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Niagara Falls 

A 6,OOO-DEGREE flame, slicing through hard steel to 
repair a harvester in a Kansas wheat field, echoes the 
roar of its faraway birthplace-the tumbling waters of 
mighty Niagara Falls. 

Before the waters rush on toward the sea, their 
tremendous energy is captured in the form of electricity 
by Niagara's power plants. Part of this vast power is 
put to work nearby in the huge electric furnaces of 
Union Carbide. 

In the blazing white heat of the electric-arc fur­
nace, a mixture of coke and limestone is converted into 
calcium carbide. When water is added to this grayish, 
rock-like substance, the powerful gas called acetylene 
is generated. 

Acetylene is the fuel for one of the hottest flames 
available to man. Teamed with oxygen, it forms the 
oxy-acetylene flame which is used in metalworking 

in [(ansas? 

everywhere-from cutting and welding huge steel plates 
to repairing equipment for the farm, factory or home .. 

The people of Union Carbide also pioneered the 
extensive use of acetylene for making basic chemicals. 
These versatile materials are starting points in the 
manufacture of new lifesaving drugs, colorful plastics, 
textile fibers ... and countless other products impor­
tant to our everyday living. 

F R E E: Learn how Union Carbide products and research 
help satisfy basic human needs. Write for "Products and 
Processes" booklet J. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET m NEW YO R
·

K 17. N. Y. 

In Canada: UNION CARBIDE CANADA LIMITED, Toronto 

UCC's Trade-marked Products include ---------------­

PREST-O-LITE Acetylene CRAG Agricultural Chemicals EVEREADY Flashlights and Batteries ELECTROMET Alloys and Metals 

LINDE Oxygen SYNTHETIC ORGANIC CHEMICALS PRESTONE Anti-Freeze HAYNES STELLITE Alloys Dyne! Textile Fibers 
PYROFAX Gas BAKELITE, VINYLITE, and KRENE Plastics NATIONAL Carbons UNION Carbide UNION CARBIDE Silicones 
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When research into cyanoethylation began many years 

ago, its future was unknown. 

Its real future is still unknown today. But chemists are 

intensifying their investigation to discover new deriva­

tives that may be obtained with acrylonitrile. 

The challenge is pressing, since almost any material con­

taining a labile hydrogen atom is reactive with acryloni­

trile. Lignin, for example, with its phenolic hydrogen and 

other reactive centers is susceptible to cyanoethylation. 

But the question of what properties might be developed 

from the altered molecular structure containing a reactive 

Nothing contained herein shall be construed as a recommendation to 
produce or use any product in conflict 'With existing patents. 

nitrile group opens a broad new field for study. 

Some day the answers to thousands of questions like 

these will be known. Perhaps from your laboratories will 

come some of the answers that will result in new and 

profitable products. 

Technical Literature on acryloni­

trile and laboratory-size samples are 

available. Write on your letterhead to 

Monsanto Chemical Company, Plastics 

Division, Room 969, Springfield 2, 

Massach usetts. 

Where creative chemistry works wonders for you 
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FOR. 

farming forests 

chromyl chloride 

aluminum chloride 

Farming Forests 
As Joyce Kilmer put it, "Only God 
can make a tree," but we are not im­
modest in saying that now science can 
make it grow better and faster. 

This is the revolutionary concept of 
silviculture: treating a tree as a crop 
-for its cellulose content. Its purpose 
is to make available more and cheaper 
pulp and paper products. 

Forestry has long been held back by 
the concept that a tree will grow, if it 
just has enough water. For years we 
have practiced extractive forestry by 
cutting down our natural, virgin for­
ests for wood products. When this area 
is restocked, or when it is farmed and 
then returned to the growing of trees, 
the growth is inferior, because plant 
foods-nitrogen, phosphorous, potas­
sium - have been lost from the soil. 

The solution to this problem is sim­
ply putting food back into the soil, but 
most foresters have felt that giving 
trees nutrients is generally impractical. 

To determine exactly how practical 
it is to fertilize trees, Allied Chemical's 
Nitrogen Division sponsored a five­
year study at North Carolina State 
College. This pioneering work, just 
being completed, indicates beneficial 
effects of plant food on Loblolly pine. 

Other recent studies have revealed 
that fertilization produces a 40 to 65% 
increase in tree growth, cutting years 
off the growing cycle of pulp wood. 
By speeding a tree's growing time, the 
forester gets a faster turnover of capi­
tal and shortens the time the tree is 
exposed to danger from fires or pests. 

Growth is the most dramatic indi­
cator of forest fertilization. But there 
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are many more advantages: an increase 
in sap and nut production, and in the 
quality and quantity of seeds; a healthier 
tree, better able to stave off fungus 
and pest attacks; a better root system 
and thicker foliage, making the tree 
more efficient. 

Aerial fertilization is an important 
economy, for dusting planes can "feed" 
hundreds of trees in a day. 

What is believed to be the first aerial 
application of a complete fertilizer to a 
forest recently took place at Rutgers 
University Dairy Research Farm at 
Beemerville, N. J. The test, on an 11-
acre stand of red pine, was by Rutgers' 
Forestry Department and Allied's 
Nitrogen Division. 

Fertilizers currently being used in 
forest studies are ARCADIAN 12-12-12 
-a balanced, granular (nitrogen-phos­
phorous-potash) combination, ARCA­
DIAN UREA 45 - a high analysis, pel­
leted, 45% nitrogen fertilizer, and 
ARCADIAN nitrogen solutions. 

In conjunction with its field studies, 
Nitrogen Division is also sponsoring 
the first world-wide bibliography of 
forest fertilization with a grant at the 
College of Forestry of New York 
University at Syracuse. 

This definitive work contains over 
600 references, and the important point 
is that most of them relate studies 
which show a favorable response to 
forest fertilization. The Allied Chem­
ical-New York University bibliography 
demonstrates that it is technically feas­
ible to fertilize our forests. The Allied 
Chemical-North Carolina test demon­
strates that it is economically feasible. 
ARCADIAN and SOLVAY are Allied Chemical trademarks 

Barrett 
Generalll1emi:a1 
Mutualll1emi:a1 

DIVISIONS< NaIi1naI Aniline 
Nitrogen 
Sernet�tIay 
Solva, Process 

== ___ "Inte'malilnal 

Chromyl Chloride 
A new chromium chemical-with many 
unique properties-has been developed 
in a high-grade of purity by Allied's 
Mutual Chemical Division. 

Chromyl chloride (Cr02 C12) is a 
volatile liquid, characterized by its 
cherry-red color, soluble in carbon 
tetrachloride and similar solvents. In 
undiluted form it is a strong oxidizing 
and chlorinating agent, reacting so vig­
orously with many substances as to 
cause ignition. 

In suitable solvents, many controllable 
and selective reactions may be carried 
out between organic materials and 
chromyl chloride. It is a starting mate­
rial for making chromium organic com­
pounds, some of which have unique and 
useful properties as surface coatings 
and bonding materials. 

Until recently, the researcher need­
ing chromyl chloride was required to 
prepare it himself. Mutual Chemical 
has since put this interesting chemical 
in pilot plant production. 

Aluminum Chloride 
We can only suggest the variety of uses 
to which aluminum chloride (AICb) 
can be put. It is, for example, a cata­
lyst in chemical synthesis; it promotes 
reactions in the producti'on of dyestuffs 
and intermediates, insecticides and 
pharmaceuticals; most recently, it is 
finding use for the first time in alumi­
num plating. 

The older and perhaps more often 
thought of application is in the Friedel­
Crafts reaction. SOLVAY anhydrous 
aluminum chloride is produced as a 
high quality crystalline solid and is 
shipped in a variety of granulations. 
r--------------------, 

Information Service 
ALLIED CHEMICAL 
61 Broadway, New York 6 
Please send me the fal lowing material: 
o Information on tree fertilization 
o Technical data on chramyl chloride 
o Technical data on aluminum' chloride 

Name' __________________ _ 

Company' ___________________ _ 

Address' ___________________ __ 

'\ 

Title' _____________________ _ 

Remarksi ___________________ _ 

l ___________________ _ 
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SCHIZOPHRENIC? 
If the chemical behavior of lithium is atypical of that of 

the alkali group, it is not entirely unpredictable. Theoretical 
chemists have long recognized that ion size (as well as valence) 
predetermines chemical attributes. Taking our cue from 
Pauling, it is apparent that the radius of the lithium ion is of an 
order of magnitude which gives it something in common with 
the elements of Group II and even Group III. 

c. 

1.0 

Ionic Radius in Ang stroms 
2.0 o 1.0 

Electronegativity Coefficients 

Pauling went a step further and calculated "electrone­
gativities" based on bond strengths. This calculation gets com­
plicated, but suffice to say that the smaller the electronegativity 
coefficient, the more alkaline is the element, and the more 
ionic is the nature of the bond. 

To those who take their structural inorganic chemistry 
seriously, these relationships suggest that lithium is likely to be 
a non-conformist among the alkalies. At Foote, we indeed do 
take our chemistry seriously. In fact, we've been searching out 
little known facts about the lesser known lithium compounds 
for some time now. 

Some of our findings are good cases in point-such as 
the solubility of lithium chloride in ethyl alcohol. Here it re­
sembles BeC12 and MgC12 much more than it does the other 
alkali chlorides. Its water solubility, too, is the highest of the 
Group I chlorides-and is of about the same magnitude 
as SrCI2. 

These and other data are to be found in our booklet, 
"Chemical and Physical Properties of Lithium Compounds," 
which was just recently revised. This isn't a frilly publication 
but it is a good compilation of the best available data on 
lithium compounds, much of which is being presented for the 
first time. Beginners will find it boring-but working chemists 
will be intrigued. A letter will bring it to you. 

454 Eillhteen West Chelten Building, 
Philadelphia 44, Pa. 

RESEARCH LABORATORIES: Berwyn, Pa. 

PLANTS, Exton, Pa.; King, Mountain, N.C., Knoxville, T&nn.; Sunbright, Va •• 

2.0 

THE COVER 

The apparatus on the cover is used 
at the University of Chicago to study 
the metabolism of tuberculosis drugs 
by experimental animals (see page 
1.'35). The operation of the appara­
tus is described in detail by the dia­
gram shown at the bottom of page 
142. The apparatus was made by Ar­
no P. Roensch of the Southwestern 
Scientific Glass Co. in Santa Fe, N. M. 
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Cover painting by Rudolf Freund 
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BASIS MATERIALS THAT 

CAN BE KANIGEN COATED 

METALS 

Virtually all of the alloys of iron, cop­
per and aluminum, wrought and cast, 
can be satisfactorily Kanigen coated. 
In certain instances, particularly with 
regard to aluminum alloys, special 
pre-coating preparation techniques 
are required which may cause some 
alteration of the basis material. Alu­
minum alloys are slightly etched in 
pre-coating treatment, and Kanigen 
coatings on these surfaces usually will 
display a satin finish appearance. In 
most cases, however, Kanigen coat­
ings will reproduce accurately the sur­
face finish as it is supplied. 

Tin, lead, zinc, cadmium, antimony 

Kanigen·coated lO·inch valve body (cast steel) 

Kanigen-coated cast-iron rolls 

Kanig en is a uniJorm, hard, cor­
rosion-resistant nickel-phosphorus 
coating_ It can be applied to iron, 
copper, nickel or aluminum and 
their alloys as well as ceramics, 
glass and thermo-setting plastics. 
This is achieved through a chem­
ical bath without the us e oj 
electricity. The coating (pro­
bably a solution oj nickel phos­
phide in nickel) exhibits many 
desirableproperties not normally 
a s s ociat e d  w ith met a ls o r  
metal plating. 

and bismuth cannot receive Kanigen 
coatings directly, and if immersed in 
the coating solution, will retard the 
coating reaction. This precludes the 
use of tin-lead solders on parts in­
tended for Kanigen coating; silver 
solders are acceptable if  they can 
be used. 

Kanigen alloy coatings are utilized 
on small and large metal parts. For 
example, Kanigen coatings have been 
applied to components measuring -h 
inch maximum dimension, and to the 
interior surfaces of vessels 50 feet 
in length. 

NON-METALS 

Glass, ceramics and thermosetting 
plastics can be Kanigen coated. These 
materials are chemically or mechanic-

Kanigen-coated aluminum parts 

Kanigen-coated brass fitting 

ally roughened prior to coating, and 
while Kanigen deposits on these non­
metals are adherent and continuous, 
they will reproduce the roughened 
surface, displaying a modified "orange 
peel" appearance. 

Should a polished surface be re­
quired, electrolytic copper plating may 
be deposited on the Kanigen coating, 
buffed to the desired finish and fol­
lowed with additional Kanigen or 
electro-plated metals. 

Kanigen nickel alloy coatings are 
applied directly to the non-metals to 
provide the following: 

soIderable surface 
conductive surface 
wear res is tan t surface 
moisture barrier 
base for electrodeposition 

Kanigen-coated stainless steel cylinder 

lfyou have a problem that a Kanigen applieation may !olve Dr if you'd like further information, write: 

KANIGEN DIVISION, GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street, Chicago 90, Illinois. 
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ON TELEVISION 

NOVEMBER 1 9 

" 

ur Mr.S 
" 

The first in a series of T V shows 

about science, sponsored 

by the BELL TELEPHONE SYSTEM 

Pictures of natural phenomena figure prominently in "Our Mr. Sun," 
like this High Altitude Observatory movie of an explosion on the sun. 

Presenting scientific information with the drama, 
excitement and humor of popular entertainment. 

The science programs have been in preparation for 
several years under the guidance of a distinguished 
scientific advisory group. They are a serious attempt 
to bring to the public an understanding of the meaning 
of science and the work of scientists, showing their 
part in modern life and culture and helping to inspire 
interest in science among young persons. 

"Our Mr. Sun" is a full-hour film in color, deals 
with solar physics, solar astronomy and the uses of solar 
energy. Its accuracy and authenticity are assured by a 
panel of the world's leading scientists in solar studies, 
including Dr. Farrington Daniels, Dr. Armin Deutsch, 
Dr. Donald Menzel, Dr. Walter Orr Roberts and Dr. 
Otto Struve. Produced and directed by the Academy 
Award-winning director Frank Capra; anim�ted draw­
ings by UP A Pictures, Inc. 

Tune in this special science telecast on the CBS -TV Network, 10 to 11 P. M., 

E.S.T., Noven1ber 19, 195&. Check local listings for time and station. 
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u. S. Army Phot'l 
AA Fire Control System TSO mounted on "Duster", the Army's twin 40mm self-propelled vehicle M42. 

This is a major advance in control of fire for this weapon. 

FRANKFORD ARSENAL IS ARMY'S CENTER 
FOR ORDNANCE WEAPONS FIRE CONTROL SYSTEMS 

This "Old Line" Arsenal in Philadelphia is a key member 
of the Army-Ordnance-Industry team. Since World War II 
it has been rapidly converting from a manufacturing instal­
lation to a research and development center responsible for 
national direction or major support of Ordnance ammunition 
and weapons programs, chemical, metallurgical, and ballistic 
research, and gage design and supply. 

The major operating organizations of Frankford are the 
Pitman-Dunn Laboratories Group, the Ammunition Group, 
the Gage Laboratory, and the Fire Control Instrument 
Group. The latter is a small arsenal in itself, consisting of 
research and development, industrial procurement and pro­
duction, and field service elements. Working with weapons 
systems contractors in private industry, its scientists and 

This is one of a series of ads on the technical 
.lctivities of the Department of Defense. 

engineers have been responsible for successful application 
of optical range finders to tanks, for the Sky sweeper AA 
System and the AA Fire Control System M33. Today, 
Frankford maintains close relations with the Army Ballistic 
Missile Agency and Redstone Arsenal for the solution of 
guidance problems. Recently this group has applied radar 
ranging to the twin 40mm self-propelled light AA gun, the 
"Duster", enlarging this weapon's capabilities for dealing 
with high-speed, low Hying aircraft. 

That segment of industry interested in fire control instru­
ments, ammunition components, and recoilless weapons 
relies for definition of the problem, and allocations of pro­
grams, on Frankford Arsenal, whose goal has been defined 
as Total Technical Teamwork. 

109 

FORD INSTRUME NT COMPANY 

ENGINEERS 

DIVISION OF SPERRY RAND CORPORATION 

31-10 Thomson Avenue, Long Island City 1, New York 

Beverly Hills, Col. Dayton, Ohio 

of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 

8 

Engineers at Ford Instrument Company 
working on a design of a special Anti-air­
craft project. 
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BUSINESS IN MOTION 

"Printed circuits!" "Printed circuits!" You hear it 
on all sides today. And well you might. For printed 
circuits have so many advantages. They have com­
pactness as compared to conventional wiring and 
compactness that makes possible better assembly 
arrangements and techniques. Numerous, time-con­
suming hand operations are eliminated, there are 
fewer rejects, shorter, less intricate assembly lines, 
and fewer soldering operations, as with printed cir­
cuits a single dip-soldering opera-
tion can solder all joints at once. 

Revere) naturally, has been in­
terested in printed circuits from 
their very inception. So Revere 
Research Engineers immediately 
went to work to perfect a copper 
that would meet all of the rigid 
requirements encountered in man­
ufacturing printed circuits as well 
as those necessary to their effi­
cient operation. Accordingly, they 
set up these rigid specification 
standards: there can be no peaks 
or valleys. Surface must be hard 
and of uniform density through 
and through and side to side to maintain positive con­
ductivity throughout the circuit. Also, a hard surface 
permits resist to clean off easily as there are no pores 
to hold resist and cause trouble later when soldering. 
Even the most closely spaced and finest lines encoun­
tered in a printed circuit must have a sharp definition 
of the edges and be freer from pits, pinholes and 
imperfections. 

Also, the copper must be free from oxidation as 
it comes from the mill and without lead inclusions, 

present a sufficiently clean surface so that fluxes will 
wet readily and when automatic1;llly soldered the 
solder coat will be uniform every time ... free of 
skips or bald spots. Copper-to-Iaminate bond strength 
must be uniform and adequate. Revere Rolled Cop­
per also shall exceed standard specifications as well 
as meet ASTM BS specification for purity with a 
99.9% minimum rating. 

Those were the rigid standards set up by Revere 
Research Engineers and those 
are the standards met by the 
Revere Rolled Copper now avail­
able in unlimited quantities. Said 
one laminator, after using Revere 
Rolled Copper, "It enables us to 
give our customers superior cop­
per-clad laminates that present a 
smoother surface (freer from pits, 
pinholes, and imperfections) ... 
more uniform thickness without 
sacrifice of conductivity. The re­
sult has been, consistently satis­
factory etching at better produc­
tion rates." 

And, because you can get all 
the advantages of Revere Rolled Copper at no extra 
cost it will pay you to make absolutely certain that 
you specify Revere Rolled Copper for your printed 
circuits when you order your boards from your 
laminator. 

But, whether you order Rolled Copper from Revere 
or other materials furnished you by other manufac­
turers .. . the best results and the greatest satisfac­
tion are obtained only when you take your suppliers 
into your confidence .. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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Servomechanisms' first sub-system-the Range Servo Ana­
log Computer got its wings in one of Republic's famous 
Thundercraft-the Thunderjet F-84D. More than just a 
product-the Range Servo was the beginning of a whole 
new design philosophy ... one of reducing a complicated 
"all in one" servo system into individual plug-in units. 

Over 25 different models of 

the Range Servo (all tailored 

to meet the specific require· 

ments of a particular aircraft) 

have, to date, been assembled 

from a few basic units. In every 

case the amplification, power 

source, and modulation stages 

are the same components. 

mounted on a common chassis. Over the years, from the F-84D through the modern F-84F, 
this design philosophy of "building block" sub-systems has enabled us to continue to solve 
complex military equipment problems for Republic and for many other major airframe 
manufacturers. 

To all of these airframe manufacturers, the chief advantage of the "buildi.ng block" concept 

is reliability. These companies have proved by tests and by usage that Servomechanisms' 
functionally packaged plug-in units are rugged and easy to service. As aircraft complexities 

. continue to increase, reliability becomes more and more important. By constantly improv­

ing the performance and reliability of our own sub-systems, we contribute to the para­
mount goal of the U. S. Air Force ... that of insuring the overall effectiveness of the total 
Weapons System. 
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They used to remove a section of the deck to 
get a radar switchboard inside a submarine. 
Now it fits easily through a hatch because 
Admiral has redesigned the unit to reduce 
bulk and weight by as much as two-thirds! 

This priceless saving in pounds and inches 
is only one of the new unit's many advan­
tages. Formerly up to 400 man-hours were 
needed for major repairs such as replacing a 
defective switch section. Now the job is done 
in 20 minutes! The entire unit is built up of 
standardized sub-assemblies fitted with mul­
tiple connector plugs. It is a simple matter to 
remove and replace a faulty switch or ampli­
fier. Each switch section even has its indi­
vidual power supply to keep the switchboard 
operable in case one section goes out. The 
unit can be readily expanded to handle addi­
tional radar indicators by simply adding more 
self-contained sections. Printed switches and 
circuit boards, designed for automation 
assembly, are ruggedly resistant to vibration 
and humidity. 

The radar switchboard, for use on all types 
of naval vessels, is typical of Admiral's ad­
vanced design, research and development in 
electronics, now being carried forward for all 
branches of the Armed Services. 

Aclmiral® 
CORPORATION 

Government Laboratories Di v ision, Chicago 41 

LOOK TO Adm;r,,1 FOR 

RESEARCH. DEVELOPMENT. PRODUCTION 
IN THE FIELDS OF: 

COMMUNICATIONS UHF AND VHF. MILITARY TelEVISION 

RADAR • RADAR BEACONS AND IFF . RADIAC 

TELEMETERING • DISTANCE MEASURING 

MISSILE GUIDANCE • CODERS AND DECODERS 

CONSTANT DelAY LINES · TEST EQUIPMENT 

elECTRONIC COUNTER MEASURES 

Facili t i e s  Brochure d e s c r ibi n g  

Admiral plants, equipment and e x  .. 

. perience sent on request. 

ENG INEERS: The wide scope of work in progress at 

Admiral creates challenging opportunities in the field of 

your choice. Write Director of Engineering and Research, 

Admiral Corporation, Chicago 47, Illinois. 

II 
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�e-��800�� The new colorful 

Monroe "800" gives your business the unmistakable forward look-provides the 

"touch of velvet" that makes anyone a figuring expert. Its beauty of design and advanced 

precision keyboard bring gracious decor and streamlined 

efficiency to the truly modern office. 

Under this distinctive case is a 

mechanism built to 

endure for years to come. 
See the MAN from 

� MpNRdE 
o I!'Ji.X CALCULATING Monroe Calculating Machine Company, Inc. 

General Offices: Orange, New Jersey. 

Offices throughout the world. 

12 

\ M ADDING 
"'----" ACCOUNTING 

DATA PROCESSING 
MACHINES 
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NEW WORLDS FOR 

THE ORGANIC CHEMIST 

OrganoFnnctional Silanes are a new class of silicon 
intermediates which undergo the classic organic reactions. 
UNION CARBIDE now makes these available to chemists 

in all branches of industry. 

By applying conventional organic synthesis techniques, the 
unique properties of silicones can be built into a wide 

variety of industrially important materials. Wherever an 

amino or carbethoxy ester now serves, one or more 
of UNION CARBIDE'S OrganoFunctional Silanes may be 
substituted. Solubility ... compatibility ... volatility 

thermal stability ... and many other properties can thus 
be changed! 

Silicones Division, UCC, is producing these materials and 
is prepared to supply research quantities today. The 
organic chemist is for the first time in a position to utilize 
silanes by techniques completely familiar to him. To 
find out how OrganoFunctional Silanes can help solve your 
problems, write to Dept. R-ll for the detailed booklet 
pictured below. 

SILICONES DIVISION 

UNION CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET I!I3:3 NEW YORK 17. N. Y. 

The term "Union Carbideu "is a trade-mark of Union Carbide and Carbon C.rp.rI.ti,j,';"�!;�l:!?: 

© 1956 SCIENTIFIC AMERICAN, INC



Want to 

weigh 
a 

whisper? 

IF a whisper had tensile strength .. . 
you could measure it delicately 
with the Instron Universal 
Tester. Yet, this versatile in­
strument is rugged. Instron is 
used in many industries to meas­
ure such characteristics as elon­
gation, compression, hysteresis 
and elastic modulus with elec­
tronically controlled accuracy. 

THE TABLE 
MODEl INSTRON· 

load range: 
2 grams to 

200 lbs. 

THE FLOOR 
MODEl INSTRON· 
load range: 
2 grams to 
10,000 lbs. 

For facts booklet, write: 
INSTRON 
ENGINEERING CORPORATION 
446 Hancock St., Quincv 71, Mass. 
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LETTERS 
Sirs: 

Upon reading your special issue en­
titled "The Universe," I recalled the 
following poetical comment which ap­
peared a while back in the British maga­
zine The Listener: 

The ears of a Hoyle may tingle, 
The blood of a Dingle may boil, 
When Hoyle pours hot oil upon Dingle 
And Dingle cold water on Hoyle. 

But the last of the wrangle will settle. 
Old stars will look down on new soil. 
The pot will lie down with the kettle 
And Dingle will mingle with Hoyle. 

JOHN E. PFEIFFER 

New Hope, Pa. 

Sirs: 
Your September issue on the uni­

verse . . .  makes an impact which might 
be misleading. Its power stems, not from 
the data nor from their actual interpreta­
tion by the scientific community, but 
from an editorially determined unanimi­
ty which does not correspond to the 
realities of modern cosmology. Grant me, 
therefore, space for this brief and be­
lated presentation of the contrary 
minority opinion. 

It is not the case, as Allan Sandage af­
firms (page 171), that "there is one solid 
meeting ground between the theories 
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Change of address: Please notify us four weeks 
in advance of change. If available. kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses. including postal 
zone numbers, if any. 

Subscri)ltion rates for U.S.A. and possessions: 1 
year, $5; 2 years, $9; 3 years, 512.50. Canada and 
Latin America: 1 year, $6; 2 years, $11; 3 years, 
$15. All other countries: 1 year, $8; 2 years, 114; 
3 years, S18. 

and the observations, and that is the 
apparent expansion of the universe. " On 
the contrary, Finlay-Freundlich and 
Born reported in February, 1954 (Pro­
ceedings of the Physical Society, Lon­
don), that the red-shift results from pho­
ton-photon collisions. This finding is in 
accord with all the other data; specifical­
ly with the fact that the red-shift increas­
es as the distance of the light source 
except at the outer limits, where photon­
photon collisions are relatively few. Thus 
at one stroke they throw in serious doubt 
the exclusiveness (the "solid" meeting 
ground) of the expanding-universe in­
terpretation . .. 

EDWARD F. HASKELL 

New York, N. Y. 

Sirs: 
It is entirely proper that Mr. Haskell 

point to other possible interpretations 
of the red-shift data. The very nature of 
science requires that scientists approach 
their problems with unpledged and un­
prejudiced minds. To do otherwise is to 
court disaster. We must be ready at all 
times to discard accepted theories and 
interpretations if they prove to be either 
inadequate to explain additional data or 
inferior to some new theoretical struc­
ture. But there are well recognized rules 
by which a new idea must be tested. It 
stands or falls on its ability to explain 
and predict. 

The September issue outlines a theory 
of the expanding universe based pri­
marily upon Einstein's theory of gravity. 
These concepts have, up to now, with­
stood the tests of inquiry. In 1954 Fin­
lay-Freundlich put forth a new hypo­
thesis which suggests that interactions 
of photons with a radiation field might 
cause an effect similar to the Compton 
red-shift for photon-electron scattering. 
Finlay-Freundlich argued that such an 
effect could explain certain small but 
anomalous red-shifts observed in partic­
ular stars in our own galaxy. His equa­
tion seemed to also provide an alternate 
explanation for the observed red-shift of 
the external galaxies. How does Finlay­
Freundlich's hypothesis fare when tested 
by its ability to explain and predict? 

First it must be clearly understood 
that Finlay-Freundlich's suggestion is a 
hypothesis and not a theory. It is a first 
postulate instead of a necessary con­
sequence deduced from a set of more 
basic postulates. The fundamental equa­
tion is put down ad hoc. If the equation 
works, this of course is no objection per 
se, since presumably a formulation could 

· 
• 
· 
• 
• 
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Giving life 

to automation 
Start to finish engineering of instru­

mentation systems for automatic control 
of processes is offered through Panellit's 
Instrument Services Division. This staff 
of mechanical, electrical and chemical 
engineers - all with process experience 
- offers the broad scope of services 
outlined below. 

Studies and evaluations of instrument 
requirements, equipment recommen­
dations, and preparation of detailed 
specifications. 

Instrumentation installation, inspection 
and checkout supervised by Division 
engineers working with factory-trained 
craft foremen and technicians. 

Field maintenance of installed instrumen­
tation on a contract basis. 

Overall project coordination of these in­
dividual services places entire respon­
sibility for automatic control systems in 
one qualified organization. 

Division activities have included major 
instrumentation projects in the process, 
power and atomic energy industries and 
for engine test facilities. Your inquiry 
is invited. 

PANELLIT SERVICE 
CORPORATION 

c:eID 
7497 N. Hamlin Ave • •  Skokie, III. 

Panellil of Canada Ltd., T oronlo 14 
fngineered 'nformation System. for .ndustry 

.... 'P �I�,� 
panalog 

Graphic Panels, Panalarm Information 
Control Centers Annunciators Systems 
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then be found which would explain how 
photons interact to produce the desired 
effect. However, the unfortunate fact of 
the matter is that the equation does not 
appear to work. Predictions of observ­
able effects can be made on the basis of 
Finlay-Freundlich's ideas. These predic­
tions do not correspond with reality. 

The most striking contradiction (first 
considered by H. L. Helfer and inde­
pendently by W. H. McCrea) comes 
from the consideration of a double star 
whose orbital plane is nearly in the line 
of sight. In such a system, light from 
one star must travel through the radia­
tion field of the other and in so doing 
will exhibit a red-shift according to 
Finlay-Freundlich's hypothesis. Because 
the stars move around each other, the 
path length of photons from one star 
through the radiation field of the other 
is changing and this will appear as a 
change in the red-shift. 'For the eclipsing 
star system Gamma Cygni, Finlay­
Freundlich's original equation predicts 
that this change amounts to 200,000 
kilometers per second. The observed 
change, due to the orbital motion, is only 
245 kilometers per second, which is in 
violent contradiction with the theory. 
There are other equally serious objec­
tions to Finlay-Freundlich's ideas and 
these have recently been discussed by 
M. A. Melvin, G. R. and E. Margaret 
Burbidge, O. Struve and D. Popper. Be­
cause of this, cosmologists are not yet 
ready to accept Finlay-Freundlich's hy­
pothesis as a substitute for the general 
theory of relativity. 

It is very likely that our present ideas 
of cosmology do not represent ultimate 
truth just as those of Aristotle, or of Kep­
ler, or even of Newton do not. Certainly 
changes in the philosophy and in the 
detail of our present system will occur in 
the future. It may even be that the entire 
system itself will eventually be shown to 
be untenable and must be discarded. 
Consequently, it is quite essential to 
guard against complacency by continu­
ally testing and questioning. But it is 
necessary to test all new ideas against 
the real world. Finlay-Freundlich's hy­
pothesis appears to have withered under 
this comparison. 

ALLAN R. SANDAGE 

Mount Wilson and Palomar 
Observatories 

Pasadena, Calif . 

Sirs: 
I should like to mention a small point 

in connection with Herbert Dingle's ar-

ticle in the September issue of Scientific 
American. The details of this are, of 
course, far more familiar to the expert 
knowledge of Professor Dingle than to 
that of a casual reader like myself, but 
as the matter seems to me of some inter­
est I welcome the opportunity to bring 
it up. 

On reading Professor Dingle's article, 
and as a matter of fact the entire Sep­
tember issue, one might get the idea that 
the first man to propose that the solar 
system (for want of a better term) was 
heliocentric was Copernicus. This is not 
correct, and Copernicus knew he had a 
predecessor . 

Up to the time of Plato, astronomy 
was not studied openly in Athens. Anax­
agoras, an Ionian resident in Athens 
from 480 to 450 B.C., was jailed and 
later expelled for his refusal to leave 
astronomy to the theologians. Observa­
tional astronomy was a subversive activ­
ity. The heavens and their populations 
were presumed to be divine, and an im­
portant characteristic of this divinity was 
their ordered motion in regular and per­
fect circles, proving that they were un­
der the control of divine intelligence. 
Since the apparent motion of the sun, 
moon and planets was irregular, the sec­
ular attitude of the Ionian natural philos­
ophers might receive encouragement, or 
the religious attitude of those with keen 
eyes but little piety might suffer. 

Since Plato was convinced that the 
true motions of the planets were in per­
fect circles at uniform speeds, he asked 
his disciples just what uniform and cir­
cular motions could account for the ap­
parent motions. In what may amount to 
the first Fourier analysis of periodic 
functions, the apparent paths of the 
planets were analyzed by Eudoxos and 
Callippus into the resultants of over 30 
uniform circular motions. 

It was impossible to force all the ob­
served data into so strait a jacket. Eu­
doxos assumed that the annual motion of 
the sun was perfectly uniform. In order 
to do this, he must have of necessity ig­
nored the discovery of Meton and Euc­
temon some 100 years before (430 or so 
B.C.) that the sun does not take the 
same time to describe the four quadrants 
of its orbit between the equinoctial and 
solstitial points. 

Attempted simplification of a system 
for which each new discovery was an 
embarrassment was perhaps not inevi­
table if one considers the prevailing re­
ligious temper, but something of the 
Ionian influence still remained. Herac­
lides of Pontus, who lived from 388 to 
310 B.C., proposed that since Venus and 
Mercury are never observed at any great 
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Write for your copy of 
"STAINLESS STEEL IN 

PRODUCT DESIGN" 
40 pages of useful engineering 
and fabricating data, includ. 
ing practical examples showing 
where, when and how stainless 
steel improves design, adds 
benefits, helps sales. 

ADDRESS DEPT. SC·83 

Wherever you want to nrotect something 
• • •  that's a place 
for A·L Stainless Steel 

In a textile plant, like the applications 
pictured above, Allegheny Ludlum Stain· 
less Steel protects against off-colors in the 
dyeing and finishing department because 
it cleans up easily and quickly from batch 
to batch, leaving no traces of the previous 
dyes. In yarn twisters and other equip­
ment in the weaving department, A-L 
Stainless provides the hard, smooth sur· 
face and high abrasion-resistance that 
protects against snagging and binding. 

Food, beverage, dairy, drug and chern. 
ical plants use A-L Stainless Steel to 
protect the purity of their products; hos­
pitals, hotels and restaurants use it to 

protect appearance and sanitary standards; 
cars, trains and planes use it to protect 
strength and safety. And they all gain a 
host of bonus benefits from stainless 
steel, too: such as far less cleaning and 
maintenance expense, far longer life in 
service, and far greater economy in the 
long run. 

No other metal can match stainless steel in 
these qualities. In addition, A·L Stainless is 
easy to fabricate and we produce it in 
every form or shape that you may require. 

• Let us help you to profit by it. 
Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 

For Stainless Steel in All Forms-call 
-

Allegheny Ludlum 
Warehouse stocks carried by all Ryerson Steel plants 
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SHAPE UP ... 
lor nuclear povver 

The efficiency of power produc­
tion from nuclear reactors depends 
a great deal upon the design, 

composition, and construction of 

the fuel element itself. Shape, size, 

mechanical structure and degree of 

enrichment all play a part in the 

extraction of maximum energy 

with minimum fuel cost. 

Finally, the reprocessing of ir­

radiated fuel elements has an im­

portant bearing on the unit cost 

of nuclear power. This is a task 

that requires expert knowledge and 

specialized equipment and, in gen­

eral, is an outside service that will 

be required by reactor operators. 

With more than eight years of 

successful experience in solving 

advanced technical problems in 

atomic energy, Sylvania has long 

been a leading processor of reactor 

fuel elements and assemblies, as 
well as a pioneer in the develop­

ment of fuel elements and reproc­

essing techniques. 

Whether your reactor plans are 

immediate or for the future . . •  

for power or research • • •  inter­

national or domestic . . . our 

scientific and engineering staff will 
gladly discuss your problems with 

you. For your files, write for 

Sylvania's just-published booklet 

on Nuclear Fuels. 

SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, P. O. Box 59 

Bayside, New York 

In Canada: Sylvania Electric ( Canada) Ltd. 

Shell Tower Building, Moll/real 

Sylvania International Corporation 

14 Bahnhofstrasse, Coire, Switzerland 

�SYLVANIA 
ATOMIC ENERGY DIVISION 

LIGHTING . RADIO . ELECTRONICS . TELEVISION . ATOMIC ENERGY 
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angular distance from the sun, they ro­
tate about it. He proposed further that 
the apparent diurnal rotation of the 
heavens might be explained as a diurnal 
rotation of the earth about an axis. 

It would seem a short step from the 
position of Heraclides to a totally helio­
centric hypothesis. Aristarchus of Samos, 
who was born the year that Heraclides 
died, was the first man to propose that 
the earth revolves about the sun. 

Heliocentricity got no farther than 
this during antiquity. Seleucus, a Baby­
lonian, was the last man before Coper­
nicus to support such a hypothesis. The 
religious principles that placed earth at 
the center of all things finally suppressed 
attention to experimental fact. The Pto­
lemaic system was established at Alex­
andria before 125 B.C. (Ptolemy died 
after 161 A.D.). Only the Epicureans 
(as typified by Lucretius) thought of the 
sky, sea, stars and moon that they "are 
so far from divinity, so unworthy of a 
place among the gods, that they may 
rather serve to impress upon us the type 
of the lifeless and the insensible." 

KERAN O'BRIEN 

Jamaica, N. Y. 

Sirs: 
Mr. O'Brien is quite correct in stating 

that some among the early Greeks had 
conceived a heliocentric universe: Co­
pernicus himself seems to have taken 
this as a license permitting him also to 
suggest something contrary to the ortho­
dox view. But these ideas were no longer 
alive in his day, and would not have af­
fected the course of astronomy without 
the detailed discussion of the movements 
of the spheres, based on many centuries 
of observations, which Copernicus was 
able to provide. The convincing element 
in Copernicus' work was not possible to 
Aristarchus. Even Nicholas of Cusa, who 
taught the same doctrine in the 15th 
century but without applying it in de­
tail, made no impression. 

HERBERT DINGLE 

Purley 
Surrey, England 

Sirs: 
In the August issue of Scientific Amer­

ican the section "Science and the Citi­
zen" carried a story on the "ultraviolet 
sky." Robert J. Davis of the Harvard 
College Observatory had computed the 
brightness of stellar objects in the far 
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Fabric helps shield watchful eyes 

on the 

"owerll 

From th is radar 

picket station 110 
miles out in the Atlantic, land 

defenses will receive advance 

warning of approaching aircraft. 

The "Texas Tower" shelters its sensitive 

"eyes" in strange·looking balloons called 

"radomes," capable of withstanding the fiercest 

gales, yet without blocking the radar's "view." 

Fabricated by Firestone Tire & Rubber Co., the radomes are 

made of rubberized nylon actually "supported" by additional 

interior air pressure. And the nylon fabric, we are proud to say, was 

engineered for this purpose by Wellington Sears. 

Fabrics for such rubberizing applications are only part of the long list 

provided to all kinds of industry by Wellington Sears over more than a century. 

Whatever your problem may be, if it involves fabric for coating-or "working" 

fabrics of any kind, cotton or synthetic-turn to Wellington Sears 

for able, experienced help. 

For informative booklet, "Modern Textiles for Industry," write Dept. f-ll. 

ellington Sears· 
FIRST In Fabrics For Indusfry 
For the Rubber, Plastics, Chemical, Metallurgical, 
Automotive, Marine and Many Other Industries 

Wellington Sears Co., 65 Worth 51., New York 13. N. Y . •  Atlanta' Basion' Chicago' Dallas' Detroit· Los Angeles - Philadelphia' San Francisco' St. Louis 
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Every Sigma Engineer 
Has His Own Sedan Chair! 

Fortune has indeed smiled on our engineering people, for theirs is the 

kingdom of the true vacation-vocation. Head back, mouth open, completely 

relaxed, a typical Sigma Engineer arrives at the magnincent_�!�� -,=,� 
I 

about 10:00 A. M. each Tuesday through Thursday, . 
ready for another creative day in the company 

of pure SCIENTISTS_ n� His lot is not that of his father's, 

Q.:tb - - . . 
when hard work was �:'" -

looked upon as a virtue and 

something to be proud of. The Engineer at Sigma 

devotes his day to stimulation, and receiving the plaudits of his fellows. 

Similarly, at his luxurious home in the sylvan set� �. . 
known as South Braintree, the Sigma Engineer's wife �)l. 

fairly bursts with happiness, "�\ I t. so proud is she of her 
' \:�( '<l I�I. 

husband's Achievement >..�.�) rJ in Life. Can she be blamed for 

occasionally re-reading � his contract, whose benefits include 

guaranteed life income, country club membership for all living relatives, 

and permanent possession of his illuminated desk nameplate? 

If you would like to be an SSSSRE"', send application to 

L. Quinlan at address below. No matter how good your 

qUalifications, you will not be hired. 

*Satisfled Successful Sigma Sensitive Relay Engineer 

s u e  C E E D W IT H SIGMA 
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SIGMA INSTRUMENTS, INC. 

40 Pearl Street 

South Braintree, Boston 85, Massachusetts 

ultraviolet and found that, apart from 
the sun, the brightest objects would be 
the southern Wolf-Rayet stars, Zeta Pup­
pis and Gamma Velorum. Also no fewer 
than 23 stars will have ultraviolet magni­
tudes brighter than minus 1. 

Scientific American introduced its re­
view of Davis' work with the prediction 
that "as rockets and earth-circling satel­
lites rise above the atmosphere, astrono­
mers will be able for the first time to 
capture the ultraviolet light emitted by 
the stars." Ultraviolet astronomy has in 
fact already begun with the use of high­
altitude rockets. At 2 a.m. on November 
17, 1955, the first measurements of far­
ultraviolet emissions of the celestial sky 
were made bv E. 1'. Byram, T. A. Chubb, 
H. Friedman and J. E. Kupperian, Jr. ,  of 
the Naval Research Laboratory with an 
Aerobee rocket Hown from the White 
Sands Proving Ground in New Mexico. 
The results of this experiment were re­
ported late in August by Dr. Kupperian 
at the American Astronomical Society 
meeting in Berkeley, Calif. 

The rocket reached an altitude of 104 
kilometers. It was equipped with several 
photosensitive detectors of the photon­
counter variety which were designed to 
respond uniquely to narrow bands of far 
ultraviolet radiation between 1,100 and 
1,350 Angstroms. Stars with tempera­
tures 10 times as great as that of the sun 
would radiate with maximum intensity 
at these short wavelengths rather than in 
the visible region. 

The photon counters were collimated 
to view a small portion of the sky at any 
instant. As the rocket spun and yawed 
through its Hight, the collimators swept 
out a large field of the night sky, and the 
instantaneous ultraviolet signals were 
telemetered to radio receivers on the 
ground. The strongest signals were re­
ceived from the galactic plane and par­
ticularly bright emission could be identi­
fied with Zeta Puppis and Gamma Ve­
lorum. 

It was also possible to isolate the dis­
crete line of emission of atomic hydrogen 
at 1,216 Angstroms known as the Lyman 
alpha line. It appeared as a diffuse radia­
tion over the entire night sky. Future 
studies of this particular radiation may 
provide a clue to the distribution of hy­
drogen between earth and sun. More 
refined experiments are already being 
designed, and rocket astrofiomy will cer­
tainly develop rapidly during the next 
few years. 

HERBERT FRIEDMAN 

Naval Research Laboratory 
Washington, D. C. 
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This much overfill (1/64') 

At filling rate of 450 12-oz. containers per minute 
(half of Hytafill' s maximum capacity) : An overfill 
of 1164-in. per can amounts to 1 oz. every 23.3 cans 
- or 20 oz. per minute ... 100 cans per hour ... 
800 cans or 33 cases per 8-hr. shift. On two-shift 
production, you'd fill a standard car with an average 
case capacity of 4 to 4¥.J thousand cases in 3 months. 

can steal a carload of 
profits from your plant 
every 3 months 

G E HYTAFILT@X-RAY MONITOR 

." L "sees" wasteful overfill 
... helps you stop it immediately 

to make immediate adjustment to filling apparatus_ Whether you package liquids or free-flowing solids-overfill 
may be stealing thousands of profit dollars annually. If for 
instance, you're canning beer, this will add considerably to 
your barrel taxes. 

Not so in plants equipped with General Electric Hytafill. 
Installed on your conveyor line, this high-speed x-ray moni­
tor detects variations of :ya2" (± ¥o4") in filling opaque con­
tainers ... actuates automatic reject mechanism ... warns you 

Hytafill gives you both overfill and underfill inspection on 
every container - at a maximum rate of 900 per minute. 
Full-time detection at minimum cost! Most leading brewers, 
and a host of canners and packers of other products, are 
incorporating General Electric Hytafill equipment not only 
in new construction, but in their modernization programs as 
well. How about you? 

Fast installation - adapts to existing conveyor lines. Hytafill consists 
essentially of a tube head and detector with remote control. Requires very little 
space. Tube head and detector are sealed against moisture ... may be washed 
with steam and hot water. For full details on Hytafill, call your nearest General 
Electric x-ray representative. Or write X-Ray Department, General Electric Com­
pany, Milwaukee 1, Wisconsin, for Pub. TT-114. 

"R-ogress Is Our Most Imporf<1l1f Prodvcf 

GENERAte ELECTRIC 
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NNOUNCIN . .  1 
TO HElP YOU COMPARE a U. S. PowerGrip XX I-I cavy Duty "Tim­
ing" Belt drive with the four other common fonm of power trans­
mission of equal capacity, a power transmission engineer offers his 
recommendations based on published application and load ratings, 
for thc following: 

A 300-HP drive (at 1160 rpm.) including application factors. 3.00: 
1 speed reduction. Approximately 50" center distance. 

Here, complyinr with minimum pulley sizes and other practices 

commonly observed, are his recommendations (with approximate 

comparative cross sections of space occupied by each drive): 

"TIMING" BELT DRIVE 

Belt: XXH "Tim ing" Belt 10" 
wide by 160" P. l. 

Motor Pulley: 9.549" P. O. (24-
groove) 11/4"-pitch 

Driven pulley: 28.648" P. O. (72-
groove) l'/4"-pitch 

Belt speed : 2900 feet per minute 

V-BELT DRIVE 

Betts: 10 Super Service "0"­
Section V-Belts (OP-225) 

Motor pulley: 18.0" P. O. x 10. 
D-groove, 143/4" wide 

Driven pulley: 54.0" P. O. x 10-
groove, 143/4" wide 

Bett speed: 5380 feet per min­
ute 

GEAR DRIVE 0 
Herringbone gear 3peed reducer 
with 3 1 ratio. (A tYPical reducer 
of reqUired capacity weighs 1440 
Ib, measures 33" long, 26%" 
high and 19" Wide.) 

ROLLER CHAIN DRIVE flAT BElT DRIVE 

Chain: #80-8 (8 strands) 1"-pitch 
x 152 pitches 

Motor sprocket: 7.979" P. D. (25 
teeth) 

Driven sprocket: 23.880", P. D. 
(75 teeth) 

Chain speed: 2380 feet per minute 

(Requires Type #3 lubrication 
with oil-tight case for sump 
pump) 

Schematic of "Timing" 

Belt drive used for com· 
parison above 

0 .. ----- , 

1 l , ' , , , ' 

1 _____ .1 

�elt: 21" wide x 8-ply x 18' 4" long 
Motor pulley: 18" O. D. X 23" wide 
Driven pulley: 54" O. D. x 23" wide 
Belt speed: 5380 feet per 

minute 

Rubber cut .. way 
to show $teel cables 
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THE "TIMING"® BELT DRIVE 
FOR HEAVY-DUTY MACHINERY 
TH I SLIFE-SIZE illustration only begins to suggest the brute 
strength built into this double extra-heavy-duty tooth-grip 
belt with steel-cable tension member designed for drives up to 
1000 hp. Appearance doesn't tell the whole story, because, 
rating for rating, U. S. PowerGrip "Timing" Belt drives are 
lighter in weight and occupy less space* than any other form 
of mechanical power transmission. 

Approximately 2)f times lai'ger - and 2)� times stronger­
th.an the standard "Heavy Duty" series, the new XX Heavy 
Duty drives bring to high-torque power transmission a never­
before-obtainable combination of features: 

• Highest·efficiency positive transmis· 
sion of power. 

• Complete elimination of drive lubrica· 
tion !including the problems and ac· 
cessories involved). 

• Precise angular synchronization 
("Timing") between two or more 
shafts. 

• Quiet operation. 

• Practical elimination of power loss 
due to slippage, friction and high ini· 
tial tension. 

• Compactness and high strength·to· 
weight ratio. 

• Belt speeds as high as 7500 fpm. 

• Low initial cost; no maintenance; 
long life. 

A complete line of U. S. PowerGrip "Timing" Belts-plus expert 
engineering assistance-is available at any of the 28 "U.S." District 
Sales Offices, at selected "U. S." power transmission distributors, 
or by writing U. S. Rubber, Mechanical Goods Div., Rockefeller 
Center, New York 20, N. Y. In Canada, Dominion Rubber Co., Ltd. 

*IncJuding accessories required by some other drives. 

Mechanical Goods Division 

United States Rubber, 
- --- ---""" 
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• PLASTICS IN ACTION 

With atomic power plants now under construction, 
the age of the atom overlaps the plastics era. The 
product of one helps the other to serve man 
in his peaceful pursuits. 

For plastic components of electrical equipment 
installed in the Atomic Energy Commission 
plant in Ohio, engineers naturally turned to the 
Durez phenolics. The material they selected has high 
dielectric strength and every required mechanical 
properry. In size and complex shape with molded­
in inserts, these parts may sugges·t production 
economies for your business. 

There are many Durez phenolic molding compounds 
for thousands of purposes from alcohol-resistant 
closures to railway signal parts. One or several 
could have structural, thermal, chemical, and 
electrical properties you require to make a betrer 
product ... at lower cost. Consistent uniformity 
in every shipment, a Hooker tradition for 
so years, helps to assure the results you expect. 

Talk to your molder-and write us for our monthly 
"Plastics News." It will keep you up to date. 

Parts molded by Federal Pacific Electric Co. 

Phenolic Plastics that fit the job 

DUREZ PLASTICS DIVISION 

HOOKER ELECTROCHEMICAL COMPANY 
811 Walck Road, North Tonawanda, N_ Y_ 

HDOKER 
CHEMICALS � 

PLASTICS 

50 AND tOO 
YEARS AGO 

NOVEMBER, 1906: "Present roads 
are quite unable to stand up under the 
severe usage imposed by automobiles. 
The most serious difficulty is the abom­
inable dust from which there seems at 
present to be absolutely no escape. As 
matters now stand, the only way to avoid 
dust-raising is to reduce speed consider­
ably below the present speed limit; and 
this is out of the question. The auto­
mobile has come to stay. It is an industry 
too vast, a sport too noble to be sub­
jected to any restrictions which would 
ultimately kill its popularity. Therefore 
if the automobile may not be brought 
down to the road, the road must be 
brought up to the automobile, and some 
way found by which the dust horror may 
be mitigated. None of the various dust­
preventers has proved to be a success, 
although a mixture of blast furnace slag 
and tar is spoken of hopefully." 

"A cable dispatch from Paris an­
nounces that Santos-Dumont, at 4 
o'clock on Monday afternoon, Nov. 12, 
made a new record with his aeroplane, 
'14-bis.' He Hew against a slight breeze 
for a distance of 210 meters (689 feet), 
or a triHe over one eighth of a mile. The 
machine was in the air for 21 seconds, 
which corresponds to a speed of 22.36 
miles per hour. Santos is so elated by his 
success that he prophesies that aero­
planes for private transportation will 
soon be in use in large numbers." 

"Commander Robert E. Peary has 
sent a message stating that he succeeded 
in reaching latitude 87 degrees 6 min­
utes. This is higher than the point 
reached by the Duke of the Abruzzi, who 
held the record. Peary wintered on the 
north coast of Grant Land and then 
traveled by sledge northward. Gales 
broke up the ice, destroyed his caches, 
and cut off communication with his sup­
porting bodies. On the return his party 
had to eat eight dogs." 

"Some little discussion has taken 
place recently regarding the possibilities 
of 'seeing electrically.' Selenium when 
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A TRIUMPH OF TELEPHONE TECHNOLOGY 
CLARENVILLE, NEWFOUNDLAND OBAN, SCOTLAND "1 

Contour of ocean bed where cable swiftly and clearly carries 36 conversations simultaneously. 

This is deep-sea part of system - a joint enterprise of the American Telephone and Telegraph 
Company, British Post Office and Canadian Overseas Telecommunications Corporation. 

A great new telephone cable now links North America 
and Europe-the first transoceanic cable to carry voices. 

To make possible this historic forward step in world 
communications, Bell Laboratories scientists and engineers 
had to solve formidable new problems never encountered 
with previous cables, which carry only telegraph signals. 

To transmit voices clearly demanded a much wider 

More than 300 electron tubes of 
unrivaled endurance operate con­

tinuously, energized by current 

sent from land. 

frequency band and efficient ways of overcoming huge 
attenuation losses over its more than 2000-mile span. The 
complex electronic apparatus must withstand the tre­
mendous pressures and stresses encountered on the ocean 
Hoor, far beyond adjustment or servicing for years to come. 

Here are a few of the key developments that made 
this unique achievement possible: 

Precisely designed equalizing net­
works and amplifiers compensate 

for the loss in the cable every 40 
miles and produce a communica­
tion highway 144 kc. wide. 

----- -- ------------ -------- --------------------- --------- ---

A unique triple watertight seal 

protects the amplifiers from pres­

sures as high as 6500 pounds per 

square inch. 

Power supplies of exceptional re­
liability send precisely regulated 

current along the same coaxial 

that carries your voice to energize 
the amplifying units . • 

BELL TELEPHONE LABORATORIES 

World center of communications research and development 
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Soaring temperatures are no problem with today's 

marvelously practical kitchen utensils. In the home as 

well as industry, handles, lids, radio tube bases, etc., 

are shaped of quality phenolic molding compounds. 

These are compounds designed specifically 

by Plenco to resist heat in excess of 5000 in some 

instances. For this and for other excellent 

properties assuring economy, ease of 

manufacture, and gleaming good looks 

• • .  you can continue to count on Pie nco. 

Serving the plastics industry in the manufacture of high grade 
phenolic molding compounds, industrial resins and coating resins. 

PLASTICS 
ENGINEERING 

COMPANY 
Sheboygan, Wisconsin 

carefully prepared becomes an electrical 
conductor whose resistance is affected by 
incident light. If a selenium surface were 
divided into a large number of small 
squares each of these would represent 
the small squares of a half-tone. If, from 
each square, a wire be led out and an 
equal source of electromotive force be 
introduced into it, the current flowing 
will correspond to the intensity of light 
on the corresponding square and deter­
mine the amount of illumination which 
should fall upon the corresponding 
square of the receiving surface. The fi­
nal picture would be built up of a large 
number of small squares and would re­
semble a half-tone reproduction. It is, 
of course, out of the question to carry 
a considerable distance any such num­
bers of wires as this arrangement would 
require. However, the impressions might 
be produced successively with sufficient 
speed requiring that two different mech­
anisms, one at the transmitting station 
and one at the receiving station, run in 
absolute synchronism. At the present 
time, we seem to be a long way from 
accomplishing this result." 

NOVEMBER, 1856: "Modern eth­
nology is something like spiritualism; 
neither is a new subject, but as treated 
by their students they develop many 
new absurdities. At present the German 
believes the Teutonic to be the model 
race; the Englishman and American be­
lieve the Anglo-Saxon to be the model 
type; while the French and Irish boast 
of the Celt. The truth is that virtue, 
bravery and industry are the qualities 
that make a model man and a model 
race. If such qualities were race pecu­
liarities, then the nation first dominant 
would always be dominant, the Egyp­
tian would still be the Prince of Men." 

"In Gregory's In01'ganic Chemistry­
the most recent work on the subject pub­
lished in our country-we find that there 
are now 61 simple substances (ele­
ments) known to chemists, and of these 
14 constitute the great ma�s of the earth 
and the atmosphere; the remainder oc­
cur only in small quantities, and some 
are very rare." 

"Collisions between vessels have be­
come frequent, and, next to fires at sea, 
they are the most appalling and heart 
rending. The new French steamer Lyon-
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NelN trends and developments 

in designing electrical products . . .  

General Electric thermistors and Thyrite* varistors have unique 

properties that apparently contradict normal electrical laws. 

Here's how they can be harnessed to improve your product. 

General Electric thermistors and 
Thyrite varistors are ceramic-like 
semiconductor resistance materials. 
Each has unique properties - appar­
ently disobedient to normal physical 
laws - that enable it to perform 
tasks in electrical and electronic cir­
cuits which otherwise would require 
costly, complex components. 

The distinguishing feature of 
thermistors is their thermal sen­
sitivity. Thermistors have large neg­
ative temperature coefficients of 
resistance (i.e., their resistance de­
creases tremendously when heated, 
instead of increasing slightly like 
other materials). 

Thyrite varistors, on the other 
hand, are voltage-sensitive. Contrary 
to Ohm's law, a current through a 
Thyrite varistor varies as a power 
of the applied voltage (i.e., doubling 
the voltage through a Thyrite var­
istor can increase the current from 
15 to 25 times, instead of the normal 
2 times). 

The applications based on the 
unique properties of these materials 
are almost limitless. In general terms, 
thermistors are used in the detection, 
measurement, and control of minute 
energy changes; Thyrite varistors 
are used to protect, stabilize, and 
control circuits. 

To give a clearer understanding 
of the ways thermistors and Thyrite 
varistors can be applied, here's how 
they have solved two of the electrical 
engineer's most vexing problems­
temperature compensation and surge 
suppression. 

FIGURE 1 - Typical thermistor 
temperature-compensation circuit 

The resistance of a conventional con­
ductor is so affected by ambient 
temperatures that steady current 
flow cannot be maintained. For ex­
ample, as the temperature of copper 
swings from -600 C to +800 C, the 
resistance increases 53 %. 

However, when the copper is com­
pensated with a properly selected 
thermistor, the maximum deviation 

from the total average resistance at 
250 C is only 3% % - despite the 1400 
swing in temperature. 

In the circuit in Fig. 1, the ther­
mistor's negative temperature co­
efficient of resistance offsets the 
positive temperature coefficient of 
the copper to stabilize current flow. 
In other circuits, thermistors can be 
utilized for signal and warning de­
vices, sequence switching, and other 
time delay applications, because of 
the inherent thermal inertia involved� 
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FIGURE 2 - Thyrite varistor 
surge voltage suppression circuit 

Sudden interruptions of inductive 
circuits cause surge over-voltage, 
arcing, and high-frequency oscilla­
tions - all of which can cause trouble. 
The circuit in Figure 2 shows how a 
Thyrite varistor can be connected to 
hold these effects within safe limits. 

With the Thyrite varistor out of 
the circuit, the surge voltage caused 
by interruptions of the current may 
rise to 9 times applied peak voltage 
(Oscillogram,Figure 3). 

FIGURE 3 

But with the Thyrite varistor in the 
circuit, (Figure 4), the surge voltage 
is limited to less than 3 times the 
normal applied peak voltage. 

FIGURE 4 

The Thyrite varistor draws negligible 
current at rated voltage, yet offers 
sufficiently low resistance at the peak 
current to limit the surge voltage 
to a safe value and to reduce arc­
ing. Also, the Thyrite varistor quickJ..y 
discharges circuit energy by provid­
ing increasingly higher resistance as 
the inductive current decays. 

If a linear resistor were used to 
provide the same voltage suppression 
level, it would have to draw a cur­
rent equal to more than 30% of the 
inductive element current. 

In addition to surge suppression, a 
Thyrite varistor can be used as a 
nonlinear resistance parameter, a 
potentiometer, and a frequency 
multiplier. It can also be used as 
a bypass resistor to protect per­
sonnel and equipment from circuit 
faults. 

Technical literature giving com­
plete data on properties, applications, 
sizes, and shapes of G-E thermistors 
and Thyrite varistors is available. 
And, for the experimenter, there are 
two engineering test kits on each. 

To obtain kits, literature, or the 
assistance of a General Electric 
Engineer on your problem, write: 
Metallurgical Products Department 
of General Electric Company, 11199 
E. 8 Mile Road, Detroit 32, Michigan. 

. 

Progress Is Ovr Mos! Imporf"", Prot/vel 

GENERAL e ELECT-RIC 
-Registered trademark of General Electric Company 
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WE ENGINEER RESULTS --------------------

An important part of any product development project is designing 

or restyling for added sales appeal. Yet it is only one step in a truly 

Creative Product Development Service. 
At Designers for Industry, we go far beyond styling and 

appearance. We engineer cost savings, producibility and improved 

performance into products developed for our clients. We do 

this through carefully coordinated research and engineering, all 

pointed toward profitable results. 

Our client-projects range from major and small appliances to 

complex automatic machines and systems ... in the broad fields 

of mechanical and fluid engineering, electronics and instrumentation. 

DFI's carefully coordinated services have created some impressive 

results for clients in widely varied fields. We'd like to tell you about 

them. W rite for our new "result record" booklet ... DFI Creative 
Product Development at Work. Or, if you have a specific problem, ask 

for one of our representatives to call, without obligation. 

�LANN[D 

PRQDUC1S 

4241 Fulton Parkway Cleveland 9, Ohio 
Technical Surveys. Research and Development. Design Engineering. Industrial Design 

Production Engineering. Transition Manufacturing. Engineering Audits 
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nais was run into on the night she left 
this port by the bark AdriatiC, which cut 
her through the middle. It is believed 
that all on board-150 persons-with the 
exception of 16 who escaped in a boat, 
have perished. The captain of the Adri­
atic reports that he saw the steamer 20 
minutes before his vessel struck her and 
that the collision was caused by the 
steamer suddenly altering her course. He 
also states that there was a slight haze 
but that it was not foggy. From all the 
evidence gathered, each of the vessels 
was driving on its course with inex­
cusable speed." 

"The U. S. steamer Arctic, which was 
sent by the Secretary of the Navy to sur­
vey the intended route across the Atlan­
tic Ocean between Newfoundland and 
Ireland for the ocean telegraph cable, 
has arrived at this port, having sounded 
all the way across the bed of the ocean. 
The section traversed by the Arctic is a 
plateau. The bottom, in the deepest 
part, is a very fine mud. Toward the 
shores on each side, this mud changes 
into a fine green ooze. No substances 
were met with that might prove fatal to 
a telegraph wire. The distance across 
was 1,640 sea miles, and the greatest 
depth, 2 miles 186 feet." 

"Chemists have been very successful 
in analytic chemistry, that is, in resolv­
ing substances into their elementary 
parts, but not quite so successful in syn­
thetic chemistry, that is, in manufactur­
ing substances found in a state of nature, 
by endeavoring to combine their known 
elements. There have been some splen­
did achievements in synthetic chemistry, 
but not one tithe of what must and shall 
be obtained. Why cannot many articles, 
now very dear, be manufactured by syn­
thetic chemistry from cheap materials? 
We have directed attention to a cheap 
substitute for leather, but there are hun­
dreds of other articles of importance to 
mankind to which similar attention 
might be given." 

"Henry Bessemer has now obtained 
an American patent for his improvement 
in the manufacture of iron; namely, pro­
ducing combustion without fuel by forc­
ing air, steam or other gases through 
molten iron in a vessel to upply oxygen 
to the carbon in the molten crude metal 
and thus produce combustion to burn 
out the excess of carbon. The claim is 
based upon this idea, not that he was 
the first that used air or steam in this 
manner, but that he discovered the ef­
fect of driving oxygenated gases through 
molten iron." 
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pltOlkmA ? 

E lG I N can mass produce 

your miniaturized assemblies at lower cost 

Solve the big problems of small assemblies by letting 

Elgin produce them for you at lower cost. Elgin puts the 

highly trained people and specialized facilities needed 

to handle miniaturized components at your service. 

After all. miniaturization has been our business for years. 

Read about Elgin's "Practical Miniaturization". Our 

booklet tells how Elgin has helped others ... how 

Elgin can help you. Write today for your copy. 

ELGIN NATIONAL WATCH COMPANY 
MICRONICS DIVISION. ELGIN, ILLINOIS 
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In spinning, a soft, rope-like ribbon of fibers called 
"roving" is drawn out and twisted to make yarn. If 
yarn breaks, adhesive force of invisible water films on 
both yam and front spinning roll may cause yarn end 
to "lap up" or wrap around the roll, as shown in center 
above. Lapped yam must then be cut away. If adhe­
sive force is destroyed, however, broken yam will fall 
away from roll, making it easier to "piece up" the end. 

Ho\V glue 

Two layers of ions (electrically charged particles) form in the 
microscopic films of water on both yam and spinning roll cover. 
(Moisture film and yam greatly enlarged in drawing.) This ion 
arrangement creates an adhesive force (electro-kinetic potential) 
that bonds water films tightly to surfaces of roll cover and yam. 
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keeps W"ater from. becom.ing "sticky" 

Unique electrolyte gets rid of surface attraction on yarn 
spinning rolls; may lead to improved drive 

and feed rolls for other industries 

You can't see it, you can't feel it; but covering prac­
tically everything exposed to humid air is a micro­
scopic film of water. Sometimes this film becomes 
"sticky" like an adhesive and bonds things together. 

