ferred to breeders; this may occur when 
the cost of uranium goes so high that it is 
no longer economical to burn it in non
breeders. 

Thermal Breeders 

The high specific power of the ther
mal breeders sets up a considerably 
more modest capital requirement for in
ventory of fuel and fertile material. 
Thermal breeders also circumvent the 
burnup problem by "homogenizing" the 
fuel and coolant, that is, by mixing 
them together in a fuel solution or by 
suspending finely divided fuel in a slur
ry. With the fuel in fluid rather than 
solid form, radiation damage no longer 
limits the burnup that can be achieved 
before the fuel must be reprocessed. 
The burnup limit is imposed by the 
much less stringent requirement of 
keeping the concentration of neutron
absorbing fission products down to an 
acceptable level. 

Two high-power thermal reactors
the Homogeneous Reactor Experiments 
No.1 and No.2 (HRE-1 and HRE-2) 
have been built at Oak Ridge. The HRE-
2 was originally intended to be a small
scale prototype of a thermal thorium 
breeder [see illustmtion on .page 861. 
The core is a pear-shaped zirconium-al
loy tank 32 inches in diameter, through 
which a uranium-235 solution (uranyl 
sulfate in heavy water) is pumped at a 
pressure of 2,000 pounds per square 
inch. The shape of the tank allows a 
critical mass of fuel to accumulate, 
starting a nuclear chain-reaction. The 
heat generated by the reaction is car
ried away by the fluid fuel, which 
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leaves the core at a maximum tempera
ture of 300 degrees C. and delivers 
the heat to a 5,000-kilowatt heat ex
changer. A small steam turbogenerator 
converts 300 kilowatts of the heat to 
electricity, and the rest is dumped into 
the atmosphere. 

The core tank is surrounded by a 
heavy steel pressure-vessel. The vessel 
is four feet in diameter, leaving a space 
between it and the core. Through this 
space was eventually to be pumped a 
slurry of thorium oxide in heavy water, 
constituting a blanket in which uranium 
233 was to be bred. Unfortunately local 
overheating during early power-runs 
melted a small hole in the core tank, 
allowing the uranyl sulfate fuel to mix 
with the blanket. For this reason HRE-2 
has operated since April, 1958, as a one
region reactor with fuel in both core 
and blanket. 

Because the radioactive fuel con
taminates the entire Circulating system, 
the HRE-2 reactor and all its cooling 
equipment, including the pumps and 
heat exchanger, are enclosed in a com
pletely shielded steel box. During the 
past year and a half the reactor has been 
run at power levels up to 5,000 kilo
watts for months at a time; during these 
runs it has never been necessary to enter 
the box for maintenance. Although this 
suggests that the circulating-fuel tech
nology has been developed to the point 
where larger reactors are feasible, a 

number of engineering problems must 
be solved before it will be prudent to 
build a full-scale homogeneous thorium 
breeder. For example, the slurry must be 
well stirred throughout the system to 

keep it from settling out and forming 
cakes of fuel and fission products. Dam
age to the zirconium core tank by the 
corrosive fuel-solution is also something 
of a problem, although corrosion in the 
greater part of the system that is made 
of stainless steel is gratifyingly low. Still 
another problem is represented by the 
fact that the homogeneous fuel-and
coolant mixture tends to separate into 
two solutions under intense radiation: 
one rich in uranyl sulfate and the other 
rich in heavy water. The higher concen
tration of fuel in the uranium-rich solu
tion accelerates the fission reaction, lead
ing to local overheating and possible 
melting of reactor components. 

None of these difficulties is unsolvable, 
however, and all are being vigorously 
attacked. The experience now being 
gained with HRE-2 should prove direct
ly useful to the designers of liquid-fuel 
thermal breeders. Moreover, because 
HRE-2 is the first reactor in which the 
entire circulating system is contaminated 
with radioactivity, experience gained 
with it should be indirectly useful in the 
development of other reactors with con
taminated cooling systems. Among these 
are the advanced gas-cooled, solid-fuel. 
thermal breeders now being studied in 
Great Britain and the U. S. 

The gas-cooled, solid-fuel thermal 
breeder is the product of an entirely dif
ferent approach to the achievement of 
nuclear breeding. Up to this point we 
have been discussing what might be 
called the "egghead" approach. This in
volves starting from scratch and design
ing a completely new reactor patterned 
after the phYSiCists' concept of how a 

breeder should look. The opposite, or 
"hardheaded," school argues that breed
ers should be developed by starting with 
existing, well-engineered non breeder 
designs (such as that of the gas-cooled 
British Calder Hall reactors) and im
proving the performance in increments, 
saving a tenth of a neutron here and 
there until the reactor has been con
verted into a breeder. As might be ex
pected, the two strategies tend to over
lap. All the breeders built so far, how
ever, can be considered to be primarily 
egghead reactors. In the next 10 years 
we can expect to see a number of hard
headed reactors transformed into breed
ers or at least near-breeders. 

Energy Economics 

It seems obvious that in the long run 
the world will be able to use breeder 
energy only if it is cheaper, more abun
dant or more accessible than any other 
energy source. One of the most serious 
potential competitors is solar energy. 
But the diluteness and unpredictability 
of sunlight argue against it as a primary 
energy-source in large power stations, 
especially because such a station would 
involve a formidable capital investment. 
It is estimated that solar energy will re
quire an initial investment of from 
$1,000 to $2,000 per kilowatt. To com
pete successfully, an alternative energy 
system should cost less than, say, $1,500 
per kilowatt. Here breeder reactors have 
a marked advantage, for their capital 
cost should be no more than $750 per 
kilowatt even if their fertile material 
comes from low-grade sources such as 

EBR-2, the successor to EBR-l, is now under construction at the 

National Reactor Testing Station in Idaho. The reactor is housed 

in the steel dome at left; adjoining it is a power plant that will 

use the reactor's heat to produce 15,000 kilowatts of electricity_ 
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granite. This estimate drops to about 
$200 to $300 per kilowatt if the reactor 
is started with cheap uranium from high
grade ores and kept burning with the 
relatively expensive materials from low
grade sources. 

Controlled fusion, if it is ever 
achieved, will also be a strong competi
tor. The raw material for fusion is rela
tively easy to recover from the sea, the 
present cost of deuterium being 30 cents 
per gram. Burned in a fusion reactor at 
25 per cent thermal efficiency, this 
amount of deuterium would yield about 
24,000 kilowatt-hours of electriCity. The 
burnup charge works out to about .015 
mill per kilowatt-hour. This is a negligi
ble figure, and one that should always 
remain negligible, because the extraction 
of deuterium from the sea will not sig
nificantly reduce its concentration for 
eons to come. Assuming, as Harrison 
Brown does in his book The Next HUI1-
dmd Years, that the world will finally 
settle down to an energy consumption 
of 40 billion kilowatts per year (20 times 
the present rate), the energy reservoir 
in either the rocks or the sea will last for 
more than 10 billion years. 

The long-term raw-material costs for 
breeder power are almost as clearly de
fined as the costs for fusion power. Be
cause the breeder operates with no net 
loss of fissionable fuel, the raw materials 
that are actually consumed are the abun
dant fertile isotopes, thorium 232 or 
uranium 238, rather than the much rarer 
and far more expensive uranium 235 by 
which the reactions are first ignited. Ac
cording to Brown, a tOI) of granite could 
be processed for $1 to $2.25, and this 
would lead to a cost of 30 to 80 cents 
per gram for fertile material. Other esti
mates suggest that $1 per gram is more 
realistic. Even at this price, however, 
the burnup cost would be only .18 mill 
per kilowatt-hour. Although such a cost 
is not quite negligible, it is a small frac
tion of the total cost of generating a kilo
watt-hour of electricity. 

It is conceivable that the burnup cost 
could go still higher, because relatively 
little of the earth's crust is accessible to 
mining: we should not count the sea 
bottom, nor rocks more than three kilo
meters below the surface, nor those 
heavily overlaid with thorium- and ura
nium-poor sediments. Yet even a 10-fold 
increase in fuel cost (to $10 per gram) 
would still leave the burnup cost at 1.8 
mills per kilowatt-hour, a figure com
parable to the present energy-cost of 
coal. 

The scale of the necessary mining (or 
quarrying) operation would also be com
parable to our present coal-mining ef-

Single-wavelength light of B&l Mono
chromators aids research in missile guid
ance and detection. 

B&l Double Monochromator. give you 
light of purity you can't match at twice 
the low price. 

Dial the exact 

wavelength 
you need 

B & L Grating Monochromators 
give you instant choice 
of any wavelength from 
ultra-violet to infra-red 

It's as easy as tuning your radio! 
JUSt turn the micrometer drum 
to set the grating to the wavelength 
you want. You get full spectral 
coverage (2000A to 14,000A), plus 
your choice of interchangeable 
gratings for maximum intensity in 
specific wavelength regions. Find out 
which of ten standard models 
fills your need. 

WRITE for Catalog D-259. 
Demonstration on request. 
Bausch & Lomb Optical Co., 
75801 Bausch St., 
Rochester 2, N. Y. 

BAUSCH & LOMB 
SINCE V IS" 
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CORE AND BLANKET OF EBR·2 are typical of those in fast breeders. The core (darker 
('olor) consists of hexagonal fuel elements containing uranium 235; the surrounding b1an· 

ket elements (lighter color) contain uranium 238. The small hatched hexagons represent 

the control rods that govern the rate of the nuclear reaction; black hexagons are safety rods. 

forts. To support an energy economy 
20 times larger than our present one, 
we would have to obtain 40 tons or 
so of fertile material a day. This 
would require mining about 10 mil
lion tons of rock, not much more than 
the world's daily coal and lignite pro
duction (in 1953) of approximately six 
million tons. 

Perhaps the strongest argument for 
burning the sea instead of the rocks is 
that fusion is a "cleaner" process than 
fission. Admittedly the most troublesome 
aspect of rock-burning is the question 
of what to do with the huge quantities 
of radioactive wastes produced by fission 
reactors. The methods of waste disposal 
now being studied involve using the 
earth, whence the unburned fissionable 
materials came, as a grave for radio
active wastes. Salt domes, deep natural 
wells and artificially created cracks in 
the earth's crust have all been suggested 
as possible disposal sites, but it is pre
mature to say that any of them will 
prove entirely satisfactory. Nevertheless 
it is encouraging to note that a commit
tee recently established by the American 
Petroleum Institute to examine geologic 
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methods of waste disposal has endorsed 
the feasibility of the proposed deep-well 
and salt-dome disposal schemes. 

With fusion reactors the waste prob
lem would be considerably less severe. 
But to compare fission and fusion reac
tors is a highly speculative pastime, for 
we have yet to show that we can develop 
a fusion reactor to burn any fraction of 
the deuterium in the sea. Burning urani
um, on the other hand, is a rather routine 
process. It has become so routine, in 
fact, that the solution of mankind's long
term energy problem by breeding, in
stead of by thermonuclear fiSSion, seems 
almost inelegant. We need only the so
lutions to certain tedious engineering 
difficulties rather than brilliant flashes of 
scientific insight. As academician N. N. 
Bolgolyubov, head of the Institute of 
Theoretical PhysiCS at the Soviet JOint 
Nuclear Center, said to me recently, 
"breeding constitutes a trivial solution 
to man's ultimate energy problem." Per
haps it is because of the essential sim
plicity implied by the word "trivial" that 
those of us who are interested in breed
ing find it such an exciting technological 
development. 

Changing Concepts of the Cosmos-

The Sun 
-Man, firing the first hydrogen bomb, 
tapped the basic source of energy 
that feeds the sun and stars. Deep 

in its interior, the sun, in effect, explodes many 
billions of hydrogen bombs every second. About 
two million tons of matter vanish, are trans
formed and appear again as radiation. Every 
second. 

The sun itself would explode in a flash, if 
it were not for the heavy overlying mass, which 
cushions the explosions and turns what would 
otherwise be a cosmic detonation into a smooth, 
quiet burning. 

The sun has been reacting in this turbulent 
way for several billion years. And taking its 
time too; about 50 million years must elapse 
before the liberated energy from the explosion 
finally worms its way to the surface. It then re
veals, to impatient earth scientists, important 
facts about the sun. 

The sun is composed entirely of hot gas
most of it stagnant. But the outer 10 per cent 
rises and falls, boiling violently, making the 
sun appear mottled. 

Here and there we see sunspots, irregular 
dark areas that increase and decrease in num
ber in a cycle of -about II years. Astronomers 
once believed them to be raging solar hurri
canes. But recent studies indicate that the spots 
are islands of relative calm in an otherwise 
stormy ocean of seething gas. Regions frozen 
into immobility by the intense magnetic fields 
pervading the spot area. 

The surrounding regions, which are violent
ly stormy, present quite a display: weird moun
tains of pink flame, called prominences, soar 
to great heights. Geysers and jets spurt upwards 
hundreds of thousands of miles. Blinding erup
tions of hydrogen gas form the solar flares. 

All these areas-the quiescent sunspots and 
the cataclysmic storms-are enveloped by a 
deep layer of still hotter gas: the solar corona, 
whose edges seem to ring the sun with a halo 
or crown. An impressive crown it is, with a 
temperature of about a million degrees (Centi
grade) and a breadth that embraces the earth 
and extends far beyond. 

With a trace of royal high-handedness, the 
corona often disturbs the earth's magnetic field, 
triggers the glowing northern lights, or plays 
havoc with radio communications. Small va
garies in the earth's physical environment over 
which the sun exercises such benevolent control. 

We must know the sun better. We must 
understand its radiation more completely,
how much, of what types, and how it distributes 
itself when it leaves the sun-if space travel 
is to become a reality. 

Our present ideas about the sun, based on 
the best available knowledge, will undoubtedly 
change profoundly in the years ahead-as space 
probes penetrate into the coronal envelope and 
relay back to us pertinent information about 
interplanetary depths. 

Because we believe that cosmography-the 
geography of the cosmos-will play a vital 
role in the future, McDonnell Aircraft has in
stituted important basic research in astronomy, 
solid-state physics, chemical kinetics and mathe
matics. 

These research programs are oriented 
toward a fuller understanding of the universe: 
That men-men of all nations-may cooperate 
in the exploration of space, the moon, the sun, 
and the planets. That, through such adventure, 
men may better understand themselves and 
one another. 

M�DONNE!:14 
ST. LOUIS 66, MISSOURI 

W. invile inquiries from enginee .. and slienlists interested in 
parlilipaling in (U"ent space programs at McDonn.1I Aircraft. 
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FISHERMEN! 
We'll be glad to mail you 
names and addresses of over 
60 manufacturers of lures 
made of Tenite Butyrate. 
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e of Tenite plasti 
• To sell a product once, make it attractive . •  To sell 

a product over and over, make it dependable . •  To 

make products that are both attractive and dependable, 

make them of tough Tenite plastic. 

T he fish lures shown here are a good example of how 

the properties of the versatile Tenite plastics can be 

matched to the demands of a specific application. Made 

of Tenite Butyrate, these lightweight lures have a buoy

ancy that permits them to dart and wiggle through the 

water with graceful, realistic vigor. Yet not even the 

most savage jaws will break them, so tough is the 

plastic. Moreover, the plastic bodies undergo little 

change in salt or fresh water, since Butyrate resists 

water absorption and neither rusts nor corrodes. Color 

effects, too, are lasting ... for they're applied with du

rable lacquers that form an integral bond with the 

plastic. 

Is Tenite Butyrate or some other Tenite plastic a pos

sible answer to one of your own material problems? 

Easy and economical to injection mold or extrude, these 

Eastman plastics are available in clear transparent or 

in any color you desire ... transparent, translucent, 

opaque, pearlescent or variegated. Versatile Eastman 

plastics include Tenite Butyrate, Tenite Acetate, Tenite 

Propionate, Tenite Polyethylene and Tenite Polypropyl

ene. EASTMAN CHEMICAL PRODUCTS, INC., subSidiary 

of Eastman Kodak Company, KINGSPORT, TENNESSEE. 

BUTYRATE - PROPIONATE 

AOETATE-POLYETHYLENE 

POLYPROPYLENE 

plastics by Eastman 
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MAN OUT ... 

A fascinating project at Martin-Denver and one which offers to the truly creative 

engineer or scientist a personal esteem and professional recognition unequalled in 

to
'
day's opportunities. Please do consider being a part of this or other creative in

volvements at Martin-Denver and inquire of N. M. Pagan, Director of Technical and 

Scientific Staffing, (Dept. G-8), The Martin Company, P. O. Box 179, Denver 1, Colo. 
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Radiation-Imitating Chemicals 
lVitroge n  lnustards and certain other c omp ounds produce the sa1ne 
apparent biological effects as high-energy radiation. These chemicals 

have some use in cancer therapy and great value in basic research 

A a result of the development of 
atomic energy it is now widely 
appreciated that radiation causes 

profound changes in living matter. The 
changes have been studied for 50 years, 
but they are many and varied and still 
far from completely understood. Taken 
together they make up the well-defined 
group of radiation effects whose poten
tial for good and ill has now become the 
subject of such wide concern. What is 
not generally realized is that these ef-

" • •• '--:t 
f' • 

by Peter Alexander 

fects are not unique to radiation. There 
is a considerable number of chemicals 
that produce, so far as we can tell, the 
same biological results. 

The knowledge that substances can 
be "radiomimetic" is largely a product of 
World War II research in poison gases. 
For a few years after the war these sub
stances were expected to open the way 
to a cure for cancer. Today it is clear that 
they are no cure, but they are therapeu
tically useful in many types of malignant 

.. 
• 

disease. More important, however, is 
their role in fundamental research, 
where studies of their mode of action are 
throwing new light on cell biology. Al
though the radiomimetic chemicals are 
themselves not the answer to cancer, 
they are helping to achieve the funda
mental knowledge in which the answer 
lies. 

What are the characteristic effects of 
radiation? On the cellular level they can 
be divided into four categories. First, 

, 

CHROMOSOME ABNORMALITIES are seen in cells treated with 

nitrogen mustard (center and right). At metaphase (top), when 

the chromosomes are about to separate, the treated ones show 

fragmentation. At anaphase (bottom) treated cells have bridges 

between chromosome halves. These photographs were made by 

P. C. Koller of the Chester Beatty Research Institute in London. 
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MUSTARD GAS 

NITROGEN MUSTARD 

OTHER MUSTARDS 

CHLORAMBUCIL 

• CARBON • CHLORINE 

It HYDROGEN 0 OXYGEN 

@ NITROGEN 0 PHOSPHORUS 

CD SULFUR 

MUSTARD MOLECULES are diagrammed schematically. Common to all are two chains 

containing two carbon atoms and a chlorine. In mustard gas (top) the chains are attached 
to a sulfur atom. In original nitrogen mustard (second from top) sulfur is replaced by ni· 
tt·ogen. Other nitrogen mustards (third from top) are formed by attaching any of various 

chemical groups (rectangle) to nitrogen atom. One such mustard is chlorambucil (bottom). 
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radiation can cause genetic atfects: gene 
mutations and permanent changes in the 
structure of chromosomes. Second, it in
terferes with some of the processes of 
cell division; this interference may lead 
eventually to the death of the affected 
cells, although they usually multiply a 
few times after the exposure. Third, it 
kills certain types of cell outright; radia
tion-sensitive cells include white blood 
cells, mammalian egg-cells and certain 
pigment-producing cells. Fourth, it in
duces cancer and leukemia, the disease 
usually appearing years after the expo
sure. An additional strange effect on the 
whole organism is a nonspecific shorten
ing of life-span. Animals that have been 
exposed to radiation and have apparent
ly recovered completely from the imme
diate damage live less long, on the aver
age, than unexposed animals even if 
they do not develop malignant diseases. 

Substances have been known for 
many years that produce some of the ef
fects of radiation. In this article I shall 
deal with chemicals that are radiomi
metic in the strictest sense, that is, chem
icals that produce all the effects listed 
above. 

T he story begins with two separate 
lines of research, started under war

time secrecy, that converged only after 
security restrictions were lifted. Among 
the chemical-warfare agents being 
studied in a number of laboratories was 
mustard gas, a substance that produces 
blisters on human skin (but curiously not 
on the skin of most other animals). It 
was discovered that a relatively minor 
change in the mustard-gas molecule
the substitution of a nitrogen atom for a 
sulfur-greatly enhanced the effective
ness of the gas. The new agent was 
called nitrogen mustard [see illustra
tion at left J. S u bseq uen tl y a n umber 
of different compounds, the molecules 
of which incorporated the chloroethyl
amine group (-NHCHaCH2Cl), were 
found to have the same activity, and 
these compounds are now called nitro
gen mustards also. While investigating 
their pharmacology, Alfred Gilman at 
the Yale University Medical School was 
impressed by the fact that they de
stroyed lymphoid tissue and organs con
taiJling rapidly dividing cells. This sug
gested that the nitrogen mustards might 
be useful for controlling cancer and leu
kemia. A group at Yale pursued the idea 
from 1943 onward, though they could 
not publish their results until after the 
war ended. 

Meanwhile in Britain, Alexander Had
dow and his colleages at the Chester 
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Beatty Research Institute of the Royal 
Cancer Hospital in London had been 
experimenting with entirely different 
chemicals for the control of cancer. 
Learning of the U. S. work, they at
tempted to combine the active groups in 
one of their substances with the active 
group of the nitrogen mustards. The bio
logical activity of these new compounds 
turned out to be dominated by the nitro
gen-mustard groups. Therefore they un
dertook an intensive program to prepare 
new derivatives that might show im
proved biological properties. Clinically 
their efforts have had a limited success. 
Many different compounds are now used 
in treatment, but the advantages over the 
parent compound are relatively small. 
Scientifically, however, the research by 
Haddow's group was extremely valu
able, because it revealed the two key 
properties of the nitrogen mustards that 
account for their growth-inhibiting ac
tivity. 

First, the reactivity of the chlorine 
atom proved all-important. When nitro
gen mustard is dissolved in body fluids, 
the chlorine atom splits off, leaving a 
reactive intermediate that readily com
bines with many of the molecules of the 
cells [see illustmtion below J. The result 
is the attachment to these molecules of a 

. -
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straight-chain group, a reaction known 
as alkylation. On the theory that alkyla
tion was responsible for the capacity to 
kill cells, Haddow's group tested other 
compounds, chemically quite different 
from the nitrogen mustards but capable 
of the same type of reaction. These sub
stances included epoxides, ethylene 
imines and methane sulfonates [see illus
tration on next page J. All were growth 
inhibitors. Having no other feature in 
common, their activity seems inescapa
bly to be due to their alkylating ability 
under physiological conditions. 

As so often happens in science, these 
discoveries were subsequently found to 
have been partially anticipated many 
years earlier. In 1898 Paul Ehrlich, the 
father of chemotherapy, had recognized 
the unusual pharmacological properties 
of ethylene imine and of the simplest of 
the epoxides: ethylene oxide. He noted 
that they differed from all the hundreds 
of other substances he had studied in 
causing intense cell destruction in tis
sues containing rapidly dividing cells. 
However, his report came to the gen
eral attention of scientific workers only 
in 1956, with the publication of his 
collected papers. Had it not been 
overlooked in the wealth of Ehrlich's 
researches, we should not have had 
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to wait for a world war to focus atten
tion on the potentialities of alkylating 
agents. 

The second critical property of the 
growth-inhibiting chemicals to emerge 
from the studies of Haddow and his 
colleagues was the presence of two alky
lating centers in each molecule. The 
original mustards-nitrogen or sulfur
have two such groups. Of all the other 
derivatives tested, only those with two 
reactive chlorine atoms proved effective 
in arresting the development of tumors 
in experimental animals. (Single-group, 
or "one-armed," compounds do inhibit 
growth in experiments on single cells, 
but only in concentrations too high to 
be tolerated by an animal.) The same 
condition applied, in general, to the oth
er biological alkylating agents; for ex
ample, a compound having two epoxy 
groups is very much more effective than 
a mono-epoxide. 

we shall presently consider the sig-
nificance of these findings, but first 

let us turn to a second radiation-like 
feature of the alkylating agents: their 
genetic effects. In 1928 H. J. Muller 
showed that X-rays produce mutations in 
genes, the hypothetical units of heredity 
that are strung out along the chromo-

r---------, 
I 0 I NUCLEIC 
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ALKYLATION REACTIONS involve attachment of active group 

on mustard molecnle to a receptor such as an acid group on a 

protein (top) or a phosphate group on a nucleic acid (bottom). 

Broken rectangles enclose region where reaction has taken place. 
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somes and passed down from generation 
to generation. Subsequently it was found 
that all types of high-energy radiation 
cause mutations in all forms of life that 
have been tested. These radiations can 
also damage the structure of chromo
somes, the changes becoming apparent 
when cells divide. For many years genet
icists looked for chemicals that would 
have the same actions, but none was 
found. Radiation seemed to be unique 
in these respects. 

Then during the war P. C. Koller, 
working at the University of Edinburgh, 
observed that mustard gas produces per
manent chromosome abnormalities that 

are indistinguishable from those induced 
by X-rays. Charlotte Auerbach and Wil
liam Robson, also at the University of 
Edinburgh, had set out to test whether 
this compound would also cause muta
tions in the fruit fly. It did; they had 
found the first chemical mutagen. Quite 
independently of the British work, the 
publication of which was again delayed 
by security requirements, 1. A. Rapo
port, a geneticist in the U.S.S.R., also 
discovered the mutagenic action of an 
alkylating agent: diethyl sulfate. He 
published his results in 1947, though his 
studies had not been stimulated by mili
tary research. 

. .. D-� + b�PROTEIN > D 
EPOXIDES 

It soon developed that the ability to 
cause mutation and chromosome dam
age, like the ability to inhibit tumors, 
is shared by all the biological alkylating 
agents. Mutagenic action, however, re
quires only one alkylating center per 
molecule and is not, in general, greatly 
enhanced by the presence of a second 
reactive group. On the other hand, com
pounds with two centers are much more 
active than one-armed substances in pro
ducing abnormalities in chromosomes. 

Like X-rays, the alkylating agents 
cause mutations in the genetic systems 
of organisms ranging from bacterial vi
ruses to mammals. Many other types of 
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OTHER ALKYLATING AGENTS are diagrammed schematically 

at left. Although they are chemically unlike the mustard molecule, 
they react with cell molecules such as proteins in the same way. 

All these substances produce the detectable effects of radiation. 
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HAVE YOU MET THE 

He'll tell you the story of the "impossihle" rubber that helps deliver a hot blast to cold jets ... 

or the case of the 3600 mph wind tunnel. Perhaps you'll want him to tell how he helped seal a delicate 

gyroscope ... or show you the brick that floats. Here's a man with a thousand success stories 

about UNION CARBIDE Silicones. 

But the Silicones Man is in reality many men-in sales engineering, technical service, research, 

and development-all working together as the Silicones Division of UNION CARBIDE. Between 

them they possess tremendous knowledge about the wonderful world of silicones. There's 

a Silicones Man in most major cities. Put him to work on your problems today. For a 

complete description of many silicone products, write for the booklet "Look to 

UNION CARBIDE for Silicones," Dept. AF.0701, 
Silicones Division, Union Carbide Corporation, 

30 East 42nd Street, New York 17, N. Y. 

The term HUnion Carbide" is a registered trade-mark of DeC .. 
In Canada: Bakelite Company, Division of Union Carbide 
Canada Limited, Toronto 7, Ontario 
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chemical substance have since been 
found that cause mutations and chromo
some damage in certain cells, but none 
of these seems to be so universal in its 
action. Apparently genetic changes can 
be induced by a variety of different 
mechanisms, some of which work rather 
indirectly, possibly by altering metabo
lism. The fact that the alkylating agents 
affect the genetic system wherever it is 
found indicates that they directly attack 
the fundamental genetic material, com
mon to all forms of life. It is this that 
makes them true radiomimetics. 

One of the many unsolved problems 
in cancer research is the connection be
tween these genetic effects and the abil
ity of alkylating agents to kill cells, 
which is the basis of the agents' thera
peutic use. Undoubtedly chromosome 
abnormalities can be fatal to isolated 
cells, although the effect is delayed for 
some generations. The cells usually pass 
through a few divisions after sustaining 
this damage. Eventually unequal shar
ing of genetic material between daugh
ter cells, or mechanical interference with 
the division process, will bring repro
duction to a halt. This type of destruc
tion may be called mitotic death, since 
it is bound up with the process of cell 
division, or mitosis. 

The role that mitotic death plays in 
the whole animal is not certain. It may 
contribute to damage in organs contain
ing rapidly dividing cells, such as the 
bone marrow, which turns out a contin
uous supply of blood cells. But what is 
called interphase death is more impor
tant in the treatment of many types of 
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tumor. Here the cells die some hours aft
er exposure without an intervening divi
sion (i.e., during interphase), so that 
there seems to be no role for chromo
some damage. Some cells are very re
sistant to direct killing, by radiation or 
chemicals, while others, notably the 
mammalian egg, the mature sperm and 
the white blood cells known as lympho
cytes, are extremely sensitive. In any case 
the influence, if any, of genetic effects in 
this type of cell destruction is obscure. 

let us turn now to the question of how 
L the radiomimetic chemicals produce 
their effects. Knowing the chemical re
action responsible for their biological 
activity, one might expect that the rest 
of the problem would be relatively easy 
to solve. Unfortunately alkylating 
agents react with nearly all the impor
tant components of cells. Every protein 
has many points to which they can at
tach. So do nucleic acids; so do nearly 
all the different vitamins. Thus when 
alkylating agents enter a cell, they are 
dissipated in a large number of different 
reactions. Many of these reactions, if 
they involved a significant proportion of 
the available molecules, would no doubt 
lead to the death of the cell. But the 
concentrations necessary to produce radi
ation-like effects are so low that most of 
the possible receptor molecules must be 
left untouched. The problem, then, is 
not to find the kinds of molecule that are 
alkylated, but to eliminate the trivial 
reactions and to determine those vital 
sites where a few alkylations can cause 
deep-seated and permanent damage. 
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The chief chemical groups with which 
alkylating agents react in living ma
terial are the sulfhydryl group (SH), 
the amino group (NH2) and the acid 
group (COOH). Many other substances 
also combine with sulfhydryl and amino 
groups, but none exhibits true radio
mimetic properties. Hence the process 
of elimination points to acid groups as 
the important sites. Every chemical that 
can alkylate an acid group under concli
tions existing in living cells has proved 
to be radiomimetic. The reasoning is bv 
no means conclusive, and if we accept it 
we are still left with a bewildering num
ber of possibilities. Every protein and 
every nucleic acid contains many eligi
ble acid groups. Furthermore, the differ
ent biological end-effects are not neces
sarily initiated by the same primarv 
chemical reaction. 

Our next guidepost is the fact that 
compounds having two or more alky
lating groups per molecule are very much 
more effective than one-armed com
pounds in inhibiting growth and dam
aging chromosomes. This suggests that 
such injuries may be produced when the 
chemical agent reacts with two of the 
cell molecules, joining them together. 
Specifically, if the two threads of a 
chromosome were cross-linked before a 
cell divided, the two could not separate 
properly during division and abnor
malities would result. Although there is 
little evidence for cross-linking of chro
mosome threads, the general notion of 
cross-linking has proved most fruitful. 
This reaction is quite plausible. Cross
linking will almost surely put a giant 
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CROSS·LINKING OF DNA molecules (colored strands) occurs 

when an alkylating agent with two active groups per molecule at· 

taches to receptors on DNA chains (dark segments). Linking may 

be between different molecules (b) or between parts of the same 

molecule (c). When enough different molecules are joined to· 

gether (d), this portion of the DNA is not soluble but gel·like. 
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molecule out of action, no matter where 
the linking takes place. The simple at
tachment of a small side-group will have 
no effect if it takes place at a biologically 
unimportant site. For example, many en
zymes, which are proteins, can be ex
tensively alkylated without losing their 
activity. 

Assume, then, that radiomimetic 
chemicals cross-link the giant molecules 
of cells by attaching themselves to 
groups that can be alkylated. The ques
tion remains: What molecules are in
volved? We know that the chemicals do 
cross-link proteins. However, the uni
versality of their genetic effects suggests 
that, in this case, they act directly on 
the genetic material: deoxyribonucleic 
acid (DNA). Another reason for choos
ing DNA is that many substances cross
link proteins under physiological condi
tions, but do not show radiomimetic 
properties. These biologically inactive 
cross-linking agents do not combine 
readily with isolated DNA, while the 
biological alkylating agents do. More
over, the ability of the alkylating chemi
cals to cross-link DNA has been demon
strated directly [see illustration at Tight J. 

Does cross-linking explain both types 
of cell-killing? It is certainly not 

hard to see how it applies to mitotic 
death. Joining DNA molecules together 
in an unnatural configuration must lead 
to trouble during cell division, when the 
DNA has to be shared between the 
daughter cells. Once the genetic ma
terial has been altered, the change will 
be perpetuated and eventually give rise 
to nonviable cells. 

As to interphase cell-death, the pic
ture is less clear. The cells most sensitive 
to death without intervening division are 
the lymphocytes, which have a large 
nucleus and very little of the surround
ing cytoplasm. There are indications 
that damage to the nucleus kills them, 
but we do not know whether cross-link
ing of DNA has anything to do with it. 

In the case of mutation it is obvious 
that the cross-linking mechanism is not 
involved, because one-armed molecules 
are just as effective as those with double 
groups. As readers of this magazine are 
well aware, current genetic theory holds 
that hereditary information is stored in 
the DNA molecules in the form of a 
code. DNA is composed of four (some
times five) basic units called nucleo
tides, and the order in which they are 
strung together determines the informa
tion in the molecule. In reproduction 
the dividing cell makes identical copies 
of its DNA which it transmits to its 
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SALMON-SPERM DNA is cross·linked by alkylating agents in experiment diagrammed 

here. Intact nucleus contains an aggregate (a) of DNA (colored strands) and protein 
(black segments). When nuclei are dissolved in strong salt solution (b), the DNA and pro

tein separate. If cells have been treated, part of the DNA is cross·linked (c). Upon centrifu

gation (d) the part of the DNA that is most heavily cross-linked separates in form of a gel. 
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WING MUTATIONS in fruit flies are produced by injecting alkylating agents into the 

testes. At top are the normal male (left) and female (right). The drawings of male (center) 

and female (bottom) progeny of treated fruit flies illustrate four of the wing mutations 

produced. This study was done by O. Fahmy of the Chester Beatty Research Institute. 
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descendants. Occasionally there is an 
error in copying, the sequence of a few 
nucleotides is changed, and a spontane
ous mutation has occurred. 

How can the alkylating agents in
crease the number of mutations? Since 
they do this in the genetic system of 
organisms ranging from the bacterial 
virus to the mouse, it is most probable 
that they work by direct reaction with 
DNA. Apparently they interfere in some 
way with the replication process, in
creasing the chance of copying-errors. 
It seems likely that the alkylation of one 
of the many reactive groups in the DNA 
molecule would have such an effect. The 
alkylated DNA is not itself the "mutant," 
since it is a structure that cannot be 
copied by the normal metabolic process
es. We suggest that alkylation of an 
isolated group slightly complicates the 
synthetic process, thereby increasing 
the likelihood of a copying-error. 

The final radiation-like property of the 
. alkylating agents is their capacity 

to cause malignant growths years after 
the organism is exposed to them. All the 
different classes of chemicals we have 
mentioned have been found to be car
cinogenic in animals. Whether their cell
killing or their mutagenic properties or 
both are responsible is not clear. Accord
ing to one school, the cancer results 
from a mutation that robs a cell and its 
descendants of the ability to respond to 
the restraining influence of the host in 
which they grow. If so, we should ex
pect a close correlation between the 
mutagenic and cancer-producing prop
erties of a compound. An alternative 
view is that the carcinogenic agent 
damages tissue, making it possible for 
the occasional cancer cell that arises by 
chance mutation in this tissue to estab
lish itself and develop into a malignant 
growth. On the latter theory the impor
tant reaction is not with the parent can
cer cell but with the neighboring cells. 
The two ideas are not mutually exclu
sive. Some cancers are almost surely 
produced by the indirect mechanism 
and others seem to result from mutation, 
though this has never been unambigu
ously proved. Since radiation causes 
both tissue damage and mutations, it 
does not provide a means of deciding be
tween the two possibilities. As we have 
seen, some of the alkylating agents pro
duce mutations, but do not, in general, 
damage tissues by killing cells. Thus we 
have high hopes that research with these 
chemicals may furnish valuable informa
tion about the nature of the cancer-in
ducing process. 

The remarkable Similarity between 
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the detectable effects of radiation and 
of alkylating agents naturally raises 
the question of whether the ends are 
reached by the same biochemical 
route. We

' 
know that several stages 

intervene between the primary action 
of radiation-damage to an important 
center in a molecule of the cell-and 
the appearance of biochemical disturb
ances [see "Radiation and the Cell," by 
Alexander Hollaender and George E. 
Stapleton; SCIENTIFIC AMERICAN, Sep
tember, 1959]. Metabolism develops 
the injury just as a developer brings 
out an image on a photographic plate. 
Is the initial reaction of the alkyl at
ing agent comparable to the primary 
chemical lesion of radiation? It is tempt
ing to think so, and to suppose that 
the biological pathway from then on 
is the same. But the evidence is not 
clear. 

