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Miracle 
• 

the Home Ln 

The vacuum tube is working magic in our homes - to bring us the miracle of television 

When the pianist strikes high "C" that string starts vibrat­
ing at more than 1,000 times per second-sending its musi­
cal tone across the room and perhaps across the nation. 

But little tubes in your television set have electrical cur­
rents vibrating within them at more than 200 million times 
each second! That's almost beyond imagination. 

FROM WAVES TO PICTURES-It's these tubes that make 
it possible for your 'set to receive the invisible television 
waves and convert them into the sound you hear and the 
picture you see. 

One of the secrets of the tubes that perform such mira­
cles is that they must operate under a high vacuum - as 
nearly nothing as possible. 

HOW TO PRODUCE "NOTHING"-When the tube is 
being made, all possible air is pumped out and the tube is 
sealed. Then a tiny "getter"-built into the tube-is set off 

by electricity. There is a Aash ... and any remaining oxy­
gen is burned up-leaving nothing. 

UCC AND TELEVISION - Producing efficient getters for 
vacuum tubes is only one way in which the people of Union 
Carbide serve the electronics industry. They make ingre­
dients for stainless steel that goes into picture tubes, chemi­
cals for synthetic crystals, and plastics for insulation and 
for the cabinets themselves. 

FREE: Learn /1/ore abollt the interesting things YOll llse every ·day. 
Write for the 1952 edition of the booklet "Prodllcts and Processes" 

which tells how science and indllstry llse the ALLOYS, CARBONS, 
CHEMICALS, GASES, and PLASl'lCS made by Union Carbide. Ask for 
booklet D. 

UNION CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET 00 NEW YORK 17, N. Y_ 

--------- VCC's Trade-marked Products of Alloys, Carbons, Chemicals, Cases, and Plastics include---------

I 
ELECTROMET Alloys and Metals . HAYNES STELLlTE Alloys . NATIONAL Carbons . ACHESON Electrodes . PYROFAX Cas . EVEREADY Flashlights and Batteries 

BAKELITE, KRENE, and VINYLITE Plastics . PREST-O-LITE Acetylene . LIKDE Oxygen . PRESTONE and TREK Anti-Freezes . SYNTHETIC ORGANIC CHEMICALS 
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NEW THERMAL NEUTRON DETECTOR 

G-E Universal Scintillation Counters de­
tect thermal neutrons and alpha, beta, 
gamma radiation with high efficiency, by 
means of easily interchanged phosphors. 
Large sample chamber with adjustable 
platform permits accurate measurement 
of disintegration rate. See bulletin GEA-
5735*, "G-E Radiation Instruments." 

IMPROVED MASS SPECTROMETER 

Faster and more accurate gas analysis by 
mass separation is now possible with new 
improved G-E Mass Spectrometers. The 
sample introduction system has been re­
located. Ion source temperature is con­
trolled to within a fraction of a degree. 
Range is increased to mass 500. See 
bulletin GEC-587*. 

MEASURES SPECTRAL ENERGY 

New G-E Recording Spectroradiometer 
provides increased sensitivity for auto­
matic measurement and recording of 
spectral energy in ultraviolet, and visible 
spectrum. Measures dyes, inks, paints, 
textiles, plastics, TV tubes, etc. See 
bulletin GEC-604A *. 

* Let General Electric help you with 
your special process and instrumentation 

problems. Write, stating details, on your 

business leHerhead to General Electric Co., 

Sect. 687-98, Schenectady 5, N. Y. 

Shaver heads are cleaned (left) then rinsed at Schick, Inc., Stamford, Conn. The result • • •  

CLEANING COSTS CUT 58% 
WITH ULTRASONIC VIBRATIONS 
G. E. Develops New Technique 

For Cleaning Small Metal Parts 

Research men at General Electric showed that 
high-frequency sound (300-1000 kc) increased the 
action of many standard cleaning solvents 10 to 100 
times. Inaudible sound waves set up in the liquid 
accelerated the removal of oil, grease, tars, resins, 
metal chips, and machining and buffing compounds. 

The ultrasonic cleaning unit developed by G.E. 
enabled Schick, Inc. to cut over-all cleaning costs 58%. 
This new technique has also been applied to ball 
bearings, watch gears, and precision instrument parts. 

Here is an example of research put to 

work •.• •  a specialty at General Electric, 

where research and development are 

linked to provide more and beHer in­

struments and processes for modern 

industry'. 
Magnet shows metal chips removed 
from shaver heads by ultrasonics. 

G ENE R ALe E LEe T R 1£ 
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NEW REFRACTORY 
Norton STABILIZED ZIRCONIA 

withstands operating 
temperatures up to 4700°F 

THE trend toward higher temperatures 
in both research and production proc­

esses calls for refractories that can resist 
higher and higher temperatures. For that 
reason, the introduction of FUSED STA­
BILIZED ZIRCONIA by the Norton 
Company, Worcester, Massachusetts, has 
been welcomed by industry. 

STABILIZED ZIRCONIA combmes 
an exceptionally high melting point, ex­
ceptionally low thermal conductivity, and 
great chemical stability. Besides operat­
ing at high temperatures, it assures lower 
heat loss with consequent reduced oper­
ating costs. 

Despite the fact that the specific grav­
ity of Norton STABILIZED ZIRCONIA 
is twice that of fire clay brick, its thermal 
conductivity is only 6 (English Units) as 
compared with fire clay's 12. This new re­
fractory also has an amazing electrical re­
sistivity - ranging from 2300 ohm-em at 
1300° F to 0.37 ohm-em at 4000° F. (Usu­
ally resistance increases with the temper­
ature.) Its chemical stability makes it suit­
able for both oxidizing and reducing at­
mospheres at high temperatures. 

What's more, FUSED STABILIZED 
ZIRCONIA is not wet by many of the 
metals melted in high frequency induction 
furnaces, thus enabling a 100% recovery 
of the melt without destroying the crucible. 

For complete data on this new refrac­
tory, write direct for your copy of the 
"Technical Bulletin on Norton Fused 
Stabilized Zirconia." NORTON COM­
PANY, Worcester 6, Massachusetts. 
Making Better Products To Make Other 
Products Better. 

THIS INFORMATIVE BULLETIN con­
taining technical data on Norton STABILIZED 
ZIRCONIA is sent on request. 
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Sirs: 
When I came to the end of the article 

in your March issue entitled "The Quan­
tum Theory," I was surprised to discover 
that someone had scrawled at the bot­
tom of the page (and in my handwriting, 
at that!) the following quatrain: 

Dear reader, you're a hopeless dope; 
The quantum's quite beyond your 

scope. 
I'll give you just the easy bit­
You wouldn't get the rest of it! 

This conceivably puts the case a little 
too strongly. All the same, I hope that 
in his future articles Dr. Darrow will 
see fit to come to grips a little less diffi-. 
dently with the problem of communi­
cating the ineffable mysteries of physics 
to the nonphys.icist. I for one would be 
willing to follow him, even if he marked 
the road "Travel at your own risk." 

WILLIAM HOSKINS 

Jacksonville, Fla. 

Sirs: 
I enjoyed Dr. A. J. Haagen-Smit's in­

formative article on smell and taste 
(Scientific American, March, 1952). I 
would, however, like to add a point of 
information. 

One need not substitute one element 
for another to get a change from a sweet 
to a bitter taste; one need only change 
the configuration of the substance and a 
difference in taste results. As an example 
of this, the amino acid phenylalanine. 
The D (+) form is sweet while the 
L ( - ) form is not sweet. 

DONALD M. KIRSCHENBAUM 

Brooklyn, N. Y. 

Sirs: 
In his interesting article "Smell and 

Taste" Professor A. J. Haagen-Smit, 
speaking of a theory which "plausibly 
explains our sense of �mell and the wide 
range of compounds that possess odors," 
states: "The consulting chemist Jerome 
Alexander and George B. Kistiakowsky 
of Harvard University have suggested 
that the odoriferous substances act by 

LErrERS 
interfering with enzyme-catalyzed re­
actions in the odor receptors." 

This statement gives two entirely 
erroneous impressions: (1) that I had 
collaborated with Professor Kistiakow­
sky, or had at least published my views 
about the same time as he published his 
views; (2) that our views are alike. As a 
matter of fact, my theory was first pub­
lished in 1937 in the fourth edition of 
my book Colloid Chemistry and was 
later referred to in Chemical and Engi­
neering News. Professor Kistiakowsky's 
views were printed in Science in 1950. 

In Chemical and Engineering News I 
wrote: "Briefly, the theory is this: The 
odor-producing substances affect the 
catalyst balance of the olfactory cells by 
any or all of the following mechanisms: 
(1) by modifying existing catalysts, an 
effect analogous to that of promoters 
in commercial catalysts; (2) by forming 
new catalysts (neocatalysts); (3) by in­
hibiting all or part of the activity of 
normal cellular catalysts. H. S. Taylor 
showed that catalysts may have several 
different specific catalyst areas, which 
can be selectively inhibited. If the effects 
are desirable, industrialists call this 
beneficial poisoning. If the odor materi­
al serves as a prosthetic group for a 
speCific carrier, or vice versa, and the 
genetic make-up of the individual fails 
to supply the missing part, that person 
may be unaffected by the odor material." 
This broad view is consonant with wide 
application of catalysis in biological hap­
penings. 

On the other hand, Professor Kistia­
kowsky hamstrings my theory by limit-

Scientific American, l',Iay, 1952, Vol. 186, 
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Now. • • YOU CAN BUILD YOUR 

LIBRARY WITH THE MOST __ """"".""",...� 

IMPORTANT BOOKS 

in the Sciences. 
in Literature 

list 
Price 
5.00 

Members' 
Price 
1.89 

list 
Price 
3.75 

Members' 
Price 
1.89 Us •. 

Price 
3.00 

Members' 
Price 
1.89 

• • 

• • 

List Price 5.00 
Members' Price 1.89 

of these notable works 

All of the distinguished selections pictured and listed on this page are avail­
able to you at only $1.89 per book. OEDIPUS-MYTH AND COMPLEX, a 
brilliant analysis of all the major psychoanalytic theories from Freud to the 
present and containing the complete Oedipus trilogy of Sophocles, by Patrick 
Mullahy; THE BALLAD OF THE SAD CAFE, containing all the novels and 
many short stories of Carson McCullers; GENETICS AND THE RACES 
OF MAN by William C. Boyd; OUT OF MY LATER YEARS by Albert 
Einstein; THE AMERICAN MIND by Henry Steele Commager; LISTEN­
ING WITH THE THIRD EAR, "the inner experience of a psychoanalyst," 
by Theodor Reik; and THE MEANING OF EVOLUTION by George 
Gaylord Simpson are only a few of the many books available to members. 
As you note the titles of these notable books - including some of the most 
important books in the sciences, the best in literature-you can readily under­
stand why the Book Find Club enjoys the highest prestige wherever good 
books are read and discussed . 

. . . at only $1.89 regardless of list price 
""��---

. 

The publishers' list prices 
of these books range up to 
$6.00 but as a member of the 
Book Find Club you pay only 
$1.89 (plus postage and han· 
dling). Actually this means 
an average saving of more 
than 50% on the books you 
buy . 

lM_ ;;_M%�""'_"""'_ 

Receive FREE Gift Book 
As an introduction to the Book Find 
Club, select any 2 books pictured or 
listed in the coupon as your FREE 
GIFT BOOK and your first selection 
• • •  UP TO $12.00 RETAIL COST 
FOR ONLY $1.89. 

Oln THE BOOK FIND CLUB 
FILL OUT THE COUPON BELOW AND MAIL 

The Book Find Club Check any 2 books lisred below, 
one as your FREE gjft, the other 
as your first se/ecti9n: 

o OEDIPUS-MYTH' COMPLEX 

B GENETICS AND THE RACES OF MAN 
THE MEANING OF EVOLUTION 

o LISTENING WITH THE THIRD EAR 
o MALE AND FEMALE 
o OUT OF MY LATER YEARS 

B THE AMERICAN MIND 
AGE OF JACKSON 

o THEOOORE DREISER 
o THE RISE OF SCIENTIFIC PHILOSOPHY 

It costs you nothing to belong to the Book Find Club. You pay 
only for the books you want and you may take as few as four 
in the entire membership year. Each month you receive, FREE, 
the Book Find News, so that you can decide for yourself, after 
reading the review of the forthcoming selection, if you want 
the book. If not, you simply return the printed form (always 
supplied by us) which tells us not to send it. In addition, the 
Book Find News contains reviews of other notable books avail­
able to members. Since it is almost certain that you read at 
least four Book Find Club selections during the year anyway, 
why not get them from the Club at the tremendous savings we 
are able to effect through our large printing orders. 

401 Broadway, New York 13 
Please enroll me as a member 
and send me the FREE book and. 
first selection I have indicated. 
I am also to receive FREE each 
month the Club's literary maga­
zine, the Book Find News , I 

understand I may accept as few 
as 4 books a year at the SPE· 
CIAL MEMBERSHIP PRICE OF 
ONLY $1.89 a BOOK (plus 24¢ 
postage and handling) and may 
cancel my' membership any'time 
after purchasing 4 selections. 

o THE EVOLUTION Of PHYSICS 
o MATHEMATICS AND THE IMAGINATION 
o BALLAD OF THE SAD CAFE 
o MAGIC INTO SCIENCE 
o FIGHT AGAINST FEARS 

NAME ____________ ______________________ ��--�-
Please Print 

AOORES�S ____________________ ______________________ _ 

CITY _________________ ZONE _____ STATE _____ __ _ 

(Prices slightly higher jn Canada) 0·21·8 
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A NEW KIND OF COLOR-FILTER 

Variable in Saturation 

... Variable in Hue 

Polaroid® variable-color filters offer a new kind of color control. 
They give you the equivalent of a wide array of conventional 
filters, all in a single unit. 

The colors are not the ones produced by cellophane between 
crossed polarizers. The basic unit consists of a neutral polarizer, 
paired with a polarizer that polarizes only a portion of the visible 
spectrum and transmits the rest un polarized. You select the color 
you want by rotating one of the elements. No wedges. No change 
of filters. Control is continuous and smooth. The basic units, 
alone or in combination, provide several different types of control: 

You can vary the saturation of any given color from near-neutral 
to the full saturation the filter can give. The same filter can be a 
deep blue, for example, or paler blues, or essentially neutral, de­
pending on how you set it. (This control is shown schematically in 
diagram A.) 

You can vary the hue. You can shift smoothly from one color to 
any other color, for example from red, through intermediate 
magenta and purple, to blue (diagram B). 

You get either of these types of control by rotating only one 
filter-element. 

By rotating two or more filter-elements, you can combine choice 
of hue with control of saturation. The very same filter-combination, 
at various settings, can be a pale blue or a deep blue, any chosen 
saturation of yellow, a fair approximation of neutral, any chosen 
saturation of magenta ... in short, any saturation of any color 
that any of the elements in the filter is capable of, singly or in 
combination with one or more of the other elements (diagram C) . 

Spectral characteristics of individual filter elements are similar 
to those of textile dyes. The choice of colors is fairly wide . . •  

comfortably wide if you require only moderate saturation. 
Polaroid variable-color filters look promising for several general 

kinds of applications: 
Do you want to control the color of the beam from a 

light source? Do you need variable control of color­
contrast for sharper discrimination in visual observation 
and photography? Would you like to control the ap­
parent colors of a distant source or array of light sources? 

Have you reason to change the color of light naturally 
polarized by specular reflection - and so distinguish it 
from the rest of the scene? 

A c 

Variable saturation obtainable 
by rotation, through 90°, of 

one element of a two· element 
filter. 

Variable hue obtainable by 
rotation of "one element of a 

three-element filter (two of which 
are ordinarily laminated as one). 

Colors obtainable with a five­
element filter. 

The filters are relatively new. They are not yet in routine pro­
duction, nor are they available in ready-made mounts. But if you 
are concerned, professionally, with color-control, we should like 
to lend you a trial set of filter-elements so you need lose no time in 
exploring their possibilities for yourself. Please address: Polaroid 
Corporation, Department SA-32, Cambridge 39, Massachusetts. 

® 

POLAROID m 

ing it to inhibitions. He wrote in Science: 
"The effect of a compound possessing 
the property of odor is the inhibition of 
one or more of these enzymes, causing 
a shift in relative concentrations of A', 
B', C', etc., and thus producing signals 
in the nerves that respond to these com­
pounds." 

JEROME ALEXANDER 

New York, N. Y. 

Sirs: 
There has been so much misunder­

standing in the press of the position of 
the Christian Science church on medical 
teaching in the New York schools that I 
am asking for space for a word about the 
brief item in your February issue en­
titled "The Right to be Ignorant." 

Any move to bar teaching of the germ 
theory of disease from the New York 
State school curriculum or the examina­
tion questions because of our religious 
convictions is deplored by the Christian 
Science church. We don't want our views 
imposed on others. All we ask is the 
right to live them ourselves and to do 
this in a neighborly way, without injury 
to others. In a letter to the State Board 
of Regents last April the Christian Sci­
ence Committee on Publication for New 
York specifically asked that changes not 
be made in the examination questions 
because of certain legal exemptions 
available to Christian Scientists. 

The State action you report as order­
ing exemption of Christian Science chil­
dren from instruction in public health 
and sanitation-including control of com­
municable disease, impOltance of pure 
food and water, what bacteria are, first 
aid, and other such items you list-was 
not requested, and is not supported by 
the Christian Science church. 

All we would ask is exemption for our 
children from purely medical indoctrina­
tion through teaching of symptomology 
and the depiction of the terrifying proc­
esses of certain diseases in movies, slides, 
or other instruction. Such teaching tends 
to undermine the religious teaching 
given Christian Science children in the 
home. In so doing it invalidates a right 
of individual conscience priceless to all 
free men. 

Regarding the title of your mticle 
"The Right to be Ignorant," we don't ask 
such a right. We ask the right to prac­
tice that intelligence which flows from 
a correct understanding of God and sin­
cere love of Him. Christian Scientists 
don't ask the right to be sick; they ask 
the right to use the spiritual resources 
they are profoundly convinced by their 
experience bring true healing. 

GEORGE CHANNING 

The First Church of Christ, Scientist 
Boston, Mass. 
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There's been a cold war on in Minnesota lately 
• • •  And our metallurgists have won it. 

Up in the iron ore range, where 40 below zero can 
be expected frequently, shovel operators usually plan 
their operations to remove a year's supply of ore 
during warm weather months when the ore is work­
able. But recently, with steel requirements ever in­
creasing, shovel operators began working around­
the-calendar. 

And they ran into trouble. 
During one cold spell when the temperature 

dropped to 40° below throughout the iron ore range, 
the ore froze solid. The extreme cold caused steel in 
the equipment to lose some of its toughness, and 
power shovel booms and dipper sticks broke all over 
the range as the huge steel dippers were rammed 
into the frozen ore with tremendous force. 

But there was one significant exception. Operators 
using shovels with booms and dipper sticks made of 
one particular steel went right on gouging up frozen 
ore without any equipment trouble. 

Those shovels stood up because the heavily 
stressed parts were made from U· S· S Tri-Ten-a 
remarkably strong steel that has a high degree of 
toughness, even at low temperatures. 

Moreover, the users were able to cut the weight of 
their Tri-Ten parts by 25%, even though some work­
ing stresses were increased 50%. "And," says one 
shovel manufacturer, "Tri-Ten has enabled our cus­
tomers to operate this equipment successfully at tem­
peratures as low as -45°F." 

U· S· S TRI-TEN is only one of hundreds of steel 
compositions (carbon, high-strength low-alloy, alloy 
and stainless) made by United States Steel to meet 
all service conditions. Our metallurgists are at your 
service to help you solve any problem involving the 
more efficient use of steel.. Just call our nearest dis­
trict office or write to United States Steel Company, 
Room 2802-J, 525 William Penn Place, Pittsburgh 
30, Pennsylvania. 

� 
U N I TE D S T A T E S  ST EE L ' 
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What are the products of Hillyer 
Instrument Company? 

The answer is simple and direct: 
Hillyer engineering and produc­
tion skill-represented by such 
products as simulation systems, 
analog and digital computers, 
photoalidades, servo-mechanisms, 
motion and position control 
mechanisms, missile guidance 
systems ... and many other elec­
tronic and electro-mechanical 
devices. 

Who buys these Hillyer Products? 

Both the Armed Forces 
and Industry. 

What can Hillyer do for me? 

First: take advantage of Hillyer's 
broad experience and advanced 
engineering approach to a problem. 

Second: Generally state your prob­
lem - whether the product or 
project involves basic research, 
engineering development, design, 
product engineering, and produc� 
tion-or any combination of 
these services. 

Third: Our analysis and recom­
mendluion will serve as a basic 
plan for further action. 

THE NEXT STEP? 
Get in touch 
with Hillyer 
by phone, 
wire or letter_ 

HILLYER 
INS T RUM·E N T 
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COMPANY, INC. 
54 Lafayette Street 
New York 13. N. Y. 

MAY, 1902. "C. Nordmann regards 
the sun as the source of all kinds 
of electromagnetic waves, al­

though many of these are absorbed by 
the atmosphere of the earth. The pho­
tosphere is probably the source of elec­
tromagnetic waves of great length as 
well as of light waves. Hertzian waves 
should be chiefly produced in the zone 
of sunspots and faculae, and at the maxi­
mum of solar activity. Since the fila­
ments of the corona are probably due 
to the pressure of light, the filaments 
should be shorter during a sunspot pe­
riod than at other times, and this is 
corroborated by observation. The incan­
descence of the upper portions of the 
sun's atmosphere cannot be due to heat 
alone, as it is particularly intense during 
a maximum of sunspots, when the sur­
face radiation of the sun is reduced. It 
is, therefore, extremely probable that it 
is due to Hertzian waves, which are 
then at their maximum." 

"Lord Kelvin and Lady Kelvin, who 
had arrived in New York on April 19, 
were tendered a reception at Columbia 
University on the evening of April 21. 
Dr. Francis B. Crocker presided and in­
troduced Nicholas Murray Butler, the 
new president of Columbia University, 
who extended to Lord Kelvin an enter­
taining address of welcome." 

"M. Curie has been making a series of 
experiments upon the action of radium 
rays and also of the X-rays upon various 
dielectrics. It has been already found 
that these rays increase the electrical 
conductivity of air and gases, and M. 
Curie now finds that they act in the 
same way upon liquid dielectrics." 

"Count von Zeppelin, who has the dis­
tinction of having built the largest of all 
airships, has been financially ruined by 
his aeronautical experiments. Unable to 
obtain means for carrying out his new 
projects, he is now breaking up the old 
framework of his airships in order to sell 
the al�,

minium of which they are com­
posed. 

"In a very complete article recently 
published in the Philadelphia Medical 
Review, Dr. E. A. Codman discusses 
the burns caused by exposure to Roent­
gen rays. Nearly 200 cases are cited, 
and this large number should silence 
any doubts as to the reality of the dan­
ger. The cause of the Roentgen-ray 

50 AND 100 
YEARS AGO 

burns is not known. A very curious fea­
ture of these burns is the fact that while 
in some instances the injury appeared 
immediately, in most cases a period of 
10 days elapsed before the burn was 
noticed. Another curious phenomenon 
in connection with these rays is the fact 
that a repetition of the exposure on the 
same surface results in a cumulative in­
jury. A number of safe exposures oft re­
peated are seemingly as dangerous as a 
single long exposure." 

"Terrible news comes from Marti­
nique. The town of St. Pierre has been 
completely destroyed by fire, with a loss 
of life that is appalling. The cause of the 
disaster was the eruption of the volcano 
Mont PeJee. On the morning of May 9, 
the crater began to belch forth molten 
rocks and ashes. Within a radius of four 
miles, in which district the town of St. 
Pierre is included, terrible destruction 
was wrought. The entire population of 
about 25,000 persons is thought to have 
perished." 

"To the list of enthusiastic aeronauts 
who have sacrificed their lives in the 
interests of aerial navigation, the name 
of Augusto Severo must now be added. 
At about .5 o'clock on the morning of 
May 12, a crowd of spectators was 
gathered in the airship grounds in the 
Rue Quintinie to witness the ascent of 
Severo in his airship Pax. The airship 
sailed off steadily enough in the direc­
tion of Issy, where the experiments were 
to be made. As the ship hovered over 
the Avenue Demaine, she was caught by 
a puff of wind and blown about in such 
a fashion that to the onlookers it be­
came immediately apparent that Severo 
had lost all control. A bright flash of light 
suddenly enveloped the balloon. A loud 
report instantly followed. From a height 
of 1,500 feet the machine fell toward 
the earth, crashing through branches of 
trees, finally landing in the Avenue De­
maine. Severo was hurled from the bal­
loon as it fell, and struck the ground 
near the Montparnasse Station. He was 
picked up a mangled corpse." 

M
AY, 1852. "The Boston lournal de­

scribes, as one of the curiosities 
of the age, an electric clock re­

cently completed by Mr. N. Farmer on 
an entirely new principle, and pro­
nounced by scientific men to be the most 
perfect and simple of any. All wheel­
work in the time-keeping part is dis­
pensed with, therefore all friction is 
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Thunder hunting equipment on location near Madison, Florida. Loop antenna 

on truck picks up static. The engineer in top picture is watching the indication 

of a circuit which registers how often the static exceeds a given level. 

BELL TELEPHONE 

LABORATORI ES 
Improving telephone service for America 
provides careers for creative men in 

scientific and technical fields. 

Many new telephone circuits have two jobs to do-carrying 
your voice and transmitting signals to operate dial exchanges 
in distant towns. And an old· fashioned thunderstorm can 
interfere with both! 

"Rolling static" comes from many storms over a wide 
area and can interfere WIth clear telephone talk. A nearby 
lightning flash makes "crack static" which, unchecked, plays 
hob with dial system signals. 

So Bell Laboratories scientists go "Thunder Hunting" 
in the storm centers of the United States - "capturing" storms 
by tape recorders. Back in the Laboratories, they recreate the 
storms, pitting them against their new circuits. This method is 
more efficient and economical than completing a system and 
taking it to a storm country for a tryout. It demonstrates again 
how Bell Telephone Laboratories help keep costs down, while 
they make your telephone system better each year. 

7 
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· Beller grass silage - cheaper 

Untreated grass silage is, of course, highly perishable; and though 

various methods of checking fermentation have been employed, 

each has had its own drawback-difficulty of application, ineffec­

tiveness, high cost. 
Use of liquid sulfur dioxide, begun experimentally in 1940 and 

established commercially in 1951 by Virginia Smelting Company, 

has proved a most satisfactory all-round solution to the problem. 
Under the trade name "Silagas," the company's S02 is now in use 

on hundreds of farms. It has been found to be 30 % to 60 % lower 

in cost than any method previously employed - and successful 

in preserving a high proportion of proteins, organic nutrients and 
carotene that were lost in earlier ensiling processes. 

j!JIR6INIA 

Could 502 help you? 
For three decades "Virginia" 

has been continuously work­

ing to make its S02 more use­

ful to industry. To date, the 
versatile chemical has found 

a place in the operations of 

more than 40 different indus­
tries, as a reducing, neutraliz­

ing and bleaching agent, pre­
servative and antichlor, and 

for pH control. Perhaps "Vir­

ginia" chemists could point 
out ways in which S02 would 

be helpful to you. They'd be 

glad to look into the possibili­

ties, and without obligation. 
As a first step, why not send for 

our folder on "Virginia" S02. 

VIRGINIA SMELTING COMPANY 
Dept. SA, West Norfolk, Virginia 

overcome. The time-keeping part of the 
clock is simply a pendulum, an electro­
magnet, and two armatures. The vibra­
tions of the pendulum break and close 
the circuit of electricity, while the com­
bined action of the electro-magnet and 
armatures keep it in motion." 

"The Paris correspondent of the Bos­
ton Atlas states that the Academy of 
Sciences, of France, at their last session, 
unanimously voted to give the Cuvier 
prize to Prof. Agassiz for his Recherches 
sur les Poissons Fossiles. This is the first 
time the prize has been given." 

"Geologists are now, from recent dis­
coveries and observation, in a tolerably 
safe position to prove not only the 
vegetable origin of coal, but of the com­
parative geological period at which 
the several deposits were formed. The 
theory of the vegetable origin of coal 
is founded on the regular mineralogical 
gradation traceable from bog, wood or 
peat through lignite and common bitu­
minous coal to anthracite. In peat there 
is the organic structure as perfect as in 
living wood; in lignite the woody fiber 
is still marked, but less obvious, while 
bituminous coal obeys the law of true 
rock or mineral cleavage, in which no 
vestige of vegetation is visible to the 
naked eye; but let a thin slice be placed 
under the microscope, and the most 
beautiful vegetable structure is ap­
parent." 

"The London Lancet says there are 
two modes of administering chloroform: 
one consists in using a small quantity of 
it, to be inhaled in a very short time, 
with hardly any admixture of atmos­
pheric air. Patients are in this manner 
quickly rendered insensible. The method 
is dangerous; and though but compara­
tively few accidents have occurred, the 
latter have struck such terror into the 
practitioners and members of the com­
munity that this mode should never be 
followed. Chloroform should first be in­
haled with a large quantity of atmos­
pheriC air; respiration should be allowed 
to go on regularly and normally; the 
chloroform is then gradually inhaled in 
a more concentrated form, and left off as 
soon as any unpleasant symptoms occur." 

"Among the interesting facts devel­
oped by the recent census are some in 
relation to the laws that govern life and 
death. Ten thousand two hundred and 
sixty-eight infants are born on the same 
day and enter upon life simultaneously. 
Of these, 1,243 never reach the anni­
versary of their birth. At the end of the 
third year only 8,183, or about four-fifths 
of the original number, survive. At 21, 
the commencement of maturity and the 
period of highest health, 7,134 enter 
upon the activities and responsibilities 
of life-more than two-thirds of the origi­
nal number." 
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from PRATT & WHITNEY AIRCRAFT 
Foremost Aircraft Engine Designers 

SELDOM in a lifetime does the opportunity 
, come along to get in on the initial stages of 

a great and revolutionary development. 

Yet, one such opportunity does exist today­

at the Pratt & Whitney Aircraft Division of 

United Aircraft Corporation. This is one of the 

few concerns in the country to be selected by 

the government to develop nuclear energy pro­

pulsion for aircraft-one of the most challenging 

assignments today. 

This program offers you not only a chance to 

get into the field of nuclear energy ... it also 

provides an opportunity to work under condi­

tions that are ideal for creative talent . . .  and 

build a sound career in private industry. 

We need today Physicists, Mathematicians, 

Chemists, Metallurgists, Designers, and Engi­

neers who will serve as members ,of a team. They 

must be more than theorists. They must com­

bine a sound knowledge of their field and imago 

ination with the ability to apply their talents to 

realistic and practical work. 

You will enjoy working and living with us 
Your work will be important to the community 

as well as the nation. And we have the resources 

and research equipment to stimulate and fur­

ther the most advanced scientific thinking. 

We believe you will like the Hartford area, 

for it is a congenial New England community 

with outstanding social and cultural advan­

tages. And equally well, you will appreciate the 

benefits which Pratt & Whitney offers-group 

life, hospitalization, accident and health insur­

ance-plus a cooperative retirement income plan. 

Why don't you have a talk with us ... we will 

assist you in any way possible . . . hold any 

conversation you have with us in the strictest 

confidence. Simply send your resume to Frank 

W. Powers, Department (R) at the address 

listed below. 

PRATT &; WHITNEY AIRCRAFT 
DIVISION OF UNITED AIRCRAFT CORPORATION 

EAST HARTFORD, CONN. 
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Measurillg all,d recordillg eltgille torque. 

Save plotting and testing time 
with a B'RUSH analyzer 

You can record static or dynamic 

phenomena instantaneously 

and accurately . .. test parts and 

structures under actual opera­

tion ... with the Brush Strain 

Analyzer. Engineers through­

out Industry are discovering 

important time savings with 

this Brush electronic instru­

ment. It eliminates many testing 

and plotting operations in the 

study of torque, strain, vibra­

tion, pressure and other vari­
ables. Its direct-writing oscillo-

fffJut ,it ,en ,wItitin!! ,we'th £e 

g]iu�h ellecoulenf/ v4naly;yn 

graph provides a permanent 
record of the test. 

The Brush Strain Analyzer is 
a rugged, portable tool. It can be 
used anywhere ... in the labora­
tory, on the test floor or in the 
field, wherever the job requires. 

Find out how this versatile 
Analyzer can help solve your 
problems and save your time! 
Bru s h  representatives a re' 
located throughout the U. S. In 
Canada: A. C. Wickman Ltd., 
Box 9, Station N, Toronto. 

For catalog describing Brush n 
instruments and their applica· _ _ 
tion, write The Brush Develop. 

_ 
ment Co., Dept. B·25, 3405 Per· _._ 

THE � �� k;� ::'; :':':'�'E': :
h;·
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PI EZOELEC T RIC CRYSTALS AND CERAMICS . M AGNETIC RECORDI NG 

ACOUSTIC DEVICES' • ULTRASONICS . INDUSTRIAL & RESEARCH INSTRUMENTS 
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THE COVER 
The painting on the cover shows a 
scene svmbolic of research in the 
control 

'
of flowering (see page 49). 

Growing from the flowerpot at low­
er left is a "baby's breath" plant with 
two branches. One branch is allowed 
to grow in the open; the other is en­
closed in a small house. By turning 
a light in the house on and off at 
various intervals, the investigator 
can determine such things as the 
length of day which causes the plant 
to flower, and whether the appro­
priate cycle of light causes one 
branch to manufacture a chemical 
which makes the other branch flow­
er. The plant was supplied by A. E. 
Hitchcock of the Boyce Thomp­
son Institute for Plant Research. 

THE ILLUSTRATIONS 
Cover painting by Stanley Meltzoff 
Page 
15 

16-19 
20-25 
26-27 
28 

29 

31 
32-34 
49 

50-52 
53 

54 
58 
59 

60 
62 
65 
66-68 
73-75 
86-90 

Source 
Fairchild Aerial Surveys, 

Inc. 
Stanford Research Institute 
Courtesy Grahame Clark 
James Egleson 
Mount Wilson and Palomar 

Observatories (top); 
courtesy R. S. Richard­
son, Mount Wilson and 
Palomar Observatories 
(bottom) 

High Altitude Observatory, 
Harvard UniverSity ancl 
University of Colorado 

Allan Chappelow 
Dwinell Grant 
Courtesy C. B. Lyon, Ha­

waiian Pineapple Co. 
Eric Mose 
Courtesy Aubrey W. Naylor 

(top); courtesy M. W. 
Parker, Dept. of Plant 
Industry, U. S. Dept. of 
Agriculture (bottom) 

Courtesy Aubrey W. Naylor 
Courtesy Erwin W. M liller 
Courtesy Erwin W. M liller 

(photographs) , Irving 
Geis (drawings) 

Courtesy Erwin W. Muller 
Irving Geis 
C. N. Jones, Jr. 
Sara Love 
Irving Geis 
Roger Hayward 
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CELLULAR RUBBER BONDED TO METAL 

one more example of the versatility of SPONGEX 

Each of these parts was made by bonding Spongex cellular rubber to metal. 

Yet in each, Spongex had to meet different specifications. In one, Spongex must 

remain flexible even at -650 F. In another, it must be heat resistant and fire 

retardant. A third must have low water absorption. All possess one important 
quality . • •  the superior bonding characteristics of Spongex for unexcelled 
adhesion of rubber to metal. 

Bonding of Spongex to metal might not be your need. But if your need is 

cellular rubber, we've got it ... in strips, rolls, cording, tubing and die-cut 

shapes. Learn more about how Spongex can help you ... write for "Properties 
of, and Test Data on, Cellular Rubber." 

used for cushioning, insulating, shock absorp­

tion, sound and vibration damping, gasketing, 

sealing, weatherstripping and dust proofing. 

THE SPONGE RUBBER PRODUCTS COMPANY 575 Derby Place, Shelton, Conn. 

" 
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Special Instruments and Components 
for a variety of applications 

12 

THESE PRODUCTS are representative of the thousands of 
modifications of the ElectroniK Potentiometer and the 
great number of Brown Electronic Components which are 
being utilized as precision measuring devices and as in­
tegral elements of various analytical systems. Perhaps your 
research program can benefit from such specialized instru­
mentation . . .  your inquiry is invited. New Data Book 15-14, 
pictured above , is available upon written request. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO. , Industrial 
Division, 4580 Wayne Ave., Philadelphia 44, Pa. 

Honeywell 
B ROWN INST R U MENTS 

Write today for a copy of new Data Book 15-14 • • •  "Instruments accelerate research" 

H 
MONBWfLl 
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.. What's Happening at CRUCIBLE 

about special s11ape type steel 

Crucible special purpose steel 

for type dlal'acter application 
The development of cold rolled special shape type steel is one 
of Crucible's important contributions to the business machine 
industry. A major part of the type characters used for the manu­
facture of typewriters are made from this special shape. 

Here's tfle step-by-step process: 
1. Cold rolled spe· 
da l s h a p e  pro·  
duced by Crucible. 

3. The wings of 
1 he type slug are 

'hent down and 
taper formed to· 
ward the edges. 

2. The type slug 
cut from the speci. 

'31 shape material. 

4. The type char­
acters are cold 
swad ged on the 
solid edge of the 
bent type slug . 

CRUCIBLE 

5. The flash trim­
med off after the 
swadging opera­
tion. 

6. The fini S hed � itf.,. ciIb'". 
typ e r e a d y  for 
hardening, plat. 
ing and soldering 
to the type bar. 

The production of Crucible steel for this job is the result 

of engineering and practical know·how combined with a 

special method of manufacture to assure a homogeneous 

microstructure for maximum forming properties, excel· 

lent surface characteristics for good die life, and close 

accuracy control for all dimensions of the shape. 

The production of type steel requires the use of small 

precision rolling mills equipped with shaped rolls and 

operated by skilled workmen. During preliminary and 

final inspection, shadow graph equipment is constantly 

used to check for size accuracy. 

As a result of its outstanding quality, Crucible's special 

shape type steel is constantly in demand and used by 

leading typewriter manufacturers. 

Sfladow�rapfl OpeI'atio
.
l1: 

Since micrometer measurements are im. 
practical due to the shape, the shadowgraph 
is used to measure shape and size ... mini· 
mum and maximum tolerances. The shad­
owgraph is a projectiou, greatly maguified 
. . . on a calibrated screen ... of the sample. 