This stickiness, known technically as a form of 
surface attraction, has been the cause of serious 
problems in industry, particularly in spinning 
textile yarns. A few years ago, however, Arm­
strong textile research men found a way to prevent 
this water film from becoming sticky. Strangely 
enough, they did it with glue! 

Armstrong chemists reasoned that a water film 
on a surface acts like an adhesive because it con­
tains layers of electrically charged particles called 
ions. One layer of ions is positive, the other nega­
tive. This layer arrangement of iOns creates an 
electrical potential that acts like an adhesive force. 
It actually bonds the moisture film tightly to the 
surface of the material it covers. 

In the manufacture of yarn, the film of moisture 
on both spinning rolls and yarn frequently causes 
a phenomenon known as "lapping up." When the 
yarn breaks during spinning, the loose end sticks to 
the spinning roll and wraps tightly around it. Pro­
duction is stopped until the lapped yarn can be re­
moved from the roll. 

Armstrong scientists prevent this "lapping up" by 
adding an electrolyte to the synthetic rubber used 
in making spinning roll covers. According to 
theory, this new roll covering material releases into 
the water film additional ions which cancel out, 
or neutralize, the bonding force created by the 
double-layer arrangement. The water film no 
longer holds the yarn to the roll. 

Of all the electrolytes tested, one of the best at 
preventing water from becoming sticky is animal 
glue. (The details of this development are covered 
in Patents No. 2,450,409-410). Special studies are 
now going on at the Armstrong Research and De­
velopment Center to see if such electrolytic ma­
terials used in roll coverings can help solve surface 
attraction problems in other industries. 

If you manufacture equipment using resilient rolls for han­

dling web or fllm material, you may be troubled by a similar 
form of surface attraction. Specialists at the Armstrong Re­
search and Development Center will be glad to determine 
whether or not an electrolytic rubber roll covering would 
improve the operation of your equipment. For details, call 
the nearest Armstrong Industrial Division Office or write on 
your letterhead to Armstrong Cork Companv. Industrial 
Division, 8211 Inland Road, Lancaster, Pennsylvania. 

ADHESIVES 

@mstrong Industrial Products 
CORK COMPOSITION 
CORK·ANO-RUBBER 
FELT PAPERS 
FRICTION MATERIALS • • •  USED WHEREVER PERFORMANCE COUNTS 

If yarn breaks after being drawn under roll, water films hold 
broken end to roll cover causing a "lap up." This is a result of 
two water films meeting under pressure of roll and merging into 
one. Internal forces in single film make it resist splitting . . . 
and ion arrangements bond it to surfaces of both yarn and roll. 

Such "lap ups" are stopped by roll cover containing electrolyte 
which puts additional ions into water film. These break up ion 
arrangement, destroying adhesive force or electro-kinetic poten­
tial. Water film loses its stickiness . . .  weight of yarn pulls it 
away from roll cover . . .  and broken yarn end cannot "lap up." 
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Discover! 

AMP 
CH3C(CH3)NH2CH20H 

Samples of many Nitro­
paraffins and derivatives 
available for study. 

AMP (2-Amino-2-methyl-l-propanoll is one 
of many versatile Nitroparaffins and deriv­
atives now available in commercial quan­
tity for industry. AMP has been found 
useful as an emulsifying agent and raw 
material in many industries including 
chemical manufacturing, textiles, chemical 
specialties, and paints, varnishes and lac­
quers. Learn how the NP's and derivatives 
may be of help in improving your present 
product or in creating new products. 

I �nld!��h��I��a���NS_ 
I COMMERCIAL SOLVENTS CORP. Be< .. 260 Madison Ave., N. Y. 16, N. Y. j. 

Please send me a detailed data sheet I and sample of AMP plus informa- • 
" , tion on other available Nitroparaffins. 

':: 

NAME' ______ ____________ __ _ I TITLE I 
COMPANy· _____ ____ _ I STREET I 
CITY STATE __ _ 1 ______ 1 

32 

THE AUTHORS 
JAMES A. VAN ALLEN ("The Arti­

ficial Satellite as a Research Instru­
ment") is a professor of physics and 
head of the physics department at the 
State University of Iowa, where he re­
ceived his doctoral degree in 1939. He is 
a native Iowan. During World War II 
he served as an ordnance and gunnery 
officer in the U. S. Navy and had a hand 
in developing the radio proximity fuze 
for the Office of Scientific Research and 
Development. Since the war he has pio­
neered in the application of rocketry to 
upper-atmosphere research. For his role 
in supervising the development of the 
Aerobee rocket he was awarded the 
C. N. Hickman Medal of the American 
Rocket Society in 1949. Later he organ­
ized and commanded rocket-firing ex­
peditions to the central Pacific, Green­
land and the Gulf of Alaska for research 
on cosmic rays. Van Allen has been 
chairman of the Upper Atmosphere 
Rocket Research Panel since 1947. He is 
a member of the U. S. Technical Panels 
for the International Geophysical Year 
in Cosmic Rays, Rocketry and the Earth 
Satellite Program. In the latter com­
mittee he is chairman of the working 
group on internal instrumentation. 

ROLLIN D. HOTCHKISS AND 
ESTHER WEISS ("Transformed Bac­
teria") together performed the first trans­
formations producing drug-resistant bac­
teria at the Rockefeller Institute for 
Medical Research in New York, of which 
Hotchkiss is an associate member. 
Hotchkiss graduated from Yale Univer­
sity's Sheffield Scientific School and re­
ceived a Ph.D. from Yale in organic 
chemistry. After a year as an instructor 
at Yale he went to the Rockefeller In­
stitute in 1935. He has worked there 
since, except for a year of study in 
Copenhagen and a wartime tour of sci­
entific duty with the Navy. At the In­
stitute he was associated with Rene J. 
Dubos in determining the composition 
of the antibiotics tyrocidine and gramiCi­
din. This led him to study the metabolism 
of bacteria as the object of attack in 
chemotherapy, which in turn led to his 
work in genetic transformation. In his 
spare time Hotchkiss is an ardent do-it­
yourself carpenter, photographer and 
mineralogist. Miss Weiss holds a B.A. in 
biology from Smith College. She worked 
with Hotchkiss at the Institute from 
1950 to 1952, and later was with the 
Olin Mathieson laboratories in New 

Haven and Ch:1dren's Hospital in Bos­
ton. She is a science editor ,:nd writer 
as well as a biologist, and by avocation 
a pianist and composer. 

MUZAFER SHERIF ("Experiments 
in Group Conflict") is professor of psy­
chology and director of the Institute of 
Group Relations at the University of 
Oklahoma. As a student at Istanbul Uni­
versity he was greatly impressed by the 
writings of William James. He came to 
the U. S. to study psychology at Harvard 
University, where he took an M.A. in 
1932, and at Columbia University, where 
he earned his Ph.D. under the direction 
of Gardner Murphy in 1935 with a thesis 
entitled "A Study of Some Social Fac­
tors in Perception." If Sherif's interes; in 
perception owes something to the in­
spiration of James, his concern with 
group conflict derives in part from his 
eyewitness experience of war and revo­
lution in his native Turkey, of mass 
hysteria in Germany in 1932 and of 
social decay in prewar France. These 
occurrences made a considerable impres­
sion on him, he says, leading him to form 
the idea of a social psychology "which 
would embody the main features of 
actual life events, poin;ing if possible to 
realistic solutions of such problems." 
From Columbia Sherif returned to Tur­
key and taught psychology at Ankara 
University. A State Department fellow­
ship brought hini to Princeton University 
in 1945; in 1947 he went to Yale as a 
Rockefeller fellow and began the experi­
ments which he describes in his article. 

HARRY L. FISHER ("Rubber") is 
professor of chem:cal engineering and 
rubber technology at the UniverSity of 
Southern Californ:a. He is a graduate 
of Williams College (class of 1909) and 
received his Ph.D. in organic chemistry 
from Columbia University in 1912. A 
synthetic rubber tire was demonstrated 
at a chemical conference at Columbia in 
the same year that he received his doc­
toral degree. Fisher was attracted to the 
new field and became an outstanding 
pioneer in it. He joined the B. F. Good­
rich Company in 1919 as a research 
chemist, moved on to the U. S. Rubber 
Company and was director of organic 
research in two other concerns before 
returning to the academic life in 1953. 
He holds about 50 pate�ts, dealing 
chiefly with adhesives and thermoplastic 
resins, including subs:Lutes for shellac, 
balata and gutta-percha. He has been 
active in the Ame,'ican Chemical Society 
since 1910, has or6an:zed two interna­
tional conferences and has been national 
president of the American Institute of 
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KM SERIES 

ENGINEERING DATA 

CONTACTS, 

Max 3POT. 3/32" 0;0. S;lver 

2 amps., 115V 60 cy. resistive 

VOLTAGE RANGE, 

Up to 4BV DC nominal 

COIL RESISTANCE, 

Up to 6700 ohms 

COIL POWER REQUIREMENT, 

1 watt 

TEMPERA TURE RANGE, 

_45°C to 4- 55°C 

PUll-IN, 

75% of nominal voltoge 

TERMINALS, 

Solder lugs 

��1.'. ' ' i 

SUB-MI RE 3-POLE 
ELAY 

SWITCHING 
& 

This new KM series was engineered fo meet the pressing demand 
for miniaturization and muttiplic:ity of action within a single relay. 
Appli);d ion possibilities coVer a wide field of divers,e products, 
such 5: 

SMALL BUSINESS MACHINES 
!ALARM SYSTEMS INTERCOM SYSTEMS 

REMOTE CONTROLS 

i� only one of the great family of P&B relays . • .  one of more 
ri 20,000 J:digh variations. Custom modification of relays, too, is 

P&B specialty. Thus you have one dependable source for All your 

KM RELAY ABOVE SHOWN ACTUAL SIZE 

P&B STANDARD RELAYS ARE AVAILABLE AT MORE THAN 
500 DISTRIBUTORS IN ALL PRINCIPAL CITIES 

PRINC ETON, INDIANA 
SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY COMPANY 
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Here's how a LEDEX 
ROTARY SOLENOID operates • • •  

The magnetic pull moves the armature along the Solenoid 
axis. This action is efficiently converted into a rotary motion by 
means of ball bearings on inclined races. The inclined ball 
races are made to compensate for the magnetic pull increase 
as the Solenoid air gap closes, thereby providing substantially 
equal starting and ending torque during the rotary stroke. The 
rotary snap-action power of the ledex can be efficiently har­
nessed with a minimum of linkages, through the use of one 
or more standard features available on all models. 

Here's why 
LEDEX ROTARY 
SOLENOIDS are � � 
dependable! � 

� 

o 

As can be seen from the exploded view, ledex Rotary Sole­
noids are simply constructed with few moving parts. All parts 
are manufactured to exacting tolerances and are carefully in­
spected and assembled. The copper wire coil, the heart of the 
Solenoid, was developed especially for this product. It is wound 
by a precision winding process that puts a maximum amount of 
magnet wire into available space ... giving tremendous power 
to compact ledex Rotary Solenoids. 

Basic sizes of LEDEX ROTARY 
SOLENOIDS to choose 

Model No. 2 3 4 5 6 7 8 

Diameter inches lYe 1�6 1?{6 lYe 2Y.; 2% 3% 
Torque Ib •. -inches .4 1.0 1.7 4.0 7.5 25.0 54.0 

Torque values for normal intermittent duty and 45° stroke. 

Engineering data is available upon request. 
WRITE FOR DESCRIPTIVE LITERATURE TODAYI 

Chemistry and Phi Lambda Upsilon. 
Fisher is fond of color photography, hik­
ing and mountain climbing. 

E. N. DA C. ANDRADE ("The Birth 
of the Nuclear Atom") , a physicist and 
writer who has previously contributed to 
SCIENTIFIC AMERICAN, was an associate 
of Lord Rutherford in 1913 and a par­
ticipant in some of the events he de­
scribes in his article. Andrade is a man 
of many parts-the discoverer of An­
drade's law for the creep of metals, a 
historian of science, for 21 years a Fel­
low of the Royal Society, a Chevalier of 
the Legion of Honor, a corresponding 
member of the Academie des Sciences 
and of the Institut de France, a skilled 
linguist, a poet, bibliophile and gour­
met. His career was recapitulated in this 
department in connection with his bio­
graphical sketch of Robert Hooke in the 
issue of December, 1954. 

JEAN MAYER ("Appetite and Obesi­
ty") is associate professor of nutrition 
in the Harvard University School of Pub­
lic Health. The son of Andre Mayer, a 
well-known physiologist, he was trained 
at the University of Paris and became a 
Fellow of the Ecole Normale Superieure 
in 1939. When war broke out he joined 
the French Army as an officer of artillery 
and campaigned with, the Free French 
for five years; his services in Africa, 
Italy and the landing in France won him 
the Resistance medal and several Croix 
de Guerre. In 1945 he went to Yale Uni­
versity as a Rockefeller Foundation fel­
low, receiving his Ph.D. in physiological 
chemistry in 1948. The following year 
he was nutrition officer with the Food 
and Agricultural Organization of the 
United Nations. He joined the Harvard 
faculty in 1950, after taking a Doctor of 
Science degree at the Sorbonne. He is 
the author of some 150 scientific papers 
dealing with such subjects as vitamins 
and the regulation of body temperature, 
as well as with his specialty, obesity. 

LORD ROTHSCHILD ("Unorthodox 
Methods of Sperm Transfer") is assistant 
director of research in the department 
of zoology of the University of Cam­
bridge, and a Fellow of the Royal So­
ciety. He follows in the footsteps of his 
uncle, the second Baron R"thschild, who 
was also a zoologist trained at Cam­
bridge. Lord Rothschild holds the de­
grees of Ph.D. and Sc.D., was a research 
fellow at Trinity College and is the 
author of many studies on fertilization. 
This, however, is only one of his occupa­
tions. He is chairman of the British 
Agricultural Research Council and a 
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THE METAL OF TOMORROW ••• TODAY 
Zirconium production will soon be almost quadrupled by Carborundum Metals, currently the leading 

supplier of low hafnium metal for the AEC. Time-tested processing facilities at Akron, N.Y. are now being expanded 
and a new plant is now under construction at Parkersburg, West Virginia. 

This means that more on-specification reactor and commercial grade sponge and ingot, ready for forgrng, 
rolling and fabricating, will be available - available by the middle of 1957 from the Zirconium industry's pioneer, leader 

and only experienced, large-scale commercial producer. For further information call or write to-

The CARBORUNDUM METALS Co., Inc. 
Akron, New York Production Pioneer of ZIRCONIUM 

Subsidiary of THE CARBORUNDUM COMPANY 

Watch for announcement of Carborundum Metals' new Industry News Service devoted to Progress in Zirconium Technology 
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Technical Operations, Incorporated an.; 
nounces the opening of a new operations 
research facility which will be engaged in 
joint research with the Continental Army 
Command. The new facility will be located 
in Monterey, 

(� 1\ I.. I I� (, It N I 1\ 
and, like all Technical Operations groups, 
will offer contact with many varied scientific 
disciplines, good living conditions, all usual 
benefits, freedom to think and limitless crea­
tive opportunities in a small but growing 
research and development organization. 

� Physicists � Mathematicians � and other Scientists 
will now find positions available either at Monterey, 
California, or Fort Monroe, Virginia. 

I 
for information, write to: 
Robert L. Koller 
Operations Research Group 
6 Schouler Court 
Arlington, Massachusetts 

TECHNICAL OPERATIONS 
N C O  R P 0 R A T E D 

Research and development for 
business, industry and government 

"""'!l member of the British Broadcasting Cor­
poration General Advisory Council. He 
spent three months at the age of 21 in 
the famous family institution, Roths­
child's Bank, but left it because he found 
scientific work more interesting. During 
the war Lord and Lady Rothschild were 
both engaged in antisabotage bomb 
disposal for the British Intelligence Ser­
vice, and both were decorated "for 
dangerous work in hazardous circum­
stances." Lord Rothschild was attached 
to the U. S. Army for a short time as a 
Lieutenant Colonel, and was awarded 
the U. S. Bronze Star and the Legion of 
Merit. His avocations are golf (with a 
handicap of five) and farming. Lady 
Rothschild is a justice of the peace in 
Cambridge. They have six children, 
ranging from one and a half to 22 years. 

LLOYD J. ROTH and ROLAND W. 
MANTHEI ("Radioactive Tuberculosis 
Drugs") worked together at the Univer­
sity of Chicago, where Roth is associate 
professor of pharmacology. Roth is an 
M.D. and a Ph.D. He received his Ph.D. 
in chemistry at Columbia University in 
1942, worked on incendiary bombs and 
jellied gasoline and was later assigned to 
the Los Alamos Scientific Laboratory, 
where he was a research chemist until 
1948. In his last year at Los Alamos 
his interests shifted from chemistry to 
biology, and he went to Chicago for his 
M.D. Manthei worked with Roth as a 
graduate student and received a Ph.D. 
from Chicago in 1953. He is now assis­
tant professor of pharmacology at Jef­
ferson Medical College in Philadelphia. 

MAX BLACK, who reviews James R. 
Newman's The World of Mathematics 
in this issue, is Susan Linn Sage Pro­
fessor of philosophy at Cornell Univer­
sity. He was born at Baku in Russia, 
moved to England and graduated in 
1930 from Queens College of the Uni­
versity of Cambridge. He began as a 
mathematician, but the influence of 
Bertrand Russell and Ludwig Wittgen­
stein diverted him into logic and the 
philosophy of science and language. 
During the 1930s he was a lecturer for 
the Workers' Educational Association 
and the University of London Institute of 
Education. Shortly before World War II 
he received his Ph.D. f�om the Univer­
sity of London and came to the U. S., 
where he has been a naturalized citizen 
since 1948. Black is the author of many 
books, including Cl'itical Thinking and 
Science and Civilization. He reviewed 
Pierre Duhem's The Aim and Structure 
of Physical Theol'y in SCIENTIFIC AMERI­
CAN for August, 1954. 
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Sulfuric Acid sludge is a problem to many ... but not to Stauffer! 

If you can pour it or pump it or get it in a tank car . . •  

send it to Stauffer. We'll "unsludge" it 

and send it back to you ... 98% pure H2S04• 

If you have no sludge and just need Sulfuric Acid, 

we have that, too. Available in tank trucks or tank cars 

of 6 to 100 tons capacity and barges of 

800 to 1500 tons ... wherever and whenever you want it 

in unlimited supply of all commercial grades. 

STAUFFER CHEMICAL COMPANY 
380 Madison Avenue, New York 17, N. Y. 

Telephone: OXford 7-0600 
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TEST A PAPER MISSILE 
Recently a manufacturer of the computer "brains" of a guided missile system came to 

Waldorf Instrument Division of F. C. Huyck & Sons with a testing problem. Hard-to-get 

engineering man-hours were being spent in laboriously giving each guidance computer a 

long series of tests. Could Waldorf design and produce an efficient automatic testing 

instrument to save these man-hours? 

They could and did. The first model was about the size of a spinet piano. The delivered 

testing devices are about the size of a file drawer. More important, they convert results 

and print the answers in clear type. Man-hours spent on testing have been cut to less than 

2% of the original test time. Another of Waldorf's satisfactory solutions in automation. 

Waldorf engineers and manufactures complete systems and instruments in the fields 

of hydraulics, electronics, and electro-mechanics. These products include instruments, 

computers, precision controls, test devices, simulators, servo-mechanisms, valves and 

actuators for industry and the Armed Forces. 

Waldorf will undertake creative solutions for your problems, military or commercial, 

in the development and production of precision instrumentation and controls. For brochure 

and further information write to Waldorf Instrument Company, Huntington Station, 

Long Island, New York. 

WALD 0 RF �:S�:�:I 
Plants at Huntington Station and Dix Hills, L. I., New York HT rue K F.e. U 1 ' & SONS 

Interesting opportunities for qualified electronic and 
hydraulic engineers exist at Waldorf. 

Rensselaer, N. Y., Plants at Rensselaer, Aliceville, Ala., 

Cavendish, Vt., Peterboro, N. H., Arnprior, ant. , Canada 
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Assembly-line adhesive 
speeds bonding of 
honeycomb panels 

To meet today's increasing demand for honeycomb panels, 
a fast yet positive method of bonding this versatile core 
ma terial is essential. 

A new Armstrong adhesive-D-253N-effectively an­
swers this need for speed. It also makes possible fabrica­
tion of honeycomb panels that are stronger and more heat 
resistant than those made with the best thermoplastic ad­
hesives previously available. 

D-253N can hold a dead load twice that of conven­
tional thermoplastic adhesives, and its greater resistance 
to heat makes it useful for either interior or exterior appli­
cations at temperatures up to 1800 F. 

The superior properties of D-253N make it virtually a 
new type of adhesive, intermediate between thermoplastic 
and thermosetting cements. This brings the speed, con­
venience, and economy of air-drying cements to many 
who formerly had to rely on thermosetting adhesives. 

Honeycomb cores can now be bonded to skins of ply­
wood, stainless steel, aluminum, plastic laminate, and 
similar materials easily and quickly. Cores and skins are 
sprayed with the adhesive, dried by infrared heat, and 
assembled-all within a few minutes. Since D-253N 
bonds on contact, one pass through a pinch roll completes 
a panel. 

For more information on D-253N and other Armstrong 
adhesives, write Armstrong Cork Company, Industrial 
Division, 8011 Inland Road, Lancaster, Pennsylvania. 
In Canada, 6911 Decarie Blvd., Montreal. 

@mstrong 
ADHESIVES . COATINGS . SEALERS 

. . .  used wherever performance counts 
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The Artificial Satellite 

as a Research Instrument 

Its pa.rload of 10 pounds will telenleter i1�fonnation about 
conditions at the edge of space. When its batteries have 

run down, we can still learn nluch b.r observing its flight 

M
ost persons interested in space 

travel will be willing to wait un­
til the second or third spaceship 

has made it to the moon and back before 
booking their reservations. The artificial 
earth satellites are another story. If all 
goes well, the first of them will be on 
orbit by early 1958, during the Interna­
tional Geophysical Year. Already there is 
a long waiting list of research projects 
for these first satellites. Unhappily they 
will have little space for research appa­
ratus. Only about half of their 20-pound 
weight can be devoted to instruments for 
recording and reporting phYSical condi­
tions at the edge of outer space. 

The National Academy of Sciences 
and the Defense Department have an­
nounced that they plan to make enough 
launching attempts to establish at least 
one satellite in a durable orbit: there 
may be 12 such attempts during the 
I.G.Y. 

Each successful flight should vastly 
enrich our knowledge of the earth and 
its environment in space. Much has been 
learned during the past 10 years by 
means of high-altitude research rockets, 
and some 200 such rockets will be fired 
during the I.G.Y. But a rocket flight lasts 
only a few short minutes. By comparison, 
a satellite traveling around the earth for 
days or months will be a semipermanent 

by James A. Van Allen 

toring of the intensities of arriving radia­
tions which are absorbed and obscured 
by the protecting blanket of the atmos­
phere. We can get a count and a spec­
trum of the sizes of the micrometeorites 
that the earth sweeps up on its orbit. The 

round-the-world travels of the satellite 
will make possible surveys of the outer 
reaches of the geomagnetic field and the 
cloud cover over vast areas of the earth 
below. These and other satellite observa­
tions can be correlated with observations 

observatory. From it we can undertake SPHERICAL SATELLITE, as represented by this Naval Research Laboratory model, would 
direct and more or less continuous moni- be 20 inches in diameter. The antennas are for the tracking and telemetering transmitters. 
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LAUNCHING FLIGHT PLAN calls for unprecedented feats of 

rocketry and control engineering. The three·stage rocket (see dia· 

gram at bottom of these two pages) will take off vertically (left) 

and tilt gradually to a 45·degree angle. At the burnout and separa· 

tion of the first stage, the vehicle has attained an altitude of 36 miles 

and a velocity of 3,600 miles per hour. The second stage accelerates 

to 11,000 miles per hour at burnout, reaching an altitude of 140 

miles. The vehicle then coasts upward (broken line) to an altitude 

from the ground to establish more clear­
ly the connection between events inside 
and outside our atmosphere. 

Even without instruments a satellite 
can be a useful research tool. When con­
ditions are right, against a twilight sky, 
it will be visible to the naked eye as a 
very faint and fast-moving "star"-about 
as dim as the faintest star an acute hu­
man eye can see. The direction and 
speed of its flight can be plotted by sky 
cameras and by observers equipped with 
low-power telescopes and binoculars. 
The variation of its velocity and the per­
turbations of its orbit will yield precise 
information about the density of the up­
per reaches of atmosphere and about the 

true shape of the earth and the distribu­
tion of its mass within. Fixes taken on its 
position from observatories around the 
globe will locate reference points on dif­
ferent continents with great precision 
and reduce present errors in the world 
map. 

T 
he laws of physics set certain inex-
orable limits on the design and be­

havior of a satellite. In the first place, to 
hold an orbit around the earth the satel­
lite will have to have a velocity of at least 
five miles per second. Man has not yet 
succeeded in hurling any sizeable object 
at this velocity. At the present stage in 
the art of rocketry, the velocity require-

ment sharply restricts the mass of the 
satellite. To get a 20-pound object up to 
orbital velocity at sufficient altitude 
above the earth to free it from the drag 
of the atmosphere will require a launch­
ing rocket weighing 22,000 pounds. It 
might seem that with a propulsion sys­
tem of this size a few extra tens of 
pounds of payload would make little dif­
ference. But to deliver a 40-pound satel­
lite on the same orbit would require a 
propulsion system weighing 44,000 
pounds. 

The choice of orbit is likewise re­
stricted. It is not possible, for example, 
to have a satellite describe a halo over 
the globe around, say, the Arctic Circle. 

FIRST STAGE 

�'--------
LAUNCHING VEHICLE is to be a finless three·stage rocket, 72 

feet long and 45 inches in diameter at its thickest point, with a 

total weight of 11 tons. The first stage, an improved version of the 

Viking rocket, burns liquid oxygen and a mixture of alcohol and 

42 

gasoline to deliver a thrust of 27,000 pounds for 140 seconds. The 

motor is mounted in gimbals, permitting its jet to be turned for 

steering. The second-stage rocket, an improved version of the Aero· 

bee, contains the control system for all three stages and carries in 
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of 300 miles and a distance of 700 miles from the launching point, 

decelerating to 9,000 miles per hour. The nose cone is jettisoned 

early in the second.stage powered flight. Just before the second 

stage separates (center), an array of pinwheel jets spins the vehicle 

on its long axis. The third·stage rocket then accelerates (solid line) 

to 18,000 miles per hour at burnout, 10 minutes and 1,500 miles 

away from the launching point. Finally the satellite separates from 

the third·stage shell (right) and the two continue together on orbit. 

The orbit must lie in a plane through the 
center of the earth. For some purposes a 
perfectly circular orbit would be ideal, 
but since perfect directional control of 
the satellite is impossible, the actual or­
bits will be mildly elliptical in shape, 
with the center of the earth at one of the 
two mathematical foci. Here the ques­
tion of altitude becomes important. The 
lifetime of a satellite is determined by 
the atmospheric resistance it encounters. 
At 300 miles, the projected launching 
altitude, it will find the atmosphere 
about as thin as that in a laboratory 
vacuum. On an elliptical orbit, however, 
it will travel through lower altitudes 
during part of its flight. Air resistance 

there will slow the satellite so that it 
will spiral inward to the denser regions 
where friction will finally burn it up. Be­
cause knowledge of atmospheric density 
at high altitudes is so uncertain, we can­
not make firm predictions about the life 
expectancy of satellites. The objective 
for the first satellite is an orbit which 
will take it no closer than 200 miles from 
the earth's surface at perigee and no 
farther than 1,500 miles at apogee. Esti­
mates of its lifetime in such an orbit 
range from a few weeks to a year. 

For convenience of observation, 
among other reasons, the first satellites 
will be set on orbit at a 40-degree angle 
to the Equator. This orbit will keep them 

SECOND STAGE 

circulating overhead in a zone between 
the 40th latitudes north and south. At 
the orbital velocity of 18,000 miles per 
hour, a satellite will circle the earth in 
about 100 minutes, or 14 to 16 times per 
day. The eastward rotation of the earth 
will cause its path to describe a sinu­
soidal curve around the Equator. The 
equatorial bulge of the earth, and de­
tailed mass irregularities such as moun­
tain ranges, will produce perturbations 
of the satellite's orbit [see diagram at 
bottom of page 45]. 

Over a sufficiently long time the satel­
lite will come at least once within sight­
ing distance of everyone within the or­
bital zone, covering some 125 million 

THIRD STAGE 

-���-------���� NOSE CONE 

its nose the third stage and the satellite. It is powered by uitric 

acid and hydrazine. The second·stage motor is also mounted in 

gimbals for steering. Supplementary control is provided by auxili· 

ary jets which stabilize the vehicle during coasting flight (see dia· 

gram at top 0/ pages) and spin it on its long axis just before the 

ignition of the third stage. The third stage is a solid·propellant 

rocket. It is unguided, but its spin averages out the variations in 

the thrust of its motor so that it stays on a smooth course. 
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TRACKING STATIONS will form a "picket fence" roughly along 

the 75th meridian from Washington, D.C., sOUlh to Santiago, Chile, 

and will be located at strategic points elsewhere. Ellipses indicate 

range of the radio tracking stations; dots locate optical stations. 

square miles of the earth's surface. It will 
be sighted most frequently near north­
ern and southern boundaries of the zone. 
To a casual observer the arrivals of the 
satellite overhead may appear quite ca­
pricious. It will cross the sky at different 
speeds, at different altitudes and in dif­
ferent directions. 

One of the reasons for choosing a 
lateral orbit around the earth is to take 
advantage of the earth's rotation to help 
launch the satellite. The plan is to launch 
the objects from Cape Canaveral, Fla., 
toward the east over the Atlantic Ocean. 
The earth's eastward rotation will add, 
by a kind of slingshot effect, to the ve­
locity given the satellite by the rockets. 
Every bit of velocity is precious. A 
velocity of 18,000 miles per hour and an 
altitude of 300 miles represent an enor­
mous advance over the present record 
of 6,000 miles per hour and 250 miles 
established in 1949 by a two-stage rock­
et. The vehicle that is to accomplish this 
is a three-stage 72-foot finless rocket [see 
lower diagram on the preceding two 
pages]. 

N
° less remarkable than this achieve-

1 ment in rocketry will be the feat of 
control engineering that will carry out 
the flight plan. The vehicle will be self­
guided by an intricate control system 
housed in the second stage. This system 
will take command on the launching 
platform. It will time the ignition and the 
separation of the spent rockets, and it 
will direct the jets of the gimbal-mounted 
motors of the first- and second-stage 
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rockets to swing the vehicle smoothly 
from its initial vertical trajectory onto a 
course parallel with the earth's surface 
[see upper diagram on preceding pages]. 
.lust before it ignites the third stage, it 
will fire a pinwheel array of jets which 
will set the vehicle rotating on its long 
axis. The third stage, spinning at several 
revolutions per second, will then streak 
away in stable flight on the orbit. The 
shell of this rocket might itself serve as 
a satellite, without instruments. If it car­
ries an instrument-loaded "bird," the fi­
nal propulsion shell and the bird will 
separate at a pretimed moment. In that 
case we shall have two companion satel­
lites, for the third-stage shell as well as 
the bird will continue on orbit. The in­
strument-carrying satellite may be a 
sphere, a cylinder or some other shape; 
there is even a possibility that it may be 
made inflatable, to improve its visibility. 

The launching, if all goes well, will 
set the stage for the nerve-wracking task 
of the first sighting of the satellite. 
Down-range observation of the depart­
ing rocket will predict the arrival of the 
satellite over a given observation point 
with an error of no less than six minutes 
and several hundred miles. There may 
well be doubt that the object is actually 
in a durable orbit. The number of fully 
equipped optical observatories will be 
limited. Their coverage will have to be 
extended by mobilizing amateur ob­
servers all over the world and assigning 
them systematically plotted areas of sky. 
If the satellite is not sighted on its first 
time around, the game of sighting it will 

assume constantly greater uncertainty. It 
is needless to enlarge on the haunting 
fear that a satellite might be on orbit and 
yet escape detection . 

Such a possibility dictates that the first 
satellites be equipped with a low-power 
radio transmitter even if they carry no 
other instruments. A radio beacon and 
storage batteries to give it several weeks 
of life can be installed at a cost of about 
one pound in weight. Its signal can be 
used to report observations as well as for 
location. To pick up the signals, an array 
of tracking stations will be located along 
the 75th meridian from Washington, 
D. C., to Santiago, Chile. The satellite 
will have to pass through this picket 
fence every time around. Additional 
stations will be located elsewhere around 
the globe. Some of them may be in the 
U.S.S.R., which recently agreed to tune 
its satellites to the same radio frequen­
cies as ours, and in China. Coverage of 
the sky by these stations will be extended 
by enlisting radio hams to monitor the 
satellites' frequency, especially during 
the critical first trip around the earth and 
during the dying phase. 

Once the satellite has been sighted 
and its first few orbits plotted, prediction 
of its future orbits can be made with in­
creasing precision. The National Acade­
my of Sciences is establishing special 
computation laboratories in Cambridge, 
Mass., and Washington. Their bulletins 
will alert the observers and the public 
at large to the satellite's appearances in 
the sky at ideal seeing times over ob­
servatories and centers of population. 
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The primary optical observations 
will be conducted from 12 specially 
equipped stations. Each will have a 
20-inch Schmidt sky camera, capable of 
registering the image of a 15-inch sphere 
at 1,000 miles or a three-foot sphere at 
the distance of the moon. They will take 
a series of exposures of each passage on 
strip film. On these pictures the satellite 
can be located within a minute or two of 
arc in the sky and within milliseconds in 
time. Such precision will make it possi­
ble to locate observing stations relative 
to one another and to the center of the 
earth to an accuracy of 30 or 50 feet. A 
dozen such fixes will allow geographers 
to connect the maps of the continents 
with new accuracy and will help to es­
tablish the shape of the earth. The per­
turbations of the orbit, observed with 
the same precision, will give important 
information about the shape and struc­
ture of the earth. The rate of spiraling 
caused by atmospheric drag will provide 
an extremely sensitive measurement of 
atmospheric density as a function both 
of latitude and altitude. 

In the last few revolutions before the 
satellite disintegrates, orbital changes 
are likely to be so rapid as to evade pre­
diction and hence observation by the 
widely scattered "official" stations. The 
picture of what happens then will have 
to come from the stop watches, radio re­
ceivers and binoculars of amateurs. 

A II the information recorded by on­
ft board instruments of the early satel­
lites will have to be transmitted by ra­
dio, for we cannot expect to recover the 
instruments after the Right. As a prac­
tical matter, to avoid the need for a vast 
number of receiving stations around the 
globe, messages will be taken from the 
low-power satellite transmitters as they 
pass over a picket fence of receivers after 
circling the earth. This will require stor­
age of the instrumental observations by 
some memory device in the satellite. A 
simple type of memory would be a cir­
cuit storing the minimum and maximum 
readings of a given instrument during a 
trip. Readings from a number of instru­
ments can be stored in detail with a more 
elaborate device, such as magnetic tape, 
but at greater cost in weight. The read­
out will be triggered by radio command. 
The command frequency will be kept 
secret in order to protect the readings 
and the power supply from disSipation 
by kibitzers. 

Power supply is a knotty problem. 
Chemical storage batteries appear to be 
the simplest and most reliable solution 
for short-life satellites. The best commer-

VISUAL OBSERVATION will be possible with binoculars when the conditions are right. 

Satellite will be seen and photographed against a twilight sky by sunlight reflected from it. 

PERTURBATIONS caused by the equatorial bulge of the earth will shift the point of inter· 

section of the orbit and the Equator westward and will shift the long axis of the elliptical 

orbit eastward. The plane of the orbit will thus make a complete revolution in about 60 days. 
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GROUND STATION ANTENNAS will be set up to measure 

angular direction to the satellite. Phase difference between signals 

reaching each antenna of pair A indicates the angle between their 

base line and the satellite transmitter. But this information is am· 

GEIGER 
COUNTER 

A 

B 

biguous; a given phase difference could mean any of a set of angles. 

The second pair (B) eliminates the ambiguity. Only the correct 

angle is common to the receiving sets of both pairs. The curves at 

the right show the reception pattern for each of the antenna pairs. 

TElEMETERING 
TRANSMITTER 

PRECISION TUNING FORK I-...... _________ '--__.-
512 c. P. s. I 

/I 
v /I 

v 

COSMIC RAY INSTRUMENTATION for satellite is diagrammed 

here. Tuning fork causes magnetic tape to advance stepwise .006 

inch each second and registers a pulse each eight seconds (small 
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peaks on line at bottom). The Geiger counter registers a pulse on 

the tape each 2,048 counts (large peaks). Upon command from 

the ground the tape reads record over the telemetering transmitter. 
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cial batteries yield about 45 watt-hours 
per pound. For operation over periods 
longer than a few weeks we shall have 
to look to new devices such as solar bat­
teries or radioactive cells. A system 
which uses several solar batteries to 
trickle-charge a small storage battery is 
now being developed by the U. S. Army 
Signal Corps. This system will provide 
indefinitely about one fourth of a watt 
per pound of total weight; during its 
exposure to the sun it will store a small 
surplus of energy to supply power for 
the half-hour or so on each trip when 
the satellite is on the dark side of the 
earth. 

In the successive passages from the 
sunlit to the shady side of the earth the 
outer skin of the satellite will go through 
marked variations in temperature-from 
about 100 degrees Fahrenheit to about 
70 degrees below zero. It will be neces­
sary to protect the instruments inside 
from these extremes. By sagacious insu­
lation it should be possible to hold the 
cycle within the reasonable limits of 40 
and 70 degrees. 

W
hat instruments shall we put in the 
satellite observatory? There are a 

number of good possibilities for the few 
flights we shall have available. With a 
simple photocell installed in the satellite 
we could, for example, make a detailed 
survey of the cloud cover over large 
areas of the earth. As the spinning satel­
lite circled the globe, the photocell 
would alternately look out into space 
and down at the earth, making a detailed 
survey of reflected light from points be­
low it. The reflected radiation would be 
a reliable index of the cloud cover. A 
small microphone could record the num­
ber and momentum of the micrometeor­
ites that beat on the metal skin of the 
satellite. To measure the density in space 
of microscopic dust particles, we might 
paint on the surface a simple stripe of 
radioactive material, whose erosion 
would record the rain of particles. 
Among the interesting questions these 
observations might settle would be 
whether micrometeorites play any part 
in generating the airglow in our upper 
ahnosphere and in creating the noctilu­
cent clouds. 

High on the list of things to be done 
is a survey of the outer reaches of the 
ionosphere, the electrified region which 
is so important to all long-range radio 
communication on the earth. A satellite 
should also give us information about the 
density of electrons in space in the near 
vicinity of our planet. Another important 

TAPE RECORDER, miniaturized for installation in a satellite, was developed by the authol' 

and his associate George Ludwig. The tape will store data for 120 minutes and will read 

them out, upon command, during a few seconds while the satellite is in range of a station. 

topic for investigation is the earth's mag­
netic field. This might be surveyed with 
a sensitive, miniaturized magnetometer 
especially designed for installation in a 
satellite. 

But at the very top of the list of sub­
jects that scientists want to study are the 
sun's short-wave radiations and cosmic 
rays. During 1957-58 there will be a sun­
spot maximum bringing heavy fluctua­
tions in both types of radiation. This will 
provide ideal opportunities for observa­
tion of their interactions with the earth's 
upper ahnosphere. Measurement of ul­
traviolet radiation and soft X-rays from 
the sun would illuminate their role in the 
formation and behavior of the electrical­
ly charged layers of the ionosphere. An 
ionization chamber and photon counters 
in a satellite could record the varying 
intensity of this radiation and help de­
termine its relation to flares on the sun. 
A Geiger counter hooked up to a mag­
netic tape memory could make corre-

sponding measurements for cosmic rays. 
During quiet periods the same instru­
mentation could survey the rays' geo­
graphical distribution above our atmos­
phere. Such a survey would test the 
traditional theory that the earth's mag­
netic field controls the arrival of cosmic 
rays against the new notion that their 
trajectories are shaped by magnetiC 
fields elsewhere in the interplanetary 
region. An apparatus for cosmic-ray ob­
servations in satellites is being developed 
by George Ludwig and the writer at the 
University of Iowa [see lower diagram 
on the opposite page l. 

It is clear that there is �ore work to 
be done than the first satellites can han­
dle. It is equally clear that the Geophysi­
cal Year will be only the beginning of 
this adventure. After the first satellites 
have proved their usefulness, we can 
confidently predict that others will be 
abundantly available to science in the 
years to follow. 
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TRANSFORMED BACTERIA 

If desoxyribonucleic acid is removed from one strmn of pneumococci 

and added to another strain, some of the cells In the second strain 

are able to transmit characteristics of the first to thejr descendants 

by Rollin D. Hotchkiss and Esther Weiss 

I
f man reproduced his kind the way 

bacteria do, a grown man at 25 
would more or less abruptly become 

two young men in his own exact image. 
These two in turn would "divide" in an­
other 25 years, so that after 50 years 
there would be four young men indistin­
guishable from the original ancestor. A 
rather large family could eventually be 
built up by this process, but all its mem­
bers would be monotonously alike in ap­
pearance, abilities, temperament and 
vigor. The same would be true of every 
family. It would be entirely male or en­
tirelv female: the two sexes would be 
aloof from each other. There would be 
families of burly, competitive athletes, 
and others made up exclusively of gray­
eyed introverts liking nothing better than 
to write sad poems on the haunting love­
liness of subdivision. 

After about 20 generations (500 
years) we could expect an occasional 
"mutant" individual to show up, differ­
ing from the million other individuals of 
his family in some one trait such as eye 
color. In a community so ordered, a 
means of transferring these rare traits at 
will from one family to another would 
have dramatic value indeed. Actually 
such transformations can be accom­
plished with bacteria. It is possible to 
transfer mutations of a particular kind 
and thereby make controlled studies of 
heredity. 

Only in the last 10 years or so have 
bacteria become prominent in the study 
of genetics. Until a little more than a 
decade ago it was supposed that a bac­
terial cell did not have a nucleus or the 
elaborate genetic apparatus characteris­
tic of higher forms of life. The general 
feeling was that bacteria were simple 
enough not to need so cumbersome a 
system for passing along their hereditary 
characteristics. But in 1944 C. F. Rob­
inow, a British bacteriologist, found 
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signs of nuclei in bacteria. Since then 
bacteria have gained in complexity the 
more they have been studied, and their 
mechanisms have been found to parallel 
those of cells of higher organisms. The 
bacterial genetic system has proved to 
be one of the most fascinating of all to 
bacteriologists and geneticists alike. Un­
doubtedly some of the appeal of bacteria 
for geneticists lies in their rapid rate of 
multiplication. What other laboratory 
subject provides a new generation every 
half-hour? There is no problem of eye­
strain involved, either. The tiny crea­
tures take only a few hours to grow to 
a many-celled colony which is easily visi­
ble in the test tube or on a gelatin-like 
agar plate, and they are much more 
manageable than the classical fruit flies. 
\;Yhen a bacterium achieves a new char­
acteristic, it quickly produces a whole 
colony of the new type, which can often 
be readily identified. 

Such a new characteristic may turn up 
in perhaps one in a few million cells in a 
growing population. The few mutant 
bacteria may be swamped out as they 
attempt to grow in the enormous com­
petitive population. Occasionally, how­
ever, the environment may favor the rare 
individuals of a newly arising type, so 
that they outgrow the usual type. A bac­
terial geneticist is always on the lookout 
for these natural events, and he can 
make detection of them easier by pro­
viding a selective environment which al­
lows only certain mutants to grow. For 
example, if bacteria are put upon agar 
plates containing penicillin, only the 
mutants that have resistance to the drug 
will grow to produce colonies. From a 
population of a hundred million cells, 
usually about five to 10 such colonies 
will emerge, indicating that something 
like one cell in 10 million of the original 
population became, mysteriously and 
suddenly, penicillin-resistant. 

The technique of transformation de­
veloped in the laboratory permits us to 
take matters more into our own hands. 
We can introduce a specific hereditary 
characteristic into a strain of bacteria by 
treating the cells with an extract from 
killed bacteria of a related strain which 
possess the characteristic in question. 
The procedure does not create new traits 
but transfers traits already present in the 
donor bacteria. In effect we are "robbing 
Peter to pay Paul." 

The transforming material is desoxy­
ribonucleic acid (DNA) -the type of 
substance now so well known as a 
fundamental constituent of the chromo­
somes of higher plants and animals. 
DNA from the donor cells seems to enter 
into the recipient bacterial cell and, like 
a gene, direct part of the cell's internal 
mechanism. The cell even learns to make 
more of the directing substance itself. 
How this controlling substance carries 
its specific instructions is still a mystery: 
our most sensitive chemical analyses can­
not distinguish any differences between 
DNA varieties responSible for different 
traits. But each variety must be chem­
ically distinctive, because the recipient 
cells repeatedly respond in the same pre­
dictable way to a particular extract. 

Pneumococci, the pneumonia germs, 
have been extensively studied by means 
of laboratory transformation. From 
about 30 million pneumococcal cells, 
killed and broken down by sodium 
desoxycholate (a substance found in 
bile), we can extract one microgram of 
purified DNA. This can be preserved for 
years as a white precipitate in alcohol. 

The pneumococci we have used to test 
the transforming DNA are Type II 
strains which have lost the ability to pro­
duce the sugar capsule that makes the 
bacteria virulent. On agar plates these 
strains normally grow as shiny pinpoint 
colonies. In a broth containing a small 
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amount of antiserum (made from the 
blood of an animal inoculated with pneu­
mococci) they grow in chains and 
clumps which settle to the bottom as 
separate white colonies. By diluting sam­
ples of the culture and counting the 
colonies that develop, we can make 
quantitative studies of what happens 
when bacteria are transformed. 

M
ore than 25 specific characteristics 

� have been transferred to this strain 
from various mutants. They include 
every sort of trait we can observe: ac­
quisition by the bacterium of various 
types of capsule coating, development of 

resistance to drugs, formation of certain 
types of colonies, and so on. Usually only 
one trait is passed on to any particular 
cell, even if the DNA preparation is from 
a strain having two or three identifiable 
characteristics. For example, if a million 
pneumococci are treated with a tenth of 
a microgram of a DNA which carries 
three traits-resistance to penicillin and 
streptomycin and formation of a coat of 
Type III-some 50,000 of the million 
may be transformed; of these about 
49,000 will acquire only one of the three 
traits, 800 may have two, and only four 
will take all three. 

The DNA preparation evidently does 

not carry a complete package of the 
donor's traits into a recipient cell but 
only some part of the package. This part 
is not as small as a gene, however. Cer­
tain traits seem to travel together as if 
they were linked. For example, the DNA 
factors responsible for the ability of 
pneumococci to utilize mannitol (a form 
of sugar found in manna) as a source 
of energy and for the ability to resist 
streptomycin tend to be coupled: 20 per 
cent of cells transformed by a DNA car­
rying these two markers will show both 
characteristics. 

Experiments in transmission of the 
mannitol-utilization trait illustrate an-

DIFFERENT STRAINS OF PNEUMOCOCCI grow on the surface 

of agar in colonies of characteristic form. At the top are the small 

colonies of pneumococci without capsules. At the bottom are the 

larger colonies of encapsulated Type III pueumococci. The colo· 

nies of Type III produce a sticky sugar; they are larger because 

they absorb moisture from the agar. If desoxyribonucleic acid 

(DNA) is removed from pneumococci of Type III and added to 

the nonencapsulated pneumococci, the latter will acquire capsules. 
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PREPARATION OF DNA from a strain of pneumococci resistant 

to streptomycin is traced in the drawings at the top of this and the 

next three pages. First, a hroth containing streptomycin is inocu· 

lated with pneumococci. One cell (color) is a rare mutant reo 

sistant to streptomycin. Second, the broth is incubated overnight at 

37 degrees centigrade. The mutant multiplies and makes the broth 

other important pOint: namely, that DNA 
may carry a hereditary trait as a latent 
ability, regardless of whether or not the 
ability is developed. Like children who 
display their innate musical talent only 
after they have taken some piano les­
sons, the talented strains of pneumococ­
ci do not exhibit their ability to utilize 
mannitol until they have been exposed 
to this sugar for a short time. To me­
tabolize it they have to learn to make an 
enzyme which oxidizes mannitol. 

Under the most ideal conditions we 
have devised up to now, it has been pos­
sible to transmit a new trait to 17 per 
cent of the treated cells. Many factors 
influence the yield obtained. Foremost 
of these is the capacity of the recipient 
strain itself. Some strains seem to be 
transformed more readily than others, 
and many seem altogether incapable of 
responding to DNA. Another factor is 
the concentration of DNA present: one 
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half of a millionth of a gram per cubic 
centimeter is an optimal concentration, 
and one 10,000th of that amount will 
have some effect. The length of exposure 
to DNA also is important. We think that 
the bacteria are most susceptible to 
transformation just after cell division. 
After pneumococci have been cooled to a 
growth-arresting temperature, so that all 
start out "in step" in the division cycle 
when they are rewarmed, transforma­
tions are exceptionally numerous. About 
15 minutes after the rewarming the cells 
abruptly lose their susceptibility, and 
just at this time very few cells will be 
dividing. Still another important factor 
is the composition of the medium in 
which the cells grow before and during 
DNA exposure. 

After acquiring the new DNA, a cell 
multiplies more slowly than the others 
for a time and is at a disadvantage in 
growth until its transformation has been 
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completed. Some of the transformed 
cells are likely to survive in any event, 
but the percentage transformed is easier 
to observe if the conditions are adjusted 
to favor them. For example, in an experi 
ment in which the transformation makes 
the cells resistant to penicillin, placing 
the bacteria in a penicillin broth will kill 
off all but the transformed cells. One 
must be careful, however, not to chal­
lenge the bacteria with the selective 
agent too soon. The transformed cells re­
quire 30 to 60 minutes to manifest their 
new drug resistance, and it takes still 
longer for the cells to set up the mecha­
nism necessary to duplicate the new 
DNA. During this time the new DNA is 
beginning to perform its genelike func­
tions in the cells. 

A 
transformed pneumococcus remains 
susceptible to further transforma­

tions, even by the same DNA if the DNA 

TRANSFORMATION OF PNEUMOCOCCI to a strain resistant to 

streptomycin from a nonresistant strain is illustrated at the bottom 

of this and the next three pages. First, young pneumococci are 

added to a rich broth containing serum albumin. Second, the tube 

is incubated for three hours at 37 degrees C.; the cells multiply. 

Third, the tuhe is cooled to 25 degrees for 20 minutes. This arrests 
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turbid; the other cells are killed by the streptomycin. Third, a bit 

of turbid broth is removed and spread on an agar medium. Fourth, 

one of the colonies on the agar plate is transferred to a tube of 

fresh broth. Fifth, a flask of broth is inoculated with the mutant 

strain. Sixth, the flask is incubated overnight until the culture is 

full·grown. This sequence is continued at the top of the next page. 

carries more than one trait. Indeed, a 
particular trait, such as resistance to 
penicillin, may be developed by a series 
of stepwise mutations rather than by a 
single transformation. Beginning with 
pneumococci that survived exposure to 
low concentrations of penicillin, we sub­
mitted them to successively higher con­
centrations until we had a mutant strain 
which was resistant to 30 units of penicil­
lin per 100 milliliters of culture. We then 
administered the DNA from this strain 
to pneumococci which were fully sensi­
tive to penicillin. None of the sensitive 
cells acquired as much resistance to 
penicillin as the donor strain possessed, 
and most of those transformed could not 
resist more than five units of the drug. 
When these were again treated with the 
DNA of the highly resistant donor, some 
became resistant to 12 units of penicillin. 
It took several such steps to produce 
transform ants able to resist 30 units. We 

--' ': 
-- ..... -

think these indicate the number of spon­
taneous mutations that must have taken 
place in the original evolution of the 
mutant strain. 

Experiments with streptomycin pro­
duced the same stepwise development of 
resistance. However, in a large popula­
tion of cells an occasional cell sponta­
neously acquired a high level of re­
sistance in just one step, and the DNA 
from this mutant produced equally re­
sistant cells in a single transformation. 
Evidently in this case one mutation of a 
single genetic unit modified the DNA so 
that it could effect the entire transforma­
tion in one step. 

Another kind of phenomenon emerges 
when pneumococci without a capsule 
are treated with a DNA which confers 
the ability to form a capsule of Type III. 
Normally the DNA effects this transfor­
mation in one step, but at times it pro­
duces cells with intermediate varieties 
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of sugar capsules. Colonies of these cells 
are smaller than those of the full Type 
III. Harriett Ephrussi-Taylor, formerly 
of the Rockefeller Institute for Medical 
Research and now at the University of 
Paris, has done many experiments with 
two such varieties of cells. They seem to 
differ from each other and from normal 
Type III only in the quantity of capsule 
material they produce, If DNA from 
both varieties is mixed in a single cul­
ture, large, juicy colonies characteristic 
of the normal Type III cells will appear 
on the agar plates. Dr. Ephrussi-Taylor 
concluded that the two kinds of DNA 
could combine in a single recipient bac­
terium to yield the normal DNA of Type 
III cells, and this conclusion was strong­
ly supported by other experiments. 

T
he more the action of DNA is stud­
ied, the clearer it becomes that each 

organism's DNA is biologically distinc-

the activities of the cells at the same point in their cycle of division. 

Fourth, the culture is rewarmed to 37 degrees. Now all the cells 

start dividing at the same time. Fifth, DNA removed from a re· 

sistant strain is added to the culture. The DNA spreads through the 

broth, and some of the cells react with it. Sixth, the culture is reo 

incubated for five minutes; the ('ells continue to react with DNA. 
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PREPARATION OF DNA IS CONTINUED from the drawings at 

the top of the preceding two pages. First, sodium desoxycholate is 

added to the flask containing the full·grown culture of pneumococ· 

ci. This kills and breaks up the cells; the broth clears. Second, 

alcohol is added to the cleared flask. This causes the DNA to pre­

cipitate in threads. Third, the threads are collected from the flask 

tive, even though we cannot detect any 
chemical difference. Attempts have been 
made to bring about transformations in 
pneumococci by injecting DNA from 
species of bacteria distantly related to 
them. The attempts have not succeeded. 
The foreign DNA may enter the cell, 
but it does not produce any detectable 
change in the cell's traits. The machinery 
of the cell apparently recognizes some­
thing unusual about the foreign DNA 
and makes no genetic response to it, so 
far as we can determine. However, the 
cell's incorporation of the bogus DNA 
prevents it from reacting freely with a 
suitable DNA. (In this respect it behaves 
something like a fertilized egg: the egg, 
having accepted one spermatozoon, re­
pels all others.) It seems that the various 
kinds of DNA are sufficiently alike to 
penetrate the outer defenses of the bac­
terial cell. Even DNA from thymus­
gland cells of the calf will react with 
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pneumococci, inhibiting their transfor­
mation by an appropriate DNA. Indeed, 
a foreign DNA can compete on about 
equal terms with pneumococcal DNA 
for entry into a susceptible pneumococ­
cus. But only the native DNA seems 
capable of prodUCing a genetic effect on 
the bacterium. 

T 
he experiments in transforming bac-
teria go back to a discovery made in 

1928 by Fred Griffith, an English bac­
teriologist. Pneumonia was then one of 
the most challenging problems in medi­
cal research (the "miracle" drugs having 
not yet been discovered), and the pneu­
mococcus was as popular a subject of 
study as the viruses are now. Griffith in­
jected into mice pneumococci without 
capsules, which are not virulent, to­
gether with killed pneumococci of a viru­
lent type (Type III capsules). To his 
surprise, the tissues of the mice were 

soon teeming with live, virulent pneu­
mococci of Type III. Since the dead 
cells could not have come to life, it be­
came evident that their material must 
somehow have transformed the non en­
capsulated bacteria into virulent germs 
which had the ability to make Type III 
capsules. 

Griffith's discovery was followed up 
by workers at the Rockefeller Institute, 
under the great and inspiring leader­
ship of the late Oswald T. Avery. One 
cannot fail to note that the study of 
pneumococcal transformation since the 
initial discovery has been carried out es­
sentially by a single "school," consisting 
of Avery's students and their followers. 
This school, now in its second generation 
and widely spread, can trace its lines of 
descent as accurately as those of the bac­
teria it studies. 

By 1944 Avery, with Colin M. Mac­
Leod and Maclyn McCarty, had iclenti-

TRANSFORMATION OF PNEUMOCOCCI IS CONTINUED from 

the preceding two pages. First, desoxyribonuclease is shaken in the 

culture, which destroys the DNA that is not inside the cells. Second, 

the culture is reincubated for two hours. After about 45 minutes 

some cells show the new trait. These cells are slow to divide; for 

several generations the new DNA is passed on to only one daughter 
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by winding them on a glass rod; this separates the DNA from most 

of the other substances in the debris of the broken cells. Fourth, the 

DNA is dissolved in a salt solution. Fifth, impurities are removed 

by adding various solvents to the solution and shaking it; the sol· 

vents tend to precipitate the impurities in particles. Sixth, alcohol 

is added to the purified DNA, causing it to form threads again. 

fied the substance responsible for the 
transformation of pneumococci as DNA. 
There followed a long series of trans­
formation experiments, not only on 
pneumococci but also on other species 
of bacteria. The germ once thought to be 
the cause of influenza (Hemophilus in­
f/uenzae) has been studied extensively 
by Hattie Alexander and her associates 
at Columbia University, and their find· 
ings largely parallel those on pneumo­
cocci. Other investigators have reported 
success in transforming strains of 
Escherichia coli, Shigella pamdysen­
teriae and meningococci with DNA. 

O
ver the last 30 years there has been 

an impressive accumulation of evi­
dence that nucleic acids play a central 
role in the hereditary mechanism of all 
living creatures [see "The Chemistry of 
Heredity," by A. E. Mirsky; SCIENTIFIC 
AMERICAN, February, 1953]. The trans-

formation work has had a decisive part 
in that vast investigation. This lead has 
generated a great number of exciting 
genetic experiments with animal and 
plant cells, bacteria and viruses, as the 
many recent articles on the subject in 
SCIENTIFIC AMERICAN have made plain. 
In the nucleic acids biologists at last 
have definite chemical substances which 
embody the properties of the somewhat 
hypothetical units long known as genes. 
Biochemists have not been slow to take 
up the challenge to explore the structure 
of the nucleic acids for the key to the 
machinery of heredity [see "The Struc­
ture of the Hereditary Material," by 
F. H. C. Crick, SCIENTIFIC AMERICAN, 
October, 1954; and "The Gene," by Nor­
man H. Horowitz, October, 1956]. 

Happily, in the mid-20th century we 
can feel that we are on the threshold of 
still more exciting discoveries. We can 
expect to learn new kinds of facts about 

heredity in the coming years, and also to 
find theories which will unify the facts. 
The transformation of bacteria is one of 
our most promising laboratory tools for 
further discovery. It means that we can 
interbreed organisms by transferring a 
comparatively small and simple genetic 
unit-much simpler than the intricate ap­
paratus of chromosomes involved in 
other genetic systems. The simplicity of 
this process gives many possibilities for 
controlled manipulation and variation. 
Transforming agents may be added or 
withheld at will, used in various concen­
trations or in combination with other 
materials, pretreated with chemicals, 
modified or damaged by exposure to 
acid, heat or radiant energy. The out­
come of the transformations with DNA 
so treated should do much to throw light 
upon the still mysterious processes set in 
motion by the fascinating entities that 
we call genes. 

cell. Then one cell duplicates the DNA and passes it on to both 

daughter cells, which continue the duplication. Third, the tube is 

shaken to break up clumps of cells. Fourth, samples of the culture 

are placed in tubes, some of which (right) contain streptomycin. 

The streptomycin kills the untransformed cells. Later, colonies 

are visible in the tubes. In higher dilutions they can be counted. 
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Experiments in Group Conflict 

What are the conditions which lead to harmony or friction 

between groups of people? Here the question is approached 

by means of controlled situations in a boys' summer camp 

C
onflict between groups-whether 
between boys' gangs, social class­
es, "races" or nations-has no sim­

ple cause, nor is mankind yet in sight of 
a cure. It is often rooted deep in per­
sonal, social, economic, religious and his­
torical forces. Nevertheless it is possible 
to identify certain general factors which 
have a crucial influence on the attitude 
of any group toward others. Social scien­
tists have long sought to bring these fac­
tors to light by studying what might be 
called the "natural history" of groups 
and group relations. Intergroup conflict 
and harmony is not a subject that lends 
itself easily to laboratory experiments. 
But in recent years there has been a be­
ginning of attempts to investigate the 
problem under controlled yet lifelike 
conditions, and I shall report here the 
results of a program of experimental 
studies of groups which I started in 1948. 
Among the persons working with me 

by Muzafer Sherif 

were Marvin B. Sussman, Robert Hunt­
ington, O. J. Harvey, B. Jack White, Wil­
liam R. Hood and Carolyn W. Sherif. 
The experiments were conducted in 
1949, 1953 and 1954; this article gives 
a composite of the findings. 

We wanted to conduct our study with 
groups of the informal type, where group 
organization and attitudes would evolve 
naturally and spontaneously, without 
formal direction or external pressures. 
For this purpose we conceived that an 
isolated summer camp would make a 
good experimental setting, and that de­
cision led us to choose as subjects boys 
about 11 or 12 years old, who would find 
camping natural and fascinating. Since 
our aim was to study the development 
of group relations among these boys un­
der carefully controlled conditions, with 
as little interference as possible from 
personal neuroses, background influ­
ences or prior experiences, we selected 

normal boys of homogeneous back­
ground who did not know one another 
before they came to the camp. 

They were picked by a long and thor­
ough procedure. We interviewed each 
boy's family, teachers and school offi­
cials, studied his school and medical rec­
ords, obtained his scores on personality 
tests and observed him in his classes and 
at play with his schoolmates. With all 
this information we were able to assure 
ourselves that the boys chosen were of 
like kind and background: all were 
healthy, socially well-adjusted, some­
what above average in intelligence and 
from stable, white, Protestant, middle­
class homes. 

None of the boys was aware that he 
was part of an experiment on group re­
lations. The investigators appeared as a 
regular camp staff-camp directors, 
counselors and so on. The boys met one 
another for the first time in buses that 

MEMBERS OF ONE GROUP of boys raid the bunkhouse of an· 

other group during the first experiment of the author and his asso· 

ciates, performed at a summer camp in Connecticut. The rivalry of 

the groups was intensified by the artificial separation of their goals. 
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took them to the camp, and so far as they 
knew it was a normal summer of camp­
ing. To keep the situation as lifelike as 
possible, we conducted all our experi­
ments within the framework of regular 
camp activities and games. We set up 
projects which were so interesting and 
attractive that the boys plunged into 
them enthusiastically without suspecting 
that they might be test situations. Unob­
trusively we made records of their be­
havior, even using "candid" cameras and 
microphones when feasible. 

We began by observing how the boys 
became a coherent group. The first 

of our camps was conducted in the hills 
of northern Connecticut in the summer 
of 1949. When the boys arrived, they 
were all housed at first in one large 
bunkhouse. As was to be expected, they 
quickly formed particular friendships 
and chose buddies. We had deliberately 
put all the boys together in this expecta­
tion, because we wanted to see what 
would happen later after the boys were 
separated into different groups. Our ob­
ject was to reduce the factor of personal 
attraction in the formation of groups. In 
a few days we divided the boys into two 
groups and put them in different cabins. 
Before doing so, we asked each boy in­
formally who his best friends were, and 
then took pains to place the "best 
friends" in different groups so far as pos­
sible. (The pain of separation was as­
suaged by allowing each group to go at 
once on a hike and camp-out.) 

As everyone knows, a group of stran­
gers brought together in some common 
activity soon acquires an informal and 
spontaneous kind of organization. It 
comes to look upon some members as 
leaders, divides up duties, adopts un­
written norms of behavior, develops an 
esprit de COl'ps. Our boys followed this 
pattern as they shared a series of expe­
riences. In each group the boys pooled 
their efforts, organized duties and di­
vided up tasks in work and play. Differ­
ent individuals assumed different re­
sponsibilities. One boy excelled in cook­
ing. Another led in athletics. Others, 
though not outstanding in any one skill, 
could be counted on to pitch in and do 
their level best in anything the group 
attempted. One or two seemed to disrupt 
activities, to start teasing at the wrong 
moment or offer useless suggestions. A 
few boys consistently had good sugges­
tions and showed ability to coordinate 
the efforts of others in carrying them 
through. Within a few days one person 
had proved himself more resourceful and 
skillful than the rest. Thus, rather quick-

MEMBERS OF BOTH GROUPS collaborate in common enterprises during the second ex­

periment, performed at a summer camp in Oklahoma. At the top the boys of the two groups 

prepare a meal. In the middle the two groups surround a water tank while trying to solve 
a water-shortage problem_ At the bottom the members of one group entertain the other. 
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FRIENDSHIP CHOICES of campers for others in their own cabin are shown for Red Devils 

(white) and Bnlldogs (black). At first a low percentage of friendships were in the cabin 

group (left). After five days, most friendship choices were within the group (right). 
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DURING CONFLICT between the two groups in the Robber's Cave experiment there were 

few friendships between cabins (left). After cooperation toward common goals had re­

stored good feelings, the number of friendships between groups rose significantly (right). 
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ly, a leader and lieutenants emerged. 
Some boys sifted toward the bottom of 
the heap, while others jockeyed for high­
er positions. 

We watched these developments 
closely and rated the boys' relative posi­
tions in the group, not only on the basis 
of our own observations but also by in­
formal sounding of the boys' opinions as 
to who got things started, who got things 
done, who could be counted on to sup­
port group activities. 