Radiation can, under certain condi
tions, cross-link the DNA in the nucleus 
of the cell. Unfortunately, however, 
there are many reasons for believing 
that this reaction is not the starting point 
for radiation injury of cells (though it 
may well be responsible for the inactiva
tion of viruses by atomic radiations). 
Thus the train of events set in motion by 
alkylating agents and by radiation may 
meet only at the stage of the detectable 
biochemical disturbances. It seems un
likely, however, that theBe is no common 
pathway at all, and that the many iden
tical end-effects are reached in quite 
different ways. 

Ten years of intensive research on 
alkylating agents has failed to produce 
a cure for cancer. Thousands of com
pounds have been synthesized and test
ed, but none shows any fundamental 
advantage over the original nitrogen 
mustards. Some of the newer sub
stances do have fewer toxic side-effects, 
making them more useful in therapy. 
All share the basic defect that they do 
not specifically seek out the malignant 
cell, but attack all rapidly dividing cells. 
For example, they destroy the normal 
cells in bone marrow as readily as the 
cells that give rise to leukemia. A dose 
large enough to kill all the leukemic 
cells would therefore be fatal to the 
patient. So the chemicals produce re
missions, but not cures. Because their 
action is not localized they cannot be 
used to eradicate a local tumor, as radia- j 
tion often can. 

Probably the greatest benefit that has 
been, and will be, derived from the 
radiomimetic substances is the increase 
in basic knowledge. Interfering as they 
do with the most fundamental cellular 
processes, they offer one of the best 

Hang-up 

Pop-off 

(These are horrible things 
that can happen to relay contacts.) 

To know and recognize these maladjust
ments is to take the first step toward 
avoiding them. They are most apt to show 
up, singly or in concert, when you apply 
a slowly changing energizing signal to a 
relay designed for "on-off" operation only 
(single and sudden glops of power). 

"Pop-off" is the name someone has given 
to a slow let-up in contact pressure, caus
ing the contacts to lightly kiss when they 
should have parted abruptly - a sort of 
disastrously lingering farewell. "Hang-up" 
is much the same thing, but occurring at 
or near the other end of the armature's 

travel: although the armature has moved 
across the gap, the contacts aren't firmly 
closed - a sort of timid hello. The third 
horror- "blackout" - is complete demor
alization of the armature: it stops in mid
gap, a victim of friction. This is center
neutral operation - when it's least wanted. 

The only way we know of to avoid these 
things is to get a relay which has been 
intelligently designed and built to operate 

on sliding or slowly changing current. 
The manufacturer has then taken pains 
(and probably gotten a few) to arrange 
the physical and magnetic forces in such 
a way that the armature has no choice 
but to go all the way - quickly and reso
lutely - the moment the current reaches 
the operate point. 

The Sigma Series 33 is just 
such a c urrent-sensitive 
relay, conscientiously de
signed and manufactured to 

work in your circuit without ever popping 
off, hanging up or blacking out. It is a 
OPOT polarized relay with magnetic bias 
(armature normally occupies one closed 
position when unenergized); has a stand
ard operating sensitivity of 200 mw., 
withstands 30 g to 5000 cps vibration and 
100 g shocks with no contact opening, 
energized or not. The price is not that of 
of an on-off relay, but then neither is the 
performance. If you need operation on 
sliding current, a "33" will do the job. 
Bulletin on request. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE co. (Since 1939) 
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Apply coatings of high melting point 

materials such as tungsten, tungsten 

carbide, molybdenum, chromium car· 

bide, titanium oxide, rare earth oxides. 

Operates at 10,0000.15,0000 F. 

Now any material that can be melted 

without decomposing can be sprayed. 

Despite high melting temperature, object 

sprayed stays cool. 

High fluidity of particles and high veloc· 

ity of impingement bond the particles to· 

gether to produce high density coatings 

semi· fused to work. Absence of air elimi· 

nates oxidation. 

The METCO Plasma Flame Spray Gun is 

a valuable new tool for the metalworking 

research department or production line. 

Operates on inexpensive inert gases with 

high electrical power conversion effi

ciency, long component life. Continuous 

gas streams as high as 30,OOO°F., with 

accurate control of temperature, gener

ated at costs Y:. to Vz those of oxygen-fuel 

gas equipment for equivalent heat out

put. No combustion-uses inert gases. No 

flashback or explosion hazards - push

button operation. 

Write today for free bulletin describing 

the METCO Plasma Flame Gun. 

Metallizing Engineering Co., Inc, 
Flame Spray Equipment and Supplies 
1119 Prospect Avenue, Westbury, Long Island, N. Y. 
In Great Britain, METALLIZING EQUIPMENT CO. LTD. 

Chobham·Near·Woking, England 
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INHIBITION OF TUMOR GROWTH was produced by injecting an alkylating agent. 

Pictures show 14 days' tumor growth in a treated animal ( top) and an untreated one (bot· 
tom). Photographs were furnished by Alexander Haddow of the University of London. 

ways of learning more about these 
processes. 

Finally it seems worthwhile to con
sider these agents from another point 
of view. The dangers of atomic radia
tions continue to be a matter of lively 
public concern, and rightly so. What 
about the chemicals that so faithfully 
imitate radiation? They may well rep
resent a greater danger. We add chemi
cals to food, spread them widely in pest 
control, inject them into the air we 
breathe. In setting standards of safety 
it is usual to consider only the quantities 

necessary to cause acute toxic effects. 
If the level of exposure is well below 
these limits, it is considered safe. We 
test not at all for genetic effects, and for 
cancer risk only in the case of food ad
ditives. 

The facts reviewed in this article 
ought to put us on our guard. We are 
trying very hard to assess the subtle and 
long-term risks of radiation. Should we 
not pay equal attention to the chemicals, 
new and not so new, that we encounter 
in our everyday lives? The effort might 
pay a great dividend. 

DNA MOLECULES show visible alterations when treated with nitrogen mustard. Normal 

molecules (le/t) are long and flexible. They are stretched straight by surface tension in 

being prepared for the electron microscope. Treated molecules (right) have a different 

form. They are not similarly straightened but remain more coiled. These electron micro· 

graphs were made by M. S. C. Birbeck and K. A. Stacey of the Chester Beatty Institute. 
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FASTEST COMPUTER READOUT 
MICROFILM PRINTER IN USE TODAY! 

FIFTEEN THOUSAND plotting points 
or alphanumeric characters per sec
ond are being recorded now on the 
Stromberg-Carlson S-C 4020 high
speed microfilm printer at the U.S. 
Navy's David Taylor Model Basin in 
Carderock, Md. Either on-line or off
line operation is provided. 

At the David Taylor Model Basin, the 
S - C  4020 is used in the applied 
mathematics l a b o ratory for the 
solution of various Naval problems 
including ship design, hydrodynam
ics, structural mechanics and nuclear 
reactor design. It is ideal for all kinds 
of high-speed c omputer printing, 
filing and archive storage. 

In typical graph plotting applications, 
the S-C 4020 can save as much as 

$4,840 a month. Assume that an aver
age of 2,100 graphs with 375 points 
each are required each m onth. 
Twenty-five engineering aids can do 
this work by hand at an estimated 
cost of $8,800 a month. One S-C 4020 
high-speed printer can do the same 
work for a capital expense of $3,960 
- a saving of $4,840 a month. 

Printers similar to the one in use by 
the U.S. Navy are coming off the pro
duction line right now. You can have 
your own printer saving hundreds of 
valuable man-hours within 6 months. 

LITERATURE AVAILABLE - Write t o  
Dept. A-18, Stromberg-Carlson-San 
Diego, 1895 Han cock Street, San 
Diego 12, California. 

-• 

Selected data, either tabular or 
graphic, may be projected on 
the accessory viewing screen 
only 8 seconds after film expo
sure. The p rojection unit is 
useful for computer monitoring. 

STROMBERG-CARLSON-SAN DIEGO 
A D I V I S I ON OF GENERAL DVNAMICS CORPORATION 
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century 

In :medieval ti:mes, alchemists spent lifetimes 

trying to transform the commonplace into the pre

cious without success. Today, in the Hughes Research 

Laboratories, scientists and engineers using advanced 

methods and equipment, are synthesizing many new 
and precious materials to be used in solid state 

research. 

The photograph, for example, shows a Hughes 

Research Laboratories scientist observing the 

growth of an yttrium aluminum garnet crystal using 

the flame fusion method. This work, as well as other 

crystal growth techniques, is part of a major Hughes 

materials research and supply program for the syn

thesis of ruby, sapphire, spinel, ferrite, garnet and 

related oxide single crystals. These materials pro

vide atomic circuit elements which are the key to 

quantum electronics. 

As solid state research at the Hughes Research 

Laboratories continues to expand and intensify, a 
supply of new and tailor-made materials in the form 

of high-quality single crystals is essential. Effective 

utilization and improvement of existing and new 

crystal growth methods requires extensive knowl

edge of their range of applicability, crystal growth 

Feedback in the form of performance data and sugges
tions for modifications to advanced Hughes Systems is 
provided by Hughes Field Engineers. 

Develop:ment of new and highly reliable direct display 
storage and microwave tubes is being carried on at the 
Electron Tube Division, Hughes Products. 

mechanisms and the relationships between growth 

parameters and perfection of the resulting materials. 

Materials research is contributing significantly 
to existing ferrimagnetic, paramagnetic and absorp

tion spectroscopic studies ... and is opening new 

areas of investigation by providing materials not 

previously available as large single crystals. 

Other Hughes activities cover practically every 

part of the electronics spectrum ... providing stimu

lating outlets for creatively-oriented engineers. 

These include: Space Vehicles, Nuclear Electronics, 

Ballistic Missiles, Advanced Data Handling and Dis

play Systems, Infrared Devices, Three-Dimensional 

Radar ... and many others. 

The variety and advanced nature of Hughes proj

ects provides an ideal environment for the scientist 

or engineer who wishes to increase his professional 

stature. 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Electrolu mi nesce nce 

Infra·red 

Plasma Physics 

Digital Computers 

Systems Design & Analysis 

Circuit Design & Evaluation 

Field Engineering 

Equipment Engineering 

Commercial Sales 

Microwave & Storage Tubes 

Communications Systems 

Micro Electronics 

Write in confidence to Mr. D. E. Eikner 

Hughes General Offices. Bldg. 6-Fl. Culver City, Calif. 

The West's leader in advanced ELECTRONICS 
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THE GREEN FLASH 

When the sun's disk is disappearing at sunset, or appearIng 

at sunrise, its top sometimes monlentarily turns a brilliant 

green. The flash results from dispersion of sunlight 1n air 

S
ome clear evening as the sun is 

sinking below the horizon you 
may, if you are fortunate, witness 

one of nature's most unusual and beau
tiful displays. Just as the last of the solar 
disk is about to disappear, it may mo
mentarily turn a brilliant green. 

The green flash, as the phenomenon 
is called, is not easy to see from most 
places. People who have heard of it 
but looked for it in vain tend to dismiss 
it as a fantasy. Many who have seen it, 
including astronomers and physicists, 
have considered it an optical illusion. 
But, as color photographs such as the 
one on the cover of this issue of SCIEN
TIFIC AMEIUCAN demonstrate, the green 
flash is in fact purely objective and 
perfectly real. We shall see that it has 
a straightforward physical explanation. 

Appropriately enough, widespread in
terest in the strange effect began not 
with scientific observation but with a 
work of science fiction. Le Rayon vert, 
a novel by Jules Verne published in 
1882, describes a long search for the 
mysterious green ray of the title. (The 
word "ray" is used in both French and 
German to describe the effect, but "flash" 
is a better description.) It would be in
teresting to know what drew Verne's 
attention to the matter, because one can 
find hardly any mention of it before that 
time. 

Since then many observers have seen 
the green flash and speculated about its 
cause. Most commonly they have de
scribed a thin green band, visible for a 
fraction of a second at or just above the 
top edge of the sun as it sinks out of 
sight. But the flash can take other forms. 
Sometimes it is blue, or turns from green 
to blue; sometimes it is even violet. On 
rare occasions it appears while the whole 
disk of the sun is still above the horizon, 
and then there may be a red flash at the 
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bottom of the disk as well as a green 
or blue one at the top. The flash is 
about as common at sunrise as at sun
set. Here too it may be blue or violet 
as well as green. If it changes color, 
it does so in the reverse order, passing 
from blue to green. 

Normally the flash is extremely nar
row. From top to bottom it covers only 
about 10 seconds of arc, which gives it 
the same apparent width as a one-inch 
ribbon at a distance of 570 yards. 

To see the flash with the naked eye 
requires a sharp horizon and a sky free 
from haze-conditions most likely to be 
found in deserts or on mountains, or 
over water. The clear desert air of 
Egypt affords an exceptionally favorable 
setting, and the flash appears very fre
quently there. In fact, there is evidence 
that the ancient Egyptians were familiar 
with it. A stone pillar dating from about 
2500 B.C. shows the rising (or setting) 
sun as a semicircle colored blue above 
and green below. Furthermore the peo
ple of the time seem to have believed 
that the sun is green during its nocturnal 
passage beneath the earth, an idea they 
might have got from seeing the green 
flash at sunset and sunrise. 

Some modern attempts to account for 
the phenomenon are scarcely less naive. 
According to one theory the horizontal 
rays of the sun become green by passing 
through water waves. The fact that the 
flash can be seen over land disposes of 
that fancy. A medical man has suggest
ed that biliousness of the observer is 
responsible! 

A more plausible physiological ex-
planation, which has had and still 

has many supporters, attributes the ef
fect to retinal fatigue. It is a well-known 
fact that, after looking into a bright
colored light, our eyes become fatigued. 

Upon looking away we now see the com
plementary color. So, the theory says, 
in looking at the red sunset our eyes are 
dazzled and we see, immediately after
ward, the complement of red, which is 
green. In other words, the green flash 
is all in the eye, and is purely subjective. 

Although a number of distinguished 
workers have espoused this theory, it is 
patently wrong. The flash can also be 
seen at sunrise, before the sun's disk ap
pears in the sky. 

As long ago as 1899, in a letter to 
Nature, Lord Kelvin described a sun
rise blue flash. He had seen the green 
flash at sunset some six years previously 
and wanted to see what happened at 
sunrise. A trip to the Alps, he wrote, 
"promised me an opportunity for which 
I had been waiting five or six years, to 
see the earliest instantaneous light 
through very clear air, and find whether 
it was perceptibly blue. I therefore re
solved to watch an hour till sunrise, and 
was amply rewarded by all the splen
dours I saw . . . . In an instant I saw a 

blue light against the sky on the south
ern profile of Mont Blanc; which, in less 
than the one twentieth of a second be
came dazzlingly white." 

One might think that this statement, 
from one of the greatest physicists of the 
time, published in a widely read journal, 
would have disposed of the subjective 
theory once and for all. But it still keeps 
cropping up. Paradoxically the advent 
of color photography has given it a new 
lease of life. Attempts to photograph the 
flash on color film with an ordinary cam
era are always futile, even when it is 
quite apparent to the eye. This has led 
unsuccessful photographers to conclude 
that the color they saw was merely sub
jective. The real trouble is simply that 
the focal length of their camera lens is 
too short to form a visible image of the 
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DEVELOPMENT OF A GREEN FLASH is seen in these black· 
and·white reproductions of color photographs. At top the sun has 

almost set, and the upper rim of the segment is green. In the next 

two pictures a green flash is splitting off from the solar disk. 
At bottom sun has disappeared and a green flash remains suspended 

above horizon. Time between top and bottom views was 8.4 seconds. 

1 13 
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DISTORTION in the sun's disk is caused by discontinuities in the atmosphere. In top 

photograph the color print shows a green rim at the top of the disk and a red rim at the 
bottom, together with a red flash below. At bottom the green flash remains after sun has set. 
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narrow band of color. For example, in 
a 35-millimeter camera with a lens five 
centimeters in focal length the image 
of a normal green flash would be only 
.005 millimeter wide, much too narrow 
to be recorded on the film. 

For years I had looked in vain for the 
green flash-at sea, on mountains, in 
many parts of the world. Then, a few 
years ago, I saw it very clearly at sunset 
over the Mediterranean from the Vati
can Observatory at Castel Gandolfo. 
(The Observatory, at an altitude of 
1,500 feet, provides an unobstructed 
view across the Roman Campagna to the 
sea horizon, 50 miles away.) I soon be
gan to wonder whether it might be pos
sible to photograph the flash on color film 
with one of our telescopes. With a focal 
length of several feet, they should mag
nify the image sufficiently to make it 
visible. At any rate it seemed worth
while to try. If we succeeded, we would 
be able to administer the quietus to the 
subjective theory of the flash. 

In 1954, after a long series of ex
periments, C. Treusch, S.J., instru
ment-maker and photographer of the 
Observatory, took our first color photo
graphs of the green flash. Developing a 

successful technique was no easy task. 
For any such fleeting phenomenon it is 
very difficult to find the exposure that 
will give a faithful reproduction on film 
of what is seen. Moreover, the intensity 
of the light changes very rapidly during 
the last moments of sunset, and the ex
posure must be continually adjusted to 
compensate. Many trials were required 
before we learned how to do it. A fur
ther complication is that, while the sun 
is still above the horizon, the light from 
the disk is much brighter than that from 
a green flash. Thus if the exposure is 
right for the flash, the rest of the sun 
will be overexposed. With the help of 
the Kodak Research Laboratories we 
made extensive studies of the effects of 
over- and under-exposure on the colors 
in film. 

All these difficulties were compound
ed in the beginning by the necessity of 
sending the Kodachrome film we were 
using to France or to the U. S. for de
velopment. This meant waiting several 
weeks to see the results of each test run. 
As soon as Kodak Ektachrome film be
came available, we began to use it al
most exclusively. It can be developed 
right at the Observatory. 

Our earlier photographs were taken 
with a 24-inch Zeiss reflector, the 

focal length of which is 95 inches. We 
used a reflector rather than a refractor 
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RED FLASH appearing about one degree above the sea horizon 

was photographed from Castel Gandolfo. This picture was made on 

SETTING OF VENUS was photographed on Ektachrome daylight 

film with a refracting telescope 20 feet in focal length. The planet 

appears as a series of separate but overlapping images ranging from 

Kodachrome film using a reflecting telescope with a focal length of 

eight feet. To record finer details requires a longer focal length. 

blue.green at the top to red at the bottom. The blue image as seen 

visually was at least twice as elongated as the image recorded on 

the film. The colors are the result of atmospheric dispersion. 
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who needs "for instances" 
Take such a "for instance" as this: you want 

to step an indirectly driven rotary switch 

immediately on pulse closure. The schematic, 

Fig. 28, above, points out an easy way of 

doing it with a standard relay. 

Or suppose you'd like to stretch a pulse with a 

relay - or set up a sequential programming cir

cuit with stepping switches. You'll find the most 

practical methods among the 41 schematics in 

AE's new 32-page booklet on "Basic Circuits." 

It comes complete with a handy template for 

drawing relays and switches on your own cir

cuits. And it's all yours for the asking! 

Subsidiary of 

In case you don't find the solution to your 

switching problem in Basic Circuits, our 

engineers can find a solution for you. In fact, 

AE engineers can show you switching tricks 

that will cut corners on costs. Or, if you wish, 

they'll assume the job of designing and build

ing to your specs, anything from a simple 

control package to an entire system. 

To get your copy of Basic Circuits and/or the 

answer to your specific control problem, just 

write J. E. James, Director, Control Equip

ment Sales,Automatic Electric, Northlake, Ill. 

In Canada: Automatic Electric Sales (Can

ada) Ltd., 185 Bartley Dr., Toronto 16, Ont •. 

GENERAL TELEPHONE & ELECTRONICS 
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MULTIPLE FLASHES are sometimes seen. Those pictured here 

were a hrilliant blue·green in color and floated for about two sec· 

onds above the last tip of the setting sun. There was also a third 

strip helow the two shown here, but it was too faint to be recorded. 

to ensure that the instrument introduced 
no spurious color effects, as a lens might 
have done. Later on we tried our Zeiss 
16-inch refractor (focal length 20 feet). 
Its lens is an exceptionally good one, 
very well corrected in the visual region. 
It turned out to give no spurious color 
effects and its pictures are in no wise 
inferior to those obtained with the re
Rector. The longer focal length makes 
it possible to photograph very fine de
tails that are lost with the shorter focus. 
Most of the later photographs were 
taken with this telescope. 

Thanks to Treusch's skill and patience 
we now have pictures showing the di-

verse forms the green flash can take, the 
ways in which it develops, the influence 
of various atmospheric conditions and 
the strange forms that the setting sun 
can assume as it is seen through dif
ferent layers of the atmosphere. There 
are also photographs of the red flash 
which sometimes appears below the sun, 
as well as of various phenomena seen at 
the setting of the moon and of Venus. 

The green flash is even more difficult 
to photograph at sunrise than at sunset. 
One has to judge the exact point of the 
horizon where the sun will rise and the 
precise moment when a flash may ap
pear, as well as the correct exposure. At 

v 

Castel Gandolfo conditions are par
ticularly bad because the eastern hori
zon, running along the crest of the Alban 
Hills, is mostly covered with forest. 
Only at one point is the horizon clear of 
trees, but through this gap we have 
made some color photographs of the 
green flash at sunrise. 

A much wider selection of the Castel 
Gandolfo photographs than can be in
cluded in this article are reproduced in 
a recent book by the writer: The Green 
Flash and Other Low Sun Phenomena 
[see "Bibliography"]. The ones shown 
here and on the cover, however, are 
quite enough to demonstrate the reality 

CA USES OF THE GREEN FLASH are dispersion, scattering and 

absorption of sunlight by the earth's atmosphere (black·dotted 
area). Solid lines show the paths of three spectral colors, vio' 

let (V), green (G) and red (R), in the light coming in at a small 

angle to the earth's surface from a low.lying sun. The broken lines 

show the directions from which the rays appear to be coming to

ward observers on the ground as a result of bending of their paths 

in the air. They have been dispersed into a spectrum. Between 

the three rays shown in the drawing faU the other colors of the 

spectrum, blue (B), yellow (Y) and orange (0), in normal order. 

����-------------------------------------------------- v 

GREEN FLASH A PPEARS ABRUPTLY when the lower, red rays 

have sunk below the observer's horizon. Orange and yellow are 

G 
R 

largely absorbed by the atmosphere. Blue and violet rays are 

scattered by particles in the air, leaving green as the color seen. 

1 17 
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RISING SUN is seen from Castel Gandolfo behind castle at Rocca Priora, 6.5 miles 

away. The green flash appears at sunrise, but is barder to photograph at that time. 

CASTEL GANDOLFO, the site of the Vatican Observatory, is seen from the west, looking 

across Lake Albano toward the eastern horizon. Two observatory domes are at left center. 

I 18 

of the green flash. What does produce 
the phenomenon? The answer can be 
found in the laws of physics. 

When light from the sun enters the 
earth's atmosphere it is slowed down, 
and therefore bent or refracted, just as 
when it passes through a glass prism. 
The amount of refraction depends on the 
wavelength of the light, the shortel' 
waves being bent more than the longer 
ones. Thus the white sunlight is spread 
out or dispersed into a spectrum, with 
the longest (red) wavelengths at one 
end and the shortest (violet) at the 
other. The lower the sun, the greater the 
thickness of air through which its light 
must pass before reaching the eye of an 
observer. Hence the dispersion is great
est at sunset and sunrise. 

Because the short waves are bent 
more sharply, they strike the eye at a 

steeper angle and appear to be coming 
from a point higher in the sky than the 
longer ones [see m iddle illustration on 
preceding page J. Thus the spectrum ex
tends from violet at the top to red at the 
bottom. As long as a fair portion of the 
sun's disk is visible, light rays from its 
various parts overlap, and one cannot 
see the spectrum. (Sometimes a green 
or blue rim does appear at the top of 
the disk and a red rim at the bottom.) 
When the sun sinks below the horizon, 
the colors of its spectrum disappear one 
by one, the lowest red rays first, then the 
orange, yellow, green and so on. 

Why, then, do we not see an orderly 
change of color instead of an abrupt 
flash of green? The reason is that the 
atmosphere filters out the other colors. 
In addition to dispersing light the air 
also absorbs and scatters it. Absorption, 
due mainly to water vapor, oxygen and 
ozone, affects chiefly the orange and yel
low light. Scattering is stronger for short 
wavelengths. (Preferential scattering of 
blue light accounts for the color of the 
sky.) Thus when the red rays have sunk 
below the horizon, the orange and yel
low are attenuated by the thick layer of 
air through which they are traveling to
ward our eyes. The blue and violet light 
is largely scattered away. The color least 
affected is green, and this is what reach
es us. At high altitudes, and when the 
air is very clear, the shorter waves may 
still come through, and the flash can be 
blue or violet. 

'r he same processes that operate on 
sunlight affect the light from stars or 

planets. Since the images of these ob
jects are so much smaller than that of 
the sun, the dispersion of their light is 
apparent when they are near the hori
zon. Because of absorption and scatter-
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Versatile Ground 
'Support lor 

..Jet Transport 
.. tIiiiIiI;;;aa...;: Ground Power 

flyaway Unit Fleets 

8,500 AiResearch 
Gas Turbine Units in Use 

Ground Power 
Trailer 

Extremely reliable and diversified, 
AiResearch mobile ground support 
equipment provides main engine start· 
ing for turbine·powered aircraft, and 
ground air conditioning and electrical 
power for both aircraft and missiles. 

Heart of the lightweight ground 
support systems are AiResearch gas 
turbine compressors which provide 
pneumatic and/or electrical power. 
Electrical power is supplied when the 
unit is coupled with an alternator. 

G R O U N D  P O W E R  FLYAWAY 
UNITS for jet engine starting are 
designed to meet the need for a mobile 
low cost pneumatic power source 
which is readily air portable for 

THE 

emergency use. These lightweight, 
self·contained units are mounted on a 
compact cart complete with instrument 
panel and enclosure. They can also be 
used for missile ground support where 
pneumatic power is required. 

GROUND POWER VEHICLES sup· 
ply both pneumatic and electrical 
power for jet engine starting, ground 
air conditioning and other ground reo 
quirements where these types of power 
are needed. Air and electrical connec· 
tions located at the front of the vehicle 
allow the operator to drive frontward 
into position. The instrument and con· 
trol panel are inside the cab, and the 
power unit is easily accessible through 

wide doors on both sides of the vehicle. 
Full sound attenuation reduces operat· 
ing sound level below 90 decibels at 
a distance of 10 feet. 

GROUND POWER TRAILERS pro· 
vide pneumatic power for jet engine 
starting on ground air conditioning ... 
and electrical power when equipped 
with an alternator. These rugged, com· 
pletely self· contained units are also 
fully sound attenuated. Servicing is 
easily accomplished through ample 
access doors. 

AiResearch ground support equip. 
ment can be designed to meet specific 
requirements or installed on standard 
vehicles. Your inquiries are invited. 

CORPORATION 

?1iResearch Manufacturing Divisions 
Los Angeles 45, California' Phoenix, Arizona 

Systems, Packages and Components lor: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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JET ENGINE SUPPRESSOR 

WITHSTANDS 
SUPERSONIC 

SHOCK 

Suppressor in use behind an Air Force F-86 H "Sabreiet" 

Muting the ear-shattering roar of a jet engine on pre-flight "run-ups" 
is the job of Koppers Company, Inc.'s new Portable Run-Up Suppressor. 
And four Saginaw Ball Bearing Screws-flanking the body of the Sup
pressor-help hold it rock-steady against the full force of the jet 
engine's supersonic blast! 

These Saginaw bib Screws enable the Suppressor to be hand-raised 
or lowered into position faster and with far less effort than by any other 
manual means. The reason? The Saginaw bib Screw converts rotary 
motion into linear motion with over 90% efficiency! And the dependable 
Saginaw Screw also played a significant part in keeping the Suppressor 
both light in weight and portable in design. 

Whether you manufacture miniature electronic controls or giant pro
duction equipment, the Saginaw bib Screw may be able to give your 
products that valuable Sales Appeal you're looking for. To discover 
all the benefits it can bring you, write or telephone Saginaw Steering 
Gear Division, General Motors Corporation, Saginaw, Michigan
world's largest producers of bib screws and splines. 

Give your products: 
NEW QtJ.LE� APPEAL . . .  SWitch to the 

WORLD'S MOST ACTUATION DEVICE 
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ing, the spectra are not continuous. In
stead we see a set of overlapping images 
in different colors. The brighter the ob
ject, the clearer the effect; the setting of 
Venus provides a vivid example [see 
bottom photograph on page 115]. 

While dispersion, selective absorption 
and scattering are chiefly responsible for 
the green flash, other factors favor or 
hinder its appearance. Dust or haze in 
the air absorbs light and makes it less 
likely that a flash will be seen. On the 
other hand, abrupt variations in the 
density and temperature of different 
layers of the atmosphere may act to in
crease the intensity and duration of the 
effect. The English astronomer J. Ever
shed, while traveling by sea from Aus
tralia to Java, saw a brilliant green flash 
at sunset every evening and noted that 
on each occasion there was also a mirage. 
This was caused by a thin inversion lay· 
er-a region where the temperature of 
the air increases with height-near the 
surface of the ocean. When the sun was 
near the horizon, two images of it could 
be seen-the direct one and a mirage reo 
flected upward from the inversion layer. 
As the sun sank further, the reflected 
image moved up to meet the direct one, 
and the green flash appeared when they 
coalesced. Evershed observed a similar 
effect at the setting of Venus. 

The duration of the flash depends on 
the rate at which the sun is sinking be
low the horizon, and at any one place 
this rate varies with the time of year. 
Moreover, the sun sinks more slowly, 
and the green flash lasts longer, as one 
moves from the Equator toward the 
poles. For example, at Hammerfest in 
Norway (latitude 79 degrees north) the 
flash at midsummer may last as long as 
14 minutes, seven minutes during the 
slow sunset and another seven at sun
rise, which follows immediately. The 
longest display on record was reported 
by Admiral Byrd's expedition to Little 
America (78 degrees south) in 1929. 
The sun grazed the irregular horizon of 
the barrier ice and the green flash was 
seen, On and off, for about 35 minutes. 

Refraction, in addition to producing 
the flash, extends its duration. The 
downward bending of light rays makes 
the sun appear higher than it really is, 
and keeps it visible for an appreciable 
time after it has actually sunk below the 
horizon. At Castel Gandolfo, under nor
mal conditions, refraction raises the sun 
about 1.3 degrees, or about two and a 

half times its diameter. Depending on 
atmospheric conditions the effect may 
sometimes be much greater, delaying 
sunset still more and lengthening the 
life of the flash proportionately. Some 
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Giant crystal puller grows, casts 
lO-inch silicon crystals at TI 

Silicon crystal chalice, produced by combining grow
ing and casting techniques, illustrates capabi  lities 
of TI giant crystal puller that grows lO-in_ s ilicon 
crystals and casts Yz-in_ plates to l2-in. diameters. 

germanium and silicon transistors 

silicon diodes and rectifiers 

'.�P solid tantalum capacitors 

precision carbon film resistors 

sl!ns,'ttto, silicon resistors 
--y 

IR and solar cells 

Anticipating and keeping pace with advanced infrared materials 
requirements, TI engineers designed and built a giant crystal 
puller capable of growing semiconductor crystals to lO-inch diam
eters. Designed for engineering and development studies, it can 
grow a wide variety of crystal configurations, and add further 
variations to the TI developed cast silicon dome process. The 
latter method economically casts silicon domes such as those used 
on infrared guided missiles. This casting of thin silicon shells 
instead of growing entire crystals substantially reduces material 
costs and saves considerable grinding and polishing time. Com
binations of the growing and casting techniques can be used 
advantageously to produce many unusual results such as the 
chalice shown at left. 

Only advanced facilities can produce advanced components. 
The scope of semiconductor technology at Texas Instruments 
ranges from the refinement of ultra-pure raw materials through 
the manufacture of transistors, diodes, rectifiers, infrared detec
tor cells, solar cells, and other infrared optical materials .. . a 
completely integrated facility to bring you electronic components 
of the highest known standards of quality and reliability. 

TEXAS IN STRUM ENTS 
IN C OR P OR A T E D  
SEMICONDUCTOR·COMPONENTS DIVISION 
DALLAS. TEXAS 
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MISSILE DESIGN WITH !jjTCO IN MIND 
HITCO is one of the world's leading developers and manu
facturers of ultra-performance thermal materials capable 
of resisting extremely high temperatures, even up to 
lS,OOO°F. for short duration! Call or write us for 

• REF'RASll Materials 

• HITeD Metal Blankets 

• THERMO-COUSTI Materials 

• THOMPSQglas Materials 
Capabilities Brochure and complete Technical Data. � ___ ., 

• ASTROLITE Reinforced Plastics 
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MINIATURIZATION 

We are far into new areas with miniaturized and microminia

turized electromagnetic devices used in the Inertial Guidance 

systems we build. Our staff openings in miniaturization are for 

men who think big. Write to Mr. C. T. Petrie, Manager, Research 

& Engineering Staff. rn LITTON INDUSTRIES Electronic Equipments Division 

Beverly Hills, California 
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remarkable instances of abnormally 
great refraction have been recorded. In 
1597 some Dutch sailors in the Arctic 
Circle saw the sun for 14 days when it 
should have been entirely below the 
horizon. It had been raised no less than 
four degrees by abnormal refraction. 

With so many factors involved it is 
small wonder that the appearance 

of the green flash is quite capricious. As  
has been mentioned, the chances of  see
ing it, at least with the naked eye, are 
much better in high mountains, tropical 
seas or deserts. I should add that it is 
much easier to see if you already have a 

good idea of what to look for. People 
who have often tried and failed to Rnd 
the green flash have been able to see it 
without difficulty after studying our 
color photographs. 

If you decide to make a serious at
tempt to look for the green flash, you 
will Rnd the search much facilitated by 
a modest optical aid such as low-power 
binoculars or a small telescope. It is not 
light-gathering power that is needed, but 
simply magniRcation of the extremely 
narrow band of color. Of course you 
must be very careful to avoid damaging 
your eyes. Binoculars should be turned 
on the sun only at the last moment, when 
the disk has almost disappeared. With 
a telescope you might use a neutral 
Riter or a solar eyepiece to reduce the 
intensity without altering the color of 
the light. 

Even if you succeed in seeing the 
green flash, you will not be able to pho
tograph it in color with an ordinary cam
era of short focal length. At the Vatican 
Observatory we have obtained good pic
tures using a focal length of eight feet, 
but the Rnest details can be recorded 
only with the refractor of 20-foot focal 
length. Amateurs should not be discour
aged, however; there are many interest
ing sunset phenomena that can be pho
tographed with much more modest 
equipment. It is not so difficult, for in
stance, to record the changing, and often 
very curious, shape of the sun's disk as 
it nears the horizon. 

Beyond its interest as an odd and 
often beautiful sight the green flash may 
help increase our understanding of the 
earth's environment. As we have seen, it 
is a wholly atmospheric phenomenon, 
and its appearance is influenced not only 
by the lower layers of air, but also by 
conditions at very high levels. It is pos
sible that studies of the green flash and 
related effects will augment the informa
tion about the upper atmosphere now 
being gathered by rockets and artiRcial 
satellites. 

© 1959 SCIENTIFIC AMERICAN, INC



*At Bulova, industry "firsts" are standard operating procedure. 

As a matter of routine, Bulova people are continuously 
conceiving and developing new products, new mechan

isms, new ways of improving old techniques_ This 
ability-this job-proven capability-benefits every 
Bulova project regardless of its size. 

Bulova theorists, analysts and engineers are organized 

in teams which add even greater dimension to their 
individual abilities and assure greater creative latitude 
for your project. 

Experience in precision design and precision manu
facture is the Bulova tradition, the Bulova capability. It 
has been for over 80 years. For more information write, 

Industrial and Defense Sales • Bulova, 62-10 Woodside Avenue • Woodside 77, New YorlG 

BULOVA 
123 

© 1959 SCIENTIFIC AMERICAN, INC



About the earthly side of the Nike Ajax. 

The U. S. Army's Nike Ajax is a strange but potent bird. Graceful, tough, 

packed with delicate instruments. He will fly only once in his lifetime

only in the event of an enemy attack. To launch him with split-second 

timing and accuracy, the Army puts most of its manpower and most of 

its materials into ground equipment. And virtually all the steels used 

in missiles and launching sites can be purchased from one firm - United 

States Steel. Whether you're talking about carbon steel, high-strength 

low-alloy, or ultra high-strength alloy steels, Stainless Steel, steel fence, 

The Nike Ajax spends his days in a concrete and steel nest like this one. 

ICBM's will also live this way, but in nests that will take thousands of 

tons of concrete and steel. U.S. Steel specialists work continually with 

designers and construction engineers to find ways to use steel to its full 

advantage on such projects to build stronger with less materials • • •  to 

build them faster. 

