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Clearing the track of clickety-clack 
You ride in comfort on longer-lasting rails because the song of the track is being stilled 

Like the paddleboat whistle on the river, the c1ickety-c1ack 
of wheels on rails is on its way to becoming a memory. 

This familiar clatter and chatter has been like music to 
some of us when we travel. But it's been a headache to 
others ... particularly our railroads. 

Wheels pounding on rail joints cause jolting and wear as 
well as noise. And wear means expensive repair or replace­
ment of rails and the bars that connect them. 

ELIMINATING RAIL JOINTS-"Ribbonrail" is becom­
ing important news because it provides a way to solve the 
high cost of joint maintenance by eliminating the joints 
themselves. 

RAILS BY THE MILE-"Ribbonrail" is formed by weld­
ing the rails together under pressure in the controlled heat 
of oxy-acetylene flames. The welding is done on the job be­
fore the rails are laid ... and they become continuous rib­
bons of steel up to a mile or more in length. 

Mile-long lengths of rail in use may seem impossible be­
cause of expansion and contraction under extreme changes 
in weather and temperature. "Ribbonrail" engineering has 
solved this problem ... reduced rail maintenance cost, and 
created the comfort of a smoother, quieter ride. 

A UCC DEVELOPMENT -"Ribbonrail" is a development 
of the people of Union Carbide. It is another in the long 
list of achievements they have made during 40 years of 
service to the railroads of America. 

FREE: Learn more about the interesting things you use every day. 
Write for the illustrated booklet "Products and Processes" wh ich 
tells how science and industry lise the ALLOYS, CARBONS, CH EMICALS, 
GASES, and PLASTICS made by Union Carbide_ Ask for booklet B. 

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

--------- VCC's Trade-marked Products of Alloys, Carbons, Chemicalx, Gases, alld Plastics include ,--------­

PREST-O-LITE Acetylene . LINDE Oxygen . PRESTONE and TREK Anti-Freezes . BAKELITE, KRENE, and VINYLITE Plastics . SYNTHETIC ORGANIC CHEMICALS 

NATIONAL Carbons . ACHESON Electrodes . PYROFAX Gas . HAYNES STELLITE Alloys . ELECTROMET Alloys and Metals. EVEREADY Flashlights and Batteries 
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Important to 
Engineering, Research & Testing 

Internal view showing amplifier and damping circuit components. 

• NEW HIGH SPEED £leZ/Jz.oniK RECORDER 

For accurate records of 
rapidly changing variables 

• Now you can accurately record, on a wide 

chart and on a null-balance instrument, full 

scale signals which vary as rapidly as 20 cycles 

per minute. Signals with a peak to peak ampli­

tude of 10% of scale can be reproduced at 

variations up to 3 cycles per second. 

The instrument develops a pen speed that tra­

verses its eleven inch graduated chart in one 

second! It has chart speeds up to 4 inches per 

second-20 feet per minute. It incorporates 

an adjustable damping circuit ... has a motor 

driven reroll mechanism to maintain constant 

tension on the chart ... and is adaptable to the 

measurement of practically any doc signal. 

.THE £leZ/Jz.oniK DUPLEX RE C O R D E R  

Simultaneously records 
two independent variables 

ON ONE CHART 

• On a single chart, the ElectroniK Duplex 

Recorder provides a clear, easily read record of 

the measurement of practically any combina­

tion of two independent variables. A "natural" 

for such applications as atomic energy, stress 

analysis and acoustics . . . this instrument is 

particularly useful in before and after compari­

sons made by recording a measurable charac­

teristic of a substance as it enters and emerges 

from a processing stage or reaction. 

Auxiliary switches can be supplied on one pen 

for control'or signalling .. , a solenoid-actuated 

third pen can be provided to register in time 

conformance with one of the standard pens. 

MINNEAPOLIS-HONEYWELL REGULATOR CO., Industrial 
Division, 4580 Wayne A venue, Philadelphia 44, Pa. 

I 

Honeywell 
.6 ROW N IN ST R U M E N TS 

WRITE FOR A COPY OF DATA SHEET NO. 10.0-7 ON THE HIGH SPEED RECORDER ... DATA SHEET NO. 10.0-6 ON THE DUPLEX RECOROER. 
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MANUAL STARTERS 
FOR 

ELECTRIC MOTORS 

• Here is a popular motor starter for 

alternating current motors up to 5 

horsepower, 220 volts; 7 % horsepow­

er, 600 volts. Although manually oper­

ated, the switch is actuated with Start 

and Stop buttons. It also has overload 

breakers that trip the starter if the 

motor is overloaded. 

The quick make, quick break switch 

with silver alloy contacts is good for 

thousands of trouble free operations. 

You can install the Bulletin 609 start­

er ... and forget about it. 

2 

• 

ALLEN. BRADLEY 
MOTOR CONTROLS 

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

Allen-Bradley Co. 
134 W. Greenfield Ave. 
Milwaukee 4, Wis. 

Gentlemen: 

Please send me latest information on the 
Bulletin 609 Manual Starters. 

Name' __________ Title __ _ 

Co�pony'----- _______ _ 

Address' _____________ _ 

City _______ Zone_State __ _ 

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

Sirs: 
J. M. D. Olmsted's piece about Paul 

Bert, "Father of Aviation Medicine" 
(SCIENTIFIC AMERICAN, January) , oddly 
omits to mention that deep-sea divers 
consider him the "father of submarine 
physiology." La Plongee en Scaphandre, 
the recent advanced treatise on diving 
by Jacques-Yves Cousteau, so terms Dr. 
Bert in its dedication . ... 

JAMES DUGAN 

Westbury, N. Y. 

Sirs: 
Surely someone on vour editorial staff 

has heard of "Serutan"! I refer specific­
ally to James R. Newman's review of 
Gods, Graves, and Scholars in your 
January issue, in which he discusses the 
derivation of the author's pseudonym, 
"Ceram." Quite true, Ceram is one of 
the Moluccas in the Dutch East Indies, 
or possibly it could have some connec­
tion with ceramics. However, if Mr. 
Newman had gone to the Public Library 
to get the book, as I did, I am sure that 
he would have solved the mystery. 

The author of the book is Kurt W. 
Marek. The Anglicized version of the 
given name would be Curt, and follow­
ing the same reasoning, Marek, reversed, 
becomes Ceram . ... 

D. J. MACDONALD, JR. 

Glendale, Calif. 

Sirs: 
In his readable article about solar 

flares (SCIENTIFIC A�fEHICAN, Decem­
ber, 1951) John W. Evans cites the 
meaningless clatter of telegraphic instru­
ments as one practical consequence of 
magnetic storms. Your readers may be 
interested to know that the engineering 
files of telephone companies both con­
firm and dramatize this observation. 
Telephone men still talk, for example, 
about the great magnetic hurricane 
which swept the nation back in 1940. 
Magnetically speaking, the weather had 
been foul for nearly a month. Relays had 
been misbehaving, condensers breaking 
down, heat coils and other protective 

LETTERS 
devices operating faster than mainte­
nance crews could replace them. Then 
on March 24 the big storm suddenly 
broke. Heavy springs in protector-block 
assemblies guarding the Pittsburgh­
Washington line grew red-hot. Five 
springs at the Dallastown, Pa., repeater 
station melted. A section of the toll 
switchboard in Philadelphia burst into 
flames. 

A little later at Fargo, N. D., a blinding 
flash startled maintenance men standing 
outside the toll office. An intense arc 
developed at about the mid-point of a 
section of lead-covered cable through 
which a 16-pair open-wire line entered 
the building. As the startled men 
watched, molten lead and copper splat­
tered to the ground. Subsequently engi­
neers estimated that the open-wire line 
had picked up a potential of 15 to 20 
volts per mile, a value which on ex­
tended runs can easily reach a total of 
several thousand volts. 

Needless to say, the problem of serv­
ice protection subsequently received 
much attention, and major magnetic 
storms attending the sunspot cycle, 
which reached its maximum intensity in 
1947, did little damage. 

C. L. STONG 

Western Electric Company 
New York, N. Y. 

Sirs: 
I enjoyed the article by George H. T. 

Kimble entitled "The Geography of 

Scientific American, 1\Iarch, 1952, Vol. 186, 
No. 3. Published monthly by Scientific American, 
Inc., 2 West 45th Street. New York 36, N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. l\Iillcr, Jr. , vice president 
and treasurer. Entered at the New York, :\I. Y., 
Post Office as second·class matter June 28, 1879. 
under act of l\larch 3, 1879. Additional entry at 
Greenwich, Conn. 

Editorial cOl'rcspolldellCe should be addressed to 
The Editors, SCIENTU'IC AMERICAN, 2 West 115th 
Street, New York 36, N. Y. i\lanllscripts are sub· 
mitted at the author's risk and will 110t be returned 
unless accompanied by postage. 

Advertising correspondence should be addressed 
to Charles E. Kane, Advertising l\[anager, SCIEN' 
TIFIC Ai\IERICAN, 2 West 45th Street, New York 36, 
N. Y. 

Subscription correspondence should be ad· 
dressed to Circulation Manager, SCIEl"T1FIC A:\lEHI· 
CAN, 2 West 45th Street. New

.
York 36, N. Y. 

Change of address : Please notify liS four weeks 
in advance of change. If available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
year, 55; 2 years, $9; 3 years, SI2.50. Canada and 
Latin America: 1 year, $6; 2 years, $10; 3 years, 
514. All other countries: 1 year, S8; 2 years, $]2; 
3 years, 516. 
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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 List. 

Price 
3.00 

Membef$' 
Price 
1.89 

List Price 5.00 
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-

I dling). Actually this means 
an average saving of more ,! 
than 50% on the books you 

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. 

buy. 

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

The Book Find Club Check any 2 books listed below, 
one as your FREE gift, the other 
as your first selection: 
D OEDIPUS-MYTH & COMPLEX 

o GENETICS AND THE RACES OF MAN 

o THE MEANING OF EVOLUTION 

o LISTENING WITH THE THIRD EAR 

o MALE AND FEMALE 

o OUT OF MY LATER YEARS 

o THE AMERICAN MIND 

o AGE OF JACKSON 

o THEODORE 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 fOUf 
in the entire membership year. Each month )IOU 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 LO send it. In addition, the 
Book Find News contains reviews or other notable books avail­
able to members. Since it is almost certain that you read at 
least rour 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 om also to receive FREE each 

month the Club's literary maga­

zine, the Book Fjnd News. I 
understond 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 

concel my membership any'time 
atter purchasing 4 selections. 

o THE EVOLUTION OF PHYSICS • 

o MATHEMATICS AND THE IMAGINATION 

o BALLAD OF THE SAD CAFE 8 MAGIC INTO SCIENCE 

FIGHT AGAINST FEARS 

NAME: __________________________________ ��--�-
Please Print 

ADDRESS, ________________________________________ _ 

CITY ________________ ZONE _____ STATE ________ _ 

(Prices slightly higher in Canada) D 21-6 
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One of industry's most 

difficult operations is 

production drilling of 

accurate holes of varying 

s ize s a n d  d e p ths i n  

metals. Now. carbi de� 

tipped twist drills, gun 

drills and even deep-hole 

t r epanning t o o l s  a r e  

whipping o u t  the job 

more easily. faster • • •  

and at far less cost! 

What's par for these holes? 
Simple as drilling a hole in metal may seem, it's one of industry's tough­
est jobs. 

Take a certain "big gun" barrel. The hole must be 18 feet long; clean 
and true within thousandths of an inch. Drilling must be swift, smooth, 
sure. 

"High-speed" steel drills took 15 hours, but do you know what's par 
today with deep-hole trepanning tools tipped with Carboloy Cemented 
Carbide, hardest metal made by man? 36 minutes! Today this sensational 
Carboloy created-metal is giving metal drilling all the phenomenal pro­
duction gains it has already brought to virtually every other metal­
cutting operation in industry. It is the metalworking industry's most 
vital production weapon. 

Cemented Tungsten Carbide is jllst one of the Carboloy created­
metals. Others include the new Series 600 Chrome Carbide, especially 
for abrasion, corrosion and erosion resistance; Alnico for lasting magnetic 
energy; and Hevimet for high density and radioactive screening. 

MASTERS IN METALS 
Is there a spot where you can use 
one of the Carboloy created-metals 
with its wide range of advantages? 
For a more efficient production 
method, perhaps? To incorporate 
in a product and improve the de­
sign, or lower the cost? 

Then get in touch with a Carboloy 

engineer for the latest application 
·techniques and all the practical 
knowledge available on these cre­
ated-metals. And look to Carboloy 
metallurgists, 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 

11169 East 8 Mile Road, Detroit 32, Michigan 
ALNICO PERMANENT MAGNETS 
for lasting magnetic energy 

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

CHROME CARBIDES for exceptionol resistonce 
to abrasion-erosion-corrosion 

HEYIMET for maximum weight in minimum space, 
and for radioactive screening 

Steel" in your January issue. The com­
plexity of this subject doubtless made it 
necessary for Dr. Kimble to omit some 
interesting points. Perhaps you will be 
interested in a few of these. 

Dr. Kimble did not distinguish be­
tween coal resources for power genera­
tion and coal required for metallurgical 
use. It is quite true that the life expect­
ancy of the former is to be reckoned in 
thousands of years, but the high-grade 
coking -coal picture is hardly a brigh t 
one. It has been contended by the 
writer for several yem's, and confirmed 
in conversations with operators and an­
alysts in th� field, that the U. S. coking­
coal situation may soon become as criti­
cal, if not more so, than the iron-ore 
problem. In the case of the latter it has 
been generally known for many years 
that economic foreign sources such as 
South America and elsewhere were 
available. A similar situation does not 
exist for metallurgical fuel. 

Much work has been done since the 
end of World War II in the develop­
ment of "formed coke," using carbon­
aceous materials which at present can­
not be used in the blast furnace. There 
has been a wide and general interest in 
this work, which points to the concern 
that steel operators feel regarding the 
future availability of suitable metallurgi­
cal coal. The development of processes 
which will make all types of coal as well 
as lignites and other "low grade" fuels 
suitable for iron and steel production 
may have a marked effect on steel-plant 
location, both in this country and 
abroad. 

Finally, the availability of low-cost 
electric power will become an increas­
ingly important determinant in the 
geography of steel. This will result from 
the increase in the use of electric fur­
naces as compared to open-hearth prac­
tice. Fifty years ago the open-hearth 
furnace replaced the Bessemer conver­
ter, and in those years has been devel­
oped to a point where steelmakers are 
getting from it nearly as much as is 
technically possible. With rising costs, a 
new process capable of more efficient 
and cheaper operation, and requiring 
smaller capital investment, must in­
evitably replace the open hearth. Some 
of us who have been closely allied with 
the industry during the past decade and 
longer believe that this will be the large­
diameter, high-powered electric furnace, 
operated with high hot-metal (molten 
pig iron) charges. Such a development 
will cut the tie which has hitherto bound 
steel plants to locations within economic 
distance from coking-cD.'l1 sources. The 
availability of low-cost electric power, 
however, will then become a major con­
sideration. 

JACK R. MILLER 

Ramseyer & Miller, Inc. 
New York, N. Y. 
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CELLULAR RUBBER FLOATS 
Spongex CELL-TITE floats can't be punctured ... cannot leak 

In many ways permanently buoyant Spongex 
Cell-Tite (hard cellular rubber) makes better 

floats than those of hollow metal design_ 

Stronger than hollow metal floats, Cell-Tite floats 

cannot be dented or pressed out of shape_ Unlike 

metal, Cell-Tite is not subject to expansion and 

contraction, caused by temperature changes_ 

Floats of Spongex Cell-Tite have no raised 

seams to waste space _ . _ their volume completely 

occupies their greatest dimensions. As the 

density of Cell-Tite can be varied over a wide 

SPONGEX® 

range, you are permitted changes in flotation 

properties without changing molds; tooling and 

other costly-to- alter elements of your design. 

Floats might be the last thing on your mind_ 

But if cellular rubber (hard or soft) is on your 

mind, let's talk it over. Our development facili­

ties plus 29 years experience compounding cel­

lular rubber are at your service. There's a lot 

of preliminary help in our booklet-"Properties 

of and Technical Data on Cellular Rubber." 

Write for it-it's free. 

for cushioning, insulating, shock absorption, sound 

and vib ration damping, gaske ting, sealing, 

weatherstripping and dust proofing. 

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

tA/��/I/�/u#/}/II� 

Ordinary servomechanisms are es. 
sentially slaves of human control 
in industry. They must be told 
what to do. 

Hillyer has pioneered in produc. 
ing servos that think for themselves 
and decide what to do. These self. 
educating servomechanisms are 
bred with computers, controls, and 
simulators to: 

program and re·program events 

perform continuous and discreet 

sampling 

control processes to specification 

collect and reduce data to action 

The element of thinking mecha­
nisms has re-defined the word auto­
matic. The impact of this reality 
has productive and economic im­
plications that are worthy of your 
close scrutiny. 

The new automatic concept is 
here for you to use. We shall be 
pleased to discuss the subject 
with you. 

6 

The name Hillyer 
has always been 
identified with 
advanced engineering 

HILLYER 

INSTRUMENT 
COMPANY, INC. 
54 Lafayette Street 
New York 13, N. Y. 

M
ARCH 1902. "Mendeleeff found 

that when he arranged the differ­
ent chemical elements in groups, 

on the principle of similarity in qualities, 
a mathematical relation existed between 
the atomic weights of the members of 
each series. When argon was discovered, 
it was impossible to place it in the table. 
After finding helium, though, Prof. Ram­
say was satisfied that he had started a 
new group. He is more convinced than 
ever now, having identified three more 
elements and having ascertained their 
atomic weights. He arranges these as 
follows: Helium, 4; neon, 20; argon, 40; 
krypton, 82; and xenon, 128. All five, 
moreover, possess this trait in common: 
they show a peculiar reluctance to form 
chemical combinations." 