As the group became an organization, 
the boys coined nicknames. The big, 
blond, hardy leader of one group was 
dubbed "Baby Face" by his admiring 
followers. A boy with a rather long head 
became "Lemon Head." Each group de­
veloped its own jargon, special jokes, 
secrets and special ways of performing 
tasks. One group, after killing a snake 
near a place where it had gone to swim, 
named the place "Moccasin Creek" and 
thereafter preferred this swimming hole 
to any other, though there were better 
ones nearby. 

Wayward members who failed to do 
things "right" or who did not contribute 
their bit to the common effort found 
themselves receiving the "silent treat­
ment," ridicule or even threats. Each 
group selected symbols and a name, and 
they had these put on their caps and 
T-shirts. The 1954 camp was conducted 
in Oklahoma, near a famous hideaway 
of Jesse James called Robber's Cave. 
The two groups of boys at this camp 
named themselves the Rattlers and the 
Eagles. 

Our conclusions on every phase of the 
study were based on a variety of obser­
vations, rather than on any single meth­
od. For example, we devised a game to 
test the boys' evaluations of one another. 
Before an important baseball game, we 
set up a target board for the boys to 
throw at, on the pretense of making 
practice for the game more interesting. 
There were no marks on the front of the 
board for the boys to judge objectively 
how close the ball came to a bull's-eye, 
but, unknown to them, the board was 
wired to flashing lights behind so that an 
observer could see exactly where the 
ball hit. We found that the boys con­
sistently overestimated the performances 
by the most highly regarded members of 
their group and unclerestimated the 
scores of those of low social standing. 

The attitudes of group members were 
even more dramatically illustrated dur­
ing a cook-out in the woods. The staff 
supplied the boys with unprepared food 
and let them cook it themselves. One boy 
promptly started to build a fire, asking 
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SOCIOGRAMS represent patterns of friendship choices within the 

fully developed groups. One·way friendships are indicated by 

broken arrows; reciprocated friendships, by solid lines. Leaders 

were among those highest in the popularity scale. Bulldogs (left) 

had a close-knit organization with good group spirit. Low·ranking 

members participated less in the life of the group hut were not 

rejected. Red Devils (right) lost the tournament of games between 

the groups. They had less group unity and were sharply stratified. 

for help in getting wood. Another at­
tacked the raw hamburger to make pat­
ties. Others prepared a place to put buns, 
relishes and the like. Two mixed soft 
drinks from flavoring and sugar. One 
boy who stood around without helping 
was told by the others to "get to it." 
Shortly the fire was blazing and the cook 
had hamburgers sizzling. Two boys dis­
tributed them as rapidly as they became 
edible. Soon it was time for the water­
melon. A low-ranking member of the 
group took a knife and started toward 
the melon. Some of the boys protested. 
The most highly regarded boy in the 
group took over the knife, saying, "You 
guys who yell the loudest get yours last." 

When the two groups in the camp had 
developed group organization and 

spirit, we proceeded to the experimental 
studies of intergroup relations. The 
groups had had no previous encounters; 
indeed, in the 1954 camp at Robber's 
Cave the two groups came in separate 
buses and were kept apart while each 
acquired a group feeling. 

Our working hypothesis was that 
when two groups have conflicting aims­
i.e., when one can achieve its ends only 
at the expense of the other-their mem­
bers will become hostile to each other 

even though the groups are composed of 
normal well-adjusted individuals. There 
is a corollary to this assumption which 
we shall consider later. To produce fric­
tion between the groups of boys we ar­
ranged a tournament of games: baseball, 
touch football, a tug-of-war, a treasure 
hunt and so on. The tournament started 
in a spirit of good sportsmanship. But as 
it progressed good feeling soon evapo­
rated. The members of each group began 
to call their rivals "stinkers," "sneaks" 
and "cheaters." They refused to have 
anything more to do with individuals in 
the opposing group. The boys in the 
1949 camp turned against buddies whom 
they had chosen as "best friends" when 
they first arrived at the camp. A large 
proportion of the boys in each group 
gave negative ratings to all the boys in 
the other. The rival groups made threat­
ening posters and planned raids, collect­
ing secret hoards of green apples for am­
munition. In the Robber's Cave camp the 
Eagles, after a defeat in a tournament 
game, burned a banner left behind by 
the Rattlers; the next morning the 
Rattlers seized the Eagles' flag when 
they arrived on the athletic field. From 
that time on name-calling, scufHes and 
raids were the rule of the day. 

Within each group, of course, solidar-

ity increased. There were changes: one 
group deposed its leader because he 
could not "take it" in the contests with 
the adversary; another group overnight 
made something of a hero of a big 
boy who had previously been regard­
ed as a bully. But morale and coopera­
tiveness within the group became strong­
er. It is noteworthy that this heighten­
ing of cooperativeness and generally 
democratic behavior did not carry over 
to the group's relations with other 
groups. 

We now turned to the other side of 
the problem: How can two groups 

in conflict be brought into harmony? We 
first undertook to test the theory that 
pleasant social contacts between mem­
bers of conflicting groups will reduce 
friction between them. In the 1954 camp 
we brought the hostile Rattlers and 
Eagles together for social events: going 
to the movies, eating in the �ame dining 
room and so on. But far from reducing 
conflict, these situations only served as 
opportunities for the rival groups to 
berate and attack each other. In the din­
ing-hall line they shoved each other 
aside, and the group that lost the contest 
for the head of the line shouted "Ladies 
first!" at the winner. They threw paper, 
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food and vile names at each other at the 
tables. An Eagle bumped by a Rattler 
was admonished by his fellow Eagles to 
brush "the dirt" off his clothes. 

We then returned to the corollary of 
our assumption about the creation of 
conflict. Just as competition generates 
friction, working in a common endeavor 
should promote harmony. It seemed to 
us, considering group relations in the 
everyday world, that where harmony be­
tween groups is established, the most de­
cisive factor is the existence of "super­
ordinate" goals which have a compelling 
appeal for both but which neither could 
achieve without the other. To test this 
hypothesis experimentally, we created a 
series of urgent, and natural, situations 
which challenged our boys. 

One was a breakdown in the water 
supply. Water came to our camp in 
pipes from a tank about a mile away. We 
arranged to interrupt it and then called 
the boys together to inform them of the 
crisis. Both groups promptly volunteered 
to search the water line for the trouble. 
They worked together harmoniously, 
and before the end of the afternoon they 
had located and corrected the difficulty. 
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A similar opportunity offered itself 
when the boys requested a movie. We 
told them that the camp could not afford 
to rent one. The two groups then got to­
gether, figured out how much each 
group would have to contribute, chose 
the film by a vote and enjoyed the show­
ing together. 

One day the two groups went on an 
outing at a lake some distance away. A 
large truck was to go to town for food. 
But when everyone was hungry and 
ready to eat, it developed that the truck 
would not start (we had taken care of 
that). The boys got a rope-the same 
rope they had used in their acrimonious 
tug-of-war-and all pulled together to 
start the truck. 

These joint efforts did not immediate­
ly dispel hostility. At first the groups re­
turned to the old bickering and name­
calling as soon as the job in hand was 
finished. But gradually the series of 
cooperative acts reduced friction and 
conflict. The members of the two groups 
began to feel more' friendly to each other. 
For example, a Rattler whom the Eagles 
disliked for his sharp tongue and skill in 
defeating them became a "good egg." 

2 

NEGATIVE RATINGS of each group by the other were common during the period of con­

flict (left) but decreased when harmony was restored (right). The graphs show percent who 

thought that all (rather than some or none) of the other group were cheaters, sneaks, etc. 
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The boys stopped shoving in the meal 
line. They no longer called each other 
names, and sat together at the table. 
New friendships developed between in­
dividuals in the two groups. 

In the end the groups were actively 
seeking upportunities to mingle, to en­
tertain and "treat" each other. They de­
cided to hold a joint campfire. They took 
turns presenting skits and songs. Mem­
bers of both groups requested that they 
go home together on the same bus, 
rather than on the separate buses in 
which they had come. On the way the 
bus stopped for refreshments. One group 
still had five dollars which they had won 
as a prize in a contest. They decided to 
spend this sum on refreshments. On their 
own initiative they invited their former 
rivals to be their guests for malted milks. 

Our interviews with the boys con­
firmed this change. From choosing their 
"best friends" almost exclusively in their 
own group, many of them shifted to list­
ing boys in the other group as best 
friends [see lower chart on page 56]. 
They were glad to have a second chance 
to rate boys in the other group, some of 
them remarking that they had changed 
their minds since the first rating made 
after the tournament. Indeed they had. 
The new ratings were largely favorable 
[see chart on this page]. 

E fforts to reduce friction and prejudice 
between groups in our society have 

usually followed rather different meth­
ods. Much attention has been given to 
bringing members of hostile groups to­
gether socially, to communicating accu­
rate and favorable information about one 
group to the other, and to bringing the 
leaders of groups together to enlist their 
influence. But as everyone knows, such 
measures sometimes reduce intergroup 
tensions and sometimes do not. Social 
contacts, as our experiments demon­
strated, may only serve as occasions for 
intensifying conflict. Favorable informa­
tion about a disliked group may be ig­
nored or reinterpreted to fit stereotyped 
notions about the group. Leaders cannot 
act without regard for the prevailing 
temper in their own groups. 

What our limited experiments have 
shown is that the possibilities for achiev­
ing harmony are greatly enhanced when 
groups are brought togt!ther to work to­
ward common ends. Then favorable in­
formation about a disliked group is seen 
in a new light, and leaders are in a posi­
tion to take bolder steps toward coopera­
tion. In short, hostility gives way when 
groups pull together to achieve overrid­
ing goals which are real and compelling 
to all concerned. 
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___ �_Kodak reports to laboratories on: 
the 40th edition of the Eastman Organic Chemicals Catalog ... films for 

dosimetry . • .  outwitting the law of probabilistic adversity 

Our sweet laborers have fin­
ished the task of preparing the 
address labels. By now "East­
man Organic Chemicals, List 
No. 40," should have reached all 
who have in years past indited a 
desire to keep receiving each 
new edition of the catalog of the 
3500-odd reagents and other or­
ganic compounds quickly avail­
able in laboratory quantities 
from a single source of known 
integrity. Others who want the 
new catalog should address Dis­
tillation Products Industries, 
Eastman Organic Chemicals De­
partment, Rochester 3, N. Y. 
(Division of Eastman Kodak 
Company). 

Monitoring the person 
For better or worse, consumption 
of horseshoes, coal scuttles, and 1-
gallon kerosene cans falls, and that 
of film badges steadily rises. As ever 
more men earn their daily bread by 
the care and feeding of nuclear re­
actors or the manipulation of reac­
tor products, the time has come for 
us to systematize the nomenclature 
of the various materials we make 
that go into the badges worn for a 
working week and then turned in 
for recording how much radiation 
the worker has received. 

The simplest of the materials is 
Kodak Personal Monitoring Film, 
Type 1, with a layer of the most 
sensitive of all x-ray emulsions on 
each side of the base. It comes in 
HI.! H x I }1( size, just like dental 

x-ray film, in a little packet that 
comes apart with the pull of a tab 
in the processing room. Its func­
tion, largely, is to establish that the 
wearer has not been exposed to 
more {3-, 'Y-, or X-radiation than 
is considered permissible. 

Now, however, the new Kodak 
Personal Monitoring Film, Type 2, 
goes a step farther. Type 2 has the 
highly sensitive emulsion on one 
side only. The other side bears a 
low-sensitivity emulsion that is just 
barely affected by exposures that 
drive the high-sensitivity side to full 
density. If the film should emerge 
from processing a sinister heavy 
black, one can quickly remove the 
high-sensitivity emulsion and assess 
the full measure of the misfortune 
from the density of the slow emul­
sion. Fortunately, this happens very 
seldom. The previous practice of 
packing separate pieces of fast and 
slow film into the badge had seemed 
extravagantly pesslmlstlc in its 
waste of film and processing labor. 
The way was clear for the genius 
who conceived Type 2. 

Kodak Personal Neutron Monitor­
ing Film, Type A, is read with a mi­
croscope. One counts within a given 
area the number of tracks left by 
protons recoiling from fast neutrons 
or generated in the nuclear 
N14(n,p)C14 reaction. 

Kodak Personal Neutron Moni­
toring Film, Type B, is a complex 
sandwich of nuclear track film 
between aluminum shields and.pa­
per proton radiators, all contrived 
to make the track counts corre­
spond more quantitatively to the 
dosage effect of fast neutrons such 
as occur around accelerators. 

Eastman Kodak Company, Special 
Sensitized Products Division, Rochester 
4, N. Y., quotes prices, gives hints 01/ 
processing and calibration, and arranges 
delivery through Kodak dealers. (Secre­
taries to the contrary notwithstanding, 
the word is "personal," not "personnel.") 

Want your focal length changed? 
You are to show movies. You bring 
the projector in and set it up in the 
logical place. Screen's all set. You 
thread the film. The projector lamp 
goes on. As you bring the lens to 

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

and services with which the Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 

focus, you are confronted with one 
of the following three situations: 1) 
the rectangle of light neatly fits the 
screen, and the screen is big enough 
for all to see comfortably; 2) the 
picture is too small, and the room 
isn't long enough to get it any big­
ger; 3) the picture is too big for the 
screen, and it is inconvenient to 
move the projector any closer. 

In cases 2) and 3) there is gener­
ally a fellow present who knows all 
about geometrical optics. He ad­
vises that you need the shorter or 
longer focal length. You look in the 
case. Of course, there is no other 
lens there; but if there were, the 
law of probabilistic adversity would 
guarantee it to be a longer lens if 
your difficulty is too small an image 
and a shorter lens if the image is 
too big. 

All this was before the era of the 
Cine-Kodak Bifocal Converter, which 

commenced several months ago. 
This small cylinder is a telescope of 
1.25 X power. It slips over the 
Kodak Projection Ektanon Lens, 2-
inch 1/1.6, that is standard on all 
16mm projectors we make. Put on 
one way, it can expand the pro­
jected picture from about 61(2 
square feet to 101(2 square feet for a 
16-foot throw. Turned the other 
way for a large room, it can keep 
the picture within an 8-foot width 
when the projector is 10 feet farther 
from the screen than without the 
converter. 

The proposition is appealing in its 
simplicity. For $26.50, a dollar less than 
the price of a single Ektanon lens, your 
Kodak dealer is in effect selling you two 
supplementary focal lengths. And the 
optical performance is good at all three 
focal lengths, because the designers of 
the converter knew exactly what projec­
tion lens it was to go on. 

Price quoted is subject to 
change without notice. 

© 1956 SCIENTIFIC AMERICAN, INC



See TAM* 
for High 
Purity 

CARBIDE 
... in 
commercial 
quantities 

TITANIUM CARBIDE is 3.n extremely hard 
substance with good oxidation resistance at 
high temperatures. This combination of prop­
erties makes its use advantageous in several 
applications. Among these are 1. as a compo­
nent in sintered steel cutting tools, 2. for 
jet engine parts and 3. as a high tempera­
ture refractory material. 

PROPERTIES 

Structure •• Cublc Hardness •••••• 9 Moh Scale 
Mp ••••••• 5680oF Mesh Size •• 95% to 98%·325 

(also finer particle sizes 10 microns max. 
and 5 microns max.) 

ANALYSIS of current commercial pro­
duction of TAM· Titanium Carbide shows 
this high puriry: 

ComblnedCarbon •• 19.0% Min. TI •• 79.0 %Min. 
Free Carbon •••••••• O.3% Max. Fe •• O.2% Max. 

IF YOU ARE INTERESTED in the pos­
sibilities of Titanium Carbide or would like 
price, delivery or technical information ... 
write our New York Ciry office. 

AS A DEVELOPER of metals, alloys, chem­
icals and compounds of both Titanium and 
Zirconium ... TAM is experienced and equi pped 
to serve your needs for these products. 

*TAM is a registered uademark. 

TITANIUM ALLOY ,FG. DIVISION 
NATIONAL LEAD COMPANY 
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Fusion Power 

The thermonuclear power program 
of the U. S. has been conducted 
from its beginning in almost com­

plete silence. Recently, however, there 
came a break in the stillness. Richard F. 
Post, a physicist engaged in the program 
at the University of California, published 
a long article on "Controlled Fusion Re­
search" in Reviews of Modern Physics. 
He describes the paper as "a distillation 
of the work of the many physicists who 
have been contributing" to the research. 

Post says that the study of fusion 
power began even before the end of 
World War II ( although the very ex­
istence of Project Sherwood, the code 
name for the program, was announced 
only a year ago ) .  The first experiments 
were undertaken at the Los Alamos 
Scientific Laboratory, following up theo­
retical studies by Edward Teller, Enrico 
Fermi, James Tuck and others. In 1951 
Lyman Spitzer, Jr., an astrophysicist at 
Princeton University who did not know 
about the Los Alamos work, conceived 
a different approach to the problem. The 
Atomic Energy Commission set up a 
second research group at Princeton to 
work on it. Then Herbert York of the 
University of California heard about the 
Los Alamos and Princeton ideas and 
came up with several new ones of his 
own. He formed an experimental team 
at the Livermore laboratory, with Post 
at its head, to pursue them. 

All of the approaches, Post explains, 
are concerned with the dual problem of 
( 1 )  heating a gas of light elements 
enough so that its particles can overcome 
their electrostatic repulsion, collide, fuse 
and release energy; ( 2 )  holding the 

SCIENCE AND 
heated gas within a confined space so 
that the reaction can continue. The nec­
essary temperatures are so high that the 
gases become completely ionized "plas­
mas," i.e., mixtures of bare nuclei and 
the electrons that have been stripped 
from them. PhysiCists have had compara­
tively little experience with plasmas and 
do not yet understand them very well. 
A good deal of the Sherwood research is 
concerned with the basic theory of this 
unfamiliar state of matter. 

One of the specific problems discussed 
in the article is the question of density. 
If a gas as dense as sea-level air began 
to undergo fusion, it would release 
energy at the rate of 15 million kilowatts 
per cubic centimeter and its pressure 
would be some 150 million pounds per 
square inch! It might be possible to work 
with such a gas by limiting its fusion re­
action to very short, occasional bursts. 
For any continuous system, however, the 
gas must be very rare-not much denser 
than a good laboratory vacuum. 

Among the possible fusion reactions 
under consideration are those between 
pairs of deuterium nuclei and between 
deuterium and tritium. The D + D re­
action may produce a helium 3 nucleus, 
a neutron and 3 .25 million electron volts 
of energy, or, with equal proba15ility, a 
tritium nucleus, a proton and 4 Mev. 
The D + T reaction always yields heli­
um 4, a neutron and 17.6 Mev. The ap­
parent energy advantage of D + T is off­
set by the fact that most of the energy 
goes off with the neutrons, which are 
very hard to capture. On the other hand, 
the lowest temperature at which deu­
terium nuclei could pOSSibly react is 
about 400 million degrees centigrade. 
D + T could go at about 46 million. 

At such temperatures, obviously, the 
gas cannot be enclosed in any material 
container. The only plausible means of 
confinement, according to Post, is an 
electromagnetic field. Under one reason­
able set of operating conditions the field 
would have to exert a pressure of about 
15,000 pounds per square inch. 

One attractive idea is to make the 
plasma generate its own containing field 
through the so-called "pinch-effect." A 
current passing through a tube of plasma 
is analogous to a current through a bun­
dle of parallel wires. It is a familiar fact 
that parallel conductors carrying current 
in the same direction tend to move to-
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gether because of their surrounding 
magnetic fields. Similarly, a plasma 
.carrying a current tends to shrink and 
to pull away from the walls of its con­
tainer. To develop an inward pressure 
<Of 15,000 pounds per square inch re­
,quires a current of millions of amperes. 
:But even if it could be achieved, the 
:simple pinch will not work. The pinched 
'current tends to develop kinks which, 
;because of the shape of the magnetic 
:field, enlarge themselves until the mag­
netic sheath breaks up. 

The problems of controlling a fusion 
::reaction are so many and so difficult, says 
Post, that "some physicists would not 
l1esitate to pronounce [them] impossible 
'of solution." But many of the workers on 
the project have the "firm belief" that all 
the problems "will be mastered-perhaps 
in the next few years." 

More Money for NSF 

(Congress has granted an appropriation 
of $40 million to the National 

Science Foundation for the fiscal year 
1957. This is almost 2)� times the ap­
propriation the NSF received in 1956. 

The new budget breaks down into 
these major categories: support for re­
search projects, $16.25 million; educa­
tion and fellowships, $14.5 million; 
scientific facilities, $5.S million; commu­
nication of information ( including trans­
lation of Soviet publications ) ,  $900,-
000; policy studies and surveys of U. S. 
research, $750,000; operating expenses, 
$1 .S million. Most of the money in the 
education category ($9.5 million ) will 
go to finance summer institutes for high­
school teachers. The largest item on the 
scientific facilities bill is $3.5 million for 
the national radio observatory in West 
Virginia, plans for which were described 
by Bart J. Bok in last month's SCIENTIFIC 
AMERICAN. 

Federal Science Establishment 

O f the SO agenCies in the executive 
branch of the Federal Government 

36 engage in some scientific activity. In 
carrying out its research and develop­
ment program the Government spends 
$2 billion annually and directly employs 
more than 130,000 scientists. A guide­
book to this vast scientific enterprise 
called Organization of the Federal Gov-

By radically changing the shape of silicon junction Solar Cells from round to rec­

tangular, Hoffman Semiconductor research has broken through another barrier to 

economic utilization of free power from the sun. 

Each of the new 120C Solar Cells illustrated above can convert sunlight into 15 

milliwatts of electricity with a conversion efficiency of 10% -promises up to five 

times more output than the original circular cells first manufactured for commercial 

use by National Semiconductor (forerunner of the new Hoffman Semiconductor 

Division). Yet this more powerful Solar Cell actually costs less per watt of power 

than any previous cell. The unique rectangular shape of the 120C Solar Cell permits 

more compact packaging in smaller areas through overlapping connections, or 

"shingling;' as illustrated. Hoffman Solar Cells are ideal for powering transistorized 

radio receivers and transmitters, satelite signalling equipment and unmanned tele­

phone relay stations. 

In addition to classified military projects, commercial applications for Hoffman 

Solar Cells now in advance development include lifetime flashlights, portable radios, 

and airport runway and highway construction warning lights. 

Hoffman Semiconductor engineers will be glad to show you how to utilize this 

newest development in solar power for your particular needs. Write today for com­

plete information. 

Iloffillan SEMICONDUCTOR 
A DIVISION OF HOFFMAN ELECTRONICS CORPORATION 

Formerly National Semiconductor Products 
AMERICA'S LEADING MANUFACTURER OF SILICON JUNCTION SOLAK 
CELLS, POWER RECTIFIERS, DIODES, ZENER REFERENCE DIODES 

Hoffman Semiconductor Solar Cells are sold only through National Fabricated Products (N ATFAB). 
a Division 0/ Hoffman Electronics Corporation. 2650 West Belden Avenue. Chicago 47, Illinois 
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"TITANOX"-RCHT, nitrocellulose sub­
strate, a titanium calcium pigment con­
sisting of 30 ports titanium dioxide and 
70 ports calcium sulfate (X19,000). 

The same after the nitrocellulose pig­
mented film has been specially treated 
to dissolve the calcium sulfate, reveal­
ing the real structure of the titanium 
calcium pigment (X19,000) . 

They Saw the Real Structure of 
Titanium Calcium Pigment for First Time! 
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RCA Electron Microscope at National Lead Company 
Reveals Make-up of this Useful Material 

Development of the Electron Microscope over the years to the 

present high level of efficiency has permitted extended exploration 

in the field of pigment technology. According to W. R. Lasko of 

the Research Laboratory of National Lead Company, Titanium 

Division, South Amboy, N. J., "The RCA Electron Microscope 

has revealed for the first time the real structure of titanium cal­

cium pigment. We found that the particles of titanium dioxide in 

this widely useful pigment are coalesced around the surface of the 

calcium sulfate. Thus, identification of the individual components 

is possible. Size and shape of the calcium sulfate as well as of the 

titanium dioxide can readily be observed. The titanium dioxide in­

dustry has been immeasurably aided by the electron microscope." 

RADIO CORPORATION of AMERICA 

Whether your field of micrographic interest 

lies in metals and pigments, or in products of 
any one of the dozen or more industries now 
using the RCA Electron Microscope, your 
studies, too, can no doubt be immeasurably 

aided by this magnificent new research tool. 
For further information, write to Dept. Lll1, 

Building 15-1, Radio Corporation of America, 

Camden, N. J. In Canada: RCA VICTOR 
Company Limited, Montreal. 

Installation Supervision is supplied, and contract service 

by RCA Service Company is available with the Electron 

Microscope, if desired. 

ernment for Scientific Activities has been 
: published by the National Science 

Foundation. 
The present pervasive program has 

evolved a long way from the simple "ob­
servation and collection of data about 
natural phenomena" that began in the 
early 19th century. Among noteworthy 
developments in the past decade of 
rapid expansion the report cites the in­
crease in agricultural research; establish­
ment of the Atomic Energy Commission, 
the Office of Naval Research, two new 
Institutes of Health ( for dental and heart 
research ) and the National Science 
Foundation; the development of re­
search centers operated by private con­
tractors for the Government; the in­
auguration of a large program of medical 
research by the Veterans Administration. 

The main section of the publication is 
devoted to a detailed description of the 
Federal research establishment. The re­
sponsibilities of various branches of 
various agencies are listed, and research 
topics are indexed to tell which labora­
tories or agencies are working on them. 

Making More Scientists 

A $200-million program of under-
graduate scholarships is "needed 

immediately" to help end the waste of 
this country's intellectual resources. So 
recommends the College Entrance Ex­
amination Board in a report to the Na­
tional Science Foundation entitled En­
cOlu'aging Scientific Talent. 

A Board survey of high-school stu­
dents indicates that only half of those 
ranking in the top 30 per cent in scholas­
tic aptitude currently continue their 
formal education. Each year there are 
60,000 to 100,000 superior students who 
want to go to college but who cannot af­
ford to. Another 100,000 do not even 
want to go. 

Adequate scholarship help would at 
once salvage the youngsters who are 
both able and willing. Not all of them 
would become scientists. But the 
Board's survey shows that a large pro­
portion of high-standing students, espe­
cially boys, are interested in scientific 
work. Furthermore a considerable per­
centage of the others would abandon a 
preferred major subject if they received 
a scholarship in science pr engineering, 
Ideally, says the report, financial aid 
should be offered "across the board" to 
encourage intellectual talent in general. 
If the scholarships are limited, e.g, to 
science, they should restrict the recip­
ients as little as possible. The report con­
cludes that a program of the necessary 
size-about 100,000 new scholarships 
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"J International Nickel studies nsuper" alloys-
I 

I melted and cast in Stokes Vacuum Furnace I 
I I 
L ______________________________________ � 

The "thermal barrier" may be pushed 

even higher, as t he result of investigations 

in v acuum p r o ce s sin g o f  allo ys in a 

St o kes furnace, at Int ernational Nickel's 

Research Laboratory. 

Exclude air and remove gases from metals, 
and you can create extra properties that are 
unattainable by conventional techniques. This 

is one of the metallurgical developments that 
International Nickel Company, Inc. is inves­

tigating at Bayonne, New Jersey. 

Using a Stokes Vacuum Furnace, the com­

pany is studying the effects of vacuum melting 
and casting on a variety of nickel base alloys 

such as Inco 700 and 713, destined for jet 

engines and other extreme temperature serv­
ice. They also plan to examine the possibilities 

REFERENCE DATA: 
Vacuum Furnaces-Catalog 790 
Microvac Pumps-Catalog 752 
Diffusion and Booster Pumps-Specification and 

Performance Data 
Story of the Ring-Jet Pump-Booklet 756 
How to Care for Your Vacuum Pump-Booklet 755 
Vacuum Metallizing-Catalog 780 
Vacuum Calculator Slide Rule 
Powder Metallurgy Today 
Powder Metal Presses-Catalog 815 

of vacuum melting of special nickel alloys 

containing oxidizable elements, stainless steels, 

cast iron and copper base alloys. 

Stokes vacuum furnaces range in capacity 

from laboratory sizes to those capable of 

melting and casting charges of 3000 pounds 
on a production basis. The combination of 
Stokes high capacity Microvac mechanical 

pumps and "Ring-Jet" Oil-Vapor Booster 
Pumps gives fast pump-down and dependable 
maintenance of required vacuum down to 
the low micron ranges. 

Write for a consultation with our specialists 

on the particular type of vacuum furnace 

equipment best suited for your specific 

requirements. 

Vacuum Furnace Division 
F. J. STOKES CORPORATION 

5530 Tabor Road, Philadelphia 20, Pa. 
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OPPORTUNITY IN SOUTHERN CALIFORNIA 

:D..A..T..A..-P:a,OCESSXN"G 
S"Y"STEJH:S SPECX..A..LXSTS 
long-range program in business systems 
-unusual creative freedom 
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Here's opportunity to do advanced creative work with a leading company in the 

development of digital computer systems. Activity includes systems analysis of 

present customer requirements and future computer applications, with special 

emphasis on practical applications of new concepts. You'll be well rewarded, both 

in salary and advancement, for your creativeness. You'll enjoy the broad working 
freedom of a select research·design group-and the stability afforded by a parent 

company of international stature. You'll help develop data-processing systems for 

worldwide commercial markets-in a continuing program. Ultra-modern laboratory 

in a pleasant Los Angeles suburb. Broad benefits, relocation expenses. 

Operations research specialist Senior computer systems engineer 
With advanced degree in mathematics. Ex· Advanced degree preferred, although not reo 
perienced in mathematical formulation of quired, either in engineering or mathematics. 
business and management problems, and Broad background in logical and systems de· 
familiar with the functions of electronic equip· sign and ability to do independent research 
ment in operations research techniques. in computer structures and computer logic. 

Senior data-processing systems designer Computer applications specialist 
With technical degree and extensive back· With technical degree. Should have solid ex-
ground in formulating computer systems for perience in programming, systems analysis 
business data·processing. Should have ex· and applications studies. Work is adaptation 
perience in application of equipment as well of computer characteristics to business data· 
as in design. processing requirements. 

For 16·page brochure describing activities and career potential at the NCR Electronics 
Division, write or contact D. P. Gillespie, Director of Industrial Relations 

-Trademark Reg. U. S. Pat. Off. 

THE NATIONAL CASH REGISTER COMPANY 
Electronics Division 
1401 East EI Segundo Boulevard, Hawthorne, Calif. 

each year-will have to be largely sup­
ported by the Federal Government. 

But scholarships alone cannot recover 
all the potential scientists, the report de­
clares, even among the group that wants 
to go to college. It is equally important 
to prepare students better for college 
scientific work, to interest them in a 

science career and to inform them of its 
opportunities and rewards .  Such efforts 
should begin early; the sixth or seventh 
grades may be the "crucial point" where 
many able children are lost to science. 
Higher pay and recognition must be ac­
corded science teachers in order to re­
duce the present acute shortage in that 
profession; the "well-trained, stimulating 
high-school science teacher" has almost 
disappeared. 

The Antineutron 

The inventory of "reversed" matter is 
growing. Now the antineutron has 

been made, caught and identified by a 
group of physicists working at the Uni­
versity of California Bevatron. 

Anti particles are marked in general 
by a reversal of the properties that 
identify their ordinary counterparts. The 
anti particles corresponding to charged 
particles like the electron and proton are 
oppositely charged. The neutron is un­
charged, but it does have a magnetic 
field. The antineutron's field is reversed. 
That is, if a neutron and an antineutron 
were lined up so as to spin in the same 
direction, their magnetic fields would 
be in opposite directions. But the essence 
of "anti-ness" is annihilation.  When an 
ordinary particle and its anti particle 
collide they both disappear, turning into 
energetic radiation. 

This is what happens when an anti­
proton bumps into a proton. Theory 
shows, however, that if the two merely 
pass near each other, the antiproton may 
flip a negative pi meson to the proton 
in a sort of lateral pass. This leaves both 
particles electrically neutral: the proton 
becomes a neutron and the antiproton an 
antineutron. If the antineutron subse­
quently meets another neutron, the pair 
will annihilate. 

The California research team, consist­
ing of Bruce Cork, Glen Lambertson, 
Oreste Piccioni and William Wenzel, 
set up an experiment to manufacture 
antineutrons and to detect their annihila­
tion. They directed antiprotons at a sam­
ple of liquid hydrogen. A few ( three per 
thousand ) were converted to antineu­
trons. These were made to hit a lead 
glass target where some of them anni­
hilated with neutrons .  The resulting 
energy bursts were detected and meas-

© 1956 SCIENTIFIC AMERICAN, INC



SILICONE NEWS 

Aid for Maintenance-Weary Plants 
• New Silicone defoamer kills 

production bug-a-boo, reduces downtime 
corrosion, seals against leakage of 
process fluids. Impressed with the 
freedom-from-maintenance provided 
by Valve Seal, the Foxboro Valve 
Co. now offers its well -known 
"Stabilflo" valves equipped with a 
lubricator for injecting this versatile 
Dow Corning silicone lubricant. 
Other Valve Seal applications - flow 
meter bearings, pump packings, plug 
cocks. No. 38 

fligher vacuum, lower cleaning costs • 
with Silicone diffusion pump fluid 

• Motors insulated with Silicones give 
more mileage per maintenance dollar 

MORE MUSCLES FOR LESS MAIN­

TENANCE-New dimensions of effi­
ciency in electric motors have been KILLING A BIG HEADACHE­

Foam steals valuable production 
space, breeds costly maintenance 
problems. During the past decade, 
Dow Corning silicone defoamers have 
flattened foam during processing of 
products ranging from Fudgsicles to 
auto parts. Now are generally con­
ceded to be the most versatile and 
efficient foam killers available. 

Enter Antifoam B, a new Dow 
Corning silicone defoamer . . . kills 
foam with all the deftness of its con­
temporaries but adds a new measure 
of convenience. Speedy dispersibility 
is the important key, as illustrated by 
the underwater photo above. Other 
features-ready to use, no delays for 
diluting or mixing-excellent stability, 
long storage life-stays uniform even 
if frozen or boiled. No. 35 

CORROSION BOWS OUT -More 
and more maintenance engineers 
plagued by the high cost of finishing 
and refinishing metal surfaces are 
standardizing on protective coatings 
made with Dow Corning Silicones. 
A typical example: Reynolds Metals 
Company has found that silicone 
based aluminum paint lasts at least 8 
times longer than a conventional alu­
minum paint on diesel exhaust stacks 
where temperatures average 950°F to 
1l00°F. Consumers, too, want prod­
ucts that stay good looking longer. 
That's why foresighted appliance man­
ufacturers are trending toward sili­
cone based product finishes. No. 36 

LOW COST HIGH VACUUM -
When Thomas Electronics began 
making TV picture tubes, organic oils 
were used in the 400 high vacuum dif­
fusion pumps on the production line. 
Opening and closing these pumps 5 
times every 8 hours caused rapid 
evaporation and breakdown of the 
oils. Result: Carbon deposits required 
costly, time-consuming cleanings. In 
1951 Thomas switched to Dow 
Corning silicone pump fluids. Main­
tenance costs were sharply reduced, 
because semi-inorganic silicone fluids 
do not break down to form carbon­
aceous deposits. Thomas also found 
that oil consumption dropped 30% 
with silicone fluid. No. 37 

SALVE FOR VALVES-Effective at 
temperatures from -40°F to 500°F 
and resistant to many chemicals, 
"Valve Seal," a salve-like silicone 
compound, protects valve stems from 

realized through the use of insulating 
materials made with Dow Corning 
Silicones. More power per pound 
and greater reliability are part of the 
story. Smoother production and lower 
maintenance costs are additional rea­
sons why silicone insulated electrical 
equipment is getting the nod from 
utilities like the Philip Sporn plant 
on the American Gas and Electric 
System. 
Philip Sporn's first silicone insu­
lated motor, a 1000 hp, 1190 rpm 
fan motor, has been operating over 4 
years in ambient temperatures up to 
120°F. Starting against cold air 4 
times a day, it is overloaded by 30% 
bringing its total rise to 250°F with 
an output of 1300 hp. Built by the 
Elliot Co., this motor has coils 
wrapped with "R Tape," made from 
Silastic*, Dow Corning's silicone 
rubber. No. 39 
*T. M. REG.U .S. PAT .OFF. 

FOR MORE INFORMATION on silicones used in these applications, circle reference nos. in coupon. 

MIDLAND, MICHIGAN 
? 

ATLANTA BOSTON CHICAGO CLEVELAND 

--------------------, Dow CORNING CORPORATION, Midland, Michigan 
1 Dept. 9811 

35 36 37 38 39 I 
I 

Name ----------------- 1 
Title --------------------------- 1 
Company 

Address 

1 
-------------- 1 

------------------------ 1 
City ___________ St�e_-_-_--J 

DALLAS DETROIT LOS ANGELES NEW 'fORK WASHINGTON. D. C. (SILVIEII ..... ING. MD.) 
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CALIDYNE 
model 174 SHAKER 

Ibs. force output 

• AI50 adaptable 'or Random Vibration Testing. 

CALIDYNE'S Model 174 Shaker featuring high frequency operation 
and low input requirements has been so designed that it can be utilized 
in any one of six CALI DYNE Vibration Test Systems, 

The versatility of the Model 174 Shaker extends the range of vibra­
tion testing for which this shaker can be used. It further advances 
CALIDYNE Systems of vjbration control, enabling equipment man· 
ufacturers to: create vibratory forces over a wide range, measure 
them. use them for testing and measuring the test results. 

Typical vibration testing applications of these 
Model 174 CALIDYNE Shakers include: 

Complete performance 
data on each of these 
S CALI DYNE Series 
174 Shaker Systems 
are contained in New 
Bulletin 17400, For 
engineering counsel in 
applying the 
destructive force of 
vibration to your own· 
research and testing 
problems, call us here 
at CALI DYNE. 
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1. Brute force shaking at frequencies simulat· 
ing the worst conditions of ultimate operation. 

2. Structural response to determine mode 
shape. frequency and damping characteristics. 

3. Fatigue testing for high stress providing 
deflections many times greater than normal 
usage, 

4. Random vibration testing for more exact 
simulation of true environment. 

III �,�,�,� ,�!��:u� 
NEW ENGLAND, NORTHERN NEW YORK 

Tecbico"IHI,,,,,,.nl,, Inc. 
Waltham, Mass. (Twinbroak 3·1A001 
S)',acuu" N. Y (S),racu$e 3·7870) 

NEW YORK CITY, LONG ISLAND, 
NEW JERSEY, DELAWARE, 
EASTERN PENNSYlVANIA 

G. C",,;, f�' & "n«ialel 
Ridgewood, N. J. {Gilbert .·0878) 
S),ouet, L. t, N. Y. (Walnut 1·5095) 
Ptliladelphig, Pg. (Chellnul H ill 8·08921 

OHIO, WESTERN PENNSYlVANIA, 
EASTERN MICHIGAN 

M. P. Odell Campan)' 
Westlake, Ohio ITrinit)' 1·8000) 
Da),lon, Ohio (Oregan ...... 1) 
P ill.burgh, Penna. (freeman! 1·1231) 
Detroit, Mi(higan (Broadway 3·5399) 

SALES REPRESENTATIVES 
VIRGINIA, MARYLAND, WASHINGTON, D. C. 

f .•. )HOff, 11K. 
Wa$hinglon, D. C. (Oliye, 2.,U06) 

SOUTH CAROLINA, GEORGIA, ALABAMA, 
flOICIDA. SO UTH ERN TENNESSEE 

Spe(igliud fot"ipmenl Corp, 
Cocoa Beach, fig. (Cocoa eeoch 3 328) 

INDIANA, ILLINOIS, WISCONSIN, 
MINNESOTA, WESTERN KENTUCKY, 
WESTERN MICHIGAN, N. DAKOTA, 
S. DAKOTA, EASTERN IOWA 

HUG" Marl/onG aMI Co. 
Ch itogo. 111. IAmbonodor 2·' 555) 
Indianapolis, Ind. IGlendgle 3803) 
Minnegpolis, Minn. (C ol la,. 79.91 

ARKANSAS, LOUISIANA, OKlAHOMA. 
TEXAS (Except fI Pa..al 

Jolt" A. Gr ... ".Co. 
Dallas, Texas (Riverside 32661 
Houston, Texas Uocltson 3·1021) 
Tuba, Oklanoma (Riverside 2·"6Sn 

CALIFORNIA, ARtZON .... COLORAOO, 
NEW MEXICO, NEVADA, OREGON, 
WA�INGTON, IDAHO, WESTERN MONTANA 

Ge,old •• Mill., Co. 
Hollywood, Calif. (Hollywood 2·1195) 
Son Diego, Colif. (Acgdem), 2·1121) 
Belmont, Calif.IL)'lel 3·3.381 
TuCSOfl, Arizong (T ucM)f'l .·.2551 
Denver, Colo,gdo (Acoma 2·9276) 
Albuquerque, Ne .... Mexico 

(Albuquerque 5·8606) 

ured in a special counter arrangement 
which discriminated against all bursts 
not caused by annihilation of neutral 
particles, 

Because the production of an anti­
neutron is so rare an event, the experi­
ment became feasible only after the 
Bevatron's output of antiprotons was 
stepped up, In the original antiproton 
experiments only 300 were counted over 
a period of weeks, Now, when every­
thing goes right, 6,000 can be made in 
a day, 

Source of Immunity 

The immune response, by which living 
organisms "learn" to recognize and 

destroy foreign protein or other ma­
terials, is one of the leading puzzles of 
biochemistry, An important clue to the 
initial step in the process has been un­

covered by a group of British research­
ers, They are tracing the antigen that 
"teaches" an animal to reject a graft, 

When skin from one mouse is grafted 
onto another of a different genetic stra.n, 
the transplant does not last. The first 
time the experiment is tried, the patch 
takes hold and grows for a time but then 
withers away and falls off in about 10 
days. Subsequent grafts between the 
same animals never begin to grow, and 
are completely destroyed in six days. 
The first transplant has made the mouse 
immune against later ones, 

Immunity can also be produced by in­
jecting some tissue, not necessarily skin, 
from the donor mouse into the donee. 
After such an injection even a first skin 
transplant is destroyed in six days. Ex­
actly what substance in the injected tis­
sue is responsible for immunity has been 
unknown, It has been generally sup­
posed that only living cells could call 
forth the response, 

Now R. E. Billingham, L. Brent and 
P, B, Medawar of University College, 
London, have shown that killed cells can 
give immunity and have traced the ac­
tive agent to the nucleus, They report in 
Nature that they broke up tissue samples 
by ultrasonic vibration and separated 
the cell nuclei from cytoplasm, The 
nuclei produced immunity when inject­
ed into mice, cytoplasm did not, 

Treating nuclei with an enzyme which 
digests desoxyribonucleic acid ( DNA ) 
destroyed their power to give immunity. 
Other enzymes, even one which com­
pletely dissolved the nuclei, did not im­
pair the potency of the material. These 
and other chemical tests indicate that 
the active agent is a compound of DNA 
and protein, The investigators suspect, 
and are trying to prove, that the activity 
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Leak detection 

New Profit Opportunities 
• Scientific leak detection cuts complaints in 

packaging industry. 

• Refrigeration systems made leak tight; service 
costs reduced 85%. 

• Vacuum systems' down-time reduced. 

A NEW LEAK DETECTOR, especially de­
signed for continuous production-line test­
ing of pressurized cans which use Freon * 

or a similar propellant, has recently been 
announced by the General Electric Com­
pany. Designed for use by manufacturers 
of insecticides, hair lacquers, paints, 
plastic sprays, shave lathers, shampoos, 
etc., the new Fixed-head Leak Detector 
accurately leak checks every can on the 
filling line. This 100% leak test helps pro­
tect the quality of the product throughout 

its shelf life and sizeably reduces com­
plaints and returns caused by deteriora­
tion on dealer's shelves. 

Automatic testing can be accomplished 
and rejection of faulty cans can be initi­
ated by the new system. Manual testing 
of cans or containers is eliminated and 
this new method is more sensitive and 
much faster than conventional "hot 
water" methods. 

Tolerance limits for quality control can 
be set and maintained through use of 
General Electric's new Leak Standard. 
Experience with your product will show 
the maximum size leak which can be per­
mitted without reducing shelf life below 
the desired minimum. The Leak Standard 
makes possible quantitative measurement 
of the leak and proper calibration of the 
detector to predetermined limits. 

ANOTHER UNIT CUT SERVICE COSTS 85% 
for a user in Michigan who installs air 

conditioning equipment. These savings 
were achieved by using General Electric's 
Type H-l portable detector to check new 
units for leak tightness during installation 
and to speed service calls. This detector is 
also popular for checking piping systems, 
gas sealed transformers, radiant heating 
systems, instruments, double glass win­
dows, laboratory apparatus, gas tanks 
and other closed vessels and systems. 

Existing light has no effect on the effi­
ciency of your leak detection procedure 
since this unit does not depend on the 
changing color of a flame as a leak signal. 
With the Type H-l halogen leak detector, 
even an unskilled operator can find a leak 
so small that in 100 years, only one ounce 
of Freon * gas would escape. A true leak 
signal is assured because the unit auto­
matically offsets slow changes in back­
ground concentrations of halogen gases. 
Leaks are indicated by an instrument dial 
as well as by a variable-pitch loudspeaker 
or earphones. 

FOR CRITICAL APPLICATIONS, requiring 
extreme sensitivity, General Electric's 
Mass Spectrometer Leak Detector is 
ideally suited. Used for testing vacuum 
tubes, refrigeration systems, transistor 
housings, mercury boilers, vacuum fur­
naces, uranium processing equipment, 

altitude chambers, distillation equipment, 
cyclotrons and gas cooled generators, the 
unit will detect helium leaks of as small as 
1 x 1010 standard cubic centimeters of air 
per second. At a slight sacrifice in sensi­
tivity, hydrogen can be used as a tracer 
gas instead of helium. Rugged industrial 
construction, simplicity of design, and 
extensive use of plug-in type components 
make the General Electric device easy to 
operate and maintain. For example, the 
spectrometer tube of the detector can be 
removed without having to shut down the 
leak detector vacuum system. It is pos­
sible to resume operation within five or 
ten minutes after the tube is replaced. 
Features such as these are typical of 
General Electric's family of leak detection 
apparatus. 

Whenever leaks can be expensive, in 
terms of money, safety, or reputation, 
call your General Electric Apparatus 
Sales Office for consultation about the 
best solution to your problem of leak 
detection. Or write Section 585-47, Gen­
eral Electric Company, Schenectady 5, 
New York, for information on the Fixed­
head Leak Detector, the Leak Standard, 
the Halogen Leak Detector or the Mass 
Spectrometer Leak Detector. • 

*Reg. trademark of "Kineficll Chemicals Div. of E. t. Du 
Pont de Nemours and Co., Inc. 

ACCURA TE LEAK DETECTION 

MEANS PROFITS 

GENERAL . ELECTRIC 
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speaking of uranium mining • •• 

VITRO'S across-the-board position in atomic energy be­

gins with uranium exploration and mining. Its sub­

sidiary, Vitro Minerals Corporation-jointly owned with 

Rochester and Pittsburgh Coal Company-is now the 

largest uranium producer in Wyoming, conducting extensive 

strip mining in the Gas Hills area. 

Vitro Minerals' rise to a commanding position in uranium 

mining in eighteen short months is based on three factors: 

• Use of the most advanced technology in the mining field-backed by 

the know· how of the parent companies; 

• Job·engineered equipment - dragJines, bulldozers, power shovels, 

crushers, ore samplers and other machinery; 

• A bold, purposeful program aimed at leadership in uranium mining. 

Vitro Minerals is exploring, drilling or managing other 

uranium properties, including several in the Henry Moun­

tains area of Garfield County, Utah, and in the Green River 

and San Rafael areas of Emery County, Utah. 

The ore-buying extension will place new emphasis on 

mining efficiency. Vitro Minerals has the personnel, ex­

perience and equipment to give the most in mining. Its close 

affiliation with the Vitro Uranium mill in Salt Lake City 

assures a consistent market for ores from its own operations. 

For joint venture or contract operation details write 

VITRO MINERALS CORPORATION, Salt Lake City,. Utah 
A Subsidiary of 

(ij" Research, development, weapons systems 

$' Nuclear and process engineering, design 

A Refinery engineering, design, construction 

CORPORATION of AMERICA 

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

� Uranium mining, milling, processing, refining 

� Rare metals, rare earths, heavy minerals 

@ Ceramic colors, pigments, fine chemicals 

actually resides in the DNA-the genetic 
material itself. 

Oldest City 

Radiocarbon dating methods have 
greatly enhanced ancient Jericho's 

claim to be man's oldest city. A pre­
liminary report on materials from Kath­
leen M. Kenyon's excavations [see her 
article "Ancient Jericho"; SCIENTIFIC 
AMERICAN, April, 1954] show that a 
level above that of the first walled town 
dates from the period 8000-6000 B.C. 
This pushes the beginning of civilization 
back to a time when the Ice Age had not 
yet ended in northern Europe. Jericho 
was already twice as old as Rome is to­
day when the Israelites razed her in the 
second millennium B.C. 

The radiocarbon dates have a qualita­
tive as well as quantitative importance, 
according to an article by Sir Mortimer 
Wheeler in Antiquity. Up to now, his­
torians have believed that civilization 
began about 3500 B.C. in the "Fertile 
Crescent" formed by the valleys of the 
Nile and the Tigris-Euphrates. It now 
seems that desert oases such as Jericho 
were permanent agricultural settlements 
long before man knew how to cope with 
the cultivation of seasonally flooded 
river valleys. 

Frozen Radicals 

Free radicals, which normally exist 
only fleetingly in hot gases, can now 

be solidified and stored for hours. In this 
form their properties can be investi­
gated, conveniently and at leisure, by 
means of optical spectroscopes. The 
storage technique was developed by 
R. P. Broida and several colleagues at 
the National Bureau of Standards. 

Broida creates his free radicals by first 
passing various gases through a high­
frequency electric discharge and then 
piping them into an evacuated chamber 
immersed in liquid helium at 4 .2  degrees 
above absolute zero. As soon as they 
strike the walls of the chamber they con­
dense. An added advantage of the tech­
nique is that the electric discharge raises 
the gas atoms to an excited state. After 
the radicals freeze they gradually drop 
back to the ground state, emitting light 
energy. Thus emission.as well as absorp­
tion spectra can be studied. The sub­
stances solidified so far include hydroxy 
(OR) molecules, and atomic nitrogen, 
oxygen and possibly hydrogen. 

When frozen radicals are heated a few 
degrees they react suddenly. Study of 
the light and heat given off can tell much 
about these reactions. Also, by freezing 

© 1956 SCIENTIFIC AMERICAN, INC



Westinghouse dries air to 
-100°F dew poi nt with 
Alcoa Activated Alumina 
Simulating atmospheric conditions 23 miles 
up demands air dried to a dew point of 
-lOooF. Westinghouse Electric Corporation, 
Aircraft Equipment Department, Lima, Ohio, 
faced that problem in designing a high alti­
tude chamber to test aircraft electrical acces­
sories. They solved it with four Lectrodryers 
charged with Alcoa® Activated Alumina. 

Air for the test chamber is first rough dried 
in a refrigerating unit to a dew point of 38°F. 
It then passes.through two of the four Lectro­
dryers for the tough drying job of removing 
all remaining moisture vapor to achieve a 

_100° dew point. Two driers can be kept 
constantly on-stream while the remaining two 
are reactivated. Thus, air dried to -100°F 
can be delivered to the chamber around the 
clock nonrecirculating at rates up to 20 Ibs 
per minute (260 cu ft at atmospheric pressure). 

In tough drying jobs like this, Alcoa Acti­
vated Aluminas have proved time and again 
that they afford the fastest, most efficient de­
hydration possible. They dry to lower dew 
points than any other commercial adsorbent. 
They are of uniform purity, composition and 
structure. They are nontoxic and inert to most 
gases and vapors. And their strong particles 
will not break down through repeated cycles 
of saturation and reactivation. 

Whatever your drying problem, you'll find 
that Alcoa Activated Aluminas are synony­
mous with fast, efficient dehydration of gases, 
vapors and liquids. Their relatively low cost 
and ability to stand up under almost endless 
reactivations make them economical, too. Get 
the full story on these oldest, most thoroughly 
proved commercial adsorbents. Write: Alumi­
num Company of America, 706·L Alcoa Build­
ing, Pittsburgh 19, Pennsylvania. 

Photographs courtesy of Pittsburgh lectrodryer Company. 

In this Westinghouse test chamber (left) Alcoa Activated 
Alumina makes test conditions accurate by drying air 
for the chamber to a dew point of - 100°F. 

While two of these lectrodryers are on·stream, on 
alternate pair is regenerated. The charges of Alcoa 
Activated Alumino are reactivated by passing steam 
through coils at 1 50 psig ma ximum for four hours, then 
cooling with water (at 85°F) for two hours. 

�' THE ALCOA HOUR � ... TELEVISION'S FINEST lIVE'ORAMA 
" ALTERNATE SUNOAY EVENINGS 
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you are everywhere 
with the 

1§ii1I 0  B 

S E R V E R T V C - 1 

C L O S E D  C I R C U I T  T V  C A M E R A  
The Observer is a low·cost elec· 
tronic camera. Whatever it 'sees' 
- however distant. dangerous or 
inaccessible - can be transmitted 
by wire to any remote point or 
points where it can be viewed on 
a conventional TV receiver - in 
comfort and safety. 

Industry. science. education. busi· 
ness management - are but a few 
of the fields in which the B·T 
Observer has virtually unlimited 

application -fields in which the 
B·T Observer has already proved 
i t s  t i m e  a n d  m o n e y · s a v i n g  
potentials. 

Any qualified TV Service·Techni· 
cian can install the equipment. 
Operation requires no technical 
knowledge or training. The facili· 
ties of Blonder.Tongue are at your 
disposal to assist you in survey· 
ing and planning a B·T Observer 
system for your organization. 

For complete details. write to Dept. PL-6 

B L O N D E R ·T O N G U E  L A B S  . .  I N C. WESTFIELD. N.J. 
In Canada : Telequipment, London, Ontario 

The targest ma",ufacturer of TV Signal Amplifiers. UHF ClYMJerte .. and 
MllSter TV DistTibutlon SlIstems. 

500,000 GAUSS 
For producing and testing magnets­

High intensity field experiments 

Bowl sha ped 
magnet is  rea d i l y  
m a gnetized. 

Raytheon I m p u lse 
Ma gneti zer-for 
m a gnetron, 
sepa rator, 
i nstru ment, 
magnets, etc; 
n u c leonic a n d  
physical  resea rch. 

M A X I M U M  L I N E  D E M A N D  6 . 6 .  K VA 
Raytheon's Impulse Magnetizer 
uses the stored-energy principle to 
deliver up to 1500 KV A peak pulse 
output power for magnetizing up 
to 75 1bs. of Alnico V. For magne­
tizing, output current-maximum 
200,000 amperes-is precisely con­
trolled; uniform from pulse to 
pulse and generates extremely in­
tense fields. Production of very 
narrow gap and special-shape 
magnets; magnet testing and mag­
netic research are typical applica­
tions . . .  Please write for details. 

RAYTHEON MANU FACTU RING COMPANY 
Commercial Equip ment D ivis ion,  D.pt. 61 20S, 

Waltham 54, Mass. E" in Electronics Excellence 

A·2017 -A 
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Bei ng knocked out by a pi nt·sized com petitor? 

Maybe they a re a l ready usi ng M P8's * 

such as these 000 

A postca rd wi l l  b r ing  you comp lete data 

on 500 types a n d  sizes. 

Lead with you r  left, a n d  write ! 

*���;;;��;-P-;;;I�;��-;�;;;;�;:�;�'---
19 Precision Park, Keene, N .  H .  

Please send M PB's new Cata log to: 
Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TiUe . . . . . . . . . . . . . .  . . 
Company . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . • . . . • • . • • • • • • 

Street . . . • . . • . . . . . . . . • . . . . . . . • . . . . . . . . . . . . • . . • . • • • . • • • •  

City . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . .  State . . . . . . . . . . . . . 

various radicals together and then heat­
ing them, it may be possible to create 
entirely new chemical compounds. 

Hormone Anatomy 
1'" he first complete isolation of inter-

medin, a pituitary hormone which 
controls pigmentation, and the deter­
mination of its structure have been re­
ported by Irving I. Geschwind, Livio 
Barnafi and C. H. Li, of the University of 
California. Even more significant is their 
discovery that a well-defined section of 
the intermedin molecule is identical to a 
section found in the hormone ACTH. 
The biochemists believe that this frag­
ment probably contains the specific bio­
logical activity of intermedin and ex­
plains the fact that ACTH can also 
induce pigmentation . The finding tends 
to confirm the idea that large pituitary 
hormones like ACTH are, in effect, sev­
eral hormones rolled into one. The var­
ious effects of ACTH ( it stimulates the 
adrenal glands, produces pigmentation, 
and increases the amount of red cells in 
the blood ) may each depend on a spe­
cific portion of its molecule. 

Calculus of Clean· and-Jerk 

T he bigger you are, the more weight 
you should be able to lift ( ceteris­

paribus ) .  This qualitative rule has now 
been reduced to mathematical exactness 
by M. H. Lietzke, a chemist at Oak 
Ridge National Laboratory with a 
penchant for arithmetizing athletics. 
Writing in Science, Lietzke suggests that 
weight-lifting ability should be propor­
tional to the 2/3 power of body weight. 
When he plots the world records for var­
ious weight classes, his formula is strik­
ingly confirmed. 

He extends the graph only as far as 
the 198-pound class because athletes in 
these limited classes generally train 
down to make the weight. They there­
fore represent pure bone and muscle, 
the only material that counts . Extrapola­
tion of the curve shows that the heavy­
weight ( unlimited class ) record of 1 , 130 
pounds ( total for three lifts : the press, 
the snatch and the clean-and.jerk ) 
should be within reach of a 232-pound 
lifter. The record·holder, Paul Ander­
son, weighs in at a sfIpererogatory 350. 

Not all the class records lie exactly on 
the line. The farther they are above the 
line, the more exceptional a performance 
they represent. On this basis, Lietzke 
concludes, the 148-pound champion, 
Kostilev of the U.S .S .R . ,  is the world's 
best weightlifter. 
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The famous, lightweight Talgo, originally field-proven in 

Spain,  is now pioneering a new era of rai lroad transportation 

in the U. S.  Prototypes of these new Talgos, as well as 

the original AC F-bu i lt Span ish version, were all road-tested 

with Consol idated Electrodynamics instruments to evaluate 

design features and rid ing comfort. 

Whenever you need fast, accurate data for new-product 

development, product improvement, or quality control, 

CEC can help you. The instruments, equipment, and 

systems avai lable through Consolidated will place you in 

command of any analytical, control, or data-processing 

problem. How CEC can help improve your own 

products, competitive posit ion, and profits is told in 
Brochure 43-"Your  Next Move for Profit and 

Progress ."  Send for it today. 

M ost sig n i f icant m ove 

i n  m o d e r n  rai l road i 

11 

op(!ration in the U.S. is Rock 

Island's "Jet Rocket". Its proto­

types were road-tested with CEC 
Recording Oscillographs. Strain 

gages, accele rometers, tra vel 

gages, alld three-way ride record­

ers GOmpleted the test equipment. 

Co n so l i d ated Electrodynam i cs ® 300 No" h S;eaa Mad" Vala, p.,adma, Califom;a 

N A T I O N W I D E  C O M P A N Y - O W N E D  S A L E S & S E R V I C E O F F I C E S  

7 1  
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Life 
00 the 

Chemical 
Hewstroot 

FIELD TESTS OF CYPAN® Drilling Mud Conditioner, a new organic water-loss 
control reagent, have produced excellent performance reports. As wells go deeper, 
a steady flow of special muds is needed to carry away cuttings, lubricate drill bits 
and maintain hydrostatic pressure. These muds must stand up under increasingly 
severe heat and contamination conditions.  CYPAN stabilizes muds even at tempera­
tures as high as 350· F. It resists contamination by salt, which otherwise would 
flocculate the colloidal clays present, and retards water loss so that muds maintain 
gel strength, lubricating and caking properties. A high molecular weight, acrylic­
type polymer, CYPAN is readily soluble in water and can be added easily to mud 
systems. ( I ndustrial C hemicals Division, Dept. A) 

THERE'S A SOFTER FEEL AND BETTER DRAPE in the blouse this 
lady is examining, for it has been treated with Cyanamid's new 
CYANATEX® 31 19 Softener. Both natural and synthetic fibers are 
lubricated and softened by this general purpose non-ionic textile 
finishing agent, making cloth easier to handle during processing as 
well as improving the appearance and "hand" of the finished 
garments. CYANATEX 3119  can be used alone, or in conjunction 
with other textile chemicals without any adverse effect on desir­
able characteristics such as crease retention and shrinkage control. 
(Organic C hemicals Division) 

A DIAMIDE, Cyanamid's succinamide is now �vailable for your 
investigation as an intermediate in which both terminal groups 
offer typical amide reactivity. For example, reaction with formal­
dehyde yields the dimethylol derivative which has possible in­
terest in the modification of cellulose or starch. Heating produces 
succinimide, useful as an intermediate in the preparation of an 
unusual brominating agent, N-bromosuccinimide. Cyanamid's 
newly developed process for producing succinamide opens the way 
for increased acceptance of this intermediate for commercial use. 
(New Product Development Department, Dept. A) 
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Interior Designer: Michael Greer, A.I .  D. 

CONTI NUED BEAUTY U N DERFOOT is assured in this living room, 
one of many rooms in a group of apartments decorated by mem­
bers of the New York Chapter, American Institute of Decorators, 
in the Royal York Apartments, New York City. Wall-to-wall car­
peting has been treated with CYANA® Soil Retardant to keep the 
rug new-looking between cleanings. Wool, cotton or synthetic 
fibers are treated at the rug mill. An invisible protective barrier is 
formed so that dirt particles can no longer readily adhere to the 
carpet fibers . Normal on-Hoor maintenance keeps rugs treated with 
CYANA in excellent appearance. (Organic C hemicals Division) 

HIGHER FI DELITY MUSICAL TONES are reproduced by a new phono­
graph designed by Pickering and Company of Oceanside, N. Y. The 
delicate mechanism of the Fluxvalve Pickup is sturdily housed in a 
unique one-piece head molded from Cyanamid's LAMINAC® Poly­
ester Resin. The stylus is ingeniously supported in a separate 
LAMINAC molding, easily inserted into the head. The excellent fre­
quency response of the Fluxvalve is protected indefinitely by the 
moisture-resistant and dimensional stability of LAMINAC. Another 
advantage is greater economy in production' through the elimination 
of assembly problems, thanks to its integral construction. Precision 
molding to within .001"  tolerance with LAMINAC Resins has solved 
critical alignment problems. (Plastics and Resins Division) 

24 MILLION POU N DS OF  ANIL IN E  A YEAR is the goal of a new 
Cyanamid plant to be constructed at Willow Island, W. Va. The 
plant will use an entirely new process developed by Cyanamid 
research. For almost forty years a major supplier of aniline, 
Cyanamid is expanding its capacity in response to steadily in­
creasing demand for products and intermediates dependent upon 
this building block of organic chemistry. Current data sheets on 
Aniline Oil, giving properties, specifications, uses and test methods 
are available on request from American Cyanamid Company. 
(Organic Chemicals Division) 

Additional information may be 
obtained by writing on your 
letterhead to the Division of 
American Cyanamid Company 
indicated in the captions. 

Building for the Future 
Through Chemistry 
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BUTADIENE is made in this section of the Baytown, Tex., petro· 

leum refinery of the Humhle Oil and Refining Co. Elsewhere in the 
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refinery area the hutadiene is mixed with isobutylene to make Butyl 

rubher, which is largely used for the manufacture of inner tubes. 
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RUBBER 
Natural rubber is no,v supplemented by a remarkable variety of 

synthetic rubbers. The trend is culminated by the production 

of a synthetic rubber which is identical with natural rubber 

Vulcan was the Roman god of fire 
and metalworking. When Charles 
Goodyear, over a century ago, 

found a way to improve natural rubber 
by heating it with sulfur, he compared 
his method with the process of tanning 
to convert "perishable hide into beauti­
ful leather," and the process of "baking 
iron" with carbon to change it into steel. 
These processes evidently had intrigued 
Goodyear and given him the thought 
that, just as raw iron and hides could be 
transformed, so it should be possible to 
change rubber into something with bet­
ter and more useful properties. The pro­
cess Goodyear developed for rubber was 
given the name "vulcanization" not by 
Goodyear himself but by a Mr. Brock­
edon, a friend of Thomas Hancock, the 
Englishman who rediscovered the meth­
od four years after Goodyear had pre­
pared the first samples in 1839. 

Natural rubber had been known, of 
course, long before Goodyear discovered 
a way to "change" it. The word rubber 
had come from its use in rubbing out the 
marks of a lead pencil, and it was men­
tioned as available for this purpose in a 
preface of a book by Joseph Priestley 
published in 1770. The English still call 
natural rubber "India rubber," because 
it came originally from the West Indies, 
which Columbus and his contemporaries 
thought was India. The French word for 
rubber, caoutchouc, probably comes 
from the native expression caa o-chu or 
cahuchu, which means "weeping wood," 
according to a reference to the matter by 
the Frenchman Charles Marie de La 
Condamine in 1736. Nowadays, more in 
keeping with the properties and uses we 
know today, rubber sometimes goes by 
the name "elastomer"-a term which I 
suggested in 1939 when the editor of 
Industrial and Engineering Chemistry 
asked for a more descriptive nomencla-

by Harry L. Fisher 

ture for the rubbers . This name applies 
to any substance which can be stretched 
readily to at least twice its length and 
which retracts rather rapidly to approxi­
mately its original length when the stress 
is released. 