It takes miles of wire and cable to rig a Nike nest. It will take 

hundreds of miles when bigger birds are put to roost. The Army uses 

many types of steel and steel products in a Nike nest. U.S. Steel con

ducts research and knows how to cut costs for any steel product used 

in ground support equipment. 
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electrical cable, cement or wire 

rope, United States Steel maintains 

the technical services to provide the 

proper assistance to cope with any 

problem on materials for ground 

equipment. When a ground sup

port program goes to the drawing 

board, consult with 

@ United St�!�� .. �.t.�.�! 

How light can you make a steel boom for any missile system without 

sacrificing strength? The proper selection of USS High-Strength Steels 

or Constructional Alloy Steels has cut the weight of similar equipment 

as much as V,-and increased the strength and service life. 
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Nuclear Control of the Cell 

Present theories of cell physiology inlply that lnaterials are 

transported fr01n the nucleus to the cytoplasln. This tran�fer 

has now been demonstrated by means of electron lnicroscopy 

S
ome 25 years ago the anatomy of 

the fruit fly facilitated an impor
tant step in the progress of genet

ics. It happens that the cells in the sali
vary glands of the larva of this insect 
grow to relatively gigantic size as the 
little creature approaches the pupal 
stage. Concurrently the genetic material 
contained in the threadlike chromosomes 
in the nuclei of these cells increases 
1,000-fold. The chromosomes become 
thick cables, and a high-powered light 
microscope can easily resolve patterns 
of dark and light bands along their 
lengths. Geneticists and cytologists have 
been able to fix on the banding patterns 
the locations of the genes for a sizeable 
number of hereditary traits, and have 
gone on to map some genes even on the 
much smaller chromosomes of other or
ganisms. 

There remains, however, an enormous 
gap between the precise experimental 
and theoretical picture established by 
genetics and our understanding of how 
the information encoded in the chromo
somes is expressed in the structure and 
function of the cell. How, for example, 
does the single fertilized egg -cell give 
rise to the variously differentiated and 
specialized cells of a multicelled organ
ism? In recent years biochemists have 
begun to work out the general scheme. 
They have pretty well identified deoxy
ribonucleic acid (DNA), a giant mole
cule found in the chromosomes, as the 
primary hereditary material. And they 
have shown that ribonucleic acid 
(RN A) , another giant molecule found in 

both the nucleus and the surrounding 
cytoplasm, acts as an intermediary in the 
synthesis of the many different kinds of 
protein that constitute the principal sub
stance of the cell. It is apparent that the 
nucleus exerts a profound control over 
the cell as a whole. But biochemistry has 
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by Helen Gay 

outrun cellular anatomy and physiology. 
We do not know by what mechanism the 
biochemical influence of the nucleus is 
conveyed to the cytoplasm. Since the 
transfer must involve particles of molec
ular dimensions, we could not expect to 
discern it except in the most fortunate 
circumstances. 

Such circumstances, it now appears, 
are afforded by the same accident of size 
that made the salivary-gland cells of the 
fruit fly so useful to geneticists. This 
time the electron microscope, with a 
magnifying power some 200 times that 
of the light microscope, has revealed 
what these cells have to show. In the 
laboratories of the Department of Genet
ics of the Carnegie Institution of Wash
ington at Cold Spring Harbor, N.Y., 
my colleagues and I several years ago 
secured electron micrographs of thin 
sections of a cell that showed some 
hitherto unobserved structures. The 
membrane that encloses the nucleus was 
pocketed with minute "blebs," or blis
ters, extending into the cytoplasm and 
containing spurlike extensions of chro
mosomal material. The pictures at once 
suggested that nuclear material was be
ing transferred to the cytoplasm; it 
looked as if the nucleus were bubbling 
off bits of chromosome. 

We later discovered that membrane 
blebbing occurs at a crucial point in the 
larval life-cycle, when the salivary gland 
is preparing to synthesize a special pro
tein later excreted by the gland. Know
ing when to look for this process, we 
have been able to develop its details by 
examining a succession of cells under 
the electron microscope, and to correlate 
these observations with biochemical 
studies and with light-microscope pic
tures. We have thus been able to trace 
visually a sequence of events that carries 
chromosomal material through the nu-

clear membrane into the cytoplasm, and 
to describe at least one mechanism by 
which the nucleus controls a specific 
metabolic process in a cell. 

T hat the nucleus plays the command-
ing role in the life of the cell repre

sents one of the first insights of cell 
biology. Early investigators were im
pressed to see the always exactly equal 
division of the chromosomes in the di
viding cell. They recognized that the 
nuclei of the variously specialized cells 
of an organism almost never show ob
viously visible differences from one an
other or from the single cell out of which 
they all arise. On the other hand, they 
understood that the cytoplasm is the 
region of the cell in which the major 
portion of the metabolic activity takes 
place and that differences in the cyto
plasmic constitution of the cells of the 

TRANSFER of material from chromosome 

to cytoplasm is shown in the electron mi

crograph on opposite page, which enlarges 
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22,000 diameters part of a giant salivary-gland cell from a fruit-fly 

larva_ Drawing at left identifies the structures in the micrograph. 

Near the end of larval stage, the cell nuclei form hlister-like hlehs 

containing chromosomal material. Detached hlehs (lower right 
center) are thought to evolve into cytoplasmic membranes associ

ated with the formation of protein-containing secretion granules. 
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body account for the differences in their 
function. Sometimes at cell division the 
cytoplasmic material is unequally divid
ed between the daughter cells, produc
ing daughters of different size and ap
pearance. It was tempting to ascribe the 
process of differentiation to such cyto
plasmic changes. The best judgment on 
this question, however, is still that of 
Thomas Hunt Morgan, the father of 
modern genetics and also a pre-eminent 
embryologist. In 1934 he proposed that 
an explanation of the process be sought 
in a mutual interaction of the nucleus 
and cytoplasm involving reciprocal inter
change of materials. Special regions and 
constituents in the cytoplasm of embry
onic cells thus might react with the total 

NUCLEAR 

MEMBRANE 

CYT O PL A S M  

gene complement to excite or inhibit the 
expression of the various potentialities 
carried in the genetic plan. 

The findings of biochemistry thus far 
agree with this general picture. The 
DNA; as the primary genetic material, is 
apportioned equally to the chromosomes 
of the daughter cells at cell division. But 
equal apportionment has not been estab
lished for other constituents. The amount 
of RNA varies significantly in the chro
mosomes of different types of cells. Most 
nuclei also contain a nucleolus, a round
ish body that forms at a special site on 
a particular chromosome and is made up 
of RNA and a high concentration of pro
tein. During cell division the nucleolus 
appears at one stage and later disap-
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DISTRIBUTION OF DNA AND RNA, two substances that determine the form and func
tion of celis, is shown in this schematic diagram. DNA (broken hatching) and RNA (solid 

hatching) are both found in chromosomes. RNA migrates (solid arrows), often via the 
nucleolus and nuclear membrane, into the cytoplasmic membranes, where it presides over 
protein synthesis. DNA leaves the nucleus (broken arrow) only in certain celis. 
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pears, its volume, shape and RNA con
tent all varying in the process. Such 
changes in the chromosomal and nu
cleolar RNA make this nucleic acid sus
pect as the controlling agent of differ
entiation. 

Some 20 years ago Torbjorn Caspers
son in Sweden and Jean Brachet in Bel
gium independently discovered that in 
certain specialized cells, including the 
salivary-gland cells of the fruit fly, RNA 
turns up in high concentration in the 
nucleolus and in the cytoplasm when the 
cell is engaged in the synthesis of spe
cial proteins. This led them to propose 
that RNA is essential to protein produc
tion. Caspers son further proposed that 
the synthesis of protein in the cytoplasm 
is particularly influenced by the nucleolus 
and its associated heterochromatin (a 
substance of relatively limited genetic 
activity that is found in the chromo
some at the site where the nucleolus is 
organized). Finding a high concentra
tion of RNA outside the nuclear mem
brane in the cytoplasm preceding active 
protein synthesis, he suggested that the 
substance must migrate through the 
membrane. 

The role of RNA in protein synthesis 
has been confirmed by experiments in the 
test tube with materials isolated from 
disrupted cells. So long as RNA is pres
ent, protein synthesis continues outside 
the cell. When the cellular particles that 
showed the highest RNA activity were 
examined under the electron microscope, 
they proved to be microsomes, fragments 
of certain cytoplasmic membranes that 
are found in almost all cells. These ex
periments show that RNA is essential to 
protein synthesis. DNA seems to be in
volved in some cases, specifically in 
the synthesis of proteins found in the 
nucleus. In general, it is proposed that 
RNA plays the key role in the elabora
tion of proteins in the cytoplasm and 
that it is the function of DNA to preside 
over the synthesis of RNA in accord with 
the genetic plan borne by the chromo
somes [see "Nucleic Acids and Proteins," 
by Mahlon B. Hoagland; SCIENTIFIC 
AMERICAN, December, 1959]. 

The synthesis of proteins in the test 
tube does not, however, tell us pre

cisely where these chemical reactions oc
cur within the cell. Cytologists have se
cured some general answers to this 
question by the technique of labeling 
cellular substances with radioactive 
atoms. This technique includes radio
autography, by which the labeled sub
stances are made to record their loca
tions in the cell on photographic film 
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MIGRATION OF RNA is shown in these photomicrographs of root 
cells from a bean plant. Cells at top were grown in a medium con. 
taining a labeled precursor of RNA. Radioautograph (top right) 
shows RNA concentrated in the nuclei of the cells, specifically in 

., 
it 

*' .. ., 
" w 

• 

•• 

,., " 

• 

• 

" 
. 
• 

., 

� 
• 

.'. 

.. 
�� 

the nucleolus. After cells are transferred to unlabeled medium 
(bottom), uniform distribution of labeled RNA shows it has 
moved into cytoplasm. Photographs were made by Philip S. Woods 
and J. Herbert Taylor at Brookhaven National Laboratory. 
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STRUCTURE OF BLEB can be deduced from these electron mi· 
crographs of a series of sections through a salivary cell. Section at 
top left shows part of a chromosome touching the nuclear memo 

130 

brane just above the center of the picture. The base of the bleb 
appears at top right; cross section of the bleb, at bottom left. At 
bottom right the tip of bleb is shown almost free of membrane. 
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[see illustration on page 129]. When 
cells are grown in labeled precursors of 
RNA, the label first appears in the nucle
olus and later in the cytoplasm, indicat
ing the migration of RNA from the site 
of its synthesis in the nucleus into the 
cytoplasm. Radioautographs of the sali
vary-gland cells of the fruit-fly larva 
show this pattern of migration. Thanks to 
the large size of the salivary-gland chro
mosome, they also show that the hetero
chromatin portion of the chromosome 
near the nucleolus is especially active. 

When the fruit-fly larva hatches from 
the egg, there is nothing especially dis
tinguished about the cells of its salivary 
glands. There are about 100 cells of nor
mal size in each gland, a number that 
is set aside early in embryonic life and 
never multiplies thereafter. As the larva 
proceeds to grow through two molts, 
however, the salivary gland becomes 
much bigger through increase in the size 
of these cells. Production of giant chro
mosomes proceeds apace with the tre
mendous increase in the volume of the 
cytoplasm. The kind and the number of 
cytoplasmic structures also increase. Aft
er the second molt, the salivary gland is 
a cylindrical sac made up of a single 
layer of about 100 exceptionally large 
cells. The transformation of the cells is 
climaxed by the appearance in the cyto
plasm of a large number of small round 
"secretion granules." 

As the result of these changes the 
salivary gland assumes the capacity to 
perform a new function. As the word 
"salivary" implies, the first function of 
the gland is to secrete a digestive fluid. 
But this fluid is needed only in the molt
ing phases, when the larva consumes 
enormous quantities of food. After the 
second molt, as the time of pupation ap
proaches, both food intake and saliva 
production decline sharply. The secre
tion granules now begin to show up in 
the cell. Just before pupation these 
granules break down and empty the sub
stance they contain into the cavity of the 
gland. This substance, expelled from the 
mouth of the larva, serves as a sort of 
glue to attach the pupa to some solid 
surface. Chemical analysis shows it to be 
made up of a great deal of protein com
bined with a carbohydrate. In these 
cells it is thus possible to observe the ap
pearance of special protein-containing 
structures and to fix the exact time when 
the protein is produced. The cells, in 
other words, furnish a model demonstra
tion of the crucial process of differentia
tion. 

Coincident with the first signs of 
secretion granules in the cytoplasm, the 

electron microscope shows the appear
ance of blebs in the membrane of the 
nucleus. By preparing a long series of 
consecutive thin sections of cells at this 
stage, we have succeeded in constructing 
three-dimensional modelS of the nuclear 
structures involved in the blebs. They 
show that the material in the bleb is con
tinuous with and part of a giant chromo
some. In some cases the chromosomal ex
tension can be traced to a special region 
in the chromosome that is rich in the 
same heterochromatin substance that is 
involved in the organization of the nucle
olus. These regions often lie close to the 
nuclear membrane. 

O utside the membrane, in the cyto-
plasm, the electron micrographs 

show bodies that appear to be detached 
blebs. The contours of these structures 
resemble the blebs on the nucleus and, 
like the nuclear membrane, they are dou-

SEC RETION 

GRANULE 

MITOCHONDRIA 

SEC RETION G RANULES / �_-

C YTO PL A S M 

ble-layered. Often they lie in great num
bers, parallel to one another and to the 
nuclear membrane near the bleb, form
ing relatively well-organized masses. Oc
casionally one of these bodies is observed 
in contact with the nuclear membrane. 
The pictures clearly suggest that func
tionally active regions of the chromo
somes are releasing materials that pass 
into the cytoplasm by means of nuci�ar
membrane blebs. The detached seg
ments of the nuclear membrane are also 
identical in appearance with the cyto
plasmic membranes that have been 
identified with the process of protein 
synthesis. In the salivary-gland cell they 
are clearly involved in the formation of 
the protein-loaded secretion granules. 
Some pictures indeed show these mem
branes surrounding a granule in the 
process of formation. 

Generalizing from what is observed in 
the special case of the salivary-gland cell, 

N U C L E U S  

THREE-DIMENSIONAL MODEL OF BLEB and adjacent areas is built up from sectional 
photographs like those on opposite page. Structural similarities betweeu the cytoplasmic 
and the nuclear membranes suggest tbat the former are the "coats" of blebs that have 
broken away from the nuclear membrane. The fate of the material within blebs is uncertain. 
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Narda SonBlasters ... 
for lowest-cost, mass-produced 
ultrasonic cieaners! 
The most complete line of ultrasonic cleaners 
at lowest prices in the industry. available off
the·shelf for immediate delivery. And with a full 
two-year warranty besides! 

No matter what you want to clean -"hot" lab 
apparatus. medical instruments. electronic com
ponents. automotive, missile and avionic parts 
and assemblies, optical and technical glassware, 
timing mechanisms - Narda SonBlaster ultra. 
sonic cleaners will do the job faster, better and 
cheaper! Write for more details now and we'll 
include a free questionnaire to help determine 
the precise model you need. Address: Dept.SA·32. 

li!'iII .. , +:,... .. i 

� 
Generator G·202, 35 watts, 
Transduceriled Tank NT·202, 
Capacity: % gallon. $220. 

Generator G·601, 60 watts, Transduceriled Tank NT·602, 
Capacity: 1 gallon. $350. 

Transduceriled Tank NT-1505, Capacity: 5 gallons, 
Generalor G·1501, 300 watts. $695 . 

Transduceriled Tank NT·5001, Capacity: 10 gallons; 

Generator G·5001, 500 watts. $1325. 

Transduceriled Tank 
NT·25001, 
Capacity: 75 gallons, 
Generator G·25001, 

2500 watts. $4360. 

Consult with Narda for all your ultrasonic 
requirements. The Son Blaster catalog line of 
ultrasonic cleaning equipment ranges from 35 
watts to 2.5 KW, and includes transducerized 
tanks as well as immersible transducers which 
can be adapted to any size or shape tank you 
may now be using. If ultrasonics can be applied 
to help improve your process, Narda will recom· 
mend the finest, most dependable equipment 
available-and at the lowest price in the industryl 

• jj»jifiD d ultrasonics 
the nar a corporation 

625 MAIN STREET, WESTBURY. L I .• N. Y. 

3259 Wilshire Boulevard. Los Angeles 5. Calif. 

SubSidiary of The Narda Microwave Corp. 
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it is possible to enVISIon this process as 
one by which the nuclei in all cells exert 
their control over activity in the cyto
plasm. Since the process involves the 
transfer of molecular particles, it would 
not ordinarily be visible, even in electron 
micrographs. In the fruit Hy, however, it 

a 

b 

c 

d 

e 

is adapted to the production of large 
quantities of protein in a short time. The 
extraordinary increase in size of the chro
mosomes, the blebbing of the nuclear 
membrane and the shedding of sections 
of nuclear membrane into the cytoplasm 
all would facilitate production of protein 

CHANGES IN SALIVARY GLAND of the fruit fly are summarized in these drawings. The 
development of the insect begins with its egg (a). In the larva (b) the salivary gland (c) 
is a cylindrical sac of about 100 cells. As the gland grows, the cells increase in size (d) hut 
not in number. At a certain stage in development the cells produce secretion granules con· 
taining protein (hatching); these coalesce into droplets that pass into the cavity of the 
gland (e). The protein is part of the "glue" that attaches the insect's pupa to a surface. 
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THE INSIDE STORY: Tough seals for a smoother turn 

Effortlessness is the essence of a power-steering mech
anism. In the unit shown above, a piston ring made 
with a tough TEFLON TFE resin assures smoother 
steering and easier parking. TEFLON TFE resins have 
the lowest static coefficient of friction of any solid 
materials - less than 0.04. Their static coefficient is 
even lower than the dynamic value. Result: the ring 
reduces break-away effort and allows the shaft to turn 
freely. 

In all types of seals, the unique combination of 
properties offered by TFE resins have lengthened the 
life, broadened the use and improved the design of 
seals. They often make possible the use of non-lubri
cated seals. Their chemical inertness and exceptional 

thermal stability make them ideal for applications 
under adverse conditions. Even in everyday seal de
signs, TFE resins at the heart of the seal provide the 
utmost reliability and savings in maintenance and re
placement costs. 

If you would like more information on the proper
ties of TFE-Huorocarbon resins and the ways in which 
they have been used to improve seals and other me
chanical or electrical designs, write to: E. I. du Pont 
de Nemours & Co. (Inc.), Advertising Department, 
Room T-391, Nemours Building, Wilmington 98, 
Delaware. 

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

C[(I POfiP T E FLO N® 
",", ",0" TFE-FLUOROCARBON RESI NS 

TEFLON is Du Pont's registered trademark for 
its fluorocarbon resins, including the TFE (tetra
fluoroethylene) resins discussed herein. 

8ETTER THINGS FOR SETTER lIVING • • •  THROUGH CHEMISTRY 
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"Compare 
great things 
with 
small" 

Virgil: Eclogues 

Thot can be done. Not altogether, 

of course, for the massive entirety 

of the universe is as completely un· 

known as the smallest particle of 

matter. 

But between these two ultimates 

many sizes, great ond small, are 

familiar and worth comparing. 

Take the most modern computing 

machine. Descendant of the ancient 

abacus and the office adding mo· 

chine, it looks big enough to live in. 

In fact, countless components, rang· 

ing in size to the very tiniest, do. 

Each functions as part of a great 

mechanical brain. 

With assemblies getting larger 

and components getting smaller, 

two equally important factors are 

omplification and miniaturization. 

In the miniaturization of bearings, 

MPB has an established leadership. 

MPB bearings are available in over 

500 different types and sizes. O.D"s 

range from 3/8" to 1/10", with 

specials provided on request. 

For a complete catalog, write to 

Miniature Precision Bear
ings, tnc., 1201 Precision Park, 

Keene, N.H. 

lVPB helps you perform miracles 

in miniaturization 

MINIATUR.E PR.ECISION 
BEAR.ING-S. INC. 
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in volume. The generalization is support
ed, moreover, by the observation of 
membrane-blebbing and related phe
nomena in other large cells. 

One may therefore speculate in this 
vein: A special region in the chromo
some of a cell, characterized by the com
position of its DNA and associated RNA, 
confers its specificity upon the section of 
nuclear membrane that forms the bleb. 
Our observation that the chromosomal 
region is rich in heterochromatin corre
sponds with Caspersson's suggestion that 
this substance, which has been found to 
contain both RNA and DNA, plays an 
important role in protein synthesis. 

Moreover, biochemical tests show that 
RNA and DNA both appear in the blebs 
of the nuclear membrane. The section of 
membrane released into the cytoplasm 
thus varies in accord with the specificity 
of the chromosomal region involved in 
its production. In the cytoplasm it be
comes a cytoplasmic membrane, a carrier 
of a particular type of RNA designed to 
direct the synthesis of a specific protein. 
The cell is transformed in structure and 
function under the domination of a new 
biochemical process that has been in
itiated by a special region on one of 
its chromosomes. 

The mechanism observed in the fruit 

MEMBRANES ENCLOSE SECRETION GRANULES during their formation, as shown in 
this series of greatly enlarged sections. The ring in the top picture is the "rim" of a cup
like bit of cytoplasmic membrane. Subsequent sections show the granule within the cup. 
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news of advanced systems and 
instruments from Perkin - Elmer 

TV·EQUIPPED SOLAR TELESCOPE TAKES � 
SHARPEST·EVER SUN SPOT PHOTOGRAPHS ' 

This past summer's Stratoscope I flights employed a 
closed-circuit television hook-up for ground-based aim, 
control and focus of a sun telescope borne 80,000 feet 
high in an unmanned balloon. Result: sun spots were 
photographed with unprecedented sharpness, as the 
accompanying photo shows. 

This is an active group of sun spots that caused a 
magnetic storm on earth the day before the flight. The 
spots are dark cores of relatively cool gases imbedded 
in a strong magnetic field. Enveloping them are wispy 
filaments of outward-moving warmer gases. 

These balloon telescope experiments-sponsored 
jointly by the Office of Naval Research and the National 
Science Foundation, and under the direction of Dr. 
Martin Schwarzschild of Princeton University - are 
providing fundamental data of value in such fields as 
communications, thermo-nuclear reactions and space 
travel. In this year's flights, the same basic 12-inch 
telescope-camera system designed and built by Perkin
Elmer for the first successful high-altitude telescope 
flights in 1957 was used. Perkin-Elmer now is designing 
a much larger 36-inch balloon telescope, known as 
Project Stratoscope II, to be flown in 1961 for the study 
of planets, galaxies and nebulae. 

"NEW CONCEPT" POTENTIOMETER 

HELPS CHECK OUT B·58 AUTOMATIC FLIGHT CONTROL SYSTEM 

A mobile test set, built by Eclipse-Pioneer Division of 
Bendix Aviation Corp. to check out the complex auto
matic flight control system of the Air Force's Convair
built B-58 Hustler bomber, utilizes a unique type of a.c. 
potentiometer developed by Perkin-Elmer. The Verni
stat* is based on a new concept in relating shaft rotation 
to voltage. In the B-58 test set, several Vernistats pro
vide accurate sources of test voltages used to simulate 
control system signals. An alternative method of sup
plying voltage levels would have necessitated several 
additional components and would have cost four times 
as much as the Vernistat system. 

CAREER OPPORTUNITIES 

Perkin-Elmer's continuing growth has created need for 
additional engineers and physicists experienced in opto
mechanical systems, reliability standards and transis
torized electronic circuits at both East and West Coast 
locations. 

You will be happy with the opportunities for individ
ual recognition, professional growth, and advancement 
in responsibility and salary these positions offer. To 
investigate, forward resume to R. H. Byles, Electro
Optical Division, Perkin-Elmer Corporation, 915c Main 
Avenue, Norwalk, Conn., or J. Armitage, Perkin-ElineI' 
Corporation, 5670 East Washington Blvd., Los Angeles 
22, Calif. 
*Vernistat is a registered trademark of The Perkin-Elmer Corporation. 

ANALYTICAL INSTRUMENTS MILITARY SYSTE MS 
FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
Perkin·Elmer will be happy to send you an 8 x 10 glossy print of the 
sun spot photograph. Forward your request to P·E's Public Relations 

Department at the above address 
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No.9 of a series fly may be only one of a number of pos to arise from the nuclear membrane, 
though probably by a mechanism differ
ent from blebbing. The process so fully 
demonstrated in the giant cells of the 
salivary gland has given us leads to the 
discovery of these other mechanisms, 
and a new perspective for exploring the 
questions of cellular differentiation. 

Eastman 910 Adhesive 
solves another 

production bottleneck 
The Rhine Craft Corporation, of 
Brooklyn, N. Y., introduced recently a 
line of costume watch jewelry ... pend
ants, pinfarbs and bracelets. 

Key to low manufacturing costs was 
a fast, simple method of mounting the 
watch case to the jewelry base. Solder
ing proved too slow and costly. 

The answer was found in quick
setting, high-strength Eastman 910 
Adhesive. 

The adhesive is applied to the jew
elry base and the watch case is set in 
place. Within minutes, a permanent 
bond is formed. The bond is so strong 
the gold-plating separates from the 
watch case when it is forced out of the 
jewelry base. 

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

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

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

Bonds Almost Instantly 

... Without Heat, 

Pressure or Catalyst 

For a trial quantity (lIJ-oz.) send five dol
lars to Armstrong Cork Co., Industrial 
Adhesives Div., 9101 Inland Road, Lan
caster, Pa., or to Eastman Chemical Prod
ucts, Inc., Chemicals Div., Dept. 5-1, 
Kingsport, Tenn. (Not for drug use) 
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sible alternative systems by which ma
terial is transferred from the nucleus to 
the cytoplasm. In developing egg- and 
sperm-cells of several kinds of inverte
brates the electron microscope has 
shown that special kinds of RNA-con
taining cytoplasmic membrane appear 

a 

'. '. 
.... 

c 

d 

EVOLUTION OF A BLEB is depicted schematically in these drawings. Blebbing begins 

wben a bit of chromosome (horizontfll hatching) approaches the nuclear membrane (a). 
The bleh grows (b) and breaks free I C), flattening into a cytoplasmic membrane. These 

membranes probably synthesize the protein of the secretion granule I vertical hatching). 
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STROMBERG-C:ARLSON 
A DIVISION OF GENERAL OVNAMIC:S 
1400 N ORT H GOODMAN STREET . 'ROCHESTER 3, N. Y. 

OL SYSTEMS 

2'IME, , ,vital element 
in our nation's defense.. 

Response to attack 
must be immediate. 
The higher speed 
and greater range 
of more lethal weapons 
demand that Commanders 
of future military systems 
have a new degree of control 
that only electronics 
can provide, 

Before the command decision 
is possible, 
a mass of information 
must be gathered from 
far-fiung defense elements, 
correlated, and presented 
to the Commander and his staff 
in readily understandable form 
, , , this is the function of the 
Command Control System, 

The speed and efficiency 
of this system must be such 
that it shall never 
have to be used of necessity. 

Sl1'omberg-Cal'lson 
advanced developments 
in electronic transmission, 
pl'ocessing and display 
of intelligence, , , 
the nucleus of 
a proven talent for 
Command Control 
Systems, 

Brochure on request. 
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The Mechanism of Breathing 

Practical problelns such as breathing at high altitude ha()e 

In recent .years focused attention on the mar()Pious system 

that brings oxygen to the blood and relnO()eS carbon dioxide 

"A s easy as breathing" is easy indeed, ft for the breathing mechanism 
operates with almost no effort 

at all. On the other hand, in some condi
tions of disease the labor of breathing 
can become an agony. The mere holding 
of the breath is enough to demonstrate 
that it is the breath of life. Breathing can 
be unconscious, since it continues in 
sleep. But voluntary effort may amplify 
or diminish it. In this respect breathing 
differs from the beating of the heart, 
which is not ordinarily subject to volun
tary control. Breathing responds pri
marily to the demands of the body, 
from which it scavenges carbon dioxide 
and to which it supplies oxygen. Yet 
it also accommodates speaking, singing, 
laughing, sighing, sobbing, yawning, 
coughing, hiccoughing and straining
all of which require special modification 
of the rhythm of breathing without seri
ous disturbance of the total ventilation 
per minute. All in all, breathing is a 
mechanism deserving of study in its own 
right, an example of the biological engi
neering that so marvelously applies the 
laws of physics and chemistry to the 
processes of the body. But it is the prac
tical problems of breathing at high alti
tudes or under water, of artificial respira
tion and of duplicating the lung arti
ficially that have focused attention on 
the mechanism in recent years and re
vealed aspects of its perfection not pre
viously appreciated. 

A man at rest usually breathes about 
seven liters of air per minute. Breathing 
keeps this volume fairly constant and 
thereby stabilizes the concentration of 
carbon dioxide in the arterial blood. 
Until Lavoisier demonstrated the essen
tial role of oxygen in respiration it was 
commonly thought that the chief func
tion of respiration was to cool the blood 
or to produce the voice. It is not the need 
for oxygen, however, but the need to 
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eliminate carbon dioxide that ordinarily 
sets the rate of breathing. During exer
cise, for example, the volume of air 
breathed increases in proportion to the 
increase in the amount of carbon dioxide 
that must be eliminated from the blood. 
Through the activity of nerve centers 
in the brain the ventilation is uncon
sciously adjusted so that about 20 liters 
of fresh air actually reach the gas-ex
changing surface of the lung for every 
liter of carbon dioxide produced. The 
need for oxygen takes precedence over 
the elimination of carbon dioxide only 
when oxygen is in short supply. Then 
the body manages to tolerate some devi
ation in the carbon dioxide level in 
order to satisfy the more pressing need. 

The most important organ of respira-
tion is of course the lung, where the 

exchange of oxygen and carbon dioxide 
takes place. The other respiratory struc
tures consist of the tubes or passageways 
through which air passes to and from 
the lungs, the rib cage that encloses the 
lungs, and the muscles that cause the 
lung to expand and contract. The lung 
itself contains no muscles, but it ad
heres closely to the chest wall and the 
diaphragm and follows their motions. 
A thin layer of Buid at once holds to
gether and separates the pleurae: the 
membranes that form the covering of 
the lungs and the lining of the chest. 
During inspiration-or breathing in-the 
dome-shaped muscle of the diaphragm 
contracts and Battens out, extending the 
chest cavity downward. At the same 
time the outer muscles of the ribs and 
other muscles of the chest contract, rais
ing the ribs and increasing the diameter 
of the chest. The enlargement of the 
chest lowers the air pressure in the lungs. 
Under the pressure of the atmosphere, 
air rushes in to fill them. In quiet breath
ing, expiration-or breathing out-is ac-

complished without additional muscular 
effort, as the chest and lungs return to 
their resting positions. In heavy breath
ing, expiration is aided by the contrac
tion of abdominal muscles that push the 
diaphragm upward, and by muscles on 
the inside of the rib cage that force the 
ribs downward. Inspiration always re
quires muscular effort, but expiration is 
ordinarily a purely passive process. 

Like a rubber balloon, the lung in
Bates and stretches as the air enters, 
and collapses as the air leaves. Yet the 
lung is very different from a thin-walled 
elastic bag; it actually appears solid 
to the naked eye. An average pair of 
human lungs weighs only one kilogram, 
even though they hold about three liters 
of air at the end of expiration. Since 
the density of human tissue is about one 
kilogram per liter, this capacity is evi
dence

'
that the lungs are approximately 

three fourths air space. It is the low den
sity of the lungs that causes the butcher 
to call them "lights." The bronchi, which 
lead from the trachea into the lungs, 
branch and rebranch like a tree. With a 
microscope one can see that the smallest 
branches, the bronchioles, end in many 
small sacs, the alveoli. Where the routes 
to the alveoli from the trachea are short, 
the tubes are apparently smaller in 
diameter; as a result all of the alveoli, 
regardless of their distance from the 
trachea, tend to expand simultaneously
a neat engineering trick! 

It was the plight of the aviator at high 
altitudes that stimulated physiologists 
to study breathing more closely. Since 
the air at, say, 40,000 feet is thin, the 
aviator must inhale oxygen from a mask 
under a pressure somewhat higher than 
that of the surrounding atmosphere. 
Otherwise the oxygen pressure in the 
lung might not be high enough to force 
sufficient oxygen into the blood. This 
"pressure-breathing" is sometimes used 
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BRONCHUS 

PRINCIPAL ORGANS OF BREATHING are depicted in this 

drawing, in which the ribs have been cut away. At the left side of 

the drawing the great vessels of the heart and part of one lung 

LARYNX 

LUNG 

have also been cut away to show how the trachea branches into a 
bronchus, which brancbes in turn througbont the lung into bron· 

chioles. Structure is depicted in finer detail in drawings on page 144. 
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in hospitals to open up collapsed alveoli 
or to offset pulmonary edema, a condi
tion in which fluid leaks into the mem
branes and air spaces of the lung and 
impairs the diffusion of oxygen into the 
blood. In pressure-breathing the com
pressed oxygen (or air) expands the 
lung and inflates the chest somewhat. But 
pressure-breathing can also induce un
toward effects such as stagnation of 
blood in the veins and impairment of re
turn of blood to the heart. This may 
lead to loss of consciousness and have 
other serious consequences, sinoe the 
heart cannot pump blood out when no 
blood comes in. 

P hysiologists studying the breathing 
apparatus began constructing "pres

sure-volume" curves in order to ascer
tain how much the lung was expanded 
by various pressures. They soon found 
that similar curves had been constructed 
many years before by F. Rohrer and 
A. Jaquet in Switzerland; these results 
had apparently been forgotten by later 
students of the subject. Jaquet had put 
to good scientific use a curious device 
called the pneumatic differentiation cab-
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inet, which had been employed by clini
cians in the U. S. for some years. The 
subject sat inside a closed cabinet and 
breathed through a tube to the outside, 
while a bellows arrangement alternately 
rarefied and compressed the air around 
him. In this way the apparatus induced 
"artificial respiration" and supposedly 
cured the patient of a variety of ail
ments. In principle the device resem
bled the "iron lung," so widely used 
nowadays to ventilate the lungs of pa
tients paralyzed by poliomyelitis. Jaquet 
set the air pressure in the chamber at 
various positive and negative limits and 
collected the air taken in or expired 
through the tube at each breath. He then 
plotted the volumes against the pressure 
changes required to produce them. The 
result was a pressure-volume curve of 
the chest and lung quite comparable to 
those made recently by the simpler pro
cedure of measuring the pressure when 
the subject stops breathing and relaxes 
with different amounts of air in the 
lungs. 

An inflated balloon gives only one 
such pressure-volume curve. But in a 
chest-lung system there are three dis-
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PULMONARY PRESSURE (MILLIMETERS OF MERCURY) 

SET OF THREE CURVES shows the typical relationship of the volume of air in a pair o f  

lungs to t h e  internal pressure under three conditions: (a) when a l l  muscles of  breathing 
are relaxed; (b) when inspiratory muscles are fully contracted; (e) when expiratory mus· 

cles are fully contracted. Zero pressure indicates atmospheric pressure. Zero lung volume 

indicates the maximum volume attainable by inspiratory effort; lOO·per·cent volume indio 

cates the minimum volume attainable by expiratory effort. Thus shaded area includes the 

whole range of pressure.volume values possible by voluntary effort. Extreme external pres· 

sure or suction can extend the volume of the lung beyond these limits toward the bursting 

point (broken lines at upper right) or toward lung collapse (broken lilies at lower left). 
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tinctly different curves and an infinite 
number of intermediates. The three 
curves represent three different condi
tions: (a) when all the muscles are com
pletely relaxed, (b) when all the inspira
tory muscles contract maximally and 
(c) when all the expiratory muscles con
tract maximally [see illustration below]. 
The curves have a significance that goes 
beyond pressure-breathing. In fact, they 
describe the mechanical limits of the 
breathing apparatus more or less com
pletely. They plot the net effect of all 
such factors as the pressures developed 
by the muscles of the diaphragm and 
chest, the weight of the abdominal 
viscera (which pull down on the dia
phragm) , the tenseness of the abdomi
nal wall (which resists the weight of 
the viscera) , the stiffness or compliance 
of the chest wall and the stiffness or 
compliance of the lung itself. 