Schematic 
of shodowgraph 

If you have a requirement for special steels-check with 
Crucible. Feel free to draw on the experience of our 
metallurgists and engineers. Crucible Steel Company of 
America, General Sales and Operating Offices, Oliver 
Building, Pittsburgh, Pa. 

first name in special purpose ste els 

Midland Works. Midland, Pa. Spaulding Works, Harrison, N. J. Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 

National Drawn Works, East liverpool, Ohio Sanderson·Halcomb Works, Syracuse, N. Y. Trent Tube Company, East Troy, Wisconsin 
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SMOG 
As the metabolism of our cities quickens, their inhabitants 

breathe increasingly polluted air. The study of the problem 

is unusually ·difficult, but good beginnings have been nlade 

E
ACH DAY the average human adult 

eats two and three-quarters pounds 
of food, drinks four and a half 

pounds of water and breathes about 30 
pounds of air. We are rather careful 
about what we eat and drink, but we 
give very little thought to what we take 
into our lungs. The smog disaster in 
Donora, Pa., in 1948 reminded us acute­
ly that air pollution has become some­
thing to think about. We are beginning 
to realize that the murky air of our cities 
is not merely a nuisance but can be a 

serious threat to our health, and the 
smoke pouring from factory stacks, once 
a proud symbol of prosperity and indus­
trial might, is no longer a pleasant sight. 

What can be done? Merely to find out 

by A. M. Zarem and W. E. Rand 

what contaminants are in the air and 
how they affect our health is a gigantic 
job. As the industrial and chemical revo­
lution has advanced, the pollution of our 
atmosphere has grown steadily worse. As 
early as 600 years ago the air in English 
towns had become so noxious that the 
burning of certain fuels was outlawed. 
Technicians have recentlv coined the 
word "smog" to describe the urban com­
bination of smoke and fog. Today we 
have a vastly more complex mixture to 
worry about-not only smoke particles 
but an almost infinite variety of chemical 
compounds in solid, liquid and gaseous 
form. 

The sources of air pollution are many. 
Let us consider first the combustion of 

fuel. The burning of coal discharges into 
the air soot and fly ash, water vapor, 
carbon dioxide, Qarbon monoxide, sulfur 
dioxide, oxides of nitrogen, hydrocar­
bons, oxygenated hydrocarbons and or­
ganic acids. In the Detroit-'Vindsor area, 
for example, it is estimated that the com­
bustion of solid fuels alone annmilly re­
leases into the air about 430,000 tons of 
sulfur dioxide. Liquid and gaseous fuels, 
though cleaner-burning than coal as 
far as soot is concerned, discharge all 
sorts of organic gases and vapors: meth­
ane, acetylene, aldehydes, phenols, 
ketones, ammonia and alcohols. As an 
indication of the size of this problem, 
we can cite some rough estimates of 
the burning of liquid and gas fuels in 

LOS ANGELES, as shown in this aerial photograph, is 
frequently covered with a layer of smog. Because there 

are mountains on three sides of the city, there is seldom 
a wind stl"Ong enough to dissipate the polluted layer. 
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DEVELOPMENT OF SMOG is shown by these photo­
graphs made from a site in Los Angeles_ In the first 
photograph, made at 9: 15 a.m., the smog is clearly vis-

ible; observers could also detect its odor. In the second, 
made at 10, the haze is thicker; observers reported a 
stronger odor. In the third, made at 10 :45, visibility is 

the Los Angeles area. There each day 
some two million automobiles, buses and 
trucks burn a total of four million gallons 
of gasoline and oil, releasing nearly four 
billion cubic feet of exhaust! This means 
that more than 125,000 tons of contam­
inated air goes into the atmosphere every 
day from this one source. In addition, 
Los Angeles, including its industries, 
daily burns 21,000 tons of fuel gas, 
7,300 tons of fuel oil, 260 tons of Diesel 
oil and 170 tons of coke. 

Then we have the vast outpourings 
from industrial processing plants: chem­
ical, metallurgical, petroleum refining, 
and so on. Large amounts of chemical 
vapors are also released into the air con­
stantly by the evaporation of solvents, 
paints, varnishes, gasoline and other ma­
terials. And all these multitudes of sub­
stances may react with one another in 
the air, perhaps forming completely 

new compounds of unknown composition. 
Finally, we must take account of the 

natural dusts, pollen, crystals, aggregates 
and miscellaneous particles in a wide 
assortment of sizes that are always in the 
atmosphere. 

T
HE pollution problem has three 
phases. We need to find out (1) what 

substances are in the atmosphere, (2) in 
what quantities, and (3) in what con­
centrations or forms they may be harm­
ful to man and his food or other products. 
On all these matters our information is 
woefully sketchy. We have to collect, 
isolate and analyze relatively minute 
quantities of materials in huge volumes 
of air-air that is not static but is con­
stantly altered by changing weather and 
ventilation conditions. 

That the questions are very compli­
cated is illustrated by the problem of 

solid particles in the atmosphere. We' 
know that the amounts are large. One 
measure of the quantity of dirt in the air 
is the amount that falls out of it. Sample 
measurements of the dust and soot fall 
have been made in several cities at vari­
ous times during the past 20 years or so. 
In Grafton, W. Va., the annual rain of 
dirt was found to amount to 1,876 tons 
per square mile! In Baltimore it was 
1,800 tons; in Pittsburgh, 1,031 tons; 
in Chicago, 782 tons; in Cleveland, 780 
tons; in Detroit, 678 tons; in Los Angeles, 
332 tons. But the dust problem does not 
involve merely the particles that are 
large enough to settle to the ground. 
Much of the material in the air consists 
of particles so small that they remain 
permanently suspended as aerosols. The 
human respiratory system filters out 
nearly 90 per cent of the larger particles 
(over one five-thousandth of an inch in 

EFFECTS OF TURBULENCE on smog is depicted by 
the two photographs on this and the opposite page. The 

view is south across Hollywood; the day was classified as 
moderately smoggy. The photograph at the left was 
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at its minimum for the day; the odor was at its 
strongest. In the fourth, made at 11 : 30, the haze be­
gins to clear; observers reported a slight eye irritation. 

In the fifth, made at 1 : 30 p.m., the haze clears fur­
ther; some eye irritation was still noticeable. In the 
last, made at 3 :45, the smog is almost entirely gone. 

diameter). The smaller ones, however, 
particularly those less than 20 millionths 
of an inch in diameter, penetrate into our 
respiratory system; hence our "census" 
of the atmosphere must include measure­
ment of the sizes of the various particles. 

Our knowledge of human tolerances 
to the substances in the air is equally 
meager. We know that some of them 
can affect us in extremely small amounts. 
Formaldehyde is irritating to the eyes 
in a concentration of one part per mil­
lion. Our threshold for odor perception 
goes even lower: we can detect some 
chemicals in concentrations of one part 
per billion. For certain chemicals and 
dusts industrial hygienists have deter­
mined the maximum safe concentra­
tions: carbon monoxide, for example, is 
said to be unsafe if it exceeds 100 parts 
per million parts of air; chlorine, 1 part 
per million; fluorine, 3 parts per million; 

nitrogen oxides, 25 parts per million; 
sulfur dioxide, 10 parts per million; 
cadmium dust, .1 milligram per cubic 
meter; lead, .15 milligram; manganese, 
60 milligrams; zinc, 15 milligrams: For­
tunately, it appears that no city atmos­
phere, not even Donora's, has yet 
reached these levels of contamination. 
But as to the effects of the total con­
tent of the air, we are very much in 
the dark. We do know that some of the 
materials have caused damage to crops 
and livestock; hydrogen fluoride in a 
concentration of only one part per 200 
million, for example, damages some 
plants after only a few hours of expo­
sure. 

W
E SHALL report here on some of 
the work done in Los Angeles, 

where one of the most extensive air­
pollution studies yet attempted has been 

going on. Los Angeles is an air-condi­
tioned paradise compared with some 
other big U. S. cities, but it has a very 
real smog problem at times (about 30 
davs of the year). This is due chiefly to 
its unusual topography and weather. 
Los Angeles is closed in on three sides 
by a ring of mountains and is open only 
on the ocean side. Rarely does a strong 
wind sweep over the city. Instead, a gen­
tle motion of air, seldom exceeding 10 
miles per hour, washes to and fro over 
the basin. iVloreover, the city is general­
ly blanketed by a canopy of hot, dry 
air created by the Pacific High. On days 
when the canopy is lower than the sur­
rounding mountains, it seals the Los 
Angeles area and prevents vertical mix­
ing of its air. On such days the activities 
of the area's millions of people overtax 
the natural ventilation. Visibility is no­
ticeably decreased, and people complain 

made at 6 : 30 a.m.; the smog hugs the ground in long 
streaks. The photograph at the right was made at 8: 20; 

increased turbulence has mixed the smog more or less 
evenly through a much thicker layer of the atmosphere_ 
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AUTOMOBILE-EXHAUST condensates contained the 
crystals shown in these two photomicrographs. The crys-

POWER PLANT burning oil produced the crystals in 
these two photomicrographs. Los Angeles burns about 

S MOG yielded the particles in these electron micro­
graph;:. The micrograph at left shows the solids that re-

18 

tals are probably ammonium or calcium sulfate. In Los 
Angeles some 10,500 tons of gasoline are burned daily. 

7,300 tons of fuel oil, 650 million cubic feet of fuel gas, 
9,165 tons of refuse and 260 tons of Diesel oil a day. 

mained after the droplet contammg them had evap­
orated. The droplet at right is from an artificial smog. 

• 

© 1952 SCIENTIFIC AMERICAN, INC



of eye irritation. In the Los Angeles at­
mosphere rubber deteriorates rapidly 
and sensitive crops often suffer. 

Four years ago the Committee on 
Smoke and Fumes of the 'Western Oil 
and Gas Association commissioned the 
Stanford Research Institute to investi­
gate Los Angeles' smog. We have under­
taken to make a complete analysis of the 
Los Angeles atmosphere by almost every 
known method of analytical chemistry, 
including infrared and ultraviolet spec­
troscopy, X-ray diffraction, mass spec­
trometry, chromatography and micro­
scopic techniques. We have even ana­
lyzed dust particles by applying reagents 
to individual specks with a hypodermic 
needle under a microscope! The study 
has given special attention to two types 
of pollutants: organic compounds, par­
ticularly hydrocarbons, and aerosols. 
Hydrocarbons, heretofore largely over­
looked, are difficult to detect in small 
concentrations, and we have had to de­
velop new techniques for doing so. The 
tiny particles of aerosols concern us both 
because of their ability to penetrate the 
defenses of our respiratory systems and 
because they provide surfaces on which 
other chemicals in the atmosphere can 
react. 

One specific investigation well illus­
trates the nature of the study, and the 
interesting, often surprising, trails it 
opens up. We set out to try to find out 
what ingredients of Los Angeles smog 
are responsible for eye irritation. Sulfur 
dioxide had long been the chief suspect. 
Under the action of sunlight it can react 
with oxygen to form sulfur trioxide, 
which in turn can combine with water 
vapor to make a sulfuric acid mist. To 
test the sulfur dioxide theory we exposed 
people to this gas in a special "smog 
chamber" at the Stanford Research In­
stitute. In the concentrations in which it 
occurs in the Los Angeles atmosphere, 
sulfur dioxide caused no eye irritation. 
Nor did any of the other known Los 
Angeles pollutants when they were tried 
individually in the chamber. We did, 
however, produce a synthetic smog, 
using nine ingredients of the Los Ange­
les air, that smelled like natural smog 
and irritated the eyes. 

Smog has a striking general property 
that offered a possible clue: it possesses 
uncommonly strong oxidizing power. 
A. J. Haagen-Smit, California Institute 
of Technology biochemist, has suggested 
that the oxidizing material in smog may 
combine with hydrocarbons and other 
organic compounds in the air to produce 
irritating and noxious substances. Ex­
periments with plants at Caltech have 
seemed to bear out this theory. Haagen­
Smit found that by exposing plant5 to 
certain substances formed by oxidation 
of hydrocarbons he could produce dam­
age such as Los Angeles smog produces. 

What is the oxidizing ingredient in 
smoggy air? Various possibilities have 

EYE IRRITATION caused by smog is measured at the Stanford Research 
Institute by conducting artificial smog into a special experimental mask. 

been suggested, but one stands out. On 
smoggy days the Los Angeles air has a 
heavy odor of ozone. Ozone, a strong 
oxidant, attacks rubber, and the fact that 
rubber products crack in an extraordi­
narily short time in Los A.ngeles gives 
weight to the idea that ozone is indeed 
the chief oxidant in smog. 

T
HE ANALYSIS of what is in the air 
is only one part of the research prob­

lem. How does the polluted air of our 
cities actually affect the health of their 
people? Two years ago the U. S. and 
Canadian Governments formed an In­
ternational Joint Commission to make an 
intensive study of that question in the 
Detroit-Windsor area. This vast under­
taking will seek to compare the health 
of people who live in clean air with that 
of those who live in polluted air. The 
Commission has already selected a num­
ber of matched pairs of communities for 
comparison. It will compare high-in­
come groups, middle-income groups, 
low-income groups and Negro groups, 
in each case taking one in a high-pollu­
tion area and another in a low-pollution 
area. The groups are large enough to 
give statistically significant results. The 
Commission will analyze the air in these 
communities, follow the weather condi­
tions and take a continuous record of the 
people's health. Each family will be in­
terviewed once a month, perhaps for 
several years. Data will be collected on 
deaths and illnesses, particularly those 
calling for the services of allergists and 
eye, ear, nose and throat specialists. The 
study will be expensive, but it is the only 
kind that can come near yielding the 
desired information. 

A large-scale laboratory investigation 
of the effects of air pollution on experi-

mental animals has also been suggested 
by many students of the problem. Ani­
mal colonies would be raised in several 
large cities with various conditions of 
pollution. The experimenters would use 
identical strains of animals, give them 
all the same diet and care, make stand­
ard measurements .of their health and 
growth and perform a post-mortem ex­
amination on each animal at death. Such 
an experiment, extending over several 
years and a number of generations, 
would tell a good deal about the effect 
of air pollutants on health, nervous hab­
its, the span of life, physiological pro­
cesses, and so on. The animals exposed 
to pollution would be compared with 
control groups grown in filtered air or in 
suburban areas. 

A FTER THE Detroit-Windsor popu-
1\.. lation study and laboratory animal 
investigations have determined how 
polluted air affects health, the next step 
will be to test individual air contamin­
ants on animals to identify the harmful 
substances and establish permissible 
levels of pollution. We shall need new 
measuring techniques and a great deal 
more technical information to solve the 
air pollution problem. Its various facets 
call for cooperative efforts by a large 
number of specialists: meteorologists, 
physicists, chemists, physiologists and 
many others. It is clear that hardly a 
field of science will not somehow be 
touched and enriched by the inquiry. 

-

A. M. Zarem is chairman of the National 
Air Pollution Symposium and director of 
tlle Los Angeles Division of the Stan­
ford Research Institute. W. E. Rand 
is assistant director of the Institute. 
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A Stone Age 
Hunters' Camp 

Beside an ancient lake bed in Yorkshire archaeologists have 
unearthed stone and organic relics of the pre-agricultural 
folk who inhabited the forests of Europe 10,000 years ago 

A 
LITTLE more than half a century 
ago a party of archaeologists from 
the National Museum of Denmark 

began to explore traces of a Middle 
Stone Age settlement in the Great Bog 
on the Danish island of SjaeIIand. They 
found some hand-chipped flints, which 
was not too remarkable. But because 
they were digging in a site which had 
been waterlogged for a very long time, 
they had the great luck to find also some 
preserved organic material: tools and 
equipment fashioned from bone, antler 

by Grahame Clark 

and even wood; discarded animal re­
mains, and traces of the vegetation that 
had grown at the time the site was oc­
cupied. 

The time was not long after the last 
Ice Age. The climate was still cold, with 
rather more marked seasonal differences 
than obtain today. Sea levels were a 
good deal lower than now, due to the 
amount of water still locked up in the 
Pleistocene ice-sheets. The vegetation 
was dominated by pine forests. Oak and 
other warmth-demanding trees were still 

rare. Elk and wild ox were the chief 
game animals; there were also some red 
and roe deer and wild pigs. The people 
who had camped at the site were hunter­
fishers who did not yet know agriculture. 

To these people archaeologists gave 
the name Maglemosian, after Magie 
Mose, Danish for Big Bog, where the 
first settlement was found. It was a new 
Middle Stone Age culture previously 
unknown. During the past 30 years, 
however, traces of similar settlements 
have turned up at widely separated 

EXCAVATIONS at Star Carr in Yorkshire uncovered 
the camp. Beyond the excavations is the site of a former 
lake, on the shore of which the camp was located. At the 

lower right a group of Cambridge University students 
work. On a platform between two ladders at the upper 
left two workers photograph the hrush floor of the camp. 
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points over the whole plain of Northern 
Europe, from Eastern England and 
Northern France to as far east as 
Estonia. Evidently hunting bands of 
the Maglemosian type had ranged over 
the whole of these extensive territories 
during the time when much of the North 
Sea was still dry land and the Baltic was 
a landlocked lake. Everywhere the 
hunters had camped on the shores of 
lakes, most of which have since been 
filled up and converted into bogs. 

Three years ago a party of young 
Cambridge University archaeologists 
started digging in Yorkshire to find out 
more about these people. Although a 
fair amount had been learned about 
their geographical spread in Europe, 
very little was known about any single 
group of them outside the West Baltic 
area, and almost nothing about the Brit­
ish Maglemosians. We located a likely 
site on the edge of an ancient lake bed 
at Star Carr, in east Yorkshire, and ex­
plored it during the summers of 1949, 
1950 and 1951. 

A S SO OFTEN happens in archaeol­
.t\. ogy, we did not find precisely what 
we had expected. It turned out that the 
settlement we excavated at Star Carr 
was a good deal older than any previous­
ly explored on the Continent at which 
organic substances had survived. In oth­
er words, we had the chance to investi­
gate an earlier phase in the adaptation 
of the North European hunters to the 
incoming forest. Our Star Carr people 
were living at a time when the forests 
were still composed almost entirely of 
birch trees with but a small proportion 
of pine. How long ago was this? Accord­
ing to our best information, including 
radiocarbon measurements of two sam­
ples of birchwood, it was somewhere 
between 9,000 and 10,000 years ago. 

On digging away the overlying peat 
and mud, we found a small camp site 
of not more than 300 to 350 square 
yards; hardly more than three or four 
families can have occupied it at once. 
The people evidently wanted to live as 
near the lake as possible, for they pitched 
their camp directly on the reeds border­
ing the open water. They threw down 
quantities of birch brushwood, inter­
spersed with stones and wads of clay, to 
help consolidate the yielding surface of 
the swamp. The inhabitants must have 
sheltered in skin tents or temporary 
huts. 

Since the Maglemosian economy was 
to a large extent based on hunting, we 
were glad to recover quantities of ani­
mal remains-antler and bone. On the 
drier landward side this material was 
badly decayed, where it had not entirely 
vanished. But the bone and antler re­
covered from the lakeward side was 
quite solid and a beautiful pale chestnut 
brown. Because it would split and 
eventually disintegrate if allowed to dry 

BIRCH TREES felled by the hunters were preserved by the waterlogged soil. 
The axe-hewn hase of the larger tree (bottom) is at the edge of the hl'tlsh 
floor of the camp. At the upper right the intake of a pump drains the trench. 
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SKULL of a red deer had been hollowed out so that only 
a light shell remained. The skull had also been per-

FLOOR of the camp was composed of brush inter­
spersed with pebbles and lumps of clay. This made a firm 

22 

forated with two holes and the roots of its antlers 
scraped. This object may have been worn as a mask. 

platform on the swampy shore of the lake. At the lower 
right is the stump of a birch tree that had been Cllt down. 

© 1952 SCIENTIFIC AMERICAN, INC



out, every piece had to be impregnated 
with polyvinyl acetate under vacuum 
conditions to preserve it. 

All the mammals represented were 
wild, and with few exceptions they were 
forest forms. The foremost victim of the 
Star Carr hunters was the red deer. Roe 
deer, elk, beaver and two races of wild 
ox were also fairly common. In addition 
there were a few remains of wild pig, 
fox, wolf, marten, badger and single 
bones of a hare and a hedgehog. That 
the Star Carr people also carried on 
fowling activities was witnessed by the 
bones of a number of birds, including 
the red-throated diver, red-breasted 
merganser, crane, white stork and 
grebe-all species at home on inland 
waters. We found no fish-bones, but it 
seems altogether likely that these people, 
living at the edge of a lake, must have 
fished. We did recover the middle por­
tion of a wooden paddle, apparently the 
oldest implement of water navigation 
yet found anywhere in the world. Un­
fortunately there was no clue to what 
kind of boats the Star Carr people had. 
At the edge of the brushwood, where 
the open water of the ancient lake be­
gan, was a group of felled birch trees, 
which may have been a rough landing­
stage. 

G
REAT quantities of worked flint, 
mostly the debris chipped off in the 

manufacture of tools, lay about the site. 
The extreme freshness of the material 
has made it possible to study the proc­
esses of manufacture in unusual detail. 
One of the most significant tools repre­
sented was the axe or adze. There were 
axe marks on the stumps of the felled 
birch trees. Apparently this tool was 
put to considerable use and frequently 
resharpened, because there were many 
flakes of the kind that would be struck 
off in the process of renewing its cut­
ting-edge. 

Most of the flint tools and fragments 
were connected more or less directly 
with hunting or with working the vari­
ous materials obtained from wild ani­
mals. Among the commonest kinds were 
tiny pointed flakes, some of which were 
used to tip arrows and others as barbs 
set lower down the shaft. These small 
flints were held in position by resin, 
perhaps distilled from birch bark as in 
stone-age Switzerland. The Star Carr 
people gathered birch bark and, like 
the modern Lapps, stored it in tightly 
wound rolls. Other common flint tools 
at the Star Carr site were various scrap­
ers, indicating that the people used ani­
mal skins for clothing and possibly for 
tents and boats. 

Most striking, however, was the large 
number of flint burins-tools for work­
ing bone and antler. Animal antlers and 
bones played an important part in the 
economy of these people. We found at 
Star Carr no fewer than 193 barbed 

VACUUM CHAMBER was brought to the Star Carr site hy the archaeo­
logical party to impregnate fragile animal remains with polyvinyl acetate. 

spearheads, almost all made from the 
antlers of red deer. Narrow splinters 
were cut out of the antlers with burins, 
and a row of pointed barbs was then cut 
along one edge. These spearheads, rang­
ing from about 3 to 14 inches long, un­
doubtedly were attached to wooden 
shafts, sometimes in pairs or bunches. 
One of the pOints we recovered may 
have been a harpoon-head: it had two 
barbs and a hole through one end. It is 
likely that the inhabitants caught fish 
with forked spears and other weapons, 
as did Maglemosians in other parts of 
Europe. 

The Star Carr people's preference for 
antler in making their spearheads is 
most interesting, because all other 
groups of Maglemosians whose remains 
have so far been discovered preferred 
to make them of bone. In form the 
spearheads of the Star Carr people are 
typically Maglemosian, but their use of 
antlers and their technique of cutting 
the splinters resemble the practices of 
earlier deer hunters of the Old Stone 
Age. This further goes to show that the 
Star Carr culture represents a transition 
phase in the early development of the 
Maglemosians of the Middle Stone Age. 

It is instructive to see how selective 
the Star Carr craftsmen were in the use 
of their bone and antler materials. For 
example, although they utilized the red 
deer's antlers (for spearheads, clubs and 
spatulate tools), they seem to have madc 
no use whatever of the bones of this 
animal. On the other hand, in the case 
of oxen they used only the main leg 

bones. From them they made hammcr­
ing tools, what seem to be anvils on 
which to rest flint while flaking it, and 
tools with concave, highly polished 
working ends, very much like the imple­
ments used by Eskimos for leather­
stretching. 

From the antlers of the elk the Star 
Carr people fashioned two kinds of 
mattock-heads; these, attached to 
wooden handles, were probably em­
ployed for breaking the soil. The onl�" 
bones of this animal used for toolmaking 
were those of the lower legs. We found 
one large elk bone that was heavilv 
battered, as if flint had been flaked on it, 
and another from which strips had bee!l 
cut, perhaps for bone spearheads. There 
were also some small sharpened elk 
bones that may have been employed as 
pins to fasten skin cloaks together. Al­
though there was a good deal of bonc 
and antler of roe deer lying about, we 
could discover no sign of any tools of this 
material; apparentlv this animal was 
killed only for its meat and skin. 

T
HE PICTURE we have painted so 
far is that of a small communitv en­

camped in a reed swamp close to the 
margin of a lake and preoccupied almost 
entirely with preying on other forms of 
life, on which it depended for its food 
and much of its material equipment. Yet 
even at this rather brutish level the Star 
Carr people conformed to a recognizable 
cultural pattern. 

Their culture, indeed, went a bit be­
yond stratagems to make a living. Amid 
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NINE SPEARHEADS are only part of the 193 found at 
the Star Carr site. Ranging from 3 to 14 inches in 

TWO JAWBONES are among the many animal remains 
found at the site. At the top is the jawhone of an elk; 
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length, they had been cut from the antlers of the red 
deer with flint tools and then notched with harhs. 

at the hottom, that of a red deer. The hottoms of hoth 
jawhones had heen hroken off to extract the marrow. 
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the welter of discarded meat-bones and 
workshop debris it was pleasant to find 
a few articles of personal adornment. 
Here and there were a few beads mauc 
of thin, disklike pebbles smaller than a 
thumbnail, with holes bored through the 
middle, apparently by a bow-drill. The 
beads lay in groups, perhaps where they 
had fallen when necklaces broke. We 
also found some animal teeth and lumps 
of amber perforated with holes, indicat­
ing that they, too, were used as pend­
ants. But none of the beads or pendants 
was decorated in any way, nor was there 
a trace of decorative carving on all)' 
bone or antler at the site. 

We did, however, find some red-deer 
antlers that had been treated in a very 
peculiar manner. These antlers, in ev­
ery case those of young stags, had been 
pared down and hollowed out, so they 
were merely a light shell. The inner side 
of the roots, where the antlers had been 
attached to the animal's head, was 
scraped smooth, but the outer side was 
left rough. And two or three holes were 
cut in the bony base of the frontlets. 

The holes suggest that the antlers 
were meant to be mounted in some way. 
On posts? If so, it is difficult to account 
for their being reduced in bulk and 
scraped smooth on one side. It looks very 
much as if they were meant to be worn 
on the head as some kind of mask. 

What, it may well be asked, vvould 
stone-age savages be doing with deer's­
head masks? Two possibilities suggest 
themselves. It may be that the Star Carr 
hunters wore them while stalking stags 
at the mating season, to attract and 
draw them within range, much as some 
Caribou Eskimo are known to have done. 
The other possibility is that the St,\1 
Carr people wore them in some kind of 
ritual dance designed to assist the fer­
tility and increase of the red deer, on 
which the economy of these people 
mainly depended. Dancing with animal 
masks goes back at least as far as the 
latter part of the Old Stone Age in Eu­
rope. One might mention the engravings 
of dancers with chamois masks found in 
Paleolithic caves of Southwest France, 
or the fantastic Sorcerer of Trois Frercs 
crowned with reindeer antlers, or the 
dances of Tungus shamans wearing 
frontlets and antlers of reindeer that are 
illustrated in an early 18th-century work, 
or even the still-surviving horn dance 
of Abbots Bromley, England. 

Yet when all is said, no certain ex­
planation of the Star Carr frontlets can 
be offered. As so often happens when we 
deal with the remote past, scientific pro­
cedures enable us to advance knowledge 
only up to a certain point, beyond which 
stretches a vast realm of conjecture. 

-

Grailame Clark is lec­
tllrer in archaeology at 
Cambridge University. 

WOODEN PADDLE, shown in two views, indicates that the hunters went 
out on their lake. The paddle is the oldest evidence of human navigation. 

MATTOCK HEAD, made from the antler of an elk, was apparently used to 
break the soil. The hole suggests that the head was attached to a handle. 

BONE TOOLS resemble those used by modern Eskimos to stretch leather. 
These tools were made only from the metacarpal bones of the wild ox. 
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ELECTRICITY IN SPACE 
The motion of. a conducting fluid in a n1agnetic field generates 

a hitherto unknown kind of wave. This may be a lnighty force of 

nature which causes such phenomena as sunspots and cosmic rays 

N
EARLY everything we know about 

the celestial universe has come 
from applying principles we have 

learned in terrestrial physics. Newton's 
laws of motion, our studies of the spec­
trum of light, our explorations of the 
nucleus of the atom and other major 
discoveries in our physics laboratories 
have contributed to our enlightenment 
about the stars-their motions, their 
chemical composition, their tempera­
tures and their source of energy. 

Yet there is one great branch of phys­
ics which up to now has told us little or 
nothing about astronomy. That branch 
is electricity. It is rather astonishing that 
this phenomenon, which has been so 
exhaustively studied on the Earth, has 
been of so little help in the celestial 
sphere. Electricity has illuminated our 
cities but has shed no light on stellar 
phenomena; it has linked the Earth with 
a dense net of communications but has 
given no information about the universe 
around us. 

Certainly we have seen plenty of evi­
dence of electrical phenomena out in 
space. Within the last few decades we 
have discovered several important elec­
trical effects in the heavens: strong 

POOL OF MERCURY in a magnetic 
field is viscous. When a loop is drawn 
through the mercury, it is like syrup. 
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stellar magnetic fields such as could only 
be caused by large electric currents, 
radio waves emanating from the sun and 
from many star systems, and the ener­
getic cosmic rays, which are electrically 
charged particles accelerated to tremen­
dous speeds. 

These phenomena, however, are still 
very mysterious. We have no idea how 
electric currents may be generated and 
transmitted in the stars or in space. Al­
though we know a great deal about 
electricity, almost everything we know 
is based on its behavior in wires. We 
generate electricity by moving copper 
wires in a magnetic field, and we can 
transport, broadcast and use electrical 
energy only by means of wires. Any 
electrical engineer, asked what he could 
do without using metal wires at all, 
would certainly say: nothing. 

But there are no wires in the stars. 
They consist entirely of hot gases. 
While physicists have given much study 
to the behavior of eleotric currents in 
gases, we know of no means by which 
gases can generate electricity. Hence the 
electrical phenomena in stars present us 

with a completely new problem. 

W
E CANNOT bring· the stars into 

our laboratories. But we can in­
vestigate electrical behavior in a medi­
um roughly comparable to the gaseous 
body of a star and under comparable 
conditions. We know that there are mag­
netic fields in stars. We also know that 
very hot incandescent gases, such as 
make up a star, are good electrical con­
ductors. In the interior of a star the 
gases are under such great pressure that 
they may be much denser than ordinary 
liquids. Since we cannot work with 
gases under such pressure in a labora­
tory, the closest we can come is to use a 

liquid. Of the common liquids, mercury 
is the only one which is a good conduc­
tor of electricity. 

We have recently conducted some 
simple experiments with mercury in a 
magnetic field and observed several very 
curious and striking results. 

Everyone is acquainted with the "mer-

curial" behavior of mercury. If you tap 
the side of a vessel containing a pool 
of mercury, the surface quakes and rip­
ples as if it were alive. We found that 
when we placed such a pool in a strong 
magnetic ReId of 10,000 gauss, its be­
havior instantly changed. It did not re­
spond to jarring of the vessel; its surface 
stiffened, so to speak. The magnetic field 
gave a curious kind of viscosity to the 
mercury. This was illustrated dramati­
cally when we dipped the hvo ends of a 
bent metal wire into the liquid and 
moved them through it. Ordinarily an 
object dragged through mercury moves 
as easily as through any liquid. But 
when the magnetic ReId was applied, 
the wire pulled the mercury with it, 
producing a big surge in the pool. It was 
like moving a stick through honey or 
syrup. 

This behavior is easily explained. The 
wire and the surface of the mercury be­
tween its ends form an electricity�con­
ducting circuit. When the wire is moved 
across the magnetic ReId, it creates an 
electric current. Since an electric current 
always produces a magnetic field, the 
new current creates a second magnetic 
field. This interacts with the one we 

LINES OF FORCE passing through 
the turbulent interior of the sun 
may give rise to spots on its surface. 
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have alreadv applied to the pool of mer­
cury, just as two magnets attract or re­
pel each other. The force between the 
two magnetic fields opposes the motion 
which is producing the current. As a 
result the wire sticks to the mercury 
as if it were a very viscous liquid. 

Let us now consider another experi­
ment that disclosed a more remarkable 
and illuminating phenomenon. We fill 
a small tank with mercurv. The tank 
has a movable bottom whi�h can be ro­
tated back and forth like the agitator in 
a washing machine. In the absence of a 
magnetic field, the slow oscillation of 
this agitator, stirring the mercury at the 
bottom of the tank, will not disturb the 
surface of the mercury at the top of 
the tank; the mercury molecules slide 
past one another so that the motion dies 
out before it proceeds very far up the 
tank. A mirror floating on the surface, 
with a beam of light shined on it to show 
any slight movement, stays perfectly 
still. When a strong vertical magnetic 
field is applied to the tank, however, the 
motion at the bottom is quicklv commu­
nicated to the top. 

What we have created here is a new 
kind of wave, which was predicted theo­
retically about 10 years ago but was 
actually produced for the first time in 
this experiment. The wave is the result 
of a coupling between magnetic and 
hydrodynamic forces. Whe"n the mer­
cury at the bottom moves in the magnet­
ic field, it generates electric currents. 
These currents, with their attendant 
magnetic fields, produce mechanical 
motion in the mercury immediately 
above, which in turn creates new cur­
rents that act on the next layer. Thus 
the movement is communicated up 
through the whole body of the liquid. 
This rising wave of motion is called a 
magneto-hydrodynamic wave. It has 
three characteristics: it produces (1) 
mechanical motion, (2) a magnetiC field, 
and (3) an electric field. 

W
HAT has all this to do with the 
stars? It is possible to show that our 

mercury model reproduces many of the 
essential properties of stellar matter. To 
be sure, the magnetic fields in the stars 
are very much weaker than the 10,000 
gauss of our experiment (the sun's gen­
eral field is estimated at between 1 and 
"25 gauss). But our theory tells us that if 
we made the vessel larger, we could 
produce the magneto-hydrodynamic ef­
fects with a smaller magnetic field; the 
magnetic force required would decline 
in proportion to the increase in size of 
the vessel. Hence in a star, which is, say, 
10 billion times as large as -our experi­
mental vessel, the magnetic field need 
be only one 10-billionth of the labora­
tory field. The stars' fields are much 
stronger than this. 

The results of our experiments lead to 
an entirelv new wav of looking at the 

t 

TANK OF MERCURY was placed in a strong magnetic field (verticlIlllrrows 
at top and bottom). When the vanes at the bottom of the mercury were 
moved back and forth, the mirror on its surface described a similar motion. 

behavior of stellar matter. It has always 
been assumed that the movement of 
gases in stars obeys the laws of hydro­
dynamics, as they apply to ordinary 
liquids and gases. But if a magnetic field 
drastically changes the properties of the 
dense stellar gases, as it does in the mer­
cury model, then they must behave very 
differently from ordinary fluids. Let us 
see whether the curious behavior of mer­
cury in a magnetic field can shed any 
light on some of the great mysteries in 
astronomy. 

Consider sunspots. Few astronomical 
phenomena have been more thoroughly 
studied. We have charted their paths 
across the sun's surface, discovered their 
cycle of activity and their effects on 
solar radiation, analyzed their light and 
learned from the splitting of their 
spectral lines (the so-called Zeeman ef­
fect) that they have strong magnetic 
fields. But what sunspots are, how they 
originate, how they can produce mag­
netic fields-that seems more difficult to 

explain. It was once thought that sun­
spots were great eddies in the solar at­
mosphere, similar to cyclones on the 
Earth. The motions of gas in sunspots, 
however, are not at all like those of the 
air in cyclones. 

The pieces of the puzzle begin to fall 
into place if we think of the mercury 
model. We can assume that the energetic 
nuclear reactions in the interior of the 
sun cause violent motions of the matter 
there. This would correspond to the stir­
ring of the mercury at the bottom of the 
vessel. In the sun's general magnetic 
field, whose lines of force apparently run 
from the center of the sun out to the 
surface, these motions would generate 
magneto-hydrodynamic waves that 
would travel to the surface. The waves 
would account for the strong magnetic 
fields associated with sunspots. 

As we have seen, magneto-hydrody­
namic waves also generate an electric 
field. This may well account for some of 
the other phenomena observed on the 
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SUNSPOTS have strong magnetic fields which may be 
due to magneto-hydrodynamic waves. The photograph at 
the top, made by the light of one spectral line of hydro­
gen, suggests magnetic lines of force around two sun-
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spots. The photograph at the bottom shows one spectral 
line of iron from the region of a sunspot. Photographed 
through a system of polarizing filters, the line is split 
apart in the middle by the magnetic field of the spot. 
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sun's surface;. The very high voltages 
generated by the waves may discharge 
into the sun's atmosphere, very much as 
a discharge tube in the laboratory pro­
duces corona discharges into the air. 
Such discharges would explain the solar 
prominences. The marvelous motion pic­
tures of solar prominences taken at Pic 
du Midi in the Pyrenees and at the High 
Altitude Observatory near Climax, Col., 
give a vivid impression that they are 
electrical discharges. 

The sun's emission of radio noise, an­
other great mystery, would also be ac­
counted for by this method of generating 
electricity. As radio listeners know too 
well, all sorts of electric currents-in 
transmission lines, household appliances 
and so on-produce radio noise. The 
Jarge electric currents generated in stars 
by magneto-hydrodynamic forces would 
give rise to radio waves and broadcast 
them into space. 

F
INALLY, the magneto-hydrodynam­
ic process seems to offer a plausi­

ble explanation for the great energy of 
the cosmic rays. How these particles are 
driven to their fantastic energies, some­
times as high as a million billion electron 
volts, is one of the prime puzzles of as­
tronomy. No kn"own (or even unknown) 
nuclear reaction could account for the 
firing of particles with such energies; 
even the complete annihilation of a pro­
ton would not yield more than a billion 
electron volts. 