The word rubber has in fact come to 
mean not a particular chemical sub­
stance but a type of material. When we 
speak of synthesizing a substance such 
as camphor or quinine, we mean dupli­
cating the natural product, but synthetic 
rubber can mean a substance with rub­
ber-like properties. 

Supply and Demand 

Before Goodyear discovered how to 
make rubber really useful, the traffic in 
natural rubber was slight. In 1834 the 
imports of natural rubber into the U. S .  
had reached 540 long tons, but the rub­
ber-business "bubble" soon burst and 
imports dropped to 260 tons. Fifteen 
years after the discovery of vulcanization 
they still amounted to only 2,150 tons. 
(Compare this with the 635,332 long 
tons of natural rubber imported and the 
982,304 tons of synthetic rubbers pro­
duced in the U. S. in 1955.) 

However, the demand later rose by 
leaps and bounds, and very early in the 
game attempts began to be made to pro­
duce rubber synthetically. Aside from 
the uncertainties of the overseas supply, 
the price of natural rubber has been a 
nightmare to manufacturers of rubber 
goods because of its great fluctuations. A 
hundred years ago the average price was 
62 cents a pound. During the next 50 
years it varied widely. In 1910, with the 
new demand for automobile tires and 
tubes, it went as high as $3. 12 a pound. 
Five years later, thanks to increased pro­
duction of plantation rubber, it was 
down to 66 cents again. In 1932 the 

average price fell to 2.6 cents a pound, 
the lowest in history. It rose to 20 cents 
in 1940 and now is around 36 cents a 
pound. The principal synthetic rubbers 
are around 25 cents a pound. 

Most people thought that synthetic 
rubber was new during World War II .  
Was it? As early as 1879 a Frenchman 
named G. Bouchardat heated natural 
rubber to a high temperature and ob­
tained a volatile substance, called iso­
prene, which he succeeded in converting 
into a rubber-like material. The impor­
tant pOint of Bouchardat's reasoning is 
that he conceived that isoprene might be 
a building stone of rubber-which in fact 
it is. Three years later W. A. Tilden in 
England obtained isoprene from turpen­
tine, and then, by Bouchardat's method, 
converted it into a "tough substance re­
sembling caoutchouc." Seven years later 
Tilden noted that isoprene standing in a 
stoppered bottle had changed spontane­
ously to a rubber, and he found that it 
"unites with sulfur in the same way as 
ordinary rubber, forming a tough elastic 
compound." And by 19 10 S. V. Lebedev 
in Russia had made a rubber-like com­
pound from butadiene, the simplest of 

all the hydrocarbons related to rubber. 

Polymers 
These hydrocarbons, compounds con­

sisting only of carbon and hydrogen, 
have what the chemist calls "a conju­
gated system of double bonds," which 
readily link to many other substances or 
join molecules of the same 'kind. Buta­
diene [see formula on page 78] forms 
long chains of many times its own mole­
cular weight. Such substances are known 
as polymers, and the method of produc­
ing them is called polymerization. The 
term comes from two Greek words mean­
ing "many parts." When two different 
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substances unite to form long polymers 
the product is called a copolymer. 

Polymerization is an interesting reac­
tion. It is started in the presence of cata­
lysts and the reactive chemical entities 
known as radicals. Among the good cata­
lysts are peroxides, and Tilden's spon­
taneous performance was probably the 
result of a peroxide formed by the action 
of oxygen of the air on the isoprene. 

Natural rubber is a high polymer con­
sisting of units made up of two molecules 
of isoprene [see formula on page 78]. 
Isoprene has a molecular weight of only 
68, and the natural rubber molecule 
( average molecular weight: one million) 
contains approximately 14,706 mole­
cules of isoprene. Just how the hydro­
carbon chain of natural rubber is formed 
is not known, beyond the fact that it 
comes from an acetate. Isoprene itself 
has never been found in any rubber tree 
or plant. 

Practically all the natural rubber of 

commerce comes from trees on planta­
tions in the Far East and in Liberia. 
These trees are all descendants from 
seeds gathered from rubber trees (Hevea 
brasiliensis) in the upper Amazon Valley 
in Brazil by Sir Henry Wickham in 
1876. The steamer Amazonas, which 
happened to be on the upper Amazon 
with no return cargo, took a load of 
70,000 seeds to England, and they were 
planted in Kew Gardens. Of the 2,700 
that germinated and produced seedlings, 
about 2,000 were taken to Ceylon and 
allowed to grow in botanical gardens 
there. Thus were the Far Eastern plan­
tations started. 

Rubber is found in an emulsion known 
as latex in microscopic tubes in the bark. 
The bark is tapped with a U-shaped 
blade, and the latex oozes out of the cut. 
It is collected, coagulated by the addi­
tion of diluted formic or acetic acid, then 
squeezed between corrugated rolls and 
hung in a smokehouse to dry. About 80 

per cent of the natural rubber comes on 
the market as tough, smoked sheet. An­
other form is pale crepe, which is washed 
on mills and allowed to dry without 
smoking. 

Crude rubber is too tough to be mixed 
with other substances in its natural state. 
In the early 1800s substances were 
mixed into it by dissolving it in turpen­
tine, which was then allowed to evapo­
rate. A Scotsman named Charles Macin­
tosh had the idea of putting the material 
between layers of cloth to make rain­
coats, and raincoats are still called 
mackintoshes. A big step forward came 
in 1820 when Thomas Hancock in Eng­
land discovered that when rubber was 
worked, or "masticated" (he used a nail­
studded machine), it became soft, and 
then all kinds of substances could be 
mixed into it. It is now known that the 
change is brought about by oxygen in 
the air. Apparently the working of the 
rubber shears the long molecules into 

NATURAL RUBBER is grown on the Cambodian plantation of 

Loc Ninh, here viewed from the air. The smooth area of woodland 

that covers most of the photograph is planted with Hevea brasilien. 
sis. In the middle of the photograph is the plantation's own airstrip. 
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fragments, free radicals, which unite 
with oxygen and form smaller molecules,  
so that the rubber becomes softer. The 
softening of rubber on a mill takes only 
a few minutes. If milled for 90 minutes 
or longer, the rubber is reduced to the 
softness of putty and finally to a heavy 
syrup. Rubber is not milled longer than 
necessary, because the longer the time 
of milling, the poorer are the properties 
of the final product. 

Vulcanization 

Natural rubber is vulcanized by heat­
ing it with sulfur, usually at tempera­
tures of 250 to 307 degrees Fahrenheit. 
In the early days eight parts of sulfur 
were mixed into 100 parts of rubber and 
the mixture vulcanized for three to four 
hours. In 1906 George Oenslager dis­
covered that the addition of aniline 
shortened the time and gave the rubber 
high tensile strength, good elongation 
and better resistance to aging. This was 
the first use of an organic accelerator of 
vulcanization. Aniline is poisonous, so 
nonpoisonous accelerators were soon 
substituted. Nowadays there are about 
50 different types, and they give remark­
ably fine properties. Only about one part 
of accelerator per 100 parts of rubber is 
needed, and the proportion of sulfur has 
dropped to three parts or less. This is 
helpful because sulfur is only slightly 
soluble in rubber at room temperature, 
and an excess of it will crystallize on the 
surface as a yellowish powder, known 
as "bloom." Furthermore, low-sulfur 
compounds age more slowly. 

Aging, which makes rubber goods 
hard, cracked and finally useless, is 
caused chiefly by oxygen, especially 
ozone (03), Ozone, though present in 
the atmosphere only in very small pro­
portions, is the great enemy of rubber. 
It acts rapidly, especially when the rub­
ber is stretched by 20 per cent or more 
of its length. To slow down aging, a 
small amount of antioxidant is usually 
added to rubber. 

Vulcanization changes natural rubber 
from a plastic to a nonplastic material, 
makes it insoluble and enhances its 
properties. Vulcanized rubber can be 
stretched to six to nine times its usual 
length, depending on the load. A vul­
canizate maintains its shape and always 
returns to that shape even though de­
formed in use. Witness a tire. Rubber 
vulcanizates have remarkable strength. 
Their tensile strength approaches that of 
mild steel. The carbon blacks used in 
rubber for tire treads give it a tensile 
strength of 4,500 pounds per square 
inch. One new synthetic rubber has a 

tensile strength of 11,100 pounds per 
square inch. 

Natural rubber is a remarkable mate­
rial, but man has improved on nature. 
He has made synthetic rubbers which 
do not swell in oils and greases, as natu­
ral rubber does. Natural rubber burns 
easily; chemists have produced synthet­
ics which do not burn at all. They have 
synthesized white rubbers which can 
easily be colored to any hue, even pastel 
shades. Natural rubber vulcanizates 
have good impermeability to air, but the 
synthetic rubber Butyl (now used for 
inner tubes or the lining of tubeless 
tires) has 10 times their impermeability. 
Vulcanized natural rubber holds its 
properties over a wide range of tempera­
tures,  but the silicone synthetic rubbers 
stand up over more than twice the span­
from 130 degrees below zero to as high 
as 600 degrees F. There are synthetic 
rubbers which are not affected by ozone. 
The new polyurethane rubbers have 
even greater resistance to tear than 
that of treated natural rubber, which 
is excellent. They make tire treads 
twice as tough. And because they give 
out less heat when stretched than nat­
ural rubber, they should eventually re­
place natural rubber even in tires for 
large trucks and buses. The day is com­
ing when passenger car tires will last 
100,000 miles-the lifetime of an ordi­
nary car. 

Chemistry 

What is synthetic rubber, chemically 
speaking? We should ask first: What is 
natural rubber? Natural rubber contains 
a number of things-some protein, or­
ganic acids, sterols, fats, salts and so on­
but primarily it is a long-chain hydrocar­
bon, and it is this hydrocarbon, making 
up about 95 per cent of the material, 
that interests us. Through the years in­
tensive efforts were made to synthesize 
it, but they did not succeed until very 
recently. Meanwhile many synthetic 
rubbers were made via other approaches. 
The history of rubber research therefore 
follows two paths: the making of rubber­
like materials, generally by trial and 
error, and the long search for chemical 
understanding and synthesis of natural 
rubber itself. 

As we have seen, the early attempts to 
make rubber started with hydrocarbon 
building blocks, first isoprene and finally 
butadiene. Between about 1909 and 
19 12 isoprene was synthesized in Ger­
many. The Germans converted it into a 
rubber and made it in such quantity that 
the tires on the Kaiser's automobile were 
manufactured of it. One of these tires 
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STRUCTURE of isoprene (top), butadiene 

(middle) and styrene (bottom) is indicated 

by these formulas. The large black balls are 

carbon atoms; the small white balls, hydro­

gen atoms. The single lines are single chem­

ical bonds; the double liues, double bonds. 

The position of the four carbon atoms in iso­

prene are numbered according to the con­

vention described in the text of this article. 

was proudly exhibited in a lecture at the 
Eighth International Congress of Ap­
plied Chemistry in New York City in 
19 12. Then during World War I the 
Germans, finding themselves rather sud­
denly cut off from supplies of natural 
rubber, rushed precipitately into the 
manufacture of "methyl rubber" from 
dimethylbutadiene, which can be con­
sidered as isoprene with an extra methyl 
group (CR3). The method required six 
to eight months at temperatures up to 
150 degrees F. They manufactured 
2,350 long tons of this methyl rubber 
and found its best use in hard rubber 
battery jars for submarines. Tires were 
produced, but they wc;re very poor. The 
cost of the rubber was about $3.25 a 
pound. 

The Germans' effort was the forerun­
ner, however, of a train of developments 
in production of synthetic rubbers from 
simple hydrocarbons. To this day the 
rubbers in greatest production are made 
with such substances. But as it happens, 
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the first commercial synthetic rubber did 
not start from a hydrocarbon. 

During the First World War, I was 
teaching organic chemistry at Columbia 
University, and early in the winter of 
1917-18 I received a request from E. 
Emmet Reid of a special section of the 
Bureau of Mines to prepare about 20 
substances for testing as chemical war­
fare agents . With the help of students I 
prepared 12, and then started to prepare 
dichloroethyl sulfide (which later be­
came known as mustard gas). My co­
worker, Meyer Moskowitz, and I de­
cided to use what looked like a shorter 
method than the conventional one. We 
heated a mixture of ethylene dichloride 
and potassium sulfide. To our surprise 
we obtained a rubber-like product . Not 
long afterward I left teaching and went 
into industry. Our vice president in 
charge of research thought my product 
was poor, and unfortunately it had a 
rather bad odor. Eleven years later this 
material became the first commercial 
synthetic rubber-Thiokol. J .  C. Patrick 
developed it about 1924 and put it on 
the market in 1929. J .  Baer developed 
similar products at the same time in 
Switzerland. Thiokol is of importance 
because it swells very little in solvents, 
oils and greases and is not affected by 
ozone. But it is perhaps of equal interest 
because it was the first synthetic rubber 
not made from a hydrocarbon. 

The Rubber Chain 

From the beginning the aim of chem­
ists working with the hydrocarbons was 

to synthesize the hydrocarbon chain of 
natural rubber. Not only was the struc­
ture of the chain unknown but there 
were no methods of distinguishing its 
structure from that of other rubber-like 
polymers . The efforts to make the rubber 
hydrocarbon chain began, as we have 
seen, with isoprene as the building block. 
A leader in this work was the firm of 
Strange and Graham, Ltd. ,  in London. 
The late Chaim Weizmann, a member 
of the group, undertook to try to produce 
isoprene itself from an isomer (dimethyl­
allene ) of isoprene. Isomers are com­
pounds which have the same atomic 
composition but differ in structure. 
Weizmann tried to convert dimethylal­
lene into isoprene by the use of sodium 
as a catalyst. This was good organic 
chemistry, but instead of isoprene he ob­
tained another isomer-an acetylene. At 
the same time F.  E. Matthews, working 
in the same laboratory, was trying the 
reverse-to convert isoprene into an 
isomer of it. He sealed some isoprene 
and sodium wire in a glass tube to note 
any effect of the sodium on isoprene 
itself. In a month's time he observed that 
the contents of the tube had become vis­
cous, and in two months the contents 
were converted into a solid mass of 
amber-colored rubber. Thus Matthews 
discovered that sodium could catalyze 
the synthesis of an elastic polymer from 
isoprene. Around the same time C. D. 
Harries, a consultant for the chemical 
firm of F. Bayer and Company in Ger­
many, made the same discovery. Harries 
advised his firm to take out a patent, but 
unfortunately for him he lost the patent 

CHAIN OF ISOPRENE MOLECULES has either the cis (top) or trans form (bottom). 
The hydrocarbon of natural rubber has cis form; the hydrocarbon of gutta·pereha, trails. 
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because Matthews had already applied 
for one. 

W. H. Perkin, Jr. (son of the dis­
coverer of mauve, the first synthetic 
dye ) ,  who worked with the Strange and 
Graham firm, gave a paper on the mak­
ing of synthetic rubber from isoprene at 
the 19 12 International Congress at Co­
lumbia that I have already mentioned. I 
was secretary of the organic section of 
the meeting and was an enthralled 
merr'Jer of the audience. Perkin showed 
glass tubes containing the synthetic rub­
ber. He left them with me, and I was a 
happy instructor to show them to my 
classes at Columbia whenever I reached 
the subject of olefins and rubber. I stud­
ied this method of polymerizing isoprene 
in the laboratory but had only very small 
amounts of isoprene which I had to syn­
thesize myself. I also synthesized a 
methyl derivative (dimethylbutadiene ) 
and had considerable success in prepar­
ing a polymer of it by the action of sodi­
um,. Manufacturing companies had little 
interest at that time, however, in the syn­
thesis of rubber-like products, because 
they were inferior to natural rubber and 
much more expensive. 

I cannot discuss the further develop­
ments in synthesis of rubber without 
entering the forbidding realm of organic 
chemistry, but I wiII try not to make the 
subject seem too difficult. As indicated 
above, no one could explain the differ­
ences between the synthetic polyiso­
prene prepared with sodium and the 
natural rubber hydrocarbon. Even Har­
ries, who had done so much excellent 
work in studying the structure of the 
rubber hydrocarbon and in synthesizing 
rubber-like products, could not do so. 
But chemical tests showed that the mole­
cules were not alike. 

Cis and Trans 

A tremendous amount of research 
work was done before it was possible to 

TEN RUBBERS are composed of relatively 

simple molecules repeated in long chains. 

Shown at the left are the chains of natural 

rubber (A), GR·S rubber (B), Thiokol (C), 
neoprene (D), nitrile rubber (E), Butyl 

rubber (F), silicone rubber (G), polyacryl­

ate (H), carboxylic rubber (I) and Kel·F 

elastomer (J). Here again the carbon atoms 

are represented by black balls and the hy. 

drogen atoms by small white balls. The 

other atoms are indicated by letters: S 

(sulfur), CI (chlorine), N (nitrogen), Si 

(silicon), 0 (oxygen) and F (fluorine). 

The letter R in the chain of polyacrylate in· 

dicates that various radicals, or groups of 

atoms, may be attached at this point. 

understand the structures of rubber-like 
materials and what their differences are. 
Organic chemistry, physical chemistry, 
physics and mathematics all took part. 
More than 30 years ago H. Staudinger 
of Zurich (later a Nobel laureate) 
proved that rubber molecules were like 
ordinary organic substances, united by 
primary valences in very long chains. 
He did not then realize just how long 
rubber molecules were, yet he did show 
high molecular weights. 

Harries showed that the natural rub­
ber hydrocarbon is a group of isoprene 
units-polyisoprene. Later it was dem­
onstrated that the structure has to be de­
scribed by the term cis-poly-isoprene. 
What does that cis mean? In a hydro­
carbon compound any element or group 
attached to a carbon atom by a single 
bond is free to revolve on that bond. 
However, groups attached to a pair of 
carbon atoms linked by a double bond 
cannot revolve; they may be considered 
to be rigid. Now there are compounds 
which have the same groups attached to 
carbon atoms but held in different posi­
tions: they are called position isomers. 
In 1874 the Dutch physical chemist 
J. H. van't Hoff predicted that in certain 
double-bonded compounds there should 
be cis and trans isomers. Those who have 
studied Caesar will remember his dis­
cussion of cisalpine Gaul and transalpine 
Gaul, cis being the portion on the Roman 
side and trans the portion on the opposite 
side. Similarly a compound is the cis 
form when the same or similar groups 
are on the same side of the double bond, 
and the trans form when they are on the 
other side. 

The two forms are well illustrated in 
nature by the structures of the hydro­
carbon of rubber and the hydrocarbon of 
gutta-percha [see diagrams on page 79]. 
Rubber is the cis form, whereas gutta­
percha is the trans form. One has to look 
sharp to see the difference. But the sub­
stances are distinctly different in proper­
ties. One is a rubber and the other a 
plastic. Much more could be said about 
this feature of chemical structure, but let 
us go on. 

We must next consider the structure 
of the chain itself. To make the natural 
rubber hydrocarbon the molecules of 
isoprene must be linked to one another 
end to end, or at what are called the 1 
and 4 positions [see up'per diagram on 
page 78]. The action of sodium, how­
ever, causes isoprene molecules to at­
tach themselves to each other not only 
at the 1, 4 positions but also at the 1, 2 
and 3, 4 positions. 

The big problem in synthesizing the 
natural rubber hydrocarbon was to make 
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the isoprene molecules unite always at 
the 1 ,  4 positions and to produce the cis 
structure. This problem has only recent­
ly been solved, probably in two ways. 
Research groups of the B. F. Goodrich 
Chemical Company and the Gulf Oil 
Corporation have announced that they 
have solved the synthesis by use of a 
catalyst prepared by a method used by 
K. Ziegler in Germany. Their rubber 
product is called Ameripol SoN. No de­
tails have yet been given on >he catalyst, 
nor is it stated whether isoprene is the 
starting substance. 

The Firestone Tire and Rubber Com­
pany also has synthesized the natural 

rubber hydrocarbon and has pub:ished 
its method. The catalyst is finely divided 
lithium, in the proportion of one part to 
1 ,000 parts of purified isoprene. They 
are treated at a temperature of 104 de­
grees F. The product is called Coral rub­
ber. The average molecular weight of 
Coral rubber is 669,000; that of Ameri­
pol SoN is lower-248,000. These rub­
bers will cost about the same as natural 
rubber and will be produced soon in 
pilot plants. 

Thus the long-looked-for synthesis of 
the natural rubber hydrocarbon has at 
last been accomplished. 

Now there has just been published an 

X-RAY DIFFRACTION PHOTOGRAPHS indicate that natural rubber and Coral rubber, a 

new synthetic product made by the Firestone Tire and Rubber Company, are identical. At 

the top is the diffraction pattern of natural rubber; at the bottom, that of Coral rubber_ 
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announcement of the synthesis of a rub­
ber with an even simpler building block 
than isoprene-namely, butadiene. It is 
cis-poly-butadiene, the simplest possible 
type of rubber polymer. The synthesis is 
achieved by means of a new catalyst, 
butyl lithium, in titanium trichloride, in 
octane solution at 176 degrees F. This 
rubber's average molecular weight is 
220,000; its vulcanizates have a tensile 
strength of 5,240 pounds per square 
inch, and they have excellent stretching 
and recovery qualities and a low heat 
build-up. Furthermore, butadiene is 
cheaper than isoprene. 

Buna 

Sodium and potassium butadiene rub­
bers were manufactured on a small scale 
in Germany before 1930. The Germans 
called these rubbers Buna, from the first 
two letters of butadiene and of natrium 
(New Latin for sodium). They added 
numbers, e.g., Buna 85, to indicate the 
viscosity and molecular weight of the 
rubber. The U.S.S.R. also has manu­
factured sodium butadiene rubber, in 
much larger amounts. 

The Germans, finding that these rub­
bers had considerably poorer properties 
than natural rubber, tried another direc­
tion in the 1930s. They went back to old 
patents on a process for polymerizing 
isoprene and butadiene in water emul­
sions. It appears that the inventor wished 
to imitate the aqueous condition of 
natural latex. By the method of aqueous 
polymerization the Germans soon pro­
duced two new types of synthetic rub­
bers: Buna S,  a copolymer of butadiene 
and styrene, and Buna N, a copolymer 
of butadiene and acrylonitrile. They 
used the term Buna even though no 
sodium was involved. 

Buna S is an all-purpose rubber and 
can replace natural rubber in most of 
its applications. During the war the Ger­
mans' production of Buna S reached 
108,800 tons in 1943. But in the U. S. 
comparatively little was known as to how 
to manufacture it before our entry into 
the war. In August, 1942, President 
Roosevelt appointed a Rubber Survey 
Committee consisting of Bernard M. 
Baruch, James B. Conant and Karl T. 
Compton. The committee and its experts 
recommended development and manu­
facture of a general-purpose rubber simi­
lar to Buna S. Under the leadership of 
William M. Jeffers, president of Union 
Pacific Railroad, who was appointed 
rubber director, a staff of chemists and 
engineers, with only a general idea of 
how Buna S was produced, SWiftly set up 
a process. In December, 1943, the new 

(above) Nuclear-Chicago scintillation 
detector is lowered into water for trac­
ing the radioactive sewage effluent at 
varied depths over a 25 square mile 
area. (right) Gamma-ray spectrometer 
system, ratemeter and recorder on 
laboratory ship measure and chart 
traces of radioactive scandium during 
36-hour period of experiment. 

RADIOACTIVITY HELPS PREVENT BEACH 
POLLUTION FROM SEWAGE EFFLUENT 

In a unique experiment just completed in Santa Monica Bay, Cali­
fornia, radioactive isotopes were successfully used to trace the dis­
persion of sewage effiuent in ocean waters. The results are helping 
to establish proper design procedures to insure against beach pollu­
tion in a current expansion of the Los Angeles sewage system. 

The tracer experiment was a joint project of Hyperion Engineers, 
Nuclear Science and Engineering Corporation and the Hancock 
Foundation of the University of Southern California. Twenty curies 
of scandium-46 were mixed with sewage effiuent and discharged 
into the sea. Scientists aboard a laboratory ship then took radio­
active measurements over a wide area to determine dilution rate 
and direction of diffusion. 

Since this was a "one-shot" experiment, the dependability and 
overall sensitivity of the equipment were extremely important. The 
instruments chosen, including the DS5-3 scintillation detector, 1810 
gamma-ray spectrometer, 181 scaler and 1620 ratemeter were stand­
ard Nuclear-Chicago catalog items. 

NUCLEAR INSTR UMENT AND CHEMICAL CORPORATION 

247 West Erie Street, Chicago 10, Illinois 

lEADERS IN MAKING RADIOACTIVITY COUNT 
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rubber began pouring out of a new plant 
in Institute, W. Va. This rubber was pre­
pared from butadiene and styrene, and 
was called GR-S ( Government Rubber­
Styrene ) .  In 1945 the production was 
791 , 197 long tons. 

Recently the plants were sold to 
private companies, each of which now 
uses a different name for its product. 
The recipe for the GR-S made during 
the war was: 75 parts ( by weight ) of 
butadiene, 25 parts of styrene, 180 of 
water, 5 of soap, .3 of potassium persul­
fate and .5 of Lorol mercaptan. The last 
two were the catalysts . The butadiene 
and styrene were emulsified in water in 
the presence of the soap and then 
copolymerized with the potassium per­
sulfate and the dodecyl mercaptan. The 
synthetic latex was coagulated, washed, 
dried and then baled. 

How did the ingredients work? The 
persulfate starts the reaction by oxi­
dizing the mercaptan to form a free radi­
cal. The free radical, on colliding with a 
molecule of butadiene or styrene, at­
taches itself to the molecule. The com­
bination, still a free radical, in turn goes 
on adding one butadiene or styrene 
molecule after another until a long chain 
is formed. The chain is closed when per­
chance it collides with a free molecule of 
mercaptan. The mercaptan controls the 
size of the rubber molecules: the greater 
the proportion of mercaptan in the mix­
ture, the lower the average molecular 
weight and the softer the rubber. The 
Germans knew of this modifying action 
of mercaptan but did not put it into ef­
fect. They made very tough rubber and 
then plasticized it by heating it in air in 
ovens. 

The reactions take place at a tempera­
ture of 122 degrees F. GR-S has been 
carefully analyzed, and it is known that 
at this temperature the chain consists of 
about 59 per cent of tmns-poly-buta­
diene in 1, 4 positions, 15 per cent cis­
poly-butadiene in 1, 4 positions, and 25 
per cent of a polymer of butadiene joined 
at the 1, 2 positions. At lower tempera­
tures the proportions change. 

It was known early in the war that 
GR-S rubber made at lower tempera­
tures had better properties but the time 
of conversion ran to three or four days. 
Near the end of the war the U. S. rubber 
group learned that the Germans were 
working in the laboratory on a system 
which could be used around the freezing 
point of water. The rubber was better 
than by the regular method but difficult 
to handle. No tires were manufactured 
with it. The method involved reduction 
and oxidation by special substances. Ex­
periments in this country improved the 
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Similar opportunities available in our 
Ak.ron, Ohio Laboratory 

are in YOUR favor ... 
DECISION/INC-nationwide specialists in re­
cruitment of engineering personnel-have an 
active and enviable record in developing job 
opportunities for men' who want bigger sal­
aries a n d  a chance for greater personal 
achievement. 

DECISION/INC is retained by more top­

ranking firms thruout the nation than 

any other organization to find 'he right 
m.an for each job. This confidential serv_ 

ice costs you nothing. 

It takes TIME-MONEY-EFFORT to im­
prove your job situation. If you are an en­
gineer or scientist, particularly in the ELEC­
TRONIC-AERO-NAUTICAL or GUIDED­
MISSILE field, DECISION IINC will do this 
quickly, effectively at no cost to you. 

HOW? Our placement specialist de­
velops a plan "tailor-made" for you 
-which includes a resume of your 
experience ... and then a review by 
selected companies leading to confi­
dential interviews at your conveni­
ence and our client's expense. 

NOW ;s the time for DECISION I 
All you do Now.is . .. send us your 
name, home address, job interest or 
title. We take it from there. 

Write or phone: 

OLIVER P. BARDES, 
Presidenr­
DECISION/INC 
1430 FIRST NATIONAL 
BANK BLDG. 

CINCINNATI 2, OHIO 

GArfleld 1-1700 

Publishers 01 the authoritative Engineers' Job Directory 
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WANTED! ENGINEERS TO HELP MAKE 

LONG RANGE MISSILE HISTORY 

North American's Missile Projects Offer A New Engineering Adventure 

With complete weapons system re­

sponsibility for the SM-64 NAVAHO 
Intercontinental Guided Missile, North 

American is engaged in one of the most 

challenging programs yet offered. But 

every inch of progress is a tough scien­

tific battle. New means are daily being 

found to solve the complex problems 

which the development of long range 

missiles presents in the fields of struc­

tures, temperatures and aerodynamics. 

But most important of all, men must be 

found who thrive on this kind of chal­

lenge ... men who are really excited 

about this new missile science. Are you 

one of them? 

If you qualify in one of the fields we 

have listed below, chances are you can 

qualify for this unique expedition into 

the technology of the future. We would 

like to tell you about all the physical 

and professional advantages of a career 

in North American's Missile Develop­

ment Engineering. 

Please contact us for the full story: 

Instrumentation Design, Development & Application Standards, Drawings Checking, Specifications Writing 

Structures, Stress, Flutter and Aeroelasticity Component and System Reliability Engineering Thermodynamics 

Missile Airframe Design Hydraulic, Pneumatic & Servo Engineering Armament Systems & Components Engineering 

Aerodynamics Engineering Flight Test High Temperature Materials Engineering Mechanical & Electrical Design 

Contact: Mr. M. Brunetti, Missile Engineering Personnel Office 

Dept. 91-11 SA, 12214 Lakewood Boulevard, Downey, Calif. 

Phone: LOgan 5-8651 Ext. 518 

NORTH AMERICAN AVIATION, INC." 
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Va ri ety of Tec h n i ca l  F i e l d s  
These illustrations are symbolic of some of the scientific and engi­
neering fields of endeavor which are essential ingredients in the 
broad range of technical programs that are i n  progress at The 
Ramo-Wooldridge Corporation. I l lustrated are : Information 
Theory, Systems Analysis, Communications, Nuclear Physics, 
Electronic Computers, Servomechanisms, Electromagnetic Propa­
gation, Infrared, Aerodynamics, Microwaves, Propulsion, and 
Thermodynamics. 

The requirement for technical competence in a wide variety of 
fields is a significant characteristic of systems engineering work. 
At R-W this requirement is  particularly important because of our 
emphasis on the development of systems having a high content of 
scientific and engineering newness. 

Our current military contracts support a number of advanced 
programs in the fields of modern communications, digital comput­
ing and data processing, fire control and navigation systems, instru­
mentation and test equipment. In the guided missile field, Ramo­
Wooldridge has technical direction and systems engineering respon­
sibility for the Air Force Intercontinental and Intermediate Range 
Ballistic Missiles. Our commercial contracts are in the fields of 
operations research, automation, and data processing. All of this 
work is strengthened by a supporting program of basic electronic 
and aeronautical research. 

Scientists and engineers whose training and experience are in 
these or related fields are invited to explore .the openings at The 
Ramo- Wooldridge Corporation. 

The Ramo· Wooldridge Corporation 
!5730 ARBOR VITAE ST . •  LOS ANGELES A!5. CALI F. 

: = 

process, and in 1948 a new CR-S was 
made at 41 degrees F. It was called 
"cold" CR-S. Cold CR-S works better 
on rubber mills than the hot version, has 
stronger properties and with the new 
furnace carbon blacks gives tires 10 per 
cent better resistance to abrasion than 
natural rubber. 

The major ingredients of CR-S are at 
present cheap and plentiful. Butadiene 
is obtained by cracking petroleum and 
natural gas. The materials for making 
styrene are benzene, ethylene and the 
catalyst aluminum chloride. 

Other Rubbers 

Now let us look briefly at the other 
synthetic rubbers. The first synthetic 
produced commercially, as already men­
tioned, was Thiokol. By improved 
methods of synthesis, much of the origi­
nal unpleasant odor has been removed 
from these rubbers. They are vulcanized 
by heating with zinc oxide rather than 
sulfur. The second commercial synthetic 
rubber, introduced in 1931 ,  was neo­
prene. Its synthesis starts from acetylene, 
and the building block is chloroprene, 
which may be considered an isoprene 
with an atom of chlorine in place of the 
methyl group. Neoprene is more like 
natural rubber than most of the other 
synthetics . It withstands ozone and oils 
better than natural rubber. 

Butyl rubber is a copolymer of iso­
butylene and isoprene, both obtained 
from petroleum. It consists of 97 parts 
of isobutylene and three parts of iso­
prene. Butyl, as I have said, is particular­
ly useful in tire tubes, because of its im­
permeability to air. Mixed with carbon 
black, it makes a strong tire tread. It is 
not affected by ozone. Also, it is the least 
expensive synthetic rubber on the mar­
ket. 

The nitrile rubbers (Buna N) swell 
little in oils and greases, withstand heat 
well (they are useful up to 450 degrees 
F.) and have good resistance to abra­
sion. They are vulcanized by a sulfide 
that is used for natural rubber. 

The polyacrylate rubbers, made from 
esters of acrylic acid, also are resistant 
to heat and oil, and they have excellent 
resistance to aging. 

The silicone rubbers are, of course, a 
very unusual class . of elastomers. The 
backbone of their chain consists not of 
carbon atoms but of silicon and oxygen; 
hydrocarbon side groups are attached 
to the silicon. Silicone rubbers retain 
their properties down to 130 degrees be­
low zero and up to 500 degrees above 
zero F. This is a most remarkable range 
of temperatures for a rubber to act as 

© 1956 SCIENTIFIC AMERICAN, INC



I 
I 
I 
o 
I 
14 
I 
I 
I 

You r  b u s ine s s !.! i n  the  Age o f  E lec tron i c s  

You reduce manufacturing costs 

the moment this ingenious new 
"grey box" enters your plant 

The new electronic measuring instrument pictured here is a H ewlett-Packard 

Model 5 2 1 A  Industrial Counter. It can reduce your manufacturing costs ma­

terially by measuring machinery speed,  RPM and R P S ,  frequency, pressure, 

weight ,  and temperature faster, more accurately and without elaborate setup. 

Results appear in direct number form. Operation is simple and does not re­

quire tech nical perso nnel. The price-$475-is low for a h igh quality elec­

t ronic measuring instrument. 

-hp- 52 1 A  I ndustrial Counter is one of over 250 basic electronic instruments 

Hewlett-Packard has developed for science, the military and industry. 

H EW L E TT- PAC K A R D  C O M PA N Y 
275 Page Mill Road • Palo Alto, California, U. S. A. 

Cable " H EWPAC K "  DAvenport 5-4451 
Sales engineers in all principal areas 

Wo rld leader in electron ic measu ring e q u ipmen t 
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An invitation to engineers 

who can qualify for 

large, liquid propellant 

Rocket Engine development 

Engineers and Scientists : 

PRELI M I NARY DESIGN. Opportunity to conceive, analyze, and evalu­
ate highly advanced concepts in large, liquid-propellant rocket 
engines, advanced propellants, feed systems, principal components 
and parameters. Advanced military proposals. Market studies. 
Operations Research and long-range programming. Advanced de­
grees preferred. 

SYSTEMS ANALYSIS. Unusual challenges for the analytical or theo­
retical engineer in the analysis of complete engine systems. Heavy 
emphasis on advanced Systems Engineering concepts, particularly 
in thermodynamics, gas dynamics, heat transfer and fluid flow, some 
phases of which are yet unknown in general industry. Prediction of 
engine performance, by means of advanced mathematical concepts, 
under extreme environmental operating conditions. 

COM BUSTION DEVICES. Important professional growth opportunities 
for engineers heavy on thermodynamic and heat transfer back­
ground, as it may pertain to high temperature, high stress compo­
nents such as thrust chambers, gas generators, injectors, and heat 
exchangers. Unusual challenges available in work on high-rate heat 
transfer, pyrotechnics, spark-initiated and hypergolic ignition, com­
bustion mechanics, droplet formation and flame propagation. 

ENG I N E  DEVELOPM ENT. Opportunities for research engineers at the 
focal point of intensive activity associated with engine testing and 
data evaluation. Involves the design of experiments, specification of 
test methods and procedures, including instrumentation, as well as 
the processing and evaluation of data. Problems and studies 
encountered fall into all branches of engineering, and the ability to 
comprehend highly complex systems, engines and engine programs 
is of paramount importance. 

RESEARCH. Rocketdyne Research, a section of the Engineering de­
partment, has several staff openings for scientists and engineers with 
advanced abilities. Fundamental studies are being made in thermo­
dynamics, fluid mechanics, combustion kinetics, fast-transient meas­
urement techniques, propellant chemistry and many other fields. 

For detai led information, please fi l l  out and mai l  the coupon below. 
There is no obl igation, and a l l  replies are strictly confidential.  

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  
M r .  A . .w .  J a m i es o n ,  Engi n e e r i n g  Pers o n n e l  D e pt. 596·I I SA 
R O C K ETDYN E, 6633 Canoga Ave n u e, C a n oga Park,  C a l i fo r n i a  

D e a r  M r. J a m i eson : 

P lease t e l l  me m o re about a career at R O C K ETDYN E. 

M y n a m e  i s  _____________________ _ 

H o m e  A d d ress ____________________ _ 

I have a _______ degree from ___________ _ 

A n d  ______ _ ye a rs actu a l  engineer ing experience 

I am 

I a m  not enclosing a res u m e  

� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R O C K E T D Y N E It. 
A D I V I S I O N  OF N O R T H  A M E R I C A N  A V I AT I O N , I N C . 

B U I L. D E R S  O F  P O W E R  F O R  O U T E R  S P A C E  

rubber. The silicones are vulcanized 
with benzoyl peroxide, show low swell­
ing in many oils and are not affected by 
ozone. One type is known as Silastic. 

Another class of rubbers with excep­
tional properties is the carboxylic type­
a copolymer of butadiene and the car­
boxyl group ( eaOH ) .  These rubbers 
are vulcanized with zinc oxide, and one 
of them has a tensile strength of 1 1 , 100 
pounds per square inch, the highest on 
record. 

The well-known plastic polyethylene 
is converted into an interesting rubber 
by incorporating about 27 per cent of 
chlorine and 1 .5 per cent of sulfur. It 
is vulcanized with magnesia and mois­
ture. The presence of the chlorirre atoms 
allows easy movement of the molecules 
and makes it a rubber in place of the 
original plastic. The rubber, white in 
color and known as Hypalon, is not af­
fected by ozone, shows low swelling in 
oils and greases and gives useful me­
chanical products. 

Still another product radically differ­
ent in make-up from natural rubber is 
the rubber called Kel-F elastomer. This 
is a copolymer of two molecules contain­
ing carbon and fluorine. It can be vul­
canized with benzoyl peroxide and other 
agents, has a tensile strength up to 3,500 
pounds per square inch, and withstands 
heat, fuming sulfuric acid and fuming 
nitric acid. It is a special-purpose rubber, 
still highly expensive, but the price will 
come down. 

The polyurethane rubbers are very in­
teresting and are capable of much fur­
ther development. They originated in 
Germany, where they are known as Vul­
collan, and were further developed in 
this country as Chemigum SL. They 
have great possibilities because of their 
high tensile strength, high resistance to 
tear, low loss of heat and excellent age 
resistance. They start with esters of 
ethylene and propylene glycols and 
adipic acid. They can be vulcanized with 
water, which forms urea derivatives and 
carbon dioxide. The carbon dioxide gas 
incorporated in them by this treatment 
makes them spongy, and the chief use of 
polyurethane rubber at present is as 
"foam rubber" for upholstery, mattresses 
and insulation. But these rubbers will 
make excellent tire treads, giving 100,-
000 miles of wear, and will be available 
in any color because· carbon black is not 
required. They may even not require 
fabric. 

There is a great deal more to be said 
about rubber, natural and synthetiC, but 
I have already covered much ground. 
The story is long and this is not the end 
of the story, but it is of my article. 
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Copper carries the electricity that powers electrical appliances better than any other 

commercia� metal. Copper, too, conducts heat faster than any other commercial metal. No other 

non-precious metal lends itself so readily to such a variety of manufacturing operations 

. . .  drawing, forming, shaping or stamping. There is no substitute with all the qualities of 

copper or its alloys in electrical appliances or in thousands of other products for modern living ! 

fA Kennecott Copper Corporation 
Fabricating Subsidiaries: Chase Brass & Copper Co. • Kennecott Wire and Cable Co. 

© 1956 SCIENTIFIC AMERICAN, INC



F O R A C O P Y  OF T H I S W E I M E R  P U R S E L L  I L L U S T R A ·  

f l O f'l .  S U I T A B L E  F O R  F R A M I N G ,  W R I T E  T O  P U B L I C  

R E. L A T I O N S  D E P T . ,  A V C O  L Y C O M I N G .  S T R A T F O R D ,  C O N N .  
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defe nse a n d  i n d ustria l  prod ucts 

Avc o  Lyc o m i n g  

c reates p owe r 

h eard 

" ro u n d  t h e  wo rl d "  

There isn't a continent in this growing world that 

doesn't hum with the engine power of A vco Lycoming. 

And there's hardly a job which an A vco Lycoming 

power plant - aircraft or industrial, 30 h.p.  to 

2000 h . p . - can't perform. 

It can purr surely, confidently, over countless 

countries in planes and 'copters, shrinking space 

and shortening the distance between appointments. 

It can harvest crops in places too remote to have 

known abundance before. 

It can build modern dwellings and factories where 

they never existed before. 

In the form of a gas turbine, it promises a 

revolution in motive power for all the machines 

that run and swim and fly on earth. 

Yes, wherever power can hasten progress, 

A vco Lycoming promises the surest, most reliable 

power in the world. And Avco Lycoming can deliver. 

For help on a n y  problem involving power- wire, 

phone or write to A vco Lycoming, Stratford, Conn. 

ENGINEERS WANTED: Rewarding careers for outstanding men. 

Write to Vice President, Inclustrial Relations, Stratforcl, Conn. 

TODA Y'S MILITARY SERVICES. WITH THEIR TREMENDOUS 
TECHNOLOGICA L A DVA NCES MA DE POSSIBLE THROUGH SCIENCE, 
OFFER VITA L  CA REER OPPORTUNITIES, 
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u. s. Steel & Ullivac�:� 

United States Steel Corporation is another of 
the great American industries that have had the 
vision to realize the full benefits of Univac 
data-processing. For Univac, today, is provid­
ing U.  S. Steel with the electronic management 
controls and procedures which are to revolu­
tionize the business world of tomorrow. 

The Remington Rand Univac, with its cost­
cutting speed, gives management the facts it 

needs when it needs them_ And, with Univac's 

unique accuracy, management knows those 
facts are right ! 

Find out how U. S. Steel and other typical 
users have put Univac to work on virtually all 
types of commercial data-processing. We'll be 
happy to send EL 1 3 5-an informative, 24-page, 
4-color book on the Univac System - to busi­

ness executives requesting it on their company 

letterhead. Send your requests to Room 2 1 13, 
3 1 5  Fourth Avenue, New York 1 0, New York. 

*Registered in the U. S .  Potent Office 

� Rund. � 
M a kers of : U n ivac I • U n iva c II • U n i vac Scientific . U n i vac F i le - Computer . U n ivac 60 • U n ivac 1 2 0  • U n ivac H igh - Speed Pri nter 

D I V I S I O N  O F  S P E R R Y  R A N D  C O R P O R A T I O N  

© 1956 SCIENTIFIC AMERICAN, INC



The Birth of the Nuclear Atom 
In 1911 Ernest Rutherford published his account of the experiments 

which showed that the atom has a maSSlVe electrically charged core. 

At the time even he was unaware of the importance of his discovery 

One of the epoch-making events in 
the history of science was the con­
ception of the theory that the atom 

contains a nucleus. This fundamental ad­
vance, however, caused little comment 
or discussion at the time when Ernest 
Rutherford, that great figure who domi­
nated atomic science in his day, first pro­
posed it. The story of the circumstances 
preceding and attending the birth of the 
nuclear theory is a strange one, and 
stranger still is the circumstance that 
so little has been written concerning it. 

When John Dalton first put forward 

by E. N. da C. Andrade 

the atomic theory of the elements around 
1800, speculation immediately began as 
to whether all the known elements might 
not be built of one simple substance. 
William Prout, an English physician, 
soon suggested that this prime substance 
might be the hydrogen atom. His specu­
lation attracted considerable attention 
and found some support in the circum­
stance that the atomic weights of a num­
ber of the heavier elements seemed to be 
whole-number multiples of the weight of 
hydrogen. But accurate measurements 
later showed that the weights were not 

exactly whole numbers on this scale, so 
that the hypothesis became hard to de­
fend. By 1860 it had gone into abeyance. 

In 1884 George Gabriel Stokes, a 
leader of scientific thought, revived the 
idea of a simple building block. He was 
led to suppose its existence from a prom­
inent line found in the spectrum of the 
light from nebulae, which he suggested 
might originate in matter of a more 
primitive kind than any known on earth. 
Two years later the chemist William 
Crookes, always a bold speculator, went 
on to propose the existence of a primeval 

RUTHERFORD (right) and Hans Geiger (left) were photo­

graphed in their laboratory at the University of Manchester at 

about the time they performed the experiments on the scattering 

of alpha particles which led to the discovery of the atomic nucleus. 

93 

© 1956 SCIENTIFIC AMERICAN, INC



-

.. .. 
.. 

I , , 

• 

94 

, 

, 

unit of matter to which he gave the name 
"protyle. " Crookes's paper is particularly 
notable for the fact that he clearly put 
forward the idea of isotopes of the ele­
ments, some 40 years before their ex­
istence was actually established. Speak­
ing of the irregularities in atomic 
weights, he said: "Probably our atomic 
weights merely represent a mean value 
around which the actual atomic weights 
of the atoms vary within certain narrow 
limits . . . .  I conceive, therefore, that 
when we say the atomic weight of, for 
instance, calcium is 40, we really express 
the fact that, while the majority of cal­
cium atoms have an actual atomic 
weight 40, there are not a few which are 
represented by 39 or 41, a less number 
by 38 or 42, and so on." 

T hese speculations were not taken 
very seriously in the scientific world. 

Before long, however, experimenters 
supplied the speculative atom builders 
with their first definite brick-the elec­
tron. By the closing years of the 19th 
century it had been established that 
electrons formed part of the structure of 
every atom. The Dutch physicist Hen­
drik A. Lorentz, studying the Zeeman 
effect (the splitting of spectral lines by 
a magnetic field acting on the atomic 
light source), had even deduced that 
electrons circulated in orbits within the 
atom, though there was still no detailed 
picture of how many electrons an atom 
might contain, how they were arranged 
or how they behaved. 

Philipp Lenard, professor of physics 
at the University of Heidelberg, took the 

VARIOUS MODELS OF THE ATOM were 

proposed in the period after the discovery 

of the electron. At the top is a schematic 

drawing of the atom suggested by the Ger­

man physicist Philipp Lenard. He proposed 

that the atom might consist of small "dyna­

mids," each of which was an electron (blue 

dot) in close proximity to a center of posi­

tive charge (black dot). Second from the 

top is a drawing of the atom suggested by 

the famous English physicist J. J_ Thomson. 

He saw the atom as a sphere of positive 

electrification in which the electrons were 

embedded. He also suggested that the elec­

trons were arranged in rings. Third from the 

top is the atom of the Japanese physicist 

Hantaro Nagaoka, in which the electrons 

are marshaled in a single ring around a 

central positive charge. At the bottom is 

the atom of Rutherford, in which the central 

electric charge is surrounded by a sphere of 

electrification of the opposite charge. 

Rutherford did not specify whether the 

central charge was positive or negative_ 

matter much farther. He showed that the 
absorption of electrons of a given speed 
by matter was roughly proportional to 
the mass of the matter traversed, wheth­
er it was air or gold, to take an extreme 
contrast. This suggested that all atoms 
contained some common component (al­
most certainly an electrified particle) 
which was present in each atom in pro­
portion to the mass of the atom. More­
over, Lenard discovered that while a 
very small part of the atom stopped swift 
cathode rays, the major part must be 
transparent to them. This was the first 
proof of the emptiness of the atom­
which today is so familiar a conception_ 
To explain the results of his experi­
ments Lenard supposed that the atom 
contained minute centers of force 
(which he called "dynamids"), each 
composed of an electron and a positive 
charge in very close proximity to the 
electron. He calculated the radius of the 
impenetrable dynamid to be 3 X 1O-1� 
of a centimeter or less-a value which is 
not far from the present measured radius 
of the nucleus of an atom. Lenard was 
not sure whether hydrogen contained 
one or more dynamids, but he seemed 
to incline to one. 

At about the same time Joseph John 
Thomson (J. J., as he was always called 
in England) proposed another modeL 
Adopting a suggestion of Lord Kelvin, 
he pictured the atom as consisting of 
electrons embedded in a sphere of posi­
tive electrification which occupied the 
entire volume of the atom. The electrons 
were treated as moving masses, like 
planets. This scheme got over difficulties 
raised by the classical laws of electrody­
namics, according to which a system 
consisting of stationary charged particles 
attracting or repelling one another 
could not be stable. Thomson, who was 
intent on explaining the periodic chemi­
cal properties of the elements on the 
basis of atomic structure, proceeded to 
construct a hypothetical atom made up 
of rings of electrons rotating within a 
positively charged sphere. He showed 
that the number of electrons in each ring 
must be limited if the system was to re­
main stable and not collapse. After the 
first ring had been built up to five elec­
trons, a sixth electron would start a sec­
ond ring; after 16 electrons, the 17th 
would start a third stage of ring building, 
and so on. An atom with 70 electrons, 
for instance, would have six concentric 
rings. This development of rings in 
stages gave an obvious analogy to the 
periodic system, and Thomson followed 
it out in some detaiL He succeeded not 
only in obtaining a rough picture of some 
aspects of the chemical behavior of ele-
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corrects its own errors. 
�-�=--- - ".---- �-� ....... 

Solved: Automatic Production of a New Switch 
Switches to connect and disconnect the 
circuit elements in talking paths are used 
by the millions in the Bell System tele­
phone network. There would be, quite 
naturally, a significant story to tell if ways 
are found to improve them and at the same 
time shrink their cost. This is Western 
Electric's part of just that story. 

A few years ago our associates, the Bell 
Telephone Laboratories, designed a new 
type of switch having great advantages 
over conventional designs. Called a "dry 
reed" switch, it consists of two reed-like 
elements made of magnetic alloys whose 
contact ends are sealed in a gas-filled glass 
tube. Thus sealed, the contacts are perma­
nently protected from moisture, dust and 
other factors which reduce contact reli­
ability. 

In use, the new switch is mounted within 
a coil which creates a magnetic field to 
close the contacts. The operating speed of 
the closely spaced contacts is remarkable: 
they can make and break a circuit 250 
times per second. The dry reed switch is 
much smaller than previous designs and 
requires less power. These features, com­
bined with increased reliability and free­
dom from maintenance, make the new 
switches desirable components for modern 
switching systems. 

Initially, dry reed switches were pro­
duced on a manual assembly line. Appli­
cation was limited, however, unless they 
could be produced economically in volume. 

So a challenge went to the engineers of 
Western Electric, manufacturing and sup­
ply unit of the Bell System: Can you de­
sign a machine to make this improved 
switch in large volume, at low cost and at 
the high quality level required by the Bell 
System? 

The Western Electric engineers re­
sponded with an automated machine 

capable of turning out many hundreds of 
thousands of units annually, at 1120 the 
cost of those produced by manual assem­
bly-an answer not given, to be sure, be­

fore many diffi­
cult engineering 
p r o b l e m s  h a d  
been solved! 

A study of au­
tomatic machin­
ery then used in 
the glass industry 
disclosed that no 
available machine 
could approach 
the required pre­
cision in position­
i n g  t h e  m e t a l  
reeds inside glass 
tubes so the gap 
b e t w e e n  t h e m  
w o u l d  n o t  v a r y  
m o r e  t h a n  
± .0005 inch from 
the established 

value. A radically new type of machine 
had to be designed. In addition, conven­
tional gas filling processes were not suited 
to automatic production or were prohibi­
tive in cost. 

In the final machine evolved through 
teamwork of �estern Electric engineers, 
the parts are picked up by eighteen assem­
bly heads mounted on a rotary table which 
turns at '/3 r.p.m. The reeds are automatic­
ally positioned, the tubes filled with gas 
and sealed, and 100% checks are made on 

the operating characteristics of the finished 
switches. 

An interesting feature solves the deli­
cate problem of reed alignment. At one 
point in its circular journey, each assembly 
head reaches a magnetized section which 
causes the two reeds to lock in the overlap 
area. One of the reeds is then released by 
its chuck, leaving it in perfect alignment 
with the opposing reed as it is sealed to the 
glass tube. Then the gap is set-and it is 
here that true automation is used. 

Accuracy at this point determines how 
well the switch will function, so it is neces­
sary to know whether the gap-setting 
mechanism (a cam-controlled slide which 
positions one of the reed-holding chucks) 
is performing within specifications at all 
times. To do this, the "feed back" princi­
ple is employed. If a test indicates that the 
space between reeds is not exact, this infor_ 
mation is fed back by means of an elec­
tronic circuit and a correction is auto­
matically made to the gap-setting of the 
next switch. 

This is another imaginative solution by 
Western Electric engineers of the prob­
lem: "We don't have it, can't get it - go 
ahead and invent it!" This is a recurring 
problem as new frontiers are opened in 
telephone research and new, improved in­
strumentalities and facilities must be man­
ufactured within rigid precision limits and 
to low cost objectives. 

That our engineers succeed in such solu­
tions is one of the big reasons why the 
Bell System can continue to offer depend­
able telephone service at low cost. 

Yes, we welcome employment applications from qualified engineer'!; who see, 
as we do, rewarding accomplishment in work of this kind. 

W�gt�rl1 ElectriC 
MANUFACTURING AND SUPPLY � UNIT OF THE BELL SYSTEM 

95 

© 1956 SCIENTIFIC AMERICAN, INC



ments but also in accounting for certain 
aspects of the behavior of atoms in re­
sponse to incident particles, X-rays and 
light. 

A major difficulty, however, hung 
over Thomson's model. Classical laws of 
physics said that a moving electric 
charge should radiate electromagnetic 
waves and so lose energy. This meant 
that the electrons would steadily lose 
energy of motion; as a consequence their 
orbits would get smaller and smaller and 
eventually collapse. This difficulty 
haunted and distressed not only Thom­
son but also all other atom builders be­
fore Niels Bohr. 

Lenard, then, had built a model of the 
atom made up of nearly empty space 
with dynamids widely dispersed through 
it. Thomson had made a round pudding 
of positive electricity with currants 
( electrons) circulating in it. Other well­
known physicists also tried their hand. 
Hantaro Nagaoka of Japan pictured an 
atom consisting of a central positive 
charge surrounded by a single ring of 
electrons. Johannes Stark of Germany 
showed great ingenuity in constructing 
atomic models. But most of the models 
had failed to show much power to mimic 
the actual behavior of atoms. 

Such was the position in May, 1911, 
when Ernest Rutherford, then pro­

fessor of physiCS at the University of 
Manchester, published the epoch-mak-

ing paper that put the nuclear atom be­
fore the world. The paper was entitled 
"The Scattering of Alpha and Beta 
Particles by Matter and the Structure of 
the Atom." Its chief concern was to ac­
count for the results of a series of ex­
periments on the bombardment of metal 
foils with beams of particles. 

The question at hand was to explain 
the unexpectedly large deflection of 
some of these particles by the bombard­
ed matter. When a stream of alpha par­
ticles was fired at a thin foil of metal 
(e.g., gold), most of the particles passed 
right through. Some were turned aside 
slightly and emerged at a small angle 
from their original path. But a few 
were deflected by large angles, and an 
occasional particle actually came back, 
emerging from the foil on the same side 
it went inl Describing later how strange 
he found it that a few of these enormous­
ly energetic particles should be turned 
back by a thin foil that most of them 
could penetrate, Rutherford said: "It 
was quite the most incredible event that 
ever happened to me in my life. It was 
almost as incredible as if you had fired a 
15-inch shell at a piece of tissue paper 
and it came back and hit you." 

The deflections in question were much 
larger than could possibly be accounted 
for by the Lenard or Thomson models of 
the atom, in either of which the bom­
barding particles would have been sub­
jected to a number of random small 

deflections. To explain his results Ruth­
erford postulated a new scheme for the 
atom, picturing it as consisting of a cen­
tral charge (later, but not in this paper, 
called the nucleus) surrounded hy a 
sphere of electrification of equal but op­
posite charge. So far as deflection of the 
bombarding particles was concerned, it 
made no difference whether the central 
charge was positive or negative: they 
would be deflected in either case, by re­
pulsion or by attraction backward after 
they had passed a nucleus. "For conven­
ience," said Rutherford, "the sign will 
be assumed positive." He then worked 
out what the scattering pattern should 
be, on the basis of the probabilities of the 
bombarding particles encountering nu­
clei in the foil. His calculations agreed 
well with experiments, and he found also 
that the number of particles turned back 
by a foil was proportional to the atomic 
weight of the material and the thickness 
of the foil-both very strong arguments 
for the concept of the nuclear atom. Part 
and parcel of his discovery was the as­
sumption that the magnitude of an 
atom's central charge was proportional 
to its atomic weight. 

The salient points of Rutherford's pa­
per were succinctly summarized in an 
abstract written by his student Ernest 
Marsden, who with Hans Geiger per­
formed some of the fundamental scatter­
ing experiments. Rutherford had shown, 
said Marsden, that the scattering of al-

EARLY EXPERIMENTS of Rutherford were performed in this 

apparatus. Radium emanation (the radioactive gas radon) was in­

troduced into the conical tube at A, which was closed by a thin win­

dow of mica. After the radioactive gas had remained in the tube for 

several hours, it was removed by allowing it to expand into the 

vessel at B. The radioactive decay of the emauation had coated the 

walls of the tube with a thin film of radium C, which emitted alpha 

particles that traveled down the evacuated tube to the right. A 

pencil beam of alpha particles was obtained by means of a narrow 

slit at C. The beam then passed through a metal foil at D. Finally 

each alpha particle produced a scintillation in a zinc sulfide screen 

at E. The scintillations were observed visually by means of the 

microscope at the right. Only those particles which were scat­

tered at small angles to the right of the foil could be detected 

by this apparatus. Later Rutherford built an apparatus which also 

detected those particles which bounced backward from the foil. 
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Untransistorized Digital Differential Analyzer? 

TH E ABACUS has qualities much sought after 111 today's 

electronic computers: ease and reliability of operation, 

low investment, and minimal maintenance. These are 

qualities found in the unique electronic digital computa· 

tion equipment created by Litton Industries. The military 

and industrial applications for this equipment 
·
are many. 

LITTON INDUSTRIES BEVEHLY IIILLS, CALI FOHNIA 
Plants and Laboratories in California, Maryland, Indiana and New York 

lllGITAL COMPUTERS AND CONTROLS RADAR AND COUNTERMEASUIIES INERTIAL GUIDANCE MICROWAVE POWER TUBES 

PRECISION COMPONENTS AUTOMATIC DATA PROCESSING SYSTEMS SERVOMECHANISMS SPACE SIMULATION RESEARCH 
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UMy daddy 
wants to keep me" 

Motherless little Klaus-so sad-eyed 
and pensive-has known much misery 
since his family was forced to /lee East 
Germany with only the clothes on their 
backs. After months of weary wandering, 
they found refuge in a West German vil­
lage. Then his mother died. 

Klaus' father, a fine, industrious man, is 
recuperating from a serious operation and 
can only do odd jobs. There is little money 
and often a shortage of food. The father is 
fighting valiantly to keep Klaus and to bring 
him up to be a good citizen. When Klaus' 
father recovers and resumes regular work, 
he can provide a better home and nourishing 
food. Until then, you can help keep them 
together, help make Klaus' future secure. 

How You Can Help Klaus 
You can help Klaus or another needy child 

through the Child Sponsorship Plan of Save 
the Children Federation. By undertaking 
a sponsorship, you will provide funds to pur­
chase food, warm clothing, bedding, school 
supplies-and other necessities-for "your" 
child in West Germany, or in Finland, France, 
Greece, Italy or Korea. The cost is only $120 a 
year, just $10 a month. Full information about 
the child you sponsor and a photograph will 
be sent to you. You may correspond with 
"your" child and his family, so that your 
generous material aid becomes part of a 
larger gift of understanding and friendship. 

Your contribution in any amount 
will help. Send what you can today! 

SCF NATIONAL SPONSORS (a partial list) 
Faith Baldwin, Mrs. Dwight D. Eisenhower, 

Herbert Hoover, James A. Farley, Rabbi 
Edgar F. l\lagnin, Dr. Ralph W. Sockman, 

Mrs. Spencer Tracy -----------------� 
Founded 1932 

SAVE THE CHILDREN FEDERATION 
CARNEGIE ENDOWMENT INTERNAT'L CENTER 

UNITED NATIONS PLAZA. NEW YORK 17, N. Y. 

I would like to sponsor a child in ....................................... . 
(West Germany. or in Finland. France. Greece, Italy 
or Korea, or where the need is greatest). I will pay 
$120 for one year, $30 per quarter, or $10 a month. 

Enclosed is payment for the full year D. 1st quar· 
ter O. ftrst month O. 

Please send me my child's name, story and picture. 

I cannot sponsor a child, but I want to help by 
giving $. 

NAME. 

ADDRESS ... 

CITY ... .................................... ... STATE .... ..... . ...... SAI6 

Contributions are deductible for Income Tax purposes. L ________________ _ 
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METAL FOIL in the apparatus depicted on page 96 is schematically represented by the 

colored disks in this drawing. Each disk is an atom with a positively charged nucleus in its 

center. The lines beginning at the left represent the beam of alpha particles, which are also 

positively charged. Most of the alpha particles go straight through the atoms, but those that 

pass close to nuclei are repelled. Some are deflected; others actually bounce backward. The 
scattering was observed by Rutherford and his colleagues on their zinc sulfide screen. 

pha and beta particles by matter could 
be explained by assuming that the atom 
consisted of "a strong positive or nega­
tive central charge concentrated within 
a sphere of less than 3 X 10-12 centi­
meter radius, and surrounded by elec­
tricity of opposite sign distributed 
throughout the remainder of the volume 
of the atom of about 10-8 centimeter 
radius." As a general description of the 
atom this does not need to be funda­
mentally amended today. 

And what did it all arise from? Just 
the fact that when alpha particles were 
fired at a metal foil, a few were turned 
aside through unexpectedly large angles 
or actually came back from the foil. It 
would have been easy to dismiss these 
few oddities as of no particular conse­
quence-the result of contamination or 
suchlike. Rutherford, however, saw them 
for what they were, events of startling 
significance. 

Yet he remained cautious in inter­
preting them, in this paper and later. He 
said nothing in the first paper about the 
electrons surrounding the nuCleus. He 
did not consider at all chemical, spectral 
or isotopic aspects of the elements. He 
was only concerned, as his title suggests, 
with scattering of particles by matter . 
He was quite definite about the results, 

but there is nothing to indicate that he 
realized at the time the supreme impor­
tance they were to have. 

T he paper produced no kind of sensa-
tion in the world of physics. I was 

then studying at Heidelberg, with Len­
ard as my professor, and the interest 
there in atomic and electronic physics 
was very keen. Great excitement was 
caused by C. T. R. Wilson's first publi­
cations on the cloud chamber, but I do 
not remember any talk at all about Ruth­
erford's paper. Turning to Natw'e for 
1911, I find no mention of this paper 
and only one reference to the particle­
scattering work-a brief, routine sum­
mary of a talk giving a preliminary ac­
count of it which Rutherford delivered 
on March 7 to the Manchester Literary 
and Philosophical Society. In Science 
likewise his epoch-making paper went 
unnoticed. 

The fact is that the structure of the 
atom was not taken terribly seriously by 
most physicists in 1911. It seemed a 
rather inaccessible and speculative prob­
lem, something like that of life on other 
planets. Different atom models had been 
put forward to do different things: here 
was a new model which dealt with the 
scattering of alpha particles, very well 
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In rough sea, stabilized ship (A) extends fins to halt roll. 

It holds course without reducing speed. Unstabilized ship (B) 
rolls and is forced to cut speed. First two commercial instal­

lations of the Gyrofin are on the Matson Lines, Mariposa 

and Monterey. Randolph Sevier, President of Matson Lines, 

says, "In addition to added passenger comfort, we expect 

to realize savings in fuel and time because the ships will 

be able to maintain course and speed in heavy weather." 

Imagine - smoothing out the ocean! 
When the sea plays rough, it shows 
no respect for a ship. 

But the days of rock 'n' roll - sea­
going variety - are numbered. 

Credit this to an amazing device. 
It's Sperry's new Gyrofin® Ship 
Stabilizer, almost human in the 
way it out-thinks and outwits rough 
weather. 

The Gyrofin takes the pulse of the 
turbulent sea ... immediately sets 
underwater stabilizing fins to work 
producing "lift" which counteracts 
the action of the waves. 

Two fins, only 14 feet long, help to 
hold a 20,000-ton ship smooth and 
steady on her course. They elimi­
nate up to 90% of roll that might 
shift cargo, slow speed, spill soup or 
otherwise spoil a voyage. 

Opposing a raging sea puts a ter­
rific strain on these fins, of course. 
The 6,000 foot-tons of "lift" they de­
liver may change direction every 
two seconds! So the entire assembly 
has to be able to take it. 