As the curves show, the lungs in
crease in volume when air is forced into 
them under pressure, and decrease in 
volume when air is withdrawn from 
them under negative pressure. At at
mospheric pressure the lungs attain their 
maximum volume when all of the in
spiratory muscles are maximally con
tracted and the glottis is open. Negative 
pressure is then required (that is, air 
must be sucked out of the lungs) to de
crease the volume. Similarly the lungs 
find their minimum volume at atmos
pheric pressure when all of the expira
tory muscles are maximally contracted 
and the glottis is open [cume c in illus
tration]. If the muscles remain active, 
and positive pressure is applied to the 
airway, the volume of the lung increases 
along curve c, the pressure required at 
each point being just equal to the maxi
mum pressure which the expiratory mus
cles can develop at that volume. As 
might be expected, the voluntary expira
tory pressure is greatest when the lungs 
are maximally inflated, and the volun
tary inspiratory pressure is greatest when 
the lungs are maximally deflated. When 
all the respiratory muscles are relaxed
the condition at the end of a normal ex
piration-the volume of the lungs at at
mospheric pressure is about midway be
tween its maximum and minimum, the 
exact volume varying with posture. The 
pressure-volume curve derived when the 
muscles are relaxed [curve a] is shaped 
like a stretched-out "S" and crosses the 
vertical line marking atmospheric pres
sure. At the pOint of crossing, the vol
ume is equal to that reached at the end 
of normal respiration. The curve de
termined with inspiratory muscles con
tracted is pushed to the left of this; the 
curve determined with expiratory mus-
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a c 

CHEST POSITIONS corresponding to the curves on facing page 

illustrate the effects of muscle contraction on the size of the lungs 

(hatched area). At the end of a normal expiration (a) the respira

tory muscles are relaxed. In maximum inspiration (b ) the chest 

is enlarged by the flattening of the diaphragm and the raising of 
the ribs. In maximum expiration (c) the diaphragm is  pushed up· 

ward beyond its resting position by the abdominal muscles, and the 

ribs are forced downward, thus decreasing the size of chest cavity. 

c1es contracted is pushed to the right. 
The resting volume of the lungs at 

the end of a wlrmal expiration depends 
partly on posture; it is less in the supine 
than in the standing position. This is 
chiefly due to the fact that in the supine 
position the viscera push up against the 
diaphragm. The effect is easily demon
strated by a simple experiment. After 
standing quietly and breathing normally, 
the subject holds his breath at the end 
of a normal expiration and lies down 
quickly before starting to breathe again. 
He will usually begin by breathing out 
instead of in. In the reverse experiment, 
where the subject, lying supine, holds 
his breath at the end of expiration and 
stands up, he will start by breathing in. 
Effects of other changes in posture can 
be similarly demonstrated. If the subject 
holds his breath at the end of expiration 
while lying on his stomach and then lifts 
his head and raises himself on his el
bows, his first respiratory motion will be 
inspiration. This effect, incidentally, is 
the basis for the new method of artificial 
respiration adopted by the armed serv
ices. The operator alternately raises the 
shoulders of the prone subject and 
presses on the subject's lower ribs. These 
maneuvers alternately increase and de
crease the volume of the thorax and thus 
move the air in and out. 

In quiet breathing the muscles of 
course do not contract maximally. In 
fact, the expiratory muscles do not con
tract at all; the recoil of the chest wall 

and the collapse of the stretched lung
tissue do the work of expiration. At the 
end of a normal expiration, when all the 
muscles are at rest, the lung has a tend
ency to collapse further. It is prevented 
from doing so by its close adherence to 
the chest wall. Thus the lung pulls it
self inward while the chest wall pulls it 
outward. When the lung is separated 
from the chest wall, for instance by al
lowing air to enter the fluid-filled space 
between them, the lung collapses and the 
chest expands somewhat. The lung and 
the chest act like coupled springs. With 
the springs hooked together, extension 
of the lower spring (the lungs) also 
pulls down the upper spring (the chest) 
until the tension in the two springs is 
equal. It is easier to move the point of 
attachment of the springs upward, 
stretching the lung spring and relaxing 
the chest spring, than it is to stretch the 
lower spring the same amount when it 
is unattached. This is essentially what 
happens in inspiration. The elasticity of 
the chest helps the lungs to expand; up 
to a point it is easier to inflate both 
the chest and lungs than to inflate the 
lungs alone. When the chest reaches its 
resting volume, however, further infla
tion requires muscular work. From this 
point onward it is harder to inflate both 
the lungs and chest than the lungs 
alone. In the spring model this is the 
pOint at which further raising of the 
point of attachment requires effort to 
compress the upper spring as well as to 

extend the lower spring. If a bubble of 
air is introduced between the lungs and 
the chest wall, it tends to expand slight
ly, being pulled in opposite directions 
by the two "springs." The air pressure 
in such a bubble is about five centi
meters of water less than atmospheric 
pressure, this being a measure of both 
the tendency of the lungs to collapse 
and the tendency of the chest to expand. 

The resistance of the lung to collapse 
thus depends on the chest and is 

limited by the strength of the inspira
tory muscles. The inspiratory muscles 
contract maximally either to resist a 
high pressure outside the body (which 
is tending to collapse the chest) or to 
withstand strong negative pressure in
side the lungs (which would have the 
same effect). To conceive this unlikely 
situation, imagine sitting on the bottom 
of a swimming pool and trying to 
breathe air at atmospheric pressure 
through a tube reaching to the surface. 
The pressure in the lung is then atmos
pheric, but the pressure exerted on the 
surface of the body by several feet of 
water is much greater. Actually the in
spiratory muscles cannot overcome a 
pressure greater than that produced by 
about four feet of water; breathing air 
at atmospheric pressure is impossible in 
deeper water. In addition to the inhibi
tion of breathing, the pressure differen
tial has the following consequence. High 
pressure on the body surface forces 

141 

© 1959 SCIENTIFIC AMERICAN, INC



large quantities of blood into the right 
side of the heart, which then tends to 
pass it along to the lungs, where pres
sure is low. At the same time the left side 
of the heart must pump blood out of the 
lungs into regions of abnormally high 
pressure. With the right heart pumping 
more blood into the pulmonary blood 
vessels and the left heart pumping less 
blood out of them, these vessels dilate. 
They might possibly be expected to rup
ture under such conditions. The evi
dence that this can actually occur, how
ever, is slim-few persons have tried this 
rather drastic experiment. 

The lung itself can rupture if it is 
blown up too far. But there is little 
danger of this, regardless of the pres
sure inside the lung, so long as the organ 
is held to its normal size by the rigid 
chest wall around it. In this respect the 
lung resembles a football; the pressure 
inside a football is high compared with 
atmospheric pressure, but the pigskin 
cover takes up the pressure and keeps 
the rubber bladder from stretching to 
the breaking point. Similarly the normal 
straining movements of the body may 
force the pressure in the lung above 100 
millimeters of mercury. But the chest 
keeps the lung volume within normal 
range and protects the lung wall from 
excessive stress. There are circum-

STERNUM 

stances, however, when the chest may 
not be able to confine the lungs suffi
ciently. In practicing escape from the 
high-pressure air-lock of a sunken sub
marine, the submariner must blow out 
air continuously as he ascends. If he 
fails to do this and closes his glottis in 
panic, the high-pressure air in his lungs 
will expand so greatly, as he rises to 
regions of lower water pressure, that his 
chest will be forced to expand, permit
ting the lungs to inflate to dangerous 
levels. Lungs have often ruptured un
der these conditions. Air may then be 
forced into the bloodstream, forming 
bubbles which are pumped out of the 
heart in the arterial blood. If one of 
these bubbles reaches a vital spot in 
the brain, it may block the flow of blood 
and cause loss of consciousness and per
haps cessation of breathing and death. 
The victim must be put promptly into a 
compression chamber and subjected 
again to high pressure in order to force 
the offending bubbles into solution. 

The pressure changes in the lung are 
ordinarily of a small order. In quiet 
breathing the pressure in the air spaces 
of the lung falls and rises only slightly 
during inspiration and expiration. This 
small variation in pressure, equivalent 
to the pressure of a few centimeters of 
water or a few millimeters of mercury, 

is enough to move the air in and out. 
The pressure-volume curve of natural 
breathing is a small ellipse [see illustra
tion on page 146], the height of the el
lipse measuring the volume of air ex
haled or inhaled and its width indicating 
the pressure differential. ''''hen breath
ing is obstructed, as in asthma, the 
changes in pressure must be greater, and 
the pressure-volume ellipse widens. 

The changes in pressure within the 
lung can be measured fairly accu

rately by causing the subject to breathe 
through a tube that can be momentarily 
closed and opened for a few hundredths 
of a second while a continuous record 
is taken of the pressure in the tube be
tween the mouth and the shutter. Each 
time the flow stops, the pressure in the 
tube immediately falls or rises to equal 
that of the air inside the lungs. The pres
sure changes measured in this way are 
those required to move the air in and 
out of the lungs. 

To measure the total work done by 
the muscles in breathing requires in ad
dition a consideration of the elastic re
coil of the chest, diaphragm and ab
dominal wall, which to some degree 
assist in the expansion of the lungs. Thus 
at any moment in the respiratory cycle 
the pressure required is given by the 
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RIB CAGE is hinged to the spinal column and to the stem urn, and 

adjacent rihs are connected hy two sets of muscles (omitted on the 

left side of this drawing). The mechanism (diagrammed at right) 

is such that the contraction of the external intercostal muscles 

raises the ribs and sternum (upper diagram) and the contraction 

of the internal intercostal muscles Jowers them (lower diagram). 
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difference between the pressure in the 
lung at that moment and pressure of air 
that would have to be forced into the 
resting lung to expand it to the same 
volume. In the pressure-volume diagram 
the active inspiratory pressure developed 
by the force of the contracting muscles 
is therefore indicated by the horizontal 
distance between the appropriate point 
on the breathing loop and the pressure
volume curve of the resting system. A 
small portion of the force is exerted dur
ing inspiration and expiration to over
come the viscous resistance of the air 
Bow in the trachea, bronchi and bron
chioles. The major portion of the muscu
lar effort, however, is exerted during 
inspiration to overcome the elastic re
coil of the lungs and the thoracic cage. 
During expiration the elastic recoil of 
the lung serves to collapse the chest, to 
move air out and to overcome any fric
tional resistance in the lungs and chest 
and any resistance that may be offered 
by persistent activity of the inspiratory 
muscles. If more pressure is needed, the 
expiratory muscles are activated. 

In each case the work done can be 
deduced from a pressure-volume dia
gram. The total work of one breath is 
given by the area between the inspira
tory side of the breathing loop and the 
pressure-volume curve of the breathing 
mechanism at rest. For one breath this 
is equivalent to raising one pound one 
and a half inches. In labored breathing, 
however, the breathing loop overlaps the 
resting pressure-volume curve; the area 
of this overlap represents the work done 
by expiratory muscles in the total breath
ing cycle. 

As the pressure-volume diagram 
shows, the breathing loop normally cov
ers only a small fraction of the area 
between the curve derived with the 
inspiratory muscles contracted and that 
derived with the expiratory muscles con
tracted. This indicates that in normal 
breathing the muscles do much less 
work than they are capable of dOing. 
Even if a person tried to breathe as 
deeply and as quickly as possible, it is 
not likely that his muscles would exert 
their maximum pressures. With an open 
airway the volume of the lungs changes 
so rapidly that the muscles do not have 
time to develop the maximum pressure 
at every volume, and the breathing loop 
still does not cover much of the avail
able area. If the subject were made to 
move air in and out through a small 
hole, however, it might be possible 
to force the muscles to develop maxi
mum pressure and produce all the work 
represented by the total area between 
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BRANCHED PATTERN OF THE AIRWAY was drawn from a cast made by Hermann 

Rahn of the University of Buffalo School of Medicine. Liquid plastic was allowed to enter 

all but the smallest branches of the airway before hardening; tissues were then dissolved. 

BRONCHIOLES, THE SMALLEST BRANCHES OF THE AIRWAY, end in convoluted 

air sacs, or alveoli. The structnres, which have been cut open at right, are greatly enlarged. 

The thinness of alveolar walls permits oxygen and carbon dioxide to diffuse through them. 
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the two pressure-volume curves of con
tracted muscle. 

Since the object of breathing is to 
get a certain volume of fresh air down 
to the blood every minute, one may 
wonder which is more efficient: rapid 
shallow breathing or slow, deep breath
ing. To settle this question one must 
consider that the exchange of oxygen 
and carbon dioxide takes place only in 
the tiny, thin-walled alveoli and not in 
the trachea, bronchi and bronchioles. In 
each breath, therefore, approximately 
150 cubic centimeters of air ventilate 
dead space and accomplish nothing so 
far as gas exchange is concerned. The 
more breaths one takes per minute, the 
greater the amount of this useless ven
tilation. From this point of view it is 
cheaper to take a few large breaths 
rather than many small ones. On the 
other hand, the pressure-volume dia
gram shows that the work done with 
each breath increases as the syuare of 
the volume. From this point of view it 
is cheaper to take many small breaths 
per minute. It is apparent that greatest 
efficiency lies somewhere between the 
two extremes. Careful calculation indi
cates that approximately 15 breaths per 
minute, each of about 500 c.c. in volume, 
provide the necessary ventilation of the 
alveoli with the least possible expendi
ture of energy. Recently my colleagues 
Emilio Agostone and Fred Thimm made 
similar calculations for the dog, cat, rab
bit and guinea pig and found that each 
species has selected the breathing fre
quency that will do the job with the 
least work. The principle of least effort 
and minimum work thus seems to have 
played a fundamental role in the process 
of evolution. 

A crucial feature of the breathing ap-
paratus is the thin layer of fluid 

that causes the lung to adhere to the in
terior wall of the chest. Without it the 
lungs would not follow the chest wall 
when it expands and the whole mecha
nism would fail. This adherence can be 
broken by introducing a hollow needle 
into the intrapleural space between the 
lung and the chest wall, permitting air 
to leak into the space. The lung there
upon collapses. This "pneumothorax" 
procedure is often used to permit a dis
eased lung to heal without the mechani
cal disturbance of continual expansion 
and contraction. The remarkable fact is 
that air introduced in this manner 
around the lung spontaneously disap
pears in the course of time. The lung 
slowly expands until within a few weeks 
it again adheres to the chest wall. If the 
lung needs still more rest, the patient 
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Today's metallurgical engineers and 
scientists are constantly meeting the 
challenge of sweeping technological ad
vances. Electronic brains that solve 
"impossible" problems . .  . jets and 
space craft which open brand-new 
horizons ... reactors that produce fan
tastic amounts of nuclear energy. Ad
vances such as these demand better 
metals . . . metals free of inclusions, 
with better electrical conductivity, in
creased hot strength, extended creep 
resistance and fatigue limits. In turn, 
better refractories are a "must" in 
order to precisely control purity and 
composition during the development 
of these metals. 

Metal processors have long relied on 
the wide range of Norton Refractory 
products to precisely meet their re-

Dynamic Achievements With Purer Metals 
'i- . • •  reflect the positive protection of Norton Refractories 

quirements. High purity (99.5%) 
ALUNDUM* aluminum oxide, outstand
ingly stable to both oxidizing and re
ducing atmospheres .. . dense, fused, 
stabilized Zirconia for operations re
quiring an inert refractory for ex
tremely high temperatures . . .  non
wetting, nitride-bonded CRYSTOLON* 
silicon carbide .. .low boron MAGNORITE* 
magnesium oxide, ideal for vacuum 
melting. In addition, the Norton 
Man is constantly helping in process 
and product development. Backed by 
Norton Company's extensive engineer
ing facilities, he can offer time and 
money-saving advice on all refractory 
problems. 

Meet your processing requirements 
more efficiently and economically with 
Norton Products and Engineering. For 
complete details write NORTON COM

PANY, Refractories Division, 540 New 
Bond Street, Worcester 6, Mass. 

'Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 

(NORTON, 
REFRACTORIES 

Engineered . . .  It . . .  Prescribed 

Making better products . . .  to make your products better 
NORTON PROOUCTS: Abrasives • Grl,di', Wheel, • Gri,di" Machines • Refractories • Electro·Chemicals - BEKR-MANNING DIVISION: Coated Abrasives • Sharpeni', Stones· Prmure-SenslllYl TI," 
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PRESSURE·VOLUME CURVE of quiet 

breathing is a small ellipse (at top and en· 

larged at center). The work of respiration 

is indicated by the hatched area between the 

inspiratory side (ascending arrow) of the 

breathing loop and the pressure·volume 

curve of the resting lung (black curve) . 

Area within the loop represents work of 

moving air in (le/t 0/ zero) and out (right 

0/ -zero). Triangular area to right of zero 

represents the elastic work of expanding the 

lung and chest. At point C on the loop, the 

muscle force is  given by CF, the horizontal 

distance to the resting cut've. Of this only 

CG moves air inward. At point D the elastic 

recoil equals GF; fraction DF overcomes 

the frictional resistance of the tissues; frac· 

tion GF moves air outward. In deep breath· 

ing, expiratory muscles are used, and the 

breathing loop overlaps the resting curve 

(bottom) . The area of the overlap (shad

ed) represents the work of these muscles. 
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may come back to the hospital for a "re
fill" of air. If a relatively insoluble gas 
such as sulfur hexafluoride is used for 
this purpose instead of air, the absorp
tion of the pneumothorax can be delayed 
about a month, but can never be avoided 
altogether. 

This reabsorption of air in the intra
pleural space provides an important pro
tection for the breathing apparatus. The 
negative pressure set up by the opposed
spring action of the lung and chest wall 
would otherwise cause a bubble of air, 
however small, to grow in the space 
and eventually separate the lung from 
the chest. The mechanism by which the 
gas is reabsorbed depends upon the spe
cial properties of the hemoglobin in the 
red blood corpuscles, which determine 
to a large extent the relative solubilities 
of carbon dioxide and oxygen in the 
blood. When blood passes through the 
tissues, it gains carbon dioxide and loses 
oxygen in about equal amounts. In this 
process the pressure of carbon dioxide 
increases only six millimeters of mer
cury, whereas the oxygen pressure falls 
by about 60 millimeters of mercury. 
Hence the total gas pressure in the ven
ous blood is 54 millimeters less than that 
in arterial blood. The total pressure in 
a bubble in the intrapleural space, how
ever, is only five millimeters less than 
atmospheric pressure and is therefore al
ways greater than the sum of all the gas 
pressures (of nitrogen, oxygen, carbon 
dioxide and water) in the venous blood. 
The bubble thus tends to come into 
equilibrium with the venous blood by 
simple diffusion of the gases until the 
pressure of each gas is the same in the 
bubble as in the blood. If the volume of 
the bubble remained constant, its total 
pressure would fall until it equaled the 
total pressure of the gases in the venous 
blood. But the bubble is not a rigid con
tainer; it remains not at constant volume 
but at constant pressure. Consequently 
it contracts as the gases diffuse out of it, 
keeping the partial pressure of each gas 
slightly higher than the corresponding 
pressure in the blood. Thus the flow of 
each gas from the shrinking bubble is 
aided by a diffusion gradient until the 
bubble completely disappears. 

An equally ingenious pumping mech-
anism regulates the amount of fluid 

in the intrapleural space. The negative 
pressure created by the opposite pulls 
of the lung and the chest wall would 
tend to cause excess fluid to seep in. But 
the tendency of the lungs to absorb fluid 
as well as air is an even more important 
factor. The pleural fluid contains the 
same salts as blood plasma, but it lacks 

the proteins that are present in rather 
high concentration (6 per cent) in the 
plasma. An osmotic pressure-gradient 
therefore causes water to flow from the 
fluid into the bloodstream. In most of 
the capillaries of the body the tendency 
to absorb fluid is balanced by the ten
dency of the capillary blood pressure to 
force fluid out. Thus if it were not for 
the osmotic pressure of the blood pro
teins, water would leak out of the capil
laries, and we would all be blown up 
like footballs, with a tight and turgid 
skin. The situation in the lungs is differ
ent, however, because the blood pressure 
in the pulmonary circuit is only a fifth or 
sixth of that of the general circulation 
and does not completely balance the 
tendency of the blood proteins to absorb 
water. 'Vater therefore tends to flow in
to the pulmonary capillaries from the 
surrounding fluid. Recently a group of 
investigators at the University of Milan 
succeeded in measuring this osmotic 
pressure-gradient. They applied a por
ous capsule filled with salt solution 
(equal in concentration to that of blood) 
to the surface of the lungs and measured 
the pressure required to prevent this wa
ter from being absorbed by the blood. 
They found that the lung capillaries ex
ert a negative pressure of 14 millimeters 
of mercury; at other sites in the body 
they observed no such pressure. This re
markable feature of the breathing appa
ratus prevents fluid from accumulating 
not only in the intrapleural space but 
also in the air spaces of the lung, where 
it might interfere with the diffusion of 
oxygen. 

The airway in smaller bronchi and 
bronchioles is also kept clear of obstruc
tion by the whiplike cilia of the epithelial 
cells that line their passages. These mi
croscopic fibers beat in rhythmic waves 
to push fluid or mucus up toward the 
glottis. A. C. Hilding of Duluth, Minn., 
has introduced plugs of mucus into sec
tions of the airway taken from chickens 
and, by means of a manometer, deter
mined that the cilia are capable of pro
ducing a negative pressure of four centi
meters of water. 

Another mechanism for clearing ob
structions from the airway is the cough. 
In coughing a forcible expiratory effort 
against a closed glottis first raises the 
air pressure in the chest. The glottis then 
opens suddenly, reducing the pressure 
in the trachea and large bronchioles to 
the atmospheric level. The high pressure 
still remaining in the main air spaces of 
the lung around the trachea collapses 
the membranous back wall of the trachea 
inward [see bottom illustration on page 
148]. As a result the air passes out 
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The precision-tooled 

machinery to udrive" 

our nuclear subs ... . .. is matched by the 

magic that's built into 

your brand new 

Norge appliance! 

Crewmen aboard atomic submarines of the U. S. 
Navy control nuclear power with rod drive mecha
nisms made by Marvel-Schebler Products Division. 
Remote manipulation of these precision rods auto
matically and safely maintains desired power output. 

In the complete line of Borg-Warner'.s Norge home 
appliances, you'll find a long list of industry "firsts"
the first refrigerator with swing-out adjustable 
shelves, first range with vertical broiler, first washer 
that adds all laundry additives automatically. 

baCkofboth 
. .  ·BORG· WARNER 

The 7 Hats of Borg-Warner 
• . •  national defense; oil, steel 
and chemicals; agriculture ; 
industrial machinery; ,aviation; 
the automotive industry; home 
'equipment. 

In each division of the vast Borg-Warner Corporation are facilities devoted to 
a search for the new and the better-ranging from oil-drilling techniques by 
Byron Jackson to plumbing fixture ideas by Ingersoll-Humphryes. A fuel pump, 
once a design "on the boards" at the Pesco Products Division, now regulates 
the flow of fuel in commercial jetliners. A new way of notching plow discs 
by the Ingersoll Products Division brings ease to a farmer's toughest tillage jobs. 
Today, driving is more of a pleasure for the millions whose cars are equipped 
with Warner Gear's automatic transmissions. And, in the years ahead, you can 
expect more advanced products to appear from behind the Borg-Warner doors 
marked "RESEARCH". 

IT'S A BETTER PRODUCT WHEN BORG·WARNER MAKES IT 
Borg-Warner Corporation. 200 South Michigan Avenue. Chicago 4, Illinois 
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HER BR ITAN N I C  MAJESTY'S 

CIVIL SERVICE COMM ISSION 

and 

THE UNITED KINGDOM 

ATOM IC ENERGY AUTHOR ITY 

w i l l  be holding joint Selection Boards in 

WAS H I N GTO N ,  D.C. 

and OTTAWA 

and other centres 

i n  Apri l ,  1 960 

to interview candidates for 

SENIOR and JUNIOR 

FELLOWSHIPS 
and 

PERMANENT 

APPOINTMENTS 
in British Gove rnment Research a n d  Devel

opment Esta bl i shments a n d  in  the Esta blish

me nts of the U n ited Kin g d o m  Atomic Energy 

Autho rity. 

British scientists resident in North America 
are invited to apply for further details to: 

The Group Recruitment Officer. 

Atomic Energy Research Establishment, 
H a rwel l .  H r. D idcot. Berks .. England 

Prese rve you r  cop ies 
I 

of 
I SCIENTIFIC 
I AMERICAN 

(LA handsome and durable library file or 
binder in which to keep your copies of 
S C I E N T I FI C  A M E RI C A N .  
(L B oth styles bound in dark green library 
fabric and stamped in gold leaf. 

F I L E ( shown at right) : Holds 12 issues. 
Single copies easily accessible. 

Price : $2.35 ( U . S .A .  only ) .  

B I N D E R  (shown at left) : Holds 6 is
sues. Copies open flat. 

Price : $2 .50 ( U . S .A .  only ) .  
( N ew York City res idents p lease add  3% S a l e s  Tax )  

Address your order, enclosing 
check or nloney order, to : 

- - - - - - - - - - - - - - - - - - ,  I Department F IF i le)  or A IBinder!  I 

I S C I E N T I F I C  AMERI CAN I 

I 
4 1 5 Madison Avenue, New York 1 7, N. Y. I 
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CILIARY EPITHELIUM lining the trachea, bronchi and bronchioles is shown in this 

longitudinal section. The hairlike cilia beat rhythmically in waves to propel mucus and 

other material toward the glottis  (here to the right) . Cells  without cilia  are gland cells.  

through a much-narrowed trachea with 
great force and velocity, blowing out 
foreign material or mucus with it. 

A sneeze might be described as an up
per respiratory cough. In the prepara
tory stages more and more air is inspired, 
and at the climax the air is expelled with 
explosive force. The glottis in this case 
is wide open, and the air meets its chief 
resistance in the mouth or nasal passages 
so that the expiratory blast serves to 
clear the passages of the nose or mouth 
just as a cough clears the bronchi and 
trachea. 

Yawning aids respiration by ventilat
ing the lung more completely. In ordi
nary breathing apparently not all the 
alveoli of the lung are equally ventilated, 
and some may actually close down at 
times. The blood that passes through 
collapsed alveoli enters the arterial 
stream without being oxygenated and 
dilutes the average oxygen content of 
the blood. In other words, the arterial 
blood becomes slightly more venous. 
Collapsed alveoli may be opened up by 
the long, deep inspiration of the yawn. 
Since most of the muscles of the body 
participate in this maneuver, the yawn 
mav also serve the purpose of squeezing 
the stagnant blood out of vessels in 
which it has accumulated. 

A hiccough, on the other hand, is an 
abnormal response serving no known 
purpose. It is a spasmodic contraction of 
the diaphragm resulting from some 
stimulation either in the diaphragm it-

self or in the respiratory center of the 
brain, caused perhaps by substances in 
the blood or by local circulatory abnor
malities. The vocal cords, which are 
usually open during inspiration (vocali
zation is normally produced only during 
expiration), apparently close in the hic
cough, and their vibrations produce the 
characteristic sound. Persistent hic
coughs can generally be halted by in
halation of air containing 5 to 7 per cent 
carbon dioxide. 

T he engineering of the breathing ap-
paratus stands among the many mar

vels displayed by the human body. The 
lungs offer an area at least half the size 
of a tennis court for diffusion of oxygen 
and carbon dioxide between blood and 
air. The lung membrane through which 
the exchange takes place is of such ex
quisite delicacy and thinness that it has 
not been equaled in effectiveness by any 
of the artificial lungs designed for oxy
genation of blood during operations on 
the heart. The effort required to renew 
the air in the lung is negligible, and 
energy to sustain it can be supplied ( at 
5 per cent efficiency) by two lumps of 
sugar or their equivalent per day. The 
breathing mechanism is a marvelously 
well-adapted structure and provides am
ple reason for any thii1king man to stand 
in awe before the processes that have 
brought it all to pass: "So curiously are 
we wrought, so fearfully and wonder
fully are we made!" 

CROSS SECTION OF THE TRACHEA is  shown as it appears normally (left) and as it 

probably appears during a congh (r ight) . The U-shaped cartilage (outer layer ) does not 

cover the back portion of the tube. Under external pressure the nnprotected part folds 

inward, narrowing the airway and increasing velocity of  the air being expelled through it_ 
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Every day SCOTCH Brand High Resolution Tapes 
are getting the nod for more instrumentation jobs. 
The reason? Performance. In taping high frequency 
data, the sharper resolution lets you pack more 
pulses to the inch-a greater density of informa
tion to each foot of tape. 

At the root of this advance are the high potency 
oxides used in the magnetic coating. The higher 
magnetic retentivity of these oxides-about a third 
more than standard-offers distinct advantages. It 
permits the use of a thinner magnetic coating which 
may be combined with a thinner polyester base. 
Naturally, this means a more flexible tape - one 
that conforms for more intimate tape - to - head 
contact, automatically improving resolution in the 
taping of high frequencies. 

Even so, you don't have to sacrifice output in low 
frequencies. For in addition to the marked increase 
in sensitivity to short wave lengths, SCOTCH Brand 
High Resolution Tapes show some increase in sensi
tivity even to long wave lengths. 

These more flexible tapes cut drop-outs, too. 
With better tape-to-head con
tact, there's less chance that 
a stray bit of dust can sneak 
between tape a n d  h e a d  to 
cause a drop-out. The superior 
magnetic properties of SCOTCH 
Brand High Resolution Tape 
No. 1 59 show up in oscillo-

B 

H 

scope tests-producing a good squared-up hystere
sis curve like that shown at the right, and symboli
cally illustrated at the left. 

Whatever your application-data acquisition, 
reduction or control programming-you can count 
on SCOTCH Brand technology to create tapes of 
higher uniformity and reliability for error-free 
performance. 

SCOTCH Brand Heavy Duty Tapes No. 1 98- 1 99 
provide the sensitivity for good output even under 
extremes of ambient temperature. SCOTCH Brand 
Sandwich Tapes No. 1 8 8  and 1 89 offer extremely 
long life and reduced head wear in digital work and 
many AM, FM and PDM applications. Finally, for 
top performance at low cost per foot, SCOTCH Brand'  
Instrumentation Tapes No.  1 0 8  'and 1 09 remain the ' 
standard for the industry. 

Where there's no margin for error, there's no 
tape like SCOTCH Brand. For more details, mail 
reader inquiry card or write Magnetic Products 
Div., Dept. MBO-lO, 3M Co., S1. Paul 6, Minn. 

© 1959 3M Co, 
" SCOTCH" is a registered tradem a r k  of 3 M  Company,  st. P a u l  6, M i n nesota. 

Export : 99 Park Avenue,  New York, N.Y. In Canada : London,  Ontario. 
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WILD* M-20 
with Camera II 
Fitted with Camera II, this truly versatile 

microscope permits continuous binocular 
observation of the specimen, even during 
exposure. The phototube deflects 25 % of 
the light to the binocular tube, with the 
remainder going to the Camera. Rapid, 
accurate focusing is achieved with a spe· 
cial format indicating eyepiece in the 
binocular tube. 

In research and scientific exploration, the 
M·20 is easily capable of handling any 
problem which may arise in optical micro· 
scopy. 

Write for interesting information about the 
Wild M·20 and its complete j'ange of attach· 
ments. 

"'The FIRST name in Surveying Instru
ments, Photogrammetric Equipment and 
Microscopes. 

Full Factory 
Services 

���!-!!���' INSTRUMENTS. INC. 
Main at Covert Street • Port Washington. New York 

POrt Washington 7·4843 
In Canada 

Wild of Canada ltd., 157 Maclaren St., Ottawa, Ontario 
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IMATHEMATICAL GAMES 
A fanc�ful dialogue about 
the wonders of numerology 

by Martin Gardner 

N
umerology, the study of the mysti
cal Significance of numbers, has 
a long, complicated history that 

includes the ancient Hebrew cabalists, 
the Greek Pythagoreans, Philo of Alex
andria, the Gnostics, many distinguished 
theologians and those Hollywood nu
merologists who prospered in the 1920's 
and 1930's by devising names (with 
proper "vibrations") for would-be movie 
stars. 1 must confess that 1 have always 
found this history rather boring. Thus 
when a friend of mine suggested that 
1 get in touch with a New York numerol
ogist who calls himself Dr. Matrix, 1 
could hardly have been less interested. 

"But you'll find him very amusing," 
my friend insisted. "He claims to be a 
reincarnation of Pythagoras, and he 
really does seem to know something 
about mathematics. For example, he 
pointed out to me that 1960 had to be 
an unusual year because 1,960 can be 
expressed as the sum of two squares-
142 and 422-and both 14 and 42 are 
multiples of the mystic number 7." 

1 made a quick check with pencil and 
paper. "By Plato, he's right!," 1 ex
claimed. "He might be worth talking to 
at that." 

1 telephoned for an appointment, and 
several days later a pretty secretary with 
dark, almond-shaped eyes ushered me 
into the doctor's inner sanctum. Ten 
huge numerals from 1 to 10, gleaming 
like gold, were hanging on the far wall 
behind a long desk. They were arranged 
in the triangular pattern which is made 
commonplace today by the arrange
ment of bowling pins, but which the 
ancient Pythagoreans viewed with awe 
as the "Holy Tetractys." A large dodec
ahedron on the desk bore a calendar 
for each month of the new year on each 
of its 12 sides. 

Dr. Matrix entered the room through 
a curtained side door; he was a tall, bony 
figure with a prominent nose and bright, 
penetrating eyes. He motioned me into a 

chair. "I understand you write for Sci
entific American," he said with a crook
ed smile, "and that you're here to in
quire about my methods rather than for 
a personal analysis." 

"That's right," 1 said. 
The doctor pushed a button on a side 

wall, and a panel in the woodwork slid 
back to reveal a small blackboard. On 
the blackboard were chalked the letters 
of the alphabet, in the form of a circle 
that joined Z to A [see illustratio11 on 

page 152]. "Let me begin," he said, "by 
explaining why 1960 is likely to be a 
favorable year for your magazine." With 
the end of a pencil he began tapping 
the letters, starting with A and proceed
ing around the circle until he counted 
19. The 19th letter was S. He continued 
around the circle, starting with the count 
of 1 on T, and counted up to 60. The 
count ended on A. S and A, he pointed 
out, are the initials of SCIENTIFIC AMER
ICA!,\,. 

''I'm not impressed," I said. "When 
there are thousands of different ways 
that coincidences like this can arise, it 
becomes extremely probable that with 
a little effort you can find at least one." 

"I understand," said Dr. Matrix, "but 
don't be too sure that's the whole story. 
Coincidences like this occur far more 
often than can be justified by probabili
ty theory. Numbers, you know, have a 
mysterious life of their own." He waved 
his hand toward the gold numerals on 
the wall. "Of course those are not num
bers. They're only symbols for numbers. 
Wasn't it the German mathematician 
Leopold Kronecker who said: 'God 
created the integers; all the rest is the 
work of man'?" 

''I'm not sure I agree with that," I 
said, "but let's not waste time on meta
physics." 

"Quite right," he replied, seating him
self behind the desk. "Let me cite a few 
examples of numerological analysiS that 
may interest your readers. You've heard, 
perhaps, the theory that Shakespeare 
worked secretly on part of the King 
James translation of the Bible?" 

1 shook my head. 
"To a numerologist, there's no doubt 
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Report from IBM Yorktown Research Center, New York 

HOW ATOMS JUMP IN SOLID SOLUTIONS 
It is known that in many solid solutions, such as alpha brass, 
atomic rearrangement can be induced by an applied stress. 
Experiments of this nature have confirmed that the atomic 
mobility required for this rearrangement derives chiefly from 
the presence of lattice vacancies. A simple example is seen in 
the reorientation of a pair of solute atoms. 

The time required for these atom jumps is under investi
gation by metallurgists at IBM Research. 

By observing this rearrangement-a relaxation effect seen 
as a peak in a curve of internal friction vs. temperature-it 

is possible to measure atom mobility at temperatures far be
low those at which ordinary diffusion experiments can be 
carried out. It is also possible to freeze an excess of defects 
into the lattice of an alloy by quenching rapidly from high 
temperatures to produce an abnormally short relaxation time. 

Through these experiments IBM scientists are determin
ing how the equilibrium concentration and mobility of va
cancies change with temperature. They seek to learn the 
manner in which the excess of vacancies retained after 
quenching disappears within the alloy. 

Investigate the many career opportunities availahle in exciting new /ields at 113M. 
International Business Machines Corporat-ion, Dept_ 659 M, 590 Madison Avenue, New York 22, New York. 
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Atmospheric 
PHYSICS 
at AVCO-R.A.D. 
Avco .. . Pioneer 
in Re-entry ... is exploring 
new approaches to space 
and missile technology. 
Achievement is an active habit at 

AVeO. A recognized leader in the 

field of atmospheric re-entry, AVeO 

now has programs under way that 

are rendering significant contribu

tions to theoretical and experimental 

research in space and atmospheric 

physics. Responsible positions exist 

in the following fields: 

• Ionospheric Physics 
• Radio Wave 

Propogation 
(V.l.F. and Higher Frequencies) 

• Solar Phenomena and 
its Terrestrial Effects 

• Atmospheric 
Electricity 

Requirements: Background and 
competence in theoretical and 
experimental physics. 

Junior applicants must have sufficient 
background to work under the 
supervision <)f recognized authorities 
in the above fields. 

Senior applicants must have 
experience and competence to 
originate and formulate plans to 
conduct original basic research in 
above-mentioned areas. 

Ample opportunity for recognition 
in scientific journals. 

The division's new suburban location 
provides an attractive working 
environment outside of metropolitan 
Boston and Cambridge. The extensive 
fully equipped laboratories are close 
to Boston educational institutions and 
cultural events. The division offers a 
liberal assistance program to those 
desiring advanced study. 

Write to: Mr. Richard Rubino 
Scientific and Technical Relations. 
Your reply will be accorded absolute 
confidence and you will receive a 

p:ompt answer. 