"Sufferers from nervous complaints 
may have reason to bless the memory of 
certain great apes who have cooperated 
unselfishly with some British scientists 
and surgeons in a series of privately con­
ducted experiments to demonstrate new 
facts about the brain. The animals were 
anesthetized, and tiny openings made in 
their skulls. Afte.r the wound had healed 
entirely one electrode from an electric 
battery was fastened to the wrist of the 
chimpanzee in the form of a bracelet 
and the other electrode, in the form of 
a fine platinum point on a spring, was 
brought to touch the outer surface of 
the brain. Thus the areas that controlled 
the movement of the organs and limbs 
of the body became mapped out bit by 
bit. If a certain part of the cortex of the 
frontal lobe of the brain received the 
current, the ape thrust out his fingers; 
the current applied to another place 
made him thrust out his tongue. After 
the experiments had been concluded it 
was found possible to make a map of 
the brain as to its function. Two cases 
of injury to human brains which have 
since been treated according to the 
knowledge obtained from these experi­
ments proved that the discoveries of the 
motor centers furnished fair working 
bases for treatment of the patient." 

"Successive steps in the establishment 
of wireless telegraphy follow each other 
with a rapidity which is quite unprece­
dented in the development of a new in­
vention. It is not many weeks since the 
first successful signals were transmitted 
across the Atlantic, and in the interim 
the inventor has returned to England, 
completed his arrangements, and is now 

50 AND 100 
YEARS AGO 

on his way back to America for the pur­
pose of establishing a permanent station 
for the regular transmission of commer­
cial wireless messages. Furthermore, it 
is announced that a contract has been 
made with the Canadian government for 
the transmission of ordinary transatlan­
tic messages for ten cents a word, with a 
press rate of five cents a word." 

"Prof. Alexander Agassiz is in charge 
of an expedition to the Maldive Islands 
in the Indian Ocean which has recently 
been sent from the Agassiz Museum at 
Harvard. They expect to find rare and 
beautiful coral formations and will 
gather as exhaustive a collection as pos­
sible. The islands of the Indian Ocean 
are the only group remaining which Mr. 
Agassiz has not examined in his explora­
tions for the study of coral. The islands 
are unfrequented, and it is expected that 
the expedition will prove fruitful." 

"Sven Hedin, who started out some 
time ago to explore Central Asia, has re­
turned to Cashmere, after stirring ad­
ventures in Thibet. Like many another 
explorer before him, he could not resist 
the temptation of trying to enter the for­
bidden city of Lhasa. Disguised as a 
pilgrim, he succeeded in approaching 
within a few miles of his goal, when he 
was at once captured and imprisoned. 
Not content with the failure of his first 
attempt, Hedin tried a second time to 
enter the town. Without any warning 
500 soldiers attacked· him, and destroyed 
a large part of his caravan. His ardor 
was then so far cooled that he deter­
mined to return to Cashmere, after res­
cuing his notebooks and the data which 
he had collected." 

M
ARCH 1852. "There are two theo­

ries respecting the motion of 
light; one is the emission theory 

of Newton, the other the undulatory 
theory by Euler and others. By the emis­
sion theory, it was asserted that light 
passing from a rarer to a denser medium 
was increased in velocity. M. Foucault 
of Paris, at the request of M. Arago, has 
recently made a number of experiments 
to test the two theories, 'and it is said, 
'has fully established the theory of un­
dulation,' viz., that light travels with 
less velocity through a dense than a 
more rare medium-swifter through the 
air than water." 

"There are many men who have a 
scientific reputation, much of which is 
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What kind of men are the 2500 scientists and engineers of 
Bell Telephone Laboratories? 

They are men of many types, yet they work well together, for 
all have good minds as a foundation, years of study in the funda­
mentals of their science and in the methods of research and design. 
Vital, too, is their teamwork - for without the co-operation of many 
individuals the products of research and development could never 
be perfected. 

Above all else these men have "the spirit to adventure, the 
wit to question, and the wisdom to accept and use." 

Such men can develop the world's finest telephone systems­
and have done so_ 

Perhaps there is a place among them for you. Write the Employ­
ment Director, Bell Telephone Laboratories, New YOI' 14. 

BELL TELEPHONE LABORATORIES 
• EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR 
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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IPIEX 
7Rq��eRECORDERS � 

AX.7S 

�� I AMPEX ELECTRIC CORPORATION 

�� Redwood City ....... California 

derived from mere assertions respecting 
natural phenomena-their own deduc­
tions-which may be altogether en·one­
ous. This, we believe, is the case with 
the 'World Makers,' those Astronomical 
and Geological philosophers who have 
given utterance to their opinions re­
specting the manner in which this world 
and other worlds have been formed. 
Prof. Guyot, of Cambridge, Mass., as­
serted that the days in which certain 
great creative acts were performed, as 
mentioned in the first chapter of Genesis, 
were not days of 24 hours' duration, but 
great cosmogonic periods. Of chaos, as 
mentioned in that Book, he says 'Dark, 
invisible gaseous matter was the true 
state of chaos.' Laplace thought the 
solar system was, at first, one vast nebu­
la, in a high state of heat from chemical 
action. Planet after planet was formed 
as the original nebula condensed and 
shrank. We have quoted enough for our 
purpose, which is to object entirely to 
the nebular hypothesists; they have no 
business to propound such a theory and 
link it with religion, and endeavor to 
make the Mosaic account of the Crea­
tion as flexible as india rubber to square 
with their notions. Logic, chemistry, 
mathematics and observation incline us 
to believe that this globe-the various 
substances of which this earth is com­
posed-were made and arranged in a 
very short period by the Great Architect 
of the Universe." 

"An interesting paper from Baton 
Humboldt, upon the Mississippi River, 
has been recently read at the Academy 
of Sciences at Paris. The paper states 
that at Memphis the river rolls away at 
the rate of 13,709,006,232,791 cubic 
feet a year. The 2,950th part, or 4,600,-
000,000 cubic feet, of this volume is 
mud. In this mud are found 82 different 
kinds of microscopic creatures." 

"Every person in our land has heard 
of the 'Ether Discovery,' as it is termed; 
that is, the application of ether by mak­
ing patients inhale it, so as to render 
them nervously insensible while under­
going surgical oper2.tions. The discovery, 
we believe, is a most valuable one, but 
there are no less than three claimants 
of it, two of whom are now living; the 
other, Dr. Wells, is dead. The Legisla­
ture of Connecticut examined the claims 
of Dr. Wells, and awarded him the 
honor of being the first discoverer. The 
Paris Academy of Sciences examined 
the claims of Dr. Jackson, and awarded 
him a gold medal and the honor of be­
ing the first discoverer. Dr. Y[orton, the 
other claimant, made an application to 
the present Congress for a reward for 
being the first discoverer, and a majority 
of the select committee, to whom the 
petition of Dr. Morton was referred, 
ha ve agreed to recommend that 
$100,000 be granted to him for his use­
ful discovery." 
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What's • 

In a 

SAPPHIRE? 

To most people a sapphire is a rare and precious gem, valued for 

its beauty and clarity. But to the chemist or metallurgist, the 

sapphire is an example of aluminum oxide in its purest state. 

ALCOA Alumina is aluminum oxide in pure commercial form. 

Abundantly available, ALCOA Alumina is valued for the out­

standing qualities it gives to super-duty refractories as well as 
special cements ... grinding balls ... spark-plug insulators ... 

ceramic bodies. If severe operating conditions are causing you 

refractory problems, perhaps you can benefit from the excep­

tional performance record of ALCOA Alumina. 

Refractories fortified with ALCOA Alumina help operators in­
crease the output of metallurgical furnaces, chemical-processing 

kilns, glass tanks and high temperature equipment. Higher 

operating temperatures can be sustained over longer periods 

• . .  downtime is reduced. 

We have considerable data concerning the value of ALCOA 
Alumina in ceramics. Some of this information may be of interest 

to you. Let us discuss it with you. 

Write to: ALUMINUM COMPANY OF AMERICA, CHEMICALS DIVISION 
629c Gulf Building, Pittsburgh 19, Pa. 

-f-LI_ 
�*I I • � 0° 

: •••••• • I ___ • __ _ 
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ALUMINAS and FLUORIDES 
ACTIVATED AlUMINAS • CALCINED AlUMINAS • HYDRATED 

AlUNINAS • TABULAR- AlUMINAS • LOW SODA AlUMINAS 

ALUMINUM FLUORIDE ' SODIUM flUORIDE ' SODIUM 

ACID FLUORIDE ' FLU080RIC ACID . CRYOLITE ' GALLIUM 

"SEE IT NOW" with Edward R. Murrow� 
TV every Sunday-3:30 P.M.-E.S.T. 
brings the world to your armchair, . •  CBS· . • 
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Accessories Mfg. & Engineering Co . •  Adel Preclsiol 

Aircraft Screw Prod. Co . •  Air Associates Co . •  Ai 

American Phenolic Corp . •  American Radio Hardwaro 

Booth Mfg. Corp . •  Boston Gear Works, Inc . •  Andre ... 

Chicago Metal Hose Co . •  Chrysler Corp . •  ClaPI 
Dow Chemical Co . •  DuPont DeNemours & Co., Inc . •  

Elbe File & Binder Co., Inc . •  Electric Products ' 
Fruehauf Trailer Co . •  Garlock Pocking Co . •  Genera 

Goodyear T ire & Rubber Co., Inc . •  Gould Storag. 
Robert Heatherington & Son, Inc . •  Hobbs Battery Co 

Interstate Engineering Corp . •  Irvington Varnish � 
Kirkhill Rubber Co . •  Koehler Aircraft Prod. Co . •  

Linde Air Prod. Co . •  Link-Belt Co . •  littelfuse, Inc 
Miniatltre Precision Bearings, Inc . •  

NuII-Shel Co . •  Ohio Seamless Tube Co . •  Ohmit. 
Peerless Electrical Prod . •  Pesco Prod. Co . •  Pia nee 

Radio Television Supply Ca . •  Reaction Motors, Inc .. 
Shaefer Bearings Corp . •  Shakeproof, Inc . •  Shull: 

Telephonic Corp . •  T homas & Bells ' H. I. T hompsol 
TungsolLamp Works ' Union Hardware Co . •  Unitec 

Ward Leonard Co . •  Westinghouse Electrical � 
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The Novy ... Douglos ... ond 169 U. S. business firms cooperoted to 

build the supersonic Douglos nSkyrocket" -world's fostest oirplonel 

As the Navy's "Skyrocket" blasted its way to new world speed and altitude records for 

a piloted airplane, its sleek body bore the fruits of millions of man hours. 

This "flying laboratory" - designed, built and flight tested by Douglas and the 

Navy Bureau of Aeronautics':"'" utilized the technological skills and craftsmanship of 

169 American firms. From tiny nuts and washers to complex gyros, parts were created 

to Douglas specifications in plants from Massachusetts to California. 

On teamwork like this ... on the ability of Americans everywhere to explore the 

unknown and do the "impossible" ... rests the hope of keeping the U. S. first in the air. 

For its part, Douglas continues to pioneer in all fields of Aeronautics, from jets to 

guided missiles. Douglas Aircraft CompanYt Inc. 

Depend on 

DOUG 

rst in Aviation 

Skilled engineers 

and technicians 

find Douglas a 

good place to work. 

,)F AMER/CAN TEAMWORK.' 
rHnfueniea Joined /o/lceJ with the .Hatt? and 9lJoeWtaa -to hetjt build the 9lJou,?laa a .'7�//q,ooket �� . . . .  

'oducts Corp . •  Aero Instrument Co . •  Aerojet Eng. Corp . •  Aeroquip Corp . •  Aircraft Die Cutter Co . •  Aircraft Safety Equipment Co. 
�duction Sales Co . •  AiResearch Mfg. Co . •  Air-Maze Co . •  Allen Mfg. Co . •  Aluminum Company of America ' American Hardware Co. 
o . •  Barber-Coleman Co . •  Bardwell & McAllister Co . •  Beckley Perforating Co . •  * Bendix Prod. Div . •  Black & Sivals & Bryson 
'own Co . •  Burndy Eng. Co., Inc . •  California Hardware Co . •  California Spring Co . •  Camloc Fastener Corp . •  tCentralab • Cherry Rivet Co. 
st. Co . •  Connecticut Hard Rubber Co . •  Crane Co . •  Cutler-Hammer, Inc . •  Dayton Aircraft Co . •  Dill Mfg. Co . •  Double T Fairlead Co. 
ynamic Air Eng. Co . •  Dzus Fastener Co . •  Eastern Air Devices ' * Eclipse-Pioneer Division ' T homas A. Edison, Inc . •  Elastic Stop Nut Corp. 
ectrical Eng. & Mfg. Co . •  Electrical Products Supply Co . •  Electrol Inc . •  Exhibit Supply Co . •  Fafnir Bearing Co . •  Flexfirm Products 
ement Co . •  General Electric ' General Paint Mfg. Co . •  Giannini Co. ' Gladden Products Corp . •  qlobe Industries, Inc . •  B. F. Goodrich Co. 
lttery • Grove Regulator Co . •  Halfco Co. Eng. & Mfg . •  Hangliter Mfg. Co. ' Harwood Co . •  W. A. Haydon Co . •  Helicoil Corp. 
Holf Corp . •  Harvey Hubbel, Inc . •  Huntington Rubber ' Hydro-Aire, Inc . •  Ideal Clamp Mfg. Co., Inc . •  International Resistance Corp. 

sulator Co . •  Jensen Mfg. Co . •  Jet Specialties Co . •  Johns-Manville ' Joy Manufacturing Co . • Kerwood Specialty Ltd . •  Walter Kidde & Co. 
)lIsman Co . •  Korry Mfg. Co . •  Kurz-Kasch • La-Del Conveyor & Mfg. Co . •  W. R. Ladewig Co . •  Leach Relay Co . •  Lewis Eng. Co. 
Lord Mfg. Co . •  P. R. Mallory Co . •  Marlin-Rockwell ' Marmon Prod. Co., Inc . •  Meltron Corp . •  Micro Switch Corp . •  William Miller Corp. 
inneapolis-Honeywell Co . •  Stanley E. Morris Co . •  National Supply Co . •  National Tel. Supply ' Neptune Meter Co . •  North & Ju.dd 
fg. Co . •  *Oilite Amplex Div . •  Owens Corning Fiberglas Corp . •  Pacific Aviation ' Pacific Refrigerator Co . •  Parker Appliance Co. 
en-E-Motor Corp . •  *Pioneer Instrument Div . •  Plastics & Rubber Prod. Co . •  Poulsen & Nardon • Purolator Prod. Inc . •  Radio Specialties 
,Iiance Regulator Corp . •  Revere Copper & Brass, Inc . •  Reynolds Metals Co . •  Roylyn Inc . •  Russell Mfg. Co . •  Saval, Inc. 
eel Co . • :j:Silver-Win Co . •  Skinner Chuck Co . •  Sperry Gyroscope Division of Sperry Corp . •  Square "D" Co . •  Superior Tube Co. 
� . •  T hompson Prod. Co . •  Tinnerman Prod. Co . •  The Torrington Co . •  Triangle Pacific Co . •  Tubular Weaving Co. 
r lines Inc . •  United Carr Fastener Corp . •  U. S. Army Signal Corps ' U. S. Gauge Co . •  U. S. Rubber Co . •  Veeder-Root, Inc . •  V ickers, Inc. 
fg. Co . •  Wm. R. Whittaker Co . •  E. B. Wiggins Oil Tool Co . •  Wittek Mfg. 'Bend;x Av;c,;on Corp. fConnon Electr;c Develop. Co. IShokespeore Prod. Co. 
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PLOTTING CHARACTERISTICS 

SOLA OF LAMP BALLASTS AT 

Speed your development work with 
a BRUSH recording analyzer 
"How fast and in what manner does a 
fluorescent lamp start?" This was a 
controversial question before Sola 
Electric Company removed the guess­
work with a Brush recording analyzer 
as shown above. The Brush direct­
writing dual-channel oscillograph 
plots lamp voltage and current simul­
taneously. Its instantaneous recording 
of characteristics simplifies investiga­
tion ... aids Sola in their pioneering 
design and test work. 

This is rypical of the many ways 
in which Brush instruments are simpli­
fying studies of d-c or a-c voltages or 
currents, torque, strains, light intensi­
ties, surface roughness, temperatures 
and other static or dynamic conditions. 
A Brush representative nearby will 
gladly show you how these instruments 
can help you! Call or write today. 
B r u s h  representatives are located 
throughout the U. S. In Can a d a: 
A. C. Wickman Li m i t ed, B ox 9, 
Station N, Toronto. 

THE�� 

Dual test cbart i1ldicates .flar/jug time oj 18 
cycles� also stat·ting a1ld operatjug voltage dud 
current of Sola lamp ballasts. 

For catalog describing Brush 
instruments and their applica· 
don, write The Brush Develop­
ment Co., Dept. B·21, 3405 Per· 
kins Ave., Cleveland 14. Ohio. 