That's why Sperry chose strong, cor­
rosion-resisting nickel-copper alloys 
for so many vital parts. The fin flap 
"hinge pins"-fourteen feet long but 
only four inches in diameter - are 
"K" Monel* age-harden able nickel­
copper alloy. Spacer ring "washers" 
. . . Monel* nickel-copper alloy. Fin 
control surfaces ... welded Monel 

A 

overlay. These nickel-copper alloy 
parts are designed to take all the 
punishment that battering tons of 
sea water can offer. And they do! 

If you have a metal problem in 
which corrosion, high or low tem­
peratures, stresses or fatigue are 
troublesome factors, talk it over 
with us. Let's see if Monel alloy -
or one of the more than fifty other 
Inco Nickel Alloys - can help over­
come your difficulty. *R.g . . U. S. Pat. Off. . 
The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 

) NCO, INTERNATIONAL NICKEL 
fRAOE MARK Nickel Alloys Perform Better, Longer 
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careers in peaceful 
applications of atomic energy 

NUCLEAR AND REACTOR 
ENGINEERS 

Education: B.S., M.S., or Ph.D. in Engineering or 
Physics 

Experience: Analytical or design experience in nuclear 
reactors, reactor systems or related fields. 

Duties: Engineering of overall reactor installations; the 
analysis of nuclear characteristics or economic evalua­
tion and feasibility studies of nuclear reactors for 

civilian applications. 

REACTOR 
SHIELDING ENGINEERS 

Education: B.S., or M.S. in Engineering, Physics, or 
Mathematics. 

Experience: Minimum of one year of practical reactor 
shielding analysis. 

Duties: Analysis of neutron and gamma-ray distribu­
tion, shielding, and nuclear heat generation for 

reactor systems. 

A valuable opportunity. Write 

ATOMICS 
INTERNATIONAL 
A DIVISION OF NORTH AMERICAN AVIATION. INC. 

Mr. G. W. Newton, Personnel Office, Dept. SA, 
21600 Vanowen Street, Canoga Park, California 

(In the Suburban San Fernando Valley, Los Angeles) 

perhaps, but not everybody was in­
terested in the scattering of alpha 
particles. 

Rutherford's own reticent attitude 
may also have been one of the reasons 
that the birth of the nuclear atom caused 
so little commotion. In his book Radio­
active Substances and Their Radiations, 
published two years after his 1911 pa­
per, Rutherford had only two passages 
about the structure of the atom. The first 
was merely a two-page summary of the 
paper; here Rutherford used the word 
"nucleus" once but generally referred to 
it only as the "central charge," and still 
gave the sign of the charge as either 
positive or negative. The second passage, 
at the very end of the book and so pre­
sumably written later, went somewhat 
farther. Rutherford now gave the charge 
as definitely positive and spoke of the 
rest of the atom as a distribution of elec­
trons; in particular, he described the 
helium atom as consisting of a minute 
center with two positive charges, two 
remote electrons when in its neutral 
state. He also raised the question of the 
structure of the nucleus for the first time: 
"No doubt the positively charged center 
of the atom is a complicated system in 
movement, consisting in part of charged 
helium and hydrogen atoms." Ruther­
ford followed this remark with an ob­
servation of characteristic simplicity and 
insight: "It would appear as if the posi­
tively charged atoms of matter attract 
one another at very small distances, for 
otherwise it is difficult to see how the 
component parts at the center are held 
together." Thus Rutherford raised the 
question of the mysterious forces holding 
the nucleus together, which is still, more 
than 40 years later, one of the most diffi­
cult of all problems in atomic physics. 

I f the rest of the world of phYSics took 
the discovery of the nuclear atom 

calmly, in Rutherford's laboratory, 
where there was always excitement, it 
generated a special ferment. In the 
spring of 1912 Niels Bohr of Copen­
hagen came to the laboratory in Man­
chester and found its members full of 
enthusiasm for the wide prospects 
opened by the discovery. Bohr himself 
became fired with the same excitement 
and spent some months working in 
Rutherford's laboratQry. Convinced of 
the general correctness and the great 
possibilities of the nuclear model of the 
atom, he soon began to demonstrate the 
power of the model to explain the re­
actions of the atom to light. 

In his first paper after-his stay at Man­
chester, published in July, 1912, Bohr 
firmly establishf'd-the- structure of the 
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Electronic "brains" rely on COPPER! 
Today, electronic computers pre-test the perform-
ance of guided missiles ... forecast next year's sales 
... build safer bridges ... and guide 5,000 freight 
cars a day through the mazes of 65 trunk lines in a 
single railroad yard. 

You simply dial your instructions to these modern 
computers; they obey faster than thought. 

But they need copper to operate. 
Like nerves to the human head, copper wires trans­

mit impulses to and from electronic "brains". Other 
vital computer parts are of copper, too. 

Perhaps your product doesn't need to "think" ... 
just act. Make it of copper and you make sure of per­
formance no substitute can equal. 

A typical "brain" puts copper and its alloys to many uses. 

Copper 

Beryllium copper 
Phosphor bronze 

Aluminum bronze 
Manganese bronze 

Naval brass 

Brass 

Used in various forms, tempers, sizes for 
lead-ins to transistors, for lead-outs and 
wave-guide tubes. All wiring is copper, 
of course, 10 to 20 miles of it! 

Beryllium copper is used because it pro­
vides excellent elastic and fatigue prop­
e r t i e s  w h e n  heat-t r e a t e d; p h o s p h o r  
bronze because o f  its exceptional spring 
qualities and resistance to wear. Both 
have properties which make them ideal 
for the 11,000 essential spring contacts. 
Torsion bars, clips, probes, and shafts 
also use these copper alloys. 

U s e d  for g ears, bearings, b u s h i ngs, 
clamps, and structural parts. 

Used for screw machine products, gears, 
hardware, fittings, springs, pins. and 
wherever soldering or brazing must be 
done. 

COPPER & BRASS 
RESEARCH A.SSOCIATION 

420 Lexington Avenue, New York 17, N. Y • • • • AN INDUSTRY SOURCE OF TECHNOLOGICAL AID. INCLUDING A LIBRARY OF TECHNICAL LITERATURE AND A COUNCIL OF SPECIALISTS 

COPPER OR ITS ALLOYS PROVIDE THESE ADVANTAGES: 

Best conductor of � 
electricity commercially f� � :\ 

available � -

Does not rust . • •  
high corrosion 

resistance 

� Best heat transfer �lflj)) 
agent of all 

commercial metals 

Easy to machine, 
form, draw, stamp, 

polish, plate, etc. 

® Welds readily. • •  .t:;irt1 
excellent for (�I\) 

soldering and brazing � 
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problems in the 
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NUCLEAR 
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Reactor thermodynamics, stress analysis and fluid mechanics • Design, development and test of experimental apparatus for 
the study of radiation effects • Analysis and test of engine and 
reactor control systems, components and associated instrumen­
tation • Fundamental analysis and testing of gas-gas, liquid­
liquid and gas-liquid heat exchangers. Analysis and test of ro­
tating machinery using both compressible and incompressible 
flow • Analytical and experimental hydrodynamics • Corrosion 
studies • Low and high temperature stress analysis and struc­
tural design. Analysis and test of jet engine components. Jet 
engine analysis including airplane application and installation. 
METALLURGISTS . . . for fundamental research, test and analysis 
associated with the chemical and metallurgical problems of 
nuclear propulsion. 
TEST EQUIPMENT and FACILITY ENGINEER . . . to coordinate and 
expedite the design, procurement, construction and installation 
of test equipment for experimental testing of nuclear aircraft 
engine components and accessories. Preference given men with 
M.E., C.E., or I.E. degrees. 

ADVANTAGES 
NEW, HIGHER salary ranges at 
all levels. 

GRADUATE TRAINING available 
at the Hartford Graduate Cen­
ter, Rensselaer Polytechnic In­
stitute. Tuition assistance pro­
vided. 

THE PRESTIGE of an engineering 
team, with a long history of sig­
nificant contributions to avia­
tion. 

ASSOCIATION with acknowl­
edged engineering leaders who 
will aid in your professional 
growth - make a definite effort 
to further develop your engi­
neering and managerial abilities. 

A MAJOR REACTOR PROGRAM 

offering exceptional opportunity 
for creative thinking. 

THE STABILITY of a corporation 
that has grown consistently for 
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MANY SPECIAL DEPARTMENTS 

and talents to assist you in solv­
ing problems. 
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England, noted for its fine 
schools, ocean and fresh-water 
beaches, skiing, hunting, fish­
ing, pleasant suburban living. 

MANY OTHER BENEFITS such as: 
life, health and accident insur­
ance, pension program. Largest 
Federal Credit Union. 
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atom as consisting ot a nucleus sur­
rounded by electrons. From his calcula­
tions he concluded that hydrogen had a 
positive nuclear charge of one unit, and 
helium two units. Shortly afterward An­
tonius van den Broek of the Nether­
lands put forward the theory that the 
nuclear charges followed such a se­
quence right through the table of ele­
ments: that is, each atom had a nuclear 
charge equal to its order in the table, or 
its atomic number (not atomic weight) . 
At about the same time Casimir Fajans 
in Germany and Frederick Soddy and 
Alexander Russell in England inde­
pendently formulated the law that holds 
when atoms are transformed by radio­
active decay: namely, when an atom 
emits an alpha particle (containing two 
positive charges), it goes down by two 
places in the periodic table; when it 
emits a beta particle (with one negative 
charge), it goes up by one place. Soddy 
also coined the word "isotopes," to de­
note varieties of an element having iden­
tical chemical properties but different 
masses. 

The orderly relation between nuclear 
charge and atomic number was finally 
clinched by the beautiful work of the 
English physicist H. G. J. Moseley (who 
in 1915, at the age of 27, was killed in 
battle at Gallipoli). By systematic exper­
iments Mosley showed that each ele­
ment, when excited to X-ray emission, 
emitted X-rays of characteristic wave­
lengths, determined by its atomic num­
ber. Moseley concluded: "We have here 
a proof that there is in the atom a fun­
damental quantity, which increases by 
regular steps as we go from one element 
to the next. This quantity can only be 
the charge on the central positive nu­
cleus." (As a personal note I may per­
haps be allowed to add that further 
proof that the X-ray wavelength was de­
termined by nuclear charge and not by 
atomic weight was given when Ruther­
ford and I showed in 1914 that gamma 
and X-ray emissions by two isotopes of 
lead had the same wavelength.) 

In 1913 Bohr published three revolu­
tionary papers which applied the quan­
tum theory to the orbits of electrons in 
atoms and explained the emissions of 
light and X-rays by atoms in terms of 
their structure. As I have mentioned, 
atom builders up to thaJ: time had been 
persistently troubled by the difficulty 
that, on the accepted laws of electrody­
namics, electrons lost energy by radia­
tion and nevertheless continued to circu­
late in unchanging orbits in the atom. 
Bohr boldly proclaimed that the classical 
laws of electrodynamics did not apply 
within the atom. Electrons in atoms, he 
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Feeding an orphaned lamb or calf is now an easier 
and safer job because of a new bottle. blown from 
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said, sent out their radiant energy not 
continuously but in packets, or quanta. 
He assumed that only certain classes of 
orbits were possible, and radiant energy 
was emitted in a burst when an electron 
changed orbits. In short, Bohr laid down 
new quantum laws for the minute world 
of the atom and showed how they could 
be made to account for the observed 
facts. He is the Newton of atomic astron­
omy. 

Bohr's model of the atom gave the 
first precise explanation of the spectra of 
simple atoms, and later it clarified the 
periodic chemical properties of the ele­
ments. Today Bohr's theory of orbits has 
been replaced by a picture in which the 
electron is not regarded as a point mov­
ing in an orbit but is considered to be 
spread out as a kind of cloud, which 
represents the probability of its being 
found in any specific position. However, 
the atomic scene is still ruled by quan­
tum conditions of the kind that Bohr 
originally laid down. 

By the time the First World War broke 
out, the nuclear atom had developed 

into a lusty infant. Its importance was 
not yet, however, widely realized. In 
Norman B. Campbell's well-known book 
Modern Electrical Theory, published in 
1913, a chapter called "The Structure of 
the Atom" made no mention of Ruther­
ford's atom, then nearly two years old. 
Pieter Zeeman, discoverer of the Zeeman 
effect, in an article in 1915 referred in a 
sentence to atom models put forward by 
James Jeans, Joseph Larmor, Lenard, 
Nagaoka and Bohr, adding that in ex­
plaining light spectra the models of 
Thomson and W. Ritz seemed the most 
successful. And Owen Richardson in his 
Electron Theory of Matter, a standard 
work, devoted nearly all of a long chap­
ter on the structure of the atom to Thom­
son's atom. In the last few pages he men­
tioned the nuclear atom and briefly con­
sidered Bohr's work. His comment, not 
unsympathetic, was to the effect that 
while the conclusions conflicted with ac­
cepted principles in physics, so did those 
arising from certain other newly ob­
served phenomena. Here, then, is one of 
the acutest brains in the physics of the 
time, certainly not condemning, but cer­
tainly not suggesting that a new epoch 
in physics had been opened. But then I 
doubt that Rutherford himself realized 
at the time-as Bohr undoubtedly did­
the vast potentialities of the nuclear 
atom. Years afterward he wrote to Gei­
ger: "They were happy days in Man­
chester, and we wrought better than we 
knew." I fancy that he may have had the 
nuclear atom particularly in mind. 

TEENAGER DESIGNS 
A NEW COMPUTER! 

Using his Geniac Electric Brain Construction 
Kit young John S., 16 years old, of Pittsburgh, 
Pennsylvania designed and built a machine that 
composes music. a circuit that is now included 
with every kit. 

An exception? Not at all-
Ronald W. of Denver, Colorado used his Geniac 
to design machines giving geometric area for­
mulas, position of the planets in the solar sys­
tem, control system in an atomic reactor, com­
parative weights on Mars and Earth and seems 
to find new uses each week in addition to those 
in the experimental manual. 

Peter H. of River Edge, N.J. created an 
averaginC) machine. 
Thousands of other people have used Geniac, 
the Electrical Brain Construction Kit to explore 
the fascinating new world of computing ma­
chinery. Schools, colleges, industrial training 
programs, engineering scientists and executives 
who have to keep abreast of new developments 
find in Geniac the answer to their search for 
information and material to advance their 
knowledge of compu;ers. 

WHICH GROUP ARE YOU IN? 
o Engineer or Research Scientist, who wants to 

learn more about the application of com­
puters to his problems. 

o Executive, with a Cbristmas Gift Problem for 
friends or business associates. 

o Teacher. in high school or college who needs 
laboratory or demonstration material on 
computers. 

o Student impatient for teachers to begin. 

o Scientific Amateur. who wants to learn about 
computers but doesn't know how to begin. 

o Parent of a scientiflc-m inded youngster. who 
is looking for a present that will provide 
hours of entertainment and instructive value. 

Thousands of people from these groups have 
bought and enjoyed Geniac, the Electrical Brain 
Construction Kit. 

Every Geniac Kit contains 7 books and manuals 
including a Beginner's Manual and Study Guide 
to help the teenager whose knowledge of elec­
trical circuitry may be limited. From these you 
can go step by step into more advanced circuit 
designs and finally through the theory needed 
to design your own machines. 

This is why we don't think the designs we re­
ceive are exceptional. We planned it that way. 

So if you have a boy-from 11 years up, who 
is an electrical bug, or if you yourself want to 
understand more of the theory behind circuit 
designs, order your complete kit now. 
Geniacs are fun too. Exciting puzzle-solving cir· 
cuits-the Uranium Shipment and the Space. 
Pilots, code-making machines, game-playing 
machines for Tic-Tac-Toe, Nim, intelligence­
testing devices will give you and your children 
hours of amusement. Over forty machines can 
be built from your Geniac Kit with more than 
400 pieces and parts, seven books and manuals. 

HOW TO GET YOUR GENIAC BEFORE CHRISTMAS 
ORDER EARLY!!! 

GENIAC KIT with special discs, 7 manuals and 
texts, parts tray. tool kit and display rack . . . . . . . .  $19.95 
(Add SO¢ west of MissiSSippi, $2.00 outside U.S.) 

Same day shipment on all orders. 
Seven day return guarantee applies after Christmas 
for presents . 

.My name and address are attached. 
Send check, cash or money-order to: 

DEPT. SA·II 
OLIVER GARFIELD COMPANY 

126 Lexington Avenue. New York 16. N. Y. 
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F ro m  To kyo to Th u l e t h e  Ai r Fo rce 
m e ets t h e  Sol a r  S e rvice m a n  

GAS TURBINE ENGINES are gaining ever 
wider use in military service . . .  for air­
borne generator sets, ground support 
units and many other applications. Solar 
Field Servicemen constantly visit Air 
Force bases and Armed Service evalua­
tion centers establishing training pro­
grams and checking installations .  Solar's 
Field Servicemen are a vital part of the 
team that has produced the trouble-free 
record of Solar gas turbines. 

Solar builds both the Mars 50 hp and 
the Jupiter 500 hp gas turbine engines. 
The Mars is now in use on the Lockheed 

C - 1 2 1 C, D o u g l a s  C -12 4 C, C o nv a i r  
C-131B and the Boeing KC-97 tanker. 
The Jupiter is being produced as a com­
pressor pack and in variable and constant 
speed versions for other applications .  

T h e  proven dependability o f  Solar gas 
turbines is the result of nearly three dec­
ades of experience in engineering and 
fabricating precision products of alloy 
steels for severe service. Can this experi­
ence help you solve a complex engineer­
i n g  or m a nufacturing problem ? For 
information write Dept. C-90, Solar Air­
craft Company, San Diego 12, California. 

D e s i g n e r s ,  D e v e l o p e r s a n d  M a n u f a c t u r e r s . G a s  T u r b i n e s ' A i r c r a f t a n d  

M i s s i l e  C o m p o n e n t s ' B e l l o w s ' C o n t r o l s ' C o a t i n g s ' M e t a l  A l l o y P r o d u c t s  

WRITE FOR BOOKLET . . .  new brochure describes 
Solar gas turbines - how they work, advan­
tages they offer to forward-looking industries. 
Send for a copy today. 

S O L A R  
A I R C R A F T  C O M P A N Y  

E N G I N E E RS WANTED Unlimited oppor. 
tunities in Solar's expanding gas turbine 
program! 'Vrite today. giving experience. 
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F I R  S T o F A S E R I E S  

What IS reliability? • 

Industry in the United States is becoming more 

and more complex . . .  we're getting automated 

. . .  computers are computing . . .  the missiles 

are flying . . .  the digits are digitizing • • •  
And the word "Reliability" takes a new and 

different meaning . . .  what does it mean to you ? 

.i.}I" li� 10 'lop .nd "k, • look ! 
, ' Ask three of your friends how they 

§I ;define "reliability:' You'll be sur-
prised � the different answers you receive. And 
when you quiz them further on how much relia­
bility is needed in a particular product . . .  how 
they would control the design and manufacture 
of that product to obtain the amount of reliability 
they want . . .  you'll be even more surprised by 
the variety of the answers. 

So . . .  let's define reliability. Let's start off with 
a definition that is gaining the most acceptance in 
the technical field . . .  

The reliability of a particular component 
or system of components is the probability 
that it will do what it is supposed to do under 
operating conditions for a specified operat· 
ing time. 

Looks simple enough ! 
But what hazards it presents ! The first impor­

tant challenge is that word "probability" . . .  it 
takes you seriously into the field of data collec­
tion and statistical analysis. Then you check into 
the phrase "do what it is supposed to do" . . .  some­
one must define these objectives. And, look at the 
"operating conditions" . . .  pause briefly and reflect 
on the many different conditions under which 
products operate. And, finally, note the phrase 
"for a specified operating time" . . .  does one nor­
mally, consciously, define reliability in terms of 
time ? 

These considerations pose problems for all of 
us . . .  the manufacturers of components, those 
who assemble components into other products, 
systems personnel,  designers, industrial  engi­
neers, production workers, purchasing agents, 
quality control . . .  and users ! 

t J 
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Let's look at the word "probability:' 

Picture a chain, with its successive links. Many 
of today's systems, simple or complex, comprise 
such a chain of components. However, as we all 
know, that chain will be only as reliable as its 
weakest link. And, statistically, the over-all reli­
ability of the chain or system is the mathematical 
product of the reliabilities of the individual links 
expressed as . . .  

Over-all Reliability, Ro = rl x r2 x r3 . . .  rn 

As an example, assume a product has a chain 
of 100 components in which each component has 
a reliability of 99 per cent . . .  which assumes that 
only one out of a hundred units of each compon­
ent will fail. These are relatively high standards 
established by past practices. But what happens ? 
Multiplying .99 by itself o n e  h u ndred times 
( .99100 ) , note that our chain of components will 
have a reliability of only 36.5 per cent ! Two out 
of three of our chains would probably fail ! 

As another example, let's look at contacts in a 
multi·contact electric connector. If, for instance, 
we are to assemble connectors containing 25 simi­
lar contacts from a 1 % defective contact popula­
t i o n, we c a n  expect  2 2 %  of the c o n nector 
assemblies to contain one or more( defective con­
tacts ! See how the multiplication of probabilities 
presents a maj or challenge to both designer and 
manufacturer ? 

But all is not lost ! There is another side of the 
picture. With proper care, analysis, and control, 
our organization at Cannon has actually achieved, 
in special "missile quality" contacts, a known level 
of only 2.85 x 10-3 % defective . . .  or one defec­
tive part in 35,000 ! Naturally, we don't achieve 
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that with all our contacts . . .  but we do try to design and 
manufacture the utmost in reliability required for specific 
applications. 

However, to return to your problems and to go a step 
further in demonstrating "probability" of uncontrolled 
contacts . . .  and the challenges it poses to you and to us . . •  
consider the case where we have three groups of contacts, 
each group with contacts of different sizes. Let us assume, 
also, that each group has different percentage defective pop· 
ulations and that the three groups are assembled in a 90· 
contact connector as follows ; 

50 No. 16 contacts with a population reliability of .59 ; 
25 No. 12 contacts, reliability .60 ; and 15 No. 8 con· 
tacts, reliability .64. 

Then . . .  

Rc 
(90 contact 
connector) 

or, 
Rc 

(90 contact 
connector) 

= r,16 x r,12 x rl8 

= (.59) (.60) (.64} =.23 

It is apparent from the above that connector contact 
populations must be maintained at extremely low values 
of percentage defective. This is of extremely vital impor. 
tance if we are to produce connector assemblies which will 
perform satisfactorily in systems utilizing series circuitry, 
where the failure of one contact pair can cause failure of 
the entire system. 

We have been talking only about a contact . . .  j ust one 
of the many different materials and parts ( such as contact 
pins, insulators, shells, and couplings ) going into the more 
than 20,000 different connector and electrical items we 
manufacture. Think of the "product of reliabilities" rule 
in systems comprised of tens, hundreds, or thousands of 
electrical comp()nents connected by connectors such as 
ours. Regardless of whether they design, manufacture, sell, 
or use washing machines or guided missiles, everyone faces 
the same problem. That's why we're taking some of your 
valuable time to present the important subj ect of relia. 
bility here. 

* � All of us, when we specify materials, parts 

. 
. . or components must constantly keep in mind 

the ( a )  "probabilities;' ( b )  what the part is 
supposed to do, ( c )  the operating conditions, and ( d )  the 
time it must operate satisfactorily. Let's see what we can 
do to increase reliability in relation to these four factors ; 

(a) Probabilities. To increase the reliability of any 
component, and thereby the system as a whole, it is nec. 
essary to think in terms of statistical distribution of im. 
portant physical properties. From field reports of failure 
and laboratory test results, we must first isolate those 
properties which most frequently cause trouble. It is then 
necessary to determine whether poor performance is due 
to lack of process control to keep the product within speci. 

fied tolerance limits, whether the dollar sign has entered 
into the picture too far - cutting reliability down for the + sake of a few cents here or there - or whether 

. ; . the design itself is inadequate for an end·use , 
application. In any case, the use of the sta­

t istical approach to problem solution offers a positive 
method of obtaining known levels of reliability. 

(b) Definition of Function of Product. Each com­
ponent and each system . . .  both civilian and military . . .  
in  each d i fferent f ield o f  endeavor, i n  each product  
produced, has  different functions. None of us should "over­
build" . . .  nor should we "under·build�' We should look at 
our specifications closely. 

( c) Operating Conditions. Temperature and pressure, 
humidity, corrosive atmospheres, stray electric and mag­
netic fields, low and high frequency noise, shock and vibra­
tion . . .  all must be considered plus conditions prior to 
product use. 

(d) Operating Time. This varies both for different 
products and different fields of application. Have you set 
reasonable lengths of operating time for your product or 
system, from the viewpoints of both usage and economics ? 

* g. , O We at Cannon Electric are proud of our 
. historical emphasis on quality and relia­

bility. Since our inception in 1915 we have 
consistently adhered to a design philosophy embracing the 
highest quality and reliability in each Cannon Plug for the 
specific application for which it is to be used. If we cannot 
design to that principle, we don't make it! In manufacture, 
we are proud of our know-how in depth, proud of our fine 
quality control systems, proud of our personnel, and proud 
of our reliability control group. The "Cannon Credo" . . .  
part and parcel of the everyday life of each Cannon em­
ployee . . .  is posted in all offices and all departments of 
all eight Cannon plants around the world. Three of its 
sections read as follows ; 

To develop an organization of exceptional people 
possessed of respect for the dignity of the individ­
ual and imbued with the spirit of the team. 

To provide a facility with which we can produce 
to our utmost in an efficient and pleasant environ­
ment. 

To develop and produce products of such qual­
ity, and render such service, that we may always be 
proud of our efforts. 

* 
Whenever you have an electric connector reliability 

problem . . .  in design, engineering, production or proto­
type phases • . •  we would welcome the opportunity of dis­
cussing it with you. 

Cordially, 

illcJ(Y," v 4 __ President 

CANNON ELECTRIC COMPANY 
3208 Humboldt St., Los Angeles 31, California 

Please . �� � 
Refer to 0. • C> • 

Dept. 413 

Eight plants around the seven seas ! 
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APPETITE AND OBESITY 

It IS often said 

But ,vhat causes 

IS sought by 

that obesity IS caused simply by overeating. 

people to overeat? The answer to the question 

experiments described herein the physiological 

O
besity has been called the "Num­

ber 1 Nutrition Problem," if not 
the "Number 1 Health Problem," 

in Western countries at the present time. 
All recent statistical studies agree that 
overweight is associated with a shorten­
ing of life. For example, Louis I. Dublin 

by Jean Mayer 

found that among men and women in­
sured with the Metropolitan Life Insur­
ance Company, overweight persons show 
a 50 per cent greater than normal mortal­
ity between the ages 20 and 64. The mor­
tality rate among them increases with 
the degree of overweight: deaths among 

moderately obese men, for example, are 
42 per cent above the standard risk, and 
among the markedly obese, 79 per cent. 
By and large their higher death rate re­
Rects a greater susceptibility to "degen­
erative" diseases, notably diabetes, cir­
rhosis of the liver, and heart, kidney and 

RAT EXERCISES on a treadmill in the author's laboratory at the 

Harvard University School of Public Health. It was discovered that 

exercising rats in this manner two hours a day prevented the pro· 

gressive obesity usually suffered by rats confined in small cages. 
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circulatory diseases. Overweight in­
creases the risk of death from cardiovas­
cular or kidney disease by more than 50 
per cent. (On the other hand, the death 
rates from tuberculosis, ulcers and sui­
cide are actually lower than average 
among obese persons.) 

Unhappily the underlying causes of 
obesity are still largely unknown. To say 
that obesity is due to overeating is not 
much more illuminating than to say that 
alcoholism is caused by overdrinking. 
The real question is: Why do people 
overeat? What factor (or factors) dis­
turbs the mechanism of regulation of 
food intake in such a way that the bal­
ance between intake and energy output 
is tipped in favor of excessive consump­
tion? This article summarizes some of 
the recent efforts to discover the dis­
turbances that lead to obesity in animals 
and in man. 

The first problem to be tackled is to 
get a clearer concept of how appetite is 
normally regulated. A number of years 
ago the most popular theory, advanced 
by the late Walter B. Cannon of Harvard 
University and Anton J. Carlson of the 
University of Chicago, held that con­
tractions of the stomach were the main 
signal arousing the sensation of hunger 
(sometimes in the form of the so-called 
"hunger pangs"). While there is no 
doubt that such contractions exist and 
may playa part in awareness of hunger, 
the notion that they played a basic role 
had to be abandoned when it was dem­
onstrated that denervation of the stom­
ach or even its total removal by surgery 
did not fundamentally alter the regula­
tion of food intake. The influence of bulk 
in the diet, of "filling up the stomach" as 
such, was shown to be minor. It may 
delay hunger pangs but it does not 
eliminate the over-all feeling of hunger. 

Carlson made the interesting sugges­
tion that a low level of sugar in the blood 
was the cause of stomach contractions, 
but this was discarded when several 
workers failed to find any regular rela­
tion between sugar level and hunger sen­
sations. The well-known ravenous appe­
tite of diabetics with h.igh blood sugar 
also seemed to invalidate the idea. 

T he first productive clue to how food 
intake is regulated came in the early 

1940s when S. W. Ranson and his col­
leagues at Northwestern University dis­
covered that animals became obese after 
destruction of the central area of the 
hypothalamus, an important part of the 
mid-brain. John R. Brobeck and an asso­
ciate at Yale University then showed that 
destruction of side areas of the hypotha­
lamus caused animals to refuse food. 

THREE FAT MICE demonstrate obesity due to three different causes. At the right is a 

normal black mouse for purposes of comparison. Tbe other black mouse is the littermate 

of the normal mouse; it is fat because it carries the hereditary obese.hyperglycemic gene. 

The white mouse at the left became obese after a lesion was surgically made in its hypotha. 

lamus. The other white mouse became obese after it was injected with gold thioglucose. 

Jose M. Delgado, working at Yale on 
monkeys, and Stig Larsson, working 
at the University of Stockholm on goats, 
found that electric stimulation of the 
same area induced their animals to eat. 

Pursuing these findings in our labora­
tory in the department of nutrition at the 
Harvard University School of Public 
Health, we began with a systematic ex­
ploration of how the regulatory centers 
in the hypothalamus operated. We used 
the very convenient technique devel­
oped by the Harvard psychologist B. F. 
Skinner for measuring animal responses 
and behavior. The essential feature of 
the method is that the animal itself pro­
duces a reward (e.g., a small pellet of 
food) by pressing a lever, and the 
strength of the rewarding effect, or the 
intensity of the animal's desire, is meas­
ured by the frequency with which it 
presses the lever [see "Pleasure Centers 
in the Brain," by James Olds; SCIENTIFIC 
AMERICAN, October]. In our experi­
ments the animal had to press the lever 
a certain number of times to obtain a 
food pellet, and a record of its behavior 
was registered automatically by an elec­
trical recorder. 

Application of this method showed 
that the feeding behavior of normal ani­
mals exhibits a clear-cut daily cycle. The 
animal feeds rapidly and frequently for 
several hours; there follows a "satiety 

period" during which it eats very much 
less and in a desultory fashion. However, 
if the central area of the animal's hy­
pothalamus is destroyed, it does not 
taper off in this way but goes on eating 
at the same high rate. Our experiments 
demonstrated that the central area of the 
hypothalamus is a satiety center which 
normally acts as a brake on the lateral 
area, where stimulation to eat is con­
stantly present. In other words, what is 
"regulated" is not hunger but satiety. 

The next question was: How do the 
satiety centers in the hypothalamus de­
termine when the body's hunger for food 
has been satisfied? It appeared improb­
able that they could use as an index the 
body's content of fat or protein, which 
between meals declines by only a very 
small amount in proportion to the total. 
The sugar reserves, on the other hand, 
would provide a sensitive index. The 
stores of sugars carried by the organs of 
the body are limited. In the liver of man, 
for example, the content of glycogen 
after a meal amounts to only about 300 
calories (a moderately active man 
spends 3,000 calories of energy a day). 
Furthermore sugar, in the form of glu­
cose, is the sole fuel of the central nerv­
ous system. It seemed reasonable to as­
sume, therefore, that the satiety centers 
of the central hypothalamus might be 
sensitive to the availability of sugar from 
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the blood, and that their utilization of 
sugar might be a measure of hunger. 

Xl elaborate program of experiments 
was carried out to test this hypothe­

sis. In the first series of experiments we 
found that the rate of food intake by 
animals did indeed correlate well with 
the rate of utilization of sugar by the 
body as a whole. Next we conducted 
tests with human subjects, using as a 
measure of sugar utilization the differ­
ence between the sugar level in arteries 
and in veins. The results further sup-

ported the hypothesis: the subjects' 
feelings of hunger appeared appeased 
when the rate of sugar utilization fell. 
These observations were confirmed and 
extended by Albert Stunkard of Cornell 
University. He studied "hunger" con­
tractions of the stomach, employing a 
stomach balloon technique of Cannon 
and Carlson. Stunkard found that when 
the difference between the sugar levels 
in the arteries and veins was small (in­
dicating reduced availability of sugar), 
the subject showed contractions of the 
stomach and had subjective feelings of 

hunger, while a large difference (indi­
cating appreciable reserves of sugar) ac­
companied satiety. Very recently two 
findings have brought convincing con­
firmation of our hypothesis concerning 
the role of sugar. Stunkard and a col­
league found that administration of 
glucagon, a pancreatic hormone, which 
raises the blood sugar level without de­
creasing utilization of sugar, invariably 
eliminated gastric contractions and hun­
ger feelings. A particularly striking illus­
tration of this effect was given by a 

patient who had lost the use of his brain 

OBESE MOUSE PRESSES A LEVER in a special cage designed 

to study the feeding behavior of small animals. The large disk at 

the upper right is part of an automatic feeder that discharges pel· 

lets of food into a tray at the right of the mouse whenever it presses 

the lever a predetermined number of times. To the left of the 

lever is a tube from the water bottle suspended above the disk. 
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cortex after an accident and whose cen­
tral nervous system was therefore re­
duced to the lower centers of the mid­
brain. The only treatment (aside from 
intake of food) that eliminated hunger 
contractions of the stomach in this pa­
tient was glucagon, raising the level of 
available sugar. 

The other recent finding gives a more 
direct "proof" of the theory. My asso­
ciate Norman Marshall and I experi­
mented on mice and rats with a chemical 
called gold thioglucose-a compound of 
glucose and gold linked together by a 
"sulfur bridge." A single dose of gold 
thioglucose induces overeating and 
obesity in animals. We established that 
the substance selectively destroys the sa­
tiety area of the central hypothalamus. 
Compounds of gold with other sub­
stances, even very similar to glucose, did 
not produce these effects. It appears, 
therefore, that gold thioglucose exerted 
its destructive effect because the gold 
was "dragged in" by glucose, for which 
the satiety cells have a special affinity. 
The experiment demonstrates that these 
cells do indeed act as sensitive receptors 
of glucose. 

Once the cells have taken in glucose, 
they must translate this fact into an elec­
trical signal to other centers in the cen­
tral nervous system. Tracer studies show 
that potassium generally accompanies 
glucose into cells, and the passage of 
potassium ions into the glucose-receiving 
cells may account for the generation of 
electrical impulses. 

The impulses from the hypothalamus 
satiety cells, on reaching the cerebral 
cortex, are interpreted there and trans­
lated into sensations of satiety or hun­
ger. But other factors-psychological as 
well as physiological-may intervene to 
modify appetite, at least temporarily. 
Conditioned reflexes and habits, in par­
ticular, have to be reckoned with. The 
whole scheme is one of great complexity, 
and therefore it is to be expected that 
anyone of a number of dysfunctions may 
cause a person to overeat. The dysfunc­
tion may affect either the regulatory cen­
ters or the general metabolism of the 
body. Hence we conclude that there are 
both "regulatory" and "metabolic" roads 
to obesity. 

Thinking in terms of first causes, we 
can trace obesity to three sources: 

heredity, injury and unfavorable exter­
nal factors (i.e., relating to nutrition or 
exercise) . 

Genetic obesity has been studied in 
particular in the mouse. There is a form 
called "yellow" obesity, because it is as­
sociated with a yellowish coat color. This 

Libratory chart from "The Moon" by H. P. Wilkins and Patrick Moore. Macmillan. 1956 

NEXT QUESTION 

What's on the other side of the moon? 

The most fascinating question that has ever challenged 
the mind of man may yet be answered in our lifetime. At 
this very moment in Southern California a group of the coun· 
try's most prominent scientists and engineers, incorporated 
under the name of Systems Laboratories, is exploring the 
ways and means of sending a manned missile to the moon 
and back within the next fifteen years. 

As the first professional organization of its kind primarily 
devoted to the research and development of interplanetary 
space travel, SLC has already attracted to its staff some of 
the world's leading authorities in the fields of aero and space· 
nautics. If you are a qualified engineer or scientist who would 
like to share the company of these men, and take part in the 
great adventure on which they are embarked, your inquiry 
will be welcomed by SLC's president, Dr. John L. Barnes. 

(§) 
SYSTEMS LABORATORIES CORPORATION 

15016 Ventura Boulevard. Sherman Oaks, California 

III 

© 1956 SCIENTIFIC AMERICAN, INC



Kentanium jaws after pinching and sealing 
over 215,000 tubes. Note the small amount 

of wear on this set. 

KENTANIUM* jaws 
pinch off and seal 
HOT glass tubing 

at 1500°F to 1700°F 
Jawlife increased ten-fold 

To provide a tight seal for vacuum pur­
poses, glass tubing is pinched off and 
sealed with pinch jaws made of Kentan­
ium, a heat-resistant titanium alloy that 
retains great strength and resists abra­
sion at high temperatures. 

Formerly, pinch jaws of alloy steel or 
chrome carbide were used. To prevent 
the hot glass in a semi-plastic state 
(1500°F to 1700°F) from sticking to the 
jaws, powdered graphite was used as a 
lubricant. After the pinch-off, an extra 
glazing operation was necessary to com­

pletely seal the tubes to retain vacuum. 
Life of jaws: only 20,000 to 25,000 tubes. 

As the non-galling characteristic of 
Kentanium is effective in glass forming 
operations (when in semi-plastic state), 
it was applied and the need for a lubri­
cant during the pinch-off operation was 
eliminated. The extra glazing operation 
also was eliminated because Kentanium 
produced a clean, tightly-sealed pinch­
off. Results: life of Kentanium jaws av­
erage 215,000 tubes. 

This is just another example of how 
Kennametal* compositions help engi­
neers to solve problems requiring metals 
which have high resistance to heat, abra­
sion, corrosion, deflection, deformation, 
galling or impact. Perhaps you have such 
a problem. Then we invite you to write 
KENNAMETAL INC., Dept. SA, Latrobe, 
Pennsylvania. One of the many Ken­
tanium or Kennametal compositions 
may provide the answer. 

I!<Trademarks of a series of hard carbide alloys of 
tungsten, tungsten-titanium, and tantalum. 

8-5986 
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INTAKE OF FOOD by an animal in the cage on page 110 may be continuously recorded on 

a strip of paper. The curve shows the number of times the animal pressed the food lever. 

mutation has been known for half a cen­
tury, and it affects a dominant gene; only 
when a yellow mouse is mated to a non­
yellow one do the offspring survive. 
Those offspring of the mating that in­
herit a yellow coat also become obese. 
Another interesting form of obesity in 
the mouse was discovered five years ago 
at the Jackson Memorial Laboratory in 
Bar Harbor by Margaret M. Dickie and 
has been studied intensively in our labo­
ratory. These mice weigh three to five 
times more than normal ones, are inac­
tive and have poor resistance to cold. 
Their distinguishing marks are high lev­
els of sugar and cholesterol in the blood. 
Even when restricted to the same 
amount of food as their normal litter­
mates, they manufacture more fat; re­
duced to an insufficient diet, they lose 

mainly protein rather than fat. This last 
trait, incidentally, is characteristic of the 
"metabolic" forms of obesity. We have 
been able to elucidate the primary mech­
anism responsible for the overeating and 
obesity of these mice: they secrete un­
usual amounts of the two hormones pro­
duced by the pancreas-insulin and glu­
cagon. Their hypersecretion of these 
hormones has been substantiated by 
measurements made in collaboration 
with the Toronto laberatory of Charles 
H. Best, the codiscoverer of insulin. 

Other forms of genetic obesity have 
been found in mice, rats, the Shetland 
shepherd dog and a strain of chickens. 
And of course certain strains of domestic 
animals, hogs in particular, have been 
bred for centuries because of their tend­
ency to obesity. The evidence for genet-
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Enjay Butyl rubber-; 

vital artery in newest airliners 

Douglas chooses Enjay Butyl for rubber components of the hydraulic 
systems in many of its famous DC-7 airliners. These components, which 
help assure the dependable operation of everything from wing flaps to 
landing gear, are proving over millions of air miles their durability 
and resistance to wear. 

Versatile Enjay Butyl rubber may well have a place in your operation. 
It will pay you to investigate the many technical advantages it has 
over other types of rubber. Its price and ready availability are advan­
tages, too. For full information, and for technical assistance in the uses 
of Enjay Butyl, contact the Enjay Company today. 

Pioneer in Petrochemicals 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Other offices: Akron· Boston. Chicago. Los Angeles. Tulsa 

BUTY� 

Enjay Butyl is the super-durable rubber 

with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases 

• heat • cold • sunlight • moisture. 

1 13 

© 1956 SCIENTIFIC AMERICAN, INC



More Reliable 
AIR CONDITIONING 

•• • for your process or the testing 
or protection of your products and 
materials • • • with EXACT moisture 
control at all times of the year 

Drying 
Industrial 
Materials 

This NIAGARA METHOD gives 
you the most effective air condition­
ing because its cooling and heating 
functions are completely separated 
from the addition or removal of mois­
ture. Therefore, you always get a pre­
cise result. You can reach and hold 
any condition, or vary it as you wish, 
without having to rely on moisture­
sensitive instruments. 

It is easy to take care of. All parts 
of the equipment are accessible. The 
control circuits are simple. It removes 
moisture by absorption, yet there are 
no salts or solids or solutions of sol­
ids to be handled. 

It is inexpensive to operate. It 
does a large amount of work in a 
small space. At normal operating 
temperatures, since it absorbs mois­
ture directly without refrigerating 
below the required dew point, there 
is no re-heating. 

Write for full information; 
ask for Bulletin 112. 
Address Dept. B.A. 

NIAGARA BLOWER COMPANY 
405 lexington Ave., New York 17, N.Y. 

O,stncf EngIneers 

In Pnnclpol Cdles of U S and Canoda 
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ic obesity in man is far less clear-cut, 
but a number of studies very strongly 
suggest that children of overweight par­
ents exhibit a much greater tendency to 
obesity than children of normal-weight 
persons, and that this is not entirely due 
to factors of upbringing. 

T raumatic obesity has been produced 
in the laboratory by several different 

means. We have induced it in the mouse 
by destroying centers in the hypotha­
lamus, by implanting specialized tumors 
and by injecting, or causing the animals 
to secrete, excessive doses of certain hor­
mones. In the type of obesity caused by 
destruction of the regulatory centers, 
the animal synthesizes an excessive 
amount of fat only if it is allowed to 
overeat. If it is underfed, its body com­
position becomes normal when it has 
been reduced to normal weight. We have 
studied metabolic obesities in rats in col­
laboration with Jacob Furth, of the Chil­
dren's Cancer Research Foundation in 
Boston. Injection of tumorous tissue from 
the pituitary gland will induce such an 
obesity; it is traceable to excessive secre­
tion of the pituitary hormone ACTH. In 
some species of animals it is possible to 
induce obesity by injecting long-lasting 
insulin, alone or in combination with a 
substance that depresses the activity of 
the thyroid gland. Castration, as is well 
known, also may lead to obesity. 

Besides these "constitutional" obesi-

, I . 
� -- 1 

I 
! 
l 

ties-genetic or traumatic-obesity can 
be produced by tampering with the en­
vironment. Paul Fenton of Brown Uni­
versity has shown that certain strains of 
mice become very obese when placed on 
high fat diets. Olaf Mickelsen at the Na­
tional Institutes of Health in Bethesda, 
Md., observed the same effect with a 
strain of rats. 

The influence of exercise is important. 
We found that exercising rats on a tread­
mill for two hours a day prevented the 
progressive "creeping" obesity which is 
typical of normal animals restricted in 
small cages. Exercise on the treadmill 
also cut down considerably the rate of 
weight gain of mice with a traumatic or 
hereditary tendency to obesity. An amus­
ing natural illustration of this point is 
furnished by the "waltzing mouse"-a 
breed with a gene which causes it to turn 
constantly in its cage, as if it were chas­
ing its tail. If this type is crossed with a 
genetically obese mouse, the offspring 
never reach anything like the weight of 
the fat parent: their exercise holds their 
weight down to only 30 per cent above 
normal, instead of the potential three or 
four times normal weight. 

Our studies have shown that the effect 
of exercise also applies to human beings. 
Many overweight youngsters eat no 
more than their contemporaries of nor­
mal weight, but are characterized by a 
very limited spontaneous physical activ­
ity, if not total avoidance of exercise. The 

STEREOTACTIC APPARATUS is used to make experimental lesions at exactly the same 

place in the brains of several animals. Animals of a standard size are used. The head of the 

anesthetized animal is fixed in the frame at the left side of the apparatus. The lesion is made 

hy an electrode which is accurately located in the brain by turning the three upper knobs. 
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GRAPHITAR® is the main shaft seal in 
(CARBON-GRAPHITE) 

the PRATT & WHITNEY J57 turbojet engine 

• Boeing's B-52 
Intercontinental Bomber, the �u, ... 'u." 

arm of our Strategic Air Command, is powered by 
eight twin-spool axial-flow turbojet engines manufactured by the Pratt 

&.Whitney Aircraft Division of United Aircraft Corporation, East Hartford, 
Connecticut. These turbojets are in the 10,000 pound thrust class and in engines 
of this caliber, complete dependability is vital. One of the components of the J 5 7 

is a GRAPHITAR air/oil seal employed on the turbine main shaft which, naturally, is 
turning at high speeds. The GRAPHITAR seal also easily withstands the maximum 

operating pressures developed in the engine. The slots in the face of the seal 
(shown approximately % size) are for pressure balance and cooling. This 
Main Shaft Seal is just one of several GRAPHITAR seals used in theJ57 
engine. GRAPHITAR parts can resist such taxing physical conditions 
because they are strong, self-lubricating, and practically inert. 

GRAPHITAR has excellent wearing properties and cannot be 
corroded by most chemicals. Where the application is 

tough, and complete dependability important, 
GRAPHITAR is the engineering material to specify. 

From the Pratt & Whitney Turbo­
jet Engine to the atomic sub­
marine Nautilus, f rom automobile 
pumps to automatic toasters, 
GRAPHITAR is aiding the per­
formance of literally hundreds 
of highly diverse products. It can 
be formed in relatively compli­
c a t ed s hapes a n d  g r o un d  to 
tolerances as close as .0005" for 
seals, bea r ings, vanes, piston 
liners, and many other parts. 
For complete facts write for our 
new GRAPHITAR Engineer ing 

Bulletin No. 20. 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION . SAGINAW, MICHIGAN 
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/ 

READ WITH 

A RULER • • •  

the exclusive recti/rite trigonometric link­

age inscribes the true signal form on 

a standard rectilinear chart. You have 

frontal access for all controls and making 

chart notations . . . ± 1 % accuracy over 

full 4j12-inch scale; sensitivity-OA5-inch/ 

100 microamperes; pen speed at a quar­

ter-second over full 4j12-inch deflection. 

Use ac or de drive, spring drive, or 

external drive . • • with 10 optional 

chart speeds. 

For complete information on the modern 

and versatile recti/ riler - write for 

Bulletin R-SOI. 

� HOUSTON TECHNICAL �';;' LABORATORIES 

3701 BUFFALO SPEEOWAY • P. O. BOX 6027 
HOUSTON 6, TEXAS 

instrumentation subsidiary of . 

'TEXAS INSTRUMENTS INCORPORATED 
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HYPOTHALAMUS of the mouse brain is shown in these photomicrographs of sections 

through the brain. The larger loop in the photomicrograph at the top surrounds the ventro­

medial nucleus, which is the center of the "satiety" cells. The smaller loop surrounds the 

lateral area, which contains the "feeding" centers. If the cells in the ventromedial nucleus 

are destroyed, the animal becomes obese. If the lateral areas of both brain hemispheres are 

destroyed, the animal stops feeding. The photomicrograph at the bottom shows the hypotha­

lamus of a mouse which three days earlier had been injected with gold thioglucose. Many 

cell nuclei (black dots) have disappeared; the whole area is disorganized and "thinned" 

due to the death of cells and edema. The small blots in the circle at the right are hemor· 

rhages. The rectangle shows the line of demarcation between normal and abnormal tissue. 

same is true of adults. People who do not 
exercise usually eat as much as those 
who are moderately active. 

We are still a long way from under­
standing all the complexities of the 

mechanism regulating appetite, or from 
being able to cure a basic tendency to 

overweight or underweight (which may 
be even more dangerous than obesity), 
It can safely be said, however, that prog­
ress in the last decade has been highly 
encouraging and that advances of our 
knowledge in this important field should 
take place even more rapidly in the near 
future. 
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Celanese serves this fast growing industry with basic chemicals and plasticizers 

What is your wish ... acoustical insulation. clothing inter­
liners or aircraft seat cushions? These and many more are 
sound applications for the new polyurethane foams. Start­
ing as liquids. these chemical compounds expand up to 20 
times their volume. and cure in minutes into rigid or re­
silient forms as required. 

A hundred-and-one industries already are prime markets 
for the producers of polyurethane foams. And the number 
is growing daily as manufacturers discover their many ad­
vantages-particularly the advantage ot flame resistance 

Basic reasons ......... . 

Acids Functional Fluids Polyols 

Alcohols Gasoline Additives Plasticizers 

Aldehydes Glycols Salts 

Anhydrides Ketones Solvents 

Esters OXides Vinyl Monomers 

which is imparted to the foams by the addition of a plas­
ticizer such as Celanese Celluflex CEF. 

In continuous commercial volume Celanese also pro­
duces tnmethylolpropane . a hlgh purity polyol with 
proven cross-Imking properties ... as well as propylene 
glycol and 1. 3 butylene glycol. These results ot applied 
research are solving many problems in making the new 
polyurethane materials ever more useful and.economical. 
Celanese Corporation of America. Chemical Division, Dept. 
582-K, 180 Madison Avenue, New York 16, N. Y. 

Celanese® CelluAex® 

........ for improved products 

Agricultural, automotive, 
aviation, building, 
electrical, paper, 
pharmaceutical, plastics, 
surface coatings, textile. 
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another example 

·C. L. Cowan, Jr., F. Reines. 
F. B. Harrison, H. W. Kruse. 
A. D. McGuire, 
Science 124, 103 (1956) 

los 

of exciting work at los alamos ... 

DETEcnON OF THE FREE NEUTRINO 

Working with the most modern technical equipment, a team of scientists 

of the Los Alamos Scientific Laboratory has recently demonstrated the 

existence of the free neutrino*. Such an experiment is the culmina-
tion of work on the frontiers of physics, chemistry and electronics, in 

which the very latest advances in nuclear theory, scintillator 

development, and electronics are combined to achieve an important 

milestone in scientific progress. Teamwork of this kind is typical 

at the Los Alamos Scientific Laboratory, which welcomes applications 

for employment from qualified scientists and engineers. For more informa­

tion, write: 

Director of Scientific Personnel 

Division 1412 

;alamos 
OF THE ��!����f��IF!:�oratory 

LOS ALAMOS, NEW MEXICO 

Los Alamos Scientific Laboratory is operated by 
the University 0/ California for the U. S. 
Atomic Energy Commission. 
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H20 + CdCI2 
(TARGET) 

LIQUID 
SCINTILLATION 

DETECTOR 

Bonk of photomultiplier tubes used in the neutrino experiment. 
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Dr. P. E. Pashler, Ph.D •• University of 
Toronto (1947). studied on a post·doctor­
ate fellowship at the University of Am­
sterdam and then served on the University 
of Toronto faculty before joining the Gen­
eral Electric Research Laboratory in 1950. 
His research interests have included molec­
ular physics, ballistics, and various phases 
of electronics. He has been manager of 
the Applied Physics Section since 1955. 

Making electrons more versatile 
Dr. P. E. Pashler of General Electric studies the 

basic phenomena associated with electronic devices 

Hearing, speaking, and seeing are among the 

"human" functions that electronic equipment has 
been performing since the birth of radio and tele­

vision. Newer electronic systems demand devices that 
also can read, write, remember, and calculate. 

Dr. P. E. Pashler and a group of his associates at 
the General Electric Research Laboratory are seeking 
a better understanding of the basic principles of elec­

tronic materials and devices through studies of such 
fundamental phenomena as secondary electron emis­
sion and noise in electron tubes. 

Among the recent accomplishments of Dr. Pash­
ler's Applied Physics Section are the improvement of 

photoconductors to give camera tubes the special sen-

sitivity and quick response required for x-ray televi­
sion, and the development of an information storage 
tube with a tiny memory cell only an inch square that 
will remember nearly a million "bits" of information. 

As we see it, providing scientists with freedom and 

incentive to extend the frontiers of khowledge is 
fundamental to the creation of better products, better 
jobs, and more opportunities for human satisfactions. 

Progress Is Ovr Most Imporfanf Prot/vcf 

GENERAL fJ ELECTRIC 
© 1956 SCIENTIFIC AMERICAN, INC



Unorthodox Methods of Sperm Transfer 

The eggs of some animals are not fertilized by the usual 

methods, which ralses a number of interesting questions. 

Consider the sponge, the bedbug, the spider and the leech 

I
n the study of life, as in other affairs, 

it is often the unusual that provokes 
the keenest curiosity. The example 

discussed in this article concerns a sim­
ple and fundamental requirement of ani­
mal reproduction-the meeting of the 
egg and the spermatozoon. Examination 
of various unusual ways in which this 
is accomplished raises several questions 
of general biological interest. 

Probably most people are under the 

by Lord Rothschild 

impression that there are only two meth­
ods by which eggs and sperm are 
brought together: (1) by deposition of 
the sperm in the female's reproductive 
tract, or (2) by the liberation of eggs 
and sperm near each other in water, as 
in the case of spawning fish. Fertilization 
then occurs after a moving spermatozoon 
collides with an egg, either by chance 
or because it is attracted toward the egg. 

However, in some groups of animals 

the sequence of events does not conform 
to this "normal" pattern. Sponges, spi­
ders, leeches and bedbugs, for example, 
effect the union of the egg and the 
spermatozoon by less direct means. 
Some of these animals do not employ the 
usual reproductive organs for copula­
tion; some use cells other than the germ 
cells to convey sperm to eggs; while 
others submit the spermatozoa to ap­
parently unnecessary hazards. In certain 

INCURRENT PORE 
OSCULUM 

CHOANOCYTE 
EGG 

PART OF A SIMPLE SPONGE COLONY is depicted in this semi­
schematic enlargement adapted from Animals without Backbones, 
by Ralph Buchsbaum. The lower sponge has been cut away to show 

its internal structure. Water is pumped out of the sponge by the 

flagella of the choanocytes; it enters by way of the incurrent pores. 
The choanocyte transfers the spermatozoon to the egg (next page). 

121 
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cases, �uch as spiders, the unorthodox 
methods are clearly advantageous, but 
in others they seem pointless. Most of 
these peculiar methods appear to be in­
efficient. But the training of biologists 
prevents them from accepting the con­
cept of inefficiency in living organisms. 
If these habits had not had some survival 
value, we are taught, the species in 
which they evolved would have become 
extinct, having been edged out of ex­
istence by animals with more efficient 
methods. The unusual methods of sperm 
transfer are therefore worth some study 
from this point of view, quite apart from 
the intrinsic interest of the subject. 

I n the sponge, sexual reproduction de-
pends on an activity in which this 

animal is continually engaged-the in­
take and expulsion of water. The sponge 
sucks water into its body through pores 
in its body wall and expels the water 
through its "osculum" [see drawing on 
page 121]. When sponges reproduce 
sexually and not by budding, sperm are 
produced in the body wall and dis­
charged into the water through the oscu­
lum. With luck, these sperm will enter 
another sponge through its pores. But 
they do not unite directly with eggs in 
the second sponge. Instead they invade 
cells of a unique kind which are aligned 
on the body wall of the sponge. These 
cells, called choanocytes (from the 
Greek word for funnel) , have a collar or 
funnel through which protrudes a flagel­
lum; it is the constant whiplike motion 
of the choanocytes' flagella that sucks 
water into the sponge and expels it 
through the osculum. Once a spermato­
zoon has penetrated a choanocyte, the 

SPERMATOZOON OF THE SPONGE Sy. 
con raphanus is transferred to the egg by the 

sequence of events depicted on the opposite 

page. In A the spermatozoon enters the col· 

Iar of the choanocyte. In B the spermatozoon 

is contained in a spermiokyst near the bot· 

tom of the third choanocyte from the left. In 

C the spermatozoon within the spermiokyst 

has lost its tail. In D the choanocyte has 

turned into a sperm.transit cell, and is 

pressed to the upper right surface of the egg. 

In E the egg has ingested two "nurse" cells. 

The nucleus of one nurse cell is at the right; 

the sperm·transit cell is at the left. In F the 

sperm·transit cell is about to eject the 

spermiokyst into the indentation at the top 

of the egg. In G the spermiokyst has been 

ejected from the sperm·transit cell. In H the 

spermiokyst is within the egg. The scale may 

be gauged from the fact that the tail of the 

spermatozoon is .05 millimeter long. The 

drawings are adapted from Odette Tuzet. 

• COMPLETELY SELF CONTAINED 
• NO ACCESSORIES REQUIRED 
• POWERED FROM 115 VOLT 50/60 

CYCLE A.C. LINE 
• HIGH DEGREE OF FLEXIBILITY 

Set of laboratory equipments suitable for 
elementary as well as graduate level servo 
and automatic control courses. Furnished 
with instrument. 

TYPICAL EXPERIMENTS 
.OPEN LO O P  EXPERIMENTS 

STEADY STATE; D.C. SIGNAL 
• SINUSOIDAL RESPONSE 
• TRANSIENT RESPONSE 
• REPETITIVE TRANSIENTS 
• EXPERIMENTS WITH STATlSTI· 

CALLY DESCRIBED SIGNALS ® Magnetic AlTlplifiers • Inc 
632 TINTON AVENUE, NEW YORK 55, N.Y.-CYpress 2-6610 

West Coast Division 
:s.. """ 136 WASHINGTON ST., EL SEGUNDO, CAL.- EAstgote 2·2056 

You Get Things Done With 
Boardmaster Visual Control 

i:? Gives Graphic Picture of Your Operations­
Spotlighted by Color 

i:? Facts at a glance-Saves Time, Saves Money, 
Prevents Errors 

i:? Simple to operate-Type or Write on Cards, 
Snap in Grooves 

i:? Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

i:? Made of Metal. Compact and Attractive. 
Over 100,000 in Use 

Complete price $4950 including cards 

IF R E E I 24·PAGE BOOKLET NO. C·300 
Without Obligation 

Write for Your Copy Today 
GRAPHIC SYSTEMS 

55 West 42nd Street. New York 36, N. Y. 

SIMPl YTROl :�:g,:�:�� 
For Control of Temperature 

10 standard 
ranges from -200° to +3000' F. 

Accuracy 2% 
(limit of coli­
bration error). 

Sensitivity 
.. ohms per 
millivolt. 

Cat. No. 4535, size ' 0" x 6" x 7". 
Range O/IOOO'F. 0/500'C. $135.00 

Thermocouple-type automotic pyrometer for con­
trolling temperature in furnaces or ovens and 
manufacturing processes. leads between Simply. 
trol and its thermocouple sensing element may be 
up to 100 feet or more depending on temperature 
range and lead wire resistance. load relay, 5 om­
peres S.P.D.T. Optional heavy duty relay. to 40 A. 

Either AUTOMATIC control or LIMIT .hutoff. An 
automatic Simplytrol turn. heat on and off to 
hold required temperature. Proportioning effect 
con be increased or decreased by changing cam 
on the sensing cycle. With shorter cycles, control 
more nearly approaches straight line. A limit 
Simplytrol lock. up when the trip point i. reached 
and remains locked until reset. Use limit Simply· 
trois for monitoring and safety shutoff or alarm. 

Cabinet model for wall 
mounting Or portable 
.hown above. To the 
right i. an MFP Simply. 
trol for flush mounting in 
a cabinet or control pan· 
el. Several other mount· 
ing. are .hown in Cata· s;;.a�" ��Yl�.5��·.!,,::�P' 
log 4·A. Send for your Range 0/1500'F. 
copy. Asse mbly Prod- 0/800'C. $127.00 

ucts, Inc., Chesterland 5, Ohio. Phone (Cleve· 
land, 0.) HAmilton 3·4436. (West Coa.t: Desert 
Hot Springs �., Calif. Phone 4·3133 or 4·2453). 

Boolh lC6·1.Aulomation Show; Noy. 26·311. Trade Show Bldl .• N.Y.C. 
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ENGINEERS 
PARTS APPLICATION 

(Reliability) 
ME or EE degree with design ex­
perience and/or application ex­
perience. Job will be to recom­
mend types of parts to be used 
and how these parts shall be used. 

Qualified men will become a vital 
part of a Reliability Group. 

GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 

• ELECTRONICS DIV., 
Milwaukee 2, Wis. 

Enjoy Challenging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop­
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub­
urban Milwaukee area. 

To aid you in your professional advance­
ment AC will provide financial assistance 
toward your Master's degree. A Graduate 
Program is available evenings at the Uni­
versity of Wisconsin, Milwaukee. 

GM's Electronics Division aggressive posi­
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog­
nition for each Engineer hired. 

Recent EE,ME 
Graduate Inquiries 

Also Invited 
Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat­
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 
in your locality send full facts about your­
self today to 

Mr. John F. HeRinger 
Supervisor of Salaried Personnel 
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latter loses its collar and flagellum and 
becomes a carrier whose function is to 
transfer the spermatozoon to an egg. The 
tail of the spermatozoon degenerates, 
while its head and middle piece (the 
sperm's power station) swell to about 
three times their normal size [see illus­
tration on page 122]. 

It is a striking fact that a spermato­
zoon will enter a choanocyte only if the 
latter happens to have an egg near it. 

OVIDUCT---\-----� 

When the spermatozoon has entered the 
choanocyte, the nearby egg wanders 
away, absorbs two "nurse cells" and then 
returns to the carrier cell. The latter 
then attaches itself to the surface of the 
egg and injects the spermatozoon into 
it. The fertilized egg proceeds to de­
velop in the usual way. 

This extraordinary sequence of events 
poses several puzzling questions. Why 
does the spermatozoon enter a cell which 

-H-.f----1\--- OVARY 

--1---1--- RIBAGA'S ORGAN 

RESORPTION ORGAN 

-iI---;tT--- VAGINA 

--- -----

OVIDUCT 

OVARY 

-+-_---, 
RECEPTACULUM 

SEMINIS 

RIBAGA'S ORGAN 

ORIFKE OF 

RIBAGA'S ORGAN 

FEMALE BEDBUG has a cavity called Ribaga's organ; the spermatozoa are deposited in this 

cavity and not in the vagina. The spermatozoa pass between the cells lining Ribaga's organ 

and travel up the oviduct to the eggs. The drawing at the top, adapted from R. Abraham, is 
a cross section of the abdomen of the female bedbug Cimex lectularius. The drawing at the 

bottom, adapted from J. Carayon, is a similar section of a close relative of the bedbug. 
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Model of the ALCa Packaged Power 
Plant. Nuclear power plants of this size 
-in which one charge of uranium may 
be sufficient for a year or more-range in 
output from 1800 to 2500 kw, or more. 

� Honeywell console used tn 
� Packaged Power Reactor. 

the Army 

Honeywell controls will operate 
Army Packaged Power Reactor 

THERE'S a new solution to the problem of pro­
viding power for radar, office machines, power 

tools, and all the other accoutrements of a modern 
army in the field. It's the Army Packaged Power 
Reactor, all of whose parts-reactor core, shield­
ing, instrumentation generator, enclosure-can 
be airlifted to a site. This packaged power plant 
can provide power in remote or occupied areas, 
where conventional fuels may be unobtainable or 
too costly, and where existing generating ca­
pacity may be inadequate. 

Built by ALCO Products, Inc., the Army Pack­
aged Power Reactor will be operated by a 
Honeywell control system. This control system 
is now being tested at Schenectady, N. Y. 

Honeywell's Industrial Division designed and 
assembled the complete control console. The unit 
includes the exclusive Brown Safety Amplifier 
with fast-acting relays to initiate irreversible 
scram, a combined Log-N and Period Amplifier, 
an improved AID Linear Amplifier, and other 

outstanding Honeywell products. Embodied in 
the system are the experience and know-how 
gained by Honeywell nuclear engineers in design­
ing control systems or components for reactors at 
Battelle Memorial Institute, North Carolina 
State University, and all major Atomic Energy 
Commission installations. 

This is experience that can be applied to advan­
tage in your own reactor project. Your nearby 
Honeywell sales engineer is ready to work with 
you on instrumentation techniques for any nu­
clear project. Call him today ... he's as near as 
your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.-in Canada, 
Toronto 17, Ontario. 

H .OIlUWIll 

Honeywell 
BROWN INSTRU MENTS 
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is not an egg? Invasion of body cells by 
sperm occurs elsewhere in the animal 
kingdom, and it has been suggested that 
they confer some benefit on the somatic 
cells they penetrate. This cannot apply 
here, because the choanocyte simply acts 
as a vehicle for transfer of the sponge 
spermatozoon to the egg. 