201 lowell St., Wilmington, Mass. 

about it. If you turn to the 46th Psalm 
you'll find that its 46th word is 'shake.' 
Count back to the 46th word from the 
end of the same psalm [the word selah 
at the end is not part of the psalm] and 
you reach the word 'spear.' " 

"Why 46?," I asked, smiling. 
"Because," said Dr. Matrix, "when 

the King James Authorized Version was 
completed in 1610, Shakespeare was ex
actly 46 years old." 

"Not bad," I said as I scribbled a few 
notes. "Any more?" 

"Thousands," said Dr. Matrix. "Con
sider the case of Richard Wagner and 
the number 13. There are 13 letters in 
his name. He was born in 1813. Add the 
digits of this year and the sum is 13. 
He composed 13 great works of music. 
Tannhauser, his greatest work, was com
pleted on April 13, 1845, and first per
formed on March 13, 1861. He finished 
Parsifal on January 13, 1882. Die Wal
kiire was first performed in 1870 on 
June 26, and 26 is twice 13. Loheng-rin 
was composed in 1848, but Wagner did 
not hear it played until 1861, exactly 
13 years later. He died on February 13, 
1883. Note that the first and last digits 
of this year also form 13. These are 
only a few of the many important 13's in 
Wagner's life." 

Dr. Matrix waited until I had finished 
writing; then he continued. "Iinportant 
dates are never accidental. The atomic 
age began in 1942, when Enrico Fermi 

x 
w 

V 
U 

T 
S 

R 
Q 

and his colleagues achieved the first 
nuclear chain-reaction. You may have 
read in Laura Fermi's biography of her 
husband how Arthur Compton tele
phoned James Conant to report the 
news. Compton's first remark was: 'The 
Italian navigator has reached the New 
World.' Did it ever occur to you that if 
you switch the middle digits of 1942, 
it becomes 1492, the year that Colum
bus, an earlier Italian navigator, dis
covered the New World?" 

"It most assuredly has not," I an
swered. 

"The life of Kaiser Wilhelm I is nu
merologically interesting," he went on. 
"In 1849 he crushed the socialist revo
lution in Germany. The sum of the digits 
in this date is 22. Add 22 to 1849 and 
you get 1871, the year Wilhelm was 
crowned emperor. Repeat this procedure 
with 1871 and you arrive at 1888, the 
year of his death. Repeat once more 
and you get 1913, the last year of peace 
before World War I destroyed his em
pire. Unusual date patterns are com
mon in the lives of all famous men. 
Is it coincidence that Raphael, the 
great painter of s£lcred scenes, was born 
on April 6 and died on April 6, and that 
both dates fell on Good Friday? Why 
is evolution a key to the philosophies 
of both John Dewey and Henri Bergson? 
Because both men were born in 1859, 
the year Darwin's Origin of Species was 
published. Do you think it accidental 

E 
F 
G 
H 
I 

J 

Dr. Matrix's alphabet circle 
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The scientific data that will some day enable 

us to probe successfully to the very fringes of 

the universe is being recorded and transmitted 

at this moment by the space laboratory 

Explorer VI, a satellite now in orbit around 

the earth. This project, carried out by Space 

Technology Laboratories for the National 

Aeronautics and Space Administration under 

the direction of the Air Force Ballistic Missile 

Division, will advance man's knowledge of: 

The earth and the solar system ... The magnetic 

field strengths in space ... The cosmic ray 

intensities away f1'om earth ... and, 

The micrometeorite density encountered in 

inter-planetary travel. Explorer VI is the 

most sensitive and unique achievement ever 

launched into space. The 29" payload, 

STL designed and instrumented by STL in 

cooperation with the universities, will remain 

"vocal" for its anticipated one year life. 

Space Technology 

- --- ---
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How? Because Explorer VI's 132 pounds of 

electronic components are powered by storage 

batteries kept charged by the impingement 

of solar radiation on 8,000 cells in the four 

sails or paddles equivalent to 12.2 square feet 

in area. Many more of the scientific and 

technological miracles of Explorer VI will be 

reported to the world as it continues its epic 

flight. The STL technical staff brings to this 

space research the same talents which have 

provided systems engineering and over-all 

direction since 1954 to the Air Force Missile 

Programs including Atlas, Thor, Titan, 

Minuteman, and the Pioneer I space probe. 

Important staff positions in connection with 

these activities are now available for 

scientists and engineers with outstanding 

capabilities in propulsion, electronics, 

thermodynamics, aerodynamics, structures, 

astrophysics, computer technology, and 

other related fields and disciplines. 

Inquiries 

and resumes 

Laboratories, Inc. are 

invited. 

P. O. Box 95004 
Los Angeles 4{5" California 
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ENGINEERS AND SCIENTISTS 
for our operations throughout the (ountry 

A recent survey (source sent on request) 
indicates that 80% of scientists and engineers 
think they are underpaid, and 72% think their 
professional talents are misused. 

By paying PhD's a minimum of $20,000 per 
year (8S's $16,000), we have reduced the 80')', 
figure. Most of our men think they are paid 
fairly.* By arranging expense·paid interviews 
with the project leaders under whose direc
tion our men would work, we have reduced 
the 72% figure. Most of our men know what 
they will be doing before they sign a contract. 

If you are qualified for, and interested in, 
detection, fire control, or real-time numerical 
control systems analysis and design; or the 
design of solid state, microwave, JR, raqar, 
UHF and VHF, logic, analogue, digital, 
and/or classified communications and infor
mation processing circuits; or you are exper
ienced in statistical noise analysis, prob
ability, or numerical analysis and program
ming, we would like you to consider working 
with us. 

Frankly, we feel that scientists and engi
neers should receive the same return as 
lawyers and physicians, should make enough 
to attract their children into the profession, 
and should be able to pay for their children's 
requisite professional education. 

If you would like to know more about 
openings in your field and your preferred 
location, send us a short resume. Since we 
have no application blanks, please include 
all pertinent professional experience, educa
tion, military experience and clearances, if 
any, year of birth, and citizenship. Informa
tion furnished will be held in confidence. 

BASIC & EXPERIMENTAL PHYSICS 
Consulting Scientists and En9ine�rs 

Box 689, Falmouth, Mass. 
*They should. As of 1 Nov 59, our average non

PhD engineer earned $20.400 per year. 

NOW- There/s a New 
RELAXED WAY 

to Learn a 

LANGUAGE 
at home

almost overnight 
RELAX like a child . . . SPEAK like a 
native . . . almost overnight. Find out 
about the Linguaphone Scientific Short
cut to language learning. Mail coupon 
TODA Y or call for FREE BOOK with 
fascinating details-no obligation. 

34 LANGUAGES BY 

"l.'lCJ't'4U,IUj 
World', Standard Conversational Method 

AT HOME - ABROAD 
For Business, Travel, Culture 

----------� .",.iNU·aU-mAUtilli"; 
Dept.3010 Radio City, New York 20, N. Y. 

I Please send me your FREE Book on lan- I 
I guages-Ko obligation. I 
I Kanle... . ............................................................... I 
I Address . . . . ...................... ......................................... 

I Cit.".. .. ..... Zone ... ..... .. State ... . 
I Please check your language interest: I 
I 0 Spanish (American) DSpanish (European) I o French 0 Italian 0 German 0 Russian 

I 0 Modern Greek 0 Japanese 0 Icelandic I o Other ................................... . 
L. __________ ..1 
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that Houdini, the lover of mystery, died 
on October 31, the date of Halloween?" 

"Could be," I murmured. 
The doctor shook his head vigorously. 

"I suppose you'll think it coincidental 
that in the library's Dewey decimal 
system the classification for books on 
number theory is 512.8l." 

"Is there something unusual about 
that?" 

"The number 512 is 2 to the ninth 
power and 81 is 9 to the second power. 
But here's something even more remark
able. First, 11 plus 2 minus 1 is 12. Let 
lYle show you how this works out with 
letters." He moved to the blackboard 
and chalked on it the word ELEVEN. 

He added TWO to make ELEVEN

TWO, then he erased the letters of ONE, 
leaving, ELEVTW. "Rearrange those 
six letters," he said, "and they spell 
TWELVE." 

I dabbed at my forehead with my 
handkerchief. "Do you have any opinion 
about 666," I asked, "the so-called N um
ber of the Beast [Revelatio1l 13:18]? I 
recently came across a book called OUf 
Times and Their Meaning, by a Seventh
Day Adventist named Carlyle B. 
Haynes. He identified the number with 
the Roman Catholic Church by adding 
up all the Roman numerals in one of the 
Latin titles of the Pope: VICARIUS 
FILII DEI. It comes to exactly 666." 
[V = 5, I = 1, C = 100, I = 1, U = 5, 
I = 1, L = 50, I = 1, I = 1, D = 500, 
I = l. U is taken as V because that is 
how it used to be written.] 

"I could talk for hours about 666," the 
doctor said with a heavy sigh. "This 
particular application of the Beast's 
number is quite old. Of course it's easy 
for a skillful numerologist to find 666 
in any name. In fact, if you add the 
Latin numerals in the name ELLEN 
COULD \H-IITE, the inspired prophet
ess who founded Seventh-Day Advent
ism-counting \V as a 'double U' or t\\"o 
V's-it also adds up to 666. [L = 50, 
L = 50, U = 5, L = 50, D = 500, 
\V = 10, I = l.] Tolstoy'S War and 
Peace [Volume III, Part 1, Chapter 19] 
has a neat method of extracting 666 
from L'EMPEREUR NAPOLEON." 

"I think it was the mathematician Eric 
Temple Bell," I said, "who discovered 
that 666 is the sum of the integers from 
1 to 36, the numbers on a roulette 
wheel." 

"True," said Dr. Matrix. "And if you 
put down from right to left the first 
six Roman numerals, in serial order, you 
get this." He wrote DC LXVI (which 
is 666) on the blackboard. 

"But what does it all mean?," I asked. 
Dr. Matrix was silent for a moment. 

"The true meaning is known only to a 
few initiates," he said unsmilingly. ''I'm 
afraid I can't reveal it at this time." 

"\"'ould you be willing to comment on 
the coming presidential campaign?," I 
asked. "For instance, will Nixon or 
Rockefeller get the Republican nomina
tion?" 

"That's another question I prefer not 
to answer," he said, "but I would like 
to call your attention to some curious 
counterpoint involving the two men. 
'Nelson' begins and ends with N. 'Rocke
feller' begins and ends with R. Nixon's 
name has the same pattern in reverse. 
'Richard' begins and almost ends with 
R. 'Nixon' begins and ends with N. Do 
you know when and where Nixon was 
born?" 

"No," I said. 
"At Yorba Linda, California-in Jan

uary, 1913." Dr. Matrix turned back to 
the blackboard and wrote this date as 
1-1913. He added the digits to get 15. 
On the circular alphabet he circled Y, 
L and C, the initials of Nixon's birth
place, then he counted from each letter 
to the 15th letter from it clockwise to ob
tain NAR, the initials of Nelson Aldrich 
Rockefeller! "Of course," he added, "of 
the two men, Rockefeller has the better 
chance to be elected." 

"How is that?" 
"His name has a double letter. You 

see, because of the number 2 in 20th 
century, every president of this century 
must have a double letter in his name, 
like the 00 in Roosevelt and the RR in 
Harry Truman." 

"Ike doesn't have a double letter," I 
said. 

"Eisenhower is the one exception so 
far. He managed to squeak through by 
virtue of his double initials: D. D." 

"I observe that you make frequent use 
of that circular alphabet," I said. 

'"It's one of many valuable tools," Dr. 
Matrix replied, "for exploring the nu
merical underpinnings of our lives. The 
other day a young man from Brooklyn 
came to see me. He had renounced a 
vow of allegiance to a gang of hoodlums 
and he thought he ought to leave town 
to avoid punishment by gang members. 
Could I tell him by numerology, he 
wanted to know, where he should go? 
I convinced him he should go nowhere 
by taking the word ABJURER [one who 
renounces] and substituting for each let
ter the letter directly opposite it on the 
alphabet circle." 

Dr. Matrix drew chalk lines on the 
blackboard from A to N, B to 0, and so 
on. The new word was NOWHERE. "If 
you think that's a coincidence," he said, 
"just try it with even shorter words. The 
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Lunar crater Copernicus, photographed by Questarowneron 35 mm.film. 

This is the superfine Questar telescope. Its wonderful compactness is 

achieved by the perfect marriage of a correcting lens to an f12 mirror, 

whose figure is accurate to 1164 wavelength of light. Each element is 

singly made, and each matched set of Questar optics slowly brought to 

perfection by a series of high power performance tests, until it is truly 

an individual triumph of the optician's art. 

This whole portable observatory, with the precise controls of great in

struments, occupies but one-half cubic foot of space and weighs eleven 

pounds. At left, the seven-pound Questar is shown ready for celestial use. 

The base casting houses a synchronous electric drive and safety clutch. A 

seated observer using Questar from a table top is in the easy attitude ot 

study, and, being freed from strain and fatigue, finds his eyesight unim
paired as he examines Questar's rock-steady images in luxurious comfort. 

�uestar 
BOX 20 . NEW HOPE . PENNSYLVANIA 

Questar costs only $995, 

postpaid, as shown with 

case. Terms are avail

able. May we send you 

our 32-page booklet? 

odds against starting with a seven-letter 
word and finding a second one by this 
technique are astronomical." 

I glanced nervously at my wrist 
watch. "Before I leave, could you give 
me a numerological problem or two that 
I could ask my readers to solve?" 

''I'll be delighted," he said. "Here's an 
easy one." On my notepaper he wrote 
the letters: OTTFFSSENT. 

"On what basis are those letters or
dered?," he asked. "It's a problem I give 
my beginning students of Neo-Pytha
goreanism." 

Beneath these letters he wrote: 

FORTY 
+ TEN 
+ TEN 

SIXTY 

"Each letter in that addition problem 
stands for a different digit," he ex
plained. "There's only one solution, but 
it takes a bit of brain work to find it." 

I pocketed my pencil and paper and 
stood up. Organ music continued to pour 
into the room. "Isn't that a Bach record
ing?," I asked. 

"It is indeed," answered the doctor as 
he walked me to the door. "Bach, you 
may have heard, was a deep student of 
our science. He knew that the sum of 
the values of BACH-taking A as 1, B 
as 2, and so on-is 14, a multiple of the 
divine 7. He also knew that the sum, 
using an old German alphabet, is 41, the 
reverse of 14, as well as the 14th prime 
number when you include 1 as a prime. 
The piece you're hearing is a work in 
which the pattern of notes exploits this 
14-41 motif. Magnificent harmony, 
don't you think? If only our modern 
composers would learn a little numerolo
gy, they might come as close as this to 
the music of the spheres!" 

I left the office in a slightly dazed 
condition; but not too dazed to notice 
again on my way out that the doctor's 
secretary had 1 upturned nose, 2 lumi
nous eyes and a most interesting over-all 
figure. 

T he three braid problems presented in 
this department last month are 

solved as follows: (1) Pass the plaque 
under strand C from right to left, then 
under strands A and B from left to right. 
(2) Pass the plaque under the center of 
strand B from left to right. (3) Pass the 
plaque, left to right, under all strands. 

The lettel;s of MANY A SAD HEART 
CAN WHISPER MY PRAYER rear
range to form the message A MERRY 
CHRISTMAS AND A HAPPY NEvV 
YEAR. 
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One of a series 

Resolving the driver-ear-road complex 

The manner in which vehicles follow each other on a highway 

is a current subject of theoretical investigation at the General Motors 

Research Laboratories. These studies in traffic dynamics, coupled with 

controlled experiments, are leading to new "follow-the-Ieader" 

models of vehicle interaction. 

For example, conditions have been derived for the 

stability of a chain of moving vehicles when the velocity of the 

lead car suddenly changes - a type of perturbation that has 

caused multiple collisions on modern superhighways. Theoretical analysis 

shows that the motion of a chain of cars can be stable when 

a driver accelerates in proportion to the relative velocity between his car 

and the car ahead. The motion is always unstable when the acceleration 

is proportional only to the relative distance between cars. 

Experimentally, GM Research scientists found that a driver does 

react mainly to relative velocity rather than to relative distance, 

with a sensitivity of reaction that increases with decreasing distance. 

Traffic dynamics research such as this is adding to 

our understanding of intricate traffic problems - what causes them, 

how they can best be resolved. The study is an example of the ways GM 

Research works to make transportation of the future more efficient and safe. 

General Motors Research Laboratories 
Warren, Michigan 

Car No. 
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Relative positions of 10 hypothetical cars 

after lead car goes through maneuver. 

Amplitude of instability increases, resulting 

in a collision between 7th and 8th cars. 
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THE AMATE UR SCIENTIST 

Conducted by C. L. Stong 

M
any archaeologists wish that 

amateur diggers would simply 
go away. The discipline of  ex

cavating the past has grown so complex, 
they explain, that those without formal 
training rarely accomplish much beyond 
the destruction of priceless sites. Other 
archaeologists take a more kindly view of 
amateurs; a few even encourage them to 
dig. One of these is M aurice Robbins, 
director of the Massachusetts Archaeo
logical Society at Attleboro, M ass. He 
writes: "When the amateur sees ancient 
relics being destroyed by earth-moving 
machinery, when he realizes that there 
are not enough professionals to excavate 
even a small percentage of the available 
sites, mere talk or even the enactment 
of laws will not dissuade him from tak
ing a hand in 'dirt archaeology.' The 
only alternative, in my opinion, is to edu
cate and cooperate. As the old adage 
puts it: 'If you can't lick 'em, join 'em!' 
The soundness of this approach to the 
'amateur problem' was demonstrated by 
our Society during the recent excavation 
near M iddleboro, M ass., of an Indian 
village dating back to 2300 B.C. 

"Most of the work at this site, which 
was designated as Wapanucket No. 6,  
was performed by members of the Co
hannet Chapter of the M assachusetts 
Archaeological Society. The group is 
composed of shoe craftsmen, electri
cians, a florist, a clergyman, a newspaper 
reporter, a professor of history, several 
engineers, and other laymen ranging in 
age from about 20 to over 60. Dur
ing the five years prior to their work 
at Wapanucket N o. 6 these amateurs 
had taken courses in cultural anthro
pology and archaeological techniques 
that were offered free by the Society's 
Bronson Museum at Attleboro. During 
the summers the group had also exca
vated a number of minor sites in the 
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How a group of alnateurs, with professional 

guidance, unearthed an early Indian (Jillage 

immediate vicinity, where the usual ar
chaeological pattern of the northeastern 
states was found. 

"In the course of this preliminary 
work the amateurs learned a lot about 
the dusty volume in which the story of 
man's rise is recorded, and about the 
characters in which the volume is writ
ten: those of stone, baked clay, bone and 
stained soil. They encountered at first 
hand the ancient authors who wrote 
without effort to conceal their faults or 
enhance their virtues. Such errors as 
may creep into the story, the amateurs 
learned, are those of translation and are 
chargeable to the reader. Most impor
tant, the group came to have deep re
spect for a unique weakness of the book: 
the fact that the very act of reading de
stroys it! No sentence, much less a para
graph, can be scanned in the original but 
once. They learned that those who 
would enjoy the thrill of being the first
and the last-to turn the ancient pages 
assume a heavy responsibility. They 
must pay for the privilege by reading 
carefully and recording all data in  de
tail so precise that others in this or fu
ture generations may correct errors in 
the original translation. 

"By the time work began at Wapa
nucket No. 6, much was known about 
the Indians who for some thousands of 
years had inhabited the region. But fol
lowing the excavation it became appar
ent that a number of prior conclusions, 
particularly those concerning certain 
people who lived here some 3,000 years 
ago, would have to be altered consider
ably. In general, three cultural levels are 
encountered in the northeastern states. 
As one sinks his shovel into the earth at 
favored sites, arrowheads and related 
artifacts of the most recent Indians are 
turned up near the surface; at lower lev
els the remains of older cnltures are 
found. The deepest layer is associated 
with a people who appear to have come 
into the area between 6000 and 5000 
B.C., and it records what is  called the 
Paleo-Indian occupation. Little i s  known 
about these ancient wanderers beyond 
the fact that they made fluted spear 
points of the Folsom type, also found in 

the U. S. Southwest. What may have 
happened to these early tribes is  any
body's guess. They simply disappeared. 
If any clue to their fate remains, it  has 
yet to be discovered. 

"The intermediate layer, the one next 
above the Paleo-Indian, records the pe
riod of Archaic occupation. This culture 
persisted for some 4 ,000 years: from 
about 5000 B.C. to 1000 B.C. The re
mains of these people trace a gradual 
but pronounced cultural evolution. Im
plements made in 5000 B.C. exhibit less 
finish and variety than those of 1000 
B.C. Distinctions between the two types 
of artifact have enabled archaeologists 
to divide the Archaic period into early 
and late components. Wapanucket No. 
6 was the site of late Archaic occupation. 
Although the nature of the period is the 
subject of considerable discussion among 
archaeologists, it is agreed in general 
that the economy of these Indians was 
based on hunting, fishing and food-gath
ering. Agriculture and clay pottery were 
unknown. The bow and arrow did not 
come into use until late Archaic times. 
Prior to this the Archaic people hunted 
and fought with lances and spears. 

"Finally, at about 1000 B.C., the 
'Woodland' cultures arose. These peo
ples were primitive farmers who raised 
corn , beans, pumpkins and squash. They 
were also excellent potters and produced 
handsome clay vessels. Because of a 
plentiful and secure supply of food the 
Woodland people could live together in 
fairly large communities and build per
manent villages. The agricultural traits 
of the Woodland people had a far-reach
ing effect on their culture. Freedom from 
the necessity of roaming the countryside 
in search of food left them time to think 
of nonmaterial things. After a few centu
ries they accordingly developed fairly 
complex social, religious and political 
systems. Their culture began to take on 
the aspect of what one might call a pro
to-civilization. 

"Early explorers from E urope arrived 
in Massachusetts during the final stages 
of the Woodland period .  Thus we have 
excellent descriptions of the lodges in 
which the Woodland people lived, and 
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we know the meaning of at least part of 
their expressive language. Unfortunate
ly, from the point of view of the archae
ologist, the camp and village sites that 
appealed to the Woodland people were 
precisely those selected by their prede
cessors. Accordingly it is quite the usual 
thing to find a Woodland site superim
posed upon one of the Archaic period. 
The tools left by both groups are often 
mixed, particularly at sites that show the 
mark of the Colonial plow. However, by 
the methods of typology-by analyzing 
artifacts according to types known to be 
the product of each culture-the archae
ologist can recognize the presence of 
more than one assemblage of tools and 
can for the most part separate them i nto 
groups according to their time of origin. 
For example, the preference of Archaic 
Indians for projectile points with stems 
is well known; grooved axes and certain 
types of gouge are also characteristic of 
the period. Moreover, the Archaic In
dians developed a special technique for 
sawing, grinding and polishing stone, 
by which they fashioned knives of a 
characteristic crescent shape and vessels 
of soapstone. These are positive clues to 
Archaic occupation. 

" Until recently the nonmaterial as
pects of the Archaic culture were prac
tically unknown and the subject of much 
speculation. Because agriculture was not 
practiced during this period, the Archaic 
Indians were entirely dependent upon 
wild plants and animals. Any apprecia
ble concentration of people living in  
such an economy would have resulted 
in a rapid depletion of the necessities of 
life, or so it was thought. In  consequence 
the discovery of an Archaic village was 
considered most unlikely. Stone tools 
from this early period had been found 
in rock shelters and at open sites; it was 
assumed that the shelters built by the 
Archaic people must have been flimsy 
affairs of which no vestige could possi
bly remain. This conclusion seemed rea
sonable because the Archaic people were 
so preoccupied with the eternal quest 
for food and so dispersed by the environ
ment in which they lived that they 
would have neither the time nor the op
portunity for any but the most rudi
mentary social, political or religious con
cepts. How wrong the work of the ama
teurs at Wapanucket No. 6 has shown 
these conclusions to be! 

"The site lies on the northern shore 
of Assawompsett Pond. Originally this 
area was a part of the old mother colony 
of Plymouth. Assawompsett is the larg
est natural body of fresh water in Massa
chusetts, covering some 2,200 acres. It 

forms a part of the drainage system of 
the Taunton River, which together with 
its m any tributaries provided the abo
riginal inhabitants with an easy means 
of travel. A few hours in their dugout 
canoes would take them to the seacoast 
or to interior forests. 

"The northern shore of the lake is 
formed by a sand dune flanked by 

swamps and small streams. Its wave-cut 
front rises steeply out of the water to a 
height of 24 feet, and its top offers sev
eral acres of level, well-drained land. 
This area has been the site of aboriginal 
occupation since the advent of m an into 
New England. 

"In the spring of 1 956 a reconnais
sance party from the Cohannet Chapter 
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Map 0/ Wapanucket No.6, the site 0/ an Indian village dating back to 2300 B.C. 
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Hard coated on 4 surfaces 

f/l0-60" 
f/15-90" 

focal length MOUNTEO $175.00 
UNMOUNTED $150.00 

focal length MOUNTED $175.00 
UNMOUNTED $150.00 

The e(f(>ctivc apertul'c of the above lenses is six inches. 
The black anollized aluminum mount fits into seven 
itlch dia. aluminum tubing. 

MOUNTED AIR 
The finest American Made, hand-corrected 

air-spaced astronomical objertil-CS; 
Illounted in black anodized aluminum cells. 

OIA. F.L. PRICE 
3lf4'f 48" Coated $32.00 
4\18" 62" Coated $69.00 

"BIG" LENSES Onr selection or diame-
ters and focal lengths IS 
the largest in the United 

States a\-ailable for immediate delivery. Perfect magnesium 
fluoride coated and cemented achromatic telescope objecti res. 
Aluminum tubing and cells a\-aiiabJe for lenses listed below. 
Send for complete list of other diameters and focal lengths. 
Dia. F.L. EACH Dia. F.L. EACH 
2\8" 10" $12.50 3,1," 15" $21.00 
21,.8" ]5" $ 9.75 3,4," 24%'" $22.50 
21,.8" 24%" $12.50 314.," 40" $30.00 
2\8" 40" $12.50 4%" 42h" $67.50 
21,.8" 50" $12.50 5�" 24%" $85.00 
We can supply ALUMINUM TUBING for the above lenses. 

8 POWER ElBOW TElESCOPE 8x50 

ASTRONOMICAL TELESCOPE MIRRORS 
Precision pOlished to 1/4 

wave and aluminized. Mir

ror mount, rack and pin

ion, tubing available. 

1 0ia. 
3i\," 
41J..." I'Hex: 
6" I'yrex 

F.L. Postpaid 
42" $ 9.75 
45" $13.50 
60" $25.00 

Free Catalogue "MILLIONS" of Lenses. etc. 
We pay the POSTAGE IN U.S.-C.O.D.'s you pay postage
Satisfaction guaranteed or money refunded in 30 days. 

SUPERVISOR 
OF PHYSICS 

We need a supervisor to assume techni

cal and administrative leadership of a 

group of research specialists. This group 

is engaged in theoretical and experimen

tal investigations in solid state physics, 

gas kinetics and dynamics, mechanics of 

solids, experimental instrumentation, and 

other related fields. 

The requirements are a doctorate and at 

least three years of professional research 

experience. You must have a recognized 

competence in your own field. You must 

be energetic, aggressive and demonstrate 

significant initiative to insure the growth 

of the research group, as well as to influ

ence the long range product policies of 

our organization. 

This is a research development and pro

duction design facility, located in sub

urban city of Los Angeles. Submit your 

resume in complete confidence. Give 

past and present salaries and salary re

quirements in first reply to: Mr. Ray

mond Paul, Box 1904, Grand Cen

tral Station, New York 17, N. Y. 
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Part of the site, showing the method of excavation 

excavated several random test-squares 
in the wooded area just back from the 
lake front. The appearance of Indian 
refuse pits, fire-cracked stone, and chips 
remaining from the manufacture of stone 
implements quicklv confirmed our hope 
that the area had once served as an abo
riginal campsite. 

"The prerequisites of a controlled ar
chaeological 'dig' are a careful survey of 
the area to be examined, the determina
tion of levels in relation to some penna
nent object ( such as a large rock or a 
survey marker ) and the establishment of 
an excavation grid or checkerboard pat
tern of carefully measured lines for sub
sequent use in charting the precise loca
tion of all objects discovered. These 

were the first order of business. N um
bered stakes were set at two-meter in
tervals to outline an area 52 meters 
long and roughly parallel to the shore. 
Next the group removed a thin layer 
of topsoil along the first line-the so
called base line. Then it began the heavy 
work of scraping away larger areas of 
topsoil an inch at a time ancl examining 
each freshly exposed surface for evi
dence of human occupation.  Fragment 
of worked stone, artifacts, hearths,  pits 
or any other indication of aboriginal 
habitation were located both horizontal
ly and vertically with reference to the 
numbered stakes and were entered upon 
printed record cards prepared for the 
purpose. The data from these cards were 

Remains of a platform for cremating the dead 
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Projects illustrations up to 3" X 
311�" and enlarges them to 4 ft. 
wide. �o fUm or negatives 
needed. 1=-rojects charts, dia
grams, pil:tures, photos, letter
ing in full color or black-and

white. Operates on 115 volt, A.C. current, 6-ft. ex
tension cord and plug induded. Operates on 60 watt 
bulb, not included. Size 12" x 8" x 41jz" wide. \Veight 
1 lb., 2 oz. Plastic case with built-in handle. 
Stock No. 70.199·5 .......... "." ............. $7.95 Postpaid 

American Made
Over 500/0 Saving 

STEREO MICROSCOPE 
Years in development. EQuals $300 to 
$400 instrument. Precision American 
made. Used for C'hef'kin.2;, inspec!ing, 
small assembly work. Up to 3" work
ing distance, Clear, sharp. erect 
image. Wide. 3 dimensional field. 2 
sets of objectives� on rotating turret. 
23X and 40X. 10 Day Fl'ee 'I'rial. 

Stock No. 85.056·5"""",,$99.50 
f.o.b. Barrington, N.J. 

Low l)ower Supplementary Lens Attachment for above Stereo 
-provides 15X down to 6X with clear. extra large Ph" 
field at 6X. 
Stock No. 30.276·5""""""""""""""""""""",,57.50 

NEWBINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Pictures 

Will Fit Any Camera. 

Bring distant objects 7 times 
nearer with a 35 mm. camera. 
7x50 binocular and our NEW 
BINOCULAR - '1'0 - CA�illnA 
H OLD ER. Ideal for long
range shots of wild lite, ships, 
planes, people, etc. Camera 

and binoculars attach easily. Use any binocular or monocu
lar-any camera, still or mO\'ie. Take color or black and 
white. Full directions for taking telcpi1otos. 
Stock No. 70.223·5 ........................ $11.50 postpaid 

T IC E L E C TR IC ITY 
G E N E R A TOR 

Educational and Lots of Fun! 
See a thrilling spark display as you 
set off a miniature bolt of light
ning. Absolutely safe and harmless. 
Sturdily made-it stands 14" high. 
Turn tho handle and two 9" plastic 
discs in opposite directiolll;. 

. brushes pick up the 
store it in the 

condenser lIntii dis
jumping spark. 

and experiments. ,,",,u '''''' """"" booklet included. 
. 2.95 Postpaid 

3" diameter magnifier 
mounted on a 24" long flexible 
gooseneck. Clamp it on ma
('hines, desks, workbenches, 
etc. ('lamp opens to 110/]6", 
........................ $8.95 Postpaid 

INSTRUCTION BOOKLETS 
Stock Price 
N o. Pstpd. 

How to Build Projectors.... .. .......... 9014-S 30¢ 

l:Wmebuilt Telescopes ............. ..... ... 9006-S 40¢ 

Photography With Your ·l'elescope ... ..... 9058-S 25¢ 

ALL ABOUT TELEPHo'rO LENSES D036-S 60¢ 

ULTRA CLOSE-UP Photography ... . . ..... D042-S 60¢ 

The Camem Lucida. .. 905\)-S 20¢ 

Infra-red Light and Its Uses... .... .. .... 9040-S 7S¢ 

Homemade Stereo-Adapters .............. 9032-S 30¢ 

Homemade Stel'eo-Viewers... ...9034-8 30t 

"Building a Condenser Enlarger" ... 9038-8 40¢ 

'!'ime in A.stronomy .. . ..................... 9054-8 GOt 
FUN WITH OPTICS... .. . ... 9050-S 50t 

H.OW TO l;SE YOUU TELESCOPE ..... 9055·8 60¢ 

(Includes directions on how to take 

See the Stars. Maon. Planets Close Up! 
3" ASTRONOMICAL REFLECTING TELESCOPE 

60 to 180 Power-An Unusual Buy! 
Famous Mt. Palomar Type 

You'll see the Rings of S<llUrn, the f:ll:;cilluting plalll't �ll11'S, huge cl'lne,'s all the :'110011. Stur Clusters, l\loons of Jupiler in 
detail, Galaxies! Equatorial mount With lock on both axes. Aluminized and over�oated 3" dlametel' high· speed f / 10 mirror. Telescope come� equipped with a OOX eyepiece and a mounted 
¥:r!��p��

n
�iwi�';;t

n
fo Ye

O
s�e�gal

t� 1!8�ls�OiVne:I·Ud�!i. °gt
t����, F�'i.i��: 

wood, portable tripOd. 

Photographers! This is an actual photograllh 
of the moon taken through our Astronomn::al 
Telescope by a 17·year··old student. 

FREE with Scope:-Valuable STAR CHART plus 272 page "HAND� 
BOOK OF HEAVENS" plus "HOW TO USE YOUR TELESCOPE" BOOK 

Stock No. 85.050·5 .................................... $29.95 Postpaid 

"EASY -CARRY"SL 
casional use. 
and SHOW 2:\2 35mm 
slides or 35mm HIm strips, 
single or double frame. Xo 
cumbe l'some equiJ)ment to 
lug. lOO-watt. l:!O-volt 

TELESCOPE! Up to 255X 
With this scope you can see everything as 
above but with g.·eatel· power plus will 
spl it finer stars. ;\1 in'o!' has twice the 
light gathCI'ing pawcl·. l\lirl'Ol' guul'anteed 
to gh'e theoretical lim it of resolution. 
Rack and pinion focusing. hardwood tl'i-
�:�t�s i;��'n tea;: f ���'�

a
� ta���lI�� � �:�l� ��I��� Y t u 'i!�: 

Project()r fol{h to 2%" wide, 4%" high, 41,6" 
long. Opens to 8'" long. Wt. less than 3 Ib!'.. 
3-element f. 3.5 lens with 80mm focal 
length. Plastic leatherette carr.ving case. 6' 
cord included. 

6 POWe,' findel' telescope. 2 standa,'d size 
eyepieces and mnunted Barlow lens give 
you powers of 40.'1:. 90X. 120X. and 
255:-':. Lo�v·cost accessOl'Y eyepiece a\"ail
able rOl' higher' powers. FREE with Scope: 
-Valuable STAR CHART plus 272 page 
"HANDBOOK OF HEAVENS" plus "HOW 

TO USE YOUR TELESCOPE" Book. Shipping weight 25 lbs. 

Stock No. 70.232·5 .... $22.95 postpaid �!J��k T���co
8
p�.��6;����·b�t··;;q��ipp·�d··��ith··Ei;;�i;:i·�

7
C���� JI:�v'e� Sto�k N o. 85·094-5 ........................ $111.50 F.O.B. Barrington, N. J. 

NOTICE! EDMUND IS 
NOW HEADQUARTERS 
FOR MATH LEARNING 
AND TEACHING AIDS! 
See Offering Below-Plus Dozens 
More in FREE CATALOG 

PI,y This New g,me·MATH MAGIC ". 
The Fun·W,y To M,th Skill! 

fascinating games in one! Great 
Increases skill at addition. 

,
1lI !'ItJ"!ICC��L

a
'
''
O?

ls
·
. 

dl�v
l
�s��

i
l�' ·l,��l�:;��s 

e��.�.�l�� 
directions, 

Kits 
Shope Your Ideas Fast! 

Scientists. executlves, planners. de
signers-all find O-STIX simplify \'is

ualizatlon and demonstration of complex 
ideas. D-STIX-colored wood sticks lk" 
thilk and "easy-ou" rubber joints ap
prox. 3/16" diam.-help you work (.ut 
molecular structures. geomet.ric figures. 
structural member,;. shapes. models of 
scientific apparatus. Used by profession

al men, educators. hobbyists. Big basic kit contains 230 or 
370 Ilieces. Additional parts in supplementary kit. Far 
superior to kits of wood or metal. )roney-back guarantee. 

Stock No. 70.209·5 (230 pcsl. ........... $3.00 ppd. 

Stock No. 70.210·5 (370 pcsl.. .......... S5.00 ppd. 

Stock No. 70.211·5 (452 pcsl. ........... $7.00 ppd. 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRtND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror blank, tool, abrasives. diag
onal mirror and eyepiece lenses. YOLI build instrll
ments ranging in value from $75.00 to thousands 
of dollars. 
Stock No. 