But if we suppose that the cosmic-ray 
particles are driven by electric and mag­
netic fields in space, in the same way as 
we accelerate particles in our big lab­
oratory accelerators, it is easy to see how 
they could reach very high energies in­
deed. We know that interstellar space is 
not absolutely void. Although the matter 
in it is very thin, certainly not more than 
an average of one atom per cubic cen­
timeter, in the vastness of the universe 
it adds up to an enormous amount of 
material. In at lea·st some regions the in­
terstellar matter is ionized, so that it is a 
good electrical conductor. Furthermore, 
there are good arguments for assuming 
that a weak magnetic fieJd (some mil­
lionths of a gauss) pervades all of space. 
It is likely, therefore, that magneto-hy­
drodynamic waves roam ceaselessly 
through space, generating weak but very 
extensive electric fields, especially near 
the stars. If so, we can picture charged 
atomic nuclei being propelled across 
eleotrified space, gathering speed as 
they go and crashing into the Earth's 
atmosphere with energies far beyond 
any that could ever be generated within 
any star or planet. 

• 

Hannes Alfven is professor 
in the department of elec­
tronics at the ROtlal Institute 
of Technology ·in Sweden. 

SOLAR PROMINENCE suggests an electrical discharge due to magneto­
hydrodynamic waves. In this series of photographs, made by the corona­
graph at the High Altitude Observatory, the disk of the sun is 
artificially blacked out, leaving only the curved luminous line of its edge. 
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SHERRINGTON 

ON THE EYE 
The great English physiologist, who died in March 

at 95, was also a remarkable writer. Presenting his 

poetic account of the eye and how it makes itself 

S
IR CHARLES SCOTT SHERRINGTON, who died last 

March 4 at the age of 95, was one of the great creative 
intellects of our era. To take an apt title from the termin­

ology of chess players, Sherrington was a grand-master of 
science. He is best known for his work in physiology, particu­
larly on the nervous system; The Integrative Action of the 
Nervous System, published in 1906, stands as a monadnock 
of scientific thought. But his activities and interests ranged 
over a much wider field than the study of the brain. During 
his lifetime he occupied himself with such diverse subjects as 
the specific gravity of blood, knee jerk, eye movements, mus­
cular function, the effects of alcohol, fatigue, sundry aspects 
of bacteriology (which he had studied with the great Virchow 
and Koch in Germany), the "life condition and infectivity of 
the oyster," the history of science, the nature of sensation, 
cardiac physics, the teaching of histology, the health of school 
children, the use of chloroform, cholera epidemics in Spain 
and Italy, the mechanism of "locked-jaw," the effects of 
strychnine and other drugs, body metabolism in cancer, color 
blindness, the lighting of factories. Between the years 1884 
and 1951 he produced more than 325 scientific papers on 
various subjects. 

Even this gargantuan record conveys an inadequate picture 
of his output, not to say his talents. Sherrington was a man 

of exceptional sensibility: a poet, a philosopher, a literary 
craftsman extraordinarily gifted in descriptive writing. His 
books included works on biography, poetry, philosophy and 
literary criticism as well as on science. Man on his Nature, the 
collection of his Gifford Lectures at Edinburgh in 1937-38, 
has been described as "one of the landmarks in the history 
of man's speculation." 

A full measure of recognition came to Sherrington during 
his lifetime. The Nobel prize in medicine (a\varded to him 
jointly with his pupil E. D. Adrian in 1932), the presidency 
of the Royal Society and of the British Association for the 
Advancement of Science, the Holt professorship of physiology 
at the University of Liverpool, the Fullerian professorship 
at the Royal Institution, the Waynflete professorship at Ox­
ford University, distinguished lectureships on both sides of 
the Atlantic, honorary degrees almost by the score, knight­
hood, the coveted Order of Merit-these were some of his 
many honors. But Sir Charles' own writing remains his richest 
enduring memorial. A selection from it is reprinted below. 
This excerpt, a description of the embryological development, 
the structure and the functions of the human eye, is taken 
from the chapter called "The Wisdom of the Body" in Man 
on his Nature. It epitomizes the great Englishman's work and 
his spirit. 

T
HE BODY of a worm and the face 
of a man alike have to be taken as 
chemical responses. The alchemists 

dreamed of old that it might be so. Their 
dream, however, supposed a magic 
chemistry. There they were wrong. The 
chemistry is plain everyday chemistry. 
But it is complex. Further, the chemical 
brew, in preparation for it, Time has 
been stirring unceasingly throughout 
some millions of years in the service of 
a final cause. The brew is a selected 
brew. 

bone, writes: "Team-work by the cell­
masses. Chalky spicules of bone-in-the­
making shot across the screen, as if 
labourers were raising scaffold-poles. 
The scene suggested purposive be­
haviour by individual cells, and still 
more by colonies of cells arranged as 
tissues and organs." That impression of 
concerted endeavour comes, it is no ex­
aggeration to say, with the force of a 
self-evident truth. The story of the mak­
ing of the eye carries a like inference. 

turn for his materials to wood and metal 
and glass. He would not expect to have 
to provide the actual motor power ad­
justing the focal length or the size of the 
aperture admitting light. He would leave 
the motor power out. If told to relin­
quish wood and metal and glass and to 
use instead some albumen, salt and 
water, he certainly would not proceed 
even to begin. Yet this is what that little 
pin's-head bud of multiplying cells, the 
starting embryo, proceeds to do. And 
in a number of weeks it wiH have all 
ready. I call it a bud, but it is a system 
separate from that of its parent, although 
feeding itself on juices from its mother. 
And the eye it is going to make will be 
made out of those juices. Its whole self 
is, at its setting out, not one ten-thou­
sandth part the size of the eye-ball it sets 

Can then physics and chemistry out of 
themselves explain that a pin's-head ball 
of cells in the course of so many weeks 
becomes a child? They more than hint 
that they can. A highly competent ob­
server, after watching a motion-film . . .  
of a cell-mass in the process of making 
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THE eye's parts are familiar even 
apart from technical knowledge and 

have evident fitness for their special 
uses. The likeness to an optical camera 
is plain beyond seeking. If a craftsman 
sought to construct an optical camera, 
let us say for photography, he would 
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about to produce. Indeed it will make 
two eye-balls built and finished to one 
standard so that the mind can read their 
two pictures together as one. The magic 
in those juices goes by the chemical 
names, protein, sugar, fat, salts, water. 
Of them 80 per cent is water. ... . 

The eye-ball is a little camera. Its 
smallness is part of its perfection. A 
spheroid camera. There are not many 
anatomical organs where exact shape 
counts for so much as with the eye. 
Light which will enter the eye will 
traverse a lens placed in the right posi­
tion there. vVill traverse; all this making 
of the eye which will see in the light is 
carried out in the dark. It is a preparing 
in darkness for use in Jight. The lens 
required is biconvex, and [is] to be 
shaped truly enough to focus its pencil 
of light at the particular distance of the 
sheet of photo-sensitive cells at the back, 
the retina. The biconvex lens is made of 
cells, like those of the skin but modified 
to be glass-clear. It is delicately slung 
with accurate centring across the path 
of the light which will in due time some 
months later enter the eye. In front of it 
a circular screen controls, like the iris­
stop of a camera or microscope, the 
width of the beam and is adjustable, so 
that in a poor light more is taken for the 
image. In microscope, or photographic 
camera, this adjustment is made by the 
observer working the instrument. In the 
eye this adjustment is automatic, worked 
by the image itself! 

The lens and screen cut the chamber 
of the eye into a front half and a back 
half, both filled with clear humour, 
practically water, kept under a certain 
pressure maintaining the eye-ball's right 
shape. The front chamber is completed 
by a layer of skin specialized to be glass­
clear, and free from blood-vessels which 
if present would with their blood throw 
shadows within the eye. This living 
glass-clear sheet is covered with a layer 
of tear-water constantly renewed. This 
tear-water has the special chemical 
power of killing germs which might in­
flame the eye. This glass-clear bit of 
skin has only one of the fourfold set of 
the skin-senses; its touch is always 
"pain, " for it should not be touched. 
The skin above and below this window 
grows into movable flaps, dry outside 
like ordinary skin, but moist inside so 
as to wipe the window clean every min­
ute or so from any specks of dust, by 
painting over it fresh tear-water. 

The light-sensitive screen at back is 
the key-structure. It registers a continu­
ally changing picture. It receives, takes 
and records a moving picture life-long, 
without change of "plate, " through every 
waking clay. It signals its shifting ex­
posures to the brain. 

This camera also focuses itself auto­
matically, according to the distance of 
the picture interesting it. It makes its 
lens "stronger " or "weaker " as required. 

T h i s  c a m e r a  a l s o  
turns itself i n  the di­
rection of the view 
req uired. I t is more­
over contrived as 
though with fore­
thought of self-pres­
e r v a t i o n . S h o u l d  
danger threaten, in 
a moment its skin­
shutters close, pro­
tecting its transpar­
ent window. And the 
whole structure, with 
its prescience and all 
its efficiency, is pro­
duced by and out of 
specks of granular 
s l i m e  a r r a n g i n g  
themselves as of their 
own accord in sheets 
and layers, and act­
ing seemingly on an 
agreed plan. That 
done, and their OJ'­
gan complete, they 
abide by what they 
have accomplished. 
They lapse into rela­
tive quietude and 
change no more. It 
all sounds an unskill­
ful overstated tale 
which challenges be­
lief. But to faithful 

SIR CHARLES SHERRINGTON was born in 1857. 
This photograph was made hy Allan Chappelow in 1951. 

observation so it is. There is more yet. 

THE LITTLE hollow bladder of the 
embryo-brain, narrowing itself at 

two pOints so as to be triple, thrusts from 
its foremost chamber to either side a 
hollow bud. This bud pushes toward the 
overlying skin. That skin, as though it 
knew and sympathized, then dips down, 
forming a cuplike hollow to meet the 
hollow brain-stalk growing outward. 
They meet. The round end of the hollow 
brain-bud dimples inward and becomes 
a cup. Concurrently, the ingrowth from 
the skin nips itself free from its original 
skin. It rounds itself into a hollow ball, 
lying in the mouth of the brain-cup. Of 
this stalked cup, the optic cup, the stalk 
becomes in a few weeks a cable of a 
million nerve-fibres connecting the 
nerve-cells within the eye-ball itself with 
the brain. The optic cup, at first just a 
two-deep layer of somewhat simple­
looking cells, multiplies its layers at the 
bottom of the cup where, when light 
entel's the eye-which will not be for 
some weeks yet-the photo-image will in 
due course lie. There the layer becomes 
a fourfold layer of great complexity. It 
is, strictly speaking, a piece of the brain 
lying within the eye-ball. .. . 

The deepest cells at the bottom of the 
cup become a photo-sensitive lityer-the 
sensitive RIm of the camera. If light is 
to act on the retina-and it is from the 
retina that light's visual effect is known 
to start-it must be absorbed there. In 

the retina a delicate purplish pigment 
absorbs incident light and is bleached 
by it, giving a light-picture. The photo­
chemical effect generates nerve-currents 
running to the brain. 

The nerve-lines connecting the photo­
sensitive layer with the brain are not 
simple. They are in series of relays. It is 
the primitive cells of the optic cup, they 
and their progeny, which become in a 
few weeks these relays resembling a 
little brain, and each and all so shaped 
and connected as to transmit duly to the 
right points of the brain itself each light­
picture momentarily formed and "taken." 
On the sense-cell layer the "image" has, 
picture-like, two dimensions. These 
space-relations "reappear" in the mind; 
hence we may think their data in the 
picture are in some way preserved in the 
electrical patterning of the resultant dis­
turbance in the brain. But reminding us 
that the step from electrical disturbance 
in the brain to the mental experience is 
the mystery it is, the mind adds the third 
dimension when interpreting the two­
dimensional picture! Also it adds colour; 
in short it makes a three-dimensional 
visual scene out of an electrical disturb­
ance .... 

T HE FIRST and greatest problem vi­
sion faces is doubtless that attaching 

to it as part of the matter-mind relation. 
How is it that the visual picture pro­
ceeds-if that is the right word-from an 
electrical disturbance in the brain? But 
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EMBRYOLOGY OF THE EYE is shown in two sche­
matic sequences. The six drawings extending across the 

top of these two pages are cross sections through the 
heads of embryos between 20 and 35 days old. The first 

as a sub-problem of high importance 
concerning vision comes that of pattern­
vision. The study of vision, pursued 
comparatively in different animal forms, 
indicates that the primitive vision widely 
prevalent in simpler forms of life attains 
merely to the distinguishing of "light" 
from "no light." It usually reaches the 
refinement of distinguishing grades of 
intensity of light. This primitive vision, 
however, does not attain to distinguish­
ing shape or figure. It does not arrive 
at what is called "pattern-vision." Our 
own seeing makes so rich a contribution 
to the shapes of our world that it is a 
little puzzling for us to think of unpat­
terned seeing .... 

Over a great diversity of more highly 
developed vision, the eye supplies a 
definite image of what it looks at. There 
we must suppose "pattern-vision"; with­
out it the optical apparatus would seem 
wasted. In many cases the eye has means 
of focusing its image. That gives further 
development of the well-known relation 
between nerve and mind, namely that 
the "place" of a stimulated sensual point 
acts on the mind; whence "sensual 
space" with "local sign." It holds cer­
tainly not least in visual sense. If the 
sensitive sheet receiving the light-image 
be arranged as a mosaic of sub-areas 
corresponding severally with quasi-inde­
pendent nerve-elements each with its 
access to "sense," then any light-image 
affecting two or more such sub-areas 
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simultaneously begins to have "shape," 
or when affecting them successively be­
gins to "move." The spatial pattern of 
the image thus acts on the mind. Differ­
ent patterns acting differently enable 
mental distinction between them. For 
instance, a moving object tends to 
"catch" vision. 

We know enough of pattern-vision in 
ourselves to recognize that it is the foun­
dation of a perceptual analysis of our 
visible world which is of supreme service 
to us. We know enough of our animal 
kith and kin to judge that in them it 
serves not greatly otherwise for them. 
We must think that in each instance a 
great nervous rallying-place for conflu­
ent nerve-impulses from the quasi-inde­
pendent elements of the ocular-sheet 
and for reactions between them must be 
appended to the eye. And that is what is 
found. Serving the eye there are con­
densed masses of nerve-structure which, 
examined by the microscope, are thick­
ets of seeming entanglement, dOllbtless 
replete with meaning could we read 
their scheme ... . 

THE HUMAN EYE has about 137 
million separate "seeing" elements 

spread out in the sheet of the retina. 
The nu_mber of nerve-lines leading from 
them to the brain gradually condenses 
down to little over a million. Each of 
these has in the brain, we must think, 
to find its right nerve-exchanges. Those 

nerve-exchanges lie far apart, and are 
but stations on the way to further sta­
tions. The whole crust of the brain is 
one thick tangled jungle of exchanges 
and of branching lines going thither and 
coming thence. As the eye's cup develops 
into the nervous retina, all this intricate 
orientation to locality is provided for by 
corresponding growth in the brain. To 
compass what is needed adjacent cells, 
although sister and sister, have to shape 
themselves quite differently the one 
from the other. Most become patterned 
filaments, set lengthwise in the general 
direction of the current of travel. But 
some thrust out arms laterally as if to 
embrace together whole cables of the 
conducting system. 

Nervous "conduction " is transmission 
of nervous signals, in this case to the 
brain. There is also another nervous 
process, which physiology was slower to 
discover. Activity at this or that point in 
the conducting system, where relays are 
introduced, can be decreased even to 
suppression. This lessening is called in­
hibition; it occurs in the retina as else­
where. All this is arranged for by the 
developing eye-cup when preparing and 
carrying out its million-fold connections 
with the brain for the making of a seeing 
eye. Obviously there are almost illimita­
ble opportunities for a false step. Such a 
false step need not count at the time, 
because all that we have been consider­
ing is done months or weeks before the 
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two drawings show the beginnings of hoth eyes; the next 
foul', the development of one eye. The six drawings 

across the hottom of the illustration show the growth of 
the eye from the second month of life to the time of hirth. 

eye can be used. Time after time so per­
fectly is all performed that the infant 
eye is a good and fitting eye, and the 
mind soon is instructing itself and gath­
ering knowledge through it. And the 
child's eye is not only an eye true to the 
human type, but an eye with personal 
likeness to its individual parent's. The 
many cells which made it have executed 
correctly a multitudinous dance engag­
ing millions of performers in hundreds 
of sequences of particular different steps, 
differing for each performer according 
to his part. To picture the complexity 
and the precision beggars any imagery 
I have. But it may help us to think fur­
ther. 

There is, too, that other layer of those 
embryonic cells at the back of the eye. 
They act as the dead black lining of 
the camera; they with their black pig­
ment kill any stray light which would 
blur the optical image. They can shift 
their pigment. In full daylight they 
screen, and at night they unscreen, as 
wanted, the special seeing elements 
which serve for seeing in dim light. 
These are the cells which manufacture 
the purple pigment, "visual purple, " 
which sensitizes the eye for seeing in 
low light. 

Then there is that little ball of cells 
which migrated from the skin and thrust 
itself into the mouth of the eye-stalk 
from the brain. It makes a lens there; 
it changes into glass-clear fibres, grouped 

with geometrical truth, locking together 
by toothed edges. The pencil of light 
let through must come to a point at the 
right distance for the length of the eye­
ball which is to be. Not only must the 
lens be glass-clear, but its shape must 
be optically right, and its substance must 
have the right optical refractive index. 
That index is higher than that of any­
thing else which transmits light in the 
body. Its two curved surfaces back and 
front must be truly centred on one and 
the right axis, and each of the sub­
spherical curvatures must be curved to 
the right degree, so that, the refractive 
index being right, light is brought to a 
focus on the retina and gives there a 
shaped image. The optician obtains glass 
of the desired refractive index and skill­
fully grinds its curvatures in accordance 
with the mathematical formulae re­
quired. With the lens of the eye, a batch 
of granular skin-cells are told off to 
travel from the skin to which they strictly 
belong, to settle down in the mouth of 
the optic cup, to arrange themselves in a 
compact and suitable ball, to turn into 
transparent fibres, to assume the righ t 
refractive index, and to make themselves 
into a subsphere with two correct curva­
tures truly centred on a certain axis. 
Thus it is they make a lense of the right 
size, set in the right place, that is, at the 
right distance behind the transparent 
window of the eye in front and the sensi­
tive seeing-screen of the retina behind. 

In short, they behave as if fairily pos­
sessed. 

I WOULD NOT give a wrong impres­
sion. The optical apparatus of the 

eye is not all turned out with a pre­
cision equal to that of a first-rate optical 
workshop. It has defects which disarm 
the envy of the optician. It is rather as 
though the planet, producing all this as 
it does, worked under limitations. Re­
garded as a planet which "would," we 
yet find it no less a planet whose prod­
ucts lie open to criticism. On the other 
hand, in this very matter of the eye the 
process of its construction seems to seize 
opportunities offered by the peculiarity, 
in some ways adverse, of the material it 
is condemned to use. It extracts from 
the untoward situation practical advan­
tages for its instrument which human 
craftsmanship could never in that way 
provide. Thus the cells composing the 
core of this living lens are denser than 
those at the edge. This corrects a focus­
ing defect inherent in ordinary glass­
lenses. Again, the lens of the eye, com­
passing what no glass-lens can, changes 
its curvature to focus near objects as 
well as distant when wanted, for in­
stance, when we reacl. An elastic capsule 
is spun over it and is arranged to be 
eased by a special muscle. Further, the 
pupil-the camera stop-is self-adjusting. 
All this without our having even to wish 
it; without even our knowing anything 
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IMAGE recorded by the eye and transmitted to the visual area of the hrain 
cortex goes through a series of distortions. The two drawings at the top 
show the image as it is projected on the retina. The remaining drawings 
show the pattern of the electrical impulses hetween the retina and the cortex. 
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about it, beyond that we are seeing 
satisfactorily ... . 

The chief wonder of all we have not 
touched on yet. Wonder of wonders, 
though familiar even to boredom. So 
much with us that we forget it all OUf 
time. The eye sends, as we saw, into the 
cell-and-fibre forest of the brain through­
out the waking day continual rhythmic 
streams of tiny, individually evanescent, 
electrical potentials. This throbbing, 
streaming crowd of electrified shifting 
points in the spongework of the brain 
bears no obvious semblance in space­
pattern [tol the tiny two-dimensional 
upside-down picture of the outside 
world which the eye-ball paints on the 
beginnings of its nerve-fibres to the 
brain. But that little picture sets up an 
electrical storm. And that electrical 
storm so set up is one which affects a 
whole population of brain-cells. Electri­
cal charges having in themselves not 
the faintest elements of the visual-hav­
ing, for instance, nothing of "distance," 
"right-side-upness," nor "vertical," nor 
"hori

,�
ontal,:: nor "c��our," 

,!
lOr "bright

,� ness, nor shadow, nor roundness, 
nor "squareness," nor "contour," nor 
"transparency," nor "opacity," nor 
"near," nor "far," nor visual any thing­
yet conjure up all these. A shower of 
little electrical leaks conjures up for me, 
when I look, the landscape; the castle 
on the height, or, when I look at him, my 
friend's face, and how distant he is from 
me they tell me. Taking their word for 
it, I go forward and my other senses 
confirm that he is there. 

IT IS A CASE of "the world is too much 
with us"; too banal to wonder at. 

Those other things we paused over, the 
building and shaping of the eye-ball, and 
the establishing of its nerve-connections 
with the right points of the brain, all 
those other things and the rest pertain­
ing to them, we called in chemistry and 
physics and final causes to explain to 
us. And they did so . . . .  

But this last, not the eye, but the 
"seeing" by the brain behind the eye? 
Physics and chemistry there are silent 
to our every question. All they say to 
us is that the brain is theirs, that without 
the brain which is theirs the seeing is 
not. But as to how? They vouchsafe us 
not a word .. . .  

It is less than a generation since 
Edouard Gley, at the end of an address 
inaugurating the academic year in Paris, 
remarked that Aristotle's causes had be­
come largely Physics and Chemistry as a 
means of explanation in Biology. But, 
he added, one biological domain there 
is which it will never take over: the 
growth of the egg into a child . 

• 

This passage from Man on 
his Nature is reprinted with 
the kind permission of the 
Cambridge University Press. 
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TURNING IDEA-PLASTICS INTO DOLLARS 

Bearings of Du Pont nylon never need oiling • •  i 

new twist that lowers yarn makers' costs 

Sometimes changing a single ma­

chine part can result in many 

cost-cutting advantages. The use 

of nylon bearings on yarn twist­

ing machines is a good example. 

Bearings of Du Pont nylon run 

without oil ... show no wear after 

two years of use. Yarn stays free 

of spattered oil and metal parti­

cles from abraded, worn bearings. 

The long service life of nylon and 

the elimination of oiling and shut­

down time to clean bearings mean 

important savings. 

Resilient Du Pont nylon resists 

abrasion, moisture and many 

chemicals ... has unusual bearing 

characteristics. It can be injec­

tion-molded to close tolerances 

quickly f o r  profitab l e  mass 

production. 

You may find a profitable use 

for nylon plastic in your opera­

tions or you may benefit from the 

more than 100 plastics and chem­

icals made by the Du Pont Poly­

chemicals Department. Write on 

your business letterhead-and 

we'll send you information on 

those products that have possibil­

ities for you. 

E. I. du Pont de Nemours & 
Co. (Inc.), Polychemicals Depart­

ment, 1545 Nemours Building, 

Wilmington 98, Delaware. 
District Offices: 

350 Fifth Avenue, New York 1, New York 

7 S. Dearborn Street, Chicago 3, Illinois 

845 E. 60th Street, Los Angeles 1, California 
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New Wavs found to 

KEEP COSTS 
DOWN 

... with DUREZ phenolics 

ONE-PIECE 

CASE 

L.CSmich 
and Corona 
Typewriters, 

Inc. 

FLOW-METER 
DOOR 

Penn Industrial 
Instrument Corp. 

The FR Corporation 

• News from manufacturers who decided on 
Durez phenolic plastics when products were 
being developed, improved, or redesigned __ _ 

Formerly 19 assembly operations _ . . 1l0W 6. 
l1lexpensive i1lSert makes "new" model. 
Tool and jig requirements slashed. 
Finishing eliminated. 

Reports of economies like these point up 
just one value of having this phenolic in mind 
when yout products are in the making. There 
are many othets _ . .  

Durez materials have flow and sttength 
properties that permit wide freedom in design_ 
They are available in distinct classes offering 
important mechanical, electrical, and chemical 
properties in many combinations, and are 
molded into shapes and sizes limited only by 
press capacities. 

Our technicians can aid you with specialized 
knowledge of these materials and theit use_ 
Call on them at any time_ 

Our monthly" Durn. Plastics Nev.JS" 'Will keep 
you informed on illdustry'susesoj"Durez. ff/rite, on 
office letterhead, to Dure", Plastics fS Chemicals, 
Ine_, 805 Walck Road, N. Tona'Wanda, N. r. 

PHENOLIC PLASTICS that fit the job 
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Helpful Poisons 

T
HE HUGE tonnages of insecticides 
now being sprayed on U. S. fruit 
trees have made horticulturists in­

creasingly uneasy. The chemicals kill 
the bugs, but what will they do to the 
trees and the soil? After intensive tests 
the U. S. Department of Agriculture has 
just reported a most surprising discov­
ery: the sprays actually increase the 
trees' growth. 

In the spring of 1948 the West Vir­
ginia Agricultural Experiment Station 
and the Federal Bureau of Entomology 
and Plant Quarantine undertook to find 
out whether chemicals commonly 
sprayed on orchards might poison the 
soil if they accumulated underneath the 
trees over a period of years. In each of 
several hundred test plots the experi­
menters planted a young peach tree and 
a young apple. Then they treated the 
plots with various concentrations of one 
or another of 10 garden chemicals: lead 
arsenate, parathion, benzene hexachlo­
ride, chlordane, toxaphene, zinc-lime, 
sulfur, fermate, DDT and 2,4-D. Some 
plots received the quantity of a chemical 
that would normally be used in a single 
season of heavy commercial spraying; 
some got 10 times that amount and 
some 30 times. 

To the investigators' astonishment, in 
most of the treated plots the trees grew 
more vigorously than those in untreated 
soil. The most effective growth stimu­
lator seemed to be benzene hexachlo­
ride; in plots treated with 10 times the 
normal dosage of this chemical, young 
peach trees showed more than four times 
as much growth as unsprayed trees at 
the end of the first growing season. 
Peaches also benefited greatly from 
heavy concentrations of sulfur, and ap­
ples from similar doses of chlordane. 
The only chemical that caused any dam­
age was arsenate of lead; it injured 

SUIENUE AND 
peach trees when applied in above-nor­
mal concentrations. 

The investigators are still at a loss to 
account for the chemicals' growth-stimu­
lating effect. They did observe that no 
weeds grew on plots treated with ben­
zene hexachloride (BH C) , and that dur­
ing a season when aphids made unusual­
ly heavy attacks on the roots of apple 
trees all over the area, not a single aphid 
appeared in any BHC plot. But whether 
the control of weeds and aphids was re­
sponsible for the increased vigor of the 
trees is still an open question. One puz­
zling complication was that after the 
original apple trees were uprooted for 
study of the aphid infestation and new 
stock was planted in their place, all the 
new trees planted in heavily dosed BHC 
and sulfur plots died. In the plots treated 
with the other chemicals, however, the 
new plantings thrived. 

From the Slag Heaps 

MANGANESE, an essential compo­
nent of steel, is a critical metal; 

most of the U. S. demand must be im­
ported. Yet there is enough manganese 
in the slag discarded by steel mills to 
supply the major part of the nation's 
needs. Metallurgists in the Bureau of 
Mines now think they have found a way 
to recover the metal from the slag at 
reasona ble cost. 

Manganese goes a strange journey 
through the blast furnace and the open 
hearth. The Mesabi iron ore fed into 
U. S. furnaces contains plenty of man­
ganese. After the ore has been reduced 
to pig iron in a blast furnace, the man­
ganese is still in the iron, reduced to 
metallic form. But when pig iron is con­
verted into steel, most of the manganese 
is oxidized, and the unusable compound 
is drawn off as a waste product in the 
slag. While throwing away some 700,000 
tons of manganese a year in this way, 
because the metal is too costly to sepa­
rate from the slag, U. S. steelmakers 
have been buying over a million tons of 

. metallic manganese a year from abroad 
to work into their steel. 

Russell C. Buehl and a group of as­
sistants at the Bureau of Mines have 
developed a two-stage process to recover 
manganese from slag. In the Rrst stage 
the slag is put through a blast furnace 
to remove its silica, lime, magnesia and 
alumina. The remaining metal, which is 
about 20 per cent manganese and 70 per 
cent iron, with small percentages of 
carbon, phosphorus and silicon, is then 
heated in a converter with air blowing 
through it. This process separates the 
manganese into a new slag that is 60 per 
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DOW CORNING SILICONE NEWS 

NEW FRONTIER EDITION 
E I G o F A SERIES 

cent manganese. From this slag ferro­
manganese, the form in which the metal 
is needed, can readily be produced. 

In the pilot-plant phase the recovery 
cost so far has been much higher than 
the price of the metal in the world mar­
ket. But the process yields a by-product 
that is potentially very valuable: a high­
phosphorus iron. It is thought that the 
phosphorus can be removed by another 
blowing in the converter, and that the 
iron may sell for enough to pay most of 
the cost of the process. 

Guayule Rubber 

IMPORTANT progress toward pro­
duction in the U. S. of another criti­

cal raw material has also been an­
nounced. After several years of work on 
the guayule shrub, Department of Agri­
culture researchers have succeeded in 
obtaining from it natural rubber as high 
in quality as imported rubber from East 
Indian trees. At the annual meeting of 
the National Farm Chemurgic Council 
in St. Louis they displayed a heavy-duty 
guayule rubber truck tire that had been 
run more than 50,000 miles. 

In North America the guayule shrub 
grows wild in North Central Mexico and 
in the Big Bend country of Texas. Now 
that high-quality plants have been pro­
duced on experimental plots, the way 
is open for large-scale cultivation. 

Better Health 

T AST YEAR the U. S. death rate 
L dropped to the lowest in the na­
tion's history. The annual report of the 
U. S. Public Health Service, covering 
the year ending July 1, 1951, said that 
the death rate was 9.6 per thousand, 
10 per cent lower than a d

'
ecade ago. 

The report summarized a half-century 
of progress in the nation's health. Since 
1915 the infant death rate has been re­
duced from 100 per thousand to 29 per 
thousand, and the mortality of mothers 
in childbirth from 57 to 7 per thousand. 
The average life-expectancy of Ameri­
cans at birth is now 68 years, against 
only 47 in 1900. "The longer life-line for 
the average man," said the report, "may 
be traced in large part to steildy reduc­
tions in the death rates for the infectious 
and communicable diseases." Tubercu­
losis, the most serious remaining germ 
disease, showed a 50 per cent drop in 
mortality in the past decade; its death 
rate is now 22 per thousand cases. 

The Public Health Service called at­
tention, however, to some remaining li­
abilities: cancer and heart disease are 
increasingly serious problems; the nation 

Speaking of bouncin' recalls the 
time Cyclone Sue defied Pecos Bill on 
their weddin' day by trying to ride his 
horse. Got throwed so high she had to duck 
to miss the moon, When she came down a 
couple hours later, she lit square on her spring 
steel bustle and bounced back to the moon, 
Finally, after 3 days of bounCin', Bdl relented!!) 
and pulled the Gulf of MeXICO 9ver for her 

swamped Corpus ChristI, but Sue came 11; 
to land In Caused a tidal wave that f: 
alit gentle as a dove. 

7 � ��* , � 
, ",,� \ 

to Fabulous Fact 
Pecos Bill never claimed credit for inventing the idea 

of absorbing motion in a body of water. Maybe he 

guessed the future useful ness of such fluid damping 

might be sadlv limited by t he fickleness of fluids. 

At low temperarures, they no longer flow; at 

high temperatures they thin out or evaporate. 

Such frailties are not character­
istic of Dow Corning silicone 
fluids, They maincain a more 
constanc viscosity over a wider 
temperature span than other 
liquids. And, by so doing, they 
remove the age-old limitations 
placed on the usefulness of fluid 
damping. 

Dow Corning 200 Fluids are used 
to do all sorts of "impossible" 
things. They eliminate the flut­
tering of the instrument pointers 
on your dashboard; keep your 
car door locks from freezing; re­
duce the torsional vibration of 
crankshafts in automobile and 
diesel engines. 

These and many other fabuloLls 
facts are described in our newest 
publication, "What's a Sili­
cone?" We'll be glad to send you 
a copy. Simply address your re­
quest to Department W-17. 

DOW CORNING CORPORATION 
MIDLAND. MICHIGAN 

ATLANTA • CHICAGO • CLEVELAND • DAlLAS • NEW YORK • lOS ANGELES • WASHINGTON, O. C, 
In Canada: Fiberglas Canada Ltd., Toronto • In England: Midland Silicones Ltd., london 
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Suppliers to GOVERNMENT 

and INDUSTRY for 75 Years ... 

through three wars! 
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Bendix Friez is part of a great industrial organization 
whose peace-time potential is being maintained while 

engaged in vital work for national defense. We are doing our ut­
most to deliver non-military items such as meteorological in­
struments, electronic devices, thermistors and a variety of other 
equipment consistent with our other high priority business. 

We invite your inquiries . . .  write Dept. A. 

FRIEl INSTRUMENT DIVISION 01 
1324 Taylor Avenue . Baltimore 4, Maryland 

ExpDrt Sales: Bendix International DiYisiln. 12 Filth An .• N. Y. 11. N. Y. 

needs 870,000 more hospital beds; 40 
'million Americans still have no full-time 
local public health service, and the 
P.H.S. hospitals for drug addicts at Lex­
ington, Ky., have had record enroll­
ments, with 7,968 patients last year. 

Space Flight 

TEN MICE have survived a Bight 40 
miles into space-the highest any 

living creatures have ever risen safely 
from the earth. They went up in a 
2,000-miles-per-hour Aerobee rocket, 
and their behavior and phYSiological re­
actions during the voyage were recorded 
by automatic motion-picture cameras 
and instruments attached to radio equip­
ment. The U. S. Army, which launched 
the test Bight from its proving grounds 
in New Mexico, last month announced 
some of the results. 

During three minutes of the return 
trip, as the rocket rushed earthward 
faster than gravity could pull it, the mice 
achieved the rare state of weightlessness. 
The pictures show Some of them Boat­
ing about in the air in their small cabin. 
But beyond a momentary holding of 
their breath, they did not lose posses­
sion of their faculties. After a parachute 
opened and checked the fall of the rock­
et, releasing them from this strange con­
dition, the mice romped and played 
quite normally as they drifted down to 
the ground. 

A monkey sent to the same height in 
another rocket also "made a safe land­
ing, but it died of heat prostration in its 
cabin on the desert sands before the ex­
perimenters could reach it. The Army 
actually sent a mouse and several mon­
keys twice as high as these animals in 
V-2 rockets, but they were killed when 
their parachute failed to open. During 
the Bight their behavior was like that of 
the animals in the 40-mile rockets. 

The experiments appear to establish 
that animals can By at least 80 miles into 
space in present ships without suffering 
any serious physical effects from the ac­
celeration, altitude or temporary weight­
lessness. 

Sofar 

A NOVEL method of signaling over 
extremely long distances at sea has 

been announced by the U. S. Navy. The 
system, known as "SOF AR," utilizes a 
wartime discovery about the travel of 
sound under water. 

Sound is propagated through ocean 
water at different speeds, depending on 
the depth. It moves most slowly at a 
depth of about 4,000 feet, because above 
this level the higher temperatures and 
below it the higher pressures make 
sound travel faster. Since sound waves 
moving into areas of higher velocity are 
refracted toward the region where they 
travel most slowly, a natural sound chan­
nel is created at the 4,000-foot level 
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( A Quick QUit. on modorn pH advanvemoots) 

Po VOlA I<now __ -6pl �� That Beckman pioneered modern 
.

,
. . :  glass electroc:Ae pH equipment? 

-= . 
Uoril Beckman pH insrcumeors were developed, 

glass elecrrode pH equipmenr was a cumbersome, complicared 
laboratory curiosiry. It was Beckman rhat pioneered coday's 
simple, compact, highly accurate and completely dependable 
glass elecrrode pH equipmenr! 

I�I.� Tho£ I3eckmon pioneered vi.tu.Uy 

� . '  � 
e.IerY major developmem in modern 

�'O �:' \ 91ass e.lectrode. pH equipment? 
/ .......... 
Such far-reaching advancements as glass electrodes 

that can be used at temperatures as high as 130· C, and show 
negligible deviation even in high temperature-high pH ranges 

. _ . glass electrodes that can be used at temperatures as low 
as - 20· C and will withstand repeated freezing ... glass elec­
trodes so strong they can even be used as stirring rods-so 
abrasion-resistant they readily withstand long service in abra­
sive slurries _ . _ these and other vital glass electrode advance­
ments were all pioneered by Beckman. Many of these adval1ce­
mel1ts are still available exclusively ;11 Beckman equipmel1t! 

That .Beckm�n offers -the industry'S 
most complete line of glass electrode 
pH instruments ? 

Included in the complere Beckman line are insrru­
menrs specially designed ro combine rhe high precision and 
wide versariliry necessary for advanced research, medical and 
laborarory applicarions _ _ _  orhers rhar combine maximum 

,,00· you bow 
,these· important facts 

. about 
BECKMAN 
pH CONTROL? 

• � That Beckman also provides the fJ� 111 ,�nl indusiry's most completie line of t !1( mooem glass electrode6? 
Ahhough glass elecrrode pH instcumenrs are rhe 

most efficienr pH equipment obrainable, no glass elecrrode 
pH insrrumenr is bener rhan rhe versatiliry, accuracy and 
dependabiliry of rhe elecrrode assemblies available for use 
wirh it. 

Beckman provides the industry's most complete line 
of glass electrodes for use wirh Beckman pH insrrumenrs-a 
type of elecrrode assembly to meet every industrial, research, 
laboratory and field requirement! 

That there are so many money�savin9 
applications for 6e.ckman pH control 
that YOlA may be lOSing impor6ant 
profits CAnless you make a complete. 
investi9at,ion of yoor operatiOI1$? 

simpliciry and high accuracy wirh complere ponabiliry for There is pH wherever !here's warer, warer solurions. 
plaor and field applicarions _ _  . srill orhers rhar combine moist pastes, sludges, slurries or other moisrure-cooraining 
maximum simplicity and high accuracy wirh rhe plug-in substances. And wherever there is pH, chances are the opera-
convenience of full AC operation ... plus completely allto- tion can be done berrer ... wirh greater uniformity and less 
matic pH equipment for conrinuous pH indicarion, recording waste at lower overall cost ... by Beckman-coorrolling the 
and coorrol on large-scale processing applicarions. pH of rhe various processing operations. 