Again, how is it that a spermatozoon 
is attracted only to a choanocyte which is 
near an egg? If the attraction is chemi­
cal, how can a chemical gradient be 
maintained when the water within the 
sponge is kept in continual motion by 
the choanocytes' lashing flagella? 

l' he bedbug's method of sperm trans­
fer is even more odd. The male bed­

bug does not inject sperm into the fe­
male's genital tract but into an entirely 
separate structure, known as Ribaga's 
organ, on the right side of the female's 
body. Since this organ has no connec­
tion with the oviducts or the ovaries, it 
is not immediately obvious how the 
sperm get to the eggs. The difficulties 
encountered by the sperm are exacer­
bated by the fact that Ribaga's organ 
and the female's body cavity contain 
cells which eat sperm. Nonetheless some 
of the spermatozoa manage to survive 
and to fertilize eggs. Passing between 
the cells lining Ribaga's organ, they en­
ter the body cavity, travel up the walls 
of the female's reproductive tract and 
ultimately reach the ovaries. 

Normal copulation is impossible in the 
bedbug, because the organ of the male, 
a large, inflexible, lopsided structure, 
cannot fit into the female genital open­
ing. Without the mutation responsible 
for the evolution of Ribaga's organ, bed­
bugs would have become extinct-to the 
advantage of the human race. 

In spite of being useful, Ribaga's organ 

TRANSFER IN THE SPIDER may be 

adapted to the cannibalism of the female, 

depicted in black on the opposite page. The 

male, shown in color, spins a small web 

and deposits a drop of semen on it. The 

semen is then transferred to the female in 

small receptacles on one of his six pairs of 

"legs." At A the male of tbe species Seges· 

tria senoculata transfers sperm to the female. 

The drawing is adapted from U. Gerhardt. 

At B is a detail of A, seen from below. At C 

is an enlarged view of the semen receptacle 

in a single palp of the spider Scytodes 

lesserti, adapted from Pierre·Paul Grasse. 

At D is sperm transfer in Pholcus opilio· 

noides; at E, in Cyrtophora citricola; at F, 

in Filistata insidiatrix. The last three draw· 

ings are also adapted from Gerhardt. 

ENGINEERS: Electronic & Mechanical 

Physicists: 

Work Where ";:;;� 
PERFORMANCE pays off 

Men of talent and drive can move ahead without delay or red 
tape at Melpar because skill, ability and performance are the 
primary factors governing advancement. Due to the fact that 
we've doubled in size every 18 months since our beginnings in 
1945, middle and top level positions open up constantly. 

Melpar believes tbat the engineer deserves an 
organization and facilities that can enhance his 
creative abilities. For this reason our labora­
tories were designed and built to specifications 
prepared by Melpar engineers. A wealth of equip­
ment is available. Our project group system 
enables the engineer to participate in all phases 
of development problems and thus quickly ac­
quire greater technical and administrative know­
how, essential to eventual managerial responsi­
bility. The system also enables us to more 
accurately evaluate the individual's contribution 
and more rapidly justify promotions. 

Live Where You LIKE It 
Living-for the whole family-is immensely rich 
in the two locales where Melpar's R&D activities 
are centered. Our 265,000 sq. ft. main laboratory 
near Washington, D. C., enables you to live in an 
area enjoying incomparable cultural and recrea­
tional advantages. The climate allows outdoor 
recreation 215 days of the year. Fine homes and 
apartments are available in all price ranges. 
Our Watertown and Boston, Mass. laboratories 
offer the unique advantages of cosmopolitan Bos­
ton with its theatres, concerts, art galleries, mu­
seums, universities and schools which are second 
to none. Nearby are seaside and mountain re­
sorts offering a variety of winter and summer 
sports. 

Openings Exist in These Fields: 
Flight Simulators • Radar and Countermeasures • Network 
Theory • Systems Evaluation • Microwave Techniques • Ana� 
log & Digital Computers • Magnetic Tape Handling • UHF, 
VHF, or SHF Receivers • Packaging Electronic Equipment 

'�+. Pulse Circuitry • Microwave Filters • Servomechanisms 
• Subminiaturization • Electro-Mechanical Design • Small 
Mechanisms • Quality Control & Test Engineering 

® 
Write for complete information. Qualified candidates will 
be invited to visit Melpar at Company expense. 
Write: Technical Personnel Representative 

• 

MELPAR,In�. 
A 

3160 Arlington Blvd., Falls Church, Va. 
10 miles from Washington D. O. 

Openings also available at our laboratories in Watertown and Boston, Mass. 
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Bow 
Permanent 

is a permanent magnet? 

Permanent magnets are per­
manent. Proof of permanence 
has long been substantiated by 
many practical applications. 

The continued accuracy of 
some of the most exacting, 
scientific, electrical measuring 
instruments depends upon a 
permanent magnet. 

The speedometer in ypur 
car or the magneto in your 
power lawn mower may be 
junked in time because of me­
chanical fail ure or obsoles­
cence . . but definitely not 
because of magnetic failure. 

There is a common belief 
that a permanent magnet sup­
ports its external magnetic 
field by dissipating some of 
its internal magnetic energy. 
This is not the case. 

But there are factors that 
can adversely affect remanent 
magnetism. They are (I) ele­
vated temperatures, (2) ex­
ternal magnetic fields, ( 3 ) 
contact with ferro-magnetic 
material, (4) changes in mag­
netic circuit, and (5) unstable 
domains. 

A recently published feature 
article discusses permanent 
magnet permanence in greater 
detail. Copies are available 
on request . . please write 
Dept. J -II. 

THE INDIANA 
STEEL PRODUCTS COMPANY 

VALPARAISO, INDIANA 

INDIANA 

PERMANENT 

MAGNETS 

World's Largest Manlifactlirer

J of Permanent Magnets 

is a cumbersome solution of the bedbug's 
problem. It is therefore all the more diffi­
cult to understand why the bedbug has 
evolved additional obstacles to survival 
of the sperm on their way to the eggs. 
If and when we do understand, some of 
the other problems discussed in this arti­
cle may well become clarified. 

T he spider injects sperm into the fe-
male by means of one of the six pairs 

of appendages with which this animal 
walks, fights and eats. The third to sixth 
pairs are concerned mainly with walk­
ing. The first pair are poison fangs, with 
which the spider paralyzes and holds its 

.' . 

. . 
. . . . 

-. . . . . . . . � . 
. . . . . - . 
. . .. . 

.' 

. . ' 
'. . 

prey. It is the second pair, the palps, 
which the male uses for sexual inter­
course. In the female the palps are main­
ly sensory, though she also uses them to 
hold her victim and squeeze juice out of 
it. In the male the palps are modified to 
serve as receptacles for semen and as or­
gans for introducing the semen into the 
female. They are not, however, con­
nected to the male's ordinary reproduc­
tive system. Before sexual intercourse the 
male spider spins a special web, some­
times called the "spermatic web." He 
then deposits a drop of semen on the 
web and dips each palp in the drop. By 
capillarity and perhaps by suction semen 

BASE ------ifjI���\\'t�l\IH:\1i\_-

SPERMATOZOA 

GRANULAR 
SECRETION 

LEECH, which is hermaphroditic, transfers its sperm in a capsule called a spermatophore. 

The spermatophore is deposited on the surface of another leech. At the left is a schematic 

drawing of the leech Placobdella parasitica. The drawing, adapted from R. J. Myers, en· 

larges the leech about 15 diameters. The round spots show the distribution of 135 sperma· 

tophores implanted on the upper side of the leech; the square spots, the distribution of 

11 spermatophores on the under side. At the right is a drawing of a spermatophore. The 

drawing, adapted from C. O. Whitman, enlarges the spermatophore about 45 diameters. 
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Consider all the angles of this Surface 

This is Archimedes' truncated tetrahedron, opened 

out to show just a few of the many angles of Surface 

Combustion Corporation which you should consider. 

Here's a towering annealing furnace which processes 

steel strip at the speed of a thousand feet a minute. 

There are automotive gears with extremely tight metal­

lurgical specifications, made faster and cheaper in an 

automatic carburizing line. Wing pod heaters provide 

1,200,000 btu/hr of anti-icing protection for the Ant-

arctic Expedition's Douglas C-124's. And in that petri 

dish is proof (by the Toledo University Research Found­

dation) that Kathabar air conditioning equipment kills 

97 % of airborne bacteria. 

From any angle, this represents a tremendous range 

of skills and services, many of which can contribute to 

the success of your project. 

Write for further information. Surface Combustion 

Corporation, 2391 Dorr St., Toledo 1, Ohio. 

Surfacelil Heat Treat, Steel Mill, Glass Divisions • Kathabar® Air Conditioning Division _ Janitrol ® Aircraft-Automotive 
Division • Janitrol8 Heating & Air Conditioning Division _ Webster Engineering Company: Boiler Burner Division -
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is drawn into a small receptacle at the 
tip of the palp. The process is repeated a 
number of limes, each palp being in­
serted alternately into the drop or drops 
of semen. 

The male spider then looks for a fe­
male. Having found one, he often en­
gages in complicated nuptial dances, or 
communicates his presence by tugging 
at the female's web. He usually ap­
proaches with circumspection, for, as the 
French zoologist Pierre-Paul Grasse has 
remarked: "Copulation is always for the 
male a sporting adventure which has its 
dangers." Grasse was referring, of course, 
to the well-known cannibalistic habits 
of female spiders. It may be that the 
extraordinary method of sperm transfer 
evolved by male spiders increases their 
chances of engaging in sexual inter­
course without being eaten. When the 
male is near enough, he inserts his palps 

into the female genital orifice. Muscu­
lar contractions operating on the body 
fluid in the palp expel the semen into the 
female reproductive tract, after which 
fertilization occurs in the normal way. 

�eches are hermaphrodites. The indi-
vidual playing the male role in a 

union does not inject its sperm into the 
female reproductive tract of the other 
leech. Instead it deposits a capsule con­
taining semen on the surface of the 
recipient leech. This capsule, called a 
spermatophore, may be deposited al­
most anywhere on the upper surface of 
the body. The capsule not only contains 
sperm but also a granular material which 
is concentrated at the end of the sperma­
tophore that is attached to the recipient 
body [see illustration on page 128]. 

The function of this granular secre­
tion is to breach the layers of tissue in 

the body wall and create an aperture for 
entry of the sperm. It contains enzymes 
which exert a violent destructive action 
on these tissues. Pressure exerted by the 
distended walls of the spermatophore 
also assists in creating the breach, as was 
shown in an experiment carried out by 
R. J. Myers. He cut open the end of the 
spermatophore farthest away from its 
pOint of attachment to the surface of the 
leech. This relieved the pressure, and in 
these circumstances there was no break­
down of the recipient leech's tissues. 

Ordinarily within one hour after the 
deposition of the spermatophore most of 
the sperm have entered the body of the 
recipient, where, as in the bedbug, they 
may be eaten by special cells. If they 
escape this hazard, they have a good 
chance of being carried by the body fluid 
to the ovaries, where they pass through 
the walls and fertilize the eggs inside. 

VENTRAL SINUS VENTRAL NERVE CORD 
-��"..,.....--

SPERMATOPHORE ----------'�*"'*��rt-1f.o:'": 

SPERMATOZOA ------__ ----=---.,. 

TWO LEECHES of the species Herpobdella atomaria are shown in 

cross section during copulation. The body of the leech at the bot-

130 

REGENERATION AFTER PREVIOUS IMPREGNATION 

tom runs from left to right. The leech at the top is at right angles 
to the leech at the bottom. The drawing is adapted from E. Brumpt. 
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DDUGLRS offers 
outstanding promotion 
opportunities for 
missiles 

• 

eng�neers 

Great expansion 
in the Douglas 

Missile Division 
to accommodate 

nine separate missile 
projects has created 

many senior openings 
... will accelerate career 

advancement in this field 
for engineers and scientists. 

Fifteen years of missile 
development and design for the 

three major branches of the 
military have established Douglas 

leadership in this field. Among your 
associates will be men who have 

pioneered advanced developments 
in every missile category. You will 

be aided in every respect to enlarge 
your professional abilities. 

In addition to openings in the prime 
design facility at Santa Monica, 

opportunities also exist at other Douglas 
locations in Florida, New Mexico, North 

Carolina and California. 

For a personal interview, contact E. c. Kaliher, 
Missiles Engineering Personnel Manager, Box 620N 

Douglas Aircraft Company 

'irsf in Aviafion Santa Monica, California 
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it's 
earlier 
than 
you 
think 

An important group of engineers in the air­

craft industry is already working on the thresh­

old of outer space. 

That group is at Martin, where creative engi­

neering is being applied to research and develop­

ment in the most advanced areas of rocketry and 

space systems planning. 

No other organization in the world has a higher 

ceiling on its future. 

This is the ground floor, and it's earlier than 

you think. If you are interested in exploring 

some of the most exciting engineering oppor­

tunities in the world today, contact J. M. Holly­

day, Department SA-H, The Martin Company, 

Baltimore 3, Maryland. 

Meanwhile the damaged tissues of the 
recipient leech repair themselves within 
about three days after copulation. 

This method of insemination is called 
"hypodermic" impregnation. It not only 
occurs in leeches but also in certain 
worms and probably in rotifers and some 
arthropods. 

T he examples given in this article do 
not exhaust the list of unorthodox 

methods of sperm transfer in the animal 
kingdom. They pose provocative prob­
lems for biologists. Bizarre as they may 
appear, these peculiar habits must have 
survival value; otherwise they would not 
have persisted. This type of situation, 
which makes biology so fascinating, 
compels us to carry out more experi­
ments if we are to unravel the para­
doxical mysteries of nature. 

TESTIS ----f'i''''':+:� 

TURBELLARIAN WORM Stenostomum 
oesophagium transfers its sperm by a meth· 

od resembling that of the leech. The sperm 

are injected into the body cavity of the ani· 

mal. This drawing enlarges the worms about 

15 diameters. It is adapted from W. A. Kep' 

ner, Jeanette S. Carter and Margaret Hess. 
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MISSILE 

SYSTEMS 

FLIGHT 

CONTROLS 

G. D. Schott (second from left), Flight Controls Dept. Head, discusses new 
techniques in the mechanization of autopilots with R. D. Wertz (left), 
Flight Controls Research Engineer; R. J. Niewald, Flight Controls Analysis 
Section Head, and B. C. Axley, Servomechanisms Analysis Group Engineer. 

One of the most critical problems encountered in the development 
of a successful missile system involves attaining rapid responses of 
controls consistent with system stability. Moreover, it is a problem 
of increasing importance as new aerodynamic configurations 
require major advances in flight controls performance. 
At Lockheed, Flight Controls engineers are developing unique control 
methods to cope with this growing problem. Their expanded activities 
have created new positions for those possessing experience and 
a high order of ability in: 

• Hydraulic servomechanisms 
• Circuit design 
• Aerodynamic stability and control 
• Flight analysis 
• Autopilot simulation 

A number of the positions now open are on supervisory levels. 
Inquiries are invited for positions at Lockheed's Engineering Centers 
in Van Nuys and Sunnyvale, California. 

�odieei .MISSILE SYSTEMS DIVISION research and engineering staff 
LOCKHEED AIRCRAFT CORPORATION 

VAN NUYS. PALO ALTO. SUNNYVALE. CALIFORNIA 
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ill ) Iea at work ... 

Dobeckmun at the Dew Line . . .  insulation that stays 
at 50° below zero. Under Arctic conditions which make the highest demands ever known on 

men and machines, Dobeckmun is providing thermal insulation of a high order. To develop insulation 

flexible enough to be installed under such conditions was the challenge met and solved by Dobeckmun. 

A lamination of foil, cotton and polyethylene, developed by Dobeckmun materials specialists, provides a 

workable backing for glass bats under conditions of maximum difficulty. That is our bu�ness ... putting 

ideas to work. If yours is any flexible materials project, you can consult Dobeckmun with confidence. Get 

in touch with your local representative or write Dobeckmun direct. 

Dob�ckmun Company, Cleveland 1, Ohio • Berkeley 10, California 
. 

Albuquerque. Atlanta. Baltimore. Boston. Charlotte. Chicago. Cincinnati· Dallas. Denver . Detroit· Indianapolis· Kansas G ity 

Los Angeles. Memph'is • Milwaukee . New Orleans'. New York. Omaha. Philadelphia . Phoenix· Pittsburgh· Portland· Richmond 

Rochester. Salt Lake City. San Antonio. Seattle. St. Louis . St. Paul. Syracuse. Tampa· Yakima · Havana· London· Amsterdam 
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RADIOACTIVE TUBERCULOSIS DRUGS 

Three drugs are now used to control the tubercle bacillus, though 

none IS completely effective against it. Their mode of action is 

investigated by inserting radioactive atoms into their molecules 

by Lloyd 1. Roth and Roland W. Manthei 

I
n the short space of 10 years a pro­
found change has come about in the 
attitude of medical research toward 

tuberculosis. A decade ago, although 
progress had been made in treatment 
and in reduction of the TB death rate, 
the prospects for finding a definite cure 
for this ancient plague of mankind still 
looked unpromising. The stubborn tu­
bercle bacillus had resisted every drug 
that had been tried, and it seemed in­
vulnerable to the possibility of success­
ful chemical attack. But in the past dec­
ade, as everyone knows, its resistance 
has partly yielded to three new drugs­
streptomycin, para-aminosalicylic acid 
(PAS) and Isoniazid. While none of the 
three is completely effective in eradicat­
ing the microbe, they give good control 
over the disease and have provided in-

vestigators with an opening wedge for 
determining how the tubercle bacillus 
can be attacked and finally conquered. 

Investigation of the way in which 
these drugs act against the microbe in 
the body has only just begun. We shall 
report here what has been learned so far 
from radioactive tracer studies started 
four years ago at the University of Chi­
cago School of Medicine. 

Very soon after Isoniazid was intro­
duced as a TB drug, Arthur Murray and 
Wright H. Langham of the Los Alamos 
Scientific Laboratory succeeded in la­
beling it with radioactive carbon 14 for 
tracer work. We therefore began with 
this drug. Our first objective was to find 
out how it reached the tubercle bacilli in 
the body. There was good reason to be­
lieve that the drug acted directly on the 

bacilli, because it was effective against 
the organisms in the test tube. However, 
these microbes are unusually difficult to 
reach with drugs in the body: they col­
lect in pockets out of the bloodstream 
and are entrenched in fortresses (tuber­
cles) walled by tough scar tissue [see 
"The Germ of Tuberculosis," by Esmond 
R. Long; SCIENTIFIC AMERICAN, June, 
1955]. It was long thought that the re­
sistance of the tuberculosis germ to drugs 
was due to inability of the drugs to 
penetrate the tubercle. 

T o follow Isoniazid in the body we 
performed a series of tracer experi­

ments with mice and guinea pigs. The 
animals were placed in special cages 
where we could trap any radioactive car­
bon they excreted, including the carbon 

HUMAN LUNG TISSUE which has been stained, cut in a thin sec­

tion and photographed under the microscope demonstrates the 

difference between healthy (left) and tuberculous tissue (right). 
The opaque areas are scar tissue which walls off the tubercle bacilli. 

135 

© 1956 SCIENTIFIC AMERICAN, INC



about people who 
apply scientific 

I IDEAS I for ( IBM I 

This is Jack Ahlin-an IBM Applied 
Science Special Representative for the 
petroleum industry. After earning a 
Master's Degree majoring in number 
theory at the University of Southern 
California, he acquired a wealth of ex­
perience in guided missiles. Jack joined 
IBM in 1952 and continued working with 
aircraft companies, advising them on 
their preparations for large IBM com­
puter installations. He moved to Houston 
in 1955 to assume his present duties. 

Applied Science in IBM 
Jack's service to the oil companies is 
essential . .. counseling petroleum scien­
tists and executives in the application of 
digital computers for exploration, pro­
duction and refining. He organizes con­
ferences and directs seminars . .. advises 
on coding systems and techniques . . . 
coordinates IBM contacts nationally 
with the petroleum industry in technical 
areas. 

• There's an opportunity for you in 
Applied Science at IBM. Requirements are 
high, rewards great. Young mathemati­
cians, physicists and science majors are 
invited to apply. Write full details of 
education and interests to Dr. C. R. 
DeCarlo, Director, Applied Science Divi­
sion, International Business Machines 
Corporation, Room lIlIA, 590 Madison 
Avenue, New York 22, N. Y. 

DATA PROCESSING • ELECTRIC TYPEWRITERS 

TIME EQUIPMENT _ MILITARY PRODUCTS · -
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TUBERCULOSIS LESION is revealed by this X-ray from the side of the chest. Experiments 

with radioactive Isoniazid showed that the drug penetrated the scar tissue of such lesions. 

dioxide they exhaled. Then we gave 
them Isoniazid labeled with radiocarbon, 
either by mouth or by injection, in a dose 
equivalent to that given to human tu­
berculosis patients. The drug spread 
widely through the animals' organs and 
tissues, and reached a peak concentra­
tion in the tissues in about half an hour. 
Most of the tissues soon lost the drug, 
and after eight hours the major part of 
it had been excreted in the urine. But in 
certain tissues-the lungs, adrenal 
glands, liver and skin-the drug per­
sisted for as long as 24 hours at a level 
sufficient to check tubercle bacilli. In 
short, the drug lasts for a comparatively 
long time in the very tissues that are 
most vulnerable to tubercular infection. 

We then tested the penetration of the 
drug into tubercles. Doses of labeled 
Isoniazid were given to guinea pigs in-

fected with a strain of bacilli which 
causes human tuberculosis. Within a 
short time the drug appeared inside the 
capsules in amounts sufficient to stop the 
bacilli from multiplying, and it remained 
there in effective concentration for many 
hours. When repeated doses of the drug 
were given, Isoniazid actually accumu­
lated in the tubercles in increasing con­
centration. 

With the cooperation of Robert H. 
Ebert of the University of Chicago, we 
extended the tracer stutlies to human 
volunteers who had tuberculosis of the 
lung and were to be operated upon for 
removal of the lesion. Two hours before 
the operation they were given a thera­
peutic dose of Isoniazid containing a 

nonhazardous amount of radiocarbon. 
After the operation, tubercles in the ex­
cised section of lung were measured for 

'�-
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putting IIDEAS I to work-research at IIBMI 
• Random Access Memory Accounting: RAMAC®, magnetic-disk 

memory storage, gives fast access to 5,000,000 characters. IBM 
Bulletin No. 400. 

• Slanting Rain: "Shadows" created on a surface by its irregularities and 

discontinuities magnified 200,000 times through electron microscopy. 

Random Access Memory Accounting 
RAMAC, IBM's newest data processing 
system, needed a unique memory storage 
system. Ordinary methods of memory 
storage-magnetic tape, drums, ferrite 
cores-couldn't store enough "bits" of 
information. It took a research team of 
ours, withTriggNoyes and WesDickinson 
as key men at IBM's San lose Research 
Labs, to find the answer. The heart of 
this new idea: magnetic disks, played 
and replayed like the records in coin­
operated music machines! 

Here's how it works: Information is 
stored, magnetically, on fifty disks which 
rotate at 1200 rpm. These disks are 
mounted so as to rotate about a vertical 
axis, with a spacing of three tenths of an 
inch between disks. This spacing permits 
two magnetic heads to be positioned to 
any one of the 100 concentric tracks 
which are available on each side of each 
disk. Each track contains 500 alpha­
numeric characters. Total storage ca­
pacity: 5,000,000 characters. The two 
recording heads are mounted in a pair 
of arms which are moved, by a feed-back 
control system, in a radial direction to 
straddle a selected disk. 

RAMAC's memory 

This new system promises memory 
storage possibilities never before accom­
plished. If you'd like to read more about 
the engineering design of this magnetic­
disk, random access memory system, 
write for IBM Bulletin No. 400. 

Slanting Rain 
All of us have stood on a tall building on 
a cloudy day and looked down at the 
street-pretty difficult to judge relative 
heights of objects that far below, wasn't 
it? But during late afternoon on a sunny 
day the lengths of shadows made your 
estimates of height as easy as apple pie. 

Blown-up shadows 
The I OO,OOO-volt Electron Microscope at 
our Poughkeepsie Research Laboratory 
allows us to study the topography of sur­
faces in just the same way. Instead of 
relying upon the obstruction of light by 
objects on a surface, we cause them to 
obstruct a slanting rain of metal vapor. 
Where the rain falls on a thin collodion 

coating previously put on the surface, the 
transmissibility of electrons through the 
coating is altered when it is put into the 
Electron Microscope; the "shadows" can 
be magnified and recorded on photo­
graphic film. A photographic enlarge­
ment made from the film can result 
in magnification of 200,000 times, thus 
making it possible to clearly observe an 
object less than one ten-millionth of an 
inch in diameter; or, this dash, -, mag­
nified to the extent that it would appear 
to be about I,4 mile long. This magnifi­
cation is about 200 times greater than 
practical in light microscopy, primarily 
because of the greater resolution possible 
in the EM, due to the short effective 
wave length of electrons. 

Poughkeepsie's EM 

We regard the electron microscope as 
one of our most important research tools. 
It has in some cases provided the missing 
data needed to understand the inter­
relation of the variables in a problem; 
has in other cases allowed us to confirm 
a proposed new theory. 

• RESEARCH at IBM means IDEAS 
at work. For bulletin mentioned above, 
write International Business Machines 
Corp., Dept. SA-ll,590 Madison Ave., 
New York 22, N.Y. 

II :1 :1· ��ESSING 
DATA PROCESSING . ELECTRIC TYPEWRITERS . TIME EQUIPMENT • MILITARY PRODUCTS 
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Ah there, 
MOEBIUS 1 
One-sidedness is an amusing curiosity 
in topology. But in career-building, the 
talented engineer has to think three­
dimensionally, and focus his time and 
energy where they'll be the most 
rewarding. 

Here at All American we deal in all 
sorts of ideas. We haven't found a use 
yet for Mr. Moebius's, but have made 
and are making much progress in a 
large variety of other stimulating proj­
ects. Such as, tow-target and air-sea 
rescue winches, in-flight refuelling sys­
tems, ejection seat trainers, arresting 
gear and other problems of energy ab­
sorption ... a variegated and challeng­
ing list for Aeronautical and Mechani­
cal Engineers. Drop us a line right now. 
Your confidence will be respected. 

Write to Ray Janney, Chief Engineer 

DUPONT AIRPORT ' WILMINGTON. DelAWARE 

• 
RESEARCH • DESIGN • MANUfACTURe 
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radioactivity. All of the tubercles had 
enough radioactive Isoniazid to halt the 
growth of bacilli. 

The tubercle is, of course, a critical 
element in the progress of tuberculosis. 
It is formed at a battleground where the 
bacilli have been fought by the body's 
defending cells. The virulent germs are 
walled off in a pocket enclosed by dead 
cells and scar tissue. If the tubercle sof­
tens, it provides an excellent medium in 
which the bacilli may multiply. In any 
case the tubercle remains a dangerous 
nest of infection unless it goes on to cal­
cify and ultimately destroy the germs. It 
is encouraging to learn that Isoniazid can 
pass into the tough tubercles containing 
active bacilli. 

Apart from tracking the drug to tuber­
culous lesions, it was a matter of great 
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interest to follow its fate in other tissues, 
particularly the brain. Isoniazid does 
not often produce side effects in patients 
who receive the drug. But in about 
10 per cent of the patients, especially 
the older ones, it may generate dis­
turbances of the nervous system: they 
complain of headaches, dizziness or 
altered sensations of touch. VVe found 
that the drug quickly moved into brain 
tissue in our experimental animals. After 
a delay, amounting to about the same 
length of time it had taken the drug to 
reach peak concentration in the brain 
tissues, the animals showed symptoms 
of stimulation of the central nervous sys­
tem. The del�y may represent the time 
it takes for the drug to arrive at a synapse 
or to produce some stimulating chemical 
reaction; just how the drug stimulates 
the nerve cells is not known. To locate 
the areas where the drug collected in 
greatest concentration, we placed sec­
tions of cat and rat brains on films and 
kept them in a deep freeze for 30 days, 
allowing the radioactive tissues to record 
auto radiograms on the film. The devel­
oped film showed that the drug tends to 
concentrate in the gray matter of the 
brain in a manner not directly related to 
the circulatory system of the organ. This 
information may lead to clues concern­
ing how the drug acts on the central 
nervous system. 

Isoniazid soon disappeared from the 
brain tissues of living animals. The ex­
periments indicate that if physicians 
space out doses of the drug at intervals 
of at least eight or 12 hours, disturbances 
of the central nervous system may be less 
likely to occur. 

It appears from examination of the 
human patients who took the radioactive 
drug that Isoniazid achieves much the 

H 

/ 
N 

""'-H 

STRUCTURAL FORMULAS of para·aminosalicylic acid (PAS) and Isoniazid are shown 

in these drawings. In the tracer experiments with PAS (top) the compound was tagged with 

a radioactive carbon atom either in the carboxyl group or in the central ring. In the experi· 

ments with Isoniazid (bottom) only the carboxyl group was labeled with radiocarbon. 
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You get extra 

WEAR RESISTANCE 

Flame-Plating - a remarkable detonation process 
- is now being used to coat metal parts with a thin 
coating of tungsten carbide or aluminum oxide. 
Results from experience with parts in actual use 

show that Flame-Plating solves many problems of 
wear, abrasion, and fretting corrosion. 

The temperature of the part being coated seldom 
exceeds 400-deg. F. Precision parts can therefore 
be Flame-Plated without risk of changes in their 
metallurgical properties or physical dimensions. 
Practically all metals can be Flame-Plated-steel, 
copper, aluminum, magnesium, molybdenum, ti­
tanium. Coatings of tungsten carbide and alum i-

The Flame·Plating gun consists mainly of a 
barrel and a mechanism for loading precise 

amounts of powder and gases into a firing 
chamber. The powder remains suspended in 

the explosive gases until a spark ignites 
the mixture, producing heat and pressure waves 

of tremendous force. The molten particles are 
hurled with supersonic velocity against the 

workpiece where they fuse and build up until 
the desired thickness is obtained. 

The term "Linde" is a trade.mark, and FLP is a service·mark 
of Union Carbide and Carbon Corporation. 

num oxide can be Flame-Plated in thicknesses 
from .002 to .010 inch, and finished to 0.5 micro­
inches rms. 

Flame-Plating applications have been proved in 
service. Parts for aircraft and rocket power plants, 
hydraulic systems, and heating units, as well as 
various types of plug and ring gages, bearings and 
seals, and dies have had their useful lives consider­
ably extend ed-economic ally-by Flame-Plating. 

Find out how Flame-Plating can help to improve 
your own product. Request a copy of the free hook­
let, "Flame-Plating," F8065. Address "Flame­

Plating, Depat·tment R-ll." 

LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 East 42nd Street 00 New York 17, New York 
In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto 
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CONCENTRATION OF ISONIAZID in various tissues of guinea pigs was measured 24 
hours after the animals had received their last injection of the labeled drug. The uniLs of 

the scale at the bottom of this chart are millionths of a gram of Isoniazid per gram of guinea­

pig tissue. Most of the Isoniazid was retained in the lungs, the liver and the adrenal glands_ 

same distribution in the human body 
that it does in laboratory animals. The 
drug was found in the spinal fluid, 
among other places, and this has a prac­
tical bearing for clinical practice. Isonia­
zid has proved effective in preventing 
the spread of bacilli into the meninges­
membranes of the brain and spinal cord 
-which is a grave threat in tuberculosis. 

Tracer experiments with PAS and 
streptomycin were delayed by the fact 
that these substances were more difficult 
than Isoniazid to label with radiocarbon. 
Pure PAS labeled with cai'bon 14 was 
synthesized some months ago by chem­
ists in our laboratories, and we have per­
formed experiments parallel to those 
with Isoniazid. Like Isoniazid, PAS 
quickly penetrates into tubercles. But 
unlike Isoniazid, it does not remain there 
long: it disappears from the infected or­
gans about as rapidly as it does from the 
bloodstream. 

T he major aim of the work with these 
radioactive drugs is not merely to 

follow their travels in the body but to 
discover what happens to them chemi­
cally and how they act against the bacil-
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Ius. Both Isoniazid and PAS are rather 
simple compounds consisting of a ben­
zene ring with a side group or two at­
tached [see diagrams on page 138]. The 
first question was whether the compound 
lost its carboxyl side group (COOH) in 
the body. The drug was labeled with 
radiocarbon at this position. If it was 
decarboxylated in the body, the radio­
carbon would be expected to appear in 
the carbon dioxide exhaled by the ani­
mal. In the case of Isoniazid, no appre­
ciable radioactivity turned up in the car­
bon dioxide. That is to say, there was 
little or no decarboxylation of the drug 
in the body. 

PAS presented an interesting prob­
lem. It was known that the compound, 
when decarboxylated, was ineffective 
against the tubercle bacillus. Further­
more, it was also known that PAS read­
ily lost its carboxyl group under acid 
conditions. Consequently it was impor­
tant to find out to what extent and un­
der what circumstances the drug would 
be decarboxylated in the body. Doses of 
PAS carrying the radiocarbon label in 
the carboxyl group were administered to 
guinea pigs in a special metabolism cage. 

ENGINEER 

of high 
abili.y 

Through the 

efforts of engineers 

The Garrett Corporation 

has become a leader in many 

outstanding aircraft component 

and system fields_ 

Among them are: 

air-conditioning 

pressurization 

heat transfer 

pneumatic valves and 
controls 

electronic computers 
and controls 

turbomachinery 

The Garrett Corporation is also 

applying this engineering skill to the 

vitally important missile system 

fields, and has made important 

advances in prime engine 

development and in design of 

turbochargers and other 

industrial products. 

Our engineers work on the very 

frontiers of present day scientific 

knowledge. We need your creative 

talents and offer you the opportunity 

to progress by making full use of 

your scientific ability. Positions 

are now open for aerodynamicists 

... mechanical engineers 

... mathematicians ... specialists in 

engineering mechanics ... electrical 

engineers ... electronics engineers. 

For further information regarding 

opportunities in the Los Angeles, 

Phoenix and New York areas, 

write today, including a resume 

your education and experience. 

Address Mr. G. D. Bradley 

CORPORATION 

9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 

D,VISIONS 
AiResearch Manufacturing, 

Los Angeles 
AiResearch Manufacturing, 

Phoenix 
AiResearch Industrial 

Rex - Aero Engineering 
Airsupply - Air Cruisers 

AiResearch Aviation 
Service 
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Finer components 

mean better 

air data systems 

... HE 

AiResearch makes transducers, computers and indicators of supe· 
rior sensitivity and accuracy in all required parameters. These can 
be combined into systems that provide the air data you require and 
convert it into any desired type of information or impulse. The 
products shown in the above illustration indicate some of the 
areas in which we are thoroughly experienced. If desired, we will 
take complete system responsibility. We invite inquiries to meet the 
most rigid specifications. 
Qualified engineers are needed now. Write for information . 

CORPORA .... ON 

�iResearch Manufacturing Divisions 
Los Angeles 45, California· Phoenix, Arizona 

Designers and manufacturers 0/ aircraft systems and components: REFRIGERATION SYSTEMS · PNEUMATIC VALVES AND CONTROtS • TEMPUATURE CONTROLS 

CAIIN AIR COMPRESSORS • TURBINE MOTORS • GAS TURBINE ENGINES • CABIN PRESSURE CONTROLS • HEAT TRANSFER EQUIPMENT • ELECTRO-MECHANICAL EQUIPMENT • ELECTRONIC COMPUTERS AND CONTROLS 
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When the drug was injected into the 
animals, less than 1 per cent of the radio­
carbon showed up in their exhaled car­
bon dioxide in the following 24 hours. 
But when the animals received the drug 
by mouth, this figure rose to 4 per cent, 
and when the drug was kept in the acid 
stomach by a surgical operation which 
blocked discharge into the duodenum, 
the amount of radiocarbon excreted in 
carbon dioxide increased further to 1 1  
per cent in  eight hours. However, in  hu­
man subjects only 1.5 per cent of the 
radiocarbon was found in the expired 
air. In view of these results, it seems 
that the relatively low effectiveness of 

P AS against tuberculosis when used 
alone is not due to decarboxylation of 
the drug. 

What is responsible for the antitu­
bercular effect of Isoniazid? Is the 

active agent the whole molecule, part of 
the molecule or a modified compound 
produced by metabolism of the drug in 
the body? This question was investigated 
by chemical analysis of the radioactive 
material in tubercles in the lung tissue 
removed from tubercular patients. The 
material was extracted from the tissue 
and separated into its component com­
pounds by paper chromatography. This 
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process separates the different com­
pounds in different spots or bands on a 

paper strip, and each substance can be 
identified. The paper strip was then 
placed on photographic film to record 
radioactivity. The compounds that con­
tained radioactive carbon produced dark 
spots or bands on the film. Two radio­
active substances were found in the ex­
tract from the tubercles. One was Iso­
niazid itself, which accounted for the 
major share of the radioactivity, and the 
other was isonicotinic acid, a metabolic 
product derived from Isoniazid. 

Analyzing the patients' urine in the 
same way, we isolated seven metabolic 
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OPERATION OF THE MOUSE METABOLISM CAGE depicted on 

the cover is traced by this drawing. The mouse stands on the screen 

in the vessel in the center. Water vapor and carbon dioxide are re­

moved from the air flowing into the apparatus by Driedte and As· 

cadte in the column at the left. Carbon dioxide exhaled by the 

mouse is recovered in the alkaline absorption column at the right. 

The urine and feces of the mouse are collected at the bottom of the 

vessel in the center; thus all the metabolic products of the mouse 

are recovered. The radioactive carbon in these products is a clue 

to the manner in which the mouse has metabolized labeled drugs. 
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• Milnufilcturln, .. Milnufilcturin, and product development ••• Manufactufin" product development and research Dee Pilot manufaclurin,. produc\ development and rnearcb 

The GPE Companies are leaders in that small, select group in 
Amcrican industry which is broadly qualified to develop and 

produce the systems needed today for defense and industry. 
GPE leadership accounts for some of the most advanced sys­
tems in use in business, television, aviation, marine, steel, oil, 

and other industrial fields. 
In Systems Engineering, highly advanced capacities and 

resources are prerequisite. Yet, no matter how highly advanced, 
thcy are of little use if limited to a few areas. Finding optimum 
solutions to complex systems problems calls for balanced com­
petences. And beyond that, success calls for the consistent 
application of such competences at every stage - beginning 
with research, and extending all the way through development, 
production and final testing. 

No GPE company is limited by the boundaries of its own 
specialties. TIle basic GPE operating policy, GPE Coordinated 
Prccision Technology, places at the command of each company 
in the group all GPE research, development and production 

Griscom-Russell 
Shipboard Distilling Plant 

I. Industrial 

Askania 
Power 

S ENGINEERING 

facilities, and the skills and experience of the more than 2500 
GPE technical men working in depth in the wide range of 
advanced capacities indicated in the chart above. 

Behind each group working on a specific problem in one 
GPE company stands the whole group of GPE scientists, engi­
neers and technicians with the answers - or the knowledge 
that will find the answers - to questions underlying and related 
to that problem. To the customers of GPE Com panics this 
means that the concept and development of equipment, com­
ponents and systems are not restricted or distorted by traditional 
allegiance to specific competences. 

The five systems illustrated, while products of different 
GPE companies, are all examples of the consistent application 
of balanced competences, achieved through GPE coordination. 

For brochure describing GPE Coordinated Precision Tech­
nology and the work of the GPE Companies, or help on a 
specific problem, write: General Precision Equipment Corpora­
tion, 92 Gold Street, New York 38, N. Y. 

GENERAL PRECISION EQUIPMENT CORPORATION 

THE GPE 

I PRODUCING 
COMPANIES 

o KEARFOTT COMPANY. INC. CD INTERNATIONAL PROJECTOR CORPORATION 0 BLUDWORTH MARINE 
C1') GENERAL PRECISION LABORATORY INCORPORATED OTHE GRISCOM·RUSSELL COMPANY "LINK AVIATION. INC. 
� SHAND AND JURS CO. �THE HERTNER ELECTRIC COMPANY Cl)THE STRONG ELECTRIC CORPORATION 
OJ. E. McAULEY MFG. CO. GASKANIA R[GULATOR COMPANY aJ)AMPRO CORPORATION � LIBRASCOPE. INCORPORATED 
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SCientists ... Engineers 

A message from 
M. A. Schultz, Proiect Manager 

Westinghouse 
Commercial 
Atomic Power 

"We are developing the first industry-owned, high-powered 
Testing Reactor-the Westinghouse Test Reactor. It will enable 
private industry and the government to test materials under 
conditions of high neutron flux, high temperature and high 
pressure. 

"Here at CAPA, we are continually pioneering peacetime 
atomic power projects. The Westinghouse Testing Reactor is 
only one of many now under way. Sound interesting? W hy 
not let us tell you more?" 

An Experienced, Young, Fast-Growing Team 

CAPA-Commercial Atomic Power Activity-is the most dy­
namic new division at Westinghouse. We're "fluid," not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep-as electric power 
demand and atomic power production pyramid sharply. We're 
entirely commercial-not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 
on the "industry of tomorrow" today-at Westinghouse CAPA. ( 
Immediate Openings for professionally established men and 
those just starting their careers: Physicists· Physical Chem­
ists • Chemical Engineers· Mechanical Engineers· Electrical 
Engineers· Designers· Metallurgists. 

Send your 
" " resume 

Please mail resume of your professional and 
business background to: C. S. Southard, West­
inghouse Commercial Atomic Power, Box 355, 
Dept. 104, Pittsburgh 30, Pennsylvania. 

WESTINGHOUSE 
FIRST IN ATOMIC POWER 

products of Isoniazid. None of these is 
nearly as effective against tubercle bacil­
li as the parent compound. Hence we 
must conclude that the therapeutic ef­
fect of the drug lies either in the Iso­
niazid molecule as a whole or in a con­
version product which undergoes some 
further change before it is excreted in 
the urine. 

The next question is to determine how 
the drug works against bacilli. Isoniazid 
is a very reactive chemical. It reacts with 
material in the red blood cells, with vita­
mins and with many other substances in 
the body. Some of the mild side effects 
that develop after the drug has been 
taken for a long time may be due to its 
interaction with vitamins such as as­
cOl·bic acid or pyridoxine. 

A number of laboratories are now in­
vestigating the action of Isoniazid and 
the other antitubercular drugs, and there 
is hope that we may finally find the 
Achilles heel of the formidable tubercle 
bacillus. 

RADIOAUTOGRAPHS indicate how 

Isoniazid is concentrated in brain tissue. 

Radioactive Isoniazid was administered to 

cats and rats; sections of their b"ains were 

then placed on photog:aphic film. The 

radioactivity of a section of cat brain ex· 

posed the film in the pattern shown at the 

top; t he radioactivity of a section of rat 

brain, in the pattern shown at the bottom. 

Both patterns demonstrate that Isoniazid 

tends to concentrate in the gray matter. 

The two darkest spots in the middle of 

the rat brain are experimental artifacts. 
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Va 
a navigation systeD1 thai: 

solves jets' proble:rns 

The navigational needs of high-speed, 
fuel-hungry jet aitcraft-civilian and mili­
tary alike-were anticipated long in advance 
by the Air Force and General Precision Lab­
oratory. Almost nine years ago, GPL began 
research on this problem in conjunction with 
Wright Air Development Center, ARDC. As 
a result, GPL has had in actual production 
for the Air Force for more than a year the 
most advanced air navigation system in op­
erational use. 

This GPL System guides an airplane to 
its destination under any conceivable condi­
tions, anywhere in the world. It reports con­
tinuously and automatically - and with 
unprecedented accuracy-where the plane is 
and the distance to its destination, together 
with the direction the plane must fly to reach 
it. Completely self-contained within the plane, 
it needs no ground guidance, no search radar, 
no optical observations. In millions of flight 
miles in Air Force and Navy bombers, trans­
ports, patrol craft and hurricane hunters, this 
GPL Doppler System and its variations have 
demonstrated the best systems accuracies ever 
achieved by global navigators. When adapted 

to civilian use, they will be guiding commer­
cial jet planes to the remote corners of the 
world and make far-reaching contributions to 
fuel economy, passenger convenience, safety, 
and efficient use of limited air space. 

OW GPL'S DOPPLER NAVIGATION SYSTEMS WORK 
GPL's Doppler Systems required the harnessing of the 
physical phenomenon known as the Doppler effect­
the apparent shift in the frequency of sound or elec­
tronic waves transmitted from a moving object to a 
stationary one. They bounce radar waves off the earth's 
surface beneath the aircraft and measure the frequency 
shift in the echoes. From this shift the ground speed 
and drift angle are accurately determined. These data 
are combined, in conjunction with a compass, to con· 
stantly compute the plane's latitude and longitude, 
from which the system figures the course and distance 
to whatever destination is manually inserted, provid­
ing a steering signal for the pilot or autopilot. Four 
other GPE Companies took part with GPL in accom­
plishing this engineering achievement. 

Though you may have no need for a 
highly accurate navigational system, you may 
well have use for the scientific facilities and 
technological resources that made these GPL 
systems possible. For information, write: • 

General Precision Laboratory Incorporated 
Pleasantville, New York 

A SUBSIDIARY OF III 
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You are invited to accept the extraordinary gift of 

The World of Mathematics 
when you join your 

colleagues in 

The Library 

of Science 

Published at $20.00 

Yours as a gift with membership 
Four volumes, boxed and stamped in gold; 
2560 pages, 500 illustrations, 113 authors. 

Over 2500 years of scientific progress reflected in 133 
complete selections from the great mathematical writings 

of history, from the Rhind Papyrus to relativity. 

Because these four volumes may be so important to 
Scientific American readers, THE LIBRARY OF SCIENCE has arranged 

With 89 interpretive essays by James R. Newman, edi­

tor, who provides the relevant cultural and biographical 

background for each of the selections and links them in 
a broad scientific perspective. 

to send you - as an outright gift with your membership - this 
magnificently illustrated boxed set containing history's greatest writings 
on every aspect of mathematical thought. 

This offer is extended to bring to your attention the increasingly vital role 
played by THE LIBRARY OF SCIENCE in the work and thinking of over 
10,000 of your professional colleagues - scientists, educators and related 
professionals. As a member, you will join them in receiving, at substantial 
savings, books of enduring value destined to influence the thinking and research 
of those who work on the outermost frontiers of human knowledge -
books that present the latest discoveries of the individual disciplines, which 
illuminate the personalities who shape the world of science, and which 
serve to broaden the paths of communication between specialists 
in all fields of scientific inquiry. 

You are invited to enroll in THE LIBRARY OF SCIENCE and to receive­
entirely free with your first Selection - the four-volume THE WORLD OF 
MATHEMATICS. Thereafter, you need take as few as five more Selections in the 
next 24 months, out of approximately 35 fine volumes available. 
With every fourth Selection, you get a Free Bonus Book of your choice. 
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Note: If you prefer, any of the Selections at right may be substituted 

for The World 01 Mathematics as your Membership Gift. 

The Library o-r Science 
59 Fourth Avenue, New York 3, N. Y. 

393 

Please enroll me as a member and send the books indicated below, one as 
my Membership Gift, the other as my first Selection to be billed at the 
reduced Member's Price, plus a few cents' postage. I agree to take as few 
as 5 more Selections in the next 24 months. 

GIFT BOOK ______________________________________________ _ 

Firsl Membership 5elo<lion'---____________________________________ _ 

Additional Selections Desiredl ___________________________________ _ 

NAME .... 
Please print 

ADDRESS 

CITy ..... ··· ································ ···Ze)"N·i3 .. 

Choose Your First Selection 
From Among These Books 
THE LAWS OF NATURE. By R. E. Peierls. 
"Remarkable insight into the logic and unity 
of physics, (and) how the separate ideas fit together 
to make a wonderfully coherent structure .. 
a splendid book." Scientific American. 
List price $4.50, Member's price $3.95 
READINGS IN THE PHILOSOPHY OF SCIENCE. 
Edited by Feigl and Brodbeck. 
Einstein, Reichenbach, Poincare, Russell, 29 others, 
on: The Nature of Scientific Method; Space, 
Time and Relativity; Causality; Probability; 
Scientific Explanation; Theory Construction. 
List price $6.00, Member's price $4.95 
MATHEMATICS AND PLAUSIBLE REASONING. 
Two Volumes." By George Polya. 
Mathematical analysis of the techniques of scientific 
problem·solving-induction, conjecture, generalization, 
specialization, analogy, verification. 
List price $9.00, Member's price $6.50 
*(2 volumes count as one Selection) 

FRONTIERS OF ASTRONOMY. By Fred Hoyle. 
"New ideas about the structure of the earth ... 
formation of the planets (and) an account of the 
directions in which thought is leading on the frontiers 
of astronomy." The London Times. 
List price $5.00, Member's price $3.95 
SCIENTIFIC AMERICAN BOOKS. 
Five Volumes.* By Scientific American's Editors. 
Significant new findings from 5 key fields of inquiry: 
Atomic Power; Automatic Control; Physics and 
Chemistry of Life; The New Astronomy; 
Animal Biology. Paperbound. 
List price $5.00, Member's price $4.50 
*(5 volumes count as one Selection) 

EVOLUTION, GENETICS AND MAN. 
By Theodosius Dobzhansky. 
The latest book by one of the world's foremost 
biologists redefines the genetic basis of evolution in 
the light of newly discovered evidence. 
List p�ice $5.50, Member's price $4.50 

Th.e L.ibrary Or Science 
59 Fourth Avenue, New York 3, N. Y. 
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by Max Black 

THE WORLD OF MATHEMATICS, edited 
by James R. Newman. Simon and 
Schuster ($20) . 

T
his colossus of a book may be 
brieRy described as an unrivaled 
anthology of writing on the nature 

of mathematics, its history and philoso­
phy, and its bearing upon science, litera­
ture and human affairs. Its 2,535 pages 
(in four volumes) provide, according to 
my estimate, something like a hundred 
hours of the most exciting, stimulating, 
tantalizing, exasperating, mystifying and 
generally delightful reading that a man 
could ask for. 

James Newman is well known to 
readers of SCIENTIFIC AMERICAN as a 
man of wit and learning with a gift for 
writing about science in a style that is 
clear but not superficial, entertaining 
without facetiousness or condescension. 
These qualities have characterized his 
previous books, including the well­
known Mathematics and the Imagina­
tion, which he wrote in collaboration 
with the late Edward Kasner, and his 
writings for this magazine. In The World 
of Mathematics Newman's talent for 
popularization in the best sense of the 
word finds full scope. 

The book would be well worth read­
ing if only for the 90 essays with which 
Newman introduces the various selec­
tions. His commentaries range from 
brief accounts of the selected authors' 
lives and times to concise and elegant 
summaries of the main points of their 
works. I can think of no more knowl­
edgeable or urbane guide to the treas­
ures of mathematical literature. 

Of the various sections in the book, 
the one on "Mathematics and Logic" is 
an especially good example of effective 
popularization of technical thought. In 
an introduction four pages long Newman 
manages to give a lucid exposition of the 
real pOint of using symbols in logic. He 
tells us enough about George Boole to 
bring that charming man to life. The 

BOOKS 
A massive new collection of mathematical 

writing of interest to the general reader 

selections open with a few pages from 
Boole's epoch-making The Laws of 
Thought. There follows a masterly 
sketch of the development of symbolic 
logic from C. 1. Lewis and C. H. Lang­
ford's well-known text. It was a happy 
thought to choose this summary: I 
know of no other brief account that re­
views the history of the main discoveries 
in logic as well. Next comes a remark­
able article by Ernest Nagel, written 
especially for this collection, bearing the 
title "Symbolic Notation, Haddocks' 
Eyes and the Dog-Walking Ordinance." 
Here Nagel performs the feat of explain­
ing the basic constituents of modern 
logical notation for persons without pre­
vious knowledge of the subject-some­
thing I would have thought impossible 
in the space provided. Nagel translates 
into logical symbolism a passage from 
Lewis Carroll ( about "Haddocks' Eyes") 
and an amusing extract from the imagi­
nary minutes of a town-council meeting. 
Turning to more serious affairs, he leads 
us through the early theorems of Prin­
cipia Mathematica to the point where 
" 1  + 1 = 2" has been shown to follow 
from principles of pure logic. Nagel's 
piece is followed by a substantial ex­
tract from Alfred Tarski's logic text, pos­
sibly the best book of its kind yet 
written. The whole section adds up to 
one of the best introductions to modern 
logic that I know. I have dwelt upon 
this section because it shows the diffi­
culties Newman had to surmount, and 
the skill displayed in overcoming them. 
But there are a score of other sections 
that satisfy the same high standards. 

In 80 pages or so the book gives a 
short course on probability, a subject 
notoriously hard to present to nonspe­
cialists without distortion. The selec­
tions are from Pierre Simon de Laplace, 
Charles S. Peirce, Henri Poincare and 
John Maynard Keynes, with Nagel again 
offering a summary of the main issues. 
This section, by the way, contains a fine 
appreciation of the life and works of 
Keynes, who is obviously one of New­
man's heroes. 

In the section on statistics are several 
classic papers, including Jacob Ber-

noulli's discussion of "The Law of Large 
Numbers," and more frivolous essays by 
Sir Ronald A. Fisher ("Mathematics of 
a Lady Tasting Tea") and Bernard Shaw 
(on gambling and insurance). I don't 
think anyone could learn very much 
about statistics from this section, but he 
would certainly get a very fair impres­
sion of the aims of the subject, its his­
torical background and its importance 
in science and everyday affairs. 

Do mathematicians seem enigmatic, 
or possibly inhuman? Anyone who thinks 
so should read Newman's extracts from 
G. H. Hardy's A Mathematician's Apol­
ogy-a wonderful little book which most 
readers are unlikely to have come 
across. Or read about the strange and 
sad life of the great Indian genius 
Srinivasa Ramanujan. Nor should one 
miss the fascinating glimpses of the 
authors given in Newman's biographical 
sketches: Augustus De Morgan refusing 
an honorary degree because "he did not 
feel like an LL.D."; Lewis Carroll's 
habit of photographing his young friends 
in the nude; D'Arcy Wentworth Thomp­
son lecturing to an Indian audience with 
an angry hen tucked under his arm; 
Johannes Kepler gloating over the dis­
covery of his third law ("He was 
number-intoxicated, a variety of re­
ligious experience not restricted to the 
weak-minded," says Newman). 

From curiosity about the life and 
character of great mathematicians, it is 
but a step to wonder about the nature 
of mathematics itself. Is it true that 
"mathematical reality lies outside us," as 
Hardy and any number of others have 
held? Does a mathematician discover, or 
does he invent? Is mathematics merely 
a sophisticated play with symbols? Can 
the "pure entities" of mathematics have 
any meaningful relation to the provi­
sional, imprecise, approxiIl1,ate world of 
sensuous experience? How can mathe­
matics be useful? The answers remain 
as controversial as in the days of Plato 
and Aristotle. Schools adhering to dif­
ferent answers-"formalists," "intuition­
ists," "Iogicists"-remain locked in bitter 
combat. 

The World of Mathematics provides 
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a comprehensive guide to these intricate 
battlegrounds. An excellent introduction 
to the subject is P. E. B. Jourdain's little 
book The Natw·e of Mathematics, long 
out of print, and here reproduced in 
full. The discussion is carried on in es­
says by William Kingdon Clifford on 
the exactness of mathematical laws, by 
Richard Dedekind and Bertrand Rus­
sell on the definition of number, and 
by Peirce, Poincare, J. J. Sylvester, Her­
mann Weyl, Richard E. von Mises and 
others. There are also first-rate discus­
sions of the nature of geometry by Her­
mann von Helmholtz, von Mises and 
several more. Non-Euclidean geometry, 
once so mysterious, nowadays can be un­
derstood by an intelligent layman. The 
sections concerned (for these discus­
sions are not all in one place) are topped 
off by three fine recent articles by Carl 
Hempel and Douglas Gasking, in which 
the perennial problems of the philosophy 
of mathematics receive precise formula­
tion and the hope of ultimate solution. 

The gem of this part of the book, to 
my mind, is an essay by Newman and 
Nagel on "Godel's Proof," first published 
in SCIENTIFIC AMERICAN. Godel's theo­
rem, with the insight it provides on the 
limitations of formalism, may well prove 
to be the most important single mathe­
matical result of the century. It is, how­
ever, one of the hardest to render com­
prehensible, and I have sometimes 
thought of it as the supreme test of ef­
forts to explain mathematics to the mil­
lion. I may be wrong in thinking that 
even these two gifted writers do not 
quite succeed in explaining what Godel 
was up to. At least they bring the reader 
very close to the original line of argu­
ment, even if nobody is going to find 
Godel easy. 

If the going in this book is tough at 
times, it is a merit of Newman's plan that 
he does not shirk the hard questions. The 
sections on mathematical philosophy im­
press me as being on the whole a bril­
liant vindication of this ambitious policy. 

My guess is that most lovers of mathe­
matics are more interested in "pure" than 
in "applied" mathematics, and find their 
chief pleasure in the esthetic and philo­
sophical aspects of the subject. Certainly 
many have felt something mysterious 
about the power of mathematical 
thought to emerge from the inner con­
sciousness (or so it seems), bringing 
results at once certain, necessarily true 
and "inexorable." If God is a mathe­
matician, as some think, men feel most 
godlike when they feel the thrill of 
mathematical discovery. Russell has 
written eloquently of the fascination of 
pure mathematics. It transports us, he 

says, "into the region of absolute neces­
sity, to which not only the actual world, 
but every possible world, must conform; 
and even here it builds a habitation, or 
rather finds a habitation eternally stand­
ing, where our ideals are fully satisfied 
and our best hopes are not thwarted." 

However, the applications of mathe­
matics-to practical affairs and to the 
sciences-also have a powerful appeal, 
and Newman's book does not neglect 
the literature of applied mathematics. I 
was delighted to find that he had res­
cued from the obscurity of a philoso­
pher's sympOSium a splendid autobio­
graphical sketch in which Russell speaks 
on this aspect of the subject. He says 
that his early interest in mathematics 
was "partly mere pleasure in discovering 
that I possessed a certain kind of skill, 
partly delight in the power of deductive 
reasoning, partly the restfulness of 
mathematical certainty; but more than 
any of these (while I was still a boy) the 
belief that nature operates according to 
mathematical laws, and that human ac­
tions, like planetary motions, could be 
calculated if we had sufficient skilL" 

Happily we are still a long way from 
being able to calculate the orbits of hu­
man actions. But mathematicians have 
not been slow to try their hands at the 
social sciences or anything else. These 
days they can provide a geometry of 
foreign affairs (as in Lewis Fry Richard­
son's "Mathematics of War and Foreign 
Politics"); they undertake to hunt sub­
marines in incredibly sophisticated ways; 
they apply a theory of games to open up 
an entirely new approach to economic 
questions; and they even have the audac­
ity to try to compute ethical and esthet­
ic values. Newman has assembled the 
best writing in these fields. And he has 
an excellent section (nearly 600 pages 
long) on the more conventional appli­
cations of mathematics to physics and 
biology. My own favorites here are 
Dmitri Mendeleyev on the periodiC ta­
ble of the elements, Gregor Mendel on 
the mathematics of heredity and J. B. S. 
Haldane's delightful essay "On Being 
the Right Size." But there are many 
other wonderful things-a fine essay on 
the discovery of Neptune, Werner Hei­
senberg and Erwin Schrodinger on the 
uncertainty principle, Weyl on sym­
metry, George Polya OM how to solve 
mathematical problems, A. M. Turing on 
the theory of computing machines, and 
so on and on. For lovers of fun and 
whimsy there is some fascinating non­
sense by Stephen Leacock, and a collec­
tion of just about all the mathematical 
puzzles, games and paradoxes that any­
body has ever heard of. I must add a 
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special word of gratitude for the section 
called "Mathematics in Literature." Here 
are included two of my own favorite 
pieces: Sylvia Townsend Warner's idyl­
lic geometry lesson in the South Seas 
(from her unjustly neglected book Mr. 
Fortune's Maggot) and Russell Malo­
ney's poker-faced fantasy on the possi­
bility of Shakespeare being typed at ran­
dom by a gang of monkeys. Surely there 
must be things in this book to satisfy 
every appetite and fastidious taste. 

In no other field of learning has popu­
larization been undertaken by men of 
greater distinction-or with happier re­
sults-than in mathematics. But Newman 
has succeeded in doing what none of his 
eminent predecessors quite managed to 
do-convey unforgettably an impression 
of the richness and variety of mathe­
matical thought and its long vicissitudes. 
I look forward to keeping these volumes 
close at hand, next to Sir Thomas 
Browne, to dip into when the news over 
the radio threatens to become unbear­
able. For mathematics, as well as philos­
ophy, has its consolations. 

Perhaps it needs to be said explicitly 
that nobody ought reasonably to ex­
pect to learn much mathematics from 
Newman's anthology. Its function is to 
stimulate, to provide background, not to 
give formal instruction. As I reflect upon 
its contents, it occurs to me that it con­
tains very little that a mathematician 
would call "1·eal mathematics," i.e., sus­
tained argument about important mat­
ters, conducted with an appropriate de­
gree of logical rigor. There is no royal 
road to mathematics-or, for that matter, 
to anything else. 

As Jourdain says at the end of his lit­
tle book: "It is best to read the works of 
the great mathematicians." This means 
patience, hard work and intense con­
centration, The great merit of Newman's 
cornucopia is that it may show many 
people that such labor can be a joy. 

Short Reviews 

kPS AND ELEPHANTS, by Sir Gavin de 
Beer. E. P. Dutton & Company, 

Inc, ($2.75 ) .  In 218 B.C. Hannibal 
marched his army of some 50,000 men, 
12,000 horses and 50 elephants from 
Carthaginian Spain over the Alps into 
Italy. When he entered the plains of 
the Po and girded himself for battle with 
Publius Scipio at Ticinus, only half his 
army was left; the other half had been 
lost along the way in skirmishes, in cross­
ing rivers and in the ravines and difficult 
places of the Alps. The elephants were 
soon to die in the cold of a north Italian 
winter. Nevertheless the march was a 
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two hooks of practise mnterinls with technicnl exercises 
that test reading speed nnd compl'ehension, and a booklet 
on hyperspeed reading. 

PI'ice of kit including reading rnte accelerator, basic 
manual. technical reading manual. and discussion of hy­
pel'speed reading plus diagnostic I'eading test with analySis. 

Kit Rl ............ $24.00 postpaid 

ELECTRI C  MODEL OF A N ERVE 
The Nel'vous System behllves in nlanv respects 
as an electrical netwol'k-so Inuch 'so that a 
I'clatively simple analog duplicates eighteen 
functions of the nervous system. 

Designed by Dr. 'Valier Grey 'Valter, the 
distinguished English neuroPhysiologist, the 
Elecll'ic Model of the Nel've can be extended to 
any size or complexity you desh·e. Build it youl'­
self and see the nel'vous system in operation. 

P21, plans and specifications .......... $4·00 

Digital Computer Course, C2. r--------, 
Our course is designed to pro-
vide all the instruction mate_ 
rials, I ists of parts, texts and 
diagrams to set up ancl build 
a simple or complex digital 
computet' and experiment with 
pulses, stOl'age, gates, flip 
flops, adding, subtracting. 
multiplying and applications 
of Boolean Algebra to circuit 
design. You get an introduc-
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page text. \Vc show you how and where to buy your com­
ponents to build a computing unit at home. 'Ve have a 
complete elementary and advanced question answering 
service at your disposal. 

Price of eourse with all texts. manuals, wiring diagrams 
and tutorial. ....................... C2 postpaid ....... .... . ........ $28.00 

Analog Computer Course, C3. 
Analog computers are widely 
used in engineering and scien­
tific research to dupl icate ac­
tual physical conditions and to 
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scribes how you can build a 
computer that will handle 
seven differential equations at 
a cost of less than $250 for all 
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plus hundreds of pages of wir­
ing d iagl'ams of actual analog 

A modulo 2 counter. ���gufr%�ti���::\�o�
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they add. multiply, Integrate. dftrerentiate. Y.ou will. be 
able to practise calculating scale factors, chOIce of tIme 
scales. machine equations and block diagrams, .as well as 
use phase inverting amplifiers, usc of pal'all�l �nputs, and 
solving of simple differential equations. ThIS IS the best 
eompl'ehensive course introduction to anal?� con�puters. 

Price of course with all texls, manuals, wIring dlllgrams 
and tutoriaJ.... . ............. C3 postpaid.. . . ....... �:l8.00 

HOW IS YOUR ROBOT SUPPLY HOLDING OUT? 
I( you don't have anv around the house now 01' 
your last year's model is WO�\ down, why don't 
you build your own': 

Plans and specifications for the robot turtle, 
MACHINA SPECULATRIX. which moves a\�ay 
from light except when it Is hungry, shinlmles 
its way past chairs. tables nnd other obstacles. 
can be' built by you at home. This is a battel'Y­
powered self-directing robot. not a pre-set 

p20�a�;��·s only .............. .................... $5.00 

____ ----COUPON --------
OLIVER GARFIELD Co., Dept. SA-PII6 
31 Broadway, New Haven, Connecticut. 
Please j,nld me t��6ourse cif:Ned beloC2 C3 

t I have enclosed ................................ In full paymen -
My name and address are attached. 
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LEFAX 
TECHNICAL DATA BOOKS 
POCKET SIZE· LOOSE LEAF 

Printed on loose leaf, six hole, $125 
6 % " x 3 %" bond paper, each each 

book contains about 140 pages of tech­

nical data, presenting condensed, ac­

curate and essential material for the 

engineer, technical worker, student and 

business man. 