70,003'5 
70,004·5 
70.005·5 
70.006·5 
70.007·5 

Dia. Mirror Thickness Price 
4'/.' "." $ 7.50 postpaid 
6" t" 11.95 postpaid 
8" 1¥," 19.50 postpaid 

10" Pt." 30.75 postpaid 12" 2'/," 54.75 postpaid 
Take Telephoto 

Shots Thru 
7 X SO 

MONOCULAR 
This is tine Quality, American made instrument-war 
surplus! Actually lh of U.S. Govt. 7 x 50 Binocular. Used 
for general observation both day and night and to take 
faSCinating telephoto shots with your camera. Brand new. 
$95 value. Due to Japanese competition we close these Ollt 
at a bargain price. Directions and mounting hints included. 

Stock No. 50,003·5 ... " .. " .. "".""." ".$15.00 Pstpd. 

Ideal for school use. Can be used 
with transmission. diffraction grat· 
ing replica (a Iliece is supplied) 
or with prism. It has a rotating 
prism tahle with scale. The tele
scope arm extends through 1::W°. 

lOX eyepiece is standard microscope size with reticle. 
Slit is adjustable. Optical system includes two achro
matic 25mm diam. 122mm f.1. lenses. Arms extend 
from 5" to 8" for focusing. Diameter of base is 6". 
overall height. 4" and O\'era!l wi(jth approx. 14". 
Instructions included. 

Stock No. 70.229·5 ...................... $39.50 Postpaid 

GIANT MAGNETS! TERRIFIC BARGAINS! 
\Val' surplus-Alnico V type! �� -"r 
ff7t

l
���SI;��wel'�

h
�))ib. s�l���

n
�rn���� �. " � ". 

'

. ' 

.

.. .. � 
sions: A-314·"; B-2%."; C- . ' . '\ _., J 40/16"; D-l%"; }�-1%"; F- , " ' ;:'::' 

��::Ss. ��li��11�R o�
s
el' �1��UibS�'OOO �� :j� <.Q' 

Stock No. 70.183·5 .... . 5 'b. '.ze .... $8.50 Postpaid 

15-3/4 lb. size. Approximately 5,000-6.000 Gauss rating. 
Will lift over 250 Ibs. 

Stock No. 85.088·5 .... 15% lb. 'lze .... $22.50 F.O.8 . 
Shipping wt. 22 Jbs. Barrington, N. J. 

R E PLICA GRATING-Low, Low Cost 
Take Unusual Color Photos At Night/ 

It's here-after decades of effort. Replica 
Grating-on film-at very low price. 
Breaks up white light into full spectrum 
colors. An exciting display. 13,400 lines 
Iler inch. Diffract.ion Gratlllg has been 
used to answer more Quest ions ahout the 
structure of the material world and the 
universe than any other single lIevice. 

Use it for making spectroscopes. for experiments, as a 
fascinating novelty. First time available such large size
so cheaplY-comes in cl�ar plaslic protector. 
Stock No. 50.202·S-ineludes 2 pes. 8" x 5%"-1 
(ransmission type, 1 re!leeting type. $2.00 pstpd. 

WRITE 
FOR FREE CATALOG·S 

128 Pages! Over 1000 Bargains! Optics 
for the Space Era! Huge selection of lenses, 
prisms. war surplus optical instruments. parts 
and accessories. Telescopes. 
Mi,croscopes, S a t e l l i te 
Scopes, Binoculars, Infrared 
Sniperscopes. science ex
periment items, math learn. 
ing and teaching aids. Re
quest Catalog·S. 

161 

© 1959 SCIENTIFIC AMERICAN, INC



You Get Things Done With 

"* Gives Graphic Picture of Your Operations
Spotlighted by Color 

"* Facts at a glance -
Money, Prevents Errors 

"* Simple to operate - Type or Write on 
Cards, Snap in Grooves 

'* Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

Made of Metal. Compact and Attractive. 
Over 500,000 in Use 

Complete price $4950 including cards 

I F R E E I 24-PAGE BOOKLET NO. C·100 
. . Without obligation 

Write far Your Copy Today 

GRAPHIC SYSTEMS 
Yanceyville, North Carolina 

II Ii i:" iii·':. i ji j j lDiMfiJ'I'·!.l·@Mt.I! 
14' i it,): 'Ii M 33' i 3' B{" ij it 

This valuable 38-page book 
is yours for the asking! 

With artjflcial satellites already launched and space 
travel almost a reality, astronomy has become todoy's 
fastest growing hobby. Exploring the skies with a tele
scope is a relax ing diversion for fother and son alike. 
UNlTRON's handbook contoins full· page illustrated 
articles on astronomy, observing, telescopes and occes· 
sories. It is of interest to both beginners and advanced 
amateurs. 

Conlenls inclucle-
• Observing the sun, 

moon, planets and 
wonders olthe sky 

• Conslellation map 

• Hints for observers 

Please rush 10 me, Ire. of char,e, UHITROH's new Observer', 
Guid. and Telescope Calal" 6-Y 
Ham. __________ _ 

$lre.,I _____________ _ 

Cily 5Ial. ____ _ 

'----------� 
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Molds 0/ posts that supported the walls 0/ a lodge at the site 

entered upon a chart or progress plan of 
the area; notes were kept of the type of 
soil encountered, the content of hearths 
or pits and the position of post molds: 
discolorations in soil marking the loca
tion of posts which had decayed to dust 
centuries ago . ( Post molds are easy to 
recognize . Upon removal of the topsoil, 
the tops of the molds appear as dark cir
cular stains in the surrounding yellow 
soil. A vertical cut then reveals the cross 
section of that portion of the original 
post which was embedded in the earth . 
The majority of the molds found at Wa
panucket No. 6 had smooth sides which 
curved to a sharp point at various 
depths . )  Information of this sort, to-

gether with numerous photographs ,  con
stituted the field notes upon which the 
group based its final conclusions . 

"As digging progressed and artifacts 
began to accumulate, the group became 
aware that none of the material was 
characteristic of the Woodland period; 
it was wholly Archaic in appearance.  
The trend could not be taken seriously 
at this early stage of excavation, but it  
was sufficiently pronounced to stimulate 
interest.  The molds of posts began to 
form new and unfamiliar patterns in the 
records . As the weeks passed and the 
artifacts maintained their Archaic char
acter, the group began almost uncon
sciously to speak of this as an Archaic 

Stakes mark the position 0/ post molds at the entrance 0/ a lodge 
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Focal Point for Nuclear Engineering 
The John Jay Hopkins Laboratory for Pure and Applied Science at General Dynamics' General Atomic Division 
in San Diego, California, is a modern center of research and development, where new ideas and techniques are 
vigorously pursued. Here, strong engineering and development activities are matched with broad basic theoret· 
ical and experimental research to create an ideal environment for productive efforts in the nuclear field. 

Here, advanced work is underway on the High Temperature Gas·cooled Reactor (HTGR), which promises to be a 
major short cut to the nation's goal of economic nuclear power. The prototype HTGR plant will be constructed 
by 1963 for Philadelphia Electric Company and High Temperature Reactor Development Associates, Inc. 

Here, engineers and scientists work in a creative atmosphere on other advanced programs, including the MGCR 
gas·cooled reactor and closed·cycle gas turbine system for merchant ship propulsion . .. TRIGA reactors for 
training, research, and isotope production, which are now being installed on five continents ... small nuclear 
power systems ... test reactors • . .  nuclear power for space vehicles . • .  thermoelectricity . . •  controlled ther· 
monuclear reactions. 

Rapid expansion of these programs has led to increased engineering activity and created openings, including 
senior positions, for men who seek a high degree of individual responsibility coupled with unusual opportunities 
to demonstrate their initiative and ability. 

In addition to Nuclear Engineers, Metallurgists experienced in 
materials development, Mathematicians - Programmers, and 
Experimental and Theoretical Physicists are invited to con· 

sider opportunities now existing in varied program areas. 
Please address your letter of inquiry to Manager of Personnel, 
P.O. Box 60S·Rl, San Diego 12, California. 

GENERAL ATOMIC 
DIVISION OF GENERAL DYNAMICS 
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Vought table talk: 
from salt water 
to space suits 

Enthusiasm - of a very personal sort
is a by-product of Vought projects. It 
stimulates, for example, shoptalk that 
ranges far from the shop .. . intense dis
cussion that may vault from deep sea 
to deep space. For new knowledge is 
the springboard of most Vought proj
ects and the variety of challenges 
throughout Vought's five divisions is 
growing constantly. 

Vought Aeronautics is developing 
the nuclear-powered SLAM (supersonic 
low-altitude missile ) ,  is carrying out 
ASW work for the Navy, and is repre
sented in other fields ranging from 
battlefield weapons to pilot escape. 
Vought Astronautics, supplier of 
NASA's Scout research rockets, is cre
ating a simulator to duplicate more than 
a dozen stresses of space. Vought Elec
tronics is developing antenna systems, 
support equipment and power controls, 
including the actuator for the M inute
man ICBM. The Range Systems Divi
sion is tracking NASA satellites in 
addition to other Pacific Missile Range 
duti es. The Research Division, 
r e c e ntly organized,  is looking for
ward to a new, integrated center for 
basic research. 

In several divisions, there is room neal' 
the top fa/' creative leaders. The scien
tist who is looking for a good future in 
a specialized field would likely find 
both the field and the future here. We 
would like to heal' from him. 

Write: Professional Placement Office 
Dept. SA-8 

CHANCE� 
'------r� ,�.��T 
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site . In our more conservative moments, 
however, we still doubted our diagnosis. 
The majority of the artifacts-the tops 
of the post molds and of pits and 
hearths-were appearing at about the 
same depth as that at which objects 
typical of the Woodland period had 
been found at other sites in the area. 

"Several perplexing questions arose . 
How was it possible for these evidences 
of occupation to have been preserved 
with so little disturbance since Archaic 
times? Why was so favorable a location 
free from all indication of a Woodland 
occupation? Were we to abandon the 
concepts concerning the limitations of a 
hunting, fishing and food-gathering 
economy, so firmly established by many 
authorities? Could we justify the exist
ence not only of a permanent abode but 
also of a whole Archaic village? On the 
basis of our findings the answers to all 
of these questions had to be yes. Our 
charts showed undeniable evidence of 
at least three lodges-structures larger 
than any known from the Woodland pe
riod-and a floor plan that had never, so 
far as we could determine, been uncov
ered before. The implements were with
out exception those of a late Archaic 
culture . Although a respectably large 
area had been excavated at this stage of 
the work, not a single incongruous arti
fact had appeared. 

"During the following two seasons 
four additional lodge floors of the same 
unique pattern were found. By this time 
a total of 556 post molds had been 
charted, and the excavations had been 
extended a reasonable distance in all di
rections without uncovering another 

floor. We agreed that the complete vil
lage had been exposed. 

"The pattern of the mold array estab
lished the existence of an entirely new 
type of floor plan that was repeated in 
seven instances. In the construction of 
these seven houses, pairs of posts had 
been driven into the earth in two con
centric circles. The pairs of posts were 
placed on radial lines from the center of 
the structure and driven vertically into 
the earth . The pointed vertical section 
of the molds indicated that the posts 
were driven rather than set in a pre
viously prepared hole . This suggested in 
turn that the height of the wall was no 
greater than that of a post which could 
have been driven by a man standing on 
the ground. At one point in each struc
ture the walls bypassed each other to 
form a short protected entranceway. Six 
of the structures, apparently dwellings, 
averaged about 31 feet in diameter. The 
seventh, believed to have a ceremonial 
function, was 66 feet in diameter and 
possessed internal posts not found in the 
smaller lodges. The accompanying plan 
[page 159] shows the arrangement of 
this unique Archaic village, the first to 
be located in the Northeast . 

"During the excavation of an Indian 
site certain features are encountered that 
in the final report are called pits or 
hearths, depending upon their appear
ance, content and vertical pOSition in the 
ground. Basin-like depressions at or near 
the surface that contain charcoal, par
ticularly those surrounded by hard, red
dened soil, are usually called hearths. 
Thirty-nine such hearths are recorded at 
Wapanucket No. 6. Comparable but 

Grave goods lie where they were uncovered at Wapanztcket No.6 
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Biggest thirst in the universe 

Each 6,000,000 pound thrust rocket ship now being planned for manned 
interplanetary exploration will gulp as much propellant as the entire capac
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume 
1,140 tons in the rocket's approximately 2 minutes of burning time. Required 
to carry this vast quantity of propellant will be tanks tall as 8 story buildings, 
strong enough to withstand tremendous G forces, yet of minimum weight. 
Douglas is especially qualified to build giant-sized space ships of this type 
because of familiarity with every structural and environmental problem 
involved. This has been gained through 18 years of experience in producing 
missile and space systems. We are seeking qualified engineers and scien
tists to aid us in these and other projects. Write to C. C. LaVene, Box 620-N. 
Douglas Aircraft Company, Santa Monica, California. 

Dr. Henry Ponsford, Chief, Structures Section, discusses valve and 

fuel flow requirements for space vehicles with DO U G LAS Donald W. Douglas, Jr., President of 

MISSILE AND SPACE SYSTEMS. MILITARY AIRCRAFT. DC-8 JETLINERS. CARGO TRANSPORTS. AIRCOMB. GROUND SUPPORT EQUIPMENT 
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N EW 
E LEC T R O N I C S  
RESEAR C H  
LABO RATO R I E S  
PHYS I C I STS/PHYS ICAL C H E M I STS/ 
ELECTR O N I C  E N G I NEERS are urged 
to jo in  a dynamic  group now form
i n g  at the new Convai r/Astronau
tics E l ectronics Research labora
tories to perform app l i ed research 
i n  thin fi lms and so l i d  state mo
l e c u l a r  e l ectron ics .  

Senior  special ists in thin fi lm and 
sol id  state physics are needed to 
study and invent new mate r i a l s  
and t e c h n i q u e s  for fabricating e n 
t ire e l ectro n i c  functions.  E m p h a s i s  
wi l l  be on  the p h y s i c s  of t h i n  f i l m s  

and the ir  app l i cations to m o l e c u l a r  
e l ectron ics ,  so lar  e n e rgy co nver· 
sian and e l ectro- l u m i nescent de
vices.  

Advanced degrees are h igh ly  de
s irab le  i n  t h i s  research adve nture, 
b u t  s e n i o r  s p e c i a l i s t s  w i t h  a 
stu rdy backlog of experience wi l l  
b e  considered.  

Write now to T. W. Wi l ls ,  Engineer
ing Perso n n e l  Admin i strator, Dept. 
130·90 

CONVA I R  
ASTRONAUTICS 

Conva ir Divis ion of 

GEN ERAL 
DYNAM I CS 

somewhat larger basins are commonly 
called pits . M any of these pits contain 
carbonized material and burned stone 
and are assumed to have served the final 
purpose of a receptacle for camp refuse . 
A pit numbered 29 is of particular im
portance at this site. The age of a sample 
of carbon taken from it was established 
by the geochronometric laboratory at the 
University of M ichigan at 4,250 ± 300 
years ( approximately 2300 B . C . ) .  

"The burials at Wapanucket No.  6 
were found a few yards south and west 
of Lodge Floor No. 1. These consisted 
of four deposits in large oval pits . The 
cremated remains of human skeletons 
had been placed in the southwestern 
quadrant of each pit. In two instances 
grave goods had also been included, and 
in one instance a considerable quantity 
of red paint in the form of iron oxide 
was also present. Burial No. 2 contained 
a deposit of four stone gouges, a stone 
plummet ( thought to be a fishing 
weight ) and two sharpening stones, sur
rounded by a mass of red paint. In burial 
No. 3 a large crescent-shaped knife of 
ground slate ( called a semilunar knife ) 
and a sharpening stone were found. 
Sharpening stones of this type were 
made only by late Archaic Indians .  

"Prior to  the discovery of  the burials 
two large features had been found near
by to which our group was unable to 
assign a satisfactory function .  They con
sisted of carefully laid stone platforms 
some 10 feet in diameter . The Bat stone 
slabs were reddened and cracked by the 
intense heat, and a large amount of 
charcoal had accumulated about and 
upon the platforms .  The platforms are 

too large to be classed as hearths,  and 
we were at a loss to account for them.  
With the discovery of the cremation bur
ials their purpose became clear. These 
were the crematory pits where the ini
tial phase of the funeral rite was con
ducted. 

"The group recovered a total of 1 , 1 67 
stone artifacts from the village area, in
cluding one or more implements of each 
type in the basic tool kit of the inhab
itants . The chipped tools included pro
jectile points, lance or spear points, 
knives,  drills, scrapers and assorted 
woodworking tools . These accounted for 
more than 80 per cent of the stone ob
jects recovered.  The balance of the im
plements were those made by the saw
ing, grinding and polishin g techniques 
typical of the late Archaic period. 

"M uch of the information represented 
by the material dug up at Wapanucket 
No. 6 is in direct conBict with earlier 
ideas concerning the culture and man
ner of life in Archaic times.  It i s  evident 
that the occupants of Wapanucket N o . 6 
led a semisedentary existence. That they 
chose this location for convenience ra
ther than defense seems obvious . Living 
atop the highest ground on the shore of 
the lake, they would have been a con
spicuous part of the landscape.  The very 
size of these lodges creates an impres
sion of permanence and security. They 
could easily have accommodated at least 
100 individuals . 

"The explanation doubtless lies in the 
size of the lake . Here at Assawompsett, 
with its tidal streams,  was an abundant 
supply of food that we, in our igno
rance of wilderness life, had failed to take 
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EXCELLENCE 
I N  E LECTRONICS 

Problem :  HYDRO SP ACE 

Hydrospace - concept of space i n  ocean, motion through an opaque 
medium - offers a complex of challenge unique in engineering. To 
solve this tri-dimensional riddle, Raytheon's Submarine Signal 
offers an equally unique concept - industry's first ASW CENTER. 

Now under construction, the Center will be a single activity 
devoted to research, development and production of detection, 
navigation, communications and fire control equipments. 

Prime programs concern pro and anti-submarine warfare, ad
vanced systems studies, oceanography. Product vehicles are: 
submarines ; surface and hydrofoil ships ; air .and underwater 
drones ; missiles ; helicopters. Pressure-, opacity, dense packaging 
necessitate the highest level of technology. 

For information on select staff openings in sev�ral technical 
specialties, write : Mr. Donald H. Sweet, Executive & Engineering 
Placement, Raytheon Company, 624 D Worcester Road, Fram
ingham, Massachusetts (suburban Boston) . 

SIGNAL 

S U B M A R I N E  S I G N A L  
GOVERN M E N T  EQ U I P M E NT D IV IS ION 

A I R B O R N E  SYSTE M S  H EAVY SA NTA . 

E LECTRO N I C  M A N AG E M E NT E LECTR O N I C  BAR BARA 
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for Theoretical 
Extension and for 

Practical  Appl ication 
of Concepts 

An unusual opportunity to 

perform original research 

and to apply this specialty 

to the theoretical and prac

tical problems encountered 

in modern systems. At Gen

eral E lectric's Advanced 

Electronics Center at Cor

nell University, you'll find 

a stimulating technical 

atmosphere. 

A limited number of Junior 

and Senior level engineering 

and mathematical positions 

are now available. Back

g r o u n d  s h o u l d  i n c l u d e  

knowledge o f  applied prob

ability, logical design and/or 

communications theory. 

Proj ects include those in 

Authentication Systems, Se

cure Transmission Systems, 

Coding and Decoding Re

sear ch, Correlation and 

Matched F i lter Theory. 

Please address inquiries 
to Mr. James R. Colgin 

Advanced 
Electronics 
Center at 
Cornell University 

ElECTR I C 
ITHACA, NEW YORK 

into account. In spring the annual run 
of shad, and probably salmon and trout, 
would have provided an abundant food 
supply. Here migratory birds might be 
expected to congregate, and in the 
swamps surrounding the site there must 
have been considerable game. After a 
winter spent in ranging the forests to the 
north and west in small family groups ,  
an ancient people would turn quite natu
rally to this favored site by the lake . 
Here could be found a welcome change 
from the red-meat diet of the winter. A 
plentiful store of smoked fish could also 
be prepared against a time when game 
was scarce. In their great ceremonial 
lodge the villagers could celebrate the 
rites required by their religiOUS beliefs, 
and here those who had departed during 
the winter could be laid to rest. 

"Thanks to the initiative and dedi
cated efforts of a small group of ama
teurs, a chapter from the ancient book 
has been carefully preserved and, with 
the help of specialists, translated . M uch 
new knowledge has been added to our 
meager understanding of the northeast
ern Archaic occupation, and more m ay 
result from detailed study of the group's 
records . A full report is now in prepara
tion and will be published shortly by the 
Society. In addition, the group is now 
constructing a complete reproduction of 
the village in miniature at the Bronson 
Museum, so that all may see how the 
citizens of Wapanucket village lived cen
turies before Tutankhamen was laid to 
rest in his tomb at Thebes."  

l' he experiments in color vision de-
scribed by Edwin H. Land in the 

May, 1 959,  issue of this magazine have 
excited considerable interest among both 
professional investigators and amateurs . 
The experiments are particularly attrac
tive to the amateur because they can be 
performed with relatively simple equip
ment, and because they make it possible 
to examine certain theories of color vi
sion . For example, what do the experi
ments show about the idea that color 
vision is mediated by specific color re
ceptors in the retina? Nicholas J .  Pastore, 
who teaches psychology at Queens Col
lege in New York City, has devised a 
technique for investigating this question 
which has the attractive feature that it 
does not require two slide projectors ( or 
a special two-lensed projector ) .  

"The exciting observations reported 
u�· Land," Pastore writes, "apparently 
imply that specific retinal color-receptors 
do not exist. Or, if they do exist, it would 
seem that they are not essential for the 
perception of color. It  should follow that 

Land's results would be repeated when 
one eye receives stimulation through the 
'long record' ( with the red filter ) and 
the other eye through the 'short record' 
( with the green filter ) . 

"To investigate this assumption, ex
perimenters can photograph a colored 
scene first through a red photographic 
filter ( Wratten 25-A ) and then through 
a green filter ( Wratten 58-B ) .  He can 
then insert the resulting positive trans
parencies, with their respective filters, in 
a stereoscope.  When I tried this ,  the reds 
and greens were somewhat more satu
rated than the colors of the original 
scene, but the yellows and oranges were 
so attenuated that m any subjects who 
were invited to look through the stereo
scope could not see them . It is  interest
ing to replace the green filter in the 
stereoscope with one of neutral density 
( Wratten 96.20 neutral density ) .  The 
full range of colors, including blues, 
greens and yellows, is still perceived by 
some subjects. 

"The fact that a wide array of colors 
can be perceived through stereoscopic 
fusion, even though they m ay not faith
fully represent the object colors, would 
seem to indicate that the interaction of 
long and short wavelengths which re
sults in the perception of color occurs in 
the brain, and not in the eye . Incidental
ly, it was observed that changes in the 
intensity of light produced substantial 
alterations in color values . This may ac
count for differences among subjects in 
reporting colors . Each observer should 
adjust the over-all intensity of the light 
until the best color-balance is  achieved . 
Individual differences have also been 
observed in the interval required by the 
eye to perceive the Land colors . Most 
subjects see them at once.  One subject, 
however, reported that all scenes ap
peared initially in monochrome and that 
perception of the full range of color de
veloped gradually over an interval of 
several minutes. 

"The fact that Land's major results 
can be obtained stereoscopically simpli
fies the problem of repeating his experi
ments . Those who have m astered the 
knack of fusing stereoscopic pictures by 
crossing their eyes report that they see 
the colors as vividly in this way as when 
they use the stereoscope.  It  i s  not even 
necessary to use positive transparencies ;  
contact prints serve as well .  Photographs 
made with a stereocamera appear to be 
superior to those made with a conven
tional camera because the fusion of the 
images is made easier. A stereocamera is 
essential, of course, in the photography 
of live subjects or of moving objects ."  
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Scientists : 

Need time to develop 
your ideas ? 
Most scientists engaged in operations research 
work seem to feel that they cannot do their most 
productive work when they are constantly 
fighting unrealistic deadlines. 

The operations research programs at System 
Development Corporation are carefully planned 
to provide ample time for the development of 
new ideas that apply to the development of large
scale, computer-based information-processing 
systems. 

The foHowing are just a few examples of the 
areas in which Operations Research Scientists 
work at SDC ; ( I )  simulation and operations 
gaming techniques in problems of control 
systems;  ( 2 )  mathematical logic applied to 
universal computer languages;  ( 3 )  medical data 
processing; ( 4 )  stochastic modeling of man
machine interactions;  ( 5 )  logistics ; ( 6 )  test 
design for operational computer programs. 

Operations Research positions are now open for 
scientists at several levels of experience. Please 
send your inquiry to Mr. E. A. Shaw, SDC, 
2420 Colorado Avenue, Santa Monica, Calif. 

"Application of Computer Simulation to 
Production System Design," a paper by Allen 
J. Rowe, is available upon request. Send request 
to Mr. Rowe at SDC. 

SYSTEM DEVELOPMENT 
CORPORATION 

Santa Monica, California · Lodi, New Jersey 
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Lockhe e d ' s  I nterest in t he virtual ly unknown 3 60,000,000 cubic miles  

of this planet's  oceans,  stems n aturally out of i ts  u n derwater environmental  

development work w i t h  the  N avy's POLARIS Fleet B a l l ist ic  M issile. 

Proposed studies i n  the  increasingly import a n t  field of oceanography 

i n c l u d e : o c e a n o g r a p h i c  r e s e a r c h  v e s s e l s ;  m e a s u r i n g  i n s t r u me n t s ;  d a t a  

collection system s ;  u n derwater commun ication a n d  navigation ; a n d  basic 

research regard ing n atural  phenomena and m il i t ary aspects of the deep sea. 

E X P L O R I N G  T H E  WO R L D  O F  WAT E R  

D i v i si o n  D i versif icat i o n - Oceanography is  typical of Lockheed Mis

siles and Space Division's broad diversification . The Division possesses 

complete capability in more than 40 areas of science and technology 

from concept to operation . Its programs provide a fascinating challenge 

to creative engineers and scientists . They include : celestial mechanic s ;  

computer research a n d  development;  electromagnetic wave propaga

tion and radiation ; electronics ; the flight science s ;  human engineering;  

magnetodynamics ; man in space ; materials and processes ; applied 

mathematics ; operations research and analysis ; ionic, nuclear and 

plasma propulsion and exotic fuels ;  sonics ; space communication s ;  

space medicine ; space navigatio n ;  a n d  space physics .  

E n g i n eers a n d  S c i e nti sts - Such programs reach far into the future 

and deal with unknown and stimulating environments . It is a reward

ing future with a company that has an outstanding record of progress 

and achievement.  If you are experienced in any of the above areas, 

or in related work, we invite your inquiry. Please write : Research and 

Development Staff, Dept. A-3 6,  962 W.  El Camino Real, Sunnyvale, 

California .  U. S. citizenship required. 

lllt:kheed / 
M I S S I L E S  A N D  S PAC E D I V I S I O N 

Systems Man ager for the Navy POLA RIS FBM; 

the A ir Force A G ENA Satellite ill the DISCO VER ER Program; 

MIDA S and SA MOS; A ir Force X-7; and A rmy KING FISHER 

S U N N Y V A L E ,  P A LO A LT O ,  V A N  N U Y S ,  S A N TA C R U Z . S A N T A  M A R I A ,  C A L I F O R N I A  

C A P E  C A N A V E R A L , F L O R I D A . A L A M O G O R D O ,  N E W M E X I C O . H A W A I I  
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by Sir George Clark 

THE CORRESPONDENCE OF ISAAC NEW

TON: VOL. I, edited by H. W. Tum
bull. Published for the Royal Society 
by the Cambridge University Press 
( $25) . 

F
rom his own lifetime to the present 

day it has never been questioned 
that Sir Isaac Newton was one 

of the most remarkable men who ever 
lived. Biographical writers have, how
ever, adjusted his reputation to the 
changing standards of their times. In 
the 17th century he was seen as a su
preme discoverer in mathematics and 
physics; the late 1 8th endowed him with 
the attributes of a benevolent sage of the 
Enlightenment; the 19th century em
phasized the valuable public services 
of his later years and slurred over his un
orthodoxy in religion; 20th-century 
writers have represented him as tor
mented by psychological conflicts. Many 
scholars have recently been busy in dis
entangling the truth about his person
ality and also in tracing, step by step, 
the development of his thought. They 
have contended with formidable diffi
culties. Newton was one of those people 
who think on paper. Even when he was 
not engaged in calculations, he pressed 
his thought forward by revising and cor
recting what he had written. It is typical 
of him that, as his contemporary Wil
liam Whiston tells us concerning his 
book The Chronology of Ancient King
doms Amended ( 1728), "he wrote out 
eighteen copies of its first and principal 
chapter with his own hand, but little 
different one from another." In addition 
to his books he left behind him manu
scripts comprising millions of words, and 
after his death these were dispersed. 
Large and small portions of them have 
been published, some in orderly fashion, 
others almost haphazardly as they came 
to hand. The principal masses of manu
script are still largely unexplored. The 
Royal Society decided more than 20 

BOOKS 
The first (Jolume of a cornplete 

collection of JVewton' s lette rs 

years ago to provide a much-needed 
key to all this material, an edition of 
Newton's correspondence worthy to rank 
with the great sets of volumes in which 
the correspondence of Galileo, Descartes 
and Huygens stands collected. 

The first volume has now appeared, 
and a second is to follow shortly. Pro
fessor H. W. Turnbull, the author of the 
compact little book Mathematical Dis
coveries of Newton, took over the edi
torship at an early stage from the late 
Professor H. C. Plummer, whose health 
was failing. As to how he has executed 
the task, it is enough to say that he has 
more than fulfilled its exacting demands. 
The volume presents all the traceable 
letters to and from Newton down to the 
end of the year 1675 in the Old Style 
calendar. Extracts are added from let
ters between third parties in which 
Newton's work is mentioned, and there 
are a few relevant memoranda of New
ton's which cannot be classed as letters. 
Everything is done-by giving transla
tions where the text is in Latin and by 
elaborate historical, mathematical and 
scientific annotation-to make the vol
ume useful and convenient for the dif
ferent kinds of reader who will want to 
resort to it. 

Needless to say, the publication is an 
important literary event. Not that it is 
important in the sense of bringing sur
prises. It tells us very little about New
ton's personal history that is new. There 
is one short and fragmentary letter writ
ten by Newton's mother when he was 
22; there is another letter from which 
we learn that Newton wished the drink
ing of cider to be propagated in Eng
land; but nearly the whole of the cor
respondence is about Newton's work. 
Even here only a small proportion is ab
solutely new. Out of 156 items only 19 
have not been published before, and out 
of the 64 written by Newton himself only 
four ( two letters and two memoranda) 
are printed for the first time. But until 
now anyone who wanted to use all the 
previously printed texts in conjunction 
had to assemble more than a dozen books 
and periodicals, some of them difficult 
to find. Many of the texts gain in signifi-

cance now that they are between the 
same covers. Taken together they do 
much to bring into focus two interre
lated processes: how Newton made his 
discoveries, and how, why and to whom 
he imparted them. 

The period covered by the scientific 
correspondence in this volume runs from 
February 23, 1669, to February 29,1676, 
seven years during which Newton's 
powers were at their height. At the be
ginning he was 27 years old and he had 
already been a member of Trinity Col
lege, Cambridge, for nearly eight years. 
By this time he was a Fellow of the 
College, living as a bachelor in his rooms 
in the Great Court. During these years 
he seldom left Cambridge and never for 
long. He was in close contact with the 
admirable Isaac Barrow, 12 years older 
than himself and the leading mathema
tician in the university. Up to this time 
Newton had published nothing, and 
there is no evidence that he had en
gaged in scientific correspondence. 

The momentous change had already 
come about by which scientists were 
given a third means of communicating 
their work in writing, in addition to pub
lishing books and exchanging letters 
with other scientists: the first scientific 
periodicals were beginning to appear. 
Newton was in due time to avail hims@lf 
of this new medium, but his first con
tribution to the Philosophical Transac
tions of the Royal Society did not appear 
until 1672. For the time being corre
spondence remained as important as 
ever, and it had its own organization 
that was still essential to the progress 
of thought. There were active inter
mediaries who made it their business to 
bring scientists in touch with one an
other, so that science might benefit from 
the exchange of letters between them. 
Newton had to do with two such men. 
One was John Collins, a Fellow of the 
Royal Society who was especially in
terested in mathematics. He made him
self useful as a volunteer, for instance by 
bringing Newton's work to the notice of 
the Scottish mathematician David Greg
ory and by forwarding letters of each of 
them to the other-they do not seem to 
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have corresponded directly. The other 
was the German Henry Oldenburg, the 
Society's Secretary. His official position 
and his knowledge of languages fitted 
him to act as a link with the Continent. 
It was through him that Newton's work 
became known to the great Dutch math
ematician and scientist Huygens and to 
the universal genius Leibniz. Unfortu
nately the intermediaries, Oldenburg in 
particular, did not do all they could 
have done to prevent the exchanges of 
ideas from developing into altercations. 
They were tempted almost to take up 
the position of boxing promoters. This 
was not the best way to handle Newton. 

The scientific correspondence begins 
quite suddenly with a copy made by 
Collins of a letter from Newton to an 
unidentified friend about his success in 
a "small attempt" he had undertaken 
as a by-product of some experiments in 
optics. People were trying to make re
fracting telescopes more effective, but 
Newton satisfied himself ( on inadequate 
grounds, it later turned out) that it could 
not be done either by geometrical con
trivance or by technical perfection in 
the making of lenses. Accordingly he had 
invented the reflecting telescope, and he 
had made such a telescope himself. Al
though it was only six inches long, and 
the materials were bad and the polish 
on the metal reflector not good, with it 
he had seen Jupiter distinctly round and 
Venus horned. This was the sort of in
vention that appeals to everyone. After
ward Newton made another telescope 
and sent it up to the Royal Society. The 
Society ordered one four feet long to be 
copied from it, and elected Newton a 
Fellow. 

No one could doubt that he was an 
ingenious scientist and a first-rate artifi
cer. But he was already known as more 
than that. Another branch of the cor
respondence had begun, quietly enough, 
when Barrow wrote from Trinity to 
Collins, promising to send him some 
papers by "a friend of mine here, that 
hath a very excellent genius to those 
things." They contained generalized 
methods for calculating the dimensions 
of magnitudes, and methods of resolving 
equations. Collins was soon copying for 
further transmission a manuscript en
titled "De Analysi per JEquationes," 
and when Barrow disclosed the name 
of his friend, Newton was launched as 
a mathematician. 

Newton often showed himself a will
ing and friendly correspondent. He took 
the trouble to help one unimportant per
son who was preparing a book of tables 
of square roots and logarithms, and an
other who submitted a professional prob-
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lem about gauging the quantity of liquid 
in a partly filled cask. But there is noth
ing to show that he derived any pleasure 
from the demands that his growing repu
tation began to make on his time. He 
seems, at least in the years covered by 
this volume, never to have initiated the 
commerce of letters with anyone. It is 
fairly clear that in these early years he 
did not keep copies of his own outgoing 
letters. In the beginning he showed no 
inclination to keep his thoughts to him
self, even on the subject of alchemy, on 
which he was beginning to experiment 
and on which he touched in one early 
letter. He lectured on optics, as Pro
fessor in succession to Barrow, and he 
told Collins that he gave his lectures 
yearly to the university library. 

But early in the year 1670 there were 
signs that he found intellectual contact 
with other people disturbing. Sending 
to Collins a solution of a problem about 
annuities, he wrote: "You have my leave 
to insert it into the Philosophical Tmns
actions soe it be wthout my name to it. 
For I see not what there is desirable in 
publick esteeme, were I able to acquire 
& maintaine it. It would perhaps increase 
my acquaintance, ye thing wch I cheifly 
study to decline." There is no reason to 
suspect any insincerity in this. After 
Newton was elected a Fellow of the 
Royal Society he allowed three years to 
go by before he went up to be admitted 
at a meeting. Fourteen months later he 
wanted to resign: Cambridge was a long 
way from London and he had met with 
some unrecorded rudeness. However, 
he stayed on. Hard-working men of 
genius are often more concerned to pur
sue their investigations than to make 
them public, but even when they are 
proud and sensitive, they mostly manage 
to reconcile steady productiveness with 
the requirements of social life. Newton, 
however, was not so fortunate. 

He frequently stated his aversion to 
controversies, disputes, contentions, 
"feuding and warring in print"; but 
whenever he made an announcement, he 
found himself committed not only to 
laborious hours with his quill-pen in ex
plaining it to courteous inquirers, but 
also to something much more distaste
ful. It began when he followed up the 
delivery of the telescope by describing 
his conclusions about the prismatic de
composition of light. This brought him 
into unhappy relations with several oth
er scientists. Robert Hooke, the Curator 
of the Royal Society, who had charge of 
its experiments, was a man of brilliant 
gifts, but jealous, touchy and sometimes 
worse. He put forward criticisms, some 
of which were justified, but he seemed 

to underrate Newton's work in compari
son with his own. After some ominous 
preliminaries he and Newton were rec
onciled; they exchanged forgiving let
ters that do honor to them both. But 
the great Huygens also was critical, and 
he seemed to be at cross-purposes with 
Newton. In answering both Hooke and 
Huygens, Newton had to deal with ques
tions that he had not intended to raise. 
He had not claimed the certainty of 
mathematical proofs for his propositions 
about color; they depended on experi
ments and on physical principles as well 
as on mathematical demonstrations. He 
had not offered any theory or hypothesis 
about the nature of colors, but only what 
he derived from his experiments and cal
culated positively and directly. It was 
wearisome to repeat himself and elabo
rate his explanations. 