DEVELOPMENT COMPANY 

PIEZOELECTRIC CRYSTALS AN D CERAMICS • M AGN ETIC RECORDI NG 

ELECTROACOUSTICS • ULTRASONICS • INDUSTRIAL & RESEARCH INSTRUMENTS 

12 

THE COVER 

The painting on the cover shows 
seven fragments of the potterv made 
by the prehistoric Mound Builders of 
the Mississippi Valley (see page 22). 
Behind the fragments is a seriation 
diagram, in which the relative abun­
dance of each kind of pottery is 
plotted against time. Each horizontal 
row of bars represents the relative 
number of fragments of various pot­
tery types found in one place. The 
bars are then arranged verticallv ac­
cording to the age of the site, with 
the youngest sites at the top. Thus 
the red bars behind the small frag­
ment at bottom center indicate that 
it represents a pottery type which is 
found in relative abundance at earlier 
sites; at the same sites fragments of 
the type at lower left are found in less 
abundance. As time went on, how­
ever, the t�;pe of the large fragment 
became more popular and that of the 
small fragment less so. The diagram 
shown in the painting is a trial one 
made by James A. Ford of the Ameri­
can Nluseum of Natural History. 

THE ILLUSTRATIONS 

Cover by Stanlev Meltzoff 

Page 
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18-19 
20 

21 
22 

24-25 

26-27 
29-30 
31-32 
47 

49-50 
51-54 
57-59 
64-67 
68-69 
71 
81-82 

SOUl'ce 

Chicago Aerial Survey, cour­
tesy The DOlT Company 

Eric Mose 
Department of Public Works, 

New York City 
Eric Mose 
Mississippi River Commis­

sion, U. S. Army Corps of 
Engineers 

Philip Phillips, Harvard Uni-
versity 

Irving Geis 
C. N. Jones, Jr. 
Sara Love 
Courtesy G. H. Dieke, The 

Johns Hop.kins Universitv 
Bernarda Brvson 
James Egleson 
Sara Love 
Gr�mbs Miller 
David E. Scherman 
Irving Geis 
Roger Hayward 
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BUSINESS IN MOTION 

Revere began to make aluminum extruded shapes 

in 1922, and hence has had thirty years of experience 

with the metal. During those years it has gained in­

valuable experience, and has installed new equip­

ment in order to expand the list of aluminum mill 

products it offers to industry. This expansion has 

been conducted at an accelerated pace during the 

past ten years. Today it may come as a surprise to 
some people that Revere's pre�ent installed capacity 

makes it the largest independent fabricator of alu­

minum in the United States. 

Revere is sometimes asked 

why we should have sought 

the same position in alumi­

num alloys that we occupy in 

copper and copper-base al­

loys. The fundamental reason 

is a simple one: we wished to 

increase our service to indus­

try, which is demanding more 

and more metals of every 

kind. Thirty years ago we rec­

ognized the growing impor­

tance of aluminum, and we also perceived that alu­

minum and copper are in many ways complementary 

metals. Being able to offer both means that Revere 

can be impartial in recommending the one most cer­

tain to give the best results in a given application. 

So successful has been our experience with alu­

minum that we are now pursuing a comprehensive 

program of expansion in regard to it. In one of the 

Revere plants in Baltimore, new aluminum rolling 

mills and annealing furnaces were installed before 

Korea, making possible tripled production of coiled 

sheet. Right now, in another Revere Baltimore plant, 

pew extrusion presses and draw benches are being 

put in place. Equipment for the production of 

aluminum coiled sheet was installed in our Detroit 

plant over a year and a half ago. In about a year, 

the Los Angeles mill, now working with copper and 

copper-base alloys only, should begin to produce 

aluminum tube and extruded shapes in both the 

heat-treated and non-heat-treated alloys. 

These plans to increase ma­

terially the Revere output of 

aluminum mill products will 

make them more quickly and 

easily available in various in­

dustrial centers. Here is evi­

dence of our belief that the 

future of aluminum is as 

great as that of copper. Each 

has its place, in peace as well 

as war. 

R e v e r e's t h i r t y-ye a r  

growth i n  aluminum is in 

the American tradition of freedom to seek new 

ways to serve customers. It is typical of the busi­

ness world, for in many thousands of companies 

the original products or lines have been expanded 

to include more or less related items. So we sug­

gest that no matter what you buy, you ask your 

suppliers if they have other materials or products 

that would be of value to you. The more you know 

about what your suppliers make, the greater the pos­

sibility of improving your products or productivity. 

REVERE COPPER AND BRASS INCORPORATED 
Founclecl by Paul Revere in 7807 

Execufive Offices: 230 Park Avenue, New York 17, N. Y. 
SEE "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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What do YO U want to protect? 

SAFETY IN THE AIR is increased with Fenwal Aircraft Fire and Over­
Heat Detectors. These simple, easily installed detectors function only when 
air temperature reaches the predetermined alarm point • • •  give warning 
before dangerous over-heating occurs • . .  provide positive, dynamic pro­
tection for every type of aircraft. 

BREAD TASTES BETTER when the dough is prepared under carefully 
regulated humidity and temperature conditions. Low-cost Fenwal THERMO­
SWITCH thermostats, used by many bakeries as control devices, offord 
valuable quality-protection • • •  help bring better bread to the notion's 
tables. 

TRAIN TRAVEL IS SAFEGUARDED on cars equipped with the Fenwal 
JOURN-A-LARM system. This vital contribution to railroad safety, employ­
ing rugged, sensitive THERMOSWITCH ® units as detectors, gives instant 
visible and audible warning of journal bearing box over-heating ••• 
identifies the "hot box II • • •  prevents serious trouble. 

FENWAL ENGINEERS have solved many problems involving tempera­
ture control and detection; humidity, vapor level, pressure, and other 
variables where temperature is a component factor. Many problems still 
remain, new ones constantly arise. To these, Fenwal te�hnicians devote 
increasing effort. If you have such a problem, why not put it up to them? 
fenwal, Incorporated, 303 Pleasant Street, Ashland, Moss. 

ELECTRIC TEMPERATURE CONTRO L 
AND DETECTION DEVICES 

PROTECTING PRODUCTS AND PROCESSES • • .  PROPERTY AND PEOPLE 
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What's Happening at CRUCIBLE 

about tool steel forgings 

Whether 1 Y2 pounds or 7 tons • • .  forgings get the same 

sensitive handling 

Crucible's reputation as the specialty steel leader is 
built on a devotion to the smallest detail ... regardless 
of the size of the order. 

These forgings al'e good examples of Crucible spe­
cialists at work: 

Rex M-2 Hi�rl S,Jeed Steel Disc FOI'�in� 

0% pounds) 
Pancake forgings such as these are used extensively by 
small tool makers. Extreme care is taken in the prepara­
tion of the slug stock. 
The upsetting insures 
proper flow lines. Mill­
ing cutters, gear shavers 
and similar cutting tools 
that require maximum 
toughness, coupled with 
the best cutting ability, 
are made from these 
forgings. 

CRUCIBLE 

CSM-2 Plastic 
Mold FOI'�in� 

(14,000 poulllls) 
This CSM-2 plastic mold 
steel forging was made 
from a 25,000-pound 

ingot. This block will be heat-treated and worked to 
produce a mold for the manufacture of large plastic 
parts. The finished weight of the forging is 14,000 
pounds. And it is the largest mold forging yet produced 
by Crucible. 

En�inee"ing sel'Vice available 
Crucible's engineering service is geared to mcet your 
research and development problems. If you use special 
forgings, or any special purpose steel, check with Cruci­
ble. Crucible Steel Company of America, General Sales 
and Operating Offices, Oliver Building, Pittsburgh, Pa. 

first name in special purpose steels 

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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STREAM POLLUTION 
The wastes of our civilization threaten one of its vital 

resources: pure water. The solution to the problenl is the 

fuller utilization of modern methods of waste treatment 

POLLUTION of the surface waters 
of the U. S. threatens one of the 
nation's most valuable natural re­

sources. It menaces not only the water 
supplies of many of our cities, which 
consume over 15 billion gallons of wa­
ter per day, but also recreational fishing, 
boating and bathing, commercial fish­
ing, agricultural irrigation and even the 
very industries that produce much of 
the pollution. It must be remembered 
that the industries themselves require 
billions of gallons of water daily for 
processing and cooling purposes, and 
the pollution of river water may destroy 
its usefulness to them. Each river is a 
natural resource which one must expect 
to use and re-use from source to mouth. 

by Rolf Eliassen 

The social and economic costs of pol­
lution are beyond computation; they in­
clude such diverse items as effects on 
the health of our people, the expense of 
water purification, limitation of indus­
trial expansion, loss of revenue to fisher­
men and recreational interests, decline 
of real-estate values. 

There are approximately 20,000 sig­
nificant sources of stream pollution in the 
nation; about 10,000 of them are muni­
cipal sewage systems and the other 
10,000 are industrial plants. A single 
river such as the Delaware is estimated 
to receive each day 500 million gallons of 
domestic sewage and hundreds of mil­
lions of gallons of industrial wastes. The 
industrial needs for water are stagger-

ing: according to a recent survey by the 
National Associati:m of Manufacturers, 
the manufacture of viscose rayon re­
quires an average of 180,000 to 200,000 
gallons of water for each ton of product; 
rayon yarns, 250,000 to 404,000 gallons 
per ton; woolens and worsteds, 140,000 
gallons per ton; rolled steel, 110,000 
gallons per ton; whiskey, 80,000 gallons 
of water per 1,000 gallons of whiskey; 
synthetic gasoline, 15,80J,000 gallons 
per 1,000 barrels, and aviation gasoline, 
1,050,000 gallons per 1,000 Larrels. 

There are three categories of pollu­
tion-chemical, physical and biological. 
The chemical pollutants include such 
toxic substances as cyanides, acids, chro­
mates, copper, zinc, arsenic and mer-

ACTIVATED SLUDGE METHOD is used at the West­
SOl.lthwest Sewage T"ealment \V OI·ks in Chicago. The 

sewage is aerated in the large rectangular chambers; 
it is then allowed to settle in the circular tanks. 
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curv, which kill fish and other life and 
render water unfit to drink. Among them 
also are organic chemicals which, 
though not toxic themselv'es, serve as 
food for bacteria. The physical agents 
of pollution are often overlooked, but 
they, too, are important. For example, 
heat, which not many people would 
consider a form of pollution, has become 
a major problem; after being used and 
re-used many times by industries for 
cooling purposes, the water of a stream 
sometimes is raised as much as 50 de­
grees above its natural temperature, and 
it loses its cooling value. Another physi­
cal contaminant, which will give increas­
ing trou ble, is radioactive waste. In addi­
tion there are physical agents, such as 
clay particles, that make waters colored 
or turbid. The third type of contaminant 
-biological-of course is familiar to 
everyone; responsible for typhoid fever, 
dysentery, gastroenteritis and a host of 
other diseases, it has been the concern 
of health authorities for centuries. 

BEFORE discussing methods of re­
ducing stream pollution, it would 

be well to consider the characteristics of 
streams and their ability to absorb pol­
lution. Water iSl10t dead-it is alive with 
flora and fauna, with energy and move­
ment, with all sorts of matter. One of 
its most important assets is its content 
of dissolved oxygen. If the oxygen con­
tent falls to less than four parts per mil­
lion, the water becomes unsuitable for 
game fish. When it drops to zero, as has 
happened in a good many streams in 
this country, the stream becomes septic, 
generates foul odors and is a serious 
nuisance to the nearby population. But 
most important is the fact that oxygen 
helps give a stream the power to purify 
itself. 

Organisms in a stream use the dis­
solved oxygen in their metabolic proc­
esses as they consume organic matter. 
Their oxidation of this material, plus 
coagulation and settling, reduces the 
concentration of polluting organic mat­
ter in the stream. By this self-purifica­
tion a stream into which a city pours its 
wastes may regain its original purity 
many miles downstream from the source 
of the pollution. 

There is a limit, however, to this 
capacity. The stream loses its ability to 
absorb organic pollution and purify it­
self if its microorganisms use up the 
dissolved oxygen faster than it can be 
replenished from the atmosphere. The 
rate at which the microbe population 
uses up oxygen depends primarily on the 
amount of organic matter in the water. 
This establishes what is known as the 
biochemical oxygen demand (B.O.D.) 
of the stream. In the unending struggle 
of a river for self-purification, the B.O.D. 
must never be allowed to get out of 
hand and reduce the oxygen balance be­
low a certain level. This minimum is 

1 8  

generally considered t o  be four parts of 
oxygen per million parts of water. 

The problem, then, is to reduce the 
amount of organic matter to the stream's 
capacity to absorb it, and to get rid 
of toxic materials. Sanitary engineers 
and scientists have developed many 
ways to do this. One of them is the 
settling tank, where sewage and indus­
trial waste is held for a short time (usu­
ally about two hours) until enough of 
the solid material settles to the bottom 
so the liquids can be discharged into the 
stream. On the average settling will re­
move about 55 per cent of the suspended 
solids and 35 per cent of the organic 
matter that would exert an oxygen de­
mand in the stream. By chemical treat­
ment still more of the pollutants can be 
precipitated. Iron or aluminum salts, 
particularly sulfates and chlorides, are 
added to the liquid, and by reaction with 
the water they form particles which 
serve as nuclei to adsorb and coagulate 
colloidal and suspended material. This 
method is widely used to precipitate in­
organic and organic matter in industrial 
wastes, particularly toxic substances 
such as come from metal-finishing 
plants using chrome-plating processes. 

There are a great many other treat­
ments, but we shall consider in detail 
only a few of the important biochemical 
ones. Essentially these are based on the 
same natural processes by which a 
stream purifies itself; that is, they use 
microorganisms to break down the or­
ganic matter. 

ONE DEVICE is the trickling filter. 
This consists of a large bed of 

crushed rock or gravel, from 10 to 200 
feet in diameter and 3 to 8 feet deep, 
with microorganisms growing in the bed 
so they cover the stones with a coat of 
slime. The population of organisms in 
this slime is very complex, and the myr­
iads of different kinds of bacteria and 
multicelled animals, acting together, 
can break down many varieties of or­
ganic material-cellulose, fats, greases, 
proteins, and so on. 

The sewage to be treated is trickled 
through the rock bed, and the bacterial 
slime goes to work on its solids. With 
the aid of their enzymes the bacteria 
consume soluble organic matter directly 
as food. Material that is in colloidal 
form may be adsorbed on the surface of 
the slime; it is then ingested directly by 
protozoa or may be hydrolyzed and be­
come soluble food for bacteria. If neces­
sary, the sewage or waste is recirculated 
through the bed several times-as much 
as 30 times in the case of some indus­
trial wastes. The trickling filter can re­
move from 60 to 95 per cent of organic 
matter from liquid wastes. It has proved 
to be the answer to many of the pollu­
tion problems of industries and of small 
and moderate-sized cities. 

Some of the largest cities have resorted 

DISSOLVED 
OXYGEN 

POLLUTION AND RECOVERY of 
a stream is reflected in an intricate 

to a more economical method, called 
the activated sludge process. Activated 
sludge is a mass of gelatinous material 
consisting of fuzzy particles about one 
millimeter in diameter. It is generated 
from microorganisms that occur natu­
rally in sewage, and it is built up by let­
ting the organisms "brew" for several 
months until they attain the proper bal­
ance of population. Once the sludge is 
formed, it purifies sewage in much the 
same way as the trickling filter, except 
that the operation takes place in a large 
tank instead of a bed of rock. Fine air 
bubbles are blown through the liquid in 
the tank to furnish dissolved oxygen for 
the organisms as they work on the sew­
age. The mixture then flows to settling 
tanks where the sludge, carrying the con­
verted organic matter, is deposited. This 
process removes 90 to 95 per cent of the 
organic matter from sewage and usually 
yields clear water as the effiuent. The 
sludge, after settling, can be used again. 

After the organic matter has been re-
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physical, chemical and biological system. As the oxy­
gen dissolved in th e wa tel' decreases (cu.rve at left), 

so do certain microorganisms and, in turn, the inver­
tebrates and fishes that depend upon them for food. 

moved-by the trickling filter, by acti­
vated sludge or by some other process­
the water often needs to be treated fur­
ther to kill disease-producing bacteria 
before it is discharged to the stream. The 
most commonly used disinfectant is 
chlorine. By adding from 5 to 15 parts of 
chlorine per million to the efHuent and 
keeping the liquid in a tank for about 15 
minutes, it is possible to desh'oy more 
than 99 per cent of the bacteria. 

The sludge removed from the sewage 
also must be treated. Much of its ma­
terial is putrescible, and it is "bout 100 
times more concentrated in the sludge 
than in sewage. The most common 
method of handling sludge is anaerobic 
fermentation, that is, breakdown of 
the material in the absence of dissolved 
oxygen. This is done in large "diges­
tion" tanks. In these tanks, where the 
sludge is kept anywhere from 2 to 100 
days, bacteria and other microorganisms 
decompose most of the putrescible or­
ganic matter into simpler compounds of 

carbon, oxygen, hydrogen, nitrogen, sul­
fur and phosphorus. Some of the end 
products are discharged as gases, mainly 
methane, carbon dioxide and hydrogen 
sulfide. The gas mixture, about 65 per 
cent methane, has a heating value of 
600 British thermal units per cubic foot 
(better than manufactured cooking gas) . 
It can. be used to heat the digestion tanks 
and furnish power for pumping and 
other equipment in the disposal plant. 
The solid residue from the digestion of 
sludge is a humuslike material which 
makes a good fertilizer; it may contain 
from one to five per cent nitrogen and 
some phosphorus and potash. Some 
large activated sludge plants dry the 
sludge without digesting it first, and sell 
the dried sludge as a fertilizer base. 
Dried sludge from the sewage plants of 
Milwaukee is marketed and known 
throughout the country as Milorganite. 

New York City, Chicago, Los Angeles, 
Philadelphia, Cleveland and London all 
have large activated sludge plants; Chi-

cago's, the large�t, treats an average of 
1.1 billion gallons of sewage per day. 
Not all make use of the sludge products; 
for example, New York City dumps its 
liquid sludge into the Atlantic Ocean, 
because this is more economical at pres­
ent than processing the sludge into or­
ganic fertilizers. The need for such fer­
tilizers is great, however, and someday 
New York's sludge will be used .. 