Architecture 
Home Heating 
Illumination 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditioning 
Building 

Construction 
Reinforced 

Concrete 
Piping Data 
Surveying 
Surveying Tables 
Highway 

Engineering 
General Math 
Math Table, 
Physics 
Trig-Log Tables 
Gen'l Chemistry 
Chemical Tables 

Analytic 
Chemistry 

Mechanical Drawing 
Machine Design 
Machinist's Data 
Mechanics 

of Materials 
Power Transmission 

Machinery 
Thermodyn�mic 

Table, & Charts 
Phth�Cr�o

&
dynamic Data 

Metals 
Metallurgy 
Hydraulics 
Radio 
Television & FM 
Electricity, AC 
Electricity. DC 
AC Motors 

& Generators 
Transformers, 

Relay, & Meters 

Write for FREE catalog (over 2000 listings). 

See for yourself how helpful LEFAX can be to 

you. Send $1.25 for each book, or $6 for any 

five books listed above, to: 

DESIGN 
ENGINEER 

RADAR TRANSMITTER 
& MODULATOR 

Progressive company in Great­

er Philadelphia area is looking 

for an Electrical Engineer who 

desires to do creative work in a 

professional atmosphere. He 

should be experienced in the de­

sign of high power ground 

based radar transmitter and 

modulator eqUipment. Some ex­

perience with High Power Kly­

stron transmitters is desirable. 

Company willing to pay relo­

cation expenses to the engineer 

who can fill this vacancy. First 

class benefit program, along 

with top salary. 

Just call collect-Mr. Putney, 

Moorestown, N.J., BElmont 5-
5000. If unable to phone, write 
to P.O. Box 1859, Grand Central 

Sta.., N. Y. 17, N. Y. 

brilliant strategic stroke and was 
crowned by the victory over the Romans 
at Cannae, which has remained the 
supreme example of an annihilating bat­
tle. Hannibal's crossing of the Alps has 
for centuries puzzled historians. Their 
attempts to trace his route made little 
headway. This little book by the direc­
tor of the British Museum of Natural 
History represents a fresh attempt to un­
ravel the enigma. Sir Gavin devoted 
many years to his analysis, and he has 
brought to it his skills as a scientist, 
classical scholar and historian. Whether 
or not he has succeeded in retracing 
the actual route, his fine-screen sifting 
of evidence, weighing of probabilities 
and scholarly attack on the problem 
make an absorbing story. Sir Gavin offers 
proof that the key river in France which 
Hannibal crossed was the Aygues and 
not the Isere, as usually supposed. A nice 
example of de Beer's method is his dem­
onstration that Hannibal must have 
crossed the Durance River in its middle 
reaches, for only at this point was the 
water level low enough to permit the 
elephants to wade across. By examining 
records of rainfall, rates of river flow, 
temperature changes in the last 2,000 
years, the distribution of vegetation, 
stellar constellations (to fix the time), 
archaeological remains and other per­
tinent data, he is able to make a con­
vincing case for Hannibal's line of march 
running through the Durance basin and 
across the_ Col de la Traversette-a 
10,000-foot pass affording an unsur­
passed view of the plains of Italy. Han­
nibal's exact track is perhaps not a vital 
matter, but de Beer's scientific recon­
struction of it is fascinating. 

THE BUBONIC PLAGUE AND ENGLAND, 

by Charles F. Mullett. University of 
Kentucky Press ($9). "Disease," said 
Jean Charcot, "is from old, and nothing 
about it changes. It is we who change as 
we learn to recognize what was formerly 
imperceptible." The history of the bu­
bonic plague illustrates this apothegm. 
The plague was known and feared in 
ancient times; the most famous descrip­
tions were those of Thucydides and 
Lucretius. For all the progress in medi­
cine, plague has not yet been stamped 
out, and it still strikes terror whenever 
there is even a small outbreak The most 
massive and dramatic visitations of the 
disease occurred in England in 1349 and 
1665. In the more than three centuries 
between the catastrophe of 1349 and its 
dreadful recurrence in the time of 
Samuel Pepys and Isaac Newton scarce­
ly a year passed that the Black Death 
did not decimate some English commu-

ANNOUNCING 
TWO NEW PUBLICATIONS • • •  

RECENT ADVANCES IN SCIENCE 
Physics and Applied Mathematics 

Edited by Morris H. Shamos, Associate 
Professor of Physics, and George M. 
Murphy, Professor of Chemistry, New 
York University, New York, N. Y. 

This book, consisting of the papers read at the 
First Symposium on Recent Advances in Sci­
ence, held at New York University, is designed 
for all scientists-all engineers-everyone 
who is interested in the progress of science. 
With contributions by Richard Courant, 
Philip M. Morse, 1. 1. Rabi, C. H. Townes, 
H. A. Bethe, V. F. Weisskopf, Leland J. Ha­
worth, Norman F. Ramsay, William Shockley, 
R. M. Bozorth, F. G. Brickwedde, and Ed­
ward U. Condon. 

1956.396 pages, 
170 iIIus., 23 tables. $7.50 

CURRENTS IN BIOCHEMICAL 
RESEARCH 1956 

Edited by David E. Green, Institute for 
Enzyme Research, University of Wiscon­
sin, Madison, Wis. 

In twenty-seven chapters, nearly every im­
portant field of biochemical research is de­
scribed by a worker on the very frontier of 
science. Though written by specialists, these 
essays are intended for the orientation of non­
specialists or workers in other fields. 

1956. 713 pages, 
63 iIIus., 29 tables. $10.00 

INTERSCIENCE PUBLISHERS, INC. 
250 Fifth Avenue, New York 1, N. Y. 

Books 0/ 
INTERNATIONAL 

IMPORTANCE 
• 

FACING THE 
ATOMIC 
FUTURE 

E. W. TITTERTON, one of the 

architects of the Atomic Bomb at 

Los Alamos, analyzes with authority 

what is known and what has been 

done about atomic energy in peace 

and war, the social and ethical prob­

lems it poses, and its diverse politi­

cal consequences. 

Extremely lucid in botb its technical 

descriptions and its discussions of 

political and moral issues, FACING 

THE ATOMIC FUTURE is basic 

reading for scientists . _ : and citi­

zens. 379 pages. $5.00 
Through your bookstore, 

or order directly from 

ST MARTIN'S PRESS 
103 Park Avenue, New York 17, N. Y. 

Send for our new catalog of technical 
and scientific books 

151 
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E S S E N T I A L 
a great, new 

kind 0/ dictionary to 
meet the demands 

0/ this atomic 
and electronic age. 

H ere, in one big.  thousand-page volume, are 
definitions of all  the important terms used i n  
c l a s s i c a l  and m o d e r n  p h y s i c s .  T h e r e  are over 
1 2 ,000 definitions o f  laws, relationships, equa­
tions, b a s i c  principles and concepts, as well as 
the most widely used instruments and apparatus. 
Si xteen major sub j e c t  d i v i s ions are included from 
units and d i mensions, general principles, me­
chanics.  the gaseous state. the liquid state, the 
solid state. heat and thermodynamics,  acoustics,  
optics,  electricity, ele ctronics .  meteorology, to 
atomic and nuclear physics,  mathematical 
physics,  quantum mechanics,  and relativ ity, 

Prepared by · an international group of d istin­
guished s C i entists and educators, this monu­
mental work is designed to provide the exact and 
unambi guous definitions needed in everyday 
work. There is  no other single volume available 
today that is so useful as a general reference in 
physics,  or so helpful  to the many di fferent groups 
of s c ientists. engineers, chemists, physici sts, 
mathemati cians,  etc., for whom a familiarity in 
physics terms is increasingly essential.  

Special  Hol iday offer 

Readers of S c ientific American can save more 
than $2.00 b y  sending money with the i r  order 
now-and get this important volume for only 
$ 1 7.95 ! Or, they can use our easy monthly terms 
-and get it  at the regular price o f  $20.00. 

E X A M I N E  F O R  1 0  D A Y S  F R E E  

[ M A I L T H I S  C O U P O N  
I 
I D. Yan Nostrand Company , Inc .• Dept. SA·I 1 6  

I 
120 Alexander St . •  Princeton, N .  J .  

I 
I 
I 
I 
I 

Send me the "International Dictionary of Physics and 
Electronics . . . 

o I want to save money ; here is  $11.95 (return privUege and refund guaranteed) 
o I want i t  on easy terms. After 1 0  days I will either 

remit $5 ( plus postage ) and than pay $5 a month 
for three months. or I will return the book. post 
paid, and owe nothing. I Nam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I Add ress . 

I City Zone State . .  

� - - - - - - - - - - - - - - - - - �  
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nity or devastate an entire region. In this 
scholarly monograph Professor Mullett 
has gathered the scattered materials re­
lating to the impact of the Great Pesti­
lence on one country "in order to illus­
trate the evolution of concepts of public 
health and preventive medicine." The 
difficulties of the task were consider­
able-among them the gross imperfec­
tions of the statistics and the imprecise 
use by contemporaries of the word 
plague to describe bubonic and pneu­
monic plague, typhus and other dis­
orders for which no specific names ex­
isted. Mullett's skillful evaluation of the 
data is impressive. His essay is neces­
sarily burdened with detail, but it affords 
a remarkable panorama of the ravages of 
the disease and its massive effects on 
every aspect of life from economics to 
literature, as well as the reforms in medi­
cal practiCe, housing, sanitation and 
public health to which it gave rise. 

VISTAS IN ASTRONOMY, VOL . I, edited 
by Arthur Beer. Pergamon Press 

($28 ) .  This salute to Professor F. J. M. 
Stratton on his retirement from the chair 
of astrophysics at the University of Cam­
bridge is a good deal more than a 
Festschrift. A skillful and persevering 
editor has elicited from 2 1 5  authors­
astronomers, physicists, geophysicists 
and historians-contributions represent­
ing a remarkable cross section of con­
temporary astronomical thought. The 
seven sections of the volume treat almost 
every phase of dynamics, theoretical 
astrophysics, instruments, radio astrono­
my and solar physics. George Sarton 
writes on "the astral religion of antiquity 
and the 'Thinking Machines' of today," 
comparing the present-day adulation of 
computers to the worship of the planets 
by the ancients; Hermann Bondi dis­
courses on fact and inference in theory 
and in observation; Willy Hartner on 
Renaissance astrology and astronomy; 
Herbert Dingle on philosophical as­
pects of cosmology; Georges Lemaitre 
on the three-body problem; E. Finlay­
Freundlich on the empirical founda­
tions of the general theory of relativity; 
E. H. Linfoot on modern telescopic 
optics; I. S. Bowen on spectrographs; 
H. M. Smith and G. B. Well gate on 
quartz-crystal clocks; W. S. Adams 
on early solar research at Mount Wil­
son; J. H. Gort on the 2 1-centimeter 
radio waves emitted by interstellar hy­
drogen. The second volume, now in 
press, will have sections on solar-ter­
restrial relations, geophysics, planetary 
systems, stellar astronomy, photometry, 
spectroscopy, spectral peculiarities and 
novae, galaxies, cosmology and cos-

Missile 
Gu idance Systems 
Engin eers 
Opportunities for interesting assign­
ments in the development of Inertial­
ly Guided Advanced Air Force Mis­
sile. 

AREAS 
System Synthesis (mathematical  a n d  
functional ) ;  S y s t e m  A n a l y s i s  and Eval .. 
uation ( dynamic and error ) ; System 
Instrumentation ; System I ntegration 
(ele ctrical and mechanical compati. 
b i l i ty ) ; System I n-Plant Test. 

EXPERIENCE 
D egree in E.E . •  Physics or Mathematics 
with active participation in any or al1 of 
the following area s :  

Advanced mathemati c s ; guidance a n d  
control systems ; statistical error analy­
s i s ; inertial navigation systems ; stable 
p l atform ; analog or digital  computing 
systems ; optical systems. 

Forward confidential reslfme. No refer­
ence contact witiront Y01W permission. 

Tech n i cal  Perso n n e l  D e pt. 674 

ARAIA 
Division American Bosch Arme Corp. 

Roosevelt Field,  
Garden City, L. 1 . ,  N. Y.  
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mogony. This is a magnificent scientific 
achievement, and a heartening example 
of international cooperation. 

�GIC, SEMANTICS, METAMATHEMAT-

ICS, by Alfred Tarski. Oxford Uni­
versity Press ( $9 .60). Collected in this 
volume are the principal papers of a 
leading Polish-American logician. Origi­
nally published in French, German and 
Polish, and now for the first time trans­
lated into English by J. H. Woodger, the 
various monographs deal with impor­
tant problems of mathematics and the 
methodology of the sciences. The collec­
tion includes Tarski's highly regarded 
treatise on the concept of truth in formal­
ized languages. Numerous footnotes 
direct the reader to the later literature 
and present information as to advances 
in the subject during the two decades 
since Tarski's papers were written. 

KALYTICAL EXPERIMENTAL PHYSICS, 

by Michael Ference, Jr. ,  Harvey B. 
Lemon and Reginald J. Stephenson. The 
University of Chicago Press ($8). This 
is a revised edition of an immensely suc­
cessful textbook which covers the whole 
of classical physics and incorporates 
enough of the latest concepts to intro­
duce a student to the shape of the 
science as a whole. The first edition 
( 1943) laid a somewhat greater 
emphasis upon elementary experiments 
and used less mathematics; but the re­
vision retains abundant material cover­
ing the physical aspects of fundamental 
phenomena and adds up-to-date infor­
mation in the discussions of quantum, 
atomic and nuclear phYSics, electriCity, 
heat and thermodynamics. There are 
many satisfactory illustrations, but fewer 
than in the first edition, and their repro­
duction is often fuzzy. 

T HE AMERICAN ARBACIA AND OTHER 

SEA URCHINS, by Ethel Browne 
Harvey. Princeton University Press 
( $6). The sea urchin is a hedgehog of 
the sea. It was well known to the ancient 
Greeks and Romans, was frequently 
mentioned in their writings as a food 
and was honored by a full description, 
some of which is quite correct, in Aris­
totle's Historia Ani11laliu11l . According to 
an early English commentary, the bota­
nist Dioscorides said of the species Echi­
ntis 11larinus that "it is good for ye stom­
ach, good for ye belly and ureticall; the 
raw shell of which, being roasted does 
well to be mixed amongst detergentia 
medicamenta made for ye psorae 
[ itch] ." To this day in various parts of 
the world sea urchins serve as food. 
Some Americans, for example, have 

A short 6 J  years ago, there were those 

who claimed that the great work had all 

been done • . .  that no new discoveries 

of major importance were likely to be 

made in the future. At that very time, 

h owever, Professor Wilh elm Roentgen 

had begun a series of experiments des­

tined to reveal a force of nature that 

would revolutionize medicine and tech­

n ology and become an instrument for 

deeper probing of the structure of mat-

ter-th e X-Ray. 

The 1 895 cry certa i n ly does n 't a p ply today! Fa rnsworth 
n e e d s  a n d wa n ts q u a l i f i e d  p h ys ic i s ts  a n d  e l ect r o n i c s  
e n g i n ee rs for research, development a n d  production o n  
i d e a s  even more revolutionary than Roentgen 's: Miss i le  
g uida nce, control a n d  test equipment  systems, micro­
waves,  rad a r  and countermeasu res, infra-red systems, 
i n d u str ia l  e l ectro n i c s ,  a n te n n a s, t ra n s i s tor  a n d  p u l s e  
circuitry a n d  packa g i n g .  

I f  yo u f e e l  l o s t  i n  a labyrinth of deta i l  a nd routi ne . . .  
want a cha l lenge as wel l  a s  a c h a n g e  . . .  yo u ' l l  f ind 

INOUGH HIRI 1'0 (HALLINGI 
A HUNDRID ROINI'GINS I 

Address Technical Employment Director 

FARNSWORTH ElEORONICS COMPANY, FORT WAYNE, INDIANA 
A Division of International Telephone and Telegraph Corporation 
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For Chr i stmas and  a l l  of 1957 ,  you cou l dn ' t  choose a more pe rfect 

g ift for your  sc ie nce-m i nded fr iends and  associates than  a 

subscr ipt ion  to SC I ENT IF IC  AM ER I CAN. Whether they are tech n i c a l  
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Take adva ntage of the low gift rates by se nd i ng you r  gift l i st today. 

Each of your f r i ends  wi l l  rece i ve a n  attractive Chr i stmas Card 

to i nform h i m  of you r  thoughtfu l gift. 

P.  s .  I f  you are not now a subscr iber ,  t h i s  is a t ime ly  opportu n i ty for 

you to take adva ntage of t h i s  Chr i stmas subscr i pt ion  offer .  

S p e c i a l  C h r i s t m a s  G i f t  R a t e s :  
Your  own subscr ipt ion  o r  f i rst gift $5 ,00 
Add i t i ona l  subscr ipt ions  4,00 
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found the gonads of Strongylocentrotus 
fmnciscantls eaten raw with French 
bread "very good-extremely rich, and 
pOSSibly more subtle than caviar."  
Strongylocentrotus drobachiensis, an­
other edible species, can be bought in 
New York City markets and on the 
streets of Greenwich Village at about 
five cents apiece. But sea urchins have 
a nobler function: they are perfect crea­
tures for laboratory research. The 
Al'bacia egg is an "ideal cell." It is sim­
ple and hardy, therefore suitable for ex­
periments with different chemicals, 
variable temperature, pressure, light and 
so on. "The granules in the egg can be 
moved by centrifugal force, and the egg 
can be broken into halves and quarters 
containing different kinds of materials 
in definite amounts," Sea-urchin eggs 
have been studied with profit by cytolo­
gists, embryologists, phYSiologists and 
biochemists. The Marine Biological 
Laboratory at Woods Hole has a vora­
cious appetite-scientific rather than 
fleshly-for Al'bacia punctulata . In a 
single year 45,000 specimens were used 
in research. The demand is increasing, 
but Arbacia around Woods Hole are 
getting scarce. Perhaps they are learn­
ing. Mrs, Harvey's book is a model of 
loving scholarship, the sort of book 
D'Arcy Thompson particularly would 
have appreciated. There are many fine 
plates. A small gem of scientific litera­
ture. 

T HE EXPLORATION OF MARS, by Willy 
Ley and Wernher Von Braun. The 

Viking Press ($4.95). Some years ago 
the late Gertrude Stein gave a lecture at 
Princeton, in the course of which she 
outlined a general method for putting 
every scrap of information in the world 
on cards. When she had finished writing 
her syllabus on the blackboard, she sud­
denly turned to her learned audience 
and observed: "But now that we know 
how, why do it?" The authors of this 
book manage to raise the same question 
in the reader's mind. Their guide to in­
terplanetary travel is the now familiar 
mix of fact, conjecture, meretriciously 
precise engineering specifications and 
paintings by Chesley Bonestell. After 
presenting a digest of knowledge, hy­
potheses and theories about Mars, the 
authors describe "Ope_'1tion Space Lift." 
Getting to the red planet, we are told, 
is today only an engineering problem. 
Technical difficulties remain to be 
solved, a space station has to be built 
and the cost may run to a national for­
tune, but it is no longer open to question 
that "we, the genus homo of Earth, will 
set foot on Mars within a matter of 
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You pay nothing for the many advantages of this  forward.lookin9 club,  which brings you 
the best and most advanced works i n  the entire fields of science and natural history. 

ENGINEERING IN HISTORY 

By R. S. KIRBY. S. WITHINGTON. 
A. B.  DARLI N G  and F. G .  KILGOUR 

An engrossing narrative of man's jour­
ney from a life of primitive simplicity 
to a highly mechanized civilization, 
forged by the inventive genius of scien­
tists and engineers. Retail Price $8.50 

THE WORLD OF 

NATURAL H ISTORY 
By J O H N  R .  SAUNDERS 

A personally conducted tour of that 
fabulous treasure house, the American 
Museum of Natural History. 

Retail Price $5 .00 
A TREASURY OF SCIENCE 

�dited by HARLOW SHAPLEY 

A massive anthology of man's entire 
universe of knowledge, '  with selected 
writings of all the great scientists from 
Galileo to Einstein. Retail Price $5.95 

EXPLORING MARS 
By ROBERT S. RIC HARDSON 

A stim ulating survey of the mysterious 
Red Planet, describing in detail how 
and when man can travel through space 
to reach it. Expressed simply, but with 
scientific enthusiasm. Retail Price $4.00 

APES, ANGELS, AND 

VICTORIANS 
By WILLIAM IRVINE 

The story of Darwin and his discoveries 
in Evolution, their effect on science and 
religion, and of eloquent Huxley who 
championed him in an antagonistic 
world. Retail Price $5.00 

FRONTIER TO SPACE 

By ERIC BURGESS 

MAN AND ENERGY 

By A. R.  UBBELOHDE 

A splendid survey of the science of 
energy from earliest times to the pres­
ent, and how it led to striking changes 
in human affairs and ways of living. 

Retail Price $5.00 
IDEAS AND OPINIONS OF 

ALBERT EINSTEIN 

Assembled under the supervision of 
Einstein himself, this is the most com­
plete collection of his popular writings 
ever published. Retail Price $4.00 

MEN, ROCK ITS, AND 

SPACE R ATS 
By LLOYD MALLAN 

The startling story of today's achieve­
ments in the exploration of outer space 
and miraculous advances in rocket de­
velopment. Reveals formerly secret in­
formation. Retai' Price $6.00 

SALAMANDIRS AND 

OTHIR WONDIRS 
By WILLY LEY 

Marvelous scientific truths about little­
known and extinct species. A fabulous 
collection of scientific wonders by a 
famous writer in the field of science. 

Retail Price $3.95 
SECRIT INEMY 

By JAMES CLEUGH 

Frankly discusses the origins and treat­
ment of syphilis throughout history, 
and shows how enlightenment, toler­
ance, and modern science can conquer 
this scourge of mankind. 

Retail Price $5.00 

VALUES 
U P TO $ 22 

BENEFITS YOU ENJOY 
AS A MEMBER 

THIS NEW KIND OF BOOK CLUB 

is for people interested in Science • . •  

who want to keep abreast of scientific 

discoveries, inventions and develop­

ments of all kinds the world over. 

Each month the Club's editors select an 

outstanding book. This and other signi­

ficant works in the same field are de­

scribed in The Science Report which 

you receive free. 

By joining NOW, you receive ANY 

TWO of the books shown here as a 

GIFT and will be billed for the third 

at the special introductory rate of only 

$3.95 plus a nominal charge for packing 

and postage. For every four additional 

selections you take after joining, you 

receive a valuable Bonus Book FREE. 

You do not have to accept every selec­

tion - as few as four a year fulfills your 

sole membership obligation. You accept 

only the books you want, and pay only 

the member's special reduced price, plus 

a small fixed mailing charge, after you 

have received them. 

I t costs you nothing to join and you 

may cancel your membership at any 

time after accepting four selections. 

Send no money. Just mail coupon now 

to : Science Book Club, Dept. 2 1 89, 
1 1  East 3 6th Street, New York 1 6 ,  N. Y. 

A lucid and exciting account of the vari· 
ous fields of investigation pertaining to 
the upper atmosphere, methods em­
p l o y e d  b y  s c i e n t i s t s ,  a n d  r e s u l t s  
obtained. Retail Price $4.50 1 1  East 36th Street, New York 1 6, N. Y. 

THI PURSUIT OF SCIENCE 

IN REVOLUTIONARY AMERICA 

By BROOKE HINDLE 

u Successfully chronicles the beginnin� 
of science in this country . . . demon­
strates with insight and clarity how 
interdependent scientific advance and 
social change really were." 

- Carl Bridenbaugh, Univ. 01 Calif. 
_----r---, Retail Price $7.50 

Please enroll me as a mem­
ber and send me the THREE 
books checked. Two of these 
are to be FREE, as my mem­
bership gift, and I will be 
billed only $3.95, plus a nom­
inal charge for postage aI1d 
packing for the third which 
is to be my first selection. 
For each four additional se­
lections I accept, I am to re­
ceive a valuable Bonus Book 
FREE. I am also to receive 
the Club's Science Report 
FREE each month. My only 
obligation is to accept as few 
as four selections the first 
year I am a member, paying 
only the members' special re­
duced price plus 25¢ for pos­
tage after receiving them. 

o �ECRET E N E M Y  
1065 

o T H E  W O R L D  
O F  N A T U R A L  
H I STORY 0552 

o MAN A N D  
EN ERGY 1077 

o FRONT I ER TO 
SPACE 1 058 

o E N G I N E E R I N G  
I N  H I STORY 1052 

o I D EAS A N D  
O P I N I O N S  O F  
A L B E R T  
E I N ST E I N  0847 

o EXPLOR I NG 
M A R S  0910 

Name 

o A T R EASURY 
O F  S C I  ENCE 0561 

o T H E  PURSU I T  
O F  SCI  E N C E  I N  
R EVOLUTIONARY 
A M E R I CA 1 085 

o M E N ,  ROCKETS, 8. 
SPACE RATS 1025 

o SALA M A N O E R S  8. 
O T H E R  W O N D E R S  
0979 

o APES,  A N G EL�, 8. 
V I CTO R I A N S  0940 

Address' ___________ _ 
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p hys i c i s ts  
e n g i n e e rs 
p sy c h o l o g i s ts  
m a t h e m a t i c i a n s  

are constantly developing new ideas at 

Lincoln Laboratory. Our folder tells some­

thing about the work we do in basic 

research and development In such 

projects as : 

SAG E 
s e m i - a u to m at i c  g ro u n d  e n v i ro n m e n t  

A EW 
a i r - b o r n e  e ar l y  warn i n g  

S CATT E R  C O M M U N I CATI O N S  

W H I R LWI N D  C O M P U T E R  

T RA N S I ST O R I Z E D  
D I G ITAL C O M P U T E R S  

M E M O RY D EVI C E S  

H EAVY RA DARS 

S O LI D  STAT E 

If yoU are interested 
in learning more 
about us, simply 

equest to : address your r 

R ES E A R C H  A N D D E VE L O PM E N T  

M I T  L I N C O L N L A B O R AT O R Y  

Box 1 8, Lexi ngton, Massachusetts 

decades." The book is crisp in its de­
tails. Two rocket ships will be used with 
a total crew of 12 ;  nine men will land in 
one ship, three will continue "orbiting" 
in the other while the explorers spend 
some 400 days on the Martian sands. 
The journey will take exactly 260 days 
each way. The orbital supply ship will 
have an empty weight of 154 tons, a 
take-off weight of 1 ,410 tons, a cutoff 
velocity of 1 .46 miles per second ( in the 
first stage ) ,  a specific impulse of 285 
seconds (in the second stage ) ,  a thrust 
of 44 tons (in the third stage ) and its 
swivel actuators will weigh . 12 ton. 
Each ship will have eight rigid engines 
and during maneuver one will cover a 
geocentric angle of 55.4 degrees. A 12-
man crew will require 17 .22 tons of food 
(including a 20-day reserve ) for the 
trip. Personal baggage will weigh 1 .32 
tons; "research specimens collected on 
Mars," 5.5 tons. All these and manv 
more data are set down in closely print­
ed tables, expressed in equivalent U. S .  
and metric figures. A chapter is devoted 
to "the human aspect" of the expedition. 
The men will "have to be physically 
sound," neither "very large" nor "exces­
sively tall." Each one will have to know 
how to do everything, so that if, for ex­
ample, the doctor dies, medicine and 
"simple dentistry" can be practiced by 
the radioman. The men will be in their 
"late twenties . . .  quietly competent, 
with an outstanding capacity to learn, an 
exceptional ability of adaptation, a 
preference for working in and as a 
team . . .  a sense of humor and a practcal 
outlook [ combined] with unlimited 
imagination." We are warned that the 
"neighbors' children may think they are 
dull, in spite of their glamorous jobs." 
The account of the journey is couched in 
a style combining White Sands space­
travel jargon with Hollywood U-boat 
commander peremptoriness. The total 
effect is tiresome as well as inhuman and 
frightening. It would be better to go to 
Cannes. 

�NCOLN AND THE TOOLS OF W AB, bv 
Robert V. Bruce. The Bobbs-Merrill 

'Company, Inc. ($5 ) .  So many Lincoln 
books have been written that a biog­
rapher or historian looking for something 
new to say has to be pretty ingenious. 
Dr. Bruce is both in�enious and dili­
gent. Ransacking Army and Navy 
ordnance bureau files and other large 
collections of Civil War documents, he 
has dug up a good story about Lincoln's 
interest in weapons. Lincoln had a taste 
and bent for mechanics. He taught him­
self mathematics and surveying; as a 
young lawyer riding the circuit he would 
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T h i s  l e t t e r  m o v e d a m a n  a h e a d  5 y e a r s 
Two years ago a man took 10 minutes to write this letter. Today he enjoys 

the responsibility and professional standing in the AUTONETICS Division of 
North American that might have taken 7 to 10 years to achieve in other fields. 

TH E FIELD AT AUTON ETICS - A  FIELD OF OPPORTU N ITY 

Now u n d e r  way at AUTON ETICS a re near ly 1 00 p roj ects,  co m p r i s i n g  

so me o f  the most adva n ced a n d  p rogressive wo rk bei n g  done today 

in the f ie lds  of El ect ron ics ,  E l ect ro · Mech a n ics ,  Contro l  Eng ineer i ng 

a n d  Data Process i n g .  

Y o u  wi l l  wo rk on a uto matic control system s  of many k i n d s ,  fo r 

m a n n ed a n d  u n m a n ned veh i c les .  Eve ry state of the a rt is represented , 

f rom prel i m i n a ry concept ion r ight th rough f l ight test ing .  Fa c i l it ies a re 

t h e  f i n e st o bta i n a b l e .  Yo u r  co l l ea g u e s  w i l l  be m e n  of a b i l ity a n d  

i ma g i n at io n ,  o f  t h e  h i ghest p rofess iona l  sta n d i ng.  

The long· ra nge potent ia l  i n  th is  f ie ld  i s  tru ly  l i m it less.  The tech·  

n i q ues bei n g  d evelo ped at AUTON ETICS today wi l l  have the wid est 

a p p l i cat ion in the i n d u st r i a l  methods of to morrow. 

You owe it to you rself to co ns ider  how fa r you can adva n ce by 
enter i ng t h i s  except iona l ly pro m i s i n g  field r ight now. H e re a re the 

opportu n it ies : 

CO M PU T E R  S P E C I A L I STS · CO M PU T E R  A P P L I CAT I O N  E N G I N EERS · 

ELECTRO · M ECHANICAL DESIGNERS · ENVIRONM ENTAL TEST ENGl· 

N EERS • ELECTRONIC COM PONENT EVALUATORS · I NSTRUM ENTATION 

ENGIN EERS · FIRE CONTROL SYSTEMS ENGIN EERS • FLIGHT CON· 

TROL SYSTEMS ENGIN EERS • ELECTRONIC RESEARCH SPECIALISTS • 

AUTOMATIC CONTROLS ENGIN EERS · ELECTRO N I C  ENGINEERING WRIT· 

ERS • I N E RTIAL I N STRUM ENT DEVELOPM ENT ENGIN EERS · PRELl M I ·  

NARY ANALYSIS A N D  DESIGN ENGIN EERS · RELIABI LITY SPECIALIST 

Write you r  letter today. Decide now to get the facts, so you can m a ke the 

most of you r potentia l .  J u st put you r  address and brief q u a l ifications on 

paper- h a ndwritten w i l l  be f ine.  Reply  w i l l  be prom pt, factua l ,  confidential .  

Write : M r. A. Brunetti, Autonetics Engineering Personnel,  

Dept. 991·11 SA, P. O. Box AN, Bel lflower, Cal iforn ia 

A u t o n e t i c s 
A D IV I S ION OF NORTH AMER ICAN AV IAT ION ,  INC .  

A U T O M A T I C  C O N T R O L S  M A N  H A S  N E V E  R 8 U I L T B E F O R E 

1 5 7 
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rFr JOSIAH MACY, JR. FOUNDATION 
L!LIJ!J Three new books 
GLAUCO MA. Transactions  a f  t h e  First Conference 

Edited by Frank W. Newell, Department of Surgery (Ophthalmology ) ,  
University o f  Chicago 

A review of a n g l e.closure g l a uco m a ,  ce ntra l control of i ntraocu lar  pressure,  
a n d  the physio logic  a n d  pharmacologic  factors i n fl u encing the resista nce to 
aq ueous fl ow were the to pics for l ive ly  discussi o n  which h a s  been  preserved i n  
t h i s  n e a rly  verbatim record. $4.50 

NEU ROPHARMACOLOGY. Transactions of the Second Conferen ce 

Edited by Harold A.  Abramson , Assistant Clinical Professor of Physiology, 
Columbia University College of Physicians and Surgeons, and Research Psychiatrist, 

Biological Laboratory, Cold Spring Harbor, New York 

Outsta n d i n g  research lea d ers from m a ny a reas contri bute to the d iscussi o n s  
on lysergic acid diethy lamide ( LS D ) a n d  r e l a t e d  compounds ,  effect of drug s o n  
the behavior of a n i m a l s  a n d  on  psychoses of m a n ,  resea rch on  schizophrenia ,  ex­
perime nta l ly  i n d uced phychoses in  p sychiatry, to lerance to LSD-2 5 ,  and a theory 
of psychosis. A bibl iog ra phy of the literature on  LSD is  also i nc l u d e d .  $4.2 5 

POLYSACCHARI DES I N  B IOLOGY. 
Transactions of the First Conference 

Edited by Georg F.  Springer, William Pepper Laboratory of Clinical Medicine, 
Hospital of the University of Pennsylvania 

This sti m u lat ing new book is  the first in a series of five nearly  verbatim re­
ports of a m u lti-disci p l i n e  conference g r o u p  d e a l i n g  with the m a n y  bio logica l  
aspects of polysacchar ides .  The d iscussi ons  are pri m a ri l y  concerned with prob­
lems  of n o m e n clature,  pro blems of cla ssificati o n ,  b a cteri a l  polysa ccharides ,  a n d  
blood g r o u p  su bsta n ces. $5.00 

JOS I A H  MACY, JR. FOU N DATION P U B L I CATIONS 
1 6  W E ST 46th STREET, N EW YORK 36,  N EW YORK 

Please make checks payable to Josiah Macy, Jr. Foundation 

The World's  Sta n d ard C o n ve r sat i o n a l  M ethod 

SPAN ISH ( or
Ar�;��!�n ) . FRENCH · GERMAN 

JAPANESE · ITALIAN · RUSSIAN 
MODERN GREEK · any of 34 languages 

availa ble for FRE E  TRI AL AT HOM E 
A Lingua j)hone Hecorded Language Set is a lasting gift for 
young and m a t u re-an 1m-aluable asset in professional life, 
businc!ls .  [l'a loet .  school. armed sc!'\';rcs and social Ufe. 

You Can Speak in 20 Minutes a Day 
You l i s t e n  to Lin�lIaphone's lifc- like, conversational record­
ings and you l e a rn another language AT HOME the s a m e .  
cas)", n a t u r a l  way y o u  learned to speak English long before 
you wenl t o  seh wi .  

No Textbook Can Teach You To Speak 
Only LIXGl.'AP ITOXE brings 8 to 1 2  of the world's bes t 
nat i\'e langllage t euchers Into your hom e .  You hear both 
men and wOJnC'n s;w:lk about everyday matters i n  their 
n a t i \'e tongue.  YOr underst and-You S PEAK correctly as 
t l l f y  do. It · s  like l i \' i n g  i n  another country. 

L i n g u a n h w c  is  mcd ' round the wor:d by e .lucators, govern� 
lIl ()nt � ,  l ' l I � i n ess finns .  O\'CI' a m illion homc - studY students 
of a l l  ages hanl learned another language this ideal, con­
versational way. 

HCHd l otia.\' for the FREE Booklet dcscri!ung "'I'he Gift of  
Languagc " :  also d e t a i l s  on how .you m ay obtain a CO�l­
J ·L.F�TF: Coursc unit in the language ( f  your choice on 
F HP.E 'l'HIAL. Lingua phone Institute,  '1' - 31 10 Hock. Plaza,  
Xc\\" York 20.  
. - - - - - - - - - - - - - - - - - . 
I lIN G U A P H O N E  I NSTIT U TE C I  7 · 0830 I 
I ;��:��6s��;��;laza, NctF�c;,� ���k

N
. Y .  I 

I 0 Dctails on FHF.E T r i a l .  1\'0 ohligation,  of course. I 
I I 
I 

My language interest is . .  I 
I " a n "  I 
I AMNU . ) 
I City . . . . . . . . . . . . . . .  Zone . . . . . .  State . .  I 
I 

Worl d ' s  S t andard ComersaUonal : 
� _ _ _ _ _ _ _  

��t::l�r�: �1:a�:� .J 
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The U N IVERSITY 
of C H I CAGO 

offeTS you 1 50 paths 
to peTsonal 

achievement 
AT 

H O M E  
Take your own mature sk i l l s ,  experience 
a n d  inte l l igence.  Add t h e  resources  of t h e  
U n iversity-its teachers ,  i t s  adva nced e d u ­
catio n a l  tec h n i q u es. Result-a r i c h e r  l ife,  
i m proved professi o n a l  status.  

Start your own study program n o w  . • .  at 
home • . •  w h e n ever you wish to begin  • • .  

u n d e r  the perso n a l ized g u i d a n c e  of sk i l led 
U n i versity i n str,flctors. 

1 50 courses for a d u lts i n  Semantics,  Phi­
losophy ,  Art, Psychology,  World Affa irs,  
Mathematics ,  Astronomy,  Creative Writi n g ,  
a n d  other fi e l d s  . . •  d e s i g n e d  t o  h e l p  y o u  
ach ieve a l ifetime of profit a n d  p leasure.  

Send for your free copy of H o m e-Study 
A N N O U N C E M ENTS now. <>1' V<I • .  .. - - - - - - - - - - - - - - - - - - �t�@. =" • 

The Home-Study Department � 
The U N IVERS ITY 

of C H I CAGO 
Box SA-I O I , C h i ca g o  37,  I l l i n o i s  

P l e a s e  s e n d  m e  a p e rso n a l  c o p y  of t h e  n ew 
H ome-Study A N N O U N C E M E N T S .  without c h a r g e .  

N a m e  . . . . . . . . . . . . . . . . . . . . . . .  , . . .  . 

A d d ress . 

City & Z o n e  . . .  . . . . . . . . . . . . . . . . . . . . . . .  State . . .  

stop very carefully to examine any new 
piece of farm machinery and "shake it, 
lift it, roll it about, up-end it, overset it, 
and thus ascertain every quality which 
inhered in it, so far as acute and patient 
investigation could do it." He once pre­
pared and delivered a lecture on "Dis­
coveries and Inventions," and even took 
out a patent of his own on a device for 
lifting vessels over shoals. As President 
he was besieged by hordes of inventors, 
arms conh'actors, five-percenters, poli­
ticians, ordnance officers and other mili­
tary men, all seeking his help in various 
phases of the weapons business. He was 
surprisingly accessible, because he was 
a friendly man and also because he was 
deeply interested in the improvement of 
existing arms and enjoyed testing new 
ones himself. He fired various species of 
breechloaders, watched new machine 
guns being tried, and, not without risk 
of his life, attended the launching of er­
ratic rockets. He listened to schemes for 
Harne throwers, and gave vigorous sup­
port to a program for building immense 
mortars to be mounted on barges as siege 
weapons. Among the hundreds of 
schemes laid before him, "one sees in 
silhouette almost all the feral implements 
of modern war," including armored 
tanks, submarines, poison gases, air­
borne incendiaries. Lincoln had not only 
zanies, unscrupulous munitioneers and 
rascally politicians to contend with, but 
al so unimaginative generals and ob­
structionist ordnance experts who shud­
dered at the thought of using weapons 
not proved in the War of 18 12  and who 
engaged in every chicanery to thwart his 
wishes. This book, like all other accounts 
of the man, demonstrates Lincoln's pa­
tience, his freedom from pretensions, his 
generosity, his humor, his wise, sad 
gentleness, his innocence coupled with 
a shrewd ability to pierce to the heart of 
a matter-and his unfailing capacity, 
when either nonsense or insubordination 
had dragged on long enough, to crack 
down. 

MEDICAL EFFECTS OF THE ATOMIC 

BOMB IN JAPAK, edited by Ashley 
W. Oughterson and Shields Warren. 
McGraw-Hill Book Company, Inc. ( $8 ) .  
This book is based on the massive report 
of the Joint Commission for the Investi­
gation of the Effects of the Atomic Bomb 
in Japan. The topics cons.idered include 
the scope of damage and its effects on 
medical care and facilities, the number 
and types of casualties, the clinical ob­
servations in Hiroshima and Nagasaki, 
the hematology and pathology of atomic 
bomb injuries. Unfortunately the book 
is understandable only to specialists. 
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An Engineer and his Familg 
Enjog Life in Upstate New York 

where he is associated with the 

Electron ic Tube Division of 
W ESTI NGHOUS E ELECTRIC  C O R P. 

E l m ira,  N. Y. 

Engineers change j obs for many rea­
sons. Here is  a typical example of the 
reasons why many engineers have selected 
the Westinghouse Electronic Tube Divi­
sion in Elmira, N .  Y.,  as the place to ad· 
vance their engineering careers, and why 
they like the Elmi ra area as a place for 
pleasant family l iving : 

"It took me several years to realize that 
selecting the right job in the right loca­
tion i s  really a 'family affair' . Unless the 

wife and kids are 
happy, too, there's 
not much sense in 
sticking with a job 
. . . no matter how 
i n t e r e s t i n g  t h e  
work is. 

"About a year 
ago, we decided 
that 'big city' life 
was not doing our 
family any good. 
Marge had made a 
few good friends, 

but didn't feel she had grown 'roots'. 
Our two youngsters, Billy and Linda, 
were nervouS and high-strung . . .  w ith 
no good place to play. My salary was 
pretty fair, but the high cost of city liv­
ing ate i t  up quickly. 

"That's when I started looking around 
for an opportunity that would enable us 
to live in  more congenial surroundings. 
We checked into several offerings, but 
none seemed to suit us. 

"Then I saw an ad for openings in the 
'Vestinghouse E lectronic Tube Division 
in  Elmira, N. Y. It sounded like the kind 
of work I wanted, so I phoned Bob J ar­
rctt, the employment supervisor, and ar­
ranged for an interview. That was our 
lucky day ! 

"After traveling to E lmira and talking 
w ith Mr. J arrett, I found that my E.E.  
degree and previous experience qualified 
me for a position in the Camera Tube De­
sign Section. With a little instruction, I 
cou Id qualify for several other jobs, too. 

"M r. Jarrett explained about the West­
inghouse pension and insurance plan. It 
was the kind of protection I needed for 
my family. 

"He also told me there would be a 30/0 

general increase in  salary each Fall for 
the next three years, quarterly cost of 
l i v ing adj ustments, and periodic review 
of my work to determine merit increases. 
Because the E lectronic Tube Division is 
new and expanding rapidly, the chances 
for promotion are unusually good. 

"I liked the looks of the clean little 
c ity, the attractive residential areas, and 
rolling wooded hills all around. About a 
mile from the plant, I spotted a super 
golf course ! 

" When I asked Bob Jarrett about out­
door activities, he said there was won­
derful fishing, boating and swimming in 
the F inger Lakes, about 25 to 30 minutes' 
drive. ( Lots of Westinghouse folks have 
summer cottages there and commute to 
work . )  

"\Vell, to  make a long story short, I 
received an offer through the mail in a 
few days that seemed mighty attractive. 
When I took Marge and the kids to see 
what Elmira was l ike, they fell in love 
with the place ! 

"My work at Westinghouse this past 
year has been richly rewarding. Plenty 
of design problems to challenge my en­
gineering training and experience. Work­
ing together as a team, my colleagues and 
I are making Significant contributions in 
the field. I'm finally advancing my en­
gineering career. 

"As for Marge and the kids, let her tell 
about that . . .  " 

"Well, like most 
e n g i n e e r s '  w i v e s ,  
I 'd b e  willing t o  
l i v e  wherever J im's 
work took him. But 
when B illy and 
Linda came along, 
i t  was d ifferent. I 
wanted them to 
grow up in a com­
munity where there 
were good schools, 
churches, and wholesome surroundings. 

"'V hen Jim accepted a position with 
the Westinghouse E lectronic Tube Divi­
s ion and we moved to Elmira, I knew we 
had found exactly what we wanted. 

"Everyone seemed so friendly and 
anxious to help us get acquainted. The 

folks at Westinghouse helped us locate 
a darling little home . . .  only 6 minutes' 
drive from doorstep to plant ! 

"I was invited to join the Newcomer's 
Club . . .  so I got acquainted quickly. 
And we were soon made to feel at home 
in  one of the many churches. 

"Elmira i s  large enough to have all 
kinds of organizations and cultural in­
terests . . .  community concerts, Little 
Theatre, camera club, bird-watching, 
bowling, sailing, hiking and bridge. Yet 
it's small enough to be close to fields and 
forests. 

"J im seems so much more relaxed now . 
He's working hard at Westinghouse be­
cause he loves it, but here he can enjoy 
the things he was missing in the 'big 
city'. 

"I've found many fine places to shop 
. . .  modern department stores, super­
markets, and everything ! Our living costs 
are down, too. Jim grew a grand vegetable 
garden in our back yard . . .  and I'm get­
ting interested in raising flowers. 

. "Both the children have grown taller 
and huskier since we left the 'big city', 
and they've lost their high-strung temper­
ament. 

"This is real family living, and we are 
all growing 'roots' in the community, 
thanks to Jim's decision to work at West­
inghouse." 

If  you are interested in  advancing your 
career in the electronics field, we  invite 
you to submit information which may lead 
to an interview. At present we have op­
portunities for engineers in Tube Design 
and Development for M icrowave Tubes, 
Receiving Tubes, Pickup Devices, Power 
Tubes, Cathode Ray Tubes, Application 
Engineering, E lectrical Equipment De­
sign, M anufacturing Engineering, and 
G lass Engineering. 

In submitting information concerning 
your background, phone collect to West­
inghouse E lectronic Tube Division, El­
mira 9-36 1 1  and ask for Robert M .  
J arrett. (After 5 p.m. or weekends, phone 
collect E lmira 9-2360. )  If you prefer, write 
a letter to Mr. J arrett, Dept. W-22, giving 
basic information, and ask any questions 
you wish. 
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U N I VE R S I T Y  O F  CALI F O R N I A  RA D IAT I O N  LAB O R AT O RY · Berkeley . .  Livermore 

At UCRL's Livermore, California. site - interior view of drift tubes in high-current 

linear accelerator designed to deliver 250 rna of 3 . 6  Mev protons or 7 . 8  Mev deuterons 

Could you help advance these new frontiers ? 
New techniques . . .  new equipment . . .  new knowledge - all are 

in constant growth at Livermore and Berkeley, California as some 
of America's most challenging nuclear frontiers are met and passed 
by the University of California Radiation Laboratory's unique 
sCientist-engineer task force teams. 

There are many such teams. And what you can do as a member, 
is limited only by yourself- your ability and your interest. 

For U C RL is directed and staffed by some of America's 
most outstanding scientists and engineers. This group offers 
pioneering knowledge in nuclear research - today's most expansive 
facilities in that field . . .  and wide-open opportunities to do 
what has never been done before.  

fields of  theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography ( including work in the 
new field of shock hydrodynamics ) ,  
reaction history, critical assembly, 

nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

And for your family - there's pleas­
ant living to be had in Northern Cali­
fornia's sunny, smog - free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac­
tions of the San Francisco Bay Area. 

You can help develop 
tomorrow- at UCRL today 

Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. © UCRL 

65·2 ·2  

I
F YOU are a MECHANICAL or ELEC­
TRONICS ENGINEER, you may be in­
volved in a project in any one of 

these fields, as a basic member of the 
task force assigned each research prob­
lem. Your major contribution will be to 
design and test the necessary equip­
ment, which calls for skill at improvis­
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

DIRECTOR OF PROFESSIONAL PERSONNEL 

If you are a CHEMIST or CHEMICAL 
ENGINEER, you will work on investiga­
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob­
lems of nuclear rocket propulsion, 
weapons and reactors. 

If you are a PHYSICIST or MATHEMA­
TICIAN you may be involved in such 
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Name' ______________________________ _ 
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THE AMATEUR SCIENTIST 

When two rays of light from a 
single source fall out of step 
(say after they have taken dif­

ferent paths and met at a common 
point), their waves reinforce or counter­
act each other, just as out-of-phase 
waves in water do. This effect accounts 
for the blueness of the bluebird, the fire 
of opals, the iridescence of butterfly 
wings and the shifting colors of soap 
bubbles. It also accounts indirectly for 
the accuracy of watches, the control of 
guided missiles, the quality of high-test 
gasoline and myriads of other achieve­
ments of technology which would not be 
possible without precise standards of 
measurement. All measurements, in the 
final analysis, depend upon one stand­
ard-length. Nowadays the length of the 
meter is calibrated in terms of wave­
lengths of light. The most commonly ac­
cepted standard for determining the 
length of the meter is the wavelength of 
the red light emitted by glowing cad­
mium in the vapor state. By interferom­
eter methods this wavelength has been 
measured to a high degree of precision 
and comes out to be 6438.4696 ± 
.0009 Angstrom units (an Angstrom unit 
is one lO-billionth of a meter). The 
meter is 1,553,164.60 ± .22 times this 
wavelength. 

The interferometer, the most elegant 
of yardsticks, is a singularly finicky and 
frustrating gadget. A scientist once re­
marked: "Without a doubt the inter­
ferometer, particularly the version of it 
developed by Michelson, is one of the 
most wonderful instruments known to 
science-when it is operated by A. A. 
Michelson !" In Michelson's hands the in­
strument certainly established an im­
pressive row of scientific bench marks. 
It was he who measured the wavelength 
of the red cadmium line given above. 

M aking measurements with instru­
ments capable of yielding precision of 
this order is not easy. One can fiddle 
with the controls of the interferometer 

A homem.ade interferolneter: the instrument 
that can be used to measure a light wave 

for hours without seeing the fringes, or 
bands of interfering light, that serve as 
the graduations of length. No amateur 
would dream of making the instrument 
primarily for the purpose of using it reg­
ularly as a tool of measurement. But in 
constructing an interferometer and mas­
tering the art of using it, one can learn a 
great deal about optics. 

You can begin by repeating an experi­
ment first performed by Isaac Newton, 
which demonstrates the basic principle. 
Simply press a spectacle lens against a 
glass plate and look directly into the 
light reflected by the combination from 
a wide source of light. If you use a mag­
nifying glass, you will see several rain­
bow-colored rings, surrounding a tiny 
black spot about 1/64 of an inch in 
diameter at the pOint where the lens 
touches the plate. 

The same effect can be observed with 
two sheets of ordinary window glass. An 
irregular pattern of interference fringes 
will surround each point at which the 
surfaces of the glasses touch. The pattern 
will be more distinct if the light source 
has a single color, e.g., the yellow flame 
produced by holding a piece of soda 
glass (say a clear glass stirring rod) in a 
gas burner. If the glass sheets are 
squeezed even slightly during the exper-

c<ll"ria.ge 
�---1.� ____ -\ 

c· .. _-.·.·:·.· .. 

c 

mirror 

iment, the pattern of fringes will shift, 
indicating the minute change in distance 
between the inner faces of the sheets. 

Thomas Young, an English physician, 
and his French colleague Augustin Fres­
nel demonstrated in the latter part of the 
18th century why interference fringes 
appear. In so doing they established the 
wave nature of light. They explained 
that if two rays of light emitted from the 
same source encounter reflecting sur­
faces at different distances from the 
source, the two sets of waves will end 
up somewhat out of step, because one 
has traveled a greater distance than the 
other. To the extent that the trough of 
one wave encroaches upon the crest of 
the other the waves interfere destruc­
tively, and the reflected light is dimmed. 
At various angles of view the apparent 
distance between the reflecting surfaces 
will be greater or less, and the intensity 
of the reflected light will appear propor­
tionately brighter or dimmer, as the case 
may be. The total energy of the incident 
light remains unchanged by the inter­
ference. It is only the angles at which 
the energy is reflected that change. 
Hence the positions of the fringes with 
respect to the reflecting surfaces appear 
to shift when the observer moves his 
head. Similarly, the apparent position of 

ra.diu5 of shaft = r micromet'c:,. 
--l� g../ 01------
llengthof lever =R 1 
14 .. j 

movement of table in inches 
for .001" motion of 
the micromet(ir = .001 k 

PlIth of light in lin interferometer mllde by Eric F. Clive 
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U'I': Ii iig·]: i' Ii! j I 
(h ams·\:\·I§¢@1 'mu'? 

This valuable 38-poge book 
is yours lor 'he asking! 

With the artificial satellite and space travel 
almost a reality, astronomy has become 
today's fastest growing hobby. UNITRON'S 
new handbook contains full'page illustrated 
articles on astronomy, observing, tele· 
scopes and accessoroes. Of interest to 
be!inner and advanced amateurs alike. 

Conlenl. inc/uele -
• Observing the sun, 

moon, planets and 
wonders 01 the sky 

• Constellation map 

• Hints for observers 

• Glossary 0/ telescope terms. 

• How to choose a telescope 

• Amateur clubs and research 
programs 

Please rush to me, free of charge, UNITRON'S new 
ObserYer's Guide and Telescope Catalog. 

.. � .............. . . .... . 
• ��;:el

. : :  :::::::::::::::::: :si�i�""::::: :: ::::: I 
L ______ s�o� 

FLAT FIELD TRACKING 
CAMERAS 

We have experienced 
some success in the de­
signing and production 
of cameras with aper­
tures to 36 inches and 

l' 
picture sizes up to 11 x 

11 inches. Accurafely 
figured optics allow less 
than 4 microns il)1age 
swell at edge of field. 

'Field tests have proved 
satisfactory perform­
ance. 

Your needs - wheth er 
for large or small cam-

f" • 

era$ - will receive our 

immediate attention.' 

FERSON OPTICAL CO., Inc. 
OCEAN SPRINGS, MISSISSIPPI 
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Details of the interferometer base assembly 

the fringes depends on the length of the 
waves. Long waves of red light m ay ap­
pear to annul one another completely in 
a certain zone, while the short waves of 
blue light may appear reinforced. In that 
case the zone will appear blue, although 
the light source may be emitting a mix­
ture of both long and short waves.  If 
the source is white light, a blend of many 
wavelengths, some of the colors are an­
nulled and others are strengthened at a 
given angle of view, with the result that 
the fringes take on rainbow hues. 

Similarly changes in the distance be­
tween the reflecting surfaces cause the 
fringes to shift, just as though the posi­
tion of the eye had changed. That is why 
the fringes move when enough pressure 
is applied to bend two sheets of glass not 
in perfect con tact. 

Another interesting simple experiment 
is to place an extremely flat piece of glass 
on another flat piece, separating the two 
at one edge with a narrow strip of paper, 
so that a thin wedge of air is formed be­
tween them. When the arrangement is 
viewed under yellow light, the interfer­
ence fringes appear as straight bands of 
yellow separated by dark bands which 
cross the plates parallel to the edges in 
contact. The number of yellow fringes 
observed is equal to half the number of 
wavelengths by which the plates are 
separated ,at the base of the wedge. 
When the paper strip is removed and 
the plates are brought together slowly 

at the base, the fringes drift down the 
wedge and disappear at the base, the re­
maining fringes growing proportionately 
wider. By selecting relatively large plates 
for the experiment, it is possible to pro­
duce a fringe movement of several inches 
for each change of one wavelength at the 
base. A version of the interferometer is 
based on this principle. 

In short, any change which modifies 
the relative lengths of the paths taken 
by two interfering rays causes the posi­
tion of the resulting fringes to shift. A 
change in the speed of either ray has the 
same effect, because the slowed ray will 
arrive at a distant point later than the 
faster one, just as if it had followed a 
longer path. Any material medium will 
slow light to less than its speed in a per­
fect vacuum . Air at sea level cuts its 
speed by about 55 miles per second, 
short waves being slowed somewhat 
more than long ones. If two interfering 
rays are traveling in separate evacuated 
vessels and air is admitted into one of 
the vessels, the interference fringes will 
shift, as if that path had been length­
ened. From the movement of the fringes 
it is possible to determtne by simple 
arithmetic the amount by which the 
speed was reduced . The ratio of the 
velocity of light through a vacuum to its 
velocity through a transparent substance 
is called the refractive index of that sub­
stance . The interferometer is a conven­
ient instrument for measuring the re-
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EXCELLENT FOR 
CHRISTMAS GIFTS UNUSUAL OPTICAL BARGAINS 

SPITZ 
MOONSCOPE 
\ PI·l'ei.-;iOIl·l1l;1d�' :{:.! poweR' "cllcctin:,.:: 

(clt-,.;eope-I,.\, the 1ll,lket'" "f Spitz Plan­
('t:\I'i\lIl1. Clcady reveals the (')-aten' of 
the moon, shows Satul'n, .Jupiter', othel' 
wonders of the hC'u\'cns. Based on s:nne 
principle,.; as \VOl'ld's giant telescopes, 
:-';tands 36" hig-h Oil remonlhlc leg-s. Ad­
justable :]" polished ;mll cOITected milTot', 
Fork type AII·Azimuth l'otntes on full ;j(jl)0 
circle-swings to any iocHtion in the sky, 
Fascinating IS-page instruction l)Ook is in­
cluded. Instl'ulllent p<.Ickcd in sturdy carTY-
ing c:o.e. 

Stock No. 70.068-5 ........ $14.95 Pstpd. 

Take Telephoto 

Shots Thru 

7 X 50 
MONOCULAR 

This is fine Quality, Americilll Illade inSIrUlllcllt-war 

lillrpills! Actually % of 1'.�. Gun. 7 x .,0 Binocuial'. L'sed 

for gencral ot)SCITalion I,oth day and niJ.:'llt and to takc 

fast'in<lting 1C'lcllholo shots wilh yuur C':lmcr:l, Brand new. 

�!)� \allle, Due 10 ,Japancse cUlllpetition we chlse lIu'se out 

at a bargain priet'o 

St���k No. 50.003-5 .SI5.00 Pstpd. 

Check, Measure, 
Inspect with this 
6 POWER 

POCKET 
COMPARATOR 

30,061-S .... New Low Price .... $19.50 Pstpd, 

NEW! STATIC E L ECT RICITY 
GENE RATOR 

:-;l't' a thrilling- .'ipark display as YOli 
set off a miniature holt nf lightning, 
A hsolulcly safe and hal'llllcss. �tltrd i­
Iy made-stands 14" high. Turn the 
handle alltl two ::I" I)la�l ie discs ro­
tate in opposite directions. 'Ietal 
collector brushes !lick up the static 
electricitl', store it in the l.eyden 
jar type condenscr until discll,lI'ged 
by the jumping spark, ('ollntless 

rirks and experiments, 24 Ilage 
truction booklet included, 

........... ............. $10.95 Postpaid 

BUILD A SOLAR ENERGY FURNACE! 
A fascinating ne\\' f1chl. You ('an build your own 
Solar Fu rn;I('c for CXI)crimcllta lion-ma ny pra('-

S!" 

. , 

, ' i l 

tical uses, It'� casy-inex\lt'Il­

sh·e. 'Ve furnisil instruction 

sheet. This sun po\\,ered furlla('e 

will g-encrate tCl' I'iftc hcat-))ro­
(]w 'cs many unusual fllsing ef­

fccts. :-':ets paper aflamc ill sec ­

onds, Order tliese t'ol11]Jonents: 

'tock #80.040-S Fresnel Lens. 
size 11'/4"xI61;'''-f.l. 19". 

$3.50 Postpaid 

50-150-300 POWER MICROSCOPE 
low Price Yet Suitable for Classroom Use! 
3 Achromatic Objective Lenses on Re­
volving Turret! Imported! The eolor-cor­

reeled, t'eillentell adlrolllatic lellse:, in thc 

objecth'es give SOLI fllr superior results to 

the single lenses found in thc mieroscopes 
selling for $O.!)5! llesults are wonh the 

diffcrence! Fine J'ack and pinion focusing, 

Stock No. 70.008-S .... $14.95 Pstpd. 

MOUNTEO 500 POWER OBJECTIVE 
. . , Thremled (')1' e-asy attllchment on 

:lllo\,e micl·oscopc. Achromatic lenses for 
line viewing:. J mm. focal length. 
Stock #30.197-S .......... $5.00 Pstpd. 

6" REFLECTING TELESC OPE 
Complete with I ieav)' duty e(Juatol'ial mounting and 
tripod. Tripod has ('ast aluminum head and rugged 
\vooden legs for stahility. (Folds for storagc.) EClUll­
todal mount has 1" diametcr shafts with Boston Bronze 
Bcarings. 5 lb. ('ounterweig-ht for perfect balan('e. 
Lod;s 011 both declination and polar axis, 1'olar axis �et at 
40°; latitude adjustment. made with tripod legs. Black ('rinkle finish on 
mount. Tele�co]Je tube nwde of aluminum; white enamel ftnish on outside. 
Hack and 11inioll fOl'lIsill!! eye]Jiece mount, 7X .. \('hrolllatic finder with (' J'oss ­
line reticlc. {;" Pyrex Para iJolil' miI'I'01'-48" F,L. (f/8) , . aluminized 
and overcoated-guanulteed to give theoretical limit 01' resolution. MirroL' 
mount machined east a Illminum, Kellner .Eyepiece }!iYes you 40X and a 
Coto ('ollibinatioll cyepie('e gh'es 60X and 120X. A Barlow lens is included 
to give V.iOX and 300X. Shipping weight 75 lbs. 
Stock No. 85.024-S .................................................................... $245.00 f.o.b. 

4�" ASTRONOMICAL TELESCOPE 
·PALOMAR. Jr.' ONLY 

UP TO 270 POWER $7450 
A REAL REFLECTOR TELESCOPE COMPLETE 

Complete with Equatorial Mount. Tripod 

Hack and pillion, micrometer-smooth fOClISillg with tension adjustment. 

'fwo-piece rigid diagonal construction, All-aluminum black anodized 

llIbe . .  '1o-clistortion adjll�tablc minor mount. easily remored for mirror 

t'ieaning, Tube ventilated. Heal eouatorial mount-one smooth mution 

follows stars, plancts. 8turdy hardwood tril)od, Counterweight for perfect 

halallc'e, Shipping weight aillno:\,:, �il Ills. 

Stock #85.006-S .... comp lete. $74.50 f.o.b. Barrington. N. J_ 

JR. PLANETARIUM 
One of the Greatest Scientific Toys We Have Ever Offered! 

Designcd by Armand :O;1)it;l;, worid-falllolls maker of tile Hpitz l'lllnetal'ium. Projects 
lIt'arly 400 star�. more than 70 (lollstellations in their correct I'elationships, lIsc it in 
lin,\' darkened 1'00111 uf the hOllse, project it Oil the ceiling. :\'0 hatterie�. works on or­
dinary huusehold tllr�·enl. Two l;illlplc adjustmcnts that show you tile sky as it appears 
fl'olll all,\' point ill YOlll' hemisphere .. for any month of the .year! Hl1eostat ('ontrol for 
hrightne�s. ;{�-page hook int'l ltded free of extra rost. C'ontains \'aluable information 
about 

.
lhe stars, pl'o\'ilies easy idclltiftca1Jon of the constellations. About 14" high on a 7" 

baRe. Projection sphere 7" diameter. Weight 3 lbs. 

Stock No. 70.040-5 .................................................................... $14.95 Postpaid 
SKY ZOO PROJECTOR fits above planetarium. 
Stock No. 70,059-S, .. ... .................. $3.98 Pstpd. 

• • •  See the Stars. Moon. Planets Close Up! 
ASSEMBLE A BIG 100 POWER 3" REFLECTING TELESCOPE 

Photographers! This is an actual photograph 
of the moon taken thl'ollg'h OUI' Astl'onomiCill 
Telc!<cope by a 17-yeal'·ohl student. 

. • •  with this Complete 87·Piece "Do·lt·Yourself" Kit 
Get Ready to See the Artiliclal Satellites! 

Evel'ythin).! yOU Ileed: :-io machining! Ensily assembled! \Ve ful'­
nish complete, simpl(' instructions. KiL includes 3" fllO alum,inizeu 
and \)\'el'coate(/ Spht>rical l\1irl'ol'-(;OX Eyepiece and 100X Bal'low 
l.cns_Cn)ssline Fin(/el'_stunly 40N TI'ipod-fork type Ellulltol'ial 
i'\lount with locks Oil hoth axes-ventilated aN l\liI'I'OJ' Mount­
heavy wall. hlack Telescope Tuhe. AJi nuts and holts supplied. 
Nothing- exU'a to huy. OUl' 3" SphCI'ical ?o.'1i1·ror (30" f.1 , ) is gllar­
llnteed to resolve detail I'ight up to theoretical limit. YOUI' finished 
scope ean also be used tel'restrially, :Moncy-back gUaI'antec, Ship-

��'€Ew
�fl�

t
, ��: Ih

�aluabte STAR CHART and 136-page book, 
"DISCOVER THE STARS"! 

Stock No. 85.025-5 ........ $29.50 f.o.b. Barrington. N. J_ 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Complete Kits Including Blank, Tool and Abrasives 

All oYer America amateurs arc grillding their 
own mirrors and making cxpensire 'l'eles('opcS 
dl(,<lply , You can do the same using our l(its. 
These ('ontain minor blank, tool. abrasives, 
diagonal mirror <lnd cye]1iecc lenses. You 
build instruments ranging in \'aluc from $245 
to thousands of dolla I'S, 

New! 2 in J Combination! Poclcet·Size 

50 POWER MICROSCOPE 
and 10 POWER TELESCOPE 

Q9 
ONLY 
$4.50 

ppd. 

Useful Telescope ami i\1i. 
cl'oscope combined in one 
amazing. pl'ccision instl'u­
menlo Imported! No IllJ'gel' 
than 11 fountnin pen, Tele­
scope is 10 POWCI' . l\1 iCI'o, 

,"cope mag-n ilies ;:;0 'l'imes, Sharp 
f,,(,us lIt ;IIlY !';lnge, Hnndy fOI' sports. 
looking- ill s!lwll objects, just plnin 
snooping'. 