�ER you manufacture food productI or treat sewage 
- .. do metal plating or refine crude oil ... make textiles o r  
process ore-in fact, n o  matter WHAT your field of operation ... 
if you have not yet determined whether Beckman pH Control 
can be used to advantage in your operations-possibly is already 
BEING used to cut costs by your competitors-let us study your 
processes and make helpful recommendations. No obligation, of 
course. BECKMAN INSTRUMENTS INC., SOUTH PASADENA 68 , 
CALIFORNIA. Factory Service Branches: New York, Chicago, 
Los Angeles. 
For an informative, non-technical outline of modern pH control - what it is and how Ws used _ send for 

this free booklet "What Every Executive Should Know About pH," Ask for Bulletin 1-48! 

STRUMENTS CONTROL MODERN INDUSTRIES 
pH Meters and Electrodes - spectrophotometers - Radioactivity Meters - Special Instruments 
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f\wAf JeJ4,  
se contrast 

equipment 

• . .  gives you finger-tip control-at lower cost 
With Leitz Phase Contrast Equipment, you make a 
continuous transition from "brightfield" to "phase 
contrast" to "darkfield" simply by adjusting the 
height of the mirror body in the condenser. There 
is no cumbersome substage apparatus, no inter­
ruption of observation to unscrew and replace 
objectives. The construction of the special condenser, 
after Heine, allows maximum resolution with both 
achromatic and newly designed apochromatic objec­
tives. This sweeping versatility eliminates the need 
for numerous special objectives. Consequently, your 
Leitz equipment, which covers the complete range 
of contrast, will cost you less than $900. Compare, 
and see the difference, in economy, versatility and 
ease of operation. 

(1) Special Condenser after Heine with rack and pinion (Tr) for 
adjustment in height of mirror body (Sk); supplied with 
Screw-On Immersion Cap (1 a); centering screws (S) 

(2) Achromatic Dry Objective Pv 10/0.25 
(2a) Slip-on Immersion AHachment for Objective Pv 10/0.25 
(3) Achromatic Dry Objective Pv 20/0.45 
(4) Apochromatic Dry Objective Pv Apo 40/0.70 with cover glass 

correction mount and automatic sharpness compensation 

(5) Apochromatic Oil Immersion Objective Pv Apo Oil 90/1.10 
(6) Filter Holder 

(6a) Daylight Filter and photographic green filter 

(7) Focusing Magnifier 

For details, Write Dept. SA 

E. LEITZ, Inc., 304 Hudson St., New York 13, N. Y. 
LEITZ MICROSCOPES SCIENTIFIC INSTRUMENTS BINOCULARS 

lEICA CAMERAS AND ACCESSORIES 

40 

whose effect may be compared with that 
of a speaking tube. 

It occurred to Maurice Ewing, the 
Columbia University oceanographer, 
that this natural phenomenon could be 
useful to man. He and a group of col­
leagues discovered that the noise from 
the explosion of a four-pound charge of 
TNT in this "speaking tube" could be 
heard and identiRed by sound receivers 
at enormous distances, apparently up to 
10,000 miles. The signal's arrival time 
can be read with an accuracy better than 
a twentieth of a second. If the signal is 
intercepted by three suitably located 
stations, the point of origin can be lo­
cated within one mile. 

Al! this suggested a simple way by 
which people in trouble on the high seas 
can signal for help. The Navy is equip­
ping lifeboats and rafts with standard­
ized explosives, and is setting up a sys­
tem of monitors at various PaciRc posts 
to keep their ears to the "speaking tube." 

Geologists and oceanographers have 
also found undelwater sound devices 
useful for exploring the ocean floor and 
locating submarine volcanoes ("The 
PaciRc Floor," bv Robert S. Dietz; SCI­
ENTIFIC AMERIC�N, April). 

Cortisone by Brewing 

A RADICALLY new process for pro­
ducing cortisone which may make 

the drug much less costly was reported 
by workers of the Upjohn Company last 
month. It uses fermentation to solve the 
main problem in synthesizing cortisone: 
attaching a key oxygen atom to the car­
bon atom at the number-ll position in 
the steroid nucleus of the molecule. 

Cortisone is now made from cattle­
bile acid, because the oxygen atom can 
be transferred to the necessary position 
most easily in this compound. But bile 
acid is scarce, and chemists have been 
working hard to Rnd a way to synthesize 
cortisone from more plentiful steroids. 
The Upjohn process has succeeded in 
manufacturing the basic cortisone build­
ing block from progesterone, a much 
less expensive raw material than bile 
acid, and the Up john workers believe it 
can be applied to other steroids as well. 

The method was described in the 
Journal of the American Chemical So­
ciety by D. H. Petersen and H. C. Mur­
ray. The active agent is a bread mold. 
In 24 to 48 hours the fermentation 
process activated by this mold converts 
progesterone into a molecule with oxy­
gen attached to the number-ll position. 
The U pjohn Company has found the 
method so promising that it is prepar­
ing to build a $3 million production 
plant at Kalamazoo, Mich. 

The Tuberculosis Drugs 

THE new drug that has recently 
shown remarkable effects in the 

treatment of tuberculosis will soon be in 
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Advance �ionalfu� 
In Career-Building Positions at RCA 

Career- minded engineers have 
found the way to more rapid ad­
vancement and professional de­
velopment through challenging 
assignments at RCA, on long-range 
military and commercial projects_ 

RCA IS A GOOD PLACE TO WORK 

At RCA you receive recognition for 
your accomplishments. You work 
in close collaboration with distin­
guished scientists and engineers. 
You enjoy highest professional 
recognition among your colleagues. 
You have unexcelled facilities for 
creative work. The surroundings in 
which you work are pleasant and 
stimulating. You and your family en­
joy outstanding employee benefits. 
Opportunities are excellent for ad­
vancement in position and income. 

DIVERSIFIED LONG-TERM 
PROGRAM 

Positions open are career oppor­
tunities of a lifetime. They are not 
"emergency" jobs. They offer life­
long employment opportunities to 
men who expect more from their 
work than is provided by an ordi­
nary engineering assignment. They 
cover not only revolutionary new 
military projects, but also trail­
blazing commercial projects for im­
portant electronic advances of the 

future. Such diversification of prod­
ucts and markets represent long­
term employment opportunities in­
dependent of wars or depressions. 

If you aspire to a career-building 
future, investigate the positions now 
open at RCA. 

MAIL RESUME 
Ij ),Olt desire to consider all)' oj the positions listed, 

write liS jor a personal illterview-inclllde a complete resllme 
oj ),ollr edltCtlfioll and experience. Send resume to: 

MR. ROBERT E. McQUISTON, Manager 
Specialized Employment Division, Dept. 111 E 

Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N. Y_ 

RADIO CORPORATION 0' AMERICA 
I I 

CHOOSE YOUR fiELD Of 

SPECIALIZATION 

enllineers - ELECTRONIC • 

COMMUNICA TION • ELECTRICAL. 

MECHANICAL • DIGITAL COMPUTER 

and PHYSICISTS 

Research· Development· Design· Application 

TELEVISION DEVELOPMENT-
Receivers, Transmitters and Studio Equipment. 

ELECTRON TUBE DEVELOPMENT-
Receiving, Transmitting, Cathode-Ray, Photo­

tubes and Magnetrons. 

COMMUNICA TlONS-
Microwave, Mobile Aviation and Specialized 

Military Systems. 

RADAR-
Circuitry, Antenna Design, Computer, Servo­

Systems, and Information Display Systems. 

SYSTEMS PLANNING and DESIGN­
Missile Guidance, Radar and Fire Control. 

SERVO MECHANISMS-
Instrument and Power Servos, Feedback 

Amplifiers and Power Supplies. 

MECHANISMS-
Precision Power Gear Drives, Precision Instru­

ment Gear Drives, Lightweight Shock and 

Vibration Structures to House Electronic Equip­

ment, and Antenna Structures. 

COMPUTER DEVELOPMENT and DESIGN 
Digital and Analog Computers, Magnetic 

Recording, Pulse Circuitry, Storage Compo­

nents, and Systems Design. 

TRANSFORMER and COil DESIGN 

NAVIGA TlONAl AIDS 

TECHNICAL SALES 

ELECTRONIC EQUIPMENT FIELD SERVICE 
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'Rq��e RECORDERS � 
AMPEX ELECTRIC CORPORATION 

AX_'. 
Redwood City . . . . . . .  California 
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quantity production bv at least four 
manufacturers, according to plans an­
nounced last month. 

The drug is isonicotinic acid hydra­
zide. Hydrazine, an essential ingredient 
for its manufacture, is an oxidizing agent 
which the U. S. Army uses in its newest 
liquid fuels for propelling rockets, and 
the Army has heretofore pre-empted 
most of the supply. But the Defense De­
partment announced that it would per­
mit "substantial quantities" of hydrazine 
to be diverted for the manufacture of 
the drug. 

Dermatitis from Brass 

Is BRASS TOXIC to the skin? Com­
pensation boards and insurance com­

panies have held that there is no medical 
evidence that it is. But George E. Mor­
ris of the Tufts College Medical School 
now contends that he has obtained such 
evidence. 

In The New England Jot/l'11al of 
Medicine Morris reports five cases of in­
dustrial workers who developed skin dis­
ease from handling brass in their work. 
To find out whether contact with brass 
was really the cause of their dermatitis, 
he made patch tests on them. He fixed a 
small piece of brass against a spot of 
healthy skin on each patient. After two 
to four days the skin in contact with the 
brass became reddened and sore. 

Brass is an alloy of copper and zinc, 
with trace amounts of arsenic, tin, lead, 
antimony and nickel. Morris remarks 
that copper can cause greenish discol­
oration of the hair and skin and that 
some zinc salts are irritants, though the 
element itself does not appear to cause 
skin disease in zinc foundry workers. 

Sickle Cells in India 

THE endlessly fascinating study. of 
blood traits, which has lately pro­

vided a new means of finding out about 
the migrations of peoples over the earth 
in prehistoric times, has just yielded an­
other surprising piece of information. 
Two British investigators think they 
have found blood evidence that Africa 
was peopled in part by migrants from 
India. 

H. Lehmann, a pathologist at St. 
Bartholomew's Hospital in London, was 
interested in the fact that natives in East 
and Central Africa often tell of "tall men, 
fairer than themselves, bearded and 
with long hair, who came from afar 
bringing codes of law, handicrafts and 
cattle" in the distant past. He also took 
note of reports that some cattle and 
poultry in Africa resemble those of In­
dia. It occurred to him that the possible 
connection between Indians and Afri­
cans might be investigated by analyzing 
their blood for sickle cells. 

The hereditary sickle-cell trait (sickle­
shaped red blood cells) has been sup­
posed to be peculiar to African blood; 
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Radiograph of rice sample showing progress of checking as an aid in process control. 

Now grain is diagnosed by x-ray! 
\ 

Just as the medical profession utilizes x-ray to diagnose human 
ills - so millers and other grain processors can now get a 
fast, exact picture of the inside of every kernel ina sample. 

The first commercial x-ray machine developed specifically 
for this purpose - the GE Grain Inspection Unit can be 
used for radiography of a�y grain ... at any step of processing. 
Biologists, agronomists, entomologists, cereal chemists -
all will find this new tool invaluable in research and 
process control. More - this safe, economical, 
compact machine does not require the services of 
a trained technician, can be plugged into 
any lIS-volt a-c outlet. 

This is another example of ltow General 
Electric has made the magic of x-ray serve 
industry. To get a complete analysis of 
your inspection problems, call the GE 
x-ray representative near you, or 
write X-Ray Department, General 
Electric Company, Milwaukee 14, 
Wisconsin, Room TTS. 

43 

© 1952 SCIENTIFIC AMERICAN, INC



44 

When a metal of great 

inertia in small size 

with high strength was 

needed to improve gyro­

scopes, Hevimet got the 

call. This superior Car­

boloy created-metal per­

mits a smaller design, a 

finer product throughout. 

They slay "on largel"wilh Hevimel 
Keeping an aerial camera or a naval gun "on target" is a tough proposition 
in a gusty sky or rolling sea. It is a job for accurate balancing and gyro­
scope controls ... and therefore an ideal spot for Hevimet, super-heavy 
Carboloy created-metal. 

For Hevimet smooths out both the operation and design of gyroscopes 
and other stabilizing devices. It's the world's heaviest machinable metal. 
I t gives maximum weight in minimum space, and has a high tensile strength. 

In crankshafts, propellers, centrifugal clutches and other rotating apparatus, 
too, manufacturers find that Hevimet balance weights cut down vibration, 
step up performance and product life span better than any other dense 
metal built. 

MASTERS IN METALS 
Carboloy Hevimet (also ideal for 
radioactive screening) is just one 
of the Carboloy created-metals 
that help create better products. 

Perhaps there is a Carboloy· metal 
with its wide range of advantages 
that you can use. Carboloy Tung­
sten Carbide for more efficient 
cutting tools or dies, for example? 
Cemented Chrome Carbide with 
its exceptional resistance to abra­
sion with corrosion or erosion? Or 
Carboloy Alnico permanent mag-

nets to incorporate in a product 
and improve its design, lower its 
cost? Or Hevimet for a better 
balance weight? 

Then get in touch with a Carboloy 
engineer for the latest application 
techniq ues and all the practical 
knowledge available on these 
created-metals. 

And look to Carboloy metallur­
gists, too, for continued pioneering 
in even broader fields of use for 
these and other created-metals. 

"Carboloy" is the trademark for the products of Carboloy Department of General Electric Company, 

CARBOLOY 
DEPARTMENT OF GENERAL. EL.ECTRIC COMPANY 

11199 E. 8 Mile Blvd., Detroit 32, Michigan 
ALNICO PERMANENT MAGNETS 
for losling mognetic energy 

CEMENTED CARBIDES 
for phenomenol cutting, forming, wear resistance, including 

CHROME CARBIDES for exceptional resistance 

to abrasion with erosion or corrosion 

HEVIMET for maximum weight in minimum space, 

and for radioactive screening 

it has seldom been found in the blood 
of any other peoples. Lehmann and an 
assistant, Marie Cutbush, began a study 
of the blood of three aboriginal tribes in 
Southern India-the Badagas, the Todas 
and the Irulas. They discovered that all 
three groups had substantial percentages 
of people with sickle cells in their blood, 
ranging from 3.3 per cent of the Todas 
to 30 per cent of the Irulas. 

This, they recognized, did not neces­
sarily mean that Indians had migrated 
to Africa; it might mean that Africans 
had migrated to India. To check fur­
ther, they studied other factors in the 
blood. There are two factors that are 
considered almost distinguishing marks 
of African blood-a certain Rh factor 
known as Ro and one called He. The 
two investigators found little of the for­
mer and none of the latter in the Indian 
tribes' blood. They conclude, therefore, 
that the migration was from india to 
Africa. 

Golden Gloves 

PROFESSIONAL boxers usually come 
from the lowest income groups. This 

circumstance gave S. Kirson Weinberg, 
a sociologist of Roosevelt College in 
Chicago, and Henry Arond, a former 
boxer and fight manager himself, an 
idea for a sociological study. They rea­
soned that as one ethnic group replaces 
another near the bottom of the socio­
economic ladder, its young men become 
dominant in the ring. What trends have 
occurred during the past few decades, 
and what makes young men take up 
boxing? 

According to the statistics collected 
by the two S'ociologists, early in this cen­
tury about 40 per cent of all professional 
boxers in the U. S. were Irish. In the 
1920s and 1930s Jews and Italians took 
the lead. And by 1948 nearly half of all 
boxers were Negroes, with Italians and 
Mexicans next. 

Boxing, say Weinberg and Arond, 
attracts adolescents and young men in 
underprivileged groups for much the 
same reasons as crime does. Experienced 
in individual and gang fights, offered 
little but unskilled and disagreeable 
work, generally isolated from middle­
class culture, slum boys are tempted by 
dreams of "easy money" and quickly­
won esteem, say the sociologists. They 
argue that whether a poor boy chooses 
to become a criminal or a boxer depends 
very largely on what models of success 
he observes among older men in his com­
munity. 

The two investigators, presenting 
their report in The American Journal of 
SOCiology, suggest that Negro boys may 
have begun to turn away from boxing: 
"The eyes of the boys who once looked 
upon Joe Louis with pride and envy and 
wanted to emulate him now are focused 
on Jackie Robinson and other top-notch 
ballplayers." 

© 1952 SCIENTIFIC AMERICAN, INC



BUSINESS IN MOTION 

Substitution of materials is of considerable concern 

to many manufacturers these days. Never before 
have we seen so much interest in the subject. How­

ever, it is by no means new to Revere, which has 

always held to the principle of recommending the 
metal that will best serve the customer. Thus, we 

have often suggested switching from one metal or 

alloy to another, with the object of lowering costs, in­
creasing production, improving service, or all three. 

When based on a detailed study of all the factors 
involved, substitution at times can be extremely 

valuable. In fact, the ever­

increasing quality and serv­
ice to be found in American 

products is due in part to the 

continued search for better 

materials, and their adoption 

when found. Better materials, 
better design, finer workman­

ship-these are part of Amer­

ican progress. 

But there are instances, of 
course, when no practical sub­

stitute can be found, when 

only one material offers just 

the right combination of good qualities required for 

a given application. Take the automobile radiator. 

This has always been made of copper, because cop­
per is the one and thus far only metal that perfectly 

meets all the requirements of manufacture and 
service. To make a radiator, very thin copper sheet 

and strip must be crimped, bent and otherwise 
formed. Copper's easy workability makes it ideal 

from the manufacturing standpoint. After assembly, 

the radiator is cleaned, and made water-tight by 
dipping in a bath of hot solder. Copper is exception­

ally easy to solder. When in service on a car, truck 
or bus, the radiator must not rust, and must resist 

corrosion by water and anti-freeze. Copper is notable 

for its resistance to corrosion in such use. The radi­
ator must also cool the water by radiating its heat 

into the air stream; copper has the highest heat 
conductivity of all commercial metals. A copper 

radiator thus is the most efficient and durable. It 
should outlast the car unless accidentally damaged, 

and when the injury is not so great as to make 
replacement necessary, the nearest shop can make 
repairs easily. 

Recently it has been suggested that automotive 
radiators should be made of 

aluminum. However, both 
copper and aluminum are 

temporarily in short supply, 

and therefore to substitute 

one for the other does not 

appear to be practical. Be­

yond that, we do not believe 

-based upon experience to 

date--that aluminum's quali­

ties, fine though they are, 

necessarily make it suitable 

for automotive radiators. In 

addition, the difficulties of 

retooling in the factory and repairs in the field 

must be considered. Revere fabricates both cop­

per and aluminum, and we have reason to believe 
that our impartial advice to stay with copper for 
automotive radiators is concurred in by radiator 

manufacturers. 
When you are tempted to substitute one material 

for another in your product, no matter what it may 
be; make certain you obtain all the facts as to costs, 

production, service. Your suppliers will be glad to 
collaborate with you in studying the effects of a 

proposed change. We suggest you take full advan­
tage of their knowledge and experience. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 
SEE "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 

© 1952 SCIENTIFIC AMERICAN, INC



COlWE 
IlWAGINEER 

"UTITH US 

We"1l use the sallle facilities sible properties in a single alloy-
that developed alulllinUlll just as your product might require. 

beariugs . . •  Properties like fatigue strength. 

If you get the idea we're out to sell 
bearings, blame our enthusiasm. 
Actually, we just want to show you 
how aluminum was made a bearing 
material. How it became standard in 
the best-known diesels. SAVING J.i 

in cost over laminated bearings. 
LASTING 40,000 hours in some 
engines-and still running. 

The success of the aluminum bear­
ing is due largely to the willingness 

of diesel builders to annex Alcoa's 

research, test and fabricating facili­

ties to their own. 

Research in the case of bearings 

required combining almost impos-

Embedability. Heat transfer. Corro-
sion resistance. Ease of fabrication. 

Testing bearings required dogged 
thoroughness-the kind you want for 
your product. Our engineers scuff­
tested hundreds of alloys on Alcoa­
built equipment. We cast sample bear­
ings and ran them thousands of hours 
at various loads and speeds. Diesel 
builders ran them in engines-both 
on the road and on dynamometers. 

When one alloy filled all the strict 
requirements, we wrote complete 
specifications for its use. 

That is what Imagineering plus 

Alcoa research, test and fabrication 

can do for you. 
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Seen in action is the famous hi·speed "Caterpillar" DW21 Tractor and Wagon. 

To IUlI.rove your product's creating a pilot model or finding low-
perforUlance. appearance cost ways of manufacture, you'll use 
or costs. . • Alcoa's Process Development Shops. 

Imagineering not only means think­

ing of a lighter, longer-lasting, better­

looking product-properties that 

aluminum offers. It also means solv­

ing the hard, commercial questions of 

price, strength, workability. 
Specialists in Alcoa's Development 

Division will help you with the 

answers. Their knowledge gained 

from hundreds of such problems will 

help solve yours. 

If basic research and testing are 
needed, your project will be handled 

by the world's greatest aluminum re­

search laboratories. And for help in 

Here you'll find advanced techniques 

in welding, casting, finishing, form­
ing, machining and heat treating. 

You'll get a detailed picture of 
these facilities from our booklet, 
"Road Map to a Better Product." It 
can be your first step toward putting 
64 years of aluminum experience to 
work on a long-range project that 

could effect a major change in your 

company's competitive position. May 
we send you several copies? 

* 

ALUMINUM COMPANY OF AMERICA 
2l82D Gulf Bldg., Pittsburgh 19, Pa. 

1I0.AD "..AP 

TO .A BETTEII 

PRODUCT 

through 

Development 

Division 

ALUMINUM COMPANY 

OF AMERICA 
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What do YOU want to protect ? 

G O O D  G R O O M I N G  I S  A I D E D  with well made, hard rubber 
combs. In the heated dies which preform ACE Combs out of 
hard rubber material , simple, low-cost T H E R M OSWITCH® 
thermostats provide close temperature control - especially 
essential to the manufacture of fine-toothed, close-spaced 
combs. 

T O  K E E P  B E E R  P R O DU C T I O N  F LO W I N G, the cooling process 
must be protected against freezing.  In beer wort coolers, the 
T H E R M O SWIT CH thermostat helps prevent production 
loss . Acting as a safety device, it actuates a solenoid valve to 
operate an ammonia back-pressure valve before the tempera­
ture drops to a dangerous low. 

TH E Q U A L I T Y  O F  PLASTI C S  is safeguarded by careful control 
of the heat-molding process . In the molds used in forming 
plastic toys, for example, sensitive T H E R MOSWITCH 
units supply the exact temperature control necessary to as­
sure clean, attractively molded shapes, with a minimum of 
rej ects. 

T H I S  METALL U R G I C A L  L A B O RAT O RY is one of several special­
ized laboratories at Fenwal. In these laboratories, Fenwal 
engineers are constantly developing new devices and im­
proving existing ones to help protect products , pro cesses, 
property, and people. Fenwal engineers may help you solve 
your problem . Why not write us? Fenwal, Incorporated, 
305 Pleasant Street, Ashland, Mass. 

E L E C T R I C  T E M P E R AT U R E  C O N T R O L  
A N D  D E T E C T I O N D E V I C E S  

P R O T E C T I N G  P R O D U C T S  A N D  P R O C E S S E S  . . .  P R O P E R T Y  A N D  P E O P L E  
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THE CONTROL 

OF FLOWERING 
What makes a plant grow flowers instead of stems and leaves? 

Although the mechanism is not entirely understood, the study 

of it makes possible some interesting advances in agriculture 

T
HE FIRST CROCUS has bloomed, 
-heralding spring. As the year ad­
vances, other plants, each in its 

own season, will burst into flower on a 
predictable schedule. The calendar of 
blooms is so familiar that we take it for 
granted. But what is behind this pre­
dictability? Why not crocuses in July, or 
black-eyed Susans in April, or goldenrod 
in May? 

Flowering represents a radical change 
in the physiology of a plant. Suddenly 
the. plant turns from producing stems 
and leaves to making the blooms that 
will yield fruit and the seeds of repro­
duction. What master switch sets off this 

by Aubrey W. Naylor 

change? If we understood the mecha­
nism that initiates plant flowering, we 
could envision some really breath-taking 
advances in agriculture and our control 
over nature. 

Any study of the subject must begin 
with the environmental factors that gov­
ern a plant's development. Temperature, 
light, water and nutrition all play their 
parts, and clever gardeners and green­
housemen have long known how to force 
plants into bloom to meet deadlines by 
skillful manipulation of these influences. 
Their empirical methods have shed little 
light, however, on the physiological 
process that transforms a plant from the 

vegetative (foliage-producing) to the 
flowering state. 

We know that a plant, like an animal, 
must reach a certain stage of maturity 
before it is ready to flower and repro­
duce. It takes fruit trees, for example, 
several years to begin bearing blossoms 
and fruit. A corn plant will not flower 
until it has produced a certain minimum 
number of leaves, the number depend­
ing on the variety of corn. There is a 
remarkable bamboo plant native to the 
mountains of Jamaica that carries the 
process of growing up to a strange ex­
h·eme: 32 years after the plant is born, it 
flowers once and then dies. Its life cycle 

PINEAPPLES in a field of the Hawaiian Pineapple Co., 
Ltd., are sprayed with naphthalene-acetic acid. This 
causes the plants to flower, and later to fruit, in concert. 

Because the plants in an untreated field flower erratical­
ly, their fruit must he collected at several different 
times. But a treated field can he harvested all at once. 
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LENGTH OF THE DAY determines when plants flower. 
The vertical coordinate of this diagram is the length of 
the day in hours and minutes; the horizontal coordinate, 
the months of the year. The four curves depict the 
annual change in the length of the day at four latitudes: 
that of Miami (26 degrees North), that of San Francisco 
(37 degrees), that of Chicago (42 degrees) and that of 

Winnipeg (SO degt·ees). The cocklebur requires 9 llOurs 
or more of darkness (i.e., 15 hours or less of light) in 
order to flower. Thus in \"Vinnipeg it has a long period of 
vegetative growth even after it is ripe to flower. In Miami, 
however, it flowers immediately when it is ripe to do so. 
In Winnipeg the buds of the cocklebur appear on ahout 
August 3, so late that frost will probably kill the plants 

seems to be independent of the environ­
ment; transplanted to any other part of 
the world, the plant still blossoms on 
schedule at the age of 32 years, no earlier 
and no later. 

What makes plants ripe to flower is 
not known. Occasionally a plant blooms 
ahead of schedule, just as an animal 
sometimes comes precociously to puber­
ty. In animals precocious puberty can be 
induced by removing or impairing the 
pineal gland in the brain, which pre­
sumably changes the hormone balance 
of the body and accelerates sexual ma­
turity. This suggests that hormones may 
have something to do with a plant's ripe­
ness-to-flower. 

INVESTIGATIONS to track down the 
physiological mechanism whereby a 

plant starts producing flowers have been 
carried out mainly along two lines, using 
two different tools to control flowering. 
The first is temperature. About 35 years 
ago the German plant physiologist Gus-
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tav Gassner discovered that he could in­
fluence the flowering of cereal plants by 
controlling the temperature of germinat· 
ing seeds. One of the plants on which he 
experimented was winter rye. Winter rye 
is planted in the autumn, germinates 
during the winter and flowers the follow­
ing summer. If it is planted in the spring, 
it fails to flower, remaining vegetative 
throughout the growing season. Gassner 
found, however, that by keeping the 
seed at near-freezing temperatures dur­
ing germination he could make winter 
rye flower even when he planted it in 
late spring. This procedure was later 
adopted by plant breeders to transform 
winter cereals into spring types, and it 
became known as "vernalization." 

At first it was thought that the low­
temperature treatment changed a plant's 
general metabolism. But it developed 
that vernalization was a reversible proc­
ess; that the change took place during 
a critical four-day period, after which it 
could not be reversed, and that rve seed· 

lings could not be vernalized if they were 
undernourished. All this indicates that 
flowering depends on the formation of 
certain specific substances in the plant, 
rather than on an alteration in its general 
metabolism. 

The second tool used to investigate 
flowering is the response of plants to the 
length of day-what is known as photo­
periodism. This tool has been far more 
fruitful than temperature; it has been 
utilized by a great many investigators in 
a great variety of experiments, and it has 
already yielded some important practi­
cal results in agriculture. 

THE FASCINATING story of photo­
periodism goes back to a historic in­

vestigation more than 30 years ago b\: 
two workers in the U. S. Department of 
Agriculture-W. W. Garner and H. A. 
Allard. They wondered why the variety 
of tobacco called Maryland Mammoth 
was delayed in flowering when it was 
grown near Washington, D.C. It flow-
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COCKLEBUR 
9 hours dark required 

BILOXI SOYBEAN 
10 hours dark required 

MARYLAND MAMMOTH 
TOBACCO 

12 hours dark required 

MIAMI 

SAN FRANCISCO 

CHICAGO 

WINNIPEG 

before their seeds mature. In Chicago 
the buds appear on about July 10, 
in good time for the seeds to ma· 
ture. In San Francisco the cocklebur 
flowers shortly after it is ripe to 
do so. The dark requirement of the 
soybean and tobacco is also shown. 

ered so late in the season that its seeds 
did not mature. The two investigators 
tried growing the plant under various 
conditions and explored many blind al­
leys before they discovered the answer: 
at the critical time the days were too 
long and the nights too short for these 
plants at Washington. Maryland Mam­
moth tobacco is a short-day plant, mean­
ing that it begins to form flowers when 
the days are between 10 and 12 hours 
long. In the Washington growing season 
the days do not become as short as this 
until late in the summer. Consequently 
the tobacco plant, though ripe to flower 
long before, is delayed in receiving the 
necessary stimulus and so flowers very 
late. 

Garner and Allard went on to test and 
confirm this discovery with many other 
species of plants. They found that plants 
fell into three general categories: short­
day, long-day and indeterminate (n0t 
choosy as to length of day). Photo­
periodism at once accounted for many 

things which had long puzzled botanists. 
It provided a reasonable explanation of 
why plants of a given variety, even 
though planted at different times, will 
nevertheless all flower at the same time, 
and why certain plants flourish in some 
latitudes and are practically absent from 
others. 

Ragweed, for instance, starts making 
flowers when the day is just about 14.5 
hours long. At Washington this length 
of day occurs around July 1, and the 
plant flowers and sheds its pollen by the 
middle of August. It has ample time, in 
other words, to form and scatter its seeds 

. before frost comes. But there is little or 
no ragweed in northern Maine. There 
the long summer days do not shorten to 
14.5 hours until after August 1. Rag­
weed, starting to form flowers after that 
date, would generally be killed by frost 
before its seed matured. Hence even if 
the wind or birds should bring ragweed 
seed to northern Maine, the plant could 
not establish itself there. 

Conversely, a plant that thrives in the 
North may fail to flower in more south­
ern latitudes where the spring and sum­
mer days are shorter. For instance, the 
rock-garden plant Sedum telephium, 
which needs a day of 16 hours or more, 
blooms very well in southern Vermont 
but will not flower in Virginia. This is a 
common experience of gardeners; at­
tracted by a colorful plant during a trip, 
they may take it home to transplant in 
the garden, only to find that while it 
grows splendidly, it never produces any­
thing but shoots and leaves. For this 
disappointing and puzzling result, sensi­
tivity to the length of day is apt to be 
responsible. 

There is a variety of wild sugar-cane 
which flowers only if the dark period is 
10 to 12 hours long. Clearly under natu­
ral conditions this species would be con­
fined to the Tropics. Spinach, on the 
other hand, would never flower or repro­
duce itself by seed in the Tropics, be­
cause it must receive 14 hours of light 
per day for a period of at least two 
weeks. And so it goes for many other 
plants. 

THE DISCOVERY of photoperiod­
ism's important role in limiting the 

range of plants was, of course, a matter 
of great consequence to agriculturalists. 
The U. S. Department of Agriculture 
now determines photoperiod require­
ments as a matter of routine before new 
plants are introduced. For instance, the 
various varieties of soybeans and onions 
are extremely sensitive to photoperiod; 
an individual variety may grow to its 
maximum only within a narrow belt of 
latitude as little as 150 miles wide and 
may fail as a crop if planted north or 
south of that region. Moreover, knowl­
edge of photoperiod requirements is 
a great help to plant breeders. Some­
times they wish to cross two strains of 

plants that ordinarily flower in different 
months. By controlling the photoperiod 
in a greenhouse they can make the two 
strains flower at the same time and 
thereby fertilize each other. In this way 
breeders have obtained some valuable 
hybrid crop plants which could not be 
produced otherwise. 

But photoperiodism has been most 
rewarding as a research tool. Very early 
the experimen ters discovered a surpris­
ing fact. It seemed reasonable to sup­
pose that if a plant required a certain 
length of day to flower, darkening the 
plant for part of the day should interfere 
with its flowering. This experiment was 
performed repeatedly, but nothing hap­
pened; the plants flowered just as if they 
had had a full day of light. Interruption 
of the nighttime period of darkness, 
however, told another story. Even a few 
minutes of illumination affected the 
plant's flowering. Thus when a short­
day plant such as the chrysanthemum is 
illuminated for a few minutes in the 
middle of the night during the season 
when it normally would flower, it fails 
to bloom. On the other hand, a long-day 
plant such as pyrethrum can be made to 
flower in a short-day season when it 
would not normally do so, simply by 
exposing it to light for a short time at 
night. The critical factor in photoperiod­
ism, then, is not the length of day but 
the length of night; strictly speaking, 
plants should be classified as long-night 
and short-night rather than short-day 
and long-day. 

This information obviously has its 
practical uses. Flower growers, who 
used to delay chrysanthemum flowering 
for the late fall market by extending the 
daylight period with several hours of 
artificial light, now can achieve the same 
end and save a lot of current by illumi­
nating the plants for a few minutes in 
the middle of the night. 

More important, however, is the lead 
that this discovery has given in the in­
vestigation of the flowering process it­
self. Evidently the chemical reactions 
responsible for flowering go on in a plant 
at night. These reactions are sensitive to 
light. Other experiments show that they 
require carbon dioxide (or sugar sprayed 
on the leaves as a substitute) and de­
pend on the quality (i.e., wavelengths) 
of the light-all of which indicates that 
the photoperiodic reactions are in some 
way linked with photosynthesis. How­
ever, they appear to depend on some 
pigment other than chlorophyll as the 
ligh t receptor. 

WE COME BACK, then, to the main 
question: What is the chemical 

basis of flowering? Nearly a hundred 
years ago the great German plant phys­
iologist Julius von Sachs suggested that 
the leaves of a plant produce "flower­
forming sugstances" which travel to the 
growing points where flowers are gen-
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COCKLEBURS exposed to flower-inducing light cycle (yellow rectangles) 
produced hurs when only an eighth of a leaf remained on plant (third from 
left). Leafless plants and those exposed to other cycles did not flower. 

BRANCHED COCKLEBURS further indicated that the plant was made to 
flower hy a chemical originating in the leaves. One plant produced hurs when 
only an eighth of a leaf on one hranch was exposed to flower-inducing cycle. 

GRAFTED COCKLEBURS also supported the leaf chemical theory. One 
plant flowered even when a piece of paper was placed across the graft he­
tween it and another plant exposed to the flower-inducing cycle (right). 
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erated. The first laboratory evidence to 
support his theory was discovered in 
1934 almost simultaneously by several 
different groups of workers-J. E. Knott 
at Cornell University, J. Kuijper and L. 
K. Wiersum in the Netherlands and "M. 
C. Cajlachjan in the U.S. S.R. Knott ex­
perimented with spinach, a long-day 
plant. He exposed the leaves to long 
photoperiods and covered the stem 
growing-point for part of the day so it 
was on a short photoperiod. The plants 
flowered as readily as if the whole plant 
had been on long photoperiods. When 
he reversed the procedure, giving the 
growing points long photoperiods and 
the leaves short photoperiods, the effect 
was the same as if the whole plant had 
been on short photoperiods-that is, the 
plant failed to flower. These experi­
ments, confirmed and extended to other 
plants by the other workers, made it 
clear that the stimulus for flower forma­
tion must originate in the leaves. This 
strongly supported the idea that the 
stimulus was some kind of chemical 
regulator that moved from the leaves to 
the stem growing-points where flowers 
are formed. 

Karl Hamner and James Bonner at 
the University of Chicago soon found 
even more convincing evidence. Thev 
did their work with cocklebur, a com­
mon noxious weed. This short-day plant 
is an ideal experimental tool for study­
ing photoperiodism: it is sensitive to 
differences of less than 30 minutes in 
the dark period; a single nine-hour dose 
of darkness can induce it to flower, and 
it will survive considerable mutilation. 
Hamner and Bonner first stripped all the 
full-grown leaves from the plant and ex­
posed the defoliated stem to nine-hour 
periods of darkness to see whether the 
plant would flower. It did not. But they 
found that when they left as little as one 
eighth of a fully expanded leaf on the 
stem, the plant did flower after exposure 
to the proper dose of darkness. By fur­
ther experiments-forcing the plant to 
produce two branches, grafting shoots 
with leaves on the stem, and so on-they 
went on to show that the flower-induc­
ing stimulus can travel up and down in 
the stem and across graft unions. They 
were also able to make a rough estimate 
of the rate of movement of the stimulus. 

MANY OTHER investigators now 
took up the scent. Experimenting 

with a wide variety of plants, they 
demonstrated the activity of the flower­
inducing stimulus in some striking ways. A nonflowering plant can be made to 
flower by grafting on to it a single leaf 
from a flowering plant, or even an 
isolated leaf that has been exposed to 
the proper amount of light. The stimu­
lus can travel a considerable distance 
through several grafts. In one stunt six 
double-branched cocklebur plants were 
grafted together in series and all the 
leaves were removed except one at the 

© 1952 SCIENTIFIC AMERICAN, INC



TOMATO PLANT grows a small head of flowers (right center) after treat­
ment with 2,3,5-triiodobenzoic acid. This effect appears due to the fact 
that the chemical is an antagonist of auxin, the plant-growth hormone. 

tip of the last plant. After this leaf was 
exposed to dark periods of the appro­
priate length, the whole series of 
grafted plants proceeded to flower in 
orderly sequence down the chain! 