I T WILL COST substantial amounts 
of money, of course, to make the 

streams and other waters of the U. S_ 
reasonably free of pollution. The con­
struction costs of municipal sewage 
treatment plants such as have been de­
scribed in this article run from $10 to 
$50 per person served by the sewerage 
system. Added to this are operating 
costs, which range from $10 to $40 per 
million gallons of sewage treated. 

Los Angeles has just spent $42 million 
for a treatment plant to protect the 
Santa Monica bathing beaches; New 
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York City is spending $200 million for 
treahnent plants; Pittsburgh and neigh­
boring towns in Allegheny County will 
spend about $80 million; Miami is com­
pleting a $10 million project. Since 1915 
municipalities in this country have spent 
about $10 billion for sewers and sewage­
treatment plants, and it is estimated that 
they will have to spend another $10 
billiori in the next 20 years to build 
enough plants to handle their sewage. 

In addition, U. S. industries will prob­
ably have to spend about $10 billion 
more to change processes and build 
plants to dispose of their wastes. Man­
agement realizes that public opinion is 
gradually forcing industry to shoulder 
its part of the burden of alleviating 
stream pollution, and that waste treat­
ment must be considered an integral 
part of invested capital and production 
costs. Operating, maintenance and fi­
nancing costs for these plants will even­
tually amount to a quarter of a billion 
dollars yearly, the cost of which can only 
be passed on to the consumers of the 
industries' products. If the public wants 
stream-pollution control, it must be will­
ing to pay in terms of increased taxes 
and increased costs of consumer goods. 

To control pollution intelligently we 
need standards for the discharge of 
wastes and the degree of purity we want 
in our streams. The standards of course 
will depend on the priorities to be given 
the various possible uses of the available 
water-domestic and industrial water 
supply, bathing and other recreation, 
fishing, the transport of wastes. To de­
velop water standards for each of these 
uses and for regulating them, we shall 

need surveys. Very little has yet been 
accomplished in this direction, nor have 
many states passed enabling legislation 
for poilu tion con trol. 

Every state has an agency in which 
this function may be vested, whether it 
is the Department of Public Health, as 
in Massachusetts, or a specific Water 
Pollution Board, as in California. Pri­
marily stream pollution is a state prob­
lem. But where a stream runs through 
more than one state, regional authorities 
are needed, and several have alreadv 
been formed, including the Ohio River 
Valley Water Sanitation Commission, 
the Interstate Commission on the Dela­
ware Basin, the New England Interstate 
Water Pollution Control Commission 
and agencies for the drainage basins of 
the Hudson and Potomac Rivers. The 
states have also found that thev need 
the cooperation of the Federal govern­
ment. The Taft-Barkley Act of 1948 au­
thorized the U. S. Public Health Service 
to assist the states in developing pollu­
tion-control programs. 

The Public Health Service, with the 
aid of states, regional agencies and in­
dustries, has collected and analyzed 
some data on the needs for waste-treat­
ment facilities in the major drainage 
basins in the country. These studies have 
helped citizens to realize that their pol­
lution problems may originate far up­
stream, even in another state. Industry 
is cooperating extensively in these sur­
veys, particularly through the National 
Task Committee on Industrial Wastes 
sponsored by 22 of the nation's leading 
industries and the Public Health Service. 

There are still many unsolved prob-

MANY MICROORGANISMS are found in activated sludge. The organisms 
at the left and right in this photomicrograph are Stentor. The photomicro­
graph was made in the New York City Department of Public \Vorks. 
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lems in the treatment of wastes. It 
should be possible to develop more 
economical processes than those now 
used. Moreover, for some of the organic 
pollutants no effective treatment has yet 
been found. The hope for solution of 
these problems lies in further research. 

Microbiologists and sanitary chemists 
have made great strides in the treatment 
of toxic wastes such as phenol and form­
aldehyde. Studies are currently in prog­
ress in the Sedgwick Laboratories of 
Sanitary Science at the Massachusetts 
Institute of Technology on the fennen­
tation of a number of concentrated or­
ganic wastes from the chemical, paper 
and cotton textile industries. Experi­
ments are being conducted on the effec­
tiveness of various microorganisms, com­
binations of nutrients, temperatures and 
degrees of acidity. These studies are 
making available new processes which 
can handle a greater variety of organic 
industrial wastes. 

Radioactive wastes have created a 
serious problem for the sanitary engi­
neer. '-"'ith the growth of the nuclear 
industry in such fields as atomic power 
and tracer research, to say nothing of 
nuclear weapons, stream-pollution con­
trol is becoming a matter of primary 
concern. The processing of radioactive 
wastes is being studied intensively in 
many laboratories. 

Under the sponsorship of the Atomic 
Energy Commission the author and hi,. 
colleagues have been investigating the 
removal of low concentrations of radio­
isotopes from liquid wastes by chemical 
coagulation, sedimentation and filtra­
tion. Evaporation is effective in sepa­
rating radioactive material from liquids, 
but it is too expensive. The :YLI.T. stud­
ies have disclosed that coagulation is a 
good and economical method of remov­
ing radioactive substances when they 
are in colloidal form or suspended as 
solids. Dissolved substances present a 
more complex problem, but it has been 
partly solved; certain special coagulants 
that precipitate ions can remove more 
than 90 per cent of the radioactive ma­
terial. Research is also in progress on the 
possible toxic effects of beta and gamma 
radiation from substances such as radio­
phosphorus and radioiodine wastes on 
microorganisms that help a stream to 
purify itself. 

We can clean up our streams to almost 
any degree we like by spending enough 
money. To restore our heavilv popu­
lated rivers to their pristine purity would 
be much too costly, but sound engineer­
ing and the expenditlll:.e of about $20 
billion by municipalities and industries 
could reduce the pollution of the streams 
of the U. S. to a reasonable level. 

-
Rolf Eliassen is professor of sani­
tary engineering at the M assa­
clHlsetts I nstitllte of Tech 11010gy. 
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MODEL SEWAGE PLANT employs sedimentation, fil­
tration and digestion. In the latter process sludge is 
attacked by anaerobic bacteria. The gas evolved by the 
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bacteria is utilized to provide heat and power for the 
plant. The remaining sludge is then dried either in a 
vacuum filter, open sludge beds or glass-covered heds. 
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AERIAL PHOTOGRAPH of the Jaketown site near 
BeJzoni, Miss., shows two mounds (white rectangle). To 
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the left of the mounds isW asp Lake, an old hend of the 
Ohio that was isolated when the riYer shifted its course. 
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MOUND BUILDERS 

OF THE MISSISSIPPI 
Between the expeditions of De Soto (1541) and Marq�ette (1673) 

this thriving culture vanished from the valley. Its history is now 

being reconstructed, principally by ·an ingenious statistical method 

W
HEN Marquette and Joliet made 
their voyage of discovery down 
the Mississippi River in 1673, 

the entire Indian population of the great 
valley was less than the number of peo­
ple in one of the small towns on the river 
today. To the two French explorers the 
region seemed an even more primitive 
wilderness than the wild Atlantic Coast 
where white men had first set foot on 
the continent. But as the U. S. pioneers 
cleared and settled the Mississippi Val­
ley through the 18th and 19th centuries, 
they gradually discovered that other 
large populations and civilizations had 
been there before them. All over the 
huge fertile plain their plows ripped 
open ancient cemeteries and unearthed 
pieces of pottery and curious tools. And 
up and down the valley they found 
thousands of remarkable man-made 
mounds of earth, ranging from small 
conical piles to great flat-topped pyra­
mids covering several acres. Some were 
in the shapes of animals-one of the most 
famous, in Ohio, is in the form of a 
serpent with open jaws 75 feet across 
and a tail 1,348 feet long. 

The prehistoric people who left these 
structures are now well known as the 
"Mound Builders," and their artifacts 
fill the shelves of many a museum in the 
U. S. For a long time it was thought that 
they represented a superior, vanished 
civilization, but investigations by the 
Smithsonian Institution in the late 19th 
century showed that they were actually 
ancestors of the Indians the Europeans 
found when they arrived in the valley. 
J ndeed, when Hernando De Soto and his 
little Spanish army discovered the 
Mississippi in 1541, they apparently 
found one of the late phases of the 
Mound-B!lilder civilization at its apogee. 
They told of a people living in many 
well-fortified towns and of an active and 
flourishing culture. 

by James A. Ford 

The story of this civilization, and of 
what happened to the Mound Builders 
in the scant 132 years between the De 
Soto and Marquette expeditions, has 
long been an intriguing puzzle. Many 
patient investigations have combined to 
give a broad outline of the Mound­
Builders' history. In 1938 James B. 
Griffin of the University of Michigan, 
Philip Phillips of Harvard University 
and the writer, then at Louisiana State 
University, dccided to try to fill in one 
of the blanks in the picture. Concentrat­
ing on the section of the Lower Missis­
sippi between Memphis, Tenn., and 
Vicksburg, Miss., we undertook to re­
construct the history of the Mound­
Builders' culture over an extended pe­
riod. 

P
EOPLE often ask: How does an 
archaeologist know where to dig? 

The answer is that this is one of the most 
difficult parts of the job, particularly in 
an unexplored area. In our case, before 
even touching a spade (except to dig a 
car out of the mud), we made an archae­
ological survey of the whole region. 
Equipped with large-scale topographic 
maps, simple surveying instruments and 
a large supply of cloth bags, we system­
atically combed the section of the valley 
where we intended to work. We ques­
tioned almost every person we met and 
collected all the material available. 
Nearly everyone in this region had seen 
Indian mounds, �.nd the more observant 
farmers remembered places in their 
fields where the soil was darker than 
normal (an indication of ancient human 
occupation) and where their plows had 
turned up broken bits of pottery, flint 
tools and mussel shells. We visited all 
these sites, noted their locations and 
mapped their surface features. From 
each place we gathered samples of an­
cient cultural refuse, especially frag-

ments of pottery vessels. We wanted a 

large sample of these pottery bits, for 
reasons that will presently be explained, 
and we collected hundreds or thousands 
from each locality. After two summers of 
field work we had 346,099 fragments of 
pottery from 383 ancient village sites. 

The next step was to classify the 
styles of pottery and try to arrange them 
in a time sequence-a crucial part of 
the investigation. The technique we 
used, known as "seriation," is based on 
the fact that a culture changes gradually 
and constantly, and that particular styles 
of pottery or clothing or other manifesta­
tions of the culture rise to peaks of popu­
larity at certain times and then give 
way to other styles. Suppose, for exam­
ple, we had representative collections 
of various kinds of clothing worn by 
people in the U. S. during the past 50 
years. In a segment of the sample cov­
ering the period 1910-1915 we would 
find a high frequency of bowler hats, 
celluloid collars, peg-top trousers, but­
ton-top shoes, tight corsets, and so on. 
In later samples the popularity of these 
items would decline (though not all at 
the same rate) and others would become 
dominant. The series of frequency 
curves would give us the pattern of de­
velopment of clothing in the U. S. be­
tween 1900 and 1950 and a kind of 
chronological yardstick for that period. 

In the case of our pottery samples, we 
could assume that usually each collec­
tion gave what amounted to a momen­
tary glimpse of the popularity of a 

pottel'y style at a particular time and 
place, since most of the village sites 
probably were occupied only for a rela­
tively short time. If our survey was 
sufficiently thorough, the individual col­
lections should cover the whole se­
quence of pottery development in the 
region. By arranging our set of "still" 
pictures in the correct order, we could 
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reconstruct a "motion picture" of this 
sequence. Proceeding on these assump­
tions, we classified the 346,099 frag­
ments of pottery we had collected, cal­
culated the popularity of each type at 
each site and made graphs showing the 
proportions and kinds of styles in each 
collection. These graphs were arranged 
and rearranged in relation to each other 
until the chronological pattern was dis­
covered. We were able to check the ac­
curacy of this reconstructed pattern at 
certain sites wher� the Indians had evi­
dently lived much longer than the usual 
brief period. At 20 of these places we 
dug pits through several consecutive 
layers and found that the pottery showed 
the same sequence of changing styles 
as our graphs had indicated. 

We now had a kind of calendar by 
which we could date sites in relation to 
one another, but we still needed some 
way of determining their actual age. 
For this, fortunately, we had a conven­
ient calendar handy-the Ylississippi 
River itself. During the past 5,000 years 
the river has been restlessly'changing its 
course ("Paradoxes of the Mississippi," 
by Gerard H. Matthes; SCIENTIFIC 
AMERICAN, April, 1951). Its old courses 
are etched on the surface of the valley 
and show clearly in air photographs. In a 
study for the Mississippi River Com­
mission Harold N. Fisk has worked out 
the sequence of channel changes and 
the rate at which the river has been 
meandering; projecting this rate back 
into the past, he mapped the successive 

TRENCH IS DUG to expose the strata of the J aketown site. At the hotto]]] 
of the trench are the excavated postholes of an ancient Indian house. 
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locations of the main channel at each 
100-year interval during the past 2,000 
years. When our prehistoric villages 
were plotted on these maps, we saw that 
79 of them were on the banks of ancient 
Ylississippi channels. On the assumption 
that the villages were inhabited after 
the river was there, we determined that 
the cultures represented by our samples 
dated from about 600 to 1500 A.D. 

W
E WERE now ready for the in­
tensive excavation that is usually 

thought of as synonymous with archae­
ology. Phillips and I began this phase 
in the spring of 1951. We chose a site 
called "J aketown," near the modern 
town of Belzoni, Miss. The Indians in­
habited this site continuously for a very 
long time; geological evidence and Fisk's 
map of channel changes indicate that 
they first occupied it about 1500 B.C., 
when it was an island in the Ohio River. 
We excavated a series of layers down to 
10 feet below the surface, and from 
their contents we were abk to trace the 
successive cultures back some 3,000 
years. With this background and data 
from other places it was possible to 
sketch the history of the Lower Missis­
sippi Valley. 

The first settlers there apparently 
were a short, slender people with rather 
long skulls. They built their houses by 
sticking saplings into the ground in a 
circle about 12 feet in diameter, bending 
them over to form a dome, weaving 
small branches between the saplings and 
covering the framework, probably with 
palmetto fronds and mats. They did 
most of their cooking in wooden and 
skin containers, which of course could 
not be put over a fire; the heat was sup­
plied by small heated stones dropped 
into the stew. In this stoneless land, how­
ever, the "stones" had to be made of 
baked lumps of clay. We found thou­
sands of these artificial boiling stones in 
the lower levels of Jaketown. 

The hunting weapons of these early 
people were the atlatl and bolas. The 
atlatl was a contrivance for throwing a 
spear with greater force than it could 
be thrown by hand. It was a stick two 
to three feet long with a hand grip at 
one end and a bone hook to hold the 
spear at the other. Its user cast the 
spear-a light, stone-pointed affair-with 
an overhand motion. The bolas was a set 
of cords with egg-shaped stones tied to 
their ends. The cords were tied together 
at the other end; spread out, the weapon 
looked a little like a pinwheel. The 
huntsman grasped the knot of string 
ends and threw the device like a sling. 
In flight the stones spread apart and 
whirled around; they would stun small 
game or enmesh it in the cords. 

T
HIS rather simple culture changed 
very little until about 600 A.D., 

when its people began to practice agri-
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FLAT·TOPPED MOUNDS, introduced from Mexico, 
were the foundations of wooden temples. Some of the 

CO�ICAL MOUNDS were huilt hefore approximately 
1(,00 A. D. Although this mound has not heen opened, 

largest mounds of this kind were huilt around the 13th 
century. This mound is in \Vashington County, Miss. 

work in similar structures suggests that it may contain 
1,000 skeletons. The mound is in Phillips County, Ark. 
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POTTERY SERIATIOl" DIAGRAM presents a quan­
titative picture of changing pottery styles, and hence 
a changing culture. At the top of the diagram are the 
names of seyeral kinds of pottery found in one part 
of Arkansas. The length of the hal'S in anyone hori­
·zontal row represents the relative number of pieces of 
each kind of pottery found in one place. The rows of 
bars are arranged according to the age of the sites, 
with the youngest sites at the top. Surface 5ites are 
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indicated by black bars; excavated sites,' hy gray hars. 
The gray hracket at the left denotes a single excava­
tion. Each gray har within it corresponds to a stratum 
of the excavation; each hlack har, a surface site whose 
age can he correlated with that of the strata. The widen­
ing of the bars at left and the narrowing of those in left 
center reflect the transition from the Baytown to the 
�Iississippian culture (vertical arrows at right). The 
horizontal arrows pertain to chronological periods. 
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culture and make pottery vessels. By that 
time a new physical type, with heavier 
body-build and a more rounded skull, 
had begun to appear in the population, 
and in time this became the dominant 
stock. With a better and more certain 
food supply, the population increased 
and apparently developed a more com­
plex social structure. They built large 
conical burial mounds that sometimes 
contain the remains of as many as 1,100 
persons. Some of the mounds were ar­
ranged in irregular clusters and pro­
tected by earth walls that probably were 
topped with wooden palisades. These 
clusters of mounds were sacred places; 
there is usually very little evidence of 
people having lived around them. The 
population was scattered over the coun­
tryside in small hamlets consisting of a 
few circular houses. 

By 800 A.D. these Indians were a part 
of a widespread "burial-mound" culture. 
They carried on an extensive trade: their 
materials include conch shells brought 
from the Florida coast, galena from 
western Missouri and copper from de­
posits near Lake Superior. Over a wide 
area of the East, from Florida to Wis­
consin and from western Missouri to 
New York, remains from this period 
show the same pattern of burial customs, 
ceramic bird-designs, pipes of a distinc­
tive "platform" shape and other com­
mon features. 