Order Stock #30,059-5 .... $4.50 ppd. 
Send Check or M.O. 

Satisfaction Guaranteed! 

Stock No. 
70.003·5 
70.004·5 
70.005·5 
70.006·5 
70.007-5 

Dia. Mirror 
4'1.' 
6" 
8" 

10" 12" 

Thickness J;"" 
1" PI," p;.. .. 2'/," 

Price 
$ 7.20 poslpaid 

11.40 postpaid 
'18.70 postpaid 
29.45 postpaid 
51.45 postpaid 

WRITE 
FOR FREE CATALOG·S 

Huge selection of lenses, prisms, war surplus 

optical instruments, parts and accessories. Tele· 

scopes, microscopes, binoculars. Hand spectro· 

scopes, reticles, mirrors, Ron­

chi rulings, dozens of other 

hard-to-get optical items. 

America's No. 1 source of 

supply for Photogra phers, 

Hobbyists, Telescope Mak­

ers, etc. 
Ask for catalog S 

ORDER BY srOCK NUMBER . SEND CHECK OR MONEY ORDER. SATIS1ACTION GUARANTEED! - - ••• 

EDMUND SCIENTIFIC CORP.,BARRINGTON, NEW JERSEY 
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7 x 50 PRISMATIC BINOCULARS 
Achromatic Color Corrected Lenses 

with Leather Case and Built in Compassl 

Fa,'odte Sporting E\'cnts, For ('h'i! Defense, Bird 
""atching, lIunling. Yachting. See everything from 
front row seat. Brings far-away ol;jects 7 times closer. 
l'recision llllilt to �1I("1 high siandards na,"a\ officers 
usc them. Greater illumi-
nation. less I'cftection. In­
di\"idual eye foclIs. ('ollles 
with carrying strap. eye 
I)iece covers. Same binocu­
lars sell for as much as 
$11).00 higher elsewhere. 

Our price $24.95 ��ue" 
Also Available-7 x 35 
prismatic binoculars with 
�amc outstanding features 
as above. 

Only $20.95 plus so. pp. 

PRECISION 

A 

. Flat N�eLl ��u� Nos. 
• Comb;nation • On. s;d. Flat· 
• Diagonal One Side 

Cutter Round 

• End Cutting 
Nippers • Snipe 

FOR JEWELERS, OPTICAL WORKERS, 

HOBBYISTS, CRAFTSMEN OF ALL KINDS! 

These superb German instruments are of deep-forged, 
heat-tl'eated high quality tool steel, fabricated to most 
exacting speciHcations. All-over ground and polished 
to smooth, hard surfaces. Smooth working joints with j st the right tension. Jaws meet perfectly to safely and securely hold even the most delicate objects in the 
hard-to-reach corners and angles. Each plier is 4" long 
and a veritable gem of precision and strength. 

75c each all 7 for $5.00 ppd. 

29-Piece Chrome Vanadium 
DR ILL SET 

Specially made for speed drilling. In 
sturdy plastic tool roll. Finest alloy 
steel drills hardened and preciSion 
ground to the sharpest, longest-lasting 
cutting edge obtainable; will easily and 
cleanly bite through hardwoods, plastics, 
aluminum, iron and the toughest steels. 
Unconditionally guaranteed for thousands 

of drillings. Full jobber length. Sir-es 
by 64th from 1/16" to \h". There are 

only a limited Quantity of sets available at this low 
price, so hurry! 

NOW $6.49 
Also available with Turned Down Shanks to 58.95 
fit all �" drills_ In indh'idual pocket roll ppd. 

60 Pc. S et C H R O M E  4> VANAD I U M  
. , Wire Gauge DRILLS 

Top Quality high test Chrom� 
VanadIUm Dnlls designed for 

speed drllllng
-

through toughest steels, woods, plastic. 
iron and aluminum. Precision ground long-lasting cut· 
ling edges. Guaranteed to gire years of satisfaction. 

A full 60 PC. set. .r�i4�9�h;Jal�� Now only5S.35 
plus 25¢ pp_ and hdlg. 

��dl!� �:�ta ����e ... ��:�. �.l.�.��� ... �.��.� . . . .  ���� .. ,���i; 5 6. 3 5 
plus 25¢ pp. and hdlg_ 

Automatic Siphon 
sensational 
low price 

Pump 
$1.98 

ppd. 
1\"ow-siphon any liquid automatically, safe­
Ly. WI'l'HOUT putting tube to mouth! 
SQuecze bulb of this all new type siphon, 
liquid starts to How immediately! Trans­
parent valves let you see liquid flowing! 
Siphons. pumps gasoline. water. any liquid. 
Even acids, corrosh'cs! Por cars. boats. 
power mowers, campers. plumbers, doctors, 
chemists. factories! Arid rcsistant. O\'er 7 
ft. long O\'cr-all! 

SEND CHECK OR MONEY ORDER. IF C.O.D. 
FEES EXTRA. MONEY BACK GUARANTEE 

SCOTT-MITCHELL HOUSE, Inc., Dept. NS·ll3 
611 B'way, New York 12, N. Y. 
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fractive indices of gases and of liquids. 
Eric F. Cave, a physicist at the Uni­

versity of Missouri, has designed a sim­
ple interferometer which will demon­
strate many of these interesting effects 
and enable even beginners in optics to 
measure the wavelength of light. With 
suitable modifications the instrument can 
be used for constructing primary stand­
ards of length, measuring indices of re­
fraction, determining coefficients of ex­
pansion and so on. 

"The design presented here," writes 
Cave, "is intended to serve primarily as 
a guide. Most amateurs will be capable 
of designing their own instruments once 
the basic principles are understood. Op­
tically the arrangement is similar to that 
devised by Michelson. A source of light, 
preferably of a single color, falls on a 
plate of glass which stands on edge and 
at an angle of 45 degrees with respect 
to the source. This plate serves as a 
beam-splitter. Part of the light from the 
source passes through the plate. This 
portion proceeds to a fixed mirror a few 
inches away, where it is reflected back 
to the diagonal plate. The other part of  
the original light beam is reflected from 
the surface of the diagonal at a right 
angle with respect to the sourct:. It 
travels to a movable mirror, located the 

same distance from the diagonal plate 
as the fixed mirror, and it too is reflected 
back to the plate. Part of this ray passes 
through the plate to the eye. Here it is 
joined by part of the ray returned by the 
fixed mirror [see drawing on page 161]. 

_ "By adjusting the positions and angles 
of the two mirrors relative to the diag­
onal plate it is possible to create the illu­
sion that the fixed mirror occupies the 
plane of the movable mirror. Similarly, 
by adjusting the angle of either mirror 
slightly, it is possible to create the optical 
effect of a thin wedge between the two 
mirrors. Interference fringes will then 
appear, as if the two reflecting surfaces 
were in physical contact at one pOint and 
spaced slightly apart at another. A 
change in the position of the movable 
mirror toward or away from the beam­
splitter is observed as a greatly ampli­
fied movement of the fringes. 

"Beginners may expect to spend a lot 
of time in coaxing the instrument into 
adjustment. But careful construction will 
minimize the difficulty. 

"The base can be made of almost any 
metal, although amateurs without access 
to shop facilities are advised to procure 
a piece of cold-rolled steel cut to speci­
fied dimensions. The instrument can be 
made in any convenient size. The base 

prcci.5ion-
ground dO\Ncl pins 

I 

Details of the interferometer carriage assembly 
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The whole is the sum of its parts-but the sum 
of a man is more than the sum of his education, 
his experience and his ability. 
An outstanding man . . .  the kind we need for our work 
in nuclear weapons development .. . bulks a little 
larger than just these things. 

He's an engineer, a physicist or a mathematician ... 
on the MS or PhD level. But he's also more. 

There's something to him which makes the sum of 
the man a little larger than the things which can be 
measured and counted. 

In the ten years we've been hiring men for research 
and development of nuclear weapons here at Sandia, 
we've learned to look for these factors: 

• . • a willingness to accept responsibility; 
• • •  a capacity and desire for meeting advanced prob­

lems in his own field; and 

• . .  a realization that a man's future is bounded only 
by his own vision, ability and effort. 

We know when we find these that the sum of this 
man is more than the mere sum of his parts. 

If you're this kind of man, we'd like to know you 
better. And if, in addition to having these qualities, 
you also appreciate the value of desirable natural and 
cultural surroundings and have a taste for the informal, 
pressure-free living of the West, you'll want to know 
more about us. 

Our illustrated brochure tells more about our labora-
tories ... one in Albuquerque and one near San Fran-
cisco ... and the important work we do in research 
and development of nuclear weapons . 

Write to Staff Employment Section 569 and we'll gladly 
send it to you. 

SANDIA 
�CORPORATION 

•• 

AL.BUQUERQUE. NEW MEXICO 
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GIANT "3" inch TELESCOPE 

40 POWER postpaid $57.50 
HIGH POWER SPOTTING SCOPE-American Made 
Big 3" diameter Achromatic Coated Objective will 
give bright crystal clear images. Micrometer Spiral 
Focusing Draw Tube. Lightweight aluminum con­
struction throughout, blae};;: cl'acl{ie finish, length 
open 2 2", closed 15lh". Upright image. Guaranteed 
to give superb performance. 

BEAUTIFUL IMPORTED BINOCULARS 

'" 
American Type Ze1ss Type 

The Amet'ican Type offers a superior one-piece frame and a 
clean design, pleasing to the eye. 

STYLE TYPE C. FOCUS IND. FOCUS 
6 x 15 Opera $12.75* 
6 x 30 Zeiss SI8.75* 16.75* 
7 x 35 Zeiss 21.25* 19.25* 
7 x 35 American 23.50* 
7 x 35 American 
7 x 50 
7 x 50 
8 x 30 

10 x 50 
20 x 50 

Wide Angle 10" Zeiss American Zeiss Zeiss 7.eiss 
.Plus 100/0 Federal 

37.50* 24.95* 32.50* 21.00* 30.75* 41.50* 
Excise Tax 

22.50* 
18.25* 28.50* 39.50' 

ec:LFl��'�I�'�'�D��e��lO!;'�� T��I�er � case and straps included. 
6x30 $10.00 7x50 $15.00 
8x30 11.25 16x50 17.50 7 x 35 12.50 20 x 50 20.00 •� ��Un�!E�L.l�:�me�;l�;IEr.EPI���� 

-= 16 mm F.L. Erfie (Wide Angle)..12.50 � 16 mm F.L. 'l'rilliet : ..................... 12.50 18 mm F .L. S.Y1nmetncal .............. 6.00 
22 mill F.L. Kellner ...................... 6.00 

R2 mm F.L. Orthoscopic ..... ........................................ 12.50 
R5 mm F.L. Symmetrical . . ............. 8.00 
55 mm F.L. Kellne.· .... . ............. 6.00 

COATI NG 7Sc extra 

MOUNTED AIR SPACED OBJECTIVES 
\\"e offer the finest hand-corrected air spaced Amel'ican made astronomical objectives. 

Mounted in Black Anodized Aluminum Cells. 
DIA. F.L. PRICE PRICE 3V4" 48" Coated $32.00 Not Coated $28.00 4V8" 62" Coated $69.00 Kot Coated �60.00 
We can supply ALUMINUM TUBING for the above lenses. e WIOE ANGLE ERFLE (68" Field ) - � EYEPIECE Brand new coated 1%" 

\ � E.F.L. Focusing mount. 3 perfect 

achromats, 10/16" allerture .. .... $12.50 

W4" DIA. AOAPTOR for above eyeplece ...... $ 3.95 

RACK & PINION FOCUSING EYEPIECE MOUNTS 
Chrome plated brass tube accommodates 11,4" O.D. eye­pieces. Black crackle finish aluminum body casting in three sizes 2%", 3%.", 4%" ........................................... . $12.95 ea. 
REFLECTOR TYPE with diagonal holder (fits all tubing) 

$9.95 

Aluml.num 3%" Inside Dia. . j 2Ik" Inside Dia. 
Tubing 4%" Inside Dia. l�ostpaid 1.75 per ft. j

$I.20 per ft. 

2.75 per ft. 

"BIG" LENSES ��� ���e��g�l j!n�����; the largest in the United States a,-ailable for immediate delivery. }::'erfect magnesium fluoride coated and cemented achromatic telescope objectives. AluminullI tubing and cells :wailable for lenses listed below. 
Send for complete list of other diameters and focal lengths. 
Dia. F.L. EACH Dia. F.L. EACH 

��;; i�:: �I�:�� ��:: �r:/2" ��t�g 
2%" 24\>" $12.50 3'4" 40" $30.00 
2\{," 40" $12.50 4%" 42,'," $67.00 
2\{," 50" $12.50 5,'," 24\>" $85.00 
ASTRONOMICAL TELESCOPE MIRRORS Ground and polished mirrors of the highest quality. They are aluminized and hal'e a Ilrotecti\'e coating. 

Dia. F. L. 
3f.:' 42" Pyrex 4 %." 45" Pyrex 6" 60" 

Postpaid $ 9.75 $13.50 $25.00 
LENS CLEANING TlSSUE-500 sheets 7%" x 11". Bargain priced at only... . .......................... . ....... $1.00 

RIGHT ANGLE PRISMS 
8·mm face ca. $ .75 

12·mm face eo. .75 
23-mm face ea. 1.25 

2S-mm face ea. $1.75 
3S-mm face ea. 2.00 
47-mm face en. 3.00 

Free Catalogue "MILLIONS" of Lenses. etc. 

We pay the POSTAGE-C.O.D.'s you pay postage-Satisfaction 
guaranteed or money refunded if returned within 10 days. 
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Details of the interferometer beam-splitter and fixed-mirror assembly 

of mine is nine inches wide and 14 inches 
long. You will also need two other plates 
of the same thickness and width but only 
about a quarter as long. They become 
the carriage for supporting the movable 
mirror and the table on which the diag­
onal plate and fixed mirror are mounted. 

"The carriage moves on ways consist­
ing of dowel pins attached to its under­
side [see dmwing on page 162]. The 
ways are made of commerCially ground 
drill rod, which can be procured in vari­
ous sizes from hardware supply houses. 
Each way consists of a pair of rods, one 
set being attached to the carriage and 
the other to the base. The ways can be 
fastened in a variety of arrangements. I 
fitted them into a milled slot. Flat-head­
ed machine screws will serve equally 
well as fastenings if you do not have a 
milling machine. The bearing for the 
drive shaft can be a block cut with a 
V -shaped notch. If no shop facilities are 
available for machining it, you can drill 
four shallow holes in the base as retain­
ers for four steel balls and simply let the 
shaft turn between the two sets. The 
height of the block or ball supports 
should be chosen so that the top of  the 
carriage will parallel the top of the base 
when the machine is assembled. The 
ways move on two steel balls fitted with 
a ball-spacer made of thin aluminum as 
shown. In operation the carriage is 
driven back and forth by turning the 
drive shaft. 

"The shaft may be rotated either by a 
worm and wheel arrangement or by a 
'tangent screw.' The latter consists of a 

screw pressing on a bearing in a lever 
arm, the other end of which is attached 
to the shaft [see detail at lower 1·jght in 
drawing on page 162]. A tangent screw 
permits only a small amount of continu­
ous travel, but it is less expensive than a 
worm and wheel. 

"The lever arm should be rectangular 
in cross section. One end is drilled for 
the shaft, split as shown and fitted with 
a clamping screw. The other end is 
drilled with a shallow hole for the steel 
ball-bearing. The screw may be a ma­
chinist's micrometer mounted on a 
bracket as shown. The ball bearing is 
held in close contact with the microm­
eter by a spring. The length of the lever 
and the diameter of the drive shaft de­
termine the amount by which the car­
riage will move when the micrometer is 
turned. 

"It should be possible to control the 
movement of the table smoothly through 
distances equal to at least one wave­
length of the light under investigation. 
The wavelength of the yellow light emit­
ted by glowing sodium is about one 
50,OOOth of an inch. The tangent screw 
must therefore provide a geometrical re­
duction to distances of this order. When 
the machinist's micrometer is turned one 
division, the screw mo�es the outer end 
of the lever arm a thousandth of an inch. 
By adjusting the effective length of the 
lever arm (the distance between the cen­
ter of the ball bearing under the screw 
and the center of the shaft) with respect 
to the radius of the shaft, the relative 
movement of the carriage can be re-
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Systems 
Career: a 

laboratory 
'for 

learning 

• . •  an excititlg and rewarding 
career awaits the E.E. or Physics 

graduate who joins this highly 
respected Engilleering temll. 

As a Field Engineer at Hughes, through 
training and assignment you will become 
familiar with the entire systems involved, 
including the most advanced electronic 
computers. With this knowledge you 
will be ideally situated to broaden your 
experience and learning for future appli­
cation in either the military or commer­
cial field. 

The national respect which Hughes 
commands in the field of advanced elec­
tronics is in no small part due to the 
technical suppOrt provided by the Field 
Engineers. Other contributors to the suc-

cess of the Field Service and Support 
Division are the Technical Manuals 
Engineer, Training School Engineers, 
Technical Liaison Engineers, and Field 
Modification Engineers. 

This Hughes activity is a highly trained 
organization of expert engineers, giving 
support to the armed services and air­
frame manufacturers using the company's 
equipment. Locations are in Southern 
California, continental US, overseas. 
We invite you to join this team. For 
further information write us at the 
address below. 

r------------------, 
I I : HUGHES: 
I I L----______________ J 

Some extra advantages for 

Field Engineers include: 

Training at full salary for 
months before assignment. 

Generous moving and travel 
allowance between present loca­
tion and Southern California 
(Culver City). 

Additional compensation plus 
complete travel and moving on 
assignments away from Culver 
City. 

Ideal living conditions in the un­
surpassed climate of Southern 
California. 

Reimbursement for after-hours 
courses at UCLA, USC, or other 
local universities. 

Employee group and health in­
surance paid by company, retire­
ment plan, sick leave, and paid 
vacations. 

Scientific St4J Relations 
RESEARCH AND DEVELOPMENT LABORATORIES 

HUGHES AIRCRAFT COMPANY 
Culver City, California 
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I M PORTED POC KET 

TOOL KIT 

Value $5.95 
• G leam i n g  N i ckel Plate 
• F i n est Tool Steel 
• Sl im Sturdy Com pact 
• Li  aht and Easy to Carry 
• Serves a hundred useful tool needs 
• A G ift a Man Appreciates 
• Adjustab le Ang l e  Wrench. K n ife, 

Screwdr iver, F i le ,  Ch i se l ,  H ammer, 
Ho le  Punch 

Quantity Prices 

25 @ $2.50 each 
50 @ 2.25 each 

AUTOMATIC 
S PI RAL PUSH 

DRILL 
Sensational Buy 

Automatic Spiral  Push D ri l l .  Han· 
d y  for shop o r  home.  Quick  return 
spr ing i n shaft. Five fl uted new 
sty l e  d r i l l  bits i n  hol l ow h a n d l e .  
S u re g r i p  c h u c k .  H i g h  grade tem­
pered stee l .  Knurled non-s l i p  gr ip.  

Reg. $4.95 
NOW $2.45 postpaid 

Send check or money order. Money Back Guarantee. 
J O H N  S U R R E Y ,  Ltd. 

Dept. 337 
1 1  West 32 St •• New York. N .  Y. 

Make your own tiny genius computers 
TYNIACS ($9.95) & GENIACS ($1 6.95) 

the im proved kits made by Berkeley 
I{ 3 :  T Y N IAC® ELECTRIC BRAIN CON STR U C ·  
TION KIT : Complete set of o v e r  300 parts, Includ­
ing versatile multiple switches and new improved 
wipers ( patent applied for) that make all contacts 
effective ; manual of instructions ; t emplates ; intro­
duction to the Boolean algebra of switching, Makes 
13 entirely NE\V arithmetical, logical, computing, 
puzzle-solving ( BLACK MATCH, SUNDORRA 2 1 )  
and game -playing machines and also 2 0  Ceniaes 
Including NIM, 'rIT-TAT-TOE Machines. Each 
Tyniac runs on one fla shlight battery J requires no 
soldering ( all connections with nuts and bolts ) .  Is 
completely safe. Demonstrates in instructive and 
easily-put -together models the fascinating variety 
and power of computing and reasoning circuits . . . . . . .  . $9.95 ( for shipment, add 60¢ west of Mississippi ; 
$ 1 . 4 0  outside U . S , ) ,  Returnable. 
K I :  G E N I AC® E L ECT R I C  B RA I N  CONST R U C T I O N  
K I T :  More advanced set, with more m aterials. for making 
33 Geniacs and 13 Tyniacs . . . . . . . . S I 6.95 ( for shipment, add 
SOt west of Mississippi ; $1. S0 outside U . S . ) .  

p 38 : Tyniac Manual. . . . $2.00 P 30 : Genlac Manua l . . . . $ 3 . 00 

K 4 :  Set of Wipers for Geniac Klt . . . . . . . . . . . . $ 1 .00. Returnable. 

LETTERS FOR FUN ($3.95) 
K 7 :  LETT ERS  F O R  F U N :  Supply (over 100 sheets) of 
hollow outline letters, numerals, sounds, signs, etc . ,  for 
Johnny and other children to color, paint. cut out, play with, 
and enjoy-and incidentally learn ; includes 24 crayons ; 
manual " Helping Teach Your Children to Read for ]'un­
Guide for Parents " :  etc. Materials . ideas ,  assistance , and 
references for intelligent parents to help teach their chil� 
dren the alphabet, phonics, spelling, and reading for fun, 
Ages 3 UP. Returnable if  not satisfactory . . . . . . . . . . . . . . . . . . . . . . . .  $3.95 

G R E E N A R I U M  
G R E E N A  R I  U M ® :  4 cubic� foot automatic greenhouse for 
an indoor window, for growing orchids, etc. , with redwood 
frame, sheet plastic co\'ering, transparent front, automatic 
watering system , full instructions, and "Guide to Growing 
Plants i n  an Indoor Greenhouse". by E.  C .  Berkeley. K 5 :  
Kit . . . . . . . .  $ 1 2.9�K 6 :  Assem bled Greenarium . . . . . . . . $ 1 8.95-
Shipped Express Collect-P 46 : Construction plans ( no 
materials ) . . . . . .  $2. 00-Returnable. 

\Ye are Berkeley Enterprises.  Inc. ( affiliate of Edmund C. 
Berkele:r and As sociates ) .  producers of scientific kits,  mak­
ers and exhibitors of small robots ( Simon, SQuee,  Uelay Tit 
Tat Toe as pict ured in "Life" , March 19, 1956, etc. ) pub­
lishers ( tb. monthly Computers and Automat ion .  P 2, $5.50. 
annual sublcription ) ,  etc. 

, - - - - - -MAIL THIS C O UPON- - - - - -. 
I Berkeley Enterpri ses, I nc . .  I I � �

5
p:a

a
s
s
e
h i

:e��".,,�
t;�e�s l !r:CI�d

e�tonYi l l e  60. Mass. I I Retu��ab�el inP ?�a�s3?or Kf�1 I �:fU�d5 ifKn'!t ';:t'sf��Ory. I I I enclose $ . . . . . . . . . . . . . . . . . . . . in fu l l  payment. I 
I ��bRca�::�!� e���M;('na�:e a�dn:dudr���e:r� a�:ac���: I 
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duced by any proportion desired, The 
reduction is equal to the radius of the 
shaft divided by the effective length of 
the lever arm , Thus a 10-inch arm cou­
pled to a 1 /4-inch shaft yields a reduc­
tion of 80 to 1, and a turn of one mi­
crometer division produces a carriage 
translation of  ,0000 125 of an inch, 

"The quality of the optical parts will 
largely determine the experiments possi­
ble with the instrument and the extent to 
which it may be worth while later to add 
accessories and otherwise modify the de­
sign. Advanced telescope makers will 
doubtless prefer to grind and figure the 
three flats required. Those less skilled in 
figuring glass may order them from an 
optical supply house , All three elements 
should be flat to about a tenth of a wave­
length or the resulting fringes will show 
serious distortion, Small squares can be 
cut from plate glass and tested for flat-

d i rectio n I of vieWi n g  '----

z y;' , f d iamder 
I 

I 
I 

l 

ness by the method outlined in Amateur 
Telescope Making by Albert G, Ingalls. 
If the instrument is to be used for testing 
lenses, mirrors, prisms and so on, the 
faces of the pieces of glass should be 
strictly parallel to one another, Both the 
fixed and the movable mirror should be 
silvered or aluminized on the front sur­
face, and for best results the face of the 
diagonal plate also should be silvered 
slightly, so that it will reflect about as 
much light as it lets through. 

"Mounting brackets should support 
the optical elements perpendicular to the 
plane of the base after assembly, They 
should provide for finely controlled 
angular adjustment of the mirrors 
around the horizontal and the vertical 
axes,  In the illustration here [page 1 66J 
the movable mirror is mounted with 
wax, but for anything more than an ini­
tial demonstration this is not good prac-

Th i ng s  
plotted o n  f!'-'+-+-+-::Rt�Ard::.TlteJ 
these c o ­
ord i n ate s 
app e a r  d 5  

o n  
th e s e co­
ord i nates. 

Roger Hayward's anamorphic lens 
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NORTHROP'S 
NEW GEAR 

GENERATOR 
Fi rst of its k ind for 

Hobbing Precision Gears 
(HAWTHORNE, CALIF.! Stone Age and M is­
sile Age meet in a new and revolutionary 
type of gear generator now in use at 
Northrop Aircraft's Snark SM-62 mis­
sile machine shop at Hawthorne. Pre­
historic g r a n i te, polished to optical  

accuracy, provides the foundation that 
makes this unique Northrop-built gen­
erator virtually vibration less. It is de­
clared by Northrop missile engineers to 
h a v e  the m o s t  accurate  i n d e x i n g  
machine system o f  any machine i n  the 
United States. 

An upper and lower carriage permits 
a two-way optical check ofthe indexing 
system which is first located manually 
and then adjusted through the optical 
system to an accuracy of one-tenth of a 
second of arc (4.8 millionths per inch ) .  
Possibility for error i s  reduced t o  a 
minimum by a warning from a loud 
buzzer if the machine is out of sequence 
when the operator presses a button to 
start the hob. 

This new device is but one of many 
that illustrate the advanced thinking that 
never ceases at Northrop. In keeping 
with this look-ahead spirit, Northrop's 
new multi-million-dollar engineering 
and science center, now nearing com­
pletion, will offer every facility to young 
engineers who will find here the aircraft 
industry's finest scientific installations. 

At Northrop, quality of personnel 
ranks equally with quality of equipment. 
There, an engineer finds himself mov­
ing quickly ahead on fresh assignments 
that inspire his enthusiasm as well as 
challenge his ability. His initiative and 
ideas are respected, encouraged and 
rewarded. 

M E C HANICAL 
E N GI N E E RS 

Conti n u a l ly expa nding progra ms at North rop Air­
craft a re creat i n g  new opportu n ities for mechani·  
cal  engi neers i n  the fol lowi ng a rea s :  launching 
and l a n d i n g  gea r d e s i g n .  h y d ra u l i cs and p n e u ­
matics. control systems, a n d  eq u i pment. 

You ' l l  enjoy the f ine spirit of cooperation at 
Northrop. The new m u lti·m i l l ion·dol lar engi neer· 
i n g  and science center, now neari ng completion, 
w i l l  be a great p l a c e  t o  work i n ,  both as t o  its 
modern a rch itectura l  design a n d  newest scientific 
instal lations. You ' l l  be associated with a top engi· 
neeri ng tea m on such notable projects as N orth· 
r o p ' s  new s u pe r s o n i c  t ra i n e r  a i r p l a n e, S n a rk 
S M ·62 i nterco nt i n e n ta l  m i ss i l e, a n d  oth e r  a d ·  
va nced a ircraft a n d  m issile programs. 

You' l l  be given constantly fresh,  chal lenging 
assignments. Remu neration wi l l  be su bsta nti� I ,  

with  many benefits that  a re u n excel led i n  the en­
tire industry - health a n d  l ife insura nce, col lege 
e d u cati o n a l  re i m bu rs e m e n t  p l a n ,  regu l a r  vaca­
tions plus extra year·end vacations with pay, a n d  
a generous retirement pla n. 

At Northrop, the progress of personnel is im­
porta nt. I n itiative a n d  abi l ity a re recognized a n d  
encouraged, a n d  fu l l  opportunity is given t o  pres­
ent a n d  discuss ideas. 

You w i l l  find the ca reer opport u n ity you a re 
seeki ng at Northrop, pioneer in the design a n d  
production o f  a l l  weather a n d  pi lotless a ircraft. I f  
you qual ify for one of  these attractive positions, 
contact the Ma nager of Engineeri ng I ndustrial 

Relations, Northrop Aircraft, I nc. ,  ORegon 8·9 1 1 1 ,  
Extension 1893, o r  write to : 1 0 1 5  East Broadway, 
Department 4600-A2, H awthorne, Cal ifornia.  

N O R T H R O P  
N O RTHROP A I RC RAFT. I NC •• HAWT H O R N E, CALI FO R N IA 
Producers of Scorpion F·89 Interceptors and Snark SM·62 I ntercontinental Missiles 
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Exakta is t h e  world ' s  most outstanding 
camera for sc ient ific ,  industr ia l ,  and 
technical  photography!  With the Exakta 
you can p h o t o g r a p h  an i n f i n i t e s i m a l  
M icrobe under a m i croscope o r  an Eagle 
atop a mounta i n -with the one and same 
camera. You will have the perfect assur­
ance of absolute accuracy with a n  Auto- i 
matic Exakta VX-because the same lens ' 
that is used for v iewing a lso takes the 
picture. This very same viewing system 
serves for all types of photography with 
an Exakta, from m i croscope to telescope,  
and everyt h i n g  which i s  between i n c l u d ·  
i n g  c l o s e · u p s .  Of c o u r s e .  you can also 
use t h e  Exakta for personal  photography. 
sports, portra i t s .  copywork. etc.  F R E E ! ­
Write D e p t .  ;j03  f o r  F r e e  Descriptive 
Booklet "0" on Camera & Accessories ' O;;".":· ·':i�· •. =" :. ; 
and Brochure on C lose·up Technique with 
Automati c  Exakta VX. 

EXAKTA CAMERA COMPANY 
705 Bronx River Bronxvi l l e  8, N .  Y. 
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Engineers • Physicists 

WORK ON A 
NEW INFRA-RED 
SYSTEMS PROGRAM 

H ),011 have experience in scanning systems 
dealing: with ultra-violet, visi ble and 'in­
fra -red radiation . . .  

I f  you have a working knowledge of de·  
tectors , Olltics and a s s ociated electronic 
and magnetic circuits . . .  

I f  you haye a n  understanding of the theory 
o f  thermal radiation, including a bsorp­
tion and sca ttering phenomena . . .  

There 's a n  exceptional opportunity for 
yon a t  the L I G H T  M I LITARY ELEC­
TRO]'(IC EQUIPMENT D E P T .  o f  C.E.  
Young, fast-growing organization offers 
rapid a d vancement. Notable benefits pro­
gra m .  Salaries to 512 ,000 . 

OPE N IN GS A T  A LL LE VE lS. 
Send reply in confidence to : 

M r .  J ohn Sternberg, Dept.  823 
L I G HT M I L ITARY ELECTRO N I C  

EQ U IPMENT OEPT. 

G E N E R A L . E L E CT R I C  
French R o a d ,  Utica , N .  Y .  

tice, especially if the supporting member 
is subject to flexure. The diagonal plate 
and fixed mirror are mounted on a rec­
tangular table fixed to the base, and are 
located so that the center of the beam 
of light from the source strikes the cen­
ter of the diagonal plate and is reflected 
at right angles to the center of the mov­
able mirror. 

"Two important conditions must be 
fulfilled if the instrument is to function 
properly. The light must originate from 
an extended source several feet away, 
and it must be monochromatic. The yel­
low flame obtained with soda glass is not 
strictly monochromatic, because most of 
the light comes from the brilliant spec­
tral doublet of sodium, but it is adequate 
for demonstrating the instrument. 

"When in operation the instrument 
should rest on a solid, vibrationless sup­
port. The movable mirror is placed as 
precisely as possible at the same distance 
from the beam-splitter as the fixed mir­
ror. Preliminary adjustments are then 
made with the aid of a point source of 
light-e.g. , the highlight reflected from a 
small polished steel ball 1 / 1 6  of an inch 
in diameter, placed about 10 feet away. 
The ball should be lighted with a con­
centrated beam such as that provided by 
a 300-watt slide projector. The ball is 
located to the left of the observer when 
he faces the movable mirror and in line 
with the center of the beam-splitter and 
fixed mirror. When you look at the mov­
able mirror through the beam-splitter, 
you will see two images of the source. 
You change the angles of both mirrors 
by means of the adjusting screws until 
the images of the source coincide. Now 
you substitute the sodium source of light 
for the ball. If the distances of the mir­
rors from the beam-splitter are essen­
tially equal, you should see a number of 
concentric circles in orange and black 
like those of a rifle target. The orange 
color is characteristic of the sodium 
doublet, while the black circles mark 
zones of destructive interference be­
tween beams reflected by the two mir­
rors. Remember that you are making ex­
quisite adjustments requiring patience. 

"To measure the wavelength of so­
dium light, first note the precise position 
of the micrometer and then turn it slowly 
while counting the number of times the 
bull's-eye of the target changes from 
orange to black and back to orange 
again. From orange to orange or black 
to black is a half wavelength. Count, 
say, 100 of these color changes . The car­
riage has then moved 100 times the half 
wavelength of sodium light. Read the 
micrometer setting and subtract it from 
the first reading. This difference, when 

DIGITAL 
COMPUTER 
ENGIN EERS 
For applica tion of 
T RANSISTORIZED 
D IGITAL COMPUTERS 
to F I R E  CONTROL,  NAV IGAT ION ,  
and M I S S I L E  G U I OANCE SYSTEMS 

\ 
\ 
\ \ 

- - - - 7 
I 

I 
I 

O p e n i n g s  I n  
Computer Applications 
Logical Design 
D ynamic Analysis 
Circuit Development 
Component Development 
Packaging Design 
Field Evaluation 

Forward confidential 

resume. No reference contact 

w ithout your permission. 

Tec h n ical Person nel Dept. 674 

4RAlA 
Divis ion American Bosch Arma Corp.  
Roosevelt Field,  

Garden City,  L .  1. ,  ;.{ .  Y . 
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MAJOR R 

C P 1 
First  Chicago P i l e  

1 942 

C P 3 
OzO-Research 

1 944 

C P  4 
Fast Sreeder­

E B R  I 
1951 

C P 6 
Savannah-desi g n  

1 954 

C P 8 
Fast Sreeder­

EBR 1 1  

C P  1 0  
Isotope 

Producer-de s i g n  

1 953 

CP 2 
Graph ite-Research 

1 943 

Hanford-des i g n  

1 944 

C P 5 
DzO·Research 

1954 

C P 7 
HzO B o i l i n g  power 

1 956-

CP 9 
Argonne "Package" 

1958-

C P  1 1  
Argonaut-tea c h i n g  

1 956 

H20 B o i l i n g ­

parametric 

1958-

Ingredients of Leadership 

ZERO POW� 

Z PR I 
Mark I Naut i l u s  

1 950 

ZPR 1 1 1  
F a s t  Assembly 

1 955 

ZPR V 
"Half-fast" P i l e  

1 956 

ZPR II 
Savannah River 

1 952 

ZPR IV 
Neutron Source 

1 953 

ZPR V I  
F a s t  Assembly 

1 957-

BOILING REACTOR 
EXPERIMENTS 

Borax I 
safety 

1 953 

Borax 1 1 1  
power 

1 955 

Borax II 
pressurized 

1 954 

B o rax IV 
fuel  test 

1 956 

• . .  a u nique combination of basic, fu ndame ntal 
and applied research . . .  administratio n  by 
scientists for scientists . . .  atmosphere and 
facilities conducive to creativity . . .  a dedication 
to knowledge of interest and significance to the 
i ndividual . . .  

· . .  the best of academic and industrial research 
practices . . . effective inter·discipli nary approach 
to major problems . . .  a penchant for solving 
unsolvable research and engineering problems . . .  

· . .  opportunity for u nlimited professio nal growth 
and expression . . .  minimum direction . . .  equiva­
lent salary recognition for the i ndividual who 
does not assume administrative responsi bilities . . .  

Now expa nding our staff for the first time i n  a 
number of years. Scientists a n d  e ngineers who 
hunger for i ntellectual and creati ve satisfaction are 
offered a n  extraordinary opportunity to become 
associated with the cha llenge that is offered at . _ .  

/r!lonne G� O N�� ��B O A�TO � 
Professional Personnel Office 

P. O. Box 299 · Lemont, I l l i nois 
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y� _ the ONE 4" Reflector 
Telescope Now Used and Approved 

by Over 40 
Colleges ! 

the famous 

DYNASCOPE@ 
COMPLETE $4995 

f o r  only  

F.O.B.  Hartford, Conn.  
Shipping Wt. 16 Ibs.  
Express Charges Col lect 

H I G H EST POWER and P R E C I S I ON r---------....... -"""'----, 
- at LOWEST POSS I B L E  COST I 
Used,  approved and recom· 
mended by more schools, 
p lanetaria and p rofessional  
astronomers than any other 
telescope at the price any· 
where!  You ' l l  agree over 40 
col leges can't  be wrong! 

ADVANCED fEATURES 
1) 4·INCH PARABOL I C  M I RROR-a l u m i n i zed 

and zi rcon quartz for longest l ife! 

2) 3 ACHROMAT I C  EYEPI ECE S-65X 
Huygens, 1 30X and 167X Ramsdens! 

3) RACK & P I N I ON Focus ! 4) 4·POWE R  Achromatic F I NDER SCOPE!  5) Combinat ion Equatorial  & ' 
Alt·azimuth 

MOUNT with free·m oving Polar Axis !  6) BAKELITE TU BE !  7 )  4·PO I N T  Tube Suspension!  8) 33" Hardwood folding T R I PO D !  

T h e  4 "  parabol ic m i rror 
g ives you '13 more l i ght than 
any 3'12" m i rror!  Gives you 
e x q u i s i t e i m a g e s  o f  s t a r  
c l usters, nebulae comets, 
p lanets, .e c l i pses and fu l ly  
capab l e  of "spl itt ing" the '----------------' 
fi nest doubles!  F i n i shed to most exacti n g  specifications-guaranteed to 
perform to Dawes' l i m i t  for its size ! 

Comes to you COMPLETE-noth ing e lse to buy, no extras ! You take no 
r isk.  We UNCOND I T I O NALLY GUARANTEE DYNASCOPE to give you absolute 
satisfaction-or your money back. Prompt d e l ivery now. Send check or 
money orde r today ! Manufactu red And Sold Only  By 

D E P T. DSA7 C R I T E R I O N  M A N U F A C T U R I N G  C O .  
331 Church St., Ha rtford 1 ,  Connecticut 

PROOF OF SUPERIORITY 
( O n  R e q u est-a L i st of 
G reat I nstitutions Now Us­
ing the 4" D Y N ASCO PE )  
TESTIMON I A LS: 
F ROM AN OBSERVER 
On c l e ar " u oo d . see i n g "  
n i g h t s  m y  D y naseo p e  
eas i l y  reveals the A l p i ne 
Valley and the Strai ght 
Wal l  on the Moon. I t  w i l l  
show three peaks I n the 
floor of the Plato . crater. 
I t  w i l l  sp l i t  the star M i zar 
i nto its major components 
c learly. It w i l l  separate 
Saturn's r i nu and show 6 i  x 
bands en the face of J u p i .  
ter. Also i t  w i l l  project a 
two·foot d iameter d i sk  of 
the sun show i ng  sunspots 
in vivid deta i l  . . .  As an 
Eng l ishman m i ght express 
it. " Dynascope optics are 
a l ittle bit of alr iuht." 
-V ICTOR  W.  K I LL I CK .  
I n  Charge of Astronomical 
O bservatory. Sacramento 
Junior Col lege., Cal i f .  
MANY YEARS EXPE R I  ENCE 
• • • I havD had many years 
experience in astronomy, 
and as Jun ior Leader here 
in Atlanta I always ree· 
ommend Dynascope. 
-LEO N A R D  B. ABBEY .  
J r . ,  Decatur, Ga. 
CANNOT BE EQUALLED 
I sti l l  don't see how you 
can produce a parabol i c  
m i rror o f  t h i s  foul rat io 
at the price . • .  Epsi Ion 
Lyra was quite easy • • .  
on the 1 30 power ocular. 
I was more than pleased 
when it  resolved these four 
stars as four ti ny, sharp. 
b r i l l i a n t  g e m s  • • •  a n d  
each t i ny d i sc was sharp 
and round, with the d i f ·  
fraction r i ngs  concentr i c  
a nd  sharp . 

. • . For the price you 
ask. I do not bel ieve that 
it can be equalled In any 
way. T h e  o c u l ar s  are  
excel lent. and the  entire 
i nstrument shows carefu l  
workmansh ip .  How you do 
i t  i s  beyond me. 
-G .  N .  J O H NSTO N E. 
A lbuquerque. N. M .  

• E N G I N E E R S ,  P H Y S I C I S T S  

Honeywell's Aeronautical Division is • ENGINEER, ME, EE 
NUCLEAR REACTOR 
DESIGN for AIRCRAFT 

• 
c o n d u c t i n g  a d v a n c e d  research a n d  
development projects in t h e  areas o f  
airborne digital computers, inertial 
guidance, stabilized platforms and inlet 
geometry control. 

• A long-range well-paid career 
position in the highly promising 
new field of  aircraft nuclear 
propulsion is now open with 
General Electric. This position 
will appeal to the Qualified en­
gineer whose creative fluency 
keeps him abreast of  the many 
unusual design problems that he 
will encounter. 

Requirements include a B . S .  or 
advanced degree in mechanical 
or electrical engineering, plus 
familiarity with fluid flow, heat 
transfer, stress, etc . Some 
knowledge of  fabrication proc­
esses and techniques is prefer­
able. 

Publication of  research results 
in the appropriate classified or 
open literature is encouraged . 

OPEN I NGS AT C I NC INNATI, OH IO 
AND IDAHO FALLS, I DAHO 

Add1'ess 1'eplies� stating salar)l requirements, to location :VOlf. prefer 
J. R. Rosselot l. A. Munther • P.O. Box t 32 P.O. Box 535 
Cincinnati, Ohio I daho Falls, Idaho 

G E N E R A L e E L E CT R I C  
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• 

• Several unusual positions are open 
in our Aeronautical Research Depart­
ment for engineers, physicists and math­
ematicians. Experience or interest is 
desirable in the development of digital 
and analog computers, inertial guidance 
-both from a physical equipment and 
mathematical analysis standpoint-

• supersonic aerophysics and numerical 
: analysis. 

• These are permanent positions in 
both basic and applied research in a 
group reporting directly to division 
management. You will take professional 
responsibility for your project and its 
translation into the desired goals. 

CONSIDER TH ESE ADVANTAGES 

• Minneapolis, the city of lakes and 
parks, offers you metropolitan living in 
a suburban atmosphere. No commuting. 

• Your travel and family moving ex­
penses paid. 

• Salaries,  insurance-pension pro­
grams, plant and technical facilities are 
all first-rate. 

If you are interested in a career with a 
company whose sound growth is based 
on research, call collect or send your 
resume to Bruce Wo o d ,  Technical  
Director,  Dept.  T- 1 2 ,  Aeronautical 
Division, 1433 Stinson Boulevard, N.E., 
Minneapolis 13. 

. Honeywell 
AERONAUTICAL DIVISION 

divided by the geometrical reduction 
provided by the tangent screw, is equal 
to 50 wavelengths of the light. In reality 
we are working with the sodium dou­
blet, of course .  The wavelength of one 
of the sodium lines is .000023 188 of an 
inch and the other is .0000232 1 6  of an 
inch. If your experiment comes out 
correctly, therefore, your instrument 
will show the average of the two, or 
.000023202 of an inch. The fact that you 
are dealing with light of two close wave­
lengths may cause poor contrast between 
the orange and dark fringes at certain 
positions of the carriage. A slight dis­
placement of the carriage from this posi­
tion will produce maximum contrast . 

"This design is intended merely to 
whet an appetite for interferometry. The 
instrument and theory discussed here are 
mere introductions to the subject. Before 
the instrument can yield results com­
parable with those achieved by Michel­
son, it must be provided with a mono­
chromatic source, such as the light emit­
ted by the red line of cadmium. Ad­
vanced instruments are provided with a 
small telescope for viewing the fringes. 
In addition, Michelson inserted a second 
diagonal plate in the path between, the 
beam-splitter and the movable mirror. It 
is unsilvered but otherwise identical with 
the beam-splitter. This plate equalizes 
the thickness of glass traversed by the 
two beams and prevents the short waves 
in one beam from being retarded more 
than those in the other. 

"Interferometers can be equipped 
with accessories for measuring the physi­
cal constants of solids, liquids and gases. 
Glass containers provided with optically 
flat windows can be introduced into the 
beams. When the air in one is slowly 
displaced with a gas, the fringes will 
drift across the field just as if the car­
riage were being moved. A count can 
easily be reduced to the index of refrac­
tion of the gas. The coefficient of expan­
sion of a solid with respect to changes in 
temperature can be determined by 
clamping the specimen, fitted with a 
thermometer, between the carriage and 
base. A count of the fringes is then con­
verted into the dimensional change of 
the specimen. This information, together 
with the temperature difference, enables 
an experimenter to compute the desired 
coefficient." 

S ince the war much interest has been 
attracted by the field of anamorphic 

optics-systems of lenses or mirrors 
shaped to create distorted images.  In the 
motion-picture industry, for example, 
most cameras are now fitted with ana­
morphic lenses which compress images 
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ENGINEERS, SCIENTISTS . . .  

Help develop the world's fi rst 
nuclear powered fleet 

Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited-even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country's largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
in many areas are necessary. 

These include: the development of new uranium 
alloys for use in reactor cores; greater understanding 
of reactor physics, of heat transfer, and of the effects 
of radiation on materials; development of new and 
improved components such as valves, pumps, heat 

exchangers, and instruments to meet the new severe 
requirements. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 
What's more, Bettis Plant is in Pittsburgh's 

South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven­
ient to one of the nation's most progressive metro­
politan areas. 

Educational opportunities are exceptional. West­
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 

Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
M r. A. M. Johnst on, W e s t i n gh o u s e  
Bettis Plant, D ept. A89, P.O. Box 1468, 
Pittsburgh 30, Pa. 

BETTIS PLANT 
�stinghouse 
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4·COLOR AUTOMATIC 

PENCIL 
The Lightest Color Pencil 

in the World 
WRITES 
BLACK·BLUE· 
G REEN·RED 

P u s h  t h e  color d e ­
sired , a utomatically re-
pells while propel l ing.  
I d ea l  for every use.  Im­
ported to com pete with 
pencils sel l ing for $4.98. 
Satisfa ction Guaranteed . 

SWI SS ARMY 
TYPE 

Stainless Steel 
Multl.Purpose Knife 

T H E  K N I FE OF A 
THOUSAND U S E S  

• Bottle Opener 
• Scissors 
• Double Cut Saw 
• Long Blade 
• Can Opener 
• Curved Blade 
• Cork Screw 
• Chisel 
• Cutter 
• File 
• Edger 
• Pick 
• Belt Hook 

Knives like this 
n o r m a l l y  r u  
from $ 6  to $1 5 
ea.  It carries so 

SPECIAL 

$1.98 ppd. 

many tools in  so smal l  a place but each is a 
good useful tool. A need for every tool and 
a tool  for every need. 

Wonderful Gifts. 

SPECIAL PRICE $3.45 Postpaid 

7·Piece CO M B I NATION 
TOOL SET � . . , j" '" (\ , A� 

" .. .. .', :. � ;-, \1.:. . ' I.. .�� , , -,' iI/ I ' ij t 

. ( \ iJ II . il! j I ,'l'll\ 
ll I RT Il ' ·  

Combination "'rench, Plier and Interchangeable Screw­
driver Kit. Unbreakable. shockproof, non-inflammable 
plastic handle. Hardened and tempered tool steel 
blades. Aluminum screw chuck. Blades electrolytic 
plated for longer Ufe. Plier made of finest drop forged 
tool steel with ground and polished head. Malleable 
steel wrench. Heat sealed plastic kit. 

I -Adjustable  Wrench . . . . . . . . . ............ ..4" 
I -Com b i n ation P l i er .. . . . . . .. . . . . . . . .. . . . . .. . . . . 40/4" 
I -Cabi net .... . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . .  l,Is X 3Ys" 
I -Cab i n et . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3/16 X 3Y4 "  
I - M echan i c  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Y4 x 41,12" 
I - R ecess ( # 1 ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3/16 x 3Y2" 
I - R ecess ( # 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .  Y4 x 5Y4 "  
I -A m ber H a n d l e  w/chuck 

$2.95 postpaid 

r ��S�ReY.Lr�------�u�1 I 11 West 32nd Street, New Yorl<, N. Y.  

I Please send me t h e  items I have checked off on t h e  I 
I ����n 

t
�elOw : I 

I ( ) 4 Color Pencil @ $1.98 ea. I 
I . . . . . . . . ( ) SwIss Army KnIfe @ $3.45 ea. I ( ) 7" pc. Combination Tool Set @ $2. 95 ea. I I
I 

Enclosed is check . . . . . . . . . . . .  Money Order. . . . . .  I 
N A M E  .. 

I Address. : L �I!.:.: ;;;;; .;;;;; .;;;;; .;;;;; ;;;;; .;;;;;.;;!�.;;;;;.;:;.s��.;;;;; .� _ J 
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in horizontal azimuth. In the resulting 
pictures actors appear tall and skinny 
and cylindrical shapes come out as el­
lipses standing on end. A corresponding 
lens on the projector then spreads the 
scene out on a screen as though it had 
been made with a conventional camera 
on wide film. 

Other forms of distorting lenses are 
finding increasing use in scientific in­
struments . They serve to exaggerate 
some desired observation, such as the 
position of the bubble in a level or the 
drift of the pip on a radar screen, while 
suppressing the images of other objects 
or movements. 

Roger Hayward, who illustrates this 
department, occasionally dipped into the 
field of anamorphic optics in his work on 
the design of instruments for the Armed 
Forces at the Mount Wilson Observatory 
during the war. 

"Back in the 1930s," he writes, "while 
trying my hand at a bit of ray tracing, 1 
decided as an exercise to investigate the 
behavior of a conical lens. As things 
worked out, the lens proved far easier to 
make than to compute, so I put away the 
paper and pencil, chucked a rod of two­
inch lucite into my lathe and went to 
work. The finished element took the form 
of a short cylinder topped by a 90-degree 
cone [see drawings on page 1 68 ] .  Subse­
quent tests disclosed that it was en­
dowed with a remarkable property. 

"When one looks through the pOinted 
end at an object facing the base, the 
image appears reversed and turned in­
side out! The rays that pass near the 
edge of the lens create the illusion of 
coming from the middle of the object, 
and those from the middle seem to come 
from the edge, as shown in the sketch. 

"1 decided it would be interesting to 
support the lens above a piece of paper 
and try to draw a recognizable picture 
through it. This proved to be a weird 
experience, because the tip of the pencil 
would move off in totally unexpected di­
rections. The drawing at the upper left 
( beneath the lens ) shows a pattern 
which, after inversion by the lens, be­
comes 'Roger.' Similarly the figures at 
the lower right show the distorted and 
restored versions of a cartoon. I made a 
practical application of this lens in a 
navigation instrument for use in the air 
during the war; for this, through the 
good offices of the people at Wright 
Field, 1 subsequently received a patent . 

"The 90-degree cone shown here can 
be changed to other angles and dimen­
sions which produce equally interesting 
effects. The shapes of anamorphic lenses 
are of course by no means limited to that 
of the cone. "  
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.... The Second in a Series of Announce­

� ments on Progressive Expansion of 

Program and Fa.cilities in Mathematics 

at the Knolls Atomic Power Laboratory: 
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GENERAL ELECTRIC·S 

KNOllS ATOMIC POWER lABORATORY 

IT IS NOW DOUBLING 

THE STAFF OF MATHEMATICIANS FOR ITS 

MODERN MATHEMATICAL CENTER 

The steadily advancing nuclear program at Knolls Atomic 
Power Laboratory calls for new and imaginative departures 
in mathematics-ranging from the most abstruse formulations 
of fundamental problems to the digital solution of physical 
problems. To meet the consequent expansion of its Mathe­
matical Analysis Program, the Laboratory plans to increase 
significantly the number of qualified mathematicians now at 
work here-enough new openings have been created, in fact, 
to more than double the present mathematical staff. Mathe­
maticians at all degree levels are invited to join this expanding 
program. 

As previously announced, a modern building is now under 
construction, principally for the use of mathematicians and 
physicists. This Center will be equipped with the finest of 
facilities, including digital computers that rank among the 
most powerful available. Here mathematicians, working both 
independently and in association with theoretical and experi­
mental physicists, will enjoy an atmosphere in which the cre­
ative mind may find its full fruition. 

As members of the Mathematical Analysis Unit, they will par­
ticipate in the formulation of theories to describe new physical 
situations now being encountered, in evaluating these theories 
and adapting them to numerical solution by digital computers, 
and in evaluating reactor designs. Design evaluations will fo­
cus on the calculated behavior of mathematical models and 
will employ the most modern techniques in computer pro­
gramming. The nature and complexity of these operations call 
for creatively new approaches and fundamental advances in 
these techniques. These mathematicians will also have the 
opportunity to deal with basic research in physics, chemistry, 
metallurgy and many other aspects of nuclear science. 

The program at the Knolls offers the atmosphere, the equip­
ment, the richness of subject matter and the material benefits 
conducive to a satisfying career in applications of mathematics. 

A LETTER TO DR. S. R. ACKER. EXPRESSING YOUR INTEREST. 

WILL RECEIVE IMMEDIATE ATTENTION. 

K� A"/iiiNie,P�L� 
OPERATED FOR A.E.C. BY 

GENERAL . ELECTRIC 
SCHENECTADY. N. Y. 
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ENGINEERS 
and 

PHYSICISTS 

The Valley of Decision 
Here in Great Valley, George Washington, our first 

president and a great engineering strategist, made many deci­

sions vital to the defense of our nation. His basic thinking then 

.. in the winter of 1777-78, when his army was encamped on 

the now historic site of Valley Forge .. was not much different 

than ours today. For here in the four Burroughs research 

facilities, located almost within the very shadow of these 

hallowed grounds, dedicated men are still searching for better 

ways to preserve our great country and the heritage which our 

founding fathers ensured for us. 

To such men, stimulating and challenging assignments in 

advanced computer techniques are the order of the day at 

Burroughs. And, if you have initiative and creative imagination 

with degrees or background in Electrical Engineering, 

Mechanical Engineering. Electromechanical Engineering, 

Mechanical Design Engineering. Mathematics or Physics, why 

not put it to the fullest possible use at one of our laboratories? 

Write or Telephone 
M. E. JENKINS, PLACEMENT MANAGER • Paoli 4700 

BURROUGHS CORPORATION 
Re3ooJ1clt CeKfeJt 

PAOLI, PA., NEAR HISTORIC VAllEY FORGE 
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devoted to Research 
GYRO ASSEMBLY AND TEST 

Mechanical and Eleccrical Engineers, wich a personal inceresc in 
precision mechanisms, where a high degree of accuracy is required, and 
a pride in che precision of che produCl chey help build, we offer cruly 
challenging opporeunicies. 

You will do developmenc work and cescing in one of che councry's 
mosc versacile laboracories, working wich che cop men in che field and che 
finesc cesc, research and development equipmenc. As a pare of our Major, 
Permanent, Expansion Program, new plant facilities are being added in 
suburban Milwaukee. 

AC provides financial assiscance coward your Mascer's Degree. 
Graduace program also available evenings ac Univ.Wisconsin, Milwaukee. 
GM's aggressive posicion in che field of manufacture and GM's policy of 
decencralizacion creaces individual opporeunicy and recognicion for each 
Engineer hired. 

RECENT EE, ME GRADUATE 

INQUIRIES ALSO INVITED 

Milwaukee offers ideal family living in a progressive neighborly com· 
munity in Southern Wisconsin. 

To arral/ge persol/al, cOl/fidelllial il/lerview il/ your 10calilY sel/d full facls 
aboul yourself 10 

� GE;�'��r:�;�;���;:�;;:��::::ion 
FLINT 2, MICH. MILWAUKEE 2, WIS. 

COpy ANYTHING ... 
ANYWHEREwith I 

.. . I 

---- -

CREATIVE PIONEERING 

POSITIONS in 

AIRCRAFT 
NUCLEAR PROPULSION 

..., 
I 
I 

CO NTOURA�CO NSTAT® 
Use this photocopier at the office or at 

home-carry it with you like a brief­

case on trips to the library or on re­

search projects. Works under any light­

ing conditions. Gives you photo-exact 

copies of reference material, tabular 

materials, charts, even tightly bound 

books. Simple to use, inexpensive to 

operate. Write today for descriptive 

bulletin and name of your nearest dis­

tributor. 

F. G. LUDWIG I INC. 
883 Coulter St., Old Saybrook, Conn. 
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Interesting positions which will contribute 
to your professional sense of achievement 
and bring you closer to your goals are now 
open in a field of exceptional importance. 

NUCLEAR ENGINEER or PHYSI­
CIST-Reactor and shield application. 
Should know existing methods of analyz· 
ing reactors and shields and their nuclear 
application to aircraft propulsion systems. 
M.S. in Physics, Mathematical Physics or 
Nuclear Engineering. Several years' ex­
perience preferred. 

CHEMIST, PHYSICIST or METAL· 
LURGIST-Nuclear Radiation studies 
for application to atomic flight. Analyze 
and coordinate all data relative to the effect 
of radiation on materials. Ph.D. in Chemis­
try. Physics or Metallurgy with 8 to 10 
years' experience in neutron and gamma 
radiation effects on materials. 

Publication of research results in the ap­
propriate classified or open literature en­
couraged. 

Address replies stating salary require­
ments to location you prefer. 

J. R. Rosselot 

P.O. Box 132 

Cincinnati, Ohio 

L. A. Munther 

P.O. Box 535 

Idaho Falls, Ida. 
I 

I GEN ERAL e ELECTRIC I 
'-----_..1 
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Boeing engineers design America's first iet transport 

Pictured above is the full-scale cabin 
mock-up of the Boeing 707, America's 
first jet transport. In developing this in­
terior, Boeing engineers helped design 
features and innovations as advanced as 
the 600-mile-an-hour performance of the 
aircraft itself. 

Pioneering revolutionary new types of 
aircraft like the 707 is one of the sources 
of excitement - and satisfaction - that 
engineers and scientists enjoy at Boeing. 
This new jet-age transport has already 
been ordered by ten major overseas 
and domestic airlines. These commer­
cial orders, together with Boeing's tre­
mendous backlog of military contracts, 
mean that this company will continue to 
expand during the years ahead. 

Growth is a Boeing habit. During the 
past 10 years, for instance, the number 
of Boeing engineers has increased 400%. 
Expansion at this rate spells job stability 
- and plenty of opportunity to move 
ahead. Boeing promotes from within, and 

holds merit reviews every six months to 
give each engineer a personal opportu­
nity for recognition, advancement and 
increased income. 

Boeing engineers don't get lost in the 
crowd. They work in small integrated 
teams - on such projects, in addition to 
the 707, as the B-52 and B-47 jet 
bombers, the BOMARC IM-99 guided 
missile, the 502 gas turbine, and other 
developments still under security wraps. 

Qualified engineers and scientists of 
all types are needed at Boeing - now. 
You'll find high starting salaries, and 
stimulating contact with men outstand­
ing in the world of engineering. Other 
advantages include liberal insurance and 
retirement plans, and a choice of modem, 
young-spirited communities in which to 
live. Boeing helps arrange special work 
schedules for engineers taking graduate 
studies, and pays all tuition and fees. 
You're missing a bet if you don't at least 
find out how Boeing can help you get 

ahead in your engineering career. The 
coupon will bring you all details, so get 
it in the mail- today! 

• JOHN C. SANDERS, Staff Engineer - Personnel 
• 

80eing Airplane Co., Dept. 8·57, Seattle 24, Wash. 

• F. B. WALLAC E ,  Staff Engineer-Personnel 
: 80eing Airplane Co., Dept. 8·57, Wichita, Kansas 

• A. 1. BERRYMAN, Manager - Administration 
: 80eing Airplane Co., Dept. 8·57, Melbourne, Fla. 

• Mail this coupon to the address above from 

• which you desire further information about 
• advantages of a Boeing career. 

• Name ____________ ______________ __ 

• College(s) _________ Degree(s)_ Year(s)_ 

Address ____ __________ __ --.�-----

• City __________ Zone_ State __ _ 

• Telephone number __________________ _ 

BOEING 
Aviation leadership since 1«)16 

SEATTLE, WASHINGTON WICHITA, KANSAS 
MELBOURNE, FLORIDA 
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YOU CAN SELECT AT RCA! 
FIELDS OF ENGINEERING ACTIVITY 

M M M M M M M M 
X X X X X 

W W W W W W 
C C C C C C 

x x x x X 

M M M M M 
C C C C C 
x x x x x 

COMPUTERS-Systems-Advanced Development-Circuitry-Assembly 
C C 

Design - Mechanisms - Programming - Digital Data Handling Devices 
X 

KINESCOPES (1& W and Colo.), OSCILLOSCOPES- Electron L L L 
Optics-Instrumentol Analysis-Solid States (Phosphors, High Tempera- Y Y 
ture Photasensitive Materials and Glass to Metal 

RICEIVING TUIES-Tube Design-Test and Application Engineering-
Chemical and Physical Development-Methods and Process Engineering 
-Advanced 

F F F F 
S S S S 
F F F F 
S S S S 

F F F F 
S S S S 
I I 

• MACHINE DESIGN C 
L L L L L L 

Mechanical and Electrical-Automatic or Semi-Automatic Machines H H 
Y Y 

locations: C-Camden. N.J. F-Cocoa Beach. Fla. H-Harrison. N.J. I-Clark. N.J. (periodic foreign assignments). L-lancaster. Pa. M­
Moorestown. N.J. N - New York. N.Y. S - RCA Service Co. (Cherry Hill, N.J.; Alexandria. Va.; Tucson, Ariz.; San Diego, Sacramento, 

San Francisco. Calif., Foreign Assignments). V-Somerville. N.J. W-Waltham, Mass. X-West los Angeles, Calif. V-Marion. Ind. 

L 

Y 

H 

Modern benefits program • • •  

relocation expenses paid • • •  

Please send resume of education and 

experience, with location preferred, to: 

Mr. John R. Weld, Employment Manager • 

Dept. A-l L, Radio Corporation of America 

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

RADIO CORPORATION of AMERICA 
Copyright 1956 Radio Corporation of America 
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CREATING A NEW WORLD WITH ELECTRONICS 

How fa,r a, wa,y is the pocket-size TV ca,mera,? 

Samples were used at the last political conventions. 
Production models-built around subminiaturized cir­

cuits requiring semiconductors-can be expected any day. 
The proved reliability of Hughes DIODES, even under severe 
shock or weather conditions, makes these tiny, compact 
semiconductors a logical choice for such circuits. 

The unique advantages of Hughes DIODES typify Hughes 
Products leadership in research and development of semi­
conductors and other electronic advances. Such advances 
will play an important part in the greater electronics era 
ahead-when we will have pocket-size TV cameras, tele­
vision-telephones and other wonders. 

As one of the country's largest electronics research and 
manufacturing firms, Hughes backs its ·semiconductors, 
electron tubes, and industrial systems and controls with a 
long record of technical accomplishments. These include 
the "thinking" FALCON air-to-air missile, and the self-· 
directing Hughes Automatic Armament Control which is 
standard equipment on all Air Force interceptors. 

Chances are that the application of Hughes electronic 
products to your own business can save you time and 
money. A Hughes products sales engineer will welcome 
the opportunity to work with your staff Please write: 
Hughes Products, Los Angeles 45, California. 

HUGHES DIODES 

FIND OUT ABOUT OUTSTANDING 
CAREERS FOR ENGINEERS AND 

TECHNICIANS AT HUGHES 

© 1956, H. A. C. 

r----------------------------------�--, 

1 HUGHES PRODUCTS ! 
: 1 . ---- ----------------------------------, 

�k,: 1 
1 A DIVISION OF HU G H E S  AIRCRAFT COMPANY 1 

/,1 1 
L _____________________________________ - ' 

SemiconduClors· Electron Tubes· IndllSlrial Systems and Controls 
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NEW DEPARTURES OF TOMORRO"" 

Wonder Warehouse 

1�62? 

TOMORROW: Use no hands! For in this magic warehouse, orders fill themselves in seconds-electronically. 

Here's tomorrow's "look" in warehousing! Electronically, orders are 
received, checked against inventory, assembled, packed, wrapped, 
labe1ed, and whisked to sh!pping-untouched by human hands! 

When this futuristic "stock-chaser" takes shape, its intricate moving parts 
will turn on New Departure ball bearings ... preferred throughout in­
dustry for their accuracy, dependability, and service-free performance. 

If you have a notion for a new machine, call New Departure's engineering 
service for the ball bearings that will help make it a reality. 

TODAY: Leading lift truck manufacturers rely 
on New Departure "sealed and lubricated­
for-life" ball bearings to carry rugged loads 
without "downtime" or adjustments for wear. 

NEW DEPARTURE. DIVISION OF GENERAL MOTORS. BRISTOL, CONNECTICUT 

NOTHINO ROLLS llKf It. •• ll. 
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