The most irritating of the critics was 
Francis Hall, known as Line or Linus to 
the learned world. He was Professor of 
Hebrew and Mathematics in the Col
lege of English Jesuits at Liege, and he 
had made useful contributions to op
tics. Since one of his friends thought that 
he deserved canonization, we may be 
sure he was a meritorious character; but 
the unsolicited letter that he addressed' 
to Oldenburg expressed disagreement 
with Newton in what appeared to be a 
casual and patronizing manner. In a 
later letter he made it worse. He really 
had a point to make, but he would 
neither accept the result of Newton's 
crucial experiment nor repeat it. He died 
but his friends maintained the argu
ment. 

At first Newton was reasonable ex
cept for moments of impatience, but 
then a different mood settled upon him. 
He changed his mind about publishing 
his Cambridge lectures on optics. He 
declined Collins's offer, made through 
Barrow, to arrange for it, "finding al
ready," as he wrote, "by that little use 
I have made of the Presse, that I shall 
not enjoy my former serene liberty till I 
have done with it." In 1673 he told Old
enburg, not for the first time, that he 
intended "to be no further sollicitous 
about matters of Philosophy" (i.e" 
physics ) ,  and that he hoped Oldenburg 
would favor him in that determination 
by "preventing," so far as he convenient
ly could, any other philosophical letters 
that might concern him. After that there 
was a period when he was chiefly occu
pied with chemical experiments. His in
hibition against publication was not lim
ited to physics. For some years Newton 
had intended to issue, with the addition 
of his own new work, an edition of a 
book on algebra published in 1661 by 
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Only a self educated man 
can be truly educated 
A thoughtful discussion by William Benton 
former Asst. Secretary of State and U.S. Senator 
"There are probably very few people who labor under the 
delusion that because they once satisfactorily completed a physics 
course in school their knowledge of science is complete. In fact, 
there is general recognition that a scientist's education is 
never complete. 

"It is paradoxical indeed that in the equally profound areas of 
history, philosophy, theology, literature, all the important 
humanities, just the reverse is commonly held to be true. Once 
the required course of study is passed and a college degree earned, 
our education in these subjects is often assumed to be complete. 

"This, of course, conld not be further from the truth. A pe.;son 
who does not continue year after year to add to his knowledge 
and insight can never be a really educated man. In fact, just the 
opposite is likely to occur. Change is a law of life. Nothing 
remains static. Our interests either broaden or narrow. Our 
thoughts deepen or become ever more shallow. We grow in 
knowledge and perception or our minds shrink away to 
insignificance. 

"The amount of formal schooling possible to us is usually limited, 
of course, by the necessity of earning a living. Only self-education 
can continue to give us the constant association with great minds 
and the contemplation of great thoughts which produce an 
educated man. The edition of the Great Books described below 
was compiled with this purpose in mind-to provide the 
nourishment the mind needs to grow in wisdom-
the ripe fruit of education." 

Essential in the library of every thinking person 

GREAT BOOKS Published by the 
Encyclopaedia Britannica 

in collaboration with 
the University of Chicago 

OF THE 'WESTERN 'WORLD 
noW' available direct from. the publisher W'ith great neW' SYNTO PIC ON 

Amind is permanently enriched by a 
new concept only if the concept is 

fully understood. And only a scholar 
with long years of disciplined study be
hind him can ordinarily stick to the 
task of absorbing the great abstract 
ideas without an instructor. Guidance, 
interpretation, discussion are usually 
necessary to give them meaning and 
application to one's own life. That is 
why this new edition of the GREAT 
BOOKS was published. 

The key to its enormous value is the 
"teacher" it provides-the amazing 
SYNTOPICON pictured above. The SYN
TOPICON is a new concept in self-edu
cation. It is the product of 400,000 
man-hours of research by 100 scholars 
over a period of eight years. It is quite 
literally a great "teacher" living in 
your home ... always at your disposal 
to interpret to you the great ideas con
tained in the Great Books. 
As you begin to absorb and understand 
these great ideas by which man has 
survived and progressed, you will be
gin to reflect their greatness in your 
own ability to think, speak, and act 
with new and impressive weight. You 
will have sounder judgment on political 

and economic issues as the great minds 
who conceived and contributed law and 
justice make the whole great idea of 
government clear to you. You will de
velop a sounder philosophy of life as 
your mind is illuminated by the great 
minds of the ages. 
You will not be limited in your business 
progress by your own narrow specialty, 
but will be prepared to handle the prob
lems of top management which call for 
broad general thinking rather than 
limited technical knowledge. 
Even in your own personal life, a knowl
edge of mankind through century on 

century can guide you to the decisions 
and actions which have eternally re
sulted in the greatest success and con
tentment. 

Don't miss this opportunity to learn 
the details of this new edition of the 
GREAT BOOKS. Mail in the coupon below 
for a free descriptive booklet. It will 
explain how you can find new under
standing of yourself and the world 
through the great ideas which have en
grossed man since the written record of 
man began. It is in this way that one 
stretches mind and soul. It is in this way 
that one grows in wisdom. 

-------------------------l 
GREAT BOOKS OF THE WESTERN WORLD, DEPT. 38-D I .425 N. Michigan Avenue, Chicago 11, Illinois I Please Bend me, free and w'ithout obltoat1on. your handsome booklet whJch 
rJo}�fte�:ra11��r:�?��c\��!e�g��I�r:rfu:��Ta�r��O�n a��:� O���T :g�a�: I 
this magnitlcent set, direct from the publtsher, on your special budget plan. I 
Name' __________________ �--��--------------------

(please print) 

Address' _________________________________________ _ 

I I I 
I I 

City zone--State I IoCaoada, write Great Books of the Western 'Vorld. Termmal Bldg., Toronto, Onto -I 
------- ------------------
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Science and 
Civilisation 

in China 
JOSEPH NEEDHAM 

"The importance of this work can
not be over-estimated." 

-The Times Literary Supplement 
Volume I. The structure of the Chi
nese language; the geography and 
long history of its peoples. $13.50 
V Glume II. Confucian and Taoist 
contributions to Chinese thought, 
other main streams, and the basic 
ideas of Chinese science. $16.5 0 
Volume III. The practical aspects of 
Chinese science; mathematics, ge
ography, cartography, geology, seis
mology and mineralogy, astronomy 
and meteorology. $27.50 
The first three volumes of seven are 
now published. Abundantly illus
trated; most of the pictures h ave 
never before been published in the 
West. 
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the Dutchman Gerard Kinckhuysen. 
There were difficulties about the plan, 
which was never a very good one. It was 
not finally abandoned until 1676, but 
before that Newton was undecided 
whether to publish his own work, or to 
complete his paper about "invention or 
the way of bringing problems to an 
}Equation." Such difficulties caused his 
works to be published only after many 
delays, and then often piecemeal and 
imperfectly. The treatise De Analysi ap
peared in 171 1 ;  the optical lectures only 
after his death. 

Later in his long life, when his fame 
was higher, Newton was still harassed 
by controversy. His further exploration 
of optics started a division of opinion 
that lasted long after his time, and there 
was the famous and odious dispute about 
his share in the discovery of the calculus. 
In defending his claims he reviewed this 
earlier period and indicated what math
ematical devices he had used then and 
even before, from about the time when 
he took his degree at Cambridge. These 
considered statements from memory are 
of great value in showing the connec
tions of his thought, but they are not 
accurate as to dates and sequences. They 
therefore set problems that the corres
pondence helps to solve, as it does of 
course many lesser problems. When 
Newton wrote a mathematical letter, he 
did not show all his workings; he thought 
it would be a not-unpleasing exercise for 
the recipient to supply the missing steps. 
Modern readers will be the better able 
to do so with help that Professor Turn
bull supplies. Newton stated each result 
in a form suitable for his reader, but it 
was left for the editor to show the depth 
and richness of the underlying analytic 
theory. 

More than pleasure can be derived 
from following Newton's mind at work. 
It was exact, tenacious, critical of others 
(though generous in recognizing their 
successes), and from time to time it was 
open to sudden illumination. An impulse 
from outside might start Newton off on 
a train of thought, but once started he 
was not easily diverted from his own 
course, and as a correspondent he 
learned far less from others than he 
taught them. James Gregory dropped 
his work on the quadrature of the circle 
when he heard from Collins that New
ton was ahead of him, but there was no 
one whose work had any such effect on 
Newton in this period. On the whole it 
may be doubted that he gained by en
gaging in organized correspondence as 
a means for the cooperation of minds. 

This is not necessarily a melancholy 
reRection. If we read only the letters, 

we are bound to make too much of the 
checks and contretemps. They sink 
down to their proper level when we re
member the splendor of Newton's dis
coveries. He grew up at a time when 
able men in half a dozen European coun
tries were working at mathematics and 
physics, using the same books and 
studying one another's results as they 
became available. At Cambridge he 
came into the main stream of contem
porary thought. He was equally interest
ed in a wide variety of subjects, and 
while he worked up some of them to the 
point of making his conclusions public, 
he had others in mind that he mentioned 
only when something called them out. 
His later work followed from optical 
experiments, astronomical observations 
and mathematical reasoning, but in a 
sense it was all implicitly present from 
the beginning. Occasionally some stimu
lus led him to write down something 
outside his immediate program of work. 
When Oldenburg passed on to him 
Huygens's book on the pendulum, he 
wrote in answer two paragraphs about 
gravitation. Except for these, his letters 
in this volume are silent on this subject, 
although it is the one with which New
ton's name came later to be chieRy as
sociated. But the volume also gives, with 
facsimile reproductions, a manuscript of 
several years earlier in which Newton 
dealt with it for his own satisfaction. This 
may well be the manuscript that he 
showed to David Gregory long after
ward, and of which Gregory wrote that 
in it all the foundations of Newton's in
terpretation of the solar system were 
laid. It shows that the two paragraphs 
came from a store of thought of which 
the extent can scarcely be known. 

Newton drew so much from this store 
that he revolutionized the treatment of 
every branch of mathematics and estab
lish�d a system of astronomical mechan
ics that endured for three centuries. 
These great advances in knowledge en
riched the content of liberal education, 
most markedly at Cambridge, but to 
some extent throughout the Western 
world. They were assimilated into the 
beliefs about the nature of the universe, 
some of them remote from Newton's 
own, which have long been enthroned 
in Western thought. Now that a new 
era has succeeded the age of Newton, 
the interest of tracing how his choice of 
questions and his conclusions came to 
this dominance has lost something of 
its relevance. The minutiae of Newtoni
an scholarship may seem to have noth
ing to do with nuclear physics or with 
the newest cosmologies. On the other 
hand, these advances are themselves 
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SENIOR ENGINEERS & SCIENTISTS 

General Electric's Missile & Space Vehicle Dept. 

Building New$14,OOO,OOO Space Research Center 
17 miles /rom Philadelphi(l, Near Valley Forge Park 

Back in 1956 this General Electric organization outgrew its 
quarters in Schenectady, N. Y. and moved to Philadelphia. 
Since then its research and development staff has increased 
5-fold. A new move is fast becoming imperative and will be 
met by the $14,000,000 Space Research Center now under 
construction on a 132 acres site near Valley Forge Park. This 
construction will feature unique facilities, to be utilized in a 
long-term program, to expand the activities in the realm of 
space research and the development of space vehicles and sys
tems-areas in which MSVD has already contributed so many 
notable advances: 

• the FIRST re-entry at ICBM range with both heatsink and ablation 
methods 

• the FIRST recovery of payload from space 

• the FIRST movies of earth from space 

• the FIRST flight demonstration of effective space vehicle stabilization 
control and navigation (control systems of interplanetary capacity) 

• the FIRST measurements in space of earth's magnetic field and 
infrared radiation 

• the FIRST meteorological information from space 

• the FIRST organic plastic ablation material for nose cone re-entry 
protection capable of withstanding temperatures from 5,000 to 13,000°F 

Currently a broad diversity of programs are under way at 
MSVD, offering assignments of exceptional interest to 
engineers and scientists qualified to work with a research
oriented organization. Your inquiries are invited regarding 
the following areas: SYSTEMS ENGINEERING ' AERODYNAMICS' 

THERMODYNAMICS' GUIDANCE & CONTROL . INSTRUMENTATION & 
COMMUNICATION • PLASMA PHYSICS • GAS DYNAMICS • AERO

MEDICAL DESIGN ENGINEERING ' ANTENNA & MICROWAVE DESIGN 

• SPACE MECHANICS. STRUCTURAL DESIGN' ENERGY CONVERSION' 

HUMAN FACTORS ' ADVANCED POWER SYSTEMS • RELIABILITY 

ENGINEERING' PRODUCIBILITY ENGINEERING' ARMING AND Fuz
ING SYSTEMS' ApPLIED MATHEMATICS & COMPUTER PROGRAMMING 

Write in confidence to: Mr. Thomas H. Sebring, Div. 59MA 
Missile & Space Vehicle Department 

GENERAL e ELECTRIC 
3198 Chestnut St., Philadelphia 4, Pa. 

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

. 

DIVERSITY OF 
ADVANCED PROGRAMS 
NOW UNDER WAY 
AT MSVD INCLUDE: 

• Fallow-on contracts for 2nd 
generation nose cones 

• NERV (Nuclear Emulsion Re-
covery Vehicles) for NASA to 

study the lower Van Allen radia
tion belts at altitudes from 200 
to 1800 miles 

• STEER-a communications 
satellite to provide global 

military radio communications. 
(MSVD is prime contractor for 
STEER for US Air Force) 

• Study programs in the area 
of accessory space power for 

a variety of missions, including 
chemical, nuclear and solar en
ergy sources, electrolytic fuel 
cells and thermoelectric and 
thermionic converters 

• Studies for three of the na-
tion's space agencies to de· 

velop more accurate "space 
maps" than have hitherto existed 
to guide rockets and manned 
flights to the moon and planets 

A well qualified scientist or 

eng ineer is l ikely to f ind 
advanced work go ing on at 

MSVD on almost any field of 
space research of special in
terest to him. 

A ca mpus-like setting is 
planned for the new Space 
Research Cen tel' which Gen
eral Electric's Missile and 
Space Vehicle Department is 
building close to historic Val
ley Forge Park. Situated at 
the junction of the Schuykill 

Expressway and Pennsylvania 

Turnpike, the Center will be 
easily reached by engineel-s 
and scientists liv ing in the 
P hiladelp hia area and in 
s o uthern New Jersey. 
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PROCEEDINGS OF THE SECOND 
UNITED NATIONS INTERNATIONAL 

CONFERENCE ON THE PEACEFUL 
USES OF ATOMIC ENERGY, 

Complete English edition 

NOW AVAILABLE 
VOLUME 

1 PROGRESS IN ATOMIC ENERGY, 
525 pages $12.50 

33 INDEX OF THE PROCEEDINGS $16.50 

NUCLEAR MATERIALS 

2 SURVEY OF RAW MATERIAL RE-
SOURCES, 846 pages $18.50 

3 PROCESSING OF RAW MATE-
RIALS, 612 pages $15.00 

4 PRODUCTION OF NUCLEAR MATE-
RIALS AND ISOTOPES, b44 pages $16.50 

5 PROPERTIES OF REACTOR MATE-
RIALS, 627 pages $14.00 

REACTORS 

6 BASIC METALLURGY AND FABRI-
CATION OF FUELS, 720 pages $18.00 

REACTOR TECHNOLOGY, 858 pages $19.50 

NUCLEAR POWER PLANTS, PART 
I, 584 pages $14.00 

9 NUCLEAR POWER PLANTS, PART 
11,538 pages $17.50 

10 RESEARCH REACTORS, 548 pages $18.50 

11 REACTOR SAFETY AND CONTROL, 
608 pages $15.50 

12 REACTOR PHYSICS, 774 pages $18.50 

13 REACTOR PHYSICS AND ECO-
NOMICS, 635 pages $18.50 

PHYSICS 

14 NUCLEAR PHYSICS AND INSTRU-
MENTATION, 492 pages $17.00 

15 PHYSICS IN NUCLEAR ENERGY, 
476 pages $12.50 

16 NUCLEAR DATA AND REACTOR 
THEORY, 744 pages $18.50 

30 FUNDAMENTAL PHYSICS, 342 pages $10.50 

CHEMISTRY 

17 PROCESSING IRRADIATED FUELS 
AND RADIOACTIVE MATERIALS, 
709 pages $18.00 

18 WASTE TREATMENT AND EN-
VIRONMENTAL ASPECTS OF 
ATOMIC ENERGY, 624 pages $16.50 

19 THE USE OF ISOTOPES: INDUS-
TRIAL USE, 366 pages $12.50 

20 ISOTOPES IN RESEARCH, 296 pages $10.00 

28 BASIC CHEMISTRY IN NUCLEAR 
ENERGY, 686 pages $18.50 

29 CHEMICAL EFFECTS OF RADIA-
TI ON, 475 pages $14.50 

BIOLOGY AND MEDICINE 

21 HEALTH AND SAFETY: DOSIM-
ETRY AND STANDARDS, 249 pages $10.50 

22 BIOLOGICAL EFFECTS OF RADIA-
TION, 552 pages $14.50 

23 EXPERIENCE IN RADIO'_OGICAL 
PROTECTION, 468 p.ges $14.50 

24 ISOTOPES IN BIOCHEMISTRY AND 
PHYSIOLOGY, PART I, 305 pages $11.00 

25 ISOTOPES IN BIOCHEMISTRY AND 
PHYSIOLOGY, PART 11,312 pages $11.00 

26 ISOTOPES IN MEDICINE, 460 pages $13.00 

27 ISOTOPES IN AGRICULTURE, 
455 pages $14.00 

CONTROLLED FUSION 

31 THEORETICAL AND EXPERIMEN
TAL ASPECTS OF CONTROLLED 
FUSION, 390 pages $15.00 

32 CONTROLLED FUSION DEVICES, 
462 pages $15.00 

Abridged French and Spanish editions (13 volumes 

each) now in (Jreparation 

For further information consult your bookstore or: 

Unite�1 Nations 

Sales Section (Atomic Energy) 

New York, N. Y. 

Brochures available on request 
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part of the history of science. If this his
tory is to be studied to any real advan
tage, it must conform to scientific stand
ards of thoroughness. This volume is an 
example of how it ought to be done. 

Short Reviews 

D ARWIN'S CENTURY, by Loren Eiseley. 
Doubleday & Company, Inc. ( $5 ) .  

FOREHUNNERS OF DARWIK: 1745-1859, 
edited by Bentley Glass, Owsei Temkin, 
William L. Straus, J r. Johns Hopkins 
Press ( $6.50 ) .  THE AGE OF

' 
THE WOHLD : 

M OSES TO DARWIN, by Francis C. Haber. 
Johns Hopkins Press ( $5 ) .  The festivi
ties, Allah be praised, are coming to a 
close; there can be too much of a good 
thing, espeCially when most of it is not 
so good. The Darwin centenary has had 
a mixed complexion. Himmelfarbian re
visionists have discovered not only that 
he was a plagiarist but also that he was 
wrong; sundry specialists have assem
bled historical minutiae and irrelevan
cies, less in Darwin's honor than in their 
own. Fortunately a few good books have 
appeared, among which Eiseley's must 
be numbered. Neither faIling into a coma 
of veneration, nor depreciating what 
cannot be depreciated, he has written an 
enlightening study, worthy of its sub
ject. He shows us what Darwin did and 
fairly examines his debt to his predeces
sors and contemporaries. Of considerable 
interest is the evaluation of the work of 
William Wells, who in 1813  read to the 
Royal Society a paper that afforded a 
remarkable preview of the principle of 
natural selection, and of the great in
fluence on Darwin of Charles Lyell. Al
together, in its rounded, literate, weIl
tempered appraisal of Darwin's achieve
ments, in its account of the obstacles to 
the theory of evolution set by phYSicists, 
theologians and other pundits, and in its 
perceptive analysis of the confluence of 
thought that the Origin of Species repre
sents, Eiseley's book is the most satis
factory and sensible of the commemora
tive expressions. Forerunners of Darwin, 
engineered by no less than three editors, 
consists of 15 essays by various scholars, 
six of which are reprints of papers by 
the late Arthur O. Lovejoy. The contri
butions deal with Maupertuis, Buffon, 
Diderot, Kant, Herder, Lamarck and 
Schopenhauer, seen as Darwinian pre
cursors. The contents are on the whole 
pretty special and not entranCing; one 
must not fail to mention a paper by 
Charles Coulston Gillispie, which in
forms the reader that Darwin was a dull 
but diligent chap, the "classic illustra
tion of what Duhem meant when he 
described the English mind in science as 

weak and comprehensive." One recaIls 
sadly the weak and comprehensive 
minds of Harvey, Boyle, Newton, Fara
day, MaxweIl and other English ninnies. 
Haber's study, an "extension of his doc
toral dissertation," is a sound academic 
exercise, but it takes him a long time to 
show what is now weIl known: that the 
theory of evolution rests on the concept 
of the earth's great age, and that until 
this was proved Darwin did not have 
enough room to lay out his edifice. Let 
the curtain be lowered for another cen
tury, and until then may the great man 
sleep in peace. 

THE ORIGIN OF SPECIES BY CHARLES 

DARWIN: A VAHIORUM TEXT, edited 
by Morse Peckham. UniverSity of Penn
sylvania Press ( $ 15 ) . Six editions of the 
Origin were published between 1 859 
and 1872; each had revisions, some very 
substantial; Darwin rewrote many of his 
sentences four or five times, and the boek 
grew by almost a third. The editor, pro
fessor of English at the University of 
Pennsylvania, has undertaken the almost 
incredible drudgery of preparing a vari
orum text, which gives no version com
pletely but records all major additions, 
deletions and changes in style and punc
tuation. A seventh wonder of academic 
pyramid-building. 

D IAHY AND LETTEHS OF JOSIAH GREGG, 

edited by Maurice Garland Fulton. 
University of Oklahoma Press ($17 .50 ) .  
The publishers have reissued this coIlec
tion comprising the diary and letters of 
the Santa Fe trader, scholar, explorer 
and scientist who wrote the classic work 
on the West, Commerce of the Prairies. 
The first volume covers Gregg's South
western movements and enterprises from 
1840 to 1847; the second is a narrative 
of his excursions in Mexico and Cali
fornia from 1847 to 1850, the year of his 
death. This is an enjoyable and valuable 
work ( containing the substance from 
which Gregg hoped to write a sequel to 
his earlier volume), presented in an at
tractive, handsomely illustrated format 
characteristic of the publications of the 
UniverSity of Oklahoma Press. 

A HISTOHY OF EMBRYOLOGY, by 
Joseph Needham. Abelard-Schuman 

( $7.50). Needham's noted treatise 
Chemical Embryology, published in 
193 1 ,  began with four chapters on the 
history of embryology. These were later 
amplified and appeared as a separate 
book. The treatise and the book are out 
of print, and now a second edition of the 
history is issued, which Needham has 
revised with the assistance of Arthur 
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IMPORTANT DEVELOPMENTS AT JPL 

THE CRYOGENIC GYRO 
A fundamentally new type of gyroscope with the possi

bility of exceptionally low drift rates is currently under 

development_ The design techniques used in conventional 

electro-mechanical gyros appear to have been largely 

exploited_ A break-through is needed, and the cryogenic 

gyro may well provide it. 

The cryogenic (liquid helium temperatures, in the range of 

4°K) gyro consists of a superconducting sphere supported 

by a magnetic field_ The resulting configuration is capable 

of support in this manner as a result of a unique property 

of a superconductor. Exceptionally low drift rates should 

be possible_ This cryogenic gyro has performance potential 

unlimited by the constraints of conventional electro

mechanical gyros_ 

This is just one example of the intriguing solid state con
cepts which are being pioneered at JPL for meeting the 

challenge of space exploration_ In addition to gyro applica

tions, superconducting elements are providing computer 

advances and frictionless bearings_ The day of the all-solid-, 

state space probe may be nearer than one realizes, 

• 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
JET PROPULSION LABORATORY 

A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA. CALIFORNIA' 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields : 
INFRA-RED ' OPTICS · MICROWAVE · SERVOMECHANISMS . COMPUTERS . LIQUID AND SOLID PROPULSION 

• STRUCTURES · CHEMISTRY · INSTRUMENTATION . MATHEMATICS . AND SOLID STATE PHYSICS · 

Send professional resume, with "full qualilicatjons and experience, lor our immediate consideration 
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B O O K O F  
1 5  P A R A D O X E S 

in Math and Logic 
HERE'S a wonderful way to @ 

sharpen your mind� 1 5  Iy great paradoxes in math and 0 n 
logic, compiled by noted ,J,. 
Prof. Aubrey Kempner. Not 25""' 
slmple parlor-game puzzles, 
but real brain teasers. See 
for yoursel f-do SOlt kno\\-
the answers to 2- 1 ,  all trian-
gles are isosceles. one-sided Moebius Surfaces, 
a + b *, b + a, , _ , + , _ , + , + _ . . = )!2 ?  

ALL THI S-for only 25¢ ! 
You and your colleagues will also be stumped by 

the bouncing ball .  Pythagoras and his Paradox . . 
and eight others, including the distallcc bCt1('CCIf 2 
poil/ts 1'Ilsidc a s q u a re lllch is IOllger than fhe dis/a.llce 
from Earth to S1l11 ! "Pa radoxes and Common 
Sense" costs only 2 5 tf.. Paper bound, handy pocket 
size. List price $ I. Send TODAY for your copy for 2 S ¢ .  
D .  V a n  Nostrand Company, I n c . ,  Dept. 281 , 1 20 

Alexander Street, Princeton, N. J. ( Est.  1 848 1 

. - - - - - - - - - - - - . - - - - - - - - - - - �  
M A I L  T H I S  COUPON NOW 

D .  Van Nostrand Company, l n c . , Dept. 2 8 1 , 
1 20 Alexander Street, Princeton , N J.  

Here's my 2Srt.  s o  send me Professor 
Kempner's " Paradoxes and Common Sense" 
i n  math and logic. No further obligation, 
nothing more to buy. 

Xame . .  

Address . .  

C i  ty . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . . . . . . .  State . .  
( I n  Canad a :  2 5  H o l l i n ger Road. Toronto 1 6) 

� - - - - - - - - - - - - - - - - - - - - - - - - - �  

1 2  years ill nr.'ntlrn:tioln 

NOW a fingertip guide 
to scientific terms, 
elements, components 
and systems 
1 ,400 pages-1 ,400 drawings-1 4,OOO entries 
1 7,000 cross-references-1 ,000,000 words 

Encyclopedic Dictionary of 
Electronics & Nuclear Engineering 

by ROBERT I. SARBACHER, SeD., E.E, 
Groups for Quick comparison, what's new, 
what's available. Gives standard definitions 
of ALL official technical societies. B reaks 
communi cation-barrier in Team Research by 
interpreting other-area terms, j argon. Makes 
complex concepts and devices understand
able with compact explanations, hundreds of 
schematics. Stimulates ideas by multiple 
feed�outs from basic entries to related data. 

Praised by top execs of IBM, RCA , 
AM PEX, TUNG-SOL, TEXAS I NSTRU
M E NTS, GENERAL DYNA M I C S ,  and 
others. 

Extraordinarily comprehensive ( "Antenna" 
has 206 entries, 92 p ictures ) .  Saves many
sources hunting. Includes sanctioned Armed 
Forces designations, abbreviations, instal
lations. Author : formerly, Dean. Grad. School, 
Georgia Tech j at Oak Ridge ; War Assets Ad
min istration ; Nuclear Energy Comm., NAM . 
Consultant to Armed Forces, private industry. 

• •  - SEE TH IS  TI ME·SAVER ON FREE EXAM - • •  

Prentice·Hall ,  I n c . ,  Englewood Cliffs, N .  J.  
Send copy of Encyclopedic Dictionary of 
Electronics &- Nuclear Engineering by Sar
bacher. At end of ten days I'll send payment 
of $35 (plus small charge for packing, ship
ping) or return book and owe nothing. (Ask 
for installments, if desired . )  

N a m e  ____________________________ __ 

Company __________________________ _ 

Address __________________________ _ 
SA V E :  If payment acco m p a n i es order we pay pac k i n g ,  
s h i p p i n g .  CEK-EG-66 
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Hughes. The work spans the growth of 
the subject from antiquity through the 
18th century; a companion volume by 
a group of specialists is promised that 
will continue the story through the 19th 
century under a number of separate 
headings. The extraordinary amplitude 
of Needham's learning, his literary skill 
and characteristically lively and provoc
ative approach to problems of science 
and society make this a very attractive 
book. Excellent illustrations. 

P ILLOW PROBLEMS AND A T Al'.'GLED 

TALE, by Lewis Carroll. SYMBOLIC 

LOGIC AND THE GAME OF LOGIC, by 
Lewis Carroll. Dover Publications, Inc. 
( $ 1.50 each ) . These two volumes, each 
comprising two books, contain mathe
matical and logical recreations by the 
author of Alice's Adventu 1'es in "Vonder
land. The "pillow problems," so called 
because they were "solved in the head, 
while lying awake at night," are alge
braic, geometric, trigonometric or related 
to probability. They are not profound, 
but they will not put you to sleep; in
deed, they may help to explain Carroll's 
growing insomnia and his need to in
vent a "nyctograph," a device for writ
ing in bed in the dark without having 
the pen run off the paper. A Tangled 
Tale consists of puzzles embedded in a 
story of 1 0  "knots," i.e . ,  chapters. Sym
bolic Logic deals with the ways of  ex
pressing classical logic by means of sym
bols. It contains more than 380 problems 
and such famous premises for soriteses 
as : Babies are illogical; nobody is de
spised who can manage a crocodile; il
logical persons are despised. ( Answer: 
Babies cannot manage crocodiles. ) The 
Game of Logic, a scarce little book, 
describes a logic game to be played on 
a board with counters. The inside back 
cover of this edition can be cut apart to 
provide the equipment. 

kIMAL CAMOUFLAGE, by Adolf Port-
mann. University of Michigan Press 

( $4.50 ) .  An engagingly written, well
illustrated, elegant littie book about the 
"sorcery of nature"-a phrase of Karl 
von Frisch-by which faces and forms 
are changed so as to deceive, conceal, 
lure, warn and frighten. A butterHy be
comes a folded leaf; the curlew presses 
to the ground to shorten its shadow; the 
Hashing clownfish hides its brilliant col
ors in the tentacles of a sea anemone; a 
South American hopper has an "eye" on 
its wing to mislead its enemies; the In
do-Malayan relative of the praying man
tis looks as if it had been squashed and 
is therefore not worth eating; the mea
suring worm uses combined features of 

AN INVITATION  
TO  JO IN  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 1 948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien
tific capabilities. For example, staff 
members are taught to "program" 
thei r own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com
petitive with those of industry and 
other private research organiza
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges, 
Schools are excellent. 

For lurtber information write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFICE I� 

The Johns Hopk ins  Un iversity 
6 9 3 5  A R L I N G T O N  R O A D  

B E T H E S D A  1 4 , M A R Y L A N D  
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rigid posture, concealing colors and 
shadow-disguising tubercles to masquer
ade as a tiny twig; the crab Pisa covers 
itself with sponges and corals and thus 
merges into its natural background; the 
sponge crab cuts out a sponge mask and 
holds it in place over its back by a spe
cially modified last pair of legs ( if given 
a large piece of wet paper, the crab will 
at once cut out a piece just the right 
size and don it ) ;  the moth Oxidia has a 
"midrib" running across all four wings 
which increases its resemblance to a 
leaf; the Amazon Valley fish Mono
cirrhus polyacanthus hangs head-down
ward beneath the surface of the water 
and is almost indistinguishable from a 
dead leaf; the Malagasy tree snake has 
a head so modified that the tip looks 
astonishingly like a twig; certain Afri
can butterflies give the effect of a com
plete flowering plant; wasp stripes are 
copied by many insects, among them 
beetles; shrimps, fiddler crabs, prawns,  
flounder and flatfish undergo remarkable 
changes of color, the flatfish even 
changing its pattern to blend into dif
ferent backgrounds. The survival value 
of these various forms of camouflage is 
described in a final chapter of this de
lightful volume. 

SCIENCE AND HUMAN VALUES, by J .  
Bronowski ( 95 cents ) ; ALBERT 

EINSTEIN, edited by Paul Arthur Schilpp 
( $3.90 ) ;  SCIENCE SINCE 1500, by H. T. 

Pledge ( $1 .85 ) ; ANCIENT SCIENCE AND 
MODERN CIVILIZATION, by Ceorge Sar
ton ( 95 cents ) ;  THE STRUCTURE AND 
EVOLUTION OF THE UNIVERSE, by C. J .  
Whitrow ( $ 1 .45 ) .  Harper Torchbooks. 
This first venture of Harper into the 
field of paper-back reprints in science is 
admirable. The titles are excellent, the 
volumes are attractive, suitably illus
b'ated, clearly printed and not over
priced. Bronowski's essay, though high
ly praised by discriminating readers, did 
not have much of a run in the hard
cover edition, and deserves the wider 
circulation it is now sure to get. The 
Einstein book, which originally appeared 
in the Library of Living Philosophers, 
offers a searching examination by Max 
Born, Arnold Sommerfeld, Kurt Codel, 
Niels Bohr, M ax von Laue, Louis de 
Broglie, Wolfgang Pauli, Philipp Frank, 
Hans Reichenbach, P. W. Bridgman and 
others of his scientific work and its phil
osophical consequences ; also included 
are his autobiography, his "reply to criti
cisms" of the contributors and an invalu
able bibliography of his writings. 
Pledge's short history of modern mathe
matics, phYSiCS, chemistry and biology 
is outstanding as a one-volume survey; it 

A SPECIAL KIND 
OF POSITION 

FOR SPECIAL KIND OF MEN 
To help meet the urgent and continuing problems of national 
security, RCA has created an Advanced Military Systems 
Department at Princeton, New Jersey. There, in an atmos
phere of complete intellectual freedom, men of a very special 
kind are engaged in highly sophisticated analysis and study 
of our national defenses - present and future -and how they 
can be made most effecti ve to meet any future enemy cap a bili ty. 

THE POSITION - Studies conducted by the RCA Advanced 
Military Systems Department are of the broadest scope and 
cover such diverse areas as physical and engineering sciences, 
military science, economics and geophysics. Accordingly, 
each member of the technical staff may select his own area 
of work. The only requirement : results must have a direct 
application to problems of national defense. 

E ach staff member is provided with every opportunity, 
facility and detail of environment to use his creative and 
analytical skills to maximum advantage and at the highest 
level . He has no responsibility for administrative details. He 
can call in any specialists he may need. He has full access to 
all available information - military, academic and industrial. 
Furthermore, specialized research projects and laboratory 
work can be carried out at his request by other departments 
of RCA. 

THE MEN - The men who form the technical staff are a group 
of mature scientists and engineers. They are accustomed to 
responsible positions in industrial research, advanced devel
opment, or systems planning. Most of them have an exten
sive background in the broad fields of electronics, vehicle 
dynamics (space, marine or terrestrial ) ,  physics (astro, 
nuclear, or plasma) ,  or operations research (military science) . 
All are men who enj oy seeing the fruits of their work have a 
far-reaching effect on the defenses of the country. 

THE LOCATION - Princeton offers unique civic, cultural and 
educational advantages. The RCA Advanced Military Sys
tems Department itself occupies a new, air-conditioned 
building on the quiet, spacious grounds of RCA's David 
Sarnoff Research Center. 

INQUIRIES ARE INVITE D - If you are interested in learning 
more about this far-reaching program and the unusual op
portunities it offers to qualified men, write : 

Dr . N. I. Korman, Director 
Advanced Military Systems, Dept. AM -3A 
RADIO CORPORATION OF AMERICA 
Princeton, New Jersey 

• v. 
RADIO CORPORA TION 

0' AMERICA 
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L J: N C O L N 
L A B O R A T O R Y 

invites inquiries from persons 
with superior qualifications. 

S O L I D  STAT E P h y s i c s ,  C h e m i stry, and Metallurgy 

RAD I O  P H Y S I C S  a n d  AST R O N OMY 

N E W  RADAR T E C H N I Q U E S  

C O M M U N I CATI O N S :  

Tec h n i q u e s  

Psychology 

Theory 

I N F O R M AT I O N  PRO C E S S I N G  

SYST E M S :  

Space S u rv e i l l a n c e  

I C B M  Detection a n d  Tracki ng 
Strate g i c  C o m m u n i cati o n s  

I nteg rated Data N etworks 

SYSTEM ANALYS I S  

Research and Development 

L I N C O L N  L A B O R A T O R V  
M a s s a c h  u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y  

B O X  1 8  

L E X I N G T O N  7 3 ,  M A S S A C H U S E T T S  

� "IfIJ-... 