The next major cultural change in the 
Lower Mississippi Valley came about 
1000 A.D. At this time a new complex of 
traits was introduced from Mexico. The 
central feature was the custom of build­
ing rectangular earth-mounds arranged 
around a court. These mounds had flat 
tops on which circular temples were 
erected, and on many there was a graded 
stairway leading down into the central 
plaza. Apparently the people destroyed 
the temple at intervals and each time 
built the mound higher with a new cap­
ping of earth, so that ultimately some of 
the structures reached a height of 60 
feet. The earlier burial mounds appar­
ently had held the dead of a single large 
family or a clan; these larger temple­
mounds suggest that the Indians had 
now progressed to a true religion with a 
specialized priesthood and a political 
organization sufficiently extensive to 
control the large groups of people neces­
sary to build and maintain the temples. 

Along with the rectangular mounds 
came the bow and arrow and other addi­
tions to the culture. Rectangular houses 
with mud-plastered walls replaced the 
round houses. It became the custom to 
bury the dead bener.th home floors. The 
economy was firmly based on a variety of 
agricultural products: corn, beans and 
squash. A number of new ceramic forms 
appeared. By about 1200 A.D. all this 
had been combined into a relatively ad­
vanced cultural pattern called the 
"Mississippian." At this stage the Lower 

.... -' 
u 
J: 

I- w 
<I: > 
0 V) 

z w 
'" l- V) � .... 

I- <I: a< -' 
a< <I: 0 <I: iii 

CI .... 0 0 0 :r a< 0 Q 
Z '" q <I: Z w '" a< � 0 i2 <I: 0 � 0 CI w -' Z V) 0 a< 

-' a.. Z <I: I- a< I- -' 
<I: a< <I: w 0 Q 0 J « � « I- � iii: <I: u V) :r a< 

1940 

� 
-I 

1930 

1920 

1910 

1900 

1890 

1880 

1870 

1860 

1850 

1840. 

1830 

1820 

1810 

1800 
TRANSPORTATION SERIATION DIAGRAM is an imaginary illustration 
of the diagram on the opposite page. The length of the bars in each horizontal 
row represents the relative number of miles traveled by each of the methods 
listed at the top of the diagram for every decade from 1800 to 1940. 

Mississippi Valley had a high density of 
population, as indicated by the fact that 
our rather superficial survey found 84 
sites in a 200-mile section of the valley. 

After 1400 A.D. �mall towns began to 
grow up around the temple-mounds. 
They were protected by palisades and 
ditches. Very likely the trend toward 
urbanization in this region was promoted 
by two bctors: the increase in popula­
tion made it necessary for groups to 
build fortified villages to protect them­
selves, and at the same time their more 
centralized and effective religio-political 
organization made it possible to put 
larger armies of warriors in the field for 
expeditions of conquest. 

Even before 1400 the round-headed 
people of the Mississippian culture had 
started spreading out of the central 
valley and taking possession of territories 
held by their weaker and less well­
organized neighbors. Eventually they 
penetrated north as far as lower Wiscon­
sin, east to southern Indiana and Ken­
tucky and southeast to the Gulf Coast 
of Florida and the Atlantic Coast of 
Georgia. The distinctive Mississippian 
culture gradually merged with that of 
the peoples in those areas. By 1500 the 

Mississippian pattern prevailed over 
most of the valley and eastward to the 
Appalachians. 

T
HERE REMAINS the question of 
what had happened to this large 

Mississippi population by the time the 
French explorers arrived in the 17th cen­
tury. Some have suggested that the 
Mississippi Indians were overrun and 
destroyed by less advanced Indians of 
the hills. Perhaps a more tenable theory 
is that they fell to new diseases intro­
duced by the early colonists from 
Europe-the English in Carolina and 
Virginia, and the Spaniards in Florida. 
The Indians were highly susceFtible to 
diseases such as measles and smallpox, 
to which they had not previously been 
exposed, and the dense population con­
centrated in the towns of the Mississippi 
would have been parti�ularly vulner­
able. Probably the white man's diseases 
opened the continent for him more 
effectively than did his musket and rifle. 

• 

James A. Ford is an archaeol­
ogist on the staff of the Ameri­
can Museum of Natural History. 
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Smell and Taste 
Two of the five senses depend upon chemical stimuli rather than 

physical. The chemistry of the substances that these senses can 

detect and differentiate are ilnportant clues to their mechanism 

O
UR SENSES of taste and smell 

constitute a most astonishing 
chemical laboratory. In a fraction 

of a second they can identify the chemi­
cal structure of compounds it would take 
a chemist days to analyze by the usual 
laboratory methods. A trained nose can 
recognize, for example, nearly every 
member of a series of homologous alco­
hols, aldehydes or acids. Moreover, from 
exceedingly small amounts of material 
it can analyze not only single compounds 
but complex mixtures of them in food. 

Our chemical senses are of great im­
portance for our well-being. They de­
termine our reaction to foods and set 
the stage for digestion. The odor of 
broiled steak has an immediate effect on 
metabolism: it starts secretions of saliva 
and stomach juices even before eating 
begins. By setting up a favorable condi­
tion for digestion the flavor factors in 
food play a role in nutrition comparable 
to those of vitamins and hormones. 

The science of nutrition has gone 
through successive phases in which 
there was great concern about the body's 
needs of calories, carbohydrates, fats 
and proteins, vitamins and, 'lately, amino 
acids. Now it seems to be flavor's turn. 
Nutritionists are paying more and more 
attention to our nearly forgotten senses 
of smell and taste. But to put the im­
provement of flavor on a scientific basis 
we need to know what substances are 
responsible for the various tastes. 

This is a complex problem. The chem­
ist must start with thousands of pounds 
of raw material to isolate weighable 
quantities of the pure essences that our 
senses of smell and taste can detect in 
such small traces. This difficult analyti­
cal work has been carried out in only a 
few foods, mostly fruits such as straw­
berry, apple, raspberry and pineapple. 
When the juices of these fruits are dis­
tilled, the residue, consisting mainly of 
sugars and fruit acids, has a taste which 
is usually not very characteristic of the 
original flavor. All of the odor sub­
stances, and some of those responsible 
for the taste, are in the volatile part that 
is distilled away. This volatile part con-
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sists of various alcohols, aldehydes, acids 
and esters. 

The natural ingredients do not en­
tirely account for the flavors of the prod­
ucts we eat and drink. New flavors are 
added when the raw material is cooked 
or processed. For example, the flavor of 
wine is due not only to substances orig­
inally present in the grapes but also to 
compounds produced by fermentation 
through the aid of microorganisms. 
More than 50 substances have already 
been identified as contributors to the 
flavor of wine, and there are undoubted­
ly a great many more. Frying or roasting 
adds new flavors to food by breaking 
down proteins and carbohydrates. The 
chemical complexity of an elaborate 
flavor system such as that of Soy sauce 
is indicated by the involved process by 
which this condiment is manufactured: 
various fungi are inoculated into a mix­
ture of rice and grain; the broth they 
produce is then heated, and the mixture 
is fermented again and again, alter­
nately in the presence of dissolved oxy­
gen and in the .absence of oxygen. On 
the other hand, our chemical senses 
readily recognize and enable us to re­
ject substances produced by other or­
ganisms that spoil or rot the food. vVe 
have learned to associate these foul 
smells and bad tastes with adverse re­
actions of our digestive system. Actuallv 
the substances responsible for the bad 
flavors are harmless in the concentra­
tions in which they generally occur, but 
they serve as warning signals against 
dangerous toxins the organisms produce 
at the same time. 

OUR perception of 'flavor depends on 
both taste and smell; indeed, it is 

often difficult to distinguish between the 
parts that odor and taste play in our 
food. Of the two, the sense of smell is 
by far the more sensitive, and it may 
be stimulated at a great distance. R. W. 
Y[oncrieff, in his classic book on the 
chemical senses, recounts how a female 
Great Peacock moth hatched in the 
laboratory attracted the same evening 
about 40 male specimens, which must 

have traveled several miles, because 
these insects were rare in the neighbor­
hood. As everyone knows, the odor of a 
skunk is noticeable several hundred feet 
from where its glands are emptied. Be­
cause of the distances at which odors 
are perceived, some think the stimula­
tion cannot be entirely chemical, on the 
ground that the odor substances must be 
too diluted when they reach the olfac­
tory receptors; it has therefore been 
suggested that physical vibrations are 
responsible for odor. But it can be shown 
that in a barely perceptible dilution of 
an odoriferous substance a single sniff 
still contains many millions of mole­
cules. When the molecules arrive at the 
olfactory hairs and cells in the upper 
part of the nose, they must produce a 
reaction in the cells, giving rise to elec­
trical impulses which are transmitted to 
the olfactory lobe of the brain. 

To be smellable a substance appar­
ently must fulfill two conditions: it must 
be volatile at ordinary temperature and 
must be soluble in fat solvents. All the 
known odor substances either are gases 
or have a high vapor pressure, boiling 
below about 300 degrees Centigrade. 
Most inorganic substances, being salts 
of very low vapor pressure, have no dis­
cernible odor. Among the minority that 
do are the halogens (fluorine, chlorine, 
iodine, bromine) , phosphorus, ozone 
and certain compounds such as hydro­
gen sulfide, sulfur dioxide, nitrogen 
oxides and ammonia. Their odor is usual­
ly rather unpleasant and often irritating. 

In organic chemistry the situation is 
very different; the organic compounds 
are much more likely to be odoriferous 
and their odors have a vastly greater 
range. Of nearly half a million synthetic 
compounds listed in a well-known ency­
clopedia of organic substances, a large 
proportion have a high enough vapor 
pressure to make them odoriferous. 

CAHOLUS LINNAEUS, the father of tax­
onomy, who in the 18th century be­

gan to establish laws of order in the 
living world by cataloguing plants, also 
attempted to classify substances accord-
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ing to their odors. But his classifications 
were necessarily subjective, and earlv 
odor taxonomists were severely handi­
capped by the lack of an assortment of 
pure organic chemicals to serve as stand­
ards of comparison. In 1895 Hendrik C. 
Zwaardemaker, one of Linnaeus' fol­
lowers, devised a system in which all 
odors were reduced to nine main types, 
with subdivisions in each type: 

1. Ethereal-fruits, resins, ethers. 
2. Aromatic-camphor, cloves, laven­

der, lemon, bitter almonds. 
3. Balsamic or fragrant-flowers, vio­

let, vanilla, coumarin. 
4. Ambrosial-amber, musk. 
5. Alliaceous-hydrogen sulfide, ar­

sine, chlorine. 
6. Empyreumatic-roast coffee, ben­

zene. 
7. Caprylic-cheese, rancid fat. 
8. Repulsive-deadly nightshade, bed­

bug. 
9. Nauseating or fetid-carrion, feces. 
It is possible even today to agree on 

the proper place of a substance in this 
system, but it is also clear that the sys­
tem does not reduce odors to their funda­
mental elements. As is well known, odor 
receptors in the nose soon become used 
to a particular odor and cease to notice 
it-this is called fatigue. Consequently 
it should be possible to find out by a 
fatigue test whether one odor is essen­
tially the same as another (i.e., stimu­
lates the same receptors) . Such experi­
ments have shown that the odors of cam­
phor and of cloves, for example, produce 
fatigue for each other; hence they be­
long in the same subclass. As a result of 
these experiments some of Zwaarde­
maker's classes have been changed. 

In recent years Ernest C. Crocker 
and Lloyd F. Henderson of the Arthur 
D. Little laboratories have reduced 
odors to four elementary classes, corre­
sponding to four kinds of receptors. 
According to their system, all known 
odors are composites of these types: 
1) fragrant or sweet, 2) acid or sour, 
3) burnt or empyreumatic, 4) caprylic 
or goaty. Any odor is described by a 
formula which gives the strength of each 
component on a scale from one to eight: 
thus the odor of a rose is represented by 
6423, meaning that it is strong in the 
fragrant component, has some acid odor 
and also has a little of the burnt and 
caprylic odors. The system describes 
ethyl' alcohol as 5414 and vanillin as 
7122. The authors of this system main­
tain that a trained observer can recog­
nize to a certain extent the degree in 
which the four postulated basic odors 
are present. To try to describe the vast 
array of odors in terms of just four basic 
types may be an oversimplification, but 
the system has the virtue of emphasizing 
that every odor is a combination of im­
pressions. 

Once we are aware of this fact, we 
find that we are able to perform such 

BITTER -----------t'<:---'---;:--"-.. . :( 

SOUR 

SALT ------------*.,.. <L�+i-.t��...,.. 

SWEET 

TASTE RECEPTORS are located in the tongue, the top of which is shown 
in the drawing at the top of this illustration. On the surface of the tongue 
are numerous round structures called papillae; the larger of these are indi­
cated by the small circles in the drawing. A cross section of one of the largest 
papillae is shown in the drawing at the middle of the illustration. The small 
white structures adjoining the fissure around the papilla are the taste buds. 
An individual taste bud (le! t) and its nerve fiber (right) are shown in the 
drawing at the bottom. Some areas of the tongue are more sensitive to certain 
tastes than others; these areas are indicated by the arrows on the top dra\ving. 
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analyses in our minds. It is then possible 
to overcome the difficulty that no sub­
stance smells exactly like another, and 
we can find the dominant odor for 
proper classification. In the numerous 

. substances that have now been synthe­
sized by the organic chemist we have 
material to test the different classifica­
tion systems, and since the substances' 
chemical nature is well known, a search 
for correlations between chemical struc­
ture and odor is possible. 

Let us concentrate on two distinc­
tive and well-defined odors-those of 
camphor and mint. There are more than 

200 known compounds with a camphor­
like odor and nearly as many with the 
mint odor. In each group chemists have 
found a certain common characteristic 
of structure; when they synthesize a 
compound with this building principle 
in its structure, there is a fair certainty 
that the product will have the odor in 
question. For instance, one can produce 
a substance with a mint odor by build­
ing a molecule resembling menthol, the 
main constituent of the oil of pepper­
mint. It is not necessary to follow the 
whole plan of the menthol molecule; 
apparently only a small part of its struc-

SMELL RECEPTORS are in a spongy region at the top of the nasal cavity, 
a cross section of which is shown at the top of this illustration. At the hottom 
is a llIicroscopic cross section of the cells in the olfactory mucous membrane. 
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ture is responsible for the mint smell. 
The requirement seems to be a short 
carbon chain, with branches preferably 
not more than two or three carbon atoms 
long (see diagrams on opposite page). 

The camphor odor is closely related to 
that of mint; one can be converted to 
the other by slight changes in the mole­
cule. Apparently the critical difference 
that transforms a minty compound into 
a camphorlike one is the substitution of 
a methyl group (CB3) for one hydrogen 
atom in the mintlike substance. On the 
other hand, the odor reverts to mint 
when an ethyl group is substituted for 
one of the methyl groups in the cam­
phor structure. 

In general we observe that the cam­
phor odor is characteristic of compounds 
which have a number of small groups 
crowding around a carbon atom. These 
do not necessarily have to be methyl 
groups; halogens and nitro groups are 
equally effective. 

Closely related to the mint and cam­
phor odors are those of cedar, wood, 
peach, musk and civet. As the number 
of carbon a toms is increased in the se­
ries of ring ketones, for example, the 
odor gradually changes from camphor 
to cedar to musk to civet. The odor evi­
dently is governed by the size of the 
carbon ring. In a similar series of lac­
tones, musk odor develops when the 
molecules reach a size corresponding to 
that of the cvclic ketones of musk odor. 
The typicall;1l\sk smell is largely due to 
the structure of the carbon skeleton, and 
to a lesser degree to the oxygen atom. 

These and similar considerations lead 
to the conclusion that for mint, camphor, 
turpentine, cedar, lemon, cineole, peach, 
musk and civet, the hydrocarbon part 
of the molecule is of dominant impor­
tance, and that there is reason to classify 
all these odors in one group, which cor­
responds to Zwaardemaker's classes of 
aromatic and ambrosial odors and to 
Crocker's class of "fragrant." 

WE SEE, therefore, that chemical 
structure can account for the vari­

ous classes of odors. This explains the 
failure of the many odor theories based 
on some general principle such as the 
reactivity, oxidizability or vibrational 
characteristics of odoriferous substances. 
It is reasonable to assume that for each 
class of odorous materials there is a spe­
cific receptor mechanism in the smelling 
apparatus. For the class to which cam­
phor and mint belong, the mechanism 
must enable us to detect small differ­
ences in the carbon skcleton of a large 
number of compounds. Just as a specific 
antibody meshes with an antigen in the 
body, so the active part of an odorous 
molecule may fit some part of a protein 
structure in the nasal receptors, thereby 
altering cell reactions and giving rise to 
electric impulses. This theory would ac­
count for the fact that only a part of the 
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MOLECULAR STRUCTURE of substances that smell 
like mint or camphor is similar. At the righ't is the 
molecular diagram of camphor. Second from the right 

is the diagram of another substance that smells like 
camphor. The remaining diagrams are of substances 
that smell like mint. The similar structures are in red. 

molecule is of dominant importance for 
the smell impression. The grouping of 
odors in classes according to similarity 
of chemical structure, or, in other words, 
the fact that small changes in the active 
part of the molecule produce only slight 
alterations in the odor sensation, may 
be explained by the assumption that the 
various substances in a class fit the re­
ceptor molecules more or less closely. 