The flower-promoting stimulus is not 
special and different in each species of 
plant; apparently it is some general fac­
tor common to all plants. This is shown 
by the fact that a plant can be induced 
to bloom by a leaf graft from another 
variety, species, genus or even from an­
other family of plants. There is a certain 
parasitic plant, growing underground 
on the roots of red clover, that apparent­
ly obtains the flower-inducing factor 
from its host! 

How can the same factor cause flower­
ing both in long-day and short-day 
plants, which respond so differently to 
light? One working hypothesis is that 
the factor is a substance which pro­
motes flowering when it reaches a cer­
tain minimum concentration and inhibits 
flowering when it accumulates to a 
higher concentration. According to this 
theory, suggested by Harry Borthwick 
and Marion Parker of the Beltsville Ex­
periment Station, a plant that is ripe to 
flower produces the active substance 
continuously, but the substance is un­
stable to light. In a long-day plant, the 
substance is somehow protected from 
destruction by light so that it does not 
fall below the minimum concentration 
needed for flowering; such a plant will 
Hower even if exposed to light continu­
ously. In darkness, however, the sub­
stance accumulates in the plant, and if 
the night is too long, it accumulates to 
the point where it inhibits flowering. 
When the plant is illuminated in the 
middle of the night, the light destroys 

the excess substance and enables the 
plant to flower. In a short-day plant, on 
the other hand, tl1e flower-promoting 
substance is not protected from the de­
structive effects of daylight. Hence the 
plant needs a long period of uninter­
rupted darkness to accumulate enough 
of the substance to flower. 

A LL IN ALL the evidence seems over-
1\.. whelmingly in favor of the idea that 
a flower-promoting hormone does exist. 
The Russian worker Cajlachjan suc­
cumbed to the temptation to name the 
suspected substance "florigen." The po­
tential value of this powerful substance, 
if indeed it exists, is so obvious that 
many attempts have been made to ex­
tract and isolate it from plants, in the 
U. S. and abroad. So far none has suc­
ceeded, though hopes have been raised 
several times. One of the difficulties is 
that no one knows just how such a sub­
stance should be introduced into a plant 
to promote flowering; hence experi­
menters cannot be certain whether they 
have failed to find the correct substance 
or simply failed to apply it properly. 

Some investigators believe that plant 
hormones already known, rather than 
special "florigens," may be the agents 
responsible for the control of flowering. 
They argue that the growth-promoting 
hormones known as auxins may regulate 
flowering as well as vegetative growth. 

One of the auxins is indole-acetic 
acid. It has been found that when the 
cocklebur plant is grown on long photo­
periods, unfavorable for flowering, it 
produces much more indole-acetic acid 
than when it is on short photoperiods. 
This would indicate that the auxin in­
hibits flowering. There are some obvious 

RELIABLE 
TROUBLE FREE 

SOLENOID STARTERS 
for your Laboratories 

Simplicity - the 
key to the Lead­
ership Position of 
A l l e n  - B r a d l e y  
Solenoid Starters. 

Maintenance FreeContocfs 

Where critical test work is going on, 
requiring relia ble starters-Allen-Brad ley 
solenoid starters are a prime necessity. 
The simple design - only one moving 
part - is the secret of their long trouble 
free operation. They have no pivots, 
pins, bearings, intricate linkages, or 
flexible shunts to go wrong. Also, the 
reliable straight up and down solenoid 
motion is frictionless. Simplicity of de­
sign is the first requirement of a de­
pendable motor starter. 

Allen - Bradley solenoid starters are 
available in a wide variety of sizes and 
types to fit your requirements. 
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MOTOR CONTROLS 
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Applying science to industry's problems 

of meosuring temperature, air velocity 

and dew point is our business. Every 

Alnor instrument is an example of 

modern science at work. 

The Pyrotac is the latest instrument to 

come from a background of Alnor re­

search and engineering-putting shirt­

sleeve science to work an the problems 

of temperature reading in industry. 

This modern pyrometer with motor­

driven switch continually monitors as 

many as 20 different temperature points 

• • .  automatically watches for tempera­

tures that exceed pre-set safe standards, 

both above and below required ranges. 

If the temperature of any station should 

exceed standard, the Pyrotac sounds an 

alarm or shuts down heated circuits 

before damage can result. It also tells 

you exactly where you'll find the offend­

ing temperature. 

Such constant, automatic protection 

increases efficiency and economy­

reduces maintenance time and expense 

to a minimum. Chances are the Pyrotac 

can solve your problem of protection 

against damage due to excess heat. 

Send today for new, illustrated descrip­

tion of the Pyrotac-the latest Alnor 

addition to shirt-sleeve science. Illinois 

Testing Laboratories, Inc., Room 548, 
420 N. La Salle St., Chicago 10, Illinois. 
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STERILE TASSEL resulted from treating the plant with the growth in­
hibitot· maleic hydrazide. This suggests that the chemical could be used to 
eliminate the hand removal of tassels in the production of liybrid corn seed. 
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ways to test that conclusion: anything 
that neutralizes or destroys auxin in the 
plant should promote flowering, and an 
artificial increase in the plant's supply 
of auxin should suppress flowering. Ex­
periments indicate that this is indeed the 
case. When cocklebur plants are treated 
with X-rays or certain chemicals that are 
known to destroy or counteract auxin, 
the plants flower more profusely than 
they would normally. On the other hand, 
treatment with auxins interferes with 
flowering. James Bonner and John Thur­
low at the California Institute of Tech­
nology have prevented flowering in the 
cocklebur by treating the plant with in­
dole-acetic acid, and the writer has 
greatly delayed flowering in plants by 
treating them with other auxins. 

There is now good evidence that 
plants themselves produce natural sub­
stances which counteract auxins. These 
indirect indications point to the con­
clusion that flowering is regulated by 
the balance between the auxins and 
their antagonists in the plant. 

. WE ARE STILL far short of solving 
the mys�ery of what makes plants 

flower. It will take a great deal of in­
vestigation to determine just what sub­
stances are involved, how they are 
formed in the plant, and how they 
interact. Nevertheless, the information 
so far obtained has already made it 
possible to control flowering by chemi­
cal methods in a few plants. 

One of these is the pineapple. This 
crop used to be expensive to produce, 
because the plants flowered and set 
fruit erratically, so that pickers had to 
come back to a field again and again to 
collect fruit as it ripened. Now all this 
has changed, thanks to the discovery 
that various substances, notably acety­
lene and naphthalene-acetic acid, can 
control the flowering of pineapple. Six to 
eight weeks after treatment a whole 
field flowers with amazing uniformity. 
As a result pineapple crops can now be 
harvested with all the techniques and 
machinery of mass production. The 
plants are usually treated with naphtha­
lene-acetic acid, but this treatment has 
a drawback: the fruit-bearing stalks 
grow too weak and topple over. This can 
be corrected, however, by spraying the 
plants at the proper time with B-naph­
thoxyacetic acid. One of the leading in­
vestigabors in the field, J. van Overbeek, 
observes wryly that the pineapple grow­
ers still are not satisfied: they want treat­
ments that will make the fruits grow 
tailor-made to fit the cans! 

Chemical control promises to make 
another dream come true. Hawaiian 
growers have long wished they could 
achieve large-scale production of the 
litchi nut, one of the most delicious of 
all tropical tree fruits. The litchi tree 
has been a poor performer in Hawaii; 
only about four per cent of the trees 
flower and bear fruit. Now it seems that 

EASY TO LEARN 
SIMPLE TO 
MANIPULATE 

an . SPENCER 

Laboratory Microscope 

of HIGH PRECISION 

at LOW COST 

The AO No. 78 Microscope, a new idea in preci­
sion instruments, offers numerous advantages. 

• Anyone can operate it with a few minutes 
instruction. 

• A single dual-purpose control offers quick, 
accurate focusing. 

• The instrument is compact, lightweight, and 
easily portable. 

• The factory-focused built-in light source elim­
inates time-consuming and frequently faulty 
substage adjustments. 

• Reversed arm position gives clearer view of 
specimen, stage, objectives, and diaphragm 
openings. 

• Low overall height increases comfort in op­
eration. 

• Locked-in parts prevent loss, mishandling, and 
excessive maintenance costs. 

• "Spring-loaded" focusing mechanism prevents 
slide breakage. 

• Magnifications �vailable from 17.5X to 430X. 

The AO No. 78 Microscope 
utilizes the same high quality 
optics and precision-built mech­
anical parts that have won world 
recognition for higher priced 
AO Spencer Microscopes. If you 
have not already studied its 
time and money-saving advan­
tages, see your AO distributor 

or write Dept. E 178. 

_'\mcrican � Optical 
INSTRUMENT DIVISION . BUFFALO 15. NEW YORK 
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ALL Purity 

Wide Selection 
-----

Service 

by specifying lacA REAGENTS 
"Setting the pace in chemical purity since 
1882"-that is the slogan, and the reputa­
tion, of Baker & Adamson. 

choose from. B&A offers over 1,000 purity 
products of Reagent, A.C.S., C.P., U.S.P., 
N.F. and Technical grades_ And B&A's 
own well-stocked distributing stations, lo­
cated in key industrial centers, are ready to 
supply your needs promptly and efficiently_ 

That's because B&A Reagents are always 
nni/onn. Their purity is predetermined. 
They always meet or exceed established 
A.C.S. specifications-the strict, impartial 
purity requirements set by the chemical 
profession itself for careful analytical work. 

Just tell the nearest B&A office what 
your regular reagent requirements are; 
they will be glad to build stocks to meet 
your particular needs. Bnt you get more than this with 13&A! 

You have a wide and excellent selection to 
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GENERAL CHEMICAL DIVISION 

AlliED CHEMICAL & DYE COIPOUTION 

--------40 IECTOIt. StilEt, NlW YOlK 6, N. Y.-------
O#UI: Albany • Allanll • Baltimore' • Birmingham' • Boston • Bridgeport' • Bul'l'alo' • Chulotrc· 
Chicago' • Cleveland' • �nver' • OcIIO;!' • Houston' • Jacksonville • Lm Angeles' • Minneapolil 
NUf York' • Philadelphia' • Pic[liburgh' • Providence' • Sr, Louil' • San Francisco' • Suttle. Yakinu. (Wash.) 

In Wisconsin: Genenl �cminl Company, Inc., Milwaukee, Wis. 

11'1 Canada: The Nicholl Chcmiul Company, Limited. Montreal • •  Toronto • •  Vancou'l'u. 
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BORON TRIFLUORIDE 
Gas • Ether Complex • Phenol Complex 

Versatile Catalyst for such reactions as Polymerization ' 
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naphthalene-acetic acid may be the an­
swer. In recent experiments it has been 
found that when litchi trees are sprayed 
with this growth substance at the end 
of September, about 88 per cent of the 
trees bear fruit. Development of this 
discovery may create a new industry in 
the Hawaiian Islands. 

Some work has also been done with 
vegetable and grain crops. Among the 
promising candidates for control are let­
tuce and celery. The problem here is to 
prevent flowering, because lettuce and 
celery are grown for their vegetative 
parts (leaves and stalks) and lose their 
market value when they begin to go to 
seed. In the case of lettuce, experi­
menters have succeeded in delaying the 
development of seed stalks and flowers 
by treating the seeds of the plant with 
cold and a chemical at the time when 
they are germinating. In the case of cel­
ery, they have found one chemical treat­
ment that retards flowering and another 
that accelerates it. Celery growers who 
grow celery for the table can use one, 
and those who grow it for seed can use 
the other. Tobacco is another plant in 
which it is desirable to prevent flower­
ing, and some promising results have 
been obtained with that crop. 

B UT OF ALL plants, perhaps the 
most important candidate for re­

search on the control of flowering is 
corn, the No.1 U. S. crop. Such research 
has already started, with two ends in 
view. One is to regulate flowering so that 
desirable strains which do not ordinarily 
flower at the same time can be crossed. 
The other is to sterilize corn tassels by 
chemical means. Growers of hybrid seed 
corn must sterilize the tassels to prevent 
plants from fertilizing themselves and 
reproducing their own kind; to produce 
the hybrid seed it is necessary to fertilize 
the plants with pollen from selected 
strains. At present the plants are gen­
erally detasseled by hand-an expensive 
operation. Chemical sterilization obvi­
ously would be much easier and less 
costly. 

For both of the control purposes, 
promising experimental leads have al­
ready developed. Spraying with 2,4-D, 
the well-known weed killer, delays 
flowering in corn without harming the 
ear. And the tassel can be sterilized by 
treatment with the plant-growth inhibi­
tor maleic hydrazide. 

The results so far in the chemical con­
trol of flowering have been highly prom­
ising, in some cases even spectacular, 
and the future is bright. When the flow­
ering process is fully understood, prog­
ress will, of course, be much faster. We 
may even be able to force into bloom 
plants that now flower rarely. 

-

Aubrey W. Naylor is assist­
ant professor of plant phys­
iology lit Yale University. 
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Valve castings by Walworth Company, South Boston, Mass. 

THE CONTRAST GOES BEYOND TBE SURfACE 

Notice the difference between the 

two-inch valve bodies shown here. 

It may give you some valuable ideas 

- particularly if you're designing a 

product in either ferrous or non-fer­

rous metals. 

The cast:ing at left, its surface 

rough and pitted, was produced in a 

conventional sand mold. Its partner 

was cast by the new shell molding 

process. Smooth and clean, it needs 

little finishing to make it ready for 

market. 

The shell molding process - also 

called the "e" process - uses molds 

and cores of fine-grained sands 

bonded with BAKELITE Phenolic 

Resins. It produces castings that are 

almost pattern-smooth and free of 
burnt-on sand. Fine details are ac­

curately reproduced, with toler­

ances as close as .003 to .005 inches 

per inch. As a result, finishing oper­

ations are reduced, conserving time 

and metal. Fewer pieces are re­

jected. More good castings are ob­

tained from each ton of metal 

poured. 

Planning with the shell molding 

process in mind has already bene­

fited others- by simplifying design, 

minimizing finishing operations, and 

in turn, lowering production costs. 

Your foundryman can tell you about 

its advantages. Or, write Dept. DV-

42 for details. 

BAKELITE 
TRA.DE·MA.RK 

PHENOLIC 
BONDING RESINS 

--------�T.-.-.�.����M-.�.-.---------

BAKELITE COMPANY 
A Division of 

Union Carbide and Carbon Corporation 
[!I3:3 

30 East 42nd Street, New York 17, N. Y. 
In Canada: 

Bakelite Company (Canada) ltd., Belleville, Onto 
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INFORMATION 
on positions at 

NORTHROP 

Northrop Aircraft, Inc. is engaged 

in vitally important projects in 
scientific and engineering 

development, in addition to aircraft 

production. The program is 
diversified, interesting and long­

range. Exceptional opportunities 

await qualified individuals. 

The most responsible positions 

will go to top-caliber engineers 

and scientists. However, a number 

of excellent positions exist for 

capable, but less experienced, 

engineers. Some examples of the 

types of positions now open are: 

ELECTRONIC PROJECT ENGINEERS . • •  

ELECTRONIC INSTRUMENTATION 

ENGINEERS ... RADAR ENGINEERS . . •  

FLIGHT-TEST ENGINEERS . • •  

STRESS ENGINEERS • . •  

AERO- AND THERMODYNAMICISTS . . •  

SERVO- MECHANISTS ... POWER- PLANT 

INSTALLATION DESIGNERS • • •  

STRUCTURAL DESIGNERS . • •  

ELECTRO- MECHANICAL DESIGNERS . . • 

ELECTRICAL INSTALLATION DESIGNERS. 

Qualified engineers and scientists 

who wish to locate permanently in 

Southern California are invited 

to write for further information 

regarding these interesting, long­

range positions. Please include 

an outline of your experience 

and training. 

>P6 
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Allowance for travel expenses. 

Address correspondence to 
Director of Engineering, 

NORTHROP 
AIRCRAFT, INC. 

1013 E. BROADWAY 

HAWTHORNE, CALIFORNIA 

A New Microscope 
Electrons or protons from a fine needle 

reveal the architecture of crystals and 

resolv.e individual atoms and molecules 

by Erwin W. Miiller 

S

OME OF THE small blurred dots in 
the photographs on these pages are 
pictures of atoms. They were re­

corded by a simple, compact instrument 
called the field emission microscope, 
with which, for the first time, man can 
directly view matter down to molecular 
and even atomic dimensions. 

The microscope consists essentially of 
an extremely fine needle sealed into one 
end of an evacuated tube and pointing 
at a Huorescent screen at the opposite 
end. Its operation depends on the phe­
nomenon known as field emission-the 
release of electrons from a cold metal 
surface under electrical pressure. When 
5,000 volts are applied to the needle, 
creating a field strength of about 125 
million volts per inch on its tip, electrons 
stream away from the tiny hemispherical 
tip in a direction almost perpendicular 
to the surface at every point. Thus the 
electrons map out on the fluorescent 
screen an enlarged picture of that sur­
face. The picture is as many times larger 
than the needle point as the distance 
from point to screen is greater than the 
radius of the point. Using a needle with 
a tip radius of about four-millionths of 

an inch, such an instrument can produce 
magnifications of 100,000 to 1,000,000 
times. The field emission is so strong that 
the picture is bright enough to be pro­
jected on a large screen in an auditorium 
and to be photographed with an ordi­
nary motion-picture camera. 

The mapping is not completely sharp. 
because electrons from any single point 
on the needle do not all come off in 
exactly the same direction but spread a 
little. The electron wavelength also sets 
a limit to the maximum sharpness attain­
able. For these reasons the field emis­
sion microscope cannot distinguish de­
tail below about one ten-millionth of an 
inch. This resolving power is no better 
than that of the conventional electron 
microscope. But the great value of the 
instrument is its ability to make visible 
extremely thin layers of material on the 
needle surface. 

The stage of this microscope is the 
needle point. When the metal point is 
bare, the picture on the screen represents 
the crystal arrangement of the atoms in 
the tip. When atoms or molecules of 
some other suhstance are deposited on 
the point, the electron emission from the 

NEEDLE POINT, the "stage" of the field emission microscope, is shown in 
successively finer detail in the three pictures across the bottom of these two 
pages. Magnifier! 650 diameters uncleI' a light mi.croscope (left), the fine point 
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CRYSTAL STRUCTURE of the needle tip with a de­
posit of barium atoms (small spots of light) is revealed 
by the flow of electrons from its surface to a fluores-

MOLECULES of phthalocyanin appear on the micro­
scope screen (left) as clusters of dots similar to a four­
leaf clover. Not only is the molecule visible, but also 

cent screen (left). Dark areas correspond to faces from 
which fewer electrons are emitted. This photograph 
resembles a diagram (right) based on indirect evidence. 

some of its structural detail; each "leaf" represents 
a cluster of its atoms. This molecular photograph 
strikingly confirms the diagram of its structure (right). 
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is compared with that of a common needle. In an elec­
tron micrograph (center), the hemispherical tip can be 
seen magnified 70,000 diameters. Diagram (right) shows 

cross section of tip crystal with its lattice steps. Two 
foreign atoms (black) produce relatively strong elec­
tron beams (top) that will make spots on the screen. 
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URANIUM OXIDE, building up into a monomolecular 
layer on the needle, produces bright spots because it 
tends to concentrate on certain faces of the crystal (left) • 

As the uranium oxide builds up to a double molecular 
layer (right), shadows appear in the bright spots be­
cause protruding oxygen atollls cut off flow of electrons. 

POSITIVE ION microscope picture (left) shows detail 
in lattice structure of the needle tip. Curved stripes trace 
the contours of the lattice steps. The stripes are COlll-

posed of distinguishable dots, each an atom of the 
needle. The electron picture (right) does not resolve 
the crystal steps nor distinguish the individual atoms. 

region they cover is increased or de­
creased, depending on the nature of the 
substance and how the particles happen 
to lie on the needle surface. Thus we 
have light and dark areas on the screen 
which overlie the basic pattern of the 
tip and reveal the presence of the materi­
al we are studying. 

With this instrument we can see a 
monomolecular layer of gas or liquid or 
even individual atoms and molecules de­
posited on the needle tip. We can study 
the behavior of different gases as they 
react chemically with each other or with 
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the metal surface of the needle. We have 
watched the reduction of oxides by hy­
drogen, the burning of adsorbed carbon 
by oxygen, the decomposition of carbon 
monoxide on the crystal faces of a nickel 
tip. The needle substance may act as a 
chemical catalyst, so that the catalytic 
action of various materials can be stud­
ied by using needles made of those 
materials. To date we have used needles 
of platinum, tungsten, molybdenum, 
tantalum, iridium, zirconium, iron, cop­
per and silver. We can study the cata­
lytic action of nonmetallic substances 

by evaporating them onto the needle 
point. 

The fact that the electron emission 
does not depend on the temperature of 
the needle allows us to observe the be­
havior of materials over a wide tempera­
ture range. We have studied reactions 
at 1,200 degrees Centigrade by heating 
the needle, and at minus 180 degrees C. 
by immersing the tube in liquid air. We 
can actually see the thermal agitation of 
molecules. By gradually varying the 
temperature of the needle, we can watch 
the changes in molecular behavior as an 
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A few of the 225 
types - no two alike 
- tailored for aircraft 
by AiResearch 

Shown here are a handful among 
the latest advances in air valve 
design pioneered by AiResearch. 

Valves such as these automat· 
ically control air and gas flow 
in today's jet and turbo prop air· 
craft. AiResearch designs meet 
every conceivable application. 
Now in production are valves 
entirely of stainless steel which 
handle t e m p e ratures up t o  
10000 F . . .  valves 6"  i n  diameter 
which open and close fully with· 
in .05 seconds ... butterfly valves 
with less than .05 pounds per 
minute leakage at 100 PSI. 

Typical new applications are 
mixing valves for mixing com· 
bustion gas and bleed air, also 
an advance design pressure ratio 
sensing valve for unloading gas 
turbine compressors. 

AiResearch, which designs and 
manufactures hundreds of air· 
craft accessories in many fields, 
also creates manual, electrical, 
or pneumatic systems for the 
reliable operation of air valves. 

Would you like to work with us? 
Qualified engineers, scientists and 
skilled craftsmen are needed now 
at A iResearch. 

A-[I�®@1Irn:lEr M@1rrullDfi1� IC��rrnl= 
A DIYISION OF THE GARRETT CORPORATION 

LOS ANGELES 4S, CALIFORNIA • PHOENIX, ARIZONA 
AiRESEARCH-specialists in the design and manufacture of aircraft accessories in the following major categories: air turbine refrigeration' cabin superchargers 

gas turbines' pneumatic power units' electronic controls' heat transfer equipment· electric actuators' cobin pressure controls and air valves 

61 

© 1952 SCIENTIFIC AMERICAN, INC



62 

I n the installation above� 
operation 01 37 instruments ;s dependent 

upon a Meletron pressure switch. 

When pressure in oil lines, con­
necting test equipment shown 
above, drops below desired pres­
sure, this switch restores the de­
sired pressure automatically. If you 
use equipment where electrical cir­
cuits are controlled by pressure 
changes, there·s a MELETRON 
pressure actuated switch to assume 
responsibility. 

Manufacturers of a (omplete line of 
PRESSURE ACTUATED 

SWITCHES 
for alr(rof' and Industry 

950 NORTH HIGHLAND AVENUE 
LOS ANGELES 38, CALIFORNIA 

ANODE RING BARIUM COATED COIL 

SCREEN 

1 
To pump 

SCHEMATIC DRAWING shows simplicity of apparatus. Electrons from 
needle cathode are accelerated toward screen by the anode ring. Heated coil 
releases barium atoms for study. Pump maintains necessary high vacuum. 

adsorbed substance passes from the 
gaseous to the liquid and finally to the 
solid state. 

H we condense a very small number 
of large atoms, such as those of uranium, 
on the tip, we get a picture made up of 
separate blurred dots, each representing 
a spot approximately one ten-millionth 
of an inch in diameter. We assume that 
each dot represents an individual atom. 

W
E CANNOT hope to improve the 
resolving power of this instrument, 

because the electron wavelength and 
the spreading of the electrons. are con­
stants over which we have no control. 
Recently, however, the author has suc­
ceeded in operating the same micro­
scope tube with positive ions instead of 
electrons. Positive ions spread less and 
have shorter wavelengths; hence they 
give much better resolution. They make 
possible a resolving power of approxi­
mately one hundred-millionth of an inch, 
which is fine enough to show the details 
of the arrangement of atoms in the 
needle-point crystal itself. On page 60 
are two pictures of a needle point, one 
taken with electrons and the other with 
positive ions; the latter shows how much 
greater detail is possible. 

Metals themselves do not emit posi­
tive ions, so a new kind of emission had 
to be developed for this purpose. Ten 
years ago the author discovered that if a 
very high positive field, in the range of 
750 million volts per inch, is applied, 
atoms adsorbed on the needle are torn 
off as positive ions. Since the area of the 
tip is only about one fifty-billionth of a 
square inch, the number of atoms that 

can occupy its surface at one time is 
very small. In order to get enough iOlls 
for even a faint picture on the Ruorescent 
screen, about 100,000 layers of atoms 
must be torn off every second. To pro­
vide a big enough stream we had to 
arrange for a steady rain of atoms to fall 
on the tip, with new atoms replacing 
old ones almost as soon as they were 
torn off. This we accomplished by filling 
the microscope tube with hydrogen at a 
pressure of about one-millionth of an 
atmosphere. As atoms of hydrogen gas 
light on the needle point, they are torn 
off as protons and Row to the screen as 
a steady current, with new hydrogen 
continually replacing old on the point. 
We get a picture of the places where the 
ionization and tearing off of the hydro­
gen took place-in other words, a pic­
ture of the surface of the needle. 

The brightest picture we can get is 
still rather faint, and it is difficult to 
photograph, since exposure times of 
about one minute are required. In this 
time we lose some details due to small 
movements in the picture which take 
place as the screen charges up. The best 
way to observe the screen is directly 
with our eyes, after they have been con­
ditioned by a long period of darkness. 
But these difficulties will soon be over­
come, and we have good reason to ex­
pect more interesting developments 
from this first method of observing a real 
crystal surface in atomic dimensions. 

• 

ETwin W. Muller is pro­
fessor of physiCS at Penn­
sylvania State College. 
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Twin-jet fighter 

with IOllg-range 

radar eyes 
j 

---... •. ----I . -. • -. --::;;-
Y\ . 

-the Douglas Skyknight 

Designed and built for Navy carriers, 
the Douglas F3D Sky knight provides our 
fleets with round-the-clock protection. 
Attack, patrol, reconnaissance, or escort. 
Skyknight can handle them all. 

Aided by its radar eyes, the Sky knight 
can search out distant targets 24 hours 

a day. The pilot of this unique two-man, 
twin-jet, long-range fighter-guided by 
his radar operator-comes in on targets 
with split-hair accuracy ... to hit with 
both rockets and bullets. And although 
Sky knight approaches sonic speeds. its 
hydraulic flaps can slow it down for 

Depend on DOUGLAS 

combat maneuvers or carrier landings. 
The carrier-based F3D Skyknight, 

now in volume production, is typical of 
Douglas leadership in aviation. Planes 
that can be mass-produced to fly further 
and faster with a bigger payload is the 
basic rule of Douglas design. 

First in Aviation 
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CALCULATIONS 
of al. kinds ean be easily solved on the 

BINARY CIRCULAR SLIDE RULE 
This rule will quickly solvo the simplest as well as the 
more difficult. problems invoh-ing calculations in Arith­
metic. Algebra and 'l'rigonoUlctr:y. Any number of fac­
tors can be handled in long and difficult calculations. 
The C scale of the Binary is 25 inches long with gradu­
ations 25% further apart than those of a 20-inch slide 
rule, The CI. A, K, & Log scales are dh'ided as close):\' 
as a 20-inch slide cule. Log-Log scale extends from 
1.0015 to 1,000,000. Gives Trig. functions from 0 to 90 
degrees on back. Engine-divided scales :\'cllow and black 
011 white coated aluminum. Permanently accurate. Dia. 
S%". I'ricc $7.25 in case, with instructions. Approved 
at leading Un!\'. Used by many large firms in the U. S. 

ATLAS SLIDE RULE 
The Atlas Slidc Rule will Quickly sol.c problems in 
Multiplication. Division, and Proportion and gi,e re­
sults with a maximum error of less than 1 in 36,000. 
The Atlas has two C scales. One is 2;;" long and the 
second one is a spiral of 30 coils. This is eQuh'alent to 
a straight rule 60 ft, long and gi,es answers to 5 
figures. 

Chemists, Ph:rsicists and Engineers ha.e found this 
rule imaluablc for its great accuracy. Din, 81,6", Easil,v 
portable, "'hite coated aluminum with legible black and 
scliow scales, Price $9.00 in case with instructions. 

Combination Atlas.Binary Slide Rule 
Has Atlas scales on one side. with 2 Indicators. Binarv 
scales on reverse side with 2 Indicator". 1\'lade of metni 
pel'manently accUI·ate. Pl'ice $12.00 in case with in: st.'uelions. 

Descl'lptlve circulars free. Satisfaction guaranteed. 

GILSON SLIDE RULE CO. 
Box 993 SA, Stuart. Fla. 

Slide Rule Makers since 1915 

• SYMBOLIC 
LOGIC 

• COMPUTING 
MACHINERY 

• MATHEMATICS 
and other subjects * 

Courses or Guided Study, by Mail 
Beginning or Advanced 
Individuals or Study-Groups 
Fitted to Your Own Interests and Needs 
Cost, $9 to $35 
Scholarships 

" ... I am immensely enjoying this op· 
portzmity to discuss and learn." 

-a member of the Faculty, 
Dept. of Physiological Sciences, 
Dartmouth Medical School. 

*Cybernetics. Construction ot Small Robots, Opera­
tions Hesearch, Technique of Explanation, Pure and 
Applied Math, Higher Algebra. Geometry. Calculus. 
).Iathematical Statistics. Probability, etc . . . . We 
ha\-c enrolments in 33 states. Aiaska, Canada. Cuba. 
England, Hawaii. Italy, South Africa, S\\,itzerland, 
"cnezuela, 

Write ItS for more information: 
EDMUND C. BERKELEY 

and Associates 
Makers of SIMON. the Mechanical Brain 

and SQUEE, the Robot Squirrel 

(See cover pictures and articles in Radio Electronics 
Oct., 1950 and Dec .. 1951) 

Berkeley is author of Gia"t Brai"s or Machi"e8 T1IOt 
Thit!k .. Wiley, 1949, 

19 Milk St., R27, Boston 9, Mass. 
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INHERITED 
SENSE DEFECTS 

Concerning color blindness, tone 
deafness and certain lesser- known 
shortcomings of men and animals 

by H. Kalmus 

ALL our purposeful behavior, all our ft awareness of physical "reality," all 
our ideas about the universe ulti­

mately derive from data which our sense 
organs alone can provide: "Nihil est in 
intellectu, quid non est in sensibus." 
Thus for the biologist and the philoso­
pher alike the study of the structure and 
function of the sense organs is of out­
standing importance. 

No two animals or people live in ex­
actly the same world, for no two are 
precisely identical in sense perception. 
A fish and a snail in the same aquarium 
actually are living in quite different sub­
jective environments. Because of the 
differences in their eyes, brains and loco­
motor systems, they receive totally dif­
ferent impressions from the same stim­
uli. The snail, having poor visual acuity, 
will not perceive a hand waved before 
the tank unless it casts a shadow, but the 
fish may see every finger. Similarly a 
blind person lives in a different world 
from one who sees; the environment of 
a man differs from that of a bat, for the 
reason, among others, that he cannot 
hear supersonic sound as a bat can; and 
so on. 

We shall consider here some differ­
ences in sense perception that are in­
herited, that is, controlled by genes. In 
the main these differences can be deter­
mined only on the basis of the individu­
al's own subjective judgment or his per­
formance in carefully prepared tests, for 
nobody has yet discovered any morpho­
logical difference between, for example, 
normal and color-blind eyes or normal 
and tone-deaf ears. 

Certain perceptual abnormalities do 
betray themselves by visible physical 
signs; some interesting examples of this 
occur in insects. Among insects there 
sometimes appear mutant individuals 
with white eyes, lacking the usual red 
and brown pigments. These deviant spec­
imens respond to light, but they are 
unable to react to moving patterns. A 
white-eyed drone bee cannot find its 
way back to the hive, and a white-eyed 

housefly can readily be caught with the 
hand, because it does not perceive the 
movement. 

In at least one species of fruit fly 
(Drosophila subobsclIra) this has rather 
interesting consequences. It has been 
found impossible to maintain a pure 
white-eyed stock of such flies, because 
white-eyed males and females of this 
species apparently do not find each other 
or at any rate do not suffiCiently excite 
each other to mate. White-eyed mutants 
of other fruit-fly species can be bred 
successfully, however, as they can mate 
even in complete darkness. 

Dl'osophila flies show another visible 
sign of a perception defect: absence of 
antennae, which carry the organs of 
smell. Flies with the gene responsible for 
this defect may have only one antenna 
or none, instead of the normal two, and 
their sense of smell is impaired. 

Genetic sense differences also are 
known in various strains of mice and 
voles. Individuals of certain pure lines 
of laboratory mice, for instance, are 
seized with violent fits and may even die 
when they are exposed to high-pitched 
sounds, whereas mice of other strains 
are completely impervious to such treat­
ment. These fits are in some ways very 
similar to certain types of human epi­
lepsy. 

THE CLASSIC example of inherited 
sense variations in human beings, of 

course, is color blindness, which was 
well covered in a recent issue of SCIEN­
TIFIC AMERICAN ("Color Blindness," by 
Alphonse Chapanis; March, 1951). 
Whether individual color blindness oc­
curs in animals other than man is not 
known. We do know that various ani­
mal species differ in color perception. 
Bees cannot see red and can distinguish 
only between orange, yellow-green and 
blue hues; on the other hand, they do 
see a small range of ultraviolet, which is 
invisible to man. Many birds have yel­
low or orange oil globules in their ret­
inas, and it is supposed that this enables 
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them to see objects through a bluish 
haze better than other animals can. 
Some people believe that all dogs are 
color-blind; so far none has ever been 
trained to distinguish between colors. 
But this is still a moot question. 

During blackout periods in the recent 
war it was discovered that many people 
are subject to night blindness. In a night­
blind person the rods in the retina take 
an inordinately long time to become 
dark-adapted. Such people are quite 
helpless when they step out suddenly 
into a dark night, and they may remain 
unable to see for hours. 

The defect exists in various forms, 
sometimes associated with eye disease 
of genetic origin, sometimes as an iso­
lated trait. Some night-blind people can 
improve their dark-adaptation by tak­
ing large doses of vitamin A. Night 
blindness appears to be a sex-linked 
trait in some cases and linked to nons ex 
chromosomes in others. 

T ONE DEAFNESS, which I prefer to 
call tune deafness, is known to run 

in families. It is a familiar defect; almost 
everybody knows of friends who have 
been removed from a choral group be­
cause of inability to sing in tune, or who 
sing everything in a monotone or in the 
same off-key pattern, usually a distorted 
nursery melody. There is the famous 

story of the general at Queen Victoria's 
funeral who failed to rise for the na­
tional anthem. 

We do not know for certain whether 
tune deafness is caused by a single gene 
difference or controlled by many genetic 
factors. It is possible that several types 
of tune deafness exist. The genetical 
analysis is complicated by the fact that 
the condition is by no means indepen­
dent of upbringing. In societies where 
music is regarded as socially valuable, 
children are trained to overcome their 
tune deafness to some extent. In spite of 
their handicap they can sometimes, if 
pressed, achieve a reasonable proficiency 
on the piano. But probably no such per­
son has ever learned to sing tolerably or 
to play the violin or flute without arous­
ing violent reactions. In general it is un­
profitable to make a tune-deaf child take 
music lessons. 

Many tune-deaf people have an acute 
dislike for music, but others may genu­
inely enjoy listening to it, especially 
dance and symphonic music. They can 
appreciate the rhythm, intensity and 
polyphonic structure of music, even if 
not the harmony or melody. Needless to 
say, tune deafness has nothing to do 
with intelligence; tune-deaf people may 
be highly sensitive to other forms of art. 

To determine whether an individual 
is tune-deaf is not easy. Self-ratings are 

FRUIT FLY normally has a red eye (top). Some fruit flies have white 
eyes (bottom) and appear unable to perceive objects that are in motion. 

For NEW Techniques ... 
Now ... the famous Eimac 
high-vacuum pump type H V·1 is 
available for unrestricted uses 

This high speed oil-diffusion 

type pump was designed by 

Eitel-McCullough to meet the 

most exacting of production­

line requirements ... the 

evacuating of radio trans­

mitting t ubes. It is n ow 

available in any quantity 

regardless of the field of 

endeavor ... whether nuclear 

s�ience, research, or material 

processing. Consider these 

outstanding features: 

� 
HV-l VACUUM PUMP 

* Ultimate Vacuum 4 x 10-7 mm Hg. 

* Speeds up to 67 Liters/Second 

* Clear Glass Pump Barrel 

* No Liquid Cooling 

* No Charcoal Trap 

* No Mechanical Wear 

* Maintenance without Special 
Tools or Skill 

* Simple Pipe Flange � Vae-System Connection 

� (omplefe dala senf on requesl, 

EITEL·McCULLOUGH, INC. 
2252 San Mateo Ave., San Bruno, California 

STATISTICAL ANALYSIS 

I �,,� 
)t""e 

with 

, The Merrill 

r;l G'JJ &) 
Slide-lJisk 

'. root-mean-squares, 
I . standard deviations, 
i'. geometric and harmonic means, 
• correlation coefficients, etc. 

, . 

SEE the new 
Slide-Disk computing principle 

that performs up to five mathematical 
steps in one simple operation. 

LEARN how hundreds In research, 
education, industrial and government 
statistics are now saving time , money 
ana effort by using RMS Slide - Disks . 
Priced �t $64 complete. Fully guaranteed. 

GRAPHIC CALCULATOR CO\lPAN\ 
l'�� 1'1\111>'(1111 I.. .. 'url • 1..111. 't-'" ::. 11"lh'I�' LI' \ 

&"-;:END for· illustrated brochure � 10 - day free trial coupon. 
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BOUGHT· SOLD· EXCHANGED 
A Complete Selection of Every 
Important Instrument • • •  by World­
Famous Makers! Every New or 
Used Item Sold with our Famous 
Money-Back IN FULL Guarantee! 