'� � ... _rIII" .oj .. 

is authoritative and rich in information. 
Sarton's essays are informed by his vast 
erudition and exhibit his sensibility as to 
the influence of Greek science and cul
ture on modern thought. Whitrow's in
troduction to cosmology is a revised and 
updated version of his The Structure of 
the Universe, first published in 1949. It 
does not call for specialized knowledge, 
and will appeal to serious students of the 
subject. 

THE AXIOMATIC METHOD, edited by 
Leon Henkin, Patrick Suppes and 

Alfred Tarski. North-Holland Publishing 
Company ( $ 12 ) .  Proceedings of a sym
posium held at the University of Cali
fornia in 1957 and 1958. One of the 
central aims of the symposium was to 
examine the markedly different pattern 
of axiomatic development in mathemat
ics and physics. The vitality and range 
of ax ioma tics are illustrated by the spec
trum of topics discussed : elementary 
geometry, plane affine geometry, geo
desics, topology, rigor in physics, classi
cal mechanics, the axiomatization of 
mechanics, relativistic kinematics, the 
axiomatic foundations of quantum me
chanics, axioms for cosmology, physico
logical problems, axiomatic theory of 
functions, axiomatics and genetics. 
Among the contributors are Paul Ber
nays, Alfred Tarski, Paul Szasz, Fried
rich Bachmann, A. Heyting, Adolf Grun
baum, P. W. Bridgman, Patrick Suppes, 
Alfred Lande, Pascual Jordan, J. H .  
Woodger, R.  B. Braithwaite, Karl Men
ger and R. L. Wilder. Philosophers, 
mathematicians and physicists will find 
much in these pages to engage their at
tention. 

HANDBOOK OF PHYSIOLOGY: SECTION I,  
NEUROPHYSIOLOGY, VOL. I, edited 

by John Field; section edited by H. W. 
Magoun. The Williams & Wilkins Com
pany ( $22 ) .  The American Physiologi
cal Society has undertaken the publica
tion of a multi-volume handbook of phys
iology to constitute a repository for the 
body of physiological knowledge, the 
discoveries and formulations of past as 
well as contemporary times. Physiolo
gists of many nations have contributed 
as editors and authors, and when com
plete the work promises to be the most 
encompassing and authoritative in its 
field. The first three volumes of the 
Handbook, of which this is cine, con
stitute the section on neurophysiology, 
a branch of study that has been com
pletely transformed by the developments 
of the past 25 years. Among the 80 con
tributors to this section are Sir John 
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I • 
• RJdA£CH • 
• • 
I sym bol of c reative resea rch I 
I * * * I 
• Expa nd ing • I corporate sponsored • 
I program of adva nced I 
I research offers I I opportu nity to . I 
• • 
= SCIENTISTS = 
= ENGINEERS = 
I As part of a continuing pro- I 
I gram of scientific inquiry, I 

the Research Laboratories of I United Aircraft Corporation I 
• a r e  again expanding their I activities. 

• The record of this organi- I 
• zation over the past thirty I years has shown a consistent 

I trend toward basic research. I 
I The p r e s e n t  expansion i s  • part of this pattern and of-

I fers Scientists and Engineers • a unique opportunity for cre-

• ative work coupled with job I 
stability. Independence of sci-

• entific thinking and action I 
I are encouraged. • Our unusual complex of 

I supporting services includes : I 
m o d e r n  l a b o r a t o r i e s  a n d  I e q u i p m e n t ,  t h e  n a t i o n ' s  I 

• largest industrial digital and • analog computing facility and 

• a coordinated program for I 
the design and development I of advanced instrumentation. • 

I If you can make creative con- I 
I tributions in any of the follow- • ing fields • . .  

• Chemical Kinetics I 
• Fuel and Combustion Analysis • Thermodynamic Cycle Analysis 

• Space Mechanics I Electrical Propulsion • Plasma Physics I 
Gaseous Electronics • Vehicle Trajectory and • I Performance Analysis I High Temperature Materials 

• Particle Physics I 
• Direct Conversion • Surface Chemistry 

I Nuclear Engineering I 
• . . .  and if you are now limited • to ordinary problems - only 

• partially using your training • and mental abilities - these I openings should be of particu- I 
I lar interest. • 
I Please write Mr. W. M. Walsh I or phone Hartford, Conn. 
I JAcksoli 8-481 1  I 

RESEARCH LABORATORIES 
U N ITED A I R C RAFT CORPORATI O N  
4 0 0  M a i n  S t re e t, E a s t  H a rtford 8 ,  C o n n e c t i c u t  

Eccles, Alfred Fessard, Lord Adrian, 
H. K. Hmtline, Derek Denny-Brown, 
Frederic Bremer, Wilder Penfield, C. F. 
Schmidt and Sir Rudolph Peters . 

S PACE TECHNOLOGY, edited by Howard 
S . Seifert. John Wiley & Sons, Inc. 

( $22.50 )  . A collection of 30-odd papers 
on all phases of the physical principles 
of space exploration. The series of lec
tures on which this volume is based, 
though highly technical and on a gradu
ate level, was attended by no less than 
4,500 students at the various branches 
of the University of California, was tele
vised and was made into kinescope films 
reaching an audience of 100,000. Five 
main categories comprise the treatment : 
flight dynamics, propulsion and struc
tures, communications, guidance and 
control, man in space. Impressive. 

M ATHEMATICS DICTIONARY, edited by 
Glenn James and Robert C. James . 

D. Van Nostrand Company, Inc. ( $ 15 ) .  
A second, revised and substantially en
larged edition of a useful reference book. 
Additions include basic terms in modern 
algebra, number theory, topology, vector 
spaces, theory of games, linear pro
gramming, numerical analysis and com
puting machines. Another feature is a 
multilingual index giving English equiv
alents of mathematical terms in French, 
German, Russian and Spanish. 

A S HORT INTRODUCTION TO ANATOMY, 

by Jacopo Berengaria da Carpi. 
University of Chicago Press ( $5 ) . A 
translation, with an introduction and 
historical notes, by L. R. Lind of an im
pOitant 16th-century anatomical treatise 
by a forerunner of Vesalius. This is a 
foundation work, Berengario having 
been the first, according to F. H. Garri
son, to substitute drawings from nature 
for traditional schemata. It is of special 
concern to the historian of science be
cause it corrects the common notion that 
Vesalius and da Vinci "appeared sud
denly out of a dark and unproductive 
void known as the Middle Ages." Illus
trations.  

T HE INDIVIDUAL AND THE UNIVERSE , 

by A. C. B .  Lovell. Harper & Brothers 
( $3 ) . Lovell's brilliant Reith Lectures 
for the British Broadcasting Corpora
tion, in which he describes the universe 
we can study with our telescopes-optical 
and radio-and discusses various theories 
of the origin of the universe. That a good 
book need not be a big book is once again 
demonstrated; in a little over 100 pages 
the author gives an account of the new 

I mportant books from 
Philosophical Library -

PICTORIAL H I STORY OF P H I LOSOPHY 
by Dtlgobert D. RImes · A handsome. profusely 
illustrated histOry of Philosophy-from Socrates 
to Suzuki .  $15 .00 

EVE RYDAY METEORO LOGY 
by A .  Austin A1iller and "'I . Parry · The science 
of weather a n d  ics implications CO the community 
-primarily for amateur meteorologists . Jllus
trated. $7 . 50 

THE U P P E R  ATMO S P H E R E  
by H .  S. W. Massey alld R. L. F. Boyd · A n  
authoritative account of phenomena studied dur
ing the IGY. 1/Ius/rated. $17 . 50  

S O I L ,  GRASS, A N D  CANCER 
by Andre Voishl • A fascin ating attempt to 
establish a relationship between mineral ele
mentS of the soil and metabolic  disorders i n  ani
mals  and men . S15 .00 

I N DOOR PLANTS 
by Violet Stevenson • A handbook of plants 
which can be grown indoors under normal COn
di'ions. 1/Iustrated. S4.75 

CONCISE D I C T I O N A R Y  OF S C I E N C E  
by Fra11k Gaynor · A dictionary of standard and 
new terms in the fields of mathematics, physics. 
nucleonics. chemistry and geology. $10 .00 

GRASS PRODUCTIVITY 
by Audre Voisill • A book which includes al l  
new knowledge regarding grass land manage
ment.  $15 .00 

SOIL A N IMALS 
by D. Keith Al eE. KeviOl • An engrossing treatise 
on animal life i n  the soi l .  Photographs and many 
il/uslrcltiom. $15 .00 

THE A I R  
by Edgar B. Sbieldrop • T h e  slOry of m a n ' s  ex
periences in flight-from his  earliest attempts (0 
supersonic trave l .  Illustrated. 5 1 2 .00 

DICTIONARY OF ASTRONOMY 

AND ASTRO NAUTICS 
hy Armalld Spitz · .  Concise definicions of over 2 , 200 terms and concepts including those new 
to 'he Space Age. S6 .00 

AMERICAN S U P E RSTITI O N S  
b y  Vergilius Ferm • An unusual reference to the 
host of superstitious lore peculiar  to the United 
S,a,cs. 56.00 

DICTIONARY OF D I SCOVE R I E S  
b y  1.  A .  Lallgllas • \V i , h  a preface by J .  Salwyn 
Schapiro. A fasci nating, comprehensive work 
describing the worJd's major and minor geo
graphical discoveries.  S5 .00 
DICTIONARY OF THE A M E R I C A N  I N D I A N  
h y  Joh" L. Siollteubllrgh, b· . •  An up-to-date 
source book on the h i story and lore of our many 
Indian tribes.  510.00 

E N CYCLO P E D I A  OF WORLD T I M B E R S  
by F. H. Tilmllss • Co mpletely re vised a u d  ell
iarged editioll. Soft a n d  h a rdwoods of the world. 
including their uses, durability, and characteris
tics. lllllstrateti. $15 .00 
D I CT I O N A RY OF AMERICAN FOLKLORE 

by i\far;orie Tal/mall · A broad cross-section of 
'American lore-from anthropology CO spores ; 
from Maine to ·Florida. 55 .00 

THE S T O R Y  O F  ARCHAEOLOGY 
by Agnes AI/ell • The growth of archaeology 

��=at
t
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efforts to today's  s�iJ��� 
D I CTIONARY OF ANTHROPOLOGY 

by Charles If/ iuick • A comprehensive reference 
CO basic terms and concepts of archaeology. l i n
guistics, cultural and physical anthropology. $10.00 

THE E X P LORATION OF TIME 
by R .  N. C. Bowe1z • .  A discussion of the new 
techniques which permit us to determine the age 

��v����� '11��!���ie!.rehistorjc and h i scoric
$6
��O 

R U N E S :  AN INTRODUCTION 
by Ralph IV.  V. Elliott · An i n,roduction to  
runic writ ing stressing Engl ish runic i n scriptions 
i n  particular .  $10.00 

MAN'S JOURNEY THROUGH TIME 
b) ,  L. S. Palmer · A graphic accounc comparing 
man's morphological development to h i s  far 
more rapid culcural progress . $10 .00 

r - - - - - - - - - - - - - - - - - ,  
I jUail to your favorite bookseller or directly to I PHILOSOPHICAL LIBRARY, Pub/islters I I 15 East 40th Stret't , Dept . A � I S - S 
I New York Hi. N. Y. I 
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astronomical learning, imparting a sense 
of its marvelous beauty and complexitv, 
and a respect for how much and yet how 
little we know. No other popular book 
on this subject, regardless of size and 
scope, has so much treasure . Recom
mended without reserve to anyone with 
a capacity for wonder. 

!\. SOCIAL AND RELIGIOUS HISTORY OF 
.L THE JEWS, by Salo Wittmayer Bar
on. Columbia University Press ( $45 ) .  
Second, revised and enlarged edition of 
a distinguished eight-volume survey of 
the political, economic, social and cul
tural history of the Jews from ancient 
times to the close of the Middle Ages. 
Volume VIII covers the contributions of 
Jewish scholars , from 500 A.D.  to 1200, 
to mathematics,  astronomy, alchemy, 
medical science and philosophy. 
Through their writings, it should be 
noted, much of the science of the Greeks 
was preserved, later to be transmitted by 
Latin writers to the West. 

Notes 

THE NORTH AMEHICAN DESERTS, by 
Edmund C. Jaeger. Stanford University 
Press ( $5 .95 ) .  A readable guide by an 
ecologist with 40 years of field experi 
ence to the five great deserts of the 
North American continent, describing 
their physical appearance, weather and 
climate, geologic history, plant and ani
mal life and human cultures .  

THE THEORY OF HEAT RADIATION, by 
Max Planck. Dover Publications, Inc. 
( $ 1 .50 ) .  A translation of the second 
edition of Planck's Wiirmestmhlll l1g 
( 19 13 ) ,  an introduction to the theory 
of radiant heat in terms of his principle 
of quantum action .  

WALTER BAGEHOT, by Norman St.  
J ohn-Stevas . Indiana University Press 
( $7 .50 ) . A study of the life and 
thought, together with a selection from 
his political writings, of one of Victorian 
England's most versatile and gifted men. 

THE M YTH OF THE BIRTH OF THE 

HERO AND OTHER WHITINGS BY OTTO 

RANK, edited by Philip Freund. Vintage 
Book ( $ 1 .25 ) .  A collection of writings 
by one of Sigmund Freud's best-known 
pupils, who, after a close relationship 
lasting two decades, broke away and 
founded his own psychology. 

RELATIVITY Fon THE LAYMAN, by 
James A. Coleman. The Macmillan Com
pany ( $3 .50 ) .  This book has had several 
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In the main stream at 

B A T T E L L E  
• • • • • 

There are quiet eddies of re
search; deep, isolated lakes; and, 
no doubt, "sloughs of despond". 
Battelle is in the middle of the 
main stream; meeting problems 
that cover the entire spectrum of 
science; equipped and staffed to 
cross all lines of study and bring 
m u c h  r e s e a r c h  t o  s u c c e s s f u l  
conclusion. 

Scientists and engineers who 
come to Battelle discover a happy 
blending - of academic atmos
phere with the eager air of en
lightened industry. Two kinds of 
men are happiest in this blend of 
environments : The academician 
who revels in Battelle's stimulat
ing bustle, and solid accomplish
m e n t .  A n d  t h e  i n d u s t r i a l  
researcher who enjoys infinite 
variety and the association with 
authorities in many scientific 
fields. 

At Battelle we accept the word 
"research " to mean the whole 
spectrum of basic, applied, and 
pilot-plant research, engineering 
development, product and process 
design, and industrial market 
analysis. There are places here 
for men capable in any of those 
areas with real ability and a lively 

The piercing 2 1 , 000· F. f lame of th i s  plasma jet i s  a useful tool i n  p ioneer ing c h e m i c a l  r e a ct i o n s  re·  search at Batte l l e .  

interest in results. Excellence is 
required, not merely desired, at 
Battelle. It is rewarded in many 
ways - excellent salaries, an un
usual degree of personal freedom, 
fine facilities,  generous extra 
benefits and the kind of colleagues 
who understand and appreciate 
ability. If you think you may 
qualify in any branch of science 
or engineering, write Russell S. 
Drum, 

B A T T E L L E  
M E M O R IA L  I N S T I T U T E  
505 K ing Aven ue, Col u m b us 1 ,  Ohio 

�T£� ��'E Dedicated to the 
\�� advancement of science 

'1L IJ'''' 
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incarnations. I t  was published i n  1954 in 
hard covers, then appeared as a paper
back, and is now reissued by a different 
publisher. It presents a simplified ac
count, which was praised by Albert Ein
stein, of the history, theory and proofs 
of rei a ti vi ty. 

THE SCIENTIFIC AMERICAN BOOK OF 

M ATHEMATICAL PUZZLES & DIVERSIONS, 

by Martin Gardner. Simon and Schuster 
( $3.50 ) .  A collection based on the au
thor's department in this magazine : his 
writings, addenda from readers, bibli
ographies, solutions . 

VIKINGS OF THE PACIFIC, by Peter H .  
Buck. University o f  Chicago Press 
( $ 1 .95 ) . A paper-back reprint of Vikings 
of the SUnI'ise, which, though published 
20 years ago, has not been equaled as a 
story of Polynesian life . 

ATOMIC AGE PHYSICS, by Henry Semat 
and Harvey E. White . Rinehart & Com
pany, Inc. ( $2 ) . This paperback follows 
closely the second half of the National 
Broadcasting Company television course 
on physics given ill 1958 and 1959. It 
covers the atom and atomic structure, 
the nucleus and nuclear structure . Good 
illustrations . 

A HISTORY OF MECHANICAL INVEN

TIONS, by Abbott Payson Usher. Beacon 
Press ( $2 .25 ) .  A paper-back reprint of 
a standard history that was revised in 
1954. 

THE HEAVENLY CITY OF THE EIGHT

EENTH-CENTURY PHILOSOPHERS, by Carl 
L .  Becker. Yale University Press ( 95 
cents ) .  Soft-cover reprint of a brilliant 
group of historical essays that discloses 
the fallacy of believing "that the eight
eenth century was essentially modern in 
its temper," i.e., that the Age of Reason 
was reasonable. 

THE ACTINOMYCETES : VOL. I, by Sel
man A. Waksman. The Williams & Wil
kins Company ( $ 12 ,50 ) . The author has 
spent 45 years in study of these soil 
microorganisms. In this treatise, the first 
volume of which considers the nature, 
occurrence and activities of the actino
mycetes, he summarizes his investiga
tions and those of other students. 

EMBRYOS AND ANCESTORS, by Sir Gav
in de Beer. Oxford University Press 
( $4 ) .  The third edition of this excellent 
book on embryology and evolution picks 
up fresh data that have been gathered 
ill the last decade. 
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all sorts of 

things 

and weather 

"But all sorts of things and 
weather must be taken in together, 

to make up a year and a 
sphere," said the squirrel to the 

mountain in Ralph Waldo 
Emerson's famous rhymed fable. 

The rodent spoke better than 
he knew, as tech/ops knows after 

undertaking Project 433 L (as 
a member of the United Aircraft 

team) for the Air Force, the 
FAA, and the Weather Bureau. 

Project 433L is aimed at 
development of semi-automatic 

weather observing and 
forecasting, to provide rapid 

and accurate weather information 
for military and civilian users. 

The system will use data 
processing techniques to provide 

the almost-instantaneous 
national and global weather 

information that will be required 
in the future. To this end, 

tech/ops is developing automatic 
programming techniques, 

systems analyses of alternative 
future networks, evaluation 
criteria, digital simulations, 
and other basic approaches. 

Another example of tech/ops' 
research and development 

for business, industry, and 
government sponsors. 

Technical 

Operations, �,po,ated 

Central Research Laboratories 
Burlington, Massachusetts 

WASHINGTON. D. C . •  MONTEREY. CALIFORNIA 
FORT MONROE, VIRGINIA . HONOLULU, HAWAII 

188 

BIBLIOGRAPHY 
Readers interested in furtheT reading 

on the sub;ects covered by articles in this 
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all sorts of 

things 

and weather 
• Personnel requirements at tech/ops: 

at Burlington, Massachusetts: 
Scientists and engineers with 
experience in simulation 
techniques, programming research, 
operations research, systems 
analysis, mathematical statistics, 
for long-term program to 
provide integrated weather 
observing, forecasting data 
handling and transmission system. 

at Washington, D. C.: 
Unusual opportunities for 
qualified scientists interested in 
more sophisticated disciplines 
related to mathematics, digital 
computer programming, 
operations analysis, statistical 
mathematics. 

at Jl1onterey, California: 

Programmer, one to two years' 
experience on large-scale digital 
equipment, for assignments 
in preprogramming analysis and 
programming in an operations 
research environment; 
mathematician and physicist with 
one to two years' experience. 

a t Fort Monroe, Virginia: 

Experienced computer 
programmer; statistician interested 
in developinent and use of 
operational simulations; senior 
scientist experienced in Army 
weapons and support assistance. 

Technical 

Operations, 

Inco,po� 
Central Research Laboratories 
Burlington, Massachusetts 

WASHINGTON, O. C . •  MONTEREY, CALIFORNIA 
FORT MONROE, VIRGINIA . HONOLULU,HAWAII 
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Robert vV. Elsner and William O. 

Pruitt, Jr., in Arctic, Vol. 12, No. 1, 

pages 20-27; March, 1959. 

BREEDER REACTORS 

AN ApPHAISAL OF THE ENHlCO FEHMI 

REACTOH. A. Amorosi in Pl'Oceedings 
of the Second United Nations Inter
national Conference on the Peaceful 
Uses of Atomic Energy, Vol. 9; 1959. 

CONSTHUCTION DESIGN OF EBR-II: AN 

INTEGHATED UNMODEHATED NUCLEAH 

POWEH PLANT. Prepared by L. J. 

Koch in Pl'Oceedings of the Second 
Ul1ited Nations International Con
ference on the Peaceful Uses of Atom
ic El1ergy, Vol. 9; 1959. 

EXPEHIlVIENTAL FAST REACTOHS. A. I. 

Leipunsky and O. D. Kazachkovsky 

et aT. in Proceedil1gs of the Secol1d 
Ul1ited Nations 1l1te1'l1atiol1al Confer
ence 011 the Peaceful Uses of Atomic 
Energy, Vol. 9; 1959. 

THE POSSIBILITIES OF SECUHlNG LONG 

RANGE SUPPLIES OF UHANIUM THOHI

UM AND OTHEH SUBSTANCES FROM 

kNEOUS HOCKS. H. Brown and L. T. 
Silver in Pl'Oceedings of the inter
national COl1ference on the Peaceful 
Uses of Atomic El1ergy, Vol. 8, pages 

129-132; 1956. 

RADIATION-IMITAT ING 

CHEMICALS 

THE BIOLOGICAL ACTIONS AND THEHA

PEUTIC ApPLICATIONS OF THE B
CHLOHOETHYLAMINES AND SULFIDES. 

Alfred Gilman and Frederick S. 

Philips in Sciel1ce, Vol. 103, No. 2, 

675, pages 409-415; April 5, 1946. 

THE CHEMICAL AND GENETIC MECI-IA

XISMS OF CAHCINOGENESIS. 1. NATUHE 

AND MODE OF ACTION. A. Haddow 

in The PhYSiopathology of Cancer, 
edited by Freddy Hamburger, pages 

565-601. Hoeber-Harper, 1959. 

CHEMICALS WHICH PHODUCE THE SAME 

BIOLOGICAL EFFECTS AS ATOMIC 

HADlATIONS. Peter Alexander in 

Atomic Radiation and Life, pages 

220-228. Pelican Book, 1957. 

THE GHEEN FLASH 

F ACTOHS WHICH DETERMINE THE Oc

CUHHENCE OF THE GHEEN HAY. H. W. 

Woad in NatlU'e, Vol. 12 1, No. 3,048, 

page 501; March 3 1, 1928. 

FUHTHEH EXPEHIMENTS IN ILLUSTHA

TION OF THE GHEEN FLASH AT SUNSET. 

Lord Rayleigh in The Pl'Oceedings of 

:patterns lor tomorrow 
for holders of advanced degrees now exist in Boeing Wichita's tremen
dously expanded long-range research and development program for 
PHYSICISTS or ELECTRICAL RESEARCH ENGINEERS to conduct acoustics 
and noise control research supporting advanced designs; to analyze 

survival properties of advanced vehicles in present and future environ
ments; and evaluate the potential of vehicle defense proposals ... 

ANTENNA DESIGN ENGINEERS to conduct research and development 
leading to miniaturization of antennas by use of loading dielectrics 
and/or ferrites ... CONFIGURATION DESIGNERS to create military 
and civilian vehicle designs based on general missions param
eters . .. DYNAMIC LOADS ENGINEERS to conduct research 
in existing and future air/space loads . . . OPERATIONS 
AND WEAPONS SYSTEM ANALYSTS to estimate operational 

utilities of various devices under study by Advanced 
Design and recommended optimum design param

eters, using advanced (IBM-709) computer 
aids. Qualified engineers should 

communicate their interest in 
any of these top positions 

to Employment Manager, 
Mr. Melvin Vobach, 
Boeing Airplane Co., 

Department SAA, 

Wichita 1, Kans. 

BOEING IIrICHITA 
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MEET THE BEAUTIFUL AMERICAN 
A few years ago life for Chung San 
Kim was hopeless. He had no home in 
war ravaged Seoul, Korea. His mother 
died during the communist invasion. 
Even the chance to go to school was 
denied him. His invalided father could 
not earn enough for Chung San's food 
and school supplies. 

One day a truly astonishing thing 
happened! A Save the Children Feder
ation Representative came to their 

. I 

Now there is hope! 

shack and told Chung San Kim that he 
had a sponsor ... a kind person who 
wished to help children in need. His 
sponsor was Mrs. Sonia Busch of 
Millbrook, N. Y. in the United States 
of America. 

Chung San could not believe his 
good fortune until he received money 
and undreamed-of gifts of food and 
warm clothing. The thing that meant 

more than the feeding of his hungry 
body was the chance to feed his eq ually 
hungry mind. Mrs. Busch's sponsor
ship meant Chung San could go to 
school! 

Through correspondence, Mrs. Sonia 
Busch became more than a name to 
Chung San Kim . . . more than a 
sponsor. He called her, "Sister whom 
I only can see in dream." 

Poignantly he wrote: 

"Autumn has stolen away, and now 
it is early winter here in Korea. The 
skeletonized trees without reddened 
leaves are standing lonely ... Praying 
for the happiness of my sister." 

At the end of every letter he drew a 
picture to illustrate his thoughts. 

With drawings and words touched 
by poetry, Mrs. Busch in Millbrook, 
N. Y. knew that in Chung San Kim's 
eyes, she is a beautiful American. 

The SCF Family of Sponsors 

You, too, can be a beautiful American 
in the eyes of a child. Join with Mrs. 
Busch and the many sponsors of SCF 
who get enormous satisfaction from 
helping children like Chung San Kim 
in the less fortunate, free countries of 
the world. 

Fill in the coupon below; begin an 
experience of "people-to-people" help, 
that can be one of the most gratifying 
experiences in your life. 

1--------·················----·---·--·.···············.-.------� 
Registered with the U. S. State Department Advisory Committee on Voluntary Foreign Aid 

"SERVING CHILDREN FOR 28 YEARS" 

SAVE THE CHILDREN FEDERATION 
Boston Post Rd., Norwalk, Connecticut 

I want to sponsor a child at $ I 50 a year in: Korea ... Greece ... France ... West Germany 
(refugee children only) ... Finland ... Italy ... Lebanon ... or where need is greatest. ... 
Enclosed is $150 for I year .. . $75 semi-annually . . .  $37.50 for 1st quarter . . . $12.50 
for 1st month ... I cannot be a sponsor but enclosed is my gift of $ ....... . 

Please send me my sponsored child's name, story and picture. 

NAME . . . . . . . • • . • • . . . . . . . . . . . . . • • . . . . • • . • • . • • . • • • . . . • . • • . • . . • • • • • • . • • . • • . • . • . • . . . .  

ADDRESS . . • • . • • • • • • . • . . . • . • . . • • . • . . . . . • . • • • • . . . • . . . . • . . . . . . . . . • • • . . . • • . . • . . . . . • . •  

CITY . . . . • • . . • . • • • • • • . . . • • . • . . • . . • • • . . . • . . • .  ZONE . . . • .  STATE . . . . . . . . . • . . . • . . . . . . . • 

Contributions are Deductible for Income Tax: purposes SA 1-60 
---------_.-_ ......... _-... _ .. -----------_. __ ... . ..... --------! 
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The Physical Society, Vol. 46, Part 4, 

No. 255, pages 487-498; July 1, 1934. 

THE GREEN FLASH AT SUNSET AND AT 

SUNRISE. T. S. Jacobsen in Sky and 
Telescope, Vol. XII, No. 9, pages 

233-235; July, 1953. 

THE GREEN FLASH, AND OTHER Low 

SUN PHENOMENA. D. J. K. O'Connell, 

S. J. Interscience Publishers, 1958. 

THE GREEN RAY. M. Minnaert in Light 
and Colour in the Open Air, pages 

58-63. G. Bell and Sons Ltd., 1940. 

NUCLEAR CONTROL 

OF THE CELL 

BIOCHEMICAL CYTOLOGY. Jean Brachet. 

Academic Press, 1957. 

NUCLEOCYTOPLASMIC RELATIOKS IN 

DROSOPHILA. Helen Gay in Cold 
Spring Harbor Symposia on Quantita
tive Biology, Vol. XXI, pages 257-

269; 1956. 

NUCLEO-CYTOPLASMIC RELATIONS IN 

SALIVARy-GLAND CELLS OF DHoso

PHIL.,,". Helen Gay in Proceedings of 
the National Academy of Sciences, 
Vol. 41, No. 6, pages 370-375; June, 

1955. 

THE M ECHANISM OF BREATHING 

THE LUNG: CLINICAL PHYSIOLOGY AND 

PULMONARY FUNCTION TESTS. Julius 

H. Comroe. Year Book Publishers, 

1955. 

THE RESPIHATORY MUSCLES AND THE 

MECHANICS OF BREATHING. Edward 

James Moran Campbell. Year Book 

Publishers, 1958. 

MATHE MATICAL GAMES 

MEDIEVAL NUMBEH SYMBOLISM, ITs 

SOURCES, MEANING AKD INFLUENCE 

ON THOUGHT AND EXPHESSION. Vin

cent Foster Hopper. Columbia Uni

versity Press, 1938. 

THE NUMBEH OF THE BEAST. Augustus 

De Morgan in A Budget of Paradoxes, 
Vol. 2, pages 218-240. The Open 

Court Publishing Co., 1915. 

NUMEHOLOGY. E. T. Bell. The Williams 

& Wilkins Company, 1933. 

THE AMATEUR SCIENTIST 

BEGINNING IN ARCHAEOLOGY. Kathleen 

Mary Kenyon. Frederick A. Praeger, 

1953. 

NOTES ON IHOQUOIS AncHAEOLOGY. 

Alanson Skinner. Museum of the 

American Indian, Heye Foundation, 

1921. 

THE TESTIMOKY OF THE SPADE. Geoffrey 

Bibby. Alfred A. Knopf, Inc., 1956. 
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SOLVING PUZZLES TO POINT THE WAY The professional atmosphere and environ

ment maintained at Allied Research is in keeping with the responsibilities placed on this creative organization by 

Government and industry in solving complex problems "across the board" in both basic and advanced areas in the 

engineering and scientific fields. The company's abilities and potentials are greatly enhanced by completely equipped 

laboratory, testing and production facilities. I Allied Research offers unusual capabilities to both Government 

agencies and industry with problems bordering on the frontier of knowledge in ... Aerodynamics 

Applied Mechanics 

Aircraft Operations 

Chemistry 

Electronics and Instrumentation 

Geophysics 

Materials Research and Processes 

Meteorological Systems 

Nuclear' Effects 

Physical Metallurgy 

Physics Research 

Propulsion 

Systems Engineering 

Vibration Engineering 

Weapon Systems Analysis 

To learn more 

about the career 

positions available 

to qualified 

scientists and 

engineers. forward 

your resume 

in complete 

confidence. A 

booklet describing 

Allied Research 

facilities and 

capabilities is 

also available 

on request. 

These unusually broad 

capabilities have created 

outstanding career opportunities 

for those dedicated to 

working on the frontier 

of knowledge. 

ALLIED RESEARCH ASSOCIATES, INC. 
43 LEON STREET. BOSTON, MASSACHUSETTS' GARRISON 7-2434 

A S UB SIDIARY OF VE RTOL AIRCRAF T CORPORATION 
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I 
or 

perD1.an.en.t 

record? 

j' 
·fj 

the difference is a fihn.. Greasy, creased blueprints, tattered, indecipherable 

office memos, faded and easy-to-tamper-with records. These are the things from which 

mistakes are made, everyday, everywhere, in factory, office and store. A polyethylene 

and Mylar* film combination, product of Dobeckmun research, offers an end to all this. 

Use it in conjunction with a desk-top laminator and papers become permanent records. 

And when appearance is important-presentation pieces, advertising layouts, mailing 

shots, to name a few-this speedy post-lamination process will transform run-of-the

mill pieces into stand-out successes whose polish can never rub off. Any office worker 

can laminate a document in seconds (both sides are treated at once), but the protection 

that results will defy time, scuffings, oil, water ... you name it. Post-lamination, one 

of the most promising developments of Dobeckmun film research was achieved in 

close cooperation with a manufacturer of laminators. For complete information, write 

THE DOBECK:M:UN COMPANY 
*T.M DUPONT 

A Division of The Dow Chemical Company, Cleveland I, Ohio Berkeley 10, California Offices in most principal cities 
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New Frontier of Product Creation 

From building blocks for better products to stepping stones to outer space, 
the products of isocyanate chemistry are here today to meet the challenge of 
tomorrow's needs. 

The versatile range of mono-functional, poly-functional, aromatic and 
aliphatic isocyanates manufactured by Mobay are even now being used to 
create superior coatings, rocket fuel binders, stronger elastomers, more versatile 
adhesives, more functional foams, chemical and pharmaceutical intermediates. 

And this is just the beginning. 

Many of these "building block" chemicals and polymers were developed to 
meet the specific needs of the prolific urethane product industries. However, 
the many different types of isocyanates developed by Mobay, and their readi
ness to react with so many different compounds, indicate that a whole realm 
of new product possibilities lies just beyond the threshold of present-day 
knowledge. This is the challenge. 

It takes a creative chemist with vision to convert idea raw material into end 
product results. You may be the one. May we team up with you to find ways 
to put these busy molecules to work for your company? 

Let's talk over your needs 

Above is a partial list of the newest 
resource of engineering raw materials 
for industry-the new category of iso
cyanate polymers and intermediates de
veloped by Mobay. They are waiting for 
you to translate them into action. Write 
for detailed technical information. 

MOBAY CHEMICAL COMPANY 

Dept. 5-2 Pittsburgh 34, Pa. 

i-I MOBAY 
First in Urethane Chemistry 

® 

Mobay 
manufactures 

isocyanates 
polycarbonates 

and urethane 
chemicals 
for foams. 

elastomers 
and coatings. 
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vision / avenir 
"Gandhi said: 'To the millions who have to 

"Comme I'a dit Ie Mahatma Gandhi: 'Les millions de gens qui 

go without two meals a day the only acceptable 
ne mangent pas deux fois par jour ne peul'ent accepter Dieu s'il ose 

form in which God dare appear is food.' 
apparaitre autrement que sous forme d'aliments'. Une utilisation 

Creative uses of atomic radiation in 
productive du rayonnement atomique dans l'agriculture peut 

agriculture can help give more and better food 
aider a fournir de plus grandes quantites d'aliments de meilleure 

to all peoples, everywhere. Atomic 
qualite a tous les peuples. En mettant ainsi, sans conditions, 

contributions to the agricultural development 
la science nucleaire au service du developpement agricole 

of undernourished nations, with 'no strings 
d2s nations sous·alimentees, nous prouverons une fois de 

attached,' will offer new proof to the world 
plus au monde que nous pratiquons Ia fratemite que no us prechons." 

th�t we practice the brotherhood we .preach." 

reality / fealite 
TRIGA, the inherently safe research, training and 

Le TRIGA, reacteur offrant par sa structure meme toutes garanties 

isotope-producing reactor, conceived, designed and 
de securite et prevu pour la recherche, la formation professionnelle 

produced by General Dynamics Corporation's General 
et la.production d'isotope.s, a ete con�u, mi. au point et realise 

Atomic Division, is now in use or soon will be in 
par la General Atomic Division de la General Dynamics Corporation. 

operation on five of the six continents. India: 
II est deja ou sera bien tot mis en servioe dans cinq des 

cooperative research and experiments at the World 
six continents, aux fins suivantes. Indc: recherches et experiences 

Agriculture Fair in New Delhi; Belgian Congo: 
conjointes II I'Exposition agricole mondiale de New-Delhi; 

research in bone growth and bone disease; Republic 
Congo beige: recherches sur Ia croissance et les maladies des os; 

of Korea: studies of genetic mutations in plants; 
Republique de Coree: etudes sur les mutations genetiques des plantes; 

Brazil: training of engineers; Republic of Vietnam: 
Bresil: formation d'ingenieurs; Republique du Vietnam: enquetes sur 

investigation of tropical diseases; Japan: technical 
Ies maladies tropicaIes; Japon: formation de techniciens et 

training and biological research; Austria: programs 
recherches biologiques; Autriche: programmes de physique nucleaire 

in nuclear physics, isotopic chemistry; Italy: 
et de chimie des isotopes; Italie: recherches sur la physique 

research in neutron physics; United States: training, 
des neutrons; Etats·Unis: formation profession nelle, recherches 

research in plant growth, irradiation of seeds, 
sur la croissance des plantes, irradiation des semences, 

cancer diagnosis and research in human metabolism. 
diagnostic du cancer et recherches sur Ie metabolisme humain. 

CONVAIR 

ELECTRIC BOAT 

GENERAL ATOMIC 

GENERAL DVNAMIC:S 
CAN ADAIR LIMITED 

ELECTRO DYNAMIC 

STROMBERG-CARLSON 

LlOUID CARBONIC 
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