The consulting chemist Jerome Alex­
ander and George B. Kistiakowsky of 
Harvard University have suggested that 
odoriferous substances act by interfer­
ing with enzyme-catalyzed reactions in 
the odor receptors. Since enzymes are 
affected in their action by exceedingly 
small amounts of a variety of substances, 
this theory plausibly explains the high 
sensitivity of our sense of smell and the 
wide range of compounds that possess 
odors. The well-known reversibility of 
inhibitory effects on enzymes would ac­
count for the rapid recovery of the re­
ception system to normal, thus enabling 
it to register new odor impressions. 

A S HAS BEEN mentioned, odor 
.t\.. strongly affects the flavor of food. 
We are suddenly reminded of this when 

a cold inactivates our olfactory system. 
The food tastes flat, since we are de­
pendent on our sense of taste alone. We 
are left with a distinction between bit­
ter, sweet, �alt and sour. 

The sensory apparatus of taste is lo­
cated chiefly on the upper surface of 
the tongue, at the soft palate, on the 
epiglottis and at the beginning of the 
gullet. Here lie the so-called taste buds, 
estimated to number about 9,000. It is 
fairly certain that different tastes are 
located at different places. The bitter 
sensations are definitely located at the 
back of the tongue, whereas the sweet 
and salt receptors are at the tip and 
edges. It is generally accepted that we 
possess four different taste senses-bit­
ter, sweet, salty and sour. 

We taste things only when they are 
dissolved in water. To detect a substance 
by taste we need a far greater amount 
than we can detect by smell-about 
3,000 times as much in some cases. 

As in the odor field, attempts have 
been made to find the chemical relation 
among the members of each of the four 
taste groups. The sour taste is related 
to the acidity of the solution, though not 
in direct proportion; for example, a 

11200 normal solution of acetic acid 
tastes just as sour as a 1/800 normal 
solution of Hel, which is four to five 
times as acid. 

Salty tastes are produced by inorganic 
salts. The anions of .chlorine, bromine, 
.S0,l and NOs are especially effective in 
producing this saline taste when com­
bined with the proper metal ions. For 
example, sodium chloride is salty, 
.whereas cesium chloride has a dominat­
ing bitter taste. 

The sweet taste is given by sugars, 
saccharin, dulcin and beryllium chlo­
ride. It is difficult to see what these sub­
stances have in common. As in the cases 
.of odor substances, minor changes in 
these compounds do not remove the 
sweet taste. For example, compounds 
somewhat related to glucose, such as 
glycerol, are sweet. 

The bitter taste, similarly, is exhibited 
by a wide variety of compounds-many 
alkaloids, certain glucosides, bile salts, 
magnesium and ammonium salts. 

Bitter and sweet are closely related, 
and a slight modification of the molecule 
is sometimes enough to produce strongly 
bitter substances instead of the expected 
sweet ones. For example, when the oxy-

STRUCTURAL SIMILARITY of a steroid molecule 
(left) and that of a ketone (right) causes them to have 

the same musky odor. The carbon chain of the steroid 

molecule is cross·linked (red lines), while the carbon 
chain of the ketone is not. The effect of the two molecules 
on the smell receptors is nonetheless much the same. 
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SWEET SUBSTANCES haye molecular structures apparently with little 
in common. From top to hottom these molecular diagrams represent sucrose 
(sweetness arhitrarily taken as 100), dulcin (sweetness 265), saccharin 
(sweetness 675) and 4-nitro-2-amino phenyl propyl ether (sweetness 3300). 
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gen in the sweet material dulciu is re­
placed by sulfur, we get the bitter com­
pound p-ethoxy-phenylthiocarbamide. 

This substance, and the material from 
which it is derived (phenyl thiourea), 
brings out an interesting point: just as 
people may have color blindness, some 
people have certain kinds of "taste 
blindness." To three or four out of ten 
people, this substance is not bitter but 
tasteless. Apparently it is a hereditary 
taste deficiency, which started among 
Caucasians and spread to other races. 
Since the discovery of this particular 
type of "taste blindness," many more 
substances have been found to exhibit 
similar taste properties. Sodium benzo­
ate, tasteless to most people, tastes either 
sweet or bitter to one out of four. Such 
experiments demonstrate vividly the 
truth of the saying "De gustibtts non est 
disputandum." 

A search for a common factor that 
would account for the similarity in taste 
of the bitter-or-sweet substances is not 
likely to be successful. As in the odor 
field, we have to turn our attention to 
the receptor cells to find the mechanism 
of taste perception, Here, too, an en­
zyme theory seems to be the most prom­
ising approach. An investigator of the 
taste mechanism is in a more fortunate 
position than those studying the odor 
receptors, because the four basic tastes, 
though subjective, are a great deal more 
sharply defined than the basic odor 
types. In addition, experimental work is 
aided by the fact that the taste buds are 
more accessible and are located in differ­
ent places for the four tastes. This allows 
one to carry au t reactions on the tissues 
and to study the influence of a number 
of taste substances on the cell mecha­
nism. By such histochemical methods it 
has been shown that the skin overlying 
the taste buds contains relatively high 
concentrations of certain enzymes such 
as alkali phosphatases and esterases, and 
that these enzymes are inhibited by sub­
stances having a well-defined taste and 
are not inhibited by others. 

In the past, studies of odor and taste 
reception have concentrated on the stim­
ulants and attempted to deduce the na­
ture of the reception mechanism from 
them. At best such deductions will be 
vague and uncertain. For a real under­
standing of the basic processes, we must 
study the happenings in the receptor 
cells themselves. The enzyme theory and 
the other new working hypotheses about 
the tasting and smelling processes illus­
trate this shift in emphasis. They may 
stimulate the exceedingly difficult exper­
imental work that is necessary before 
solutions of the odor and taste problems 
can be found. 

-

A. ]. H aagen-Smit is pro­
fessor of bio-organic chem­
istry at the California 
1 nstitute of Technology. 
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IILO RO LII* 5 
FATTY ALCOHOL 

produces a better detergent at a lower cost 
To improve detergency, yet keep costs 

down, a shampoo manufacturer decided 

to make his own detergent. He took 

Du Pont "Lorol" 5, sulfated it to lauryl 

sulfate. This gave him a uniform, eco­

nomical product-in fact, he considers it 

"the one superior detergent for sham­

poo." Now he also uses this lauryl sul­

fate as a wetting agent in some of his 

other products. 

The ability of "Lorol" 5 to be ester­

fied, or to be oxidized to aldehydes, makes 

it a profitable chemical for other indus­

tries, too-for example, as an interme­

diate in making pharmaceuticals, syn­

thetic rubber and textile softening agents. 

And new applications are suggested­

as an ingredient in metal polishes, a 

softener and tackifier in adhesives, an 

intermediate in making insecticides. 

Your business may find opportunities 

for profitable uses in "Lorol" fatty alco­

hols (Du Pont makes six in all) . .. or in 

many of the other Polychemicals De­

partment products. There are more than 

100 of them-organic acids, amides, es­

ters, resins, solvents and plastics. 

>:'REG. u.s. PAT. OFF. 

Write for technical booklet on Polychemicals products for your industry 
Technical bulletins on "Lorol" 5 and th h . 

d ' . e c emlCals and plastics use m your mdustry are available. Each product bull t' 
. 

t�e booklet presents physical and chemical propertl'es d
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Picker X·J{ay Corp. I Sun Electric Corp. 
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CUSTOM MOLDED 
DUREZ PHENOLICS 

KEEP IIJUICE II 

ON THE JOB· 

IGNITION PARTS 

Mallory Electric Corp. 

. 
TRANSFORM ER 

SWITCH FRAME 

McDonald Mf!!. Co. 

The right electrical-grade Durez plastic 
in electric and electronic products pays 
off in cost economies, improved product 
performance, and profit. 

Being phenolics, these materials pos­
sess the toughness, dimensional stability, 
lustrous finish, and resistance to heat, 
oil, and moisture required in numerous 
forms of electrical service. These phe­
nolics are mineral-filled, developed by 
Durez especially for these services, with 
dielectric strength and power factor that 
meet modern industrial requirements. 

The electrical types are among the 
more than 300 Durez molding com­
pounds that offer you the right properties 
in the right degree for your product. In 
applying them, your custom molder can 
help you hold down costs at numerous 
steps from blueprint to assembly and 
shipping. 

Technical counsel is readily available 
through the Durez field staff. 

0"1" montbly "DuI"ez Plastics Ne'Ws" 'Will keep 
)'011 injormed on industry's uses of Durez. 1f7rite, on 
office If/ter/lead, to Durez Plastics & Chemicals, 
illc., 803 Walck Road, N. Tona'Wanda, N. r. 

PHENOLIC PLASTICS that fit the lob 
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Science in the Budget 

P
RESIDENT TRUMAN'S proposed 
$85.4 billion budget for fiscal 1953 
includes more than $6 billion for 

research, education and development 
programs of various kinds, including the 
work of the Atomic Energy Commis­
sion. He requested: 

$1,775 million for atomic energy 
$1,400 million for military research 
$1,424 million for surveys and con-

servation of natural resources 
$594 million for aid to education 
$341 million for promotion of public 

health 
$329 million for agricultural conser­

vation 
$151 million for agricultural research 

and other services 
$38 million for housing research 
$15 million for the National Science 

Foundation 
$9 million for the National Bureau of 

Standards 
$2 million for the Census. 
Meanwhile the Association of Ameri­

can Universities, disturbed by the dis­
ruptive effect of the Government's huge 
military research programs on basic sci­
ence and education in the U. S., has 
adopted a cautioning resolution. It 
asked the Office of Defense Mobiliza­
tion to keep the number of military re­
search programs to a minimum, to avoid 
"personnel policies and rates of com­
pensation which might embarrass or 
weaken other institutions," to pay sci­
entists under contract with it no more 
than their normal salary and to rotate 
the workers on military research so that 
all faculty members will return to their 
normal duties within two years. 

In a reply published in Science, Oliver 
E. Buckley, chairman of the ODM's 
Science Advisory Committee, expressed 
general sympathy with the sentiments of 
the universities. "It is our understand­
ing," he wrote, "that the number of 

SCIENCE AND 
[large-scale military research 1 projects 
currentlv under consideration is small 
and not 'likely greatly to increase." 

AEC 

PRESIDENT TRUMAN announced 
a five-year program of expansion of 

atomic energy facilities which will cost 
$5 to $6 billion and more than quad­
ruple the nation's investment in atomic 
energy. The new program will start in 
July, 1953, after the supply of uranium 
and trained technicians has been in­
creased to the necessary strength. 

In its 11th Semiannual Report, issued 
last month, the AEC noted that the 
Paducah and Savannah plants under 
construction, together costing over $1.7 
billion, will nearly equal the value of 
all the plants, real estate and equip­
ment of the General Motors Corpora­
tion. The Savannah plant alone will be 
worth $1,250 million-almost as much 
as Bethlehem Steel and considerably 
more than all the fixed assets of E. 1. du 
Pont de Nemours. The report says: "The 
total amount of earth excavated at the 
two sites by December 31, 1951, would 
build a solid wall 5 feet wide and 7 feet 
high reaching from New York to San 
Francisco." 

The report announces some new dis­
coveries in AEC's affiliated laboratories: 
physicists at Brookhaven have used a 
new classifica tion scheme to "predict 
the existence of several new isomers"; at 
the University of California's Radiation 
Laboratory experimenters discovered 
a nuclear reaction in which bombard­
ment by protons transforms helium 4 to 
helium 3 with emission of a deuteron; 
at Oak Ridge workers found that one 
roentgen of X-irradiation produces one 
new mutation for every 200 mice. �10st 
of the report is devoted to a review of 
AEC-sponsored work in plant biology; 
one new development is the possibility 
that radiation-created mutations in corn 
may provide breeders with a renewable 
supply of genes, obviating the present 
need for world-wide exploration to find 
strains with desirable characters. 

To replace Sumner T. Pike on the 
Atomic Energy Commission, President 
Truman last month nominated Eugene 
M. Zuckert, Assistant Secretary of the 
Air Force since 1947 'and former As­
sistant Dean of the Harvard Business 
School. 

The Atom in Brazil 

THE government of Brazil is plan­
ning to construct an "atomic city of 

the future," and a special commission 
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THE CITIZEN 
has already been appointed to survey a 
site for a pilot nuclear reactor. Admiral 
Alvaro Alberto, chairman of the Brazil­
ian National Research Council, made 
this announcement last month during a 
visit to the U. S. with five other Brazilian 
atomic experts. 

Brazil's atomic energy program will 
presumably be based on the country's 
vast deposits of thorium, which can be 
transmuted into fissionable uranium 233. 
Gordon Dean, chairman of the U. S. 
Atomic Energy Commission, visited 
Brazil last November to arrange for im­
port of the mineral to the U. S. 

Admiral Alberto emphasized that 
Brazil is planning on a long-range basis; 
the first step toward the "atomic city" 
will be the establishment of postgradu­
ate training in nuclear physics to pre­
pare Brazilian scientists to build and 
run it. 

Barred Visitors 

SCIENTISTS' organizations in the 
U. S. have been increasingly dis­

turbed by a series of exclusions of sci­
entists from abroad under the McCarran 
Act. Several months ago the State De­
-partment refused a visa to E. B. Chain, 
co-discoverer of penicillin and a Nobel 
prize winner. A visa for the British 
physical chemist and economist Michael 
Polanyi, who had been invited to the 
University of Chicago as a guest lectur­
er, was held up so long that he resigned 
the appointment. Two members of a 
group of Mexican physicists invited to a 
meeting of the American Physical Socie­
ty in Houston, Tex., were denied visas, 
and the party called off the visi t. 

The council of the American Asso­
ciation for the Advancement of Science 
adopted a resolution at its December 
meeting urging modification of the 
McCarran Act. Last month four prom­
inent faculty members of the University 
of Chicago filed a protest with Secretary 
of State Acheson. They were Samuel K. 
Allison, director of the Institute for N u­
clear Studies; Cyril S. Smith, director 
of the Institute for the Study of Metals; 
John U. Nef, chairman of the Commit­
tee on Social Thought, and Lawrence A. 
Kimpton, Chancellor of the University, 
who endorsed a letter by the first three 
printed in the Bulletin of tlw Atomic 
Scientists. They said: 

"It has become very difficult for a 
reputable university in the U. S. to in­
vite foreign scholars to participate even 
temporarily in the intellectual life of the 
institution . ... We are losing contact 
with the scholarship and ideas of the 
world outside us. Our country is strong 

DOW CORNING SILICONE NEWS 

NEW FRONTIER EDITION 

r 
I 
I 
I 
1 
I 
I 
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OF A SERIES 

Addre .. Dept. W·15 
DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
Please send me a copy of 
o "What's a Silicone�" new 32·page booklet 
o "1951·52 Reference Guide to Dow Corning 

Silicone Products" 

I Nome ____________________________ __ 

I Title' _______ Company' _______ _ 

Like Paul Bunyon and Joe Magarac, 
like Pecos Bill and Davy Crockett, sili­
cones were created to do the impossible. 
Silicones are fluids and resins that keep 
clothes and shoes and brick walls dry 
in the rain. They're compounds that 
keep radar from going blind on a foggy 
night. They're fluids that polish with­
out rubbing. 

They're rubber that won't melt on 
hot aircraft engine cylinders or freeze 
on switches that operate bomb bay 
doors at 100 degrees below zero. They're 
electrical insulating resins that double 
the power of electric motors or multi­
ply by ten the life of electric machines. 

Silicones are mold lubricants that 
eliminate 90% of the scrap in the rub ber 
industry; save 80% of the cost of clean­
ing molds. They're paints that protect 
metal at 1000° F. They're work savers 
and life preservers, conservers of copper, 
protectors of metals, foam killers . . . 

Get the complete story 
told for the first time in a compre­
hensive and easy to read booklet en­
titled, "What's a Silicone?" It's written 
to be read profitably by scientists and 
engineers, business men and profes­
sional people. 

Mail this coupon today for 
your FREE COPY of 

this new 32-page booklet 

DOW CORNI NG 
CORPORATION 

I Addre .. , ________________________ _ 

I City ____________ .LZ'one _____ State ____ _ MIDLAND, MICHIGAN 
L __ ,� ___ -i 
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f\wN ofell� 
e contrast 

e q uip ment 

• . .  gives you finger-tip control-at lower cost 
With Leitz Phase Contrast Equipment, you make a 
continuous transition from "brightfleld" to "phase 
contrast" to "darkfleld" 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 Attachment 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 
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enough to hear itsclf criticized, if visi­
tors and immigrants care to criticize us. 
\Ve urge that action be taken to replace 
the objectionable McCarran Act with a 
set of carefully considered and workable 
regulations." 

NSF Report 

THE National Science Foundation's 
first annual report to Congress, de­

livered last month, was devoted mainly 
to urging the need for basic research as 
a foundation for technological advance. 
Looking ahead to the coming year, when 
for the first time it will have an appro­
priation ($3.5 million) to start its work, 
the Foundation listed among its high­
priority projects: the development of a 
national science policy, a survey of cur­
rent research expenditures, a survey of 
problems in the publication of scientific 
work, research on improving scientific 
communication, an inventory of scien­
tific manpower, support of basic re­
search "on as broad a geographic and 
institutional basis as possible" and, 
above all, a fellowship program for 
graduate students of science. Twenty­
eight hundred applications have been 
received for the 400 fellowships that 
the Foundation will award this year. 

Engineers 

ENROLLMENTS in engineering 
schools, which had been declining, 

showed an encouraging upturn this year, 
the U. S. Office of Education reports. 
The schools have 16.2 per cent more 
freshmen than last year. This means 
that in 1955 the number of graduating 
engineers should begin to rise, after 
dropping to an estimated low of 17,000 
or less in 1954. The engineering schools 
are expected to turn out 28,000 gradu­
ates this year-a 25 per cent decline 
from last June's 38,000. 

The increase in this year's freshman 
enrollment is attributed to an intensive 
campaign to win new students. 