OUI/ WIDE SELECTION INCLUDES: 
MICROSCOPES • TELESCOPES • POLARIMETERS 
REFRACTOMETERS.PASSAMETERS.COLPOSCOPES 
VERTEXOMETERS • MICRO .. MACRO APPARATUS 
HARDNESS TESTERS. METALLO GRAPHS • PHASE 
CONTRAST DEVICES • • • and many others I 

"'-_A TYPICAL VALUE: .. _. 
Research 

MICROSCOPE 
SAVE $11.001 

Imported 
From One of the World's Leading Optical Houses! 

$3!;'�1 30500 
• Ouadruple Houpie<e 
• Square luill-on Me<h Slo�e with Grad Scores 
• Abbe Substoge (ondenser on kock and Pinion 

• Inlmhangeable Monocular & Binoculor Heods 

• h, lOx, lSI Eyepieces 

• 4x, lOx, 4Ox, 90. Eyepieml(Oil Immersion) 
• Hardwood Cabinet 

TIME PAYMENTS ARRANGED 
.011 and 'hone Inquiries Invited 

TRADES 
ACCEPTED 

PEERLESS 
Camera Stores 

15 LEXINGTON AVE. 
Corner 43rd St • . 

pp. Gland Cenl,,1 Ttlminal 
.YOIk 17. N.Y .. MU 1·1000 

To Sc i e n t i f i c  American 
readers. '1'011 qualilY brand 
new binoculars preciSion 
('omlrul'lcd of quality ma­
terial�. 

6x30 15 oz. . . .... $26.95 
7x35 all round use 42.95 
7x35 center focus 46.95 
8x30 17 oz. . ...... 3 1.50 
8x30 center focus 37.50" 
8x40 streamlined 5 1.50 

IOx30 power . ..... 39.50 
IOx50 distant view 55.00 
12x50 great power 59.50 
12x50 center focus 64.95 
16x50 25 oz. . ...... 66.95 

COA'l'ED! Poeket size-weigh on I.\" Gih oz. and 4 07.. re­
sl)cctivcly! Field of H7.' ft. at 1000 rds.! Precision con­
structed PTUR:\I hinoculars. �ot Fi{-lel Glassc�. Made of 
lightwcight. durable blaek and chrome mctal. Achromatic 
lcns. Garru the Dllitetl scal of quality. 

SIX TELESCOPES IN ONE! 
15 to 40 
POWER 

Amcri('an made Wollensak telescopc. lnstant focl1l'sing at 
l;)x. at 20x. :10x and 40x. etc. Turn power lubc t o  click�no 
�lIes�lI"ork. Tclcscopc Ineasures 0" closed. 27" when cxtended. \\"C'igh� onl .... 18 oz.! Has rustproof chrome tubes. large 40 
Illlll olljedj\·c lens. All 12 optie sm'fares arc COATED. See 
.22 bullet holc� dead.\" at 300 feet. l'sc also for astronomical 
ouscn·ation. $30.7;) price ilreI/l(les t ax and fine leather case. 

UNCONDITIONALlY GUARANTEED 
Try at our risk anti exp('n�e. If not eOlllplctely satisfied 
return within 30 dan for an immediate unquestioned refund 
of �·()ur mane: .... 1'rices inrlude genuine leathcr carrying {'a�e 
and straps for each pair of lJinoeulars. Cash orders sent po�t­
paid. C.O.D.'s require $2.00 dcposit. Add fedelal tax. 

UNITED BINOCULAR CO. 
9043 S. Western Ave. Dept. ARF-2027 Chicago 20, III. 
Display Sales Room Open 9:00-3:30 MOil. thru Frio 

DEALERS WANTED 
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completely worthless. On the one hand 
there are assertive types, happily un­
aware of their atrocious performance, 
who insist that they have a perfect ear. 
On the other hand there are perfection­
ists who consider themselves tune-deaf 
because their singing or playing is slight­
ly imperfect. Nor are the objective tests 
that have been devised altogether re­
liable, because test conditions are diffi­
cult to standardize and the effects of age 
and education cannot be separated. 

Two points of view have been adopted 
concerning the physiology of tune deaf­
ness. One holds that it is primarily a de­
fect in pitch discrimination or in per­
ception of the melodic line. However, 
defective pitch discrimination, even 
where it exists, is probably not the whole 
story. Apparently auditory thresholds 
and the discrimination of intensity, 
length and "color" of sounds are not 
greatly impaired in tune-deaf people. 
The other point of view is that the indi­
vidual notes of a melody are perceived 
more or less correctly but that their rela­
tionship is not accurately perceived. 
Tests to decide between those two pos­
sibilities unfortunately have not been de­
cisive. People who are poor at recogniz­
ing melodies usually score low in pitch 
discrimination and in tonal memory. 
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Investigation has shown that the in­
ability of tune-deaf people to sing cor­
rectly is rarely due to a motor defect but 
is as a rule caused by a defect in per­
ception, or feedback. 

An aspect of tune deafness on which 
one can only speculate is its possible 
effect on the history of music. A gene 
responsible for tune deafness, when 
brought in by marriage, can break the 
line of a musical family. This may very 
well have happened in the families of 
some famous composers. The familv of 
Johann Sebastian Bach had for gen

'
era­

tions produced musicians, some of the 
first rank; 200 or 300 years ago the name 
Bach was synonymous with musician in 
Germany. But no great musical ability 
has been found among the numerous 
descendants of Johann Sebastian who 
now live in Germany and in North 
America. 

Another defect on the higher level of 
perception that may be hereditary is the 
inability to read, known as dyslexia. 
People suffering from this defect may 
clearly perceive the individual letters of 
a word, but they cannot put them to­
gether. While every child experiences 
some such difficulty during an early 
phase of its school career, dyslectic chil­
dren may never overcome it, in spite oE 

6 7 8 9 10 II 12 13 
SOlUTION 

TASTE THRESHOLD of phenylthiocarbamide (PTC) among 855 people 
was oddly distributed in two peaks. Solution 1 was 1.3 grams of PTC per liter; 
each number indicates a solution half as strong as the one preceding it. 
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The CORROSION RESISTANCE of gloss 

plus the working STRENGTH OF STEEL 

IN specially designed furnaces, at tem­

peratures as high as 2100°F., the almost 

universal corrosion resistance of Pfaud­

ler glass is combined with the working 

strength of steel. During this high heat 

period, an inlerlocking chemical aclion 

lakes place belween glass and sleel. As the 

temperature is lowered, forces are set up 

within the glass itself which make it 

tough and durable. It has now become 

glass completely reinforced by steel with 

a service life almost always determined 

by hazards other than the glass itself. 

Resists Both Acids and Alkalies 
Pfaudler glassed steel is resistant lo all 

acids except hydrofluoric. And now, with 

a new Pfaucller glass, it is possible to 

handle alkaline solutions up to pH 12 
and up to 212°F. with no reduction in 

acid resistance. Thus it is possible to 

perform a wide variety of reactions in a 

single Pfaudler glassed steel vessel. 

\Vhenever you have an equipment 

problem requiring corrosion resistance, 

durability, and versatility, look to 

Pfaudler glassed steel for the solution. 

PFAUDLER 
Engineers and fabricators of 

process equipment since 7884 
THE PFAUDLER CO., Rochester 3, N. Y. 
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At-:GULAlI accelerometers 
are madc by Statham Lab­
oratories for measurement in 
ranges as low as ± 1.5 radians 
per second per second. 

The design permits close 
balance against linear 
acceleration effects with a 
high degree of mechanical 
shock resistance and leads to 
a damping characteristic 
relatively insensitive 
to temperature. 

The transducer element, an 
unbonded strain gage bridge, 
provides an electrical output 
proportional to applied 
angular acceleration for 
recording or telemetering in 
conventional a.c. or 
d.c. circuits. 

0� , 
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PEDIGREE of one kind of night blindness shows that males (squares) and 
females (circles) can transmit defect, but only males are affected by it. 

high over-all intelligence. Inability to 
learn to spell correctly usually accompa­
nies the inability to read. 

F INALLY, perhaps most interesting 
of all, there are the recent discoveries 

about differences in the ability to smell 
and taste. Although the sense of smell 
is believed to be less acute in civilized 
man than in his forebears, it is still very 
sensitive and plays a large role in our 
eating, drinking and mating. Variations 
in sensitivity are wide. The perfumer, 
the teataster and the winetaster must 
have very good noses. At the other ex­
treme we know there are people who 
completely lack ability to perceive any 
odor. Some can smell only vapors that 
cause pungent or stinging sensations, 
but these do not so much stimulate the 
olfactory end organs as irritate the tri­
geminal nerve in the nose. Total inability 
to smell is usually caused by infection or 
injury; only rarely does it affect more 
than one member of a family. 

An interesting difference between 
men and women in odor perception has 
recently been described by some French 
authors. They claim that certain com­
pounds which are related to the sex 
hormones are not perceived by men but 
have a musklike odor for adult women, 
especially during certain phases of the 
menstrual cycle. Confirmation of this is 
still lacking. 

Some 20 years ago a chance discovery 
concerning the sense of taste started a 
long chain of investigations which have 
provided us with a most fascinating 
problem in sense perception, genetics 
and metabolism in general. The U. S. 
chemist Arthur L. Fox discovered that 
the crystals of a certain substance, phen­
ylthiocarbamide (PTC), appeared very 
bitter to some people but tasteless to 
others. Using various dilutions of the 
substance in water, he found that the 
differences in tasting were graded. The 
range of minimum concentration tasted 
by various individuals varied by more 
than 10,OOO-fold. In general, however, 
people could be divided into two 

groups: tasters and non tasters. Whereas 
the distribution of taste thresholds for 
most other substances would show one 
peak, situated somewhere in the middle, 
the frequency diagram for PTC thresh­
olds shows two, representing in effect 
the tasters and the non tasters. 

It is perhaps worth while to describe 
in some detail how such threshold meas­
urements are taken. Originally each per­
son being examined was simply asked 
whether a series of given solutions tasted 
bitter or not, and the threshold was de­
termined in this way. However, it soon 
developed that this purely subjective 
and verbal approach did not produce 
data worthy of statistical analysis. After 
some trial and error the following meth­
od emerged: The examiner first uses the 
old method to obtain a preliminary opin­
ion as to the lowest concentration the 
subject can taste. Then a little of this 
solution is poured into each of four tum­
blers. These four are shuffled with four 
other tumblers containing only water, 
so that the subject does not know which 
contain the solution. He is asked to sepa­
rate them according to taste. If he sepa­
rates them correctly, the test is repeated 
with progressively weaker solutions un­
til the subject can no longer detect the 
solution with any accuracy. This pro­
cedure yields more accurate results on 
actual ability to taste the substance. 

T HE percentage of people who can­
not taste PTC varies greatly among 

different populations. In European, 
North American and Australian popula­
tions about a third fail to taste the sub­
stance in dilution; in many peoples of 
non-European origin the proportions of 
nontasters are much smaller. If this is a 
truly genetic trait, the gene for non­
tasting must vary in frequency from 
more than a half in "European" popu­
lations down to almost nil in certain iso­
lated tribes. Some day, when the genet­
ics of tasting are fully elucidated, it 
may be possible to trace human migra­
tions bv comparing taster frequencies. 

The division of people into tasters and 
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This eye spots • 

When trouble is hidden in a blur of speed 
too fast to see, the cause is hard to find. 
Here's the way to get the answer in a hurry 
without costly, tedious cut-and-try experi­
mentation or theoretical analysis. 

With the Kodak High Speed Camera, 

you can take up to 3200 clear pictures a 
second on 16mm film. When projected at 

normal speed, the film shows action slowed 

as much as 200 times-makes visual analy­
sis quick and easy. And the films are avail­
able for study over and over. 

This high speed "eye" is daily solving 

complex problems of design, production, 
and product performance-problems 
where usual methods of analysis would be 
slow and costly. One manufacturer pro­
jects high speed movies within two hours 
after they are taken-the solution to a 
problem is on the drawing board the same 

morning it is discovered. We'd be glad to 
send you, with our compliments, a folder 

showing how this company uses the Kodak 
High Speed Camera so effectively. East­
man Kodak Company, Industrial Photo­

graphic Division, Rochester 4, N. Y. 

the Kodak HIGH SPEED Camera 
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~ (continued) 

The NOBATRON 
Several years ago, Sorensen & Company developed an 

original and highly effective circuit for regulating AC volt. 

age. They then found it possible to combine that regulating 

circuit with a selenium rectifier to produce an extremely 

useful unit - a closely regulated, efficient DC supply. 

The new unit was named NOBATRON, signifying a 

source of constant voltage DC requiring NO BAtteries be· 

cause of elecTRONic circuitry. 

Probably the most important characteristic of the No· 

batron is its ability to maintain a constant output voltage 

regardless of load changes and duration of operation (with· 

in reasonable limits, of course). This characte.istic alone 

gives Nobatrons a distinct advantage over batteries - an 

advantage that becomes marked when one considers cer· 

tain necessary evils of, battery operation, such as periodic 

charging requirements, temperature limits, and acid hazard. 

Voltages range from 6 to 200 VDC with capacities from 

5 to 350 amperes, and from 300 to 1000 VDC with capa· 

cities from 125 to 500 milliamperes. 

Nobatrons have found wide acceptance in science and 

industry; profitable, practical uses for them are almost 

limitless. They are being used, for example, in such diverse 

applications as in printing motion picture film; in testing air· 

plane propeller pitch changers; as power supplies for oscil· 

lographs and computer heaters; as DC sources for strain 
gage bridges, for standard light sources, for the deflecting 

magnets in Van de Graaf generators. 

Nobatrons are available in a wide variety of standard 

models to meet practically all needs. An inquiry describing 

your requirements or problems will receive prompt attention. 

§SORENSEN 
SORENSEN AND COMPANY • 375 FAIRFIELD AVE .. STAMFORD, CONN. 

70 

non tasters of PTC poses a unique prob· 
lem. In most cases of perceptual dif­
ferences we can describe one class as 
normal and the other as abnormal. 
Color-blind people, for example, are a 
small minority. The nontasters of PTC, 
on the other hand, form up to one-third 
of our population, and the gene responsi­
ble for the trait must be more frequent 
than the taster gene, since it is present 
in many individuals without expressing 
itself. Under the circumstances it is im­
possible to say what is normal and what 
abnormal-whether one "ought" to taste 
PTC or not. 

Nontasting has been held to be asso­
ciated with various diseases, among 
them diabetes mellitus. The only condi­
tion on which there is any undisputed 
evidence is nodular goiter, which seems 
to occur somewhat more frequently in 
nontasters than in tasters. 

PTC is by no means the only sub­
stance that divides people into tasters 
and non tasters. Most other compounds 
with the same carbon-nitrogen-sulfur 
group appear bitter to the same people 
and tasteless to the others. One of these 
thiocarbamides, known as "ANTU," is a 
powerful rat poison but is tolerated in 
relatively large doses by mice and men. 
Another is the substance called Anta­
buse, which is being used to fight alco­
holism because it prevents the normal 
destruction of alcohol in the blood and 
produces very unpleasant aftereffects. 
Great caution is advisable, however, in 
administering such a drug. 

IT APPEARS that the vast majority of 
the substances having dual taste 

thresholds inhibit the formation of thy­
roxine in the thyroid gland. Some of 
them, derivatives of thiouracil, are now 
widely used to treat overactivity of the 
thyroid. All this and other pieces of evi­
dence would seem to support the idea 
that nontasting and goiter are somehow 
related. Endemic goiter has usually been 
attributed to lack of iodine in food and 
water. But some features of the occur­
rence of goiter remain unexplained, and 
it may well be that certain substances in 
food help account f?r the high incidence 
of the condition in given regions. Re� 
<Tional differences in the proportion ot 
�ontasters may be' responses to speCific 
differences in diet. Many points in this 
intri<Tuing complex of problems are still 
obsc�lre. We do not know, for instance, 
whether the ability or lack of ability to 
taste these substances has anything to 
do with food preferences. 

All in all, even the small amount of 
work that has been done in the study 
of sense differences makes clear that it 
is a broad, important subject which 
should not be pursued piecemeal. 

• 

H. Kalmus is a geneticist in 
the Galton Laboratory of Uni­
versity College in London. 
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What GENERAL ELECTRIC· People Are Saying 

W. R. G. BAKER 

Electronics Division 

RADIO AND TELEVISION-WEAPONS 
OF TRUTH: The web of lies and 
deceit woven by the Kremlin is so 
tangled and so tenuous that the Com. 
munists must erect an iron curtain 
and must struggle continually to 
keep the truth from the peoples they 
dominate. They know they dare not 
admit the truth about the United 
States, about our standard of living, 
about our automobiles and homes 
and refrigerators, and particularly 
about our freedoms. They fear the 
truths carried by the powerful 
transmitters of the Voice of Amer­
ica, many built by and several 
operated by General Electric. 

Lies and propaganda cannot live 
long where truth can be heard and 
seen. The sensitive ear and un­
blinking eye of radio and tcle­
vision are quick to detect the false 
note in the voice, or the sudden 
look of cupidity. A more effective 
weapon against propaganda than 
political censorship, through politi­
cal selection of those events which 
are allowed to be reported by radio 
and television, would be the candid 
reporting of the radio microphone 
and television camera. 

Radio has long listened and re­
ported on governmental affairs, and 
it has become a past master at 
interpreting the world's events, 
although on occasion with too 
little reporting and too much in­
terpreting. It is time that radio and 
television came of age, and lent 
their eyes and ears freely to the 
cause of communication of truth. 
Certainly the right of privacy is 
invaded if we turn on microphones 
and cameras during an inquisitorial 
congressional investigation in which 
no rebuttal is allowed, but this in­
vasion of privacy stems not from 
the use of radio or television, but 
from the very procedures used by 
government. 

Let us not forget that our govern. 
ment is a government by the people 
as well as for the people, and the 
closer we can come to an informed, 
enlightened democracy the stronger 
we will be against the forces of 

international gangsterism, or 
against predatory tactics by any 
group, clique or faction within our 
borders. 

Radio Station WGY 
30th Anniversary 

Schenectady, New York 
Februmy 20, 1952 

* 

S. K. GUTH 
Lamp Division 

LIGHTING AND THE JOB: Workers 
often are expected to use expensive 
tools and machinery with the most 
primitive lighting and seeing condi­
tions. The potentially efficient ma­
chinery cannot be utilized at its 
maximum efficiencv because the 
workers are unabl� to see accu­
rately, quickly and easily. Thus, 
another type of efficiency-human 
efficiency-needs to be considered in 
the over-all operation of a factory, 
office, or any area where work is 
being done. 

We measure the elhcicncy of 
mechanical and electrical machines 
by the ratio of useful work done to 
the total-useful plus useless­
work done. Thcse machines have 
reserves which are availahle Jor 
emergencies. Human efficiency, on 
the other hand, usually is measured 
by the useful work done per hour or 
per dollar without any regard (or the 
total human energy expended in 
performing the work. Such a 
criterion ignores consideration of 
wear and tear on eyesight, wastes 
human energy, and gives little 
or no thought to human reserve 
resources. Should not the human 
seeing machine be entitled to the 
same considerations as mechanical 
machines'! 

Conference on Occupational Vision 
Rutgers University 

November 1-2, 1951 

G. E. HENRY 

General Engineering Laborato/y 

ULTRASONIC CLEANING OF SMALL 
PARTS: Scientific interest in the 
varied and startling phenomena o( 
ultrasonics inevitably leads to the 
question, "\Vhat are the applica­
tions?" 

Ultl'asonic cleaning is one of the 
best answers yet given to that 
question, Here is a method of re­
moving oil, grease, chips, dirt, 
lapping compollnd, and many other 
contaminants from the surfaces 
of small precision work pieces at a 
rate hitherto unattainable, and to 
a degr�e of cleanliness that usually 
surpasses the most stringent in­
dustrial stanclard. 

This is accomplished by beaming 
a high-frequency sound wave 
through the cleaning solvent or de­
tergent solution, as the case may be, 
to the surface of the submerged 
work piece. The sound wave, us­
ually, but not always, in the 300-
to 1000-kilocycle-per-second range, 
is set up directly in the liquid clean­
ing bath by means of a vibrating 
quartz crystal. The crystal, in 
turn, is drivcn by an electronic 
oscillator. 

Within certain limitations we 
can make superlative claims for 
this method. It is applicable to 
pieces of almost any material-to 
metals, glass, textiles. or molded 
products-and to pieces of prac­
tically any conceivable shape. We 
may even say that the more ir­
regular the shape the better; ultra­
sonics is particularly good for get­
ting at blind holes and capillary 
cavities. We confidently predict that 
the present decade will see many 
installations saving untold thou­
sands of manufacturing dollars. 

General Electric Review 
March 1952 

'lftUt. can put � C� U1.� 

GENERAL e ELECTRIC 
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The Coriolis Effect 
Everythinfj" that moves over the surface of the earth-water, 

air, animals, machines and projectiles-sidles to the right 

in the Northern Hemisphere and to the left in the Southern 

IT IS A curious fact that all things 
which move over the surface of the 
earth tend to sidle from their ap­

pointed paths-to the right in the North­
ern Hemisphere, to the left in the 
Southern Hemisphere. Since man has 
managed to make himself one of the 
most mobile of creatures, one might 
think that so ubiquitous an effect must 
long have been a matter of common 
knowledge. It has not been and still is 
not, even in this era of rapid speeds, 
which accentuate the sidling tendency. 
Probably few people realize that as they 
drive down a straight highway at 60 
miles per hour this all-pervading drift 
would carry them off the road to the 
right at the rate of some 15 feet per mile 
were it not for the frictional resistance of 
the tires to any lateral motion. 

This sidewise drifting tendency is 
called the Coriolis effect, after the 19th­
century French mathematician G. G. 
Coriolis, who made the first complete 
analysis of it. The effect is due simply to 
the rotation of the earth, and it appears 
in all motions as soon as we refer those 
motions to any coordinate system fixed 
with respect to the earth (e.g., the lati­
tude-longitude grid). 

There is really only one satisfactory 
way to obtain a vivid impression of the 
nature of the Curiolis principle. That is 
to go to a carnival. Every carnival worth 
the name has a Coriolian coordinate sys­
tem: vi;::;., the merry-go-round. With only 
a few balls as laboratory equipment and 
two assistants, one on the merry-go­
round with you and the other on the 
ground, you can carry out many interest­
ing Coriolian experiments. 

When the merry-go-round starts up, 
you begin a game of catch. Things will 
probably go very poorly for several 
throws (which is the reason for your 
taking the precaution of equipping your­
self with several balls). The ball will 
seem to veer from its thrown direction in 
the most amazing fashion. Let us say the 
merry-go-round turns counterclockwise, 
as does the earth when viewed from 
above the North Pole. If it makes one 
complete turn in 10 seconds, and you 
throw the ball at a speed of 20 feet per 
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second toward an assistant standing 15 
feet from you on the merry-go-round, the 
apparently curving ball will miss the as­
sistant by a little over six feet to the 
right. When you throw a ball to your 
other assistant, in the outer world off the 
merry-go-round, it will again seem to 
drift rightward. This time, however, by 
great concentration you may be able to 
fix your attention on the nonrotating 
framework of the outer world sufficiently 
to sense that the ball is really moving as 
it ought to move, and you may even 
make proper allowance for the merry­
go-round's rotation so that the ball 
reaches your assistant's hands. 

1, HE APPARENT strangeness of the 
balls' behavior in these experiments 

arises from the fact that almost inescap­
ably you take the merry-go-round as 
your reference system, and in this system 
the laws of dynamics in their usual form 
simply do not hold. No such difficulties 
confront the assistant who stands out on 
firm ground. He is not so compelled to 
view these motions with respect to your 
rotating coordinate system. He will feel 
certain that the balls have at all times 
been moving in well-behaved fashion. 
If he has a little understanding of the 
problem, he may be able to explain to 
you that the drifting to the right which 
you seem to see is really due to the fact 
that your system is turning out from un­
der the moving balls. 

The earth is a spherical merry-go­
round, and all of the Coriolis drifts we 
observe when we use terrestrial coordi­
nate systems are due ultimately to the 
fact that the earth, like the merry-go­
round, is always spinning out from under 
our dynamical systems. To be sure, there 
are certain subtleties that enter into 
some Coriolis effects, but at bottom the 
whole thing is just the merry-go-round 
idea. To an observer conscious of New­
ton's second law of motion, the apparent 
"acceleration" (deRection from a straight 
path) of an object moving over the 
earth suggests that some force is acting 
on it, and he is strongly tempted to 
speak of the Coriolis "force." For con­
venience, meteorologists and others who 

are concerned with the Coriolis effect do 
treat it as a force, and their equations 
work out all right. What they set down 
as a force in the Newtonian equation is 
actually a correction for the apparent 
acceleration. The pure dynamicist looks 
at it in a different way: he likes to re­
gard these motions as occurring in obedi­
ent Newtonian fashion in what he calls 
"inertial space." 

N OW let us look at some interesting 
examples of the Coriolis effect, as it 

applies to projectiles, Right, vehicles, 
ocean currents and even our weather. 
The Coriolis effect is greatest near the 
North and South Poles (where the earth 
turns most rapidly under a moving ob­
ject) and decreases to zero at the Equa­
tor. The magnitude of the effect also 
depends directly on the speed of the 
moving object. 

In middle latitudes of the Northern 
Hemisphere a bullet fired with a velocity 
of 800 feet per second at a target 400 
feet away will drift one-tenth of an inch 
to the right (without considering wind 
effects or any other interference). That 
is, in the half-second during which the 
bullet is in Right, the rotation of the 
earth has shifted the bull's-eye by about 
one-tenth of an inch. This is not serious 
to a pistol marksman, but the effect can 
make quite a difference to a long-range 
gunner. A battleship gunner who takes 
dead aim at the bridge of a destroyer 20 
miles away and fires a shell at 2,500 feet 
per second will miss the destroyer com­
pletely, because the lateral Corio lis drift 
will be more than 200 feet. In World 
War I the shells of the giant German 
gun called Big Bertha, which bom­
barded Paris from a firing site some 70 
miles away, took three minutes to reach 
their destination, and they underwent a 
Coriolis drift to the righ t amounting to 
almost a full mile-an error for which the 
German ballistics experts carefully al­
lowed. 

For a really dramatic effect we can 
take the case of a rocket fired from the 
North Pole and aimed at, say, New York 
City. Assuming, for the sake of simplic­
ity, that the rocket travels at a constant 
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MERRY·GO·ROUND EXPERIMENT demonstrates Coriolis drift. Seen 
from ahove, the merry.go-round rotates counterclockwise. In the top draw­
ing a man at P attempts to throw a hall to a man at Q. The rotational motion 
of the man at P (short arrow), however, causes the hall to head in the direc­
tion PE. In the hottom drawing the man at P has moved to pI, the man at Q to 
Q' and the ball crosses the edge of the merry-go-round at E. To the rotating 
ohservers on the merry-go-round the hall appears to have descrihed a curve. 

THYAC ... 
MODEL 389 

THE THYAC FEATURES: 
VIBRATOR POWER SUPPLY ... The 
Victoreen low-drain, regulated high volt­
age vibrator power supply gives accu­
rate and reliable operation using stand­
ard batteries. 

LAMINATED PLASTIC CASE ... The 
latest techniques in case design provide 
a waterproof, tough, lightweight lami­
nated plastic case for the ruggedest 
service. 

VERSATILITY .. . A wide selection of 
interchangeable counter tubes makes 
the instrument adaptable for many ap­
plications. 

"FINGERTIP" CONTROL ... "Finger­
tip" operation of the instrument is facili­
tated by proper placement of the one 
control knob. 

BETA DISCRIMINATION ... A sliding 
shield on the probe enables the operator 
to discriminate against beta radiation. 

SPECIFICATIONS 
Radiation: 
Indication: 

Sensitivity: 

Accuracy: 
Battery Life: 

Dimensions: 

Weight: 

Beta, gamma, and cosmic 
3" meter and detachable 
headset 
800, 8000, 80,000 counts 
per minute or 0.2, 2.0, 
20.0 mr /hour using the 
1 B85 Thyrode 
10% 
1 10 hours at 4 hours per 
day 
91h" long by 41h" wide 
by 61h" high 
51h pounds 

CATALOG SHEET 
AVAILABLE 

UPON REQUE:ST 

S806 HOUGH AVE. CLEVELAND 3. OHIO 
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SANBORN 
RECORDING 

EQUIPMENT 

AMPLIFIERS 
General Purpose 

Strain Gage 

RECORDERS 

INTERCHANGEABILITY 
of Preampliflers and 

Ampliflers permit. 

recording of many 

different types 

of phenomena. 

Re c ording channels in 

these system$ may i n clude 

EITHER a Strain Gage or 

Ge neral Purpose Ampli. 

fier, or the lot t er in com· 

binatio n (in 2., and 4-
c h a n n e l  sys t ems) wit h  

either A C  o r  D C  Preampli. 

fiers. For, a ny of the 

Amplifiers or Preampli· 

fiers may be qui c k l y  

REMOVED from its place 

a nd as quickly REPLACED 
with on alternate type. 

One-, Two-, 
and 

Four-Channel 

SANBORN RECORDING SYSTEMS 
produce permanent records by inkless, heated 

stylus on plastic coated paper in true rectangular 

coordinates. Systems available in single-. two-, 

and four-channel models. Channels operate inde­

pendently of each other, but record simultaneousl:v. 

Up to eight paper speeds. Timing and coding. 

Write for completely descriptive 
catalog 

SANBORN Cambridge 39 
COM PAN Y Massachusetts 
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MISSILE flying from the North Pole (A) to New York (B) with a speed of 
a mile per second would land near Chicago (C) unless the Coriolis effect were 
taken into acconnt. In the 55 minutes that it would take the missile to reach 
the latitude of New York the earth would have rotated on its axis ahout 15 

speed of a mile per second, it will be in 
flight for about 55 minutes. During all 
of this time the target, New York City, 
will be traveling at 18 miles per second 
through solar-system space (the speed of 
the earth's movement around the sun) 
and will also be turning with the rota­
tion of the earth at the rate of 13 degrees 
of longitude per hour. As the result of 
these motions the rocket, at the end of 
55 minutes, will come to earth in some 
cornfield in northeastew Illinois, not far 
from Chicago! 

The earthbound observers who have 
been plotting the apparent path of this 
rocket with their radar network will say 
that it traced out a graceful curve which 
started out straight south in the longi­
tude of New York City, but veered 
steadily westward,· arriving in Illinois 
from a direction about 11 degrees east 
of north. A less provincial observer out 
in interplanetary space will see that the 
effect is entirely a result of the earth 
itself having turned out from under the 
moving rocket. 

This is an idealized case; in actual 
situations the Coriolis effect is much less 
evident, because other forces such as 
air resistance, neglected in this example, 
also act on moving objects. Furthermore, 
the motion of a projectile fired from any 
place on the earth other than the Poles 
would be influenced not only by the 
Coriolis effect but also by the initial 
impetus from the circumpolar rotation 
of the launching site. 

An airplane experiences Coriolis 
drifts which would lead to astonishing 
errors in long flights if no compensation 
were made for them. A jet fighter that 
set out on a great-circle heading from 

Chicago to New York and flew at 600 
miles per hour without changing its 
heading would miss New York by several 
hundred miles to the south (assuming no 
allowance for any wind). And if the 
same pilot tried to fly in a similar way 
from Seattle to New York, he would 
find himself down in South America by 
the time he crossed the meridian through 
New York! In actual flights a pilot con­
tinually banks his plane slightly left­
ward, in our hemisphere, to compensate 
for Coriolis drift. It should be noted that, 
large as these deviations due to the rota­
tion of the earth are, they are still small 
compared to the effects of cross-winds 
normally encountered in actual flights. 
The pilot's Coriolis corrections are thus 
obscured by the jockeying necessary to 
compensate for wind drift. To compen­
sate for the Coriolis drift and keep a 

20,000-pound jet fighter on a straight 
terrestrial course at 600 miles per hour 
requires a leftward force of about 55 
pounds in middle latitudes of the North­
ern Hemisphere. This the pilot manages 
by manipulation of the plane's wings. 

Railroad cars are much more massive, 
so the Coriolis reaction in their case is 
greater. A 500-ton locomotive moving 
at 60 miles per hour develops a lateral 
pressure on the rails amounting to about 
300 pounds in middle latitudes. This 
has given rise to the story that the wheels 
on trains wear unevenly. Such a result 
could hardly be detected on coaches or 
freight cars, which for railroading rea­
sons have no definite right or left sides, 
and the Engineering Department of the 
Union Pacific Railroad has informed the 
author that even in the case of locomo­
tive wheels the difference of wear on the 
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degrees and traveled along its orbit some 59,000 miles. Within the coordinate 
system of the earth the missile would appear to descrihe the trajectory A'C'. 
\Vithin the coordinate system of the sun and all the planets, it would appear 
to descrihe the path AC' (gray line running diagonally across these two pages). 

Ranges of the right and left wheels is too 
small to be measured. 

W HY IS SO universal (one should 
say, "so terrestrial") an effect not 

readily apparent in our everyday ac­
tivities? The answer is that for many 
moving objects the tendency toward a 
lateral drift is quite easily counteracted 
as the motions proceed. Thus in the case 
of the car speeding down the highway 
at 60 miles per hour, the potential 15 
feet of shift per mile is prevented by the 
frictional resistance of the tires to lateral 
motion. 

A walking man makes corrections for 
the Coriolis effect easily and quite un­
consciously. On frictionless ice that pre­
vented his making any small lateral cor­
rections (but somehow still permitted 
him to walk!) a man walking at four 
miles per hour would drift from his in­
tended straight path by about 250 feet 
at the end of one mile. Lost polar ex­
plorers are reported to have a strong 
tendency to circle steadily toward the 
right near the North Pole and to the left 
near the South Pole; this may very well 
be due to the Coriolis effect, which is 
about 50 per cent stronger at the Poles 
than in middle latitudes. It is said that 
even the penguins in the Antarctic wad­
dIe in arcs to the left, but this the au­
thor will have to see to believe. 

A MONG ALL the physical phenom­
ft ena in which the Coriolis effect plays 
a role, the most striking is the weather. 
,,y ere it not for the Coriolis effect, winds 
on the earth would rush directly from 
higher-pressure areas to lower-pressure 
ones, and no strong "highs" or "lows" 

could develop. Hence there would be no 
opportunity for the build-up of the in­
tense cyclones and the large anticyclones 
that control and give variability to our 
weather, and our weather would be 
much less changeable than it is. This is 
precisely the situation in the Tropics, 
where the Coriolis effect is zero or very 
small. In that almost Coriolis-free belt 
any atmospheric pressure differences 
produced by heating of the air at the 
ground are quickly smoothed out, and 
the region has well earned the name of 
"the doldrums." Hurricanes and ty­
phoons never form closer to the Equator 
than about five degrees of latitude. 

Away from the Equator, however, 
the case is very different. There the 
Coriolis acceleration causes winds to 
veer around and blow at right angles to 
the pressure gradient, instead of paral­
lel with it. The result is the pattern of 
strong lows and highs and circular 
movement that is responsible for changes 
in our weather. 

On other planets, where the angular 
velocity of rotation is different from that 
of the earth, the Coriolis effect is cor­
respondingly different. Jupiter and Sat­
urri must have very marked Coriolis 
effects, because each rotates about two 
and a half times more rapidly than does 
the earth. Their atmospheres of hydro­
gen, methane and ammonia must have 
very steep pressure gradients, if their 
winds compare in strength with ours. 
In contrast, the atmosphere of Venus is 
probably very calm, because Venus ro­
tates much more slowly than the earth­
perhaps once in about 30 terrestrial 
days. 

Just as the motions of the atmosphere 

Share 
BOEING 

Prestige! 
YOU'Ll. say with pride, "I'm a Boeing 

engineer!" For Boeing men meet the 
highest standards and enjoy the pres· 
tige of engineering leadership. They 
work on such vital and challenging 
projects as guided Dlissiles, supersonic 
research, the still·classified B·52 eight. 
jet heavy bomber, the six.jet B47 me· 
dium bomber, and other revolutionary 
programs. 

As a Boeing engineer, you'll share 
assignments with men who have pio· 
neered some of the most exciting new 
developments in both civilian and miJi· 
�ary aviation. 

Boeing has excellent openings, right 
now, for experienced and junior 
engineers for aircraft 

• DESIGN • RESEARCH 

• DEVELOPMENT • PRODUCTION 

• TOOLING 

also for servo-mechanism and elec­
tronics designers and analysts, and 
for physicists and mathematicians 
with advanced degrees. 

Your choice of locations-Seattle in 
the Pacific Northwest, or Wichita, Kans. 
Boeing provides generous moving and 
travel allowances, gives you special 
training, and pays a good salary that 
grows with you. Enjoy a rewarding, 
long.range career in a company that 
has been growing steadily for 35 years. 
You'll be pro

.
ud �? be ,� member of 

the great Boell1g team. 

WRITE TODAY TO THE ADDRESS BELOW 

OR USE THE CONVENIENT COUPON 

r--------------, 
I JOHN C. SANDERS, SI.II Engineer-Personnel 

I DEPT. C·S 
I Boeing Airplane Company, Seattle 14, Wash. 
I 
I 
I 
I 
I 
I 
I 

Engineering opportunities at Boeing interest 
me. Please send me further information. 

Name ________________________ _ 

Addre" ______________________ _ 

City and 5Iale ________________ _ 

L. ______________ ..1 
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Oscillograph Recorder 

for applications requiring an instru­

ment of minimum size and weight 

-;� 
o I H Y I II: 

Type 

A·SOO 
12·channel 

6.3/4" x 9·13/16" x 12·3/4" 
331bs. 

The Heiland A·SOO Portable Oscillo­
graph Recorder has been designed and 

developed for recording strains, pres· 

sures, accelerations, temperatures, etc. 

under conditions requiring an inst"ument 

of minimum size, light weight and ex­

treme versatility .. Incorporated in the 

"500" are many features found only in 

much larger instruments ... simultaneous 

viewing and recording ... four "quick 

change" paper speeds ... easy loading and 

operation ... 

For complete information on the Heiland 

A·500 and the possible application of 

this instrument to your particular prob­
lem, \vrite or ,vire ... 

The Heiland Research Corporation 
130 East Fifth Avenue, Denver 9, Colorado 

de endable instruments 
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exhibit the Coriolis effect, so also do the 
more ponderous movements of the great 
ocean currents. To simplify the picture 
a bit, let us assume that the density of 

. the sea is uniform. The oceans are not 
perfectly level, for the winds shift the 

. waters and give them a gentle relief. 
Since water flows downhill, the natural 
tendency of the oceans' water is to flow 
from regions where the mean sea-level 
is relatively high to those where it is 
lower. But as soon as the water tries to 
move in so forthright a fashion, the 
Coriolis drift causes the moving water 
to veer off to the right (in the Northern 
Hemisphere). Eventually the currents 

. flow steadily along the con tour lines, 
with the water surface sloping upward 
to the right as one looks in the direction 
of flow. In practice, of course, internal 
eddy-stresses within the ocean and the 
winds blowing across the sea surface 
modify this trend. But the general rule 
still holds. 

Lest the reader mistakenly conclude 
that he should have spotted these 
oceanic hills and valleys on his last sea 
voyage, it should be mentioned that the 
total difference of mean height across 
even the fastest-moving parts of the 
Gulf Stream system is only about a foot 
and a half in some 80 or 90 miles. Even 
this modest slope is only partly due to 
Coriolis effects, the remainder resulting 
from the sort of horizontal density 
gradients we have .agreed to overlook. 
Yet, slight as such surface slopes may be, 
they constitute a major factor in the dy­
namics of the ocean currents. 

PEOPLE ON the Pacific Coast are 
well acquainted with certain other 

consequences of the Cariolis accelera­
tion, though not many realize this is 
the cause. Coriolis drift is mainly respon­
sible for the notorious California fogs 
and the coldness of the water on Cali­
fornia's beaches. Off the California coast, 
where the prevailing winds are from the 
northwest, the wind stress and Coriolis 
drift generally combine to make the 
coastal waters sidle off in a southwest­
erly direction. As water is transported 
away from the share toward the south­
west, the deficit must be made up some­
how. The water moving offshore is re­
placed by water rising from below. This 
upwelling brings up water from cold 
strata lying at depths as great as several 
hundred feet. As a result there is a cool 
strip of water along the California coast, 
superimposed, in fact, on the already 
cool California Current flowing down 
from the north. In summer the warm 
moist Pacific air streaming in from the 
northwest is cooled by the coastal water, 
and this is what forms the fogs for which 
California regrets to be famous. A sim­
ilar situation prevails off the coast of 
Peru and parts of the western coast of 
Africa. 

-

Some geologists believe the Coriolis 
effect causes a river to erode one of its 

banks faster than the other. The Russian 
scientists P. A. Slavsov and Karl von 
Baer reported that river valleys in Si­
beria tend to have steep walls

' 
on their 

right side and gently sloping walls on 
their left side. Similar asymmetries have 
been observed in some Alaskan rivers, in 
the Missouri River and in a number of 
streams on Long Island. This supposed 
effect of the Coriolis drift is sometimes 
called Baer's law. But students of the 
effect have not all been willing to attrib­
ute it to the Coriolis influence. Even 
in a river a mile wide flowing at the fast 
rate of five miles per hour in middle 
latitudes of the Northern Hemisphere, 
the Coriolis drift to the right would pile 
up the water only a little mare than one 
inch higher at the right bank than at 
the left bank. Possibly such a slight dif­
ference in height might cause significant 
differences in erosion over geological 
periods of time, but the question is still 
unsettled. 

This is as good a place as any to cor­
rect the persistent misconception that 
the Coriolis acceleration causes the 
water to run out of a washbowl in a 
clockwise direction in the Northern 
Hemisphere and counterclockwise in 
the Southern Hemisphere. The Coriolis 
influence is so small at the velocity of 
water in a washbowl, the time involved 
is so short and other factors are so 
numerous (hands, noncircular bowl­
shapes, and so on) that one may feel 
sure the Coriolis effect is never in control 
here. This is regrettable, because if it 
were, a washbowl would constitute a 
useful analogue of a cyclone in the at­
mosphere. 

W E SHALL consider one more pos­
sible case of a Coriolis effect. There 

is a theory that some birds may be guid­
ed in their migrations by sensitivity to 
the Coriolis acceleration and to geomag­
netic latitude. H. L. Yeagley of Penn­
sylvania State College has recently 
studied this amazing theory in an effort 
to determine the navigating techniques 
of the homing pigeon. 

When a bird flies at constant ground 
speed in the Northern Hemisphere, its 
Coriolis acceleration toward the right 
grows greater the farther north it flies. 
Yeagley suggests that if, through some 
delicate sensory organ, the bird can de­
tect slight differences in this accelera­
tion, and can combine this information 
with an accurate estimate of its ground 
speed, it may be able to sense its geo­
graphical latitude. If, at the same time, 
another sensory organ with the neces­
sary electrical properties senses differ­
ences in the minute electromotive forces 
generated by virtue of the bird's motion 
through the earth's magnetic field, then 
this plus the birers estimate of its speed 
would provide a basb for sensing geo­
magnetic latitude. Now, since the mag­
netic poles of the earth are displaced 
some 20 degrees from the geographical 
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� Milestones in heart research 

THEm DISCOVERY WAS A MILESTONE in the 

development of today's electrocardio­

graph. By charting the electrical impulses of 

the human heart, this instrument provides 

important guidance in the diagnosis of heart 

conditions. 

Progress has a price 
Scientists believe we are on the verge of great new discoveries 
about the heart and circulation. 

But scientific advances-which will save and prolong lives­
depend on research. And research costs money. 

That money can only come from you, your friends and neigh­
bors. So why not strike a blow at heart disease now-TODAY­
with a generous gift to the 1952 Heart Fund. 

�""""""""""""" " """""""'1 
Send youI' gift to "HEART" ....... , 

Send this coupon with your contribution. 
Address it to Heart, care of your post office. 

Here is my gift of $ ______ _ 

to help fight heart disease. 

NAM, �E _______ ____ __ _ 

ADDRESS, ____________ _ 

CITY ___ _ ZONE __ STAT' EE __ _ 

t TO FIGHT HEART DISEASE 

1952 HEART FUND 
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No onl') ever visits her. In all thp. 
world, Heidi has no one to love her, no one 
to care what becomes of her. She does not even know where she came 
from or where she is going. 

Heidi was born in Western .Europe, no one knows where, while 
the war was at its height. She doesn't remember her parents. Her first 
memories are of wandering homeless and alone through the terror and 
the flll'Y of a continent in flames. Her early childhood, which should have 
been devoted to play and the security of love, was spent instead in the 
grim business of existing day by day. 

By some miracle, Heidi survived. Today, she is a lively, pretty 
youngster of eight. She is housed in a camp where the state provides the 
barest minimum of food. But there is no money available for clothing or 
any of the other things that children need and want. Worst of all ; she ha� 
no one she can call her own-no one to remember her-no one who cares 
what happens to her. 

The saddest part of little Heidi's story is that t.here are so many 
like her who can have no hope for the future unless the�' receive help now. 

HOW YOU CAN HELP 
You can help Heidi or another needy child by the Federation's 

CHILD SPONSORSHIP plan. For just $96 a year, $8 a month, SCF 
will send "your" child warm clothing, sturdy shoes, and supplementar�' 
food-delivered in your name, in Austria, Finland, France, Western 
Germany, Greece, Italy or Lebanon. 

You will receive a case history, like the story of Heidi, and if 
possible, a photograph. You can write yoIII' child and you lI'ill leal'l1 to 
know how much your generosity means. 

A C011triblltiotl ill allY amOllllt will help 
SCF NA'l'IONAL SPONSORS (a partial list) 

Faith Baldwin, Lynn Fontanne, Herbert Hoover, Henry R. Luce, 

Dr. Ralph W. Sockman, Thomas J. Watson. 
----- -----------------------------_ .... .. 
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SAVE THE CHILDREN FEDERATION ESTABLISHED 1932 

10 Eighth Avenue, New York 11, New York 

• .I would like to sponsor a boy O . . . . . . . . . . . .  girl 0 about ............ years old in ........ . 
(country) for one year. I will pay $96.00 for one year (or $8.00 a month). Enclosed is 
payment for the full year 0· . ...... . ... . .  first month 0 Please send me the child's name, story 
and address, and picture if available. 

• I cannot sponsor a child, but I want to help by gh'ing $ . . . . . . . • • • 

Name . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . '  . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  

Address . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . • . . . .. . . . . . . . . . . . . . . . . . . . . . . . • . • • . • . • • • • 

City ......... ........................... , .... .. .... Zone . . . . . .  StaLe . . . . . . . . . . . . • . • • • 

Contributions to the Save the Children Federation are deductible from income tax. 

YOM may help " needy .. hild in Allslria, Fin/,md, 

France, Western Germany, Greece, Italy Ilna Lehanon. SA·' 

poles, the parallels of geomagnetic lati­
tude form a grid with the parallels of 
geographical latitude, and with this grid 
it is theoretically possible to navigate. 

Most physicists would regard the 
theory as of very Iow a priori plausibility. 
Even assuming that a bird's senses are 
so delicate that it can detect the tiny 
differences in Coriolis acceleration and 
magnetic field, these cannot be trans­
lated into latitude until the bird has com­
pared each effect with a very precise 
estimate of its ground speed. Further­
more, the bird must somehow allow for 
the effect of cross-winds, which is nor­
mally much greater than the CO�'iolis 
drift. As if this were not enough, the bird 
would have to defy relativity theory, 
which says that it could not distinguish 
the effects. of the normal atmospheric 
electric field from those induced by the 
bird's motion through the earth's mag­
netic field. Yet despite these difficulties, 
certain features of Yeagley's theory seem 
to have been borne out by his extensive 
studies with homing pigeons. 

If further research should confirm the 
magnetic-Coriolis theory of bird navi­
ga tion, the solution of this deep mystery 
of the animal world will be rather more 
astonishing than the original mystery. It 
would certainly be startling to learn th,it 
this effect has been used by generations 
of golden plovers and Arctic terns to 
hold true to their courses as they fly over 
thousands of miles of trackless oceans. 

Whether the birds are really that 
clever or not, we may be quite sure that 
they inexorably tend to drift as they fly. 
All things that move over the surface of 
our spinning earth, whether birds, 
winds, rivers, ocean currents, explorers, 
cars, trains, bullets or rockets, are in­
evitably subjected to this effect as we 
view them in our terrestrial coordinate 
systems. Even when man gets away 
from his planetary home and stakes out 
better-behaved coordinate systems in 
interplanetary space, he will not be able 
to omit consideration of the Coriolis ef­
fect from his dynamics. For the solar 
system itself, along with all its near 
neighbors, is slowly but surely rotating 
around the hub of our galaxy, some 
30,000 light-years away. Undoubtedly 
a precise analysis of the waddling of 
Antarctic penguins would show not only 
Coriolis effects due to the earth's circum­
polar rotation, and similar but smaller 
effects due to our planet's annual circuit 
around the sun, but also a tiny Coriolis 
drift due to the stately whirl of our solar 
system about the center of the galaxy. 

Here we find ourselves in somewhat 
the same situation as Archimedes with 
his earth-moving lever-all we need to 
demonstrate our point is a suitable co­
ordinate system. 

-

James E. McDonald is as­
sistant professor of pllysics 
at Iowa State College. 
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SOUND TEST FOR SOUNDER CARS. Even a noise which nor· 
mally would escape the human ear might be a signal that some­
thing is not quite right in a car's construction. That's why Chrysler 
Corporation engineers use sensitive recording instruments to in­
spect each new model as it is developed. Cars are test-driven at 

WHAI MAnS A CAR 
WORIH MORf IO lOU 1 

varying speeds in the laboratory, as you see here, and other tests 
are made on the road-with microphones and recording apparatus 
riding along with the test engineers_ These sound tests help engi­
neers locate potential trouble spots and eliminate them, giving 
you even sturdier, more valuable cars and trucks_ 

You measure the value of a car very simply: a car that performs 
better when you're driving it, then brings a higher return when 
you trade it in, is a car that is worth more to you. 

The value you get in a Plymouth, Dodge, DeSoto or Chrysler 
car, or Dodge truck, is the result of a lot of little things, as 
well as big ones. Engineering, testing, developing new processes 
- all these add up to motor vehicles that operate better and 
longer, and give greater satisfaction. This is important to 
owners, and to the nation, too, because we all depend so much 
on the cars and trucks that help us live and work better. 

Today's defense of freedom depends a great deal upon the 
military equipment produced by the same Chrysler Corpora­
tion skills which give you these more valuable motor vehicles_ 

CHRYSlER CORPORATION engineers and builds PLYMOUTH, DODGE, DE SOTO, CHRYSLER CARS & DODGE TRUCKS 
Chrysler Marine & Industrial Eneines • Oilite Powdered Metal Products • Mop ... Parts & Accessories • Airtemp Heatine, Air Conditioning, Refrieeration • Cycle.eld Cement Products 

PROOF OF VALUE. Newark, N_ J., cab driver Albert Cornell 
with his Plymouth taxi. Like the many other Plymouth taxis in 
hundreds of cities and towns, this car operates day and night in 
rain, shine, snow, sleet and heaviest city traffic. A car has to be 
tough to stand up under such a grind. The engineering skill that 
built such faithful performance into Albert Cornell's cab puts the 
same kind of hard-working value into all Chrysler-built cars. 

SECRETS OF LONGER LIFE. That solid-looking metal bearing 
at left actually contains a myriad of tiny pores, each holding a 
supply of oil. This Oilite metal is used for bearings in hard-to­
reach spots and other places in your car. At right is a "mirror" of 
tough metal, Superfinished by a special process which keeps wear 
of moving parts to a minimum. These two Chrysler Corporation 
developments, examples of practical imagination at work, are 
big reasons for the extra value in Chrysler-built products. 
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hy I. Bernard Cohen 

THE EXACT SCIEJ'CES IN ANTIQUITY, by 
O. Neugebauer. Princeton University 
Press ($5.00). 

HISTORY OF THE THEORIES OF AETHER 
AND ELECTRICITY: THE CLASSICAL 
THEORIES, by Sir Edmund Whittaker. 
Philosophical Library ($12.00). 

T
HESE BOOKS represent two im­
portant but wholly different types 
of writing on the history of science. 

One is the attempt of a specialist who 
has devoted a lifetime of research to a 
small but crucial area to make accessi­
ble to general students of science and 
history information hitherto available 
only in difficult monographs and arti­
cles. The other is a survey of a broad 
field, written by a mathematician and 
physicist with historical insight and a 
philosophical bent. The first book is re­
plete with new information, much of it 
discovered by the author. The second 
contains no new information that would 
alter current notions, but it does pro­
vide a readable and reasonably com­
plete account of the development of 
ideas in a most important segment of 
physical thought. 

Neugebauer's book deals mainly with 
Babylonian mathematics and astrono­
my. Our textbooks tell us that only two 
"facts" are certainly known about Baby­
lonian exact science. One is that the 
Babylonians discovered the precession 
of the equinoxes and the other is that 
they determined that eclipses of the sun 
or of the moon occur at intervals of 223 
months. Neugebauer shows that both 
of these ideas are wrong. It was the 
Greek Hipparchus who first discovered 
the precession of the equinoxes, and the 
discovery of the 223-month eclipse cy­
cle was credited to the Babylonians only 
through a misinterpretation by Edmund 
Halley, the 17th-century British astrono­
mer. 

On the other hand, the Babylonians 
did make a number of important con­
tributions to mathematics and exact sci­
ence which anticipated the Greeks. 
They possessed enormous skill in deal­
ing with numbers and worked out tables 
of squares, square roots, cubes, cube 
roots, sums of squares and cubes, recip­
rocals, and fractional ratios which en­
abled them to solve such complex prob-

80 

BOOKS 
Two historical works: one on the ether 

and the other about Babylonian science 

lems as cubic equations of certain 
types, exponential functions used in the 
computation of compound interest, and 
so on. They knew and applied the "Py­
thagorean" theorem "more than a thou­
sand years before Pythagoras." 

Recognition of the important mathe­
matical achievements of the Babylonians 
does not mean that we should cease to 
admire the achievements of Euclid and 
other Greek mathematicians. But Neu­
gebauer suggests that we must re-evalu­
ate the Greek contributions. Plato, for 
example, has been credited with many 
original ideas although, Neugebauer in­
sists, his "contributions to mathematical 
knowledge were obviously nil." Further­
more, "Plato's doctrines undoubtedly 
have had great influence upon the mod­
ern interpretation of Greek sciences. But 
if modern scholars had devoted as much 
attention to Galen or Ptolemy as they 
did to Plato and his followers, they .. . 
would not have invented the myth about 
the remarkable quality of the so-called 
Greek mind to develop scientific theories 
without resorting to experiments or em­
pirical tests." 

One of the most interesting chapters 
of Neugebauer's book is a thrilling rec­
ord of the steps by which our knowledge 
of the earliest exact science has been 
uncovered by a small band of devoted 
scholars, of whom the author is the out­
standing living representative. Neuge­
bauer writes in a vivid and trenchant 
style. Although some technical portions 
of the book are difficult to read. the im­
portant points are everywhere made. 
clear. The reader should be warned that 
the title is somewhat misleading; this 
book is not a comprehensive history of 
"the exact sciences in antiquity" (Greek 
science has been well covered else­
where) but "a survey of the historical 
interrelationships behveen mathematics 
and astronomy in ancient civilizations." 
As a history of the ancient mathematics 
and astronomy that was not produced 
by the classical Greeks, it is a magnifi­
cent creation. 

Whittaker's history of the ether and 
electricity lacks the tendentious quali­
ties that give Neugebauer's book such 
vitality. It is rather a sober and straight­
forward account of the main contribu­
tions in physics from the time of Des­
cartes to about 1900, just before the 
birth of quantum theory and relativity. 
The book was originally published in 
1910; this is a comprehensive revision. 

The author plans a second volume cov­
ering physics since 1900. 

I know of no other history of electric­
ity which is as sound as Whittaker's. On 
the other hand, much research has been 
done in the history of science in the 40 
years that have elapsed since he first 
wrote the book, and in many places the 
text of this new edition could have been 
improved had Whittaker kept abreast of 
scholarly investigations in the history of 
physics. 

Since this book deals with "the classi­
cal theories," one wonders whether the 
author intends in the second volume to 
consider the development of 20th-cen­
tury physics in terms of "nonclassical" 
theories of the ether, particularly in view 
of P. A. M. Dirac's recent attempt to re­
vive the ether concept in a new form. 
Whittaker points out that when the ether 
fell out of favor, interplanetary space 
became "vacuous." In this sense the 
vacuum had but one property, namely, 
that of electromagnetic wave propaga­
tion. "But with the development of 
quantum electrodynamics, the vacuum 
has come to be regarded as the seat of 
the 'zero-point' fluctuations of electric 
charge and current, and of a 'polarisa­
tion' corresponding to a dielectric con­
stant different from unitv. It seems ab­
surd to retain the name 'vacuum' for an 
entity so rich in physical properties, and 
the historical word 'aether' may fitly be 
retained." 

Sir Edmund is well known to physics 
students as the co-author of the "Whit­
taker and Watson" textbook and as the 
author of a great treatise on dynamics 
which has provided a classical back­
ground to quantum mechanics. In recent 
years he has turned his mind and pen to 
philosophical and theological matters, as 
in Space and Spirit and the Tamer Lec­
tures From Euclid to Eddington. All 
those who have found stimulation from 
his works will read this informative and 
accurate history with interest and profit. 
They may, like the reviewer, regret that 
Sir Edmund has not altered the style of 
1910, which was heuristic and exposi­
tory and did not allow him an oppor­
tunity for philosophical reflection or 
summing-up. The final chapter, indeed, 
ends so abruptly that the reader's first 
reaction is that the binder lost a section 
of the book. Evidently the second vol­
ume will follow closelv upon this one. 
vVe look forward to the second part with 
anticipation that it will help to illumi-
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nate the general problems of current 
physics, just as this volume illuminates 
the progress of physics in the past 300 
years. 

• 

I. Bemm·d Cohen is assistant 
professor of general educa­
tion and of the history of sci­
ence at Harvard University. 

T ETTERS OF BENJAMIN RUSH, edited by 
L L. H. Butterfield. Princeton Univer­
sity Press ($15.00). 1\1r. Butterfield, one 
of the editors of the great Princeton edi­
tion of Jefferson, here presents a meticu­
lously edited collection in two volumes 
of more than 650 letters of Benjamin 
Rush, whose extraordinary career as a 
physician, psychiatrist, politician, edu­
cator, reformer, controversialist and pa­
triot marks him as an outstanding Amer­
ican figure of the 18th century. The 
letters, which span 70 years (1761-
1831), express Rush's vigor and origi­
nality and are couched in a delightful 
style. They evidence his contentiousness 
and pugnacity, his capacity for making 
enemies and his enduring loyalty to 
those he loved and respected, his "dead­
ly earnestness," his uncompromising 
dedication to principle in all his activi­
ties, his disdain of vulgar opinion. "Ex­
pect to be persecuted for doing good," 
he advised Noah Webster, "and learn 
to rejoice in persecution." He wrote to 
John Adams that "during the whole of 
my political life I was always disposed 
to suspect my integrity if from any acci­
dent I became popular with our citizens 
for a few weeks or days." He had a Jef­
ferson-like interest in everything under 
the sun, from clinical medicine to "psy­
chiatry and forestry, veterinary science 
and the ventilation of ships, penology 
and chemistry." The letters also reflect 
his selfless devotion to his patients, his 
fabulous energy and restless creativity, 
his consecrated sense of social responsi­
bility, his willingness to offer opinions 
on subjects as diverse as the origin of 
the prehistoric mounds in the Ohio coun­
try and "how a young woman should 
comport herself after marrying a wid­
ower with five children." The book is an 
exemplary work of scholarship, and any­
one interested in biography, the history 
of science, or the ways of society in the 
Revolutionary period will enjoy it. 

SOCIAL EVOLUTION, by V. Gordon 
Childe. Henry Schuman, Inc. 

($3.00). In these lectures Professor 
Childe deals with the question: Is there 
a firm analogy between social and or­
ganic evolution? In anthropology, as he 
points out, archaeology plays the same 
role as paleontology does in zoology. It 
is from the study of material remains 
that preliterate societies must be recon­
structed and their culture pieced to­
gether; by "culture" is meant not merely 

UNDERSTANDING HEREDITY 

: An Introduction to Genetics 
: By RICHARD B. GOLDSCHMIDT, University of California 

: A compact "first reader" by one of the world's foremost geneticists. Here are the 
: genetic facts for a true insight into much of human nature and life in general 
: and the truth about such genetic fictions as the ··political" genetics of Lysenko. 
: Says one of the first reviewers, a prominent zoology professor, " ... should be 
: read very widely and should do much to clear away the clouds of popular mis· 
: conception:· 

: 1952 228 pages, illustrated $3.75 

COLOR In Business, Science, and Indust;Y 
· 
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By DEANE B. JUDD, National Bureau of Standards 
Answers thousands of questions On basic color phenomena and applications. It 
makes clear color in terms of commodity purchases and sales, color reproduction 
of pictures and analyzes the various methods of color measurement, color stand­
ards, language, differences, tolerance, layers, etc. 
1952 401 pages, illustrated $6.50 

HANDBOOK OF ENGINEERING FUNDAMENTALS 

Second Edition 
Edited by OVID W. ESHBACH, 

Northwestern Technological Institute 
In addition to tabulating useful data in convenient form, this book brings to· 
gether the most important basic facts and principles upon which technological and 
engineering advancement depends. Completely revised and up·to.date, with a new 
section on aerodynamics. 
1952 1322 pages, illustrated $10.00 

STATISTICAL THEORY WITH ENGINEERING APPLICATIONS 

: By A. HALO, Uni'l'ersity of Copenhagen 
• 

: lJ:7ithout uJing advanced mathematicJ, Dr. Hald presents the essence of statistical 
: progress in the past 50 years. He clarifies the use of both theory and practice 

: in the solution of industrial problems, with emphasis on the methods developed 

: by R. A. Fisher, noted English statistician. 

: 1952 784 pages, illustrated $9.00 
· 

: Suppl�mentary Tables, separately bound, $2.50 
· 

DANA'S SYSTEM OF MINERALOGY-VOL. II 

Se'l'enth Edition re'l'ised by CHARLES PALACHE, the late 
HARRY BERMAN, CLIFFORD FRONDEL, Har'l'ard 
Uni'l'ersity 

This new, enlarged edition includes the crystallography, structure cell, habit, 
physical properties, optical and chemical properties, occurrence, alteration and 
synthesis of Halides, Nitrates, Borates, Carbonates, Sulfates, Phosphates, Ar­
senates, Tungstates, Molybdates, Chromates, Vanadium OxysaIts, etc., with de· 
scriptions almost entirely from original sources. 
1951 1124 pages, illustrated $15.00 

A STUDY OF ANTIMET ABOLITES 
· 

• 

· 

• 

· 

• 

· 

• 

• • 

e 
• 

• 

• · • 

By D. W. WOOLLEY, Rockefeller Institute for Medical Research 
A unified, critical study of a new field which shows great promise. Drawing upOn 
his wide experience in antimetabolic experimentation, the author gives examples 
of antimetabolic activity which have historical importance and includes sugges­
tions for the testing of all known antimetabolic compounds. 
1952 269 pages, illustrated $5.00 

Write today for copies on appro'l'al 

JOHN WILEY & SONS, Inc. 
Dept. SA·552, 440 Fourth Ave., New York 16, N. Y. 
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RISE OF THE 
NEW PHYSICS 
BY A. d'ABRO. Originally titled "Decline of Mechanism," 
this 40D.ODO-word, t.wo-volume, 1,000 page worK covers 
the mathematical and physical theories of modern physics, 
with speciaJ emphasis on quantum mechanics. 100 pages 
on alms and methods of science, including 1'01e of assump­
tions, causality. models, mathematic techniques, phycho­
logical differences among the experimenters and theorists. 

Over 300 pa�es on the important physical theories of the 
classical period-theories of functions, groups and differ­
ential equations, Intuitionist vs. formalist conflict, analyti­
cal Inechanics, wave optics. thermOdynamics, Boltzmann's 
kinetic theory of gases, etc. Over 500 pages on quantum 
theory! Here is a brilliant analysis of, the differences be­
tween the· classical physical universe of subatomic phe­
nomena, Planck's theory of black-body radiation, Bohr's 
quasimechanical theory of the atom, spinning electron. i�������s of de Broglie, SChrodin'f,��SJf:�' 

e
�� �;'i'fc1l.�: 

36 FULL- renowned physiCists and ����f!��ti E�i�;��ein, 
a:!!��rs, 

Lt��rC:�ge�laG���� : 
Nernst, et al • .  , ere Indeed is one of those monumental 
works on modGrn physiCS destined to endure for decades 
as recommended texts . . .  So science writer . . .  has ever 
expressed himself with greater clarity."-Instruments. 

"Can be read with enjoyment and profit by the serIOUs 
student of physical sciences-even those who have con­
cerned themselves intimately with the field which it so 
successfully treats."-Journal of Applied Physics. 
"Competent discussion of determinism. causality. and the 
related philosophy of science."_Sclentific American. 
5% x 8. Index. 1040 pp. Two de lUxe clothbound volumes. 
Revised ed. The set, $8.00 

EVOLUTION OF SCIENTIFIC THOUGHT 
FROM NEWTON TO EINSTElN 

BY A. d'ABRO. Einstein's relativity theory explained with· 
out recourse to higher mathematics. "A model of semi-

���uI;'�t;Xf�:ttlg�ou�h i�x�Ta\;��?OI�i�? :g�I���rl: !�gt��\� 
technicalities to make the subject comprehensible to the 
reader . . .  insufficiently schooled In mathematics."-New 
Republic. Almost a quarter of a million words. 5% x M. 

482 pp. 21 diagrams. 15 portralLs of leading scientists, 
past. and present. Appendix. De luxe cloth binding. $3.95 
r-----------------

I Dover Pubns .• Dept. 113. 1780 B'way. N. Y. 19, N. V. 

I Send .... copies RISE OF NEW PHYSICS. 2 vols. $ 8.00 

I 
... copies E\'olution Scientific Thought $ 3.95 

Ten-day cash-back guarantee. : NAME... . ..... .......... ...... . 

I ADDRESS .. 

I 
I 

Start to Speak a Foreign 
Language Correctly 

IN ONLY 7 DAYS 
Now you can learn Spanish, French, 
German or Italian easily, inexpensively 
and in an amazingly short tinie. 
Funk &: Wagnalls' Language Phone Method with 
brand-new R.C.A. high-fidelity phonograph re­
cO['dings, brings you the actual voices of expert 
teachers speaking in their native tongues. 

The phonograph method of learning a foreign 
language is the amazing new method you have 
heard about and been reading about in nation-
al publications. With this method you learn 
right in your own home, your 
teacher is always there to in. 
struct you, your manuals al­
ways there to help you. You 
learn as fast as you wish, re­
peat lessons as often as you 
need. 

Send today for the FREE book .. 
let that explains this remark. 
able new way to learn a foreign 
language. Let us tell you how 
you can try out the Funk &: 
Wagnalls' Language Phone 
Method for a whole week right 
in your own home and without 
obligation of any kind. 

--MAIL THIS COUPON- - --., 
Funk &: Wagnalls Company 
Department SA-11, Foreign Languages 
153 East 24th St., New York 10, N. Y. 

Please send me FREE descriptive booklet about your 
easy method of learning ( ) Spanish, ( ) French, 
( ) German, ( ) Italian. and tell me how I may 

obtain a comp)ete Language Phone Kit for seven 
days' free trial. 

Name 

Address 

I 
I 
I 
I 
I 
I 
I 
I 

Citr ....................................... Zone ........ State.................... I 
_________________ J 
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their tools, equipment, weapons and 
houses but also their "social institutions, 
superstitions and behavior." The evi­
dence is both "fragmentary and ambig­
uous," and the reconstruction poses in­
tellectual problems of the subtlest and 
most difficult kind. Childe, one of the 
foremost specialists in prehistory, con­
cludes in this closely reasoned and suc­
cinct survey that the hope of establishing 
a firm analogy between social and or­
ganic development must be abandoned. 
The Darwinian formula of variation, 
heredity, adaptation and selection can, 
with certain modifications, "be trans­
fered from organic to social evolution, 
and is even more intelligible in the lat­
ter domain than in the former." Yet the 
differences between social and organic 
change are no less significant. The cru­
cial distinction perhaps is that inven­
tions and ideas are transmitted from one 
society to another, whereas there is no 
counterpart of this "diffusion" in bio­
logical evolution. Moreover, a cultural 
change may be established within a hu­
man population in a single generation; 
a mutation in a population of "even such 
a quick-breeding species as mice" would 
very likely take many generations to 
make itself felt. Childe's book is not al­
ways easy to read, and some of the con­
clusions impress one as forced and arti­
ficial, yet altogether it is an impressive 
and even faSCinating analysis by a mas­
ter of the subject. 

TODAY'S SCIENCE AND You, by Lynn 
Poole. Whittlesey House, McGraw­

Hill Book Company, Inc. ($2.75). This 
is a collection of science snapshots by 
the producer of the television program 
called "The Johns Hopkins Science Re­
view." The topics include the electron 
microscope, isotopes, diffraction grat­
ings, research on disease, insecticides, 
geochronology and "human engineer­
ing." Illustrations are supplied by Jeanne 
Bendick. The book. evidently based on 
TV scripts, shows pretty plainly why 
Mr. Poole's program. though a worthy 
effort with occasional interludes of high 
merit, so often fails of its mark. There 
are too many long and dreary mono­
logues. 

H IPPOCRATEs ON INTERCOURSE AND 
PREGNANCY, translated by Tage 

U. H. Ellinger. Henry Schuman, Inc. 
( $2.50). This is a translation of On 
Semen and On the Development of the 
Child, two of the books in the famous 
collection known as the Hippocratic 
Corpus. The books, probably composed 
about 500 B.C., are not by the great 
Hippocrates of Cos, experts believe, but 
by a physician of the rival Cnidian school 
who has been called the first embryolo­
gist. They are achievements of con­
siderable scientific importance and 
exceptional literary quality. Along with 
the usual range of fancies and doctrinal 
gibberish, they present brilliant de scrip-

m;ch oj these books 
contains important NEW 

information for yOU? 

Doubt and 
Certainty 
in Science 
A Biologist's Reflections on 

the Human Brain 

By J. Z. YOUNG 

In his new book, the author of The Life of 
Vertebrates examines modern ideas on the 
functioning of the brain and likens its proc­
esses to those of the adding machine. He dis­
cusses the special ability of the human mind 
to store up symbols with which to com­
municate and develop cooperation, and he 
traces the evolution of methods anti symbols 
of communication. $2.50 

THE STUDY OF 

Instinct 
By N. TIN BERGEN 

An introduction to the biology of innate 
behavior and the causal relationships under­
lying instinctive actions. The author outlines 
his "center theory" of instincts, discusses the 
evolution of behavior, and links the behavior 
of the intact animal to the findings of neuro­
physiology. $7.00 

Mixtures 
The Theory 0/ Equilibrium Properties 

0/ Some Simple Classes 0/ Mixtures, 

Solutions and Alloys 

By E. A. GUGGENHEIM 

Professor Guggenheim describes the theory 
of gaseous, liquid, and solid solutions by the 
use of such simple models and approxima­
tions as lead to closed formulas by means of 
elementary mathematics. A new publication 
in the International Series of Monographs 
on Physics. $7.00 

Geodesy 
By BRIGADIER GUY BOMFORD 

This comprehensive survey of the entire 
field of geodesy is based on the most recent 
geodetic developments, and incorporates 
much material hitherto available only from 
widely scattered sources. I t is an excellent 
text for everyone concerned with surveying 
and geophysical data. $10.00 

AT ALL BOOKSTORES 

Write for free catalogue of Os/mod books on sciellce. 

OXFORD UNIVERSITY PRESS 
114 Fifth Avenue, New York 11 
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tions and conjectures about various as­
pects of heredity, plant growth, embry­
ology and the physiology of reproduc­
tion. 

T HE PHOTOGRAPHIC STUDY OF RAPID 
EVENTS, by W. D. Chesterman. Ox­

ford University Press ($5.00). A mono­
graph on the various recording devices 
and methods for photographing such 
events as explosions, "bird and insect 
flight, the air-flow past moving projec­
tiles, the performance of underwater 
weapons, the motion of parts of high­
speed tools. A number of remarkable 
plates illustrate what has been accom­
plished in this Reid of research. 

PALEONTOLOGY AKD MODERN BIOLO­
GY, by D. M. S. Watson. Yale Uni­

versity Press ($4.00). The Silliman Lec­
tures for 1937 delivered by the Jodrell 
Professor of Zoology, University College, 
London. Professor Watson discusses 
what the study of fossil vertebrates con­
tributes to our understanding of the his­
tory of life and the mechanism of evolu­
tion. A book for specialists of the sci­
ences named. 

PALOMAR: THE WORLD'S LARGEST 
TELESCOPE, by Helen Wright. The 

Macmillan Company ($3.75). The story 
of the 200-inch Hale telescope from its 
conception to its completion. A well­
written, accurate and authoritatve book. 
The author, an astronomer, had access 
to the records of the remarkably large 
number of people who participated in 
the building of the great instrument. 

T HINKING: AN INTRODUCTION TO ITS 
EXPERIMENTAL PSYCHOLOGY, by 

George Humphrey. John Wiley & Sons, 
Inc. ($4.50). It is Dr. Humphrey's be­
lief "that the history of the psychology 
of thinking consists largely of an unsuc­
cessful revolt against the doctrine of as­
sociation." His book records the criti­
cisms of and the experimental attacks on 
this doctrine as well as the revisions 
which have been made in it over the 
centuries. An unusually readable, lucid 
and fair analysis of a complex topic, this 
volume is likely to be the standard refer­
ence on the psychology of thought for 
many years to come. 

B AsIC PSYCHIATRY, by Edward A. 
Strecker. Random House ($3.75). 

A readable account of the major features 
of modern psychiatry by one of its lead­
ing practitioners and teachers. Not a 
profound book, but one designed to in­
crease public understanding of mental 
illnesses by communicating some facts 
about them in a simple, nontechnical 
and interesting manner. 

INDUSTRY AND TROPICAL HEALTH. Pub­
lished by The Harvard School of 

Public Health for The Industrial Council 
for Tropical Health ($10.00). These are 

Special opportunities for YOU in 

SAN DIEGO 
that sunshiny, smog-free city on thl! 

coast of CALIFORNIA 
Convoir (Consolidoted Vultee Aircroft Corporotion) is 

now occepting opplicotions for these following positions 

in its modern, progressive Engineering Deportment. 

Design Engineers 

Design Draftsmen 

Electrical Draftsmen 

Electronics Engineers 

Microwave Engineers 

Servo Engineers 

Aircraft Loftsmen 

Weight Engineers 

Aerodynamics 

Engineers 

Test Engineers 

Thermodynamics 

Engineers 

Aircraft Linesmen 

WORKING FACTS. You get two holidoys a week at 
Convair - overtime accomplished in 5·day week. Attractive 
salary ronges. An "engineers" engineering department ... with 
stimulating, competent associates ... and interesting, challeng· 
ing, essential, long.range proiects of a wide variety including 
- commercial aircraft, military aircraft, missiles, engineering 
research and electronic development. Excellent potent royalty 
arrangemen,ts. Top·notch retirement plan - better·than·overage 
life and health insurance. Complete progress · salary review 
for each person twice yearly. Opportunity for continuing 
eng ineering education. 

LlVI NG FACTS: San Diego, with its wonderful residen­
tial areas, offers you and your family incomparable living. 
Ideal climate - cool, clean, dry. Mountains, desert, Mexico, 
Hollywood, los Angeles, Pacific Ocean, beaches and bay -
only hours or minutes away. It offers you a new way of life ... 
pleasant, refreshing, happy. 

If you qualify, you will receive genero·us travel allowances. 

SEND COUPON for free booklets and complete information. 

THANK YOU _ .. .  
Mr. H. T. Brooks, Engineering Department 1000 
Con va;" 3302 Pacific Hiway, San Diego, California 

Please send me fREE booklets describing the Convair 
Opportunity for me and my Convair Application Form. 

My name ____________________________________________ _ 

Occupation 
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UNITRON 
PRECISION INSTRUMENTS 

at unbelievably low prices! 

ASTRONOMICAL TELESCOPES 

2.4 INCH EQUATORIAL 
The complete instrument for the active amateur. 

Ob jective: Coated 60 mm. (2.4") diame­
ter, 900 rrim. (35.4") focal length. filS. 

Eyepieces: SOx Huygens. 100x Achr. 
Ramsden included. 150x Orthoscopic avail­
able at $14.75 extra. 

COMPLETE with equatorial mounting and 
slow-motion controls. tripod, view finder, 
star diagonal, erecting prism system, sun­
glass, wooden case. Only $225. 