Fellowships Taxable? 

T HE value of thousands of fellow­
ships awarded annually by founda­

tions, universities, corporations and gov­
ernment agencies may be reduced by a 
recent ruling of the Treasury Depart­
ment. The Bureau of Internal Revenue 
decided that some fellowships are sub­
ject to income tax. 

The Bureau held that a grant is tax­
exempt if it is solely for an individual's 
training or education a,nd "no services 
are rendered as consideration therefor," 
but that it is taxable when the recipient 
"applies his skill and training to advance 
research, creative work or some other 
project or activity." The ruling specif-_ ically declared taxable grants made by 
the Guggenheim Foundation to a chem­
istry professor for study of structural 
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Good News 

for Engineer in all fields: 

• • • LOCKHEED 

IN CALIFORNIA 

RAISES ENGINEERS' 

SALARIES 

Lockheed Aircraft Corporation announces 
substantial salary increases for engineers in recog­
nition of the importance and excellence of their 
work on both military and commercial aircraft. 

The increases, now in effect, make Lockheed 
engineers among the highest paid in the 
aircraft industry. 

Engineers who join the Lockheed team will 
receive the benefits of these pay boosts. 

In addition to increased salaries, 

Lockheed also offers engineers: 

1. A "bonus" every day in better living-just 
because you live in Southern California, 
in an area where the climate is beyond compare. 

2. A future that offers both security and advance­
ment, helping create planes for defense, 
planes for the world's airlines in Lockheed's 
long-range development program. 

3. Better personal working conditions among 
men who have built a reputation 
for leadership in aviation. 

To forward-looking Engineers: 

Become an Aircraft Engineer at Lockheed's Expense 

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 aptitude, and adapts them to 

aircraft work. You learn to work 
with closer tolerances, you become 

more weight conscio,;!s. 

To Engln •• r. 
wl.h F.mlll •• : 
Housing conditions are excel­

lent in the Los Angeles area. 

More than 35,000 rental units 

are available in the Los An­

geles area. H uge tracts for 

horne ownersh ip are under 

construction now. Thousands 

of homes have been built since 

the last war. Lockheed coun­

selors help you get settled. 

LocIchood .1 .. . He,. 
·th •••• x .... ...... R." 
Generous Travel aUowances· 

Outstanding Retirement Plan 

• Vacations with pay · Low 

cost group tife, health, acci­

dent insurance · Sick Leave 

with pay • Credit Union. for 

savings and low-cost financ­

ing • Employees' Recreation 

Clubs • Regular performance 

reviews, to give you every op­

portunity faT promotion. On­

the-job training or special 

courses o f  instruction when 

needed. 

What's more, Lockheed trains you at 
full pay. You learn by doing-in Lockheed's 
on-the-job training program. When 
necessary;you attend Lockheed classes. It depends 
on your background and the job 
you are assigned. But always, 
you learn at full pay . .  

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

I ENGINEER TRAINING PROGRAM I Mr. M. y. Mattson, Employment Mgr. Dept. SA·3 

����RCRAfT CORPORATION 

Burbank, California 

Dear Sir: Please send me your 
brochure describing life and work at Lockheed. 

My Name 

My Field of Engineering 

My Street Address 

My City and State 

_______________________ J 
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Suppliers to GOVERNMENT 

and INDUSTRY for 75 Years ... 

to the ARMED FORCES 

through three wars! 

38 

��IHi, Bendix Friez is part of a great industrial organization 
�,_, __ ,y' 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. 

nlEl INSTRUMENT DIVISION of 
1324 Taylor Avenue • Baltimore 4, Maryland 

Export Sales: Bendix International DiYisiln. 12 Fifth An., H. Y. 11. N. Y. 

chemistry, to a writer to complete a 
novel, to a biologist to study aquatic 
fungi and to a social scientist for re­
search on the relations between govern­
ment and economic processes. 

The Bureau has assigned an agent to 
work full time on fellowships. It con­
tends that some universities and cor­
porations have abused tax exemption by 
calling payments for services fellow­
ships. But its ruling' appears so sweep­
ing that some believe it will affect all 
the large fellowship programs, includ­
ing those of the Rockefeller Foundation, 
the Atomic Energy Commission, the 
National Research Council and the Na­
tional Science Foundation. 

$140,000 for Watson-Watt 

SIR ROBERT WATSON-WATT, the 
British pioneer in the development 

of radar, has received an award of 
£50,000 (about $140,000) , tax-free, 
from the Royal Commission on Awards 
to Inventors. The money was part of an 
£87,000 grant to Watson-Watt and 
nine of his colleagues, in recognition of 
their claim that "without radar the Bat­
tle of Britain would have been lost and 
these islands invaded." 

Such large government grants to out­
standing inventors are a well-established 
practice in Britain. Four years ago Sir 
Frank Whittle got £ 100,000 for devel­
oping the jet engine. 

On the Nation's Health 

A BANDONING his demand for a na­
ft tional health insurance system, 
President Truman has appointed a 15-
member Commission on the Health 
Needs of the Nation to determine the 
nation's "total health requirements" and 
to recommend within a year ways of 
meeting them. The Commission will look 
into such questions as 1) the shortage of 
medical workers, public health units 
and hospital beds; 2) ways to speed up 
medical research; 3) what can be clone 
to improve the care of the chronically 
ill and aged. The Commission's chair­
man is Paul B. Magnuson, former :'-Iedi­
cal Director of the Veterans Adminis­
tration, who is known to oppose national 
health insurance. 

John W. Cline, president of the 
American Medical Association, nonethe­
less attacked the survey as "another 
flagrant proposal to play politics with 
the medical welfare of the American 
people ... a shocking attempt to give 
White House sanction to the brazen 
misuse of defense emergency funds for 
a program of political propaganda." 
Gunnar Gundersen, a member of the 
A.:'-'l.A.'s board of trustees, whom the 
President appointed to the Commission, 
refused the appointment. 

Magnuson commented: "If the 
A.M.A. hierarchy devoted as much time 
to care of their patients as they do to 
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Now-Simpler, Faster, Automatic Titrations! 

series of titrations, simply fill the burette, 
place the sam ple in the bea ker-and the 
Beckman Automatic Titrator takes over from 
there. Raising the beaker holder into posi­
tion automatically starts the stirrer motor and 
begins delivering titrating solution into the 
sample. -

A special circuit electrically anticipates 
the approaching end point, scaling down 
delivery of the titrating solution in progres­
sively smaller increments to assure a highly 
accurate titration. When the end point is 
reached, delivery of the titrating solution 
stops and a light shows com­
pletion of the titration-all 
automatically al/d t"itbout at­
tel/tion from tbe operator. 

Whether your laboratory 
is large or small the Beckman 
Automatic Titrator provides 
important advantages in your 
titrating operations ... 

� It releases tbe tecblliciall dllr­
ing titrati01l, ellabling bim 
to perform otber operations 

For full details on this new Beck­
man instrument see you r authorized 
Beckm a n  de aler-or write d irect-

Beckman Instruments, Inc., South Pasa­
dena 48, Cali/ornia_ 

Factory Service Branches: 
NEW YORK - CHICAGO - LOS ANGELES 

Here's another new Beckman ad­
vancement in instrumentation - an in­
strument that runs your titrations for 
you. It's the Beckman Automatic Titra­
tor-the instrument that makes accu­
rate titrations more rapidly and con­
veniently than by manual methods. 

sucb as preparing samples, or calculating 
results. 

� It elimillates tbe fatig1le caflsed by close 
observation reqflired ill malltlal procedures. 

� It gives objective, reproducible rewlts ... 
eliminates errOrS due to personal factors. 

� It provides time-saving conveniences for 
sample handling. 

PERFORMS A WIDE VARIETY OF TlTRA­

liONS-Neutralization. Oxidation-Re­

duction. Precipitation, Complex-Forma­
tion and other types. 

NO SPECIAL TRAINING IS REQUIRED­

rapid and accurate titracions can read· 

ily be performed without special skill 

or technique. 

QUICK, SIMPLE OPERATION - completes 

many routine titrations in only t- L V! 

minutes-even titrations to 0.1 % accu­

racy in 2 Yl minutes or less. Change of 
sample is simple. rapid-a single motion 

raises. locates and secures new sample 

in operating position. 

CONVENIENT, VERSATILE, ADAPTABLE-

00 to 1000 C temperature compensa· 

tion • . .  adjustable holder accommo· 
dates 10 011 to 400 011 beakers or simi. 
lar vessels ... instrument may be used 

with all standard burettes down to 5 
mi . . .  as many as four delivery units 
accommodated by single amplifier con­
trol unit . . . •  uses standard Beckman 
electrodes ... electrode holders and 
delivery tip can be pivoted into any 

required position ... ample provision 

for mounting heating devices or other 
special equipment. 

ALSO A RELIABLE pH METER -the Beck­
man Automatic Titraror can also be 
used as an AC·powered pH meter to 

give accurate readings over the range 
o to 14 pH. as well as millivolt read· 

ings from -600 to + 1400 my. 

Beckman Instruments include: pH Meters and Electrodes - Spectrophotometers - Radioactivity Meters - Special Instruments 

39 

© 1952 SCIENTIFIC AMERICAN, INC



40 

)6//Je tfilfJfS � 
for Microscopy or Photomicrography 

with an AO 
PHOTOMICROGRAPHIC 

CAMERA 
With this ideal permanent set-up you're instantly 
ready for any visual or photomicrographic work. 
Just clamp microscope and illuminator to the 
AO Photomicrographic Camera base. A Special 
light-tight adapter and camera arm with fine 
adjustment positioning stop enable you to swing 
the camera away from the microscope and back 
without further adjustment. A binocular body 
can be used for extended observa lions and easily 
replaced by a monocular body when you take 
photomicrographs. The telescopic focusing eye. 
piece permits viewing moving specimens up to 
the instant the shutter is released. At a moment's 
notice you can swi tch from the camera back for 
35mm black and white or color shots to the 4" x 
5" unit for sharp photomicrographs suitable for 
technical journal reproduction. See your AO " 
distributor or wrile Dept . . C178. r 

* 360' REVOLVING BODY­

No revolvjng stage needed. 

* TAKES A 35MM FILM, 

4" x 5" PLATES, CUT FILM, 

OR FILM PACK. 

* RUBBER VIBRATION 
ABSORBERS. 

* GROUND GLASS WITH 

TRANSPARENT STRIPS­

For critical focusing by 

magnifier. 

* COMPENSATING LENS IN 

35MM CAMERA-Matches 

field to 4u x 5" camera. 

* MICROSCOPE AND 

ILLUMINATOR-May he 

damped in any of 3 positiona, 

American" Optical 
, 0 'I.l P \" \ 

INSTRUMENT DIVISION . BUFFALO 15. NEW YORK 

politic':,
l maneuvering, we'd all be bet­

ter off. 

Why Stars Explode 

E VERY three or four hundred years 
one of the stars in the :\Hlky Way 

blows up in a mighty explosion. These 
supernovae, which occur in other galax­
Ies as well as ours, are believed to be 
due to some kind of rapid nuclear reac­
tion that causes the star to collapse and 
shoot out great streams of hot gas ("Su­
pernovae," by George Gamow; SCIEN­
TIFIC AMERICAN, December, 1949). 

Physicists have been speculating for 
some time about what the nuclear reac­
tion may be. Lyle B. Borst of the Uni­
versity of Utah, who was formerly in 
charge of the atomic reactor at the 
Brookhaven National Laboratory, now 
suggests one. It is the fusion of two 
helium atoms, of atomic weight four, to 
produce beryllium 7 -a radioactive iso­
tope of beryllium which is not found 
naturally on earth. Borst said that this 
reaction, absorbing huge quantities of 
energy, could account for the sudden 
collapse of interior pressure in a star and 
the c'onsequent ejection of its hot mat­
ter. The reaction is so �apid that a star 
could convert all of its helium into 
beryllium in one day. Borst believes that 
it would occur after a star had burned 
up its hydrogen and converted it into 
helium. Discussing his theory at a re­
cent meeting of the American Physical 
Society in New York, he pointed out 
that beryllium 7 has been created arti­
ficially at the Brookhaven laboratory. 

The half-life of beryllium 7 is 53 days. 
According to those who described the 
three supernovae observed in our galaxy 
(in 1054, 1572 and 1604), in each case 
the exploding star lost half its bright­
ness in just about 53 days. Borst takes 
this to mean that the stars consisted of 
at least 90 per cent beryllium after their 
collapse. 

There is a diffuse object, called the 
Crab Nebula, in the part of the sky 
where the first supernova was seen by 
Chinese astrologers in A.D. 1054. It is 
an expanding cloud, believed to have 
come from the explosion. According to 
Borst's theory, neutrons released in the 
fusion reaction that creates beryllium 
should convert nitrogen in the star into 
radioactive carbon 14. Consequently the 
Crab Nebula should contain carbon 14, 
and if this material can be detected in 
the Nebula, the new theory will be 
strongly corroborated. 

TV Progress 

T HE num.b�r o� e?ucatio.nal programs 
on televJSJon IS mcreasmg, but so is 

the proportion of time devoted to crime 
melodrama. This was reported last 
month bv Dallas W. Smythe of the Uni­
versity of Illinois, who made a follow-up 
study of the offerings of New York's 
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NEW INSTRUMENTS PROVIDE 

AUTOMATIC QUALITY CONTROL 
G-E Quality Control Indicators payoff 

in reduced rejects, improved quality 

G-E Quality Control Indicators enable manufacturing super­
visors to keep a continuous check on product quality by simply 
looking at a bank of instruments. Each instrument shows when 
rejects exceed allowable level for one test or inspection character­
istic. When high rejects occur, corrective action can be taken 
immediately, eliminating time-lag associated with conventional 
control charts. 

Quick correction of the manufacturing process improves 
product quality and cuts scrap loss. One manufacturer reduced 
rejects 60%, saving enough in scrap and rework expense to pay 
for the device in four months. If you inspect your product in 
whole or in part, you have an application for this device. 

For more information on the first and only automatic instan­
taneous quality control, write for Bulletin GEA-5627*. 

Instrument shows rejects exceeding preset level at one 
test station. Top: Foreman sends trouble-shooter to 
correct the defective manufacturing process. 

NEWS BRIEFS 
From Special Instrument Headquarters. 

NEW DC ARMATURE TESTER 

Railroad service shops and motor manu· 
facturers now test turn·to-turn as well 
as major insulation with the new G-E 
DC Winding Insulation Tester-de· 
signed to provide up to 1000 volts bar­
to-bar on any armature regardless of 
size or design and up to 10,000 volts for 
testing series field coils. Write for Bul­
letin GEC·794*. 

BET A-RA YS MEASURE THICKNESS 

Non-contacting G-E Beta-Ray Gages 
now measure thickness of fast-moving 
sheet materials such as cold-rolled steel, 
non-ferrous metals, paper, rubber, and 
plastics, improving quality and saving 
critical materials. Write for Bulletin 
GEC-48SA*. 

NEW MERCURY VAPOR DETECTORS 

Newly redesigned G-E Mercury Vapor 
Detectors, now available, give improved 
performance due to greater sensitivity 
and stability. Two models, chemical and 
electronic, provide continuous monitor­
ing or instantaneous indication. Write 
for Bulletin GEC-312*. 

Let General Electric help you with your 

special testing and measuring prob­

lems. Write, stating details, on your 

business letterhead. 

*General Electric Compa�y, Sect. 687-90, 
Schenectady 5, New York. 

GENERAL. ELECTRI,� 
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11\1:llli� . 
·!I'I\L� ENGINEERS 
" Special opportunities for YOU in 

Q8J.hat s�s��mo��e��� 
coast of CALIFORNIA 

Convair (Consolidated Vultee Aircraft Corporation) is 

now accepting applications for these following positions 

in its modern, progressive Engineering Department. 

r� .. ;gn Eng;n •• " Weight Engineers 
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Design Draftsmen 

Electrical Draftsmen 

Electronics Engineers 

Microwave Engineers 

Servo Engineers 

Aircraft Loftsmen 

Aerodynamics 

Engineers 

Test Engineers 

Thermodynamics 

Engineers 

Aircraft Linesmen 

WORKING fACTS: You get two holidays a week at 
Convair - overtime accomplished in 5·doy week. Attractive 
salary ranges. An "engineers" engineering department ... with 
stimulating, competent associates ... and interesting, challeng­
ing, essential, long-range projects of a wide variety including 
- commercial aircraft, military aircraft, missiles, engineering 
research and electronic development. Excellent patent royolty 
arrangements. Top·notch retirement plan - better-than-overage 
life and health insurance. Complete progress - salary review 
for each person twice yearly. Opportunity for continuing 
engineering education. 

LlVI NG fACTS: Son 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 Ufe ... 
pleasant, refreshing, happy. 

If you qualify, you will receive generous travel allowances. 

SEND COUPON for free booklets and complete information. 

THANK YOU 
Mr. H. T. Brooks, Engineering Deportment 1000 
Convair, 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 

Address _________________________________ ________ _ 

t.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.::: 
,:,:,:, 

',: :.:.:.:.:.:.:.:.:.:.:.:.:.;.:.:.:.:.:.:.:.:.:.::.:.:. 

seven television stations, similar to the 
one he directed last year for the Na­
tional Association of Educational Broad­
casters ("An Analvsis of Television 
Programs," SCIE"TIF·[C AMERICA:\', June, 
1951) . 

Smvthe's monitors found that the 
New ·York stations now carry 13 pro­
grams connected with educational insti­
tutions, as compared to onlv one a year 
ago. Crime plays have increased from 
10 to 14.6 per cent of the total broad­
cast time, and Westerns account for 8.3 
per cent of the total time. The time 
devoted to commercials dropped from 
10 to 8 per cent of the total. The watch­
ers had to sit through 11.3 per cent 
more program time this year-627 hours 
and 2.5 minutes. 