Shipped Express col/ect. 
Other models as low as $75. 

MICR OSC OPES 

300 POWER MICROSCOPE Set 
Precision built, achromatic lenses, latest type 
stand. Set includes microscope and lamp, eye­
pieces for 300x and 200x, 12 mounted specimens, 
blank slides, tweezers, etc., wooden carrying 
case. 

COMPLETE OUTFIT only $27.95 
OTHER MODELS AVAILABLE: 

200x, stand as above 
300x, research type stand 

$11.95 
21.50 
22.50 
49.95 

IOOx-250x, double revolving nosepiece 
80x-500x, triple revolving nosepiece 

All come with wooden case. 

Shipped postpaid except on C.O.D.'s. 

PHOTOMICROGRAPHY 
SET 

Use your present camera 
(35mm .• No. 120, etc.) to 
take photos with any stand· 
ard microscope. III ustrated 
with 3Smm. camera and 
laboratory microscope de­
scribed below. Focusing tele­
scope permits critical focus­
ing and continuous observa­
tion of specimen. 

$39.95 postpaid 
50x - 1500x LABORATORY 

MICROSCOPE 
Outstanding value in an in­
strument made to highest 
professional standards. Com­
pletely equipped with me­
chanical sta�e, Abbe con­
denser and Iris diaphragm, 
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cluding oil  immersion. 
wooden case and accessories. $215. Express collect. 

ALL MERCHANDISE FULLY GUARANTEED. 

25% deposit required on C.O.D. Shipments. 

Send check or money order 
or write for illustrated literature to: 

UNITED TRADING COMPANY 
204 Milk St.. Dept. S-5. Boston 9, Mass. 
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the proceedings of the First Industrial 
Tropical Health Conference held at 
Harvard in 1950. The purpose was to 
permit various industries conducting 
operations in underdeveloped areas of 
the world to report on their experiences 
in carrying out health and medical pro­
grams for the benefit of their workers 
and their families. Representatives of 
business concerns dealt with health 
problems in the Middle and Far East, 
tropical America and Africa; various 
specialists discussed the organization of 
industrial health services, the use of 
antibiotics in the Tropics, the control of 
infectious diseases, accident and health 
hazards and kindred topics. 

PROCEEDINGS OF A SECOND SYMPOSIUM 
ON LARGE-SCALE DIGITAL CALCU­

LATING MACHINERY. Harvard University 
Press ($8.00). Here are 39 papers pre­
sented in September, 1949, at a sympo­
sium held at the Computation Labora­
tory, Harvard University. The range of 
topics illustrates the rapid development 
of theory and practice in this compara­
tively new and intriguing branch of stu­
dy, as well as the challenging possibili­
ties that lie ahead. Among the subjects 
were various new types of computers; 
computational problems in physics, aero­
nautics and applied mechanics; the use 
of computers in psychological, economic 
and social research; the value of compu­
tation devices as models and as "spring­
boards for new experiments" in general 
physiology; the electrostatic memory 

'tube called the "Selectron." There is an 
interesting concluding paper by Louis 
Ridenour on the future of computing 
machinery. 

HERBERT H. Dow: PIONEER IN CRE­
ATIVE CHEMISTRY, by Murray 

Campbell and Harrison Hatton. Apple­
ton-Century-Crofts, Inc. ($3.50) . A 
brief and somewhat pedestrian biogra­
phy of a chemist, inventor and manu­
facturer who, in the familiar American 
tradition, starting with a tiny plant in 
which bromine was extracted from 
brine, built up one of the country's great 
industrial concerns, many of whose hun­
dreds of products have contributed sig­
nificantly to the technical and economic 
progress of this century. 

RADIOISOTOPES: INDUSTRIAL ApPLICA­
TIONS, by·G. H. Guest. Pitman Pub­

lishing Corporation ($4.50). Dr. Guest, 
formerly head of the Health Radiation 
and Isotopes Branch of Canada's atomic 
energy project, presents a convenient 
survey of the already large and rapidly 
growing field of industrial uses of radio­
isotopes. Simply written and effectively 
illustrated, this is a book for the general 
reader as well as the industrial scientist. 

A HUNDRED YEARS OF PHYSICS, by 
William Wilson. The Macmillan 

Company ($3.50). A survey by the 

NEW PAPER-BOUND SCIENCE 
BOOKS AT 680/0 DISCOUNT 

A new departUre in American SCientific publishing! Now 
you can own unabridged. <.>diUons (with full text. Ulustra-

�o�s8 ���r����.' ;;��te� ��pg���rt; t�t���r�t t!::::Ji�!f �!�i� 
stilT cov<.>rs. All books measure approximately 5" x 8" 
unless otherwise indicated. 
1. TRANSFINITE NUMBERS by Georg Cantor. The bOok 
that created a new field single· handed! Material on asso­
Ciative law with transfinite numbers, convergence Of series, 
analytic (unctions, well·ordered aggregates, multiplications 
of cardinal numbers. etc. 220 pp. Portrait. Jourdain notes 
and trans. Cloth. $2.75. Paper, $1 .25 
2. PHILOSOPHICAL ES5AY ON PROBABILITIES by Laplace. 
Truscott-Emory trans. o( sixth French ed. IntrOductory 
notes by E. T. Bell. The basiC principles upon which 
Laplace's important and interesting probability theory 
rests. Landmark material on applications of this theory to 
games of chance, natural philosophy. reliability of trial 
witncsses, astronomy. insurance. and evcn dClnocratic gov­
ernment! 204 pp. Cloth, $2.50. Paper, $1.25 
3. DIALOGUES CONCERNING TWO NEW SCIENCES by 
GalUeo. A classic of science- a triumph of human thought. 
Here is Galileo's last and ripest work. Lively exposition 
of dynamics. elasticity, ballistics, strength of materi�ls. 
scientific methOd, acoustics, etc. Unabridged Crew de Salvio 
translation. Intro. by Antonio Favaro. 321 pp. 126 dia­
grams. Paper, $1.50 
4. PRACTICAL ANALYSIS by Fr. A. Willers. Graphical & 
numerical methOds of obtaining specific numerical answcrs. 
EXTRA: Special section on modern calculating machines by 
'Simpson. 132 ill. 432 PP. <':Ioth, $6. Paper, $1.90 
5. MATTER AND MOTION by James Clerk Maxwell. Classic 
study of dynamics, acceleration, gravity, etc. Notes by 
Larmor. 178 pp. Cloth. $2.50. Paper, $1.25 
6. PHYSICAL PRINCIPLES OF QUANTUM THEORY by 
Heisenberg. Trans. by l!:ckart & Hoyt. 192 pp. Cioth. $2.75. 

Paper, $1.25 
7. CONCISE HISTORY OF MATHEMATICS by Struik. Two 
vols. bound as one. "Rich in content • • •  thoughtful in 
interpretaUon."_U. S. Quarterly Book List. 322 pp. 47 ill. 
Revised. Paper, $1.60 
8. INTRODUCTION TO THE DIFFERENTIAL EQUATIONS 
OF PHYSICS by L. Hope. Nef trans. 41/2 x 6%. 160 pp. 
48 ill. Cloth, $1.95. Paper, $1.25 
9. INTRODUCTION TO THE THEORY OF FOURIER'S SE­
RIES AND INTEGRALS by H. S. Carslaw. Third rev. <.>d. 
"Landmark In history of math. physics. to_School SCi<.>nce & 
Math. 381 PP. 39 ill. Cloth, $4.50. Paper, $1.90 
10. FOUNDATIONS OF HIGH SPEED AERODYNAMICS 
Ed. by G. F. Carrier. Facsimile reproductions of 19 key· 
stone papers in field by Rankine, Taylor. Tomotika. ct al. 
650/0 of texts in English: rest In German, Italian. Bibl. 
156 Ill. 11 tables. 320 pp. Cloth. $3.50. Paper, $1.75 
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-29 Languages available 
Learn AT HOME ... with effortless ease and 
real pleasure. First You LISTEN-you hear men 
and women speak in their native tongue. In an 
amazingly short time YOU understand and 
SPEAK, with correct accent and the right swing. 
You read and write. It's amazingly easy! 

You can study alone at your leisure, or have 
family and friends join you in a delightful pas­
time that is a cultural necessity and invaluable 
asset for travel; business or professional careers. 

World-wide educational endorsement 
lingua phone courses were made astonishingly easy 
and practical by more than 150 expert linguists of in­
ternational fame. Endorsed by educators, used by 
colleges, schools, U.N., Armed Services, Government 
Agencies and more than one million home-study 
students. FREE Book gives Fascinating Facts-Mail 
coupon To-day. 
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Emeritus Professor of Physics in the 
University of London of the develop­
ments of this science from 1840 to the 
present. Wilson describes, among other 
things, the evolution of thermodynamics, 
electromagnetic theory, special and gen­
eral relativity, the emergence of the 
quantum theory, the conduction of elec­
tricity, atomic physics. There is also a 
final chapter on astrophysics and modern 
cosmological speculation. 

Also Noteworthy 

ECLIPSES OF THE SUN, by Samuel 
Alfred Mitchell. Columbia University 
Press ($6.50). For the fifth edition of 
this standard work, Dr. Mitchell, direc­
tor emeritus of the Leander McCormick 
Observatory at the University of Virgin­
ia, has condensed the historical chap­
ters, eliminated material about his trav­
els in the early part of the century to 
various parts of the globe on eclipse ex­
peditions, and revised the text so as to 
include discussion of the latest solar 
problems and the methods devised to 
attack them. 

THE THEORY OF ATOMIC SPECTRA, by 
E. U. Condon and G. H. Shortley. Cam­
bridge University Press ($11.00). A 
reprint with minor corrections of an 
important work first published in 1935, 
which retains its value and authority 
despite the fact that the authors have 
been unable, by reason of other duties, 
to incorporate advances in the field over 
the past 15 years. 

RADIATIONS FROM RADIOACTIVE SUB­
STANCES, by Sir Ernest Rutherford, 
James Chadwick and C. D. Ellis. Cam­
bridge University Press ($11.00). All 
who are interested in the subject of 
radioactivity will be grateful to the 
Cambridge University Press for making 
available in characteristically handsome 
format and at comparatively moderate 
price this reprint of a classic work of 
modern science. 

AN INVESTIGATION OF THE LAWS OF 
THOUGHT, by George Boole. Dover 
Publications, Inc. ($4.50). A reprint of 
a work which first appeared in 1854, a 
classic of pure mathematics and sym­
bolic logic. Strangely enough, this is the 
first American edition of this famous 
book and the publisher is to be thanked 
tor making it available, at moderate 
cost, to students, scholars and libraries. 

LONDON ESSAYS IN GEOGRAPHY, edit­
ed by L. Dudley Stamp and S. W. 
Woolridge. Harvard University Press 
($5.00). Seventeen essays on various 
aspects of geography gathered in a 
memorial volume for the late Rodwell 
Jones, a leading British geographer, and 
one time head of the Joint School of 
Geography at Kings College and the 
London School of Economics. 

WHO . .. ME"? 

AN AIRCRAFT 

tNGINEER? 
\ 

Yes, Lockheed in California 
can train you - at full pay! 
The step up to Aircraft Engineering isn't as steep as you might expect. 

Aircraft Experience isn't necessary. Lockheed takes your knowledge of 

engineering principles, your experience in other engineering fields, your apti­

tude, and adapts them to aircraft work. You learn to work with closer toler­

ances, you become more weight conscious. 

What's more, Lockheed trains you at full pay. You learn by doing-in Lock­
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Conducted by Albert G. Ingalls 

S
AMUEL JOHNSON, an opinion­

ated man on any subject, had a 
theory that swallows, like frogs, 

spent the winter hiberna-ting in the mud 
at the bottom of rivers and lakes. Unlike 
many of his pronouncements, this one 
was not delivered purely off the cuff; the 
irascible doctor actually conduoted ex­
periments. He captured a number of 
swallows and cemented bits of colored 
cloth to their tail feathers. He later re­
covered some of the marked feathers at 
the water's edge and triumphantly pro­
duced them as proof of his theory. 

The good doctor overlooked the fact 
that birds molt their feathers, but his 
approach to the scientific problem was 
not entirely without merit. Bird-marking 
is today a large and fruitful enterprise. 
At the turn of the present century Danish 
ornithologists hit upon the scheme of 
tracing the travels of wild birds by band­
ing them with a ring of light metal 
fa�tened loosely around a leg. A serial 
number and other information is marked 
on the band, and whenever a bird is re­
covered, the information is reported to 
a central clearing house. The system 

Banded eaglet in nest 
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THE AMATEUR SmENTIST 
About the banding of birds and the 
cooperative building of a telescope 

was soon adopted throughout the world. 
In the U. S. the sponsorship of bird­

banding, started by the American Bird 
Banding Association, was taken over in 
1920 by the Federal government. The 
project is now a branch of the Fish and 
Wildlife Service, with headquartets at 
Patuxent Research Refuge, Laurel, Md. 
It is under the direction of the biologist 
Seth H. Low. 

Nearly six million birds have been 
banded since the U. S. program started; 
some 300,000 to 400,000 are tagged 
each year. A total of some half a million 
marked birds have been recovered. 
There are about 2,000 cooperating bird­
banders, professional and amateur. 

The object of bird-banding is to col­
lect scientific data on the migration, 
dispersal and age of wild birds. It helps 
in the study of -such characteristics as 
homing instinct, mating habits, naviga­
tion ability, flyways and related patterns 
of behavior. 

Since only a small fraction of marked 
birds are recovered, it is desirable to 
band large numbers of them and to sta­
tion banders and observers over the 
widest possible area. Hence the ama­
teurs are strongly encouraged to take up 
this avocation. 

It is an activity that can be pursued 
in the bander's own back yard or can 
take him afield on rugged adventure. 
It costs very little in cash and pays richly 
in diversion and discovery. All bird­
banders must be licensed, because the 
trapping of wild birds without a license 
is prohibited in the U. S. Any citizen 18 
years of age or over may apply to the 
Fish and Wildlife Service for a license. 
The applicant must prove that he can 
identify the various species and sub­
species of birds and must give as refer­
ences the names of three people with 
recognized ornithological qualifications. 

Upon meeting these requirements the 
bander is issued a Federal permit and a 
supply of numbered aluminum bands of 
assorted sizes-free of charge-together 
with record forms and instruction pam­
phlets. He must then apply for a local 
permit in any state where he expects to 
do banding. He supplies his own traps 
and incidental equipment. At least once 
a year he must report to the Bird Band­
ing Office, giving prescribed data on 
each bird he has banded or retaken. 

Trapping and banding a bird without 
injuring it is an art, and no novice should 
undertake it without expert guidance. 
Two of the foremost bird-banding ex-

perts in the U. S., according to Lorene 
McLellan of Philadelphia's Academy of 
Natural Sciences, are John A. and Mabel 
Gillespie of Glen Olden, Pa. Mrs. Gil­
lespie says that the precise number of 
years she has been a bander is outside 
the scope of this article, but in evidence 
of her experience she proudly exhibits 
a photograph of a common tern which 
she and her husband banded in New 
Jersey on August 5, 1923. 

The Gillespies advise that one con­
venient way to band birds is to do it 
while they are still in the nest and unable 
to fly, but they must be sufficiently de­
veloped to hold a band that will be large 
enough when they are fully grown. This 
method is particularly suited for band­
ing birds that nest in colonies and for 
eagles, ospreys and other birds of prey. 
For songbirds, ground-feeders and some 
wildfowl, bird-banders use a different 
technique, resorting to-guile and tempta­
tion. They bait traps of various designs 
with tempting food. A bird that feeds 
on the ground, such as the native spar­
row, readily follows a trail of food into 
a trap. Some banding traps are con­
structed on the principle of the maze; 
some are like funnel fish-traps; some have 
a trigger arrangement which closes the 
entrance automatically when a bird en­
ters. There are also types of traps for 
catching birds that do not usually run 
on the ground. Properly conducted, trap­
ping does birds no harm. Traps are never 
left "set" when the bander is absent, so 
that much of the time birds run in and 
out, feeding freely. 

"Birds live in a world full of constant 
danger and surprise," say the Gillespies. 
"The experience of being trapped, if 

Banded grackl'e 
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they are deftly handled and quickly re­
leased, is less disturbing to them psy­
chically than an encounter with a cat. 
Within a few minutes the experience is 
all but forgotten. The birds usually re­
member the food, however, and this 
memory often brings them back. Some­
times a bird walks into a trap again 
within five minutes after it has been re­
leased. Now and then one retraps itself 
so persistently that it becomes a nui­
sance." 

Banding a bird after it has been 
caught may be a painful experience-to 
the bander, not the bird. Some tough­
looking specimens, such as the blue jay, 
usually submit with little struggle. On 
the other hand, cardinals and the seem­
ingly meek purple finches may attack 
with a ferocity that sends the bander 
away nursing a blood blister. Eagles, 
according to the �iIlespies, belie their 
fearsome reputation; the parents will 
flutter timidly at a distance of 50 feet or 
more, uttering feeble, unconvincing 
cries, as a bander climbs to their nest 
and casually places numbered bands on 
the legs of their young. But watch out 
for their cousins, the ospreys! A collabo­
rator of the Gillespies, Frederick C. 
Schmid, once was nearly knocked out of 
a tree by an osprey which left the deep 
trail of its talons across his face. 

As each bird is tagged, the bander 
records the serial number, the date, the 
kind of bird and if possible its sex and 
weight, and the location where it is 
banded. When a banded bird is recap­
tured, alive or dead, its recovery is re­
ported through the Fish and Wildlife 
Service to the original bander. Thus a 
bander gradually accumulates case his­
tories on individuals of many species. 
The record files of the Gillespies contain 
many hundreds of cards, some of which 
trace migratory cycles extending over 
periods as long as 15 years. 

Few small birds survive longer than 
two years in the wild state, although 
their maximum expectancy is believed 
to be 9 to 12 years in nature and 18 to 
20 years when protected in captivity. 
Mortality is appallingly high among 
young birds: generally 60 to 80 per cent 
in the first six months. Consequently 
most banders prefer to invest the extra 
time and effort required to band adults; 
the chances of recovering grown birds 
are much better. 

More than 600 species of birds have 
been banded in the U. S. Mallard ducks 
lead all the others: banders have marked 
about half a million of them. After the 
mallard duck in order come the chimney 
swift, common tern, pintail, herring gull, 
song sparrow, robin, starling and purple 
grackle. Amateur banders account for 
about two-thirds of the banding activity, 
the remainder being done largely by 
government technicians and professional 
ornithologists. 

Even a relatively low percentage of 
recovery can yield significant and some-

One of the four flyways of the Canada goose 

times dramatic information about bird 
migrations. From recoveries of just half 
a dozen birds it has been learned that 
the arctic tern nests in the Arctic Circle 
and winters in the Antarctic, an annual 
round trip of at least 25,000 miles! 

Migration takes many forms. Some 
species follow relatively narrow routes; 
others range half a continent or more. 
ThfiJre are birds that never travel farther 
than between a valley and its neighbor­
ing hill. The cardinal does not migrate at 
all; it makes every effort to acquire a 
small, exclusive territory for itself, and 
if the climate permits, it stays there as 
long as the place suits it. 

The Gillespies have given much study 
to the mating and nesting habits of back­
yard birds. One of their case histories 
concerns a pair of house wrens they 
banded one spring. After the wrens had 
raised a brood and the fledglings had left 
the nest, the female became interested 
in a second male which had been hope­
fully building a nest nearby, and she 
mated with him to produce a second 

. family that summer. The next spring the 
female returned to the Gillespies' bird­
house and again started the season with 
a banded male they suspected to be her 
first mate of the preceding season, 
though they could not catch him. The 
male soon abandoned her, leaving her 
to raise the brood alone. Again she found 
a second mate and raised a second fami­
ly. Late in July the Gillespies caught her 
first mate nesting two blocks away. He 
returned to one of their birdhouses the 
next summer, but the female did not 
appear again. Two or three years seems 

to be the average life span for a house 
wren. 

"One year," said the Gillespies, "we 
tested the homing instinct of a female 
cowbird. A cowbird, like the European 
cuckoo, builds no nest and lays her eggs 
in the nests of other birds. She is not 
lacking, however, in a homing or ma­
ternal instinct. We carried our cowbird 
to various places some distance away 
from the nest several times and each 
time she returned promptly after we 
released her. Once she was released in 
the center of Wilmington, Del., 20 miles 
from home, and she was back in our trap 
within three hours. The late William 1. 
Lyon of Waukegan, Ill., sent a banded 
cowbird to be released in Denver, Col. 
Twenty-five days later it was back in 
Waukegan. Many. believe that perform­
ances of this kind are confined to homing 
pigeons. Actually many wild birds 
demonstrate a much stronger homing 
instinct than do the highly trained pi­
geons." 

A by-product of bird-banding is the 
opportunity to collect and study para­
sites. Mites, flies, ticks and lice can easily 
be removed from the birds while they 
are being handled. One bander whose 
brother speCialized in research on 
malaria was able to help by taking blood 
smears of migratory birds, thus provid­
ing information on how malaria may be 
spread by bird carriers. 

The Gillespies have found especially 
thrilling the banding of ospreys, or fish 
hawks, which have the fierce nature 
usually attributed to the American eagle. 
They have banded 457 ospreys and have 
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heard from 70, an unusually high per­
centage. Forty were reported dead with­
in a few months of the time when they 
were banded as nestlings. Some were 
found near their birth sites several sea­
sons later. Osprey nestlings banded in 
July are usually well on their way South 
by fall. But one osprey was found in 
Florida less than seven weeks after it 
was banded, whereas his brother was 
still in Pennsylvania at Thanksgiving 
time. 

"While we welcome reports of the 
travels of ospreys," say the Gillespies, 
"we regret that information generally 
comes only through their untimely 
deaths. They feed exclusively on fish and 
are no menace to the farmer but are 
often killed because they are mistaken 
for eagles. One of our ospreys, shot by a 
farmer in West Virginia, made local 
newspaper headlines: 'Eagle Killed by 
Local Hunter.' 

"Our most unusual recovery was that 
of an osprey banded in Cape May 
County, N. J., on July 16, 1939. It cov­
ered 6,837 airline miles between that 
time and December 16, 1939, when it 
finally encountered a bullet in Rio de 
Janeiro. We feel sure that it did not fly 
in a beeline but probably followed coast­
lines and explored riverways, so its total 
distance must have been much greater 
than the airline routes. 

"Our bird-banding work has been rich 
in unusual and varied experiences. There 
is nothing like the excitement of a nest­
ing colony, where the air is full of flash­
ing wings and wild screams, and young 
birds are everywhere about. Our activi­
ties have taken us to unfrequented 
beaches, deep woodlands and vast 
marshlands. We have enjoyed contacts 
with all sorts of people, not only in this 
country, but throughout the Americas 
and West Indies." 

Anyone who finds a banded bird, dead 
or alive, will greatly assist the work of 
ornithologists by sending the band or 
its number to the Fish and Wildlife 
Service, along with a statement of the 
circumstances of the finding. The report 
should be made to the Bird Banding 
Office, Patuxent Research Refuge, U. S. 
Fish and Wildlife Service, Laurel, Md. 
Give your name and address, the date 
and the location where the bird was 
found. If you caught the bird alive, re­
lease it with its band; if the bird is dead, 
remove and flatten the band and send it 
in with your report. The Service will in­
form you of the known history of the 
bird, and notify the bander of the re­
covery. Many bird-banders make it a 
custom, when they get a notification 
from the Service, to write to the finder. 

O RIGINAL but sound features mark 
the 12J�-inch reflecting telescope 

shown in Roger Hayward's drawing on 
pages 89 and 90. The telescope was built 
by Karl Esch of Cherryvale, Kan., with 
the assistance of his relatives and friends. 

Esch discovered this department while 
studying engineering at Independence 
Junior College, became interested in 
telescopes and chose telescope making 
as a project in laboratory technique. He 
planned to make the typical beginner's 
six-inch size, and wisely set about it by 
cornering every person in Cherryvale, 
population 2,956, who might throw any 
light on the art. This led to the unex­
pected discovery of a 12)�-inch Pyrex 
mirror that had lain for 22 years in a 
trunk. Perhaps noting the gleam in 
Esch's eye, the widow of the mirror's 
maker practically gave it to him. Esch 
and his physics instructor, W. L. Gill­
more, found that the focal ratio of the 
mirror was f /8.8, and sent it away to be 
aluminized. 

This windfall set the size of Esch's first 
telescope somewhat large. Fortunately 
he enjoyed a number of advantages. 
Although he was only 19, he had worked 
four years in a foundry run by his uncle, 
Hermann Esch, and had pottered about 
in its pattern shop. Thus he could make 
the patterns for several of the key parts 
and cast them in aluminum. His older 
brother, Robert Esch, a pattern de­
signer, pattern maker and machine de­
signer, helped him with the pattern 
work. A family friend, Charles Jones, 
whose hobby is fine work on a lathe, was 
also eager to help. Esch writes: "I hum­
bly consider myself fortunate to have 
such resources. I have never met anyone 
who was not anxious to help with a prac­
tical suggestion. I am now convinced 
that all 

,P
ersons are interested in the 

heavens. 
Though Esch had much help, he had 

only five months to complete his project 
before graduation. (The local news­
paper reports that he did so as valedic­
torian of his class.) Actually it required 
the spare time of three additional months 
to finish the job; a total of 800 man-hours 
were expended by all its participants. 
The IS-page report that Esch turned in 
at Independence Junior College was en­
titled "Hours Spent and Problems En­
countered in the Frantic Effort to Pro­
duce a Telescope." 

Esch "inherited" a 120-pound 1J�­
inch shaft with roller bearings from an 
old boring mill, and this became his 
polar axis. The declination axis is FAG 
inches in diameter. The eccentric 
counterweights for balancing the tube 
on both its axes were the idea of his 
brother Robert. Jones "spent unac­
counted hours at his lathe," Esch writes, 
"meticulously finishing all the castings 
for the telescope, and many hours were 
contributed by half a dozen others." He 
also gives credit to Amateur Telescope 
Making. 

Telescope builders who do not slight 
the assistance of others have their re­
ward: they are often suspected of soft­
pedaling their own part. The corre­
spondence between this department and 
Esch shows that his telescope was 
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The work of a Kansas family 

planned and built under pressure. He 
was preoccupied with studies in chemis­
try, calculus, physics and surveying; yet 
he was able to infect his family and parts 
of two communities with enthusiasm for 
the project. 

Esch continues: "The supreme thrill 
came with the first look through the 
telescope only four days before I en-· 
tered the University of Kansas as an en­
gineering physics major in September. 
Never have I witnessed more spectacular 
sights than those of brilliant, jewel-like, 
blue-white, orange or red stars, or 
chummy doubles, or the Milky Way. I 
found Jupiter and watched the change 
of position of its satellites with fascina­
tion. I was able to show all who aided 
me in the project, including my instruc­
tors, neighbors, friends and friends' 
friends, glimpses of what is above. Even 
my dog Mortimer attended. To make 

these wonders visible to others is indeed 
satisfying." 

The support of the diagonal mirror in 
Esch's telescope is interesting. It is a 
single '}i6-inch radius rod held by a set­
screw. Esch says that the support is 
stable and easy to adjust. Approximate 
collimation of the telescope required 
only an hour and a half, a fussy job that 
can last a lifetime, or shorten one's life. 
The washer at the top of the half-inch 
axial rod prevents the accidental drop­
ping of the diagonal on the mirror. 

The eyepieces of Esch's telescope are 
mounted on a rotating turret head. This 
arrangement is becoming more fashion­
able because it provides easy access to 
the eyepieces, but unless it is carefully 
made the eyepieces will not be properly 
collimated. And unless the turret head 
rotates smoothly and easily, and contin­
ues so throughout the life of the tele-
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and this accurately ground and polished lens set 
you can assemble a telescope that only the 
wealthiest might have owned a few years ago, 
an instrument far more efficient and three times 
as powerful as the telescope with which Galileo 
discovered the four moons of Jupiter. Lens kit 
consists of a 47 M.M. dia. 52 in. focal length 
ground and polished objective lens and a 100 
power astronomical eyepiece lens. Simple to fol­
low directions for assembling in one or two eve­
nings. Mounting and tripod not included but easy 
to make from directions. Money back guarantee. 

Also lens kits for microscopes, 
telephoto cameras, etc. 

LEMAR Scientific Corp.,_ D.pt. L-5 

3412 W. Jackson Blvd. Chicago 24, III. 

A LIBRARY BINDER 

FOR THIS MAGAZINE 
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Keep your copies of SCIENTIFIC AMERI­

CAN in a handsome and durable library 

binder 

B ound in dark green library fabric and 

stamped in gold leaf, it holds 12 issues 

Copies mounted in binder open flat and 

may be inserted or removed separately 

Address your order, enclosing check or 

money order for $2.50, to : 

Department B 
SCIENTIFIC AMERICAN 

24 West 40th Street 

New York 18, N. Y. 

scope, its use will be much like wrestling 
with a bear. The Esch turret head is a 
14-pound aluminum casting 14% inches 
in diameter revolving on three equally 
spaced ball-bearing rollers. Each roller 
is on an excentri�ally mounted stub 
shaft, as shown in the upper right-hand 
corner of the drawing below. This fea­
ture, the design of Robert Esch, makes 
it possible to assemble or disassemble 
the turret. A lock-screw permits the ob­
server to fix the turret in the most com­
fortable position. The internal ribs of 
the turret casting prevent it from warp-

R.A 
clamp 

ing out of round and binding against 
the rollers. 

After alterations in the pattern for 
the turret casting, the same pattern was 
used to cast the mirror cell. The mirror 
rests on the inner rim of an aluminum 
plate. If a camera is affixed to the eye­
piece end of the telescope, three one­
pound lead counterweights may be 
screwed on the projecting ends of the 
cell-adjusting screws to balance it. 

The 8J�-foot tube of the telescope is 
made of 16-gauge cold-rolled steel 
welded and painted black inside. The 

Details of the Esch telescope 
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total weight of the telescope is about 350 
pounds. It rests on a concrete pier 
"which must weigh all of 40 tons," said 
Esch just after mixing and pouring the 
makings. The roll-off housing of the 
telescope measures 8 by 12 feet; in its 
design Esch was helped by his father, 
W. D. Esch. 

Esch's last words might well be the 
motto of the telescope maker, who, un­
like the burnt child, scarcely ever shuns 
the fire. Says Esch: "I think I can build 
a better one." Months after describing 
his first effort, he wrote that he had 
been watching the making of a new 27-
inch reflecting telescope at the Universi­
ty of Kansas, where he has been study­
ing astronomy as well as physics. He 
invited his father and brother to study 
it. "When they went home," Esch writes, 
"my brother's boss, Ivan Marrow, be­
came so excited that he gave the time 
and lumber to make a pattern for a 
larger tube saddle and his foundry for 
casting it. New axes three inches in diam­
eter are being substituted for the old, 
with ball bearings from truCK axles. 
The telescope is to be equipped with 
setting circles and a drive. I am also 
grinding a lO-inch mirror to round out 
my apprenticeship." 

IN THIS department last October F. A. 
Luck told how to make a simple ap­

paratus for collimating a binocular. Un­
aware of this article, a professional 
scientific instrument maker undertook to 
collimate a friend's binocular by the 
"look, blink, look" method and wrote: 
"After looking at my target I became so 
dizzy and goggle-eyed that I walked 
straight against the side of the house." 
The Luck article was sent to him. His 
reply: "I made the Luck rig. Without it 
I would never have got the binocular 
collimated. It worked wonderfully well." 

MANY telescope users regularly ob­
tain the annual 80-page Observer's 

Handbook published by the Royal As­
tronomical Society of Canada, 3 Will­
cocks St., Toronto, Ont., at 40 cents. It 
contains data on the planets and the sky 
for each month, lists of brightest stars, 
clusters and nebulae, with finding coor­
dinates and many other data useful to 
observers. The Handbook of the British 
Astronomical Association, published at 
303 Bath Road, Hounslow West, Mid­
dlesex, England, at five shillings (about 
70 cents), contains similar but not iden­
tical data. 

RECENTLY the proposal was made 
that the many amateur astronomi­

cal disciples of Russell W. Porter com­
bine to erect a memorial at his grave at 
Glenmere near Port Clyde, Me., where 
he lived for a number of years and began 
making telescopes. Unfortunately for 
this proposal, Porter made it abundantly 
clear while living that he wished his 
ashes to lie in an unmarked grave. 
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Microscope, camera and light source 

in one convenient unit! 

Universal Metallograph 
In the Panphot, Leitz offers the perfect combination 

of research microscope and reflex camera for the 

metallurgical research laboratory. Operating parts 

for observation and photomicrography are right at 

hand, and you can change from one to the other 

quickly and dependably • . •  without moving from 

your chair. Light source, microscope and camera are 

permanently a Iigned in a sing Ie, easy-to-use instrument. 

Designed to meet a wide range of needs, the Panphot 

permits the use of reflected light, darkfleld illumina­

tion and polarized light. A full line of accessories is 

available to equip the instrument for all types of 

photomicrography, photomacrography and for draw­

ing and projecting micro images. The Panphot takes 

31/4" x 41,4" or 4" x 5" plates or cut film for both 

black and white and color work. 

Another of the famous Leitz microscopes, recognized 

everywhere as the finest microscopes made anywhere. 

For details, write Dept. SA 

E. LEITZ, Inc., 304 Hudson Street, New York 13,N.Y. 

LEI TZ MICROSCOPES • LEI TZ SCIENTIFIC INSTRUMENTS 

BINOCULARS • lEICA CAMERAS AND ACCESSORIES 

BIBLIOGRAPHY 
ReadeTs interested in fUTther reading 

on the sub;ects covered by articles in 
this issue may find the lists below help­
ful. The lists are not intended as bibli­
ogmphies of SOUTce mateTial for the aTti­
cles. The references selected will pro­
vide supplementary information. 

SMOG 

REVIEW OF LITERATURE ON DUSTS. 

J. J. Forbes, Sara J. Davenport and 
Genevieve G. Morgis. Bulletin 478. U. S. 
Department of the Interior, Bureau of 
Mines. 

AIR POLLUTION IN DONORA, PA. H. H. 
Shrenk et al. Public Health Bulletin No. 
306. Federal Security Agency, Public 
Health Service, 1949. 

A STONE AGE HUNTERS' CAMP 

EXCA v A TIONS AT THE MESOLITHIC 

SITE OF STAR CARR, YORKSHmE, 1949-
1950. Grahame Clark in Archaeology, 
Vol. 4, No. 2, pages 66-70; Summer 
1951. 

PREHISTORIC EUROPE: THE ECONOMIC 

BASIS. J. G. D. Clark. Philosophical Li­
brary (in press) . 

ELECTRICITY IN SPACE 

COSMICAL ELECTRODYNAMICS. Hannes 
Alfven. Oxford University Press, 1950. 

SHERRINGTON ON THE EYE 
MAN ON HIS NATURE. Sir Charles Sher­

rington. Cambridge University Press, 
1951. 

THE CONTROL OF FLOWERING 

PHOTOPERIODISM IN RELATION TO 

HORMONES AS FACTORS IN FLORAL INI­

TIATION AND DEVELOPMENT. Karl C. 
Hamner and James Bonner in The Bo­
tanical Gazette, Vol. 100, No.2; De­
cember, 1938. 

VERNALIZATION AND PHOTOPERIOD­

ISM. A. E. M urneek et al. Chronica Bo­
tanica Co., 1948. 

A NEW MICROSCOPE 

THE FIELD ION MICROSCOPE. Erwin 
W. Muller in Zeitschrift fur PhYSik, Vol. 
131, No.1, pages 136-142; 1951. 

INHERITED SENSE DEFECTS 

GENETICS. H. Kalmus. Penguin Books. 

THE CORIOLIS FORCE 

DYNAMIC METEOROLOGY. Bernhard 
Haurwitz. McGraw-Hill Book Company, 
Inc., 1941. 

OCEANOGRAPHY FOR METEOROLOGISTS. 

Harald U. Sverdrup. Prentice-Hall, Inc., 
1942. 

A PRELIMINARY STUDY OF A PHYSICAL 

BASIS OF BmD NAVIGATION. Henry L. 
Yeagley in Joumal of Applied Physics, 
Vol. 22, No. 6, pages 746-760; June, 
1951. 

© 1952 SCIENTIFIC AMERICAN, INC



An electronic instrument section can speed 

and simplify research, cut engineering costs! 
Leaders in industry have found electronics of greatest 
value-in many cases, the only practical solution to 
demanding engineering problems. Look ro your 
electronics engineer and modern electronic instruments 
for better, faster research and development, roday! 

The Hewlett-Packard Company specializes in electronic 
measuring instruments. These are basic research rools 
your engineers apply or adapt to your specific problems. 
They are used in development and manufacturing through­
Out the world and are distributed through the world's 
largest organization of electronic engineer-salesmen. 

CATALOG 20-A lists date, and uses of over 100 1J",jor 
-hp- instruments. Request it 011 your company letterhead, please. 

HEWLETT.PACKARD COMPANY 
395-5 PAGE MILL ROAD . PALO ALTO, CALIF. 

Export: FRAZAR & HANSEN, LTD. San Francisco . Los Angeles. New York 

for speed and accuracy 
2402 
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Yes, the fragile-looking thread spun by the lowly spider is truly a "miracle" 
yarn-the sh'ongest for its size of any fiber found in nature. 

But today, new man-made fibers with outstanding properties are being 
developed for use by the progressive textile industry. Among the most remarkable 
are those made with acrylonitrile produced in the United States by American 
Cyanamid Company. Textile fabrics made with aClylonitrile fibers rival silk 
for softness, wool for warmth-yet are moth- and mildew-proof, and resistant to 
shrinkage, sunlight, salt air and chemical fumes. These acrylic fibers are 
finding important uses for men's and women's suits, dresses, blankets, sweaters, 
draperies and outdoor sportswear. All of these new synthetic textile products 
are being produced with Cyanamid's acrylonitrile and Cyanamid itself is 
developing a special new aClylic fiber. 

Acrylonitrile, also a vital material in America's synthetic lUbber 
production, is another example of Cyanamid's contribution to indush'ial 
progress and everyday living. 

Phowl1rapiud by Holland-ShQ8tal 

• 
AMERICAN C;ananud COMPANY 

30 ROC!(EFELLER PLAZA, NEW YORK 20, N. Y. 

Materials for the Textile It,dustry-olle of the many indust.-ies served by Cyallamid 
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