Seymour N. Siegal, president of the 
group for which the study was made, 
said the appearance of 13 educational 
programs shows "a d:stinct improvement 
in what commercial broadcasters are do­
ing." But educators still felt that the 
preponderance of crime and variety 
shows pointed to a need for educational 
stations. The Federal Communications 
Commission has received some 500 ex­
pressions of interest from various institu­
tions in the 207 channels it has reserved 
for education. 

Group Therapy 

TWO psychiatrists at a Veterans Ad­
ministration hospital in Arkansas re­

port that group psvchotherapy can 
significantly improve the condition of 
schizophrenics. 

Henry N. Peters and Francis D. Jones 
measured the results of group therapy 
by two tests that had not been used for 
this purpose before. One was the Porteus 
Maze Test, generally applied as an in­
telligence test for illiterates; it is a sim­
ple route-tracing test like the mazes 
often printed in newspapers' puzzle 
pages. The other test, the :-1irror-Trac­
ing Test, has been used in studies of 
frustration; it requires copving a six­
pointed star from its image in a mirror, 
while the subject's writing hand also is 
visible onlv in the mirror. 

Projecti;"e tests such as the Rorschach 
and conventional intelligence tests have 
failed to show anv consistent benefit to 
schizophrenics frdm psychotherapy. But 
in the maze and mirror-tracing tests, 
which Peters and Jones consider more 
sensitive, they found that seriously ill 
schizophrenics definitely improved in 
performance after several months of 
group therapy, while a control group 
did not. The two investigators reported 
their results in the jOLlmal of Consulting 
Psychology. 

The Regents' Tests 

A S the result of protests from various 
.f\.. groups, the New York State Edu­
cation Department abandoned its inten-
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Behind the EYES OF RESEARCH 
P U B L I SH E D  I N  T H E  I N T E R E S T  O F  F U H TH E H I N G  A'iALYSIS A N D  H E S E A R C H  T H R O U G H  M O D E R N  OPTICAL I N ST R U M ENTATION 

M E N TA L  D I S E A S E ,  A C T H  A N D  F L A JlII E  P H O T O M E T R Y 

Flame photometry has uncovered the explanation for one important 
trait in schizophren ia .  Schizophrenics do not respond to stress situ a ·  
t ions  in the  same way as other persons. Normally, stress situat ions e\" oke 
an outpouring of steroid hormones from the adrenal cortex, initiated by 
ACTH from the pituitary gland. These hormones play a significant role 
in stress situations. But in persons afflicted with schizophrenia, this 
response is lacking-even after injections o f  ACTH. 

Among the functions of the cortical steroid hOI;mones is regulation of 
the salt and water balance in the body, particularly sodium and potas· 
sium. Chan ges in concentration of these two salts are am ong the most 
useful ind ices of adrenal cortical hormone levels-and flame photometry 
is the simplest, fastest and most accurate way of determining body 
sodium and potassium content. 

O S C I L L O G R A P H I C  I N F R A R E D  

N o  one i s  quite sure o f  what the chemical changes are 
i n  a sho rtlived explosion, but a comb ination of infrared 
analysis and v ideo-scanning methods is helping to fi n d  
the an S\l"er .  Infrared spectra, l i k e  those shown, have 
betn taken from a video screen at the rate of 150 per 
sec ond of explosions in closed chambers. Their study 
gives the history of the intermediates formed, the effec t 
of vary i n g  component concentrations,  the time involved . 
Another use of infrared an alysis-chemistry's versatile 
tool for an alysis and product control.  

M E A S L E S  S E R UM - T H E  P U R E R , T H E  B E T T E R  

Thanks to electrophoresis, medicine's new electro-optical re­
search aid,  we can count on purer and more effective measles 
serum . The potency of the serum depends on the gamma globu ­
l i n  content which, i n  turn, lessens the ill effects of measles i n  
children . The fastest a n d  most accurate means et f  checking 
gamma globulin is by electropho retic separation of the COIll­
ponents in the finished serum. These patterns are p art of the 
routine purity check at Lederle Laboratories. Made i n  less 
than two hours at  a cost of $3, they show a gamma globulin 
fraction of practically complete purity. 

Do )'ou and ),OUT research staff 
know about The Perkin·Elmer 
Instrument News ? This B-page 
quarterl), is devoted exclusively 
to the latest news and technical 
developments of €lectTo·optical 
instruments. rVe will be glad to 
place any of ),ou .. staff on our 
mailing list. 

T H E P E R  K I N  - E L M E R e 0 R P O - R A T I O N  

N O RWA L K ,  C O N N E C T I C U T  

Makers of  e lec t ro-opt i ca l  i n s t ruments 
Opt ica l  des ign  consu l tants  
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SA VE 95% 
O N  P E R I.O D I C A L  

S T O R A G E  S P A C E  

l I N 

--

"SCIENTIFIC AMERICAN .nd om 750 om" 
__ leading periodicals are now available on 

_ _ microfilm-cost about equal to library binding. 

_� Microfilms of issues from May 1948 ( first issue 
of new SCIENTIFIC AMERICAN) may be st'­

- cured." 

- Addressing inquiries to us on your organization's 

- letterhead will help us be of better service to you. 

. Write for details to Department SA. 

U N I V E R S I T Y  M I C R O F I L M S 
A N N  A R B O R ,  M I C H I G A N  

" .  CAN SAVE YOU 50% 
�N NEWBI NOCULARS l "  

s a y s  
O P E R A T I O N S  
R E S E A R C H 
S P E C I A L I S T Ag o i n  the B U S H N E l l  PlAN 

, a v e s  y o u  m o n e y ! T h e l e  
v a s l l y  i m p r o v e d , 1 9 5 2  
m o d e l s  ore d e s i g n e d  (l n d  
t r i p l e - t e s l e d  f o r  g r e a t e s t  
v i e w i n g  e f f i c i e n c y  - Both 
g i ve yOu . New, superiOf  
o p l i c o l l y �i l e m l  • A c h r o ­
m a t i c, c o l o r ·  c o r r e c t e d  
l e n s e s  . • A l l  l e n s e s - p r i s m s  
h a r d  c o o l e d  . •  X - C e l l o  
weolhe r t i g h t  s e a l i n g  . •  A l  
TEMP h " bri(olion . •  Hard 
leather «H e  g n d  shops.  

I B U SHNELL I ,  Calif. 
I R U S H  M E  P O S T P A I D :  

I 0 S E N D  M E  B I N O C U L A R  M O D E L . . . . . . . . .  . 
o Y O U R  F R E E  B O O K A N D  C A T A L O G  

I A L L  P R I C E S  I N C L U D E  L E A T H E R  C A S E  
A N D  ST R A P S  

I Enc losed p lease fi n d  $ . . . . . . . . . . . . . . . . . . . . . .  . 

I I am add i n g  usual 2!l.% Federal Tax ($2.00 deposit  o n  
C . O . D . ' s . >  

I N am • .  

t �:z.s�========����===J 

• Experienced oper a t i ons research 

m a n  to h e a d  and expand opera­

tions research program dealing 

with non-military as  well as mili­

tary problems. Unusual oppor­

tunities for development and 

a dvancement in growing research 

organization emp loying 1 ,700 tech­

nologists, technicians, and service 

personnel. Prompt, confidential 

handling of all applications. 

Please address replies directly to : 

B A T T E L L E  M E M O R I A L  
I N S T I T U T E  

50S King Avenue, Columbus 1 ,  Ohio 

tion to omit questions relating to the 
germ theory of disease from the mid­
year Regents high-school examination 
in biology ( SCIENTIFIC AMERICAN, Feb­
ruary) . The examination given last 
month did include such questions. The 
New York Academy of Medicine and 
the Teachers' Guild are still pressing, 
however, for repeal of the recently en­
acted law that excludes from the com­
pulsory curriculum health topics which 
may conflict with Christian Science 
teachings, and a repealer bill has been 
introduced in the Legislature by State 
Senator Samuel Greenberg of Brooklyn. 

Disaster Psychology 

How do the citizens of a community 
react when catastrophe strikes? 

Lewis M. Killian of the University of 
Oklahoma interviewed survivors of the 
Texas City explosion and of three Okla­
homa tornadoes to find out how people 
behaved in those crises, and he reports 
his findings in The American Journal of 
SOCiology. 

He learned that the great majority, 
including policemen and firemen, rushed 
first to look after their own families. The 
result was great initial "confusion, dis­
order and seemingly complete disorgani­
zation." 

"There were important exceptions," 
Killian added. "Most of the refinery 
workers in Texas City did stay on the 
job until their units were safely shut 
down, as they had been trained to do." 
So did public utility workers. "The chief 
of police remained at his post from the 
moment of the first explosion until seven­
ty-two hours later . . .  (due) to the fact 
that he knew that his family was safely 
out of town, visiting relatives, at the 
tiIne." 

Where a conflict arose between prop­
erty and life, the normal reaction was to 
disregard property. But one refinery of­
ficial, who had never lived in Texas City, 
recounted: "The assistant superinten­
dent told me that their top men had been 
killed and asked me what I thought he 
should do. I told him, 'You should take 
charge of the company's property. 
That's what the president of your com­
pany would tell you if he were here.' " 

More typical was the action of one 
man in a tornado town who "sensed the 
approach of the tornado only minutes 
before it struck. In spite of great per­
sonal danger he rushed through the 
storm to a theater where his children 
were attending a movie. There he pre­
vented the frightened audience from 
pouring forth into the storm by holding 
the doors closed. Later he was acclaimed 
{Is a hero whose quick action had saved 
tbe lives of many of his fellow-citizens. 
He himself denied that he had any 
thought of taking the great risk that he 
took for the sake of the anonymous 
audience itself; he was thinking only of 
his own children." 
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T he lady is stri pping a n  emulsion 5.44 thick 

It 's  the new Kodak Autoradiographic 
Permeable Base Stripping Film (Experi­
mental ) .  With an emulsion only 5 mi­
crons thick, it has the high resolution 
and sensitivity to radionuclides you need 
for microscopic study. 

For support, this exceptionally thin 
emulsion i s  coated on a film of plain gel­
atin also 5 J.L thick, and mounted on a 
temporary film base. The emulsion is  
easily stripped off and floated onto a 
slide-mounted h istological specimen. It 
is  available 3 5 m m  wide, unperforated, 
and spooled in 5 - foot lengths. 

.------------, ""T" 
S" GELATIN 

r---��==�--� � 
5" EMULSION 

l=>77:m"77m77:i'77:m77-;�'777?i ----L-
SLIDe 

Proce s s i n g  s o l u ti o n s  permeate t h e  
photographically i nert gelatin l i k e  emul­
sion, but, since it takes o n  no density, it 
cannot contribute to the overlapping of 
densities from active sites. 

Whether your interest lies i n  record­
ing nuclear emanations, capturing the 
eruption of a nova, or in one of the hun­
dreds of other ways in which photog­
raphy i s  serving the world of science, 
Kodak makes the photographic mate­
rials you need. If you will let us know 
your requirements, we shall be glad to 
m a k e  a r e c o m m e n d a t i o n .  E a s t m a n  
K o d a k  C o m p a n y, I n d u s t r i a l  P h o t o ­
graphic Division, Rochester 4, N .  Y. 

AUTORADIOGRAPHY 
• • •  a scientific function of photography 
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NEW PFAUDLER ACID - RESISTING . GLASS LINING 

Has Improved Resistance to Alkaline Solutions 

Pfaudler's  new acid-resisting glass lining, because of its 
improved resistance to alkaline solutions, gives chemical 
engineers new freedom to change processes without re­
quiring a change in materials of construction. Dissimilar 
operations formerly requiring two vessels can now be 
performed in one. 

A P P L I CATIONS-This new glass should be especially 
useful in processes involving a neutralization reaction, 
where the equipment is subj ected to alkaline solutions at 
moderate temperatures for short periods of time. It 
should be helpful in polymerizers for organic plastics 
where polymerization is often carried out at a pH of 10 
to 12  and at a temperature below 2 1 2 ° F. It may also be 
used for hot alkaline hypochlorite solutions, where 
standard glass-lined reactors have been used but with 
rather short life as compared with that obtained in acid 
service. 

CONDITIONS OF U S E-This new glass is intended for 
use in the pH range from 9 to 12 and at temperatures up 
to a maximum of 2 1 2  ° F. Within this range of pH and 
temperature, it has at least 3 times the resistance, and in 
some cases 10 times the resistance, of an}' Pfaudler glass 
formerly available. Users who have applied the new glass 
in their own plant confirm these results. 
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To help solve your processing problems, Pfaudler 
offers a wide range of glass-lined vessels as well as 
accessories such as pumps, pipe, fittings, and valves. 
Write now for Bulletin 885, a general catalog describing 
our products and services. 

In a comparative test u s i n g  

buffered NaOH, pH 1 1 . 5 ,  at 

2 1 2 0  F.,  the new g l a s s  was 

found to have a n  est imated 

l i fe of 1 2  years compared 

to 3 years for o u r  present 

standard g l ass. 

Use 
GLASS- LINED 

Steel for :  

D u ra b i l ity 

C o rro s i o n  Resistance 

Pro d u ct P u rity 

Easy C l e a n i n g  

L e s s  P ro d u ct Ad h erence 

f I 
Eng ineers a n d  Fabricators of Corrosion-Resistant Process E q u i pment 

I
T H E  P F A  U D L E R e O .  
Dept .  SA-3, Ro c h ester 3 ,  N .  Y. 
Offices and representatives in principal cities 
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The Quantum Theory 
Concerning the early years of this fundamental concept 

of 7nodern physics: how Max Planck formulated it at the 

turn of the century and how others enlarged it up to 1923 

T
HIS is the history of a physical 
theory which began in 1900 by tak­
ing over a small province of physics 

and now has extended its empire over 
almost the whole of the sciences of 
ph,"sics and chemistry. More precisely, 
it is half of the history, for it carries the 
story only to 1923, which happens to be 
about as far along the road as the non­
physicist can travel easily. The story is 
that of the quantum theory, and this 
account will relate the main events in 
its early history. 

Usually a doctrine or discovery in 
science does not spring unheralded and 
full-blown from a single man's brain; 
behind the reported founder of the doc­
trine there are likely to be others who 
partly anticipated him, and the origin 
of the idea may be lost in the mists. 
This cannot be said of quantum theory. 
The recognized founder was the actual 
founder, and there was no one behind 
him. His name was Max Planck; he was 
born in Germany in 1858, and he died 
there in his 89th vear in 1947. Tacitus 
has said of some Roman character that 
he was felix oppoltllnitate mortis-he 
was lucky to die when he did. Not so 
for Planck: he suffered grievously in the 
two world wars, losing a son in each and 
his house and his library in the second; 
he would have had a happier life if he 
had died in 1914. He would also have 
been equally famous, for his grand idea 
had come at the turn of the century. 

I I 

by Karl K. Darrow 

Planck achieved his doctorate by a 
thesis on an experiment in the diffusion 
of hydrogen through palladium. This 
was the only experiment he ever per­
formed: one may suspect that it was im­
posed on him rather than chosen by him. 
Even before he won his doctorate, he 
had devoted himself to the theoretical 
study of the foundations of thermody­
namics. He saw rather more deeply into 
the second law of thermodynamics than 
anyone before him, and his textbook on 
thermodynamics is still a classic. 

It was by way of thermodynamics that 
Planck came to the quantum theory. 
Thermodynamics is a hard subject, and 
Planck arrived at the quantum theory 
by the hard way. \Vhen he entered upon 
thermodynamics, it was a science of heat 
in matter. Planck extended it to light. 

The Cavity Problem 

Imagine a cavity inside a solid body. 
There is a small perforation in the wall 
of the cavity, out of which light can 
come. It must be large enough so that 
we can get enough light out of it to 
analyze with a spectroscope; it must 
also be small enough so that the light 
which comes out will be a fair sample 
of what the light inside would be if the 
perforation were not there. We have 
therefore to assume that one and the 
same perforation can be neither too 
large nor too small. This sort of double-

barreled assumption is frequently made 
in physics, and in this case at least it has 
not yet led us into any trouble. 

First let us suppose that there is some 
gas inside the hollow. For definiteness 
let the gas be helium, which is a nice 
monatomic gas and nearly a perfect gas. 
The gas has energy, which is the kinetic 
energy of its atoms. This kinetic energy 
we know to be proportional to the abso­
lute temperature. We also know that 
the energy is proportional to the number 
of atoms. If I pump half of the gas out 
of the cavity while the temperature re­
mains the same, the energy of the gas 
in the hollow is reduced to one-half; if 
I pump extra helium into the cavity so 
as to double the quantity, I double the 
energy. 

Let us now imagine that all of the gas 
is pumped out. The cavity is still not 
empty, for it still contains light, in fact, 
just the same amount of light as while 
th'e gas was there. Since the cavity con­
tains light, it contains the energy of that 
light. This energy is proportional, how­
ever, not simply to the temperature but 
to the fOllrth power of the temperature. 
There is also a much more important 
difference between light and helium: 
namely, whereas the energy of the he­
limn in the cavity is proportional both to 
the absolute temperature and to .the 
amount of helium, the energy of the 
light depends only on the temperature. 
There is no point in saying that the 

SPECTRA OF HYDROGEN show bright lines which 
correspond to energy transitions in the hydrogen atom 
and molecule. The hrighter lines in the top spectrum 

are emitted by atomic hydrogen; the more complex lines 
in the bottom spectrum, by the hydrogen molecule. The 
spectra were made at The Johns Hopkins University. 
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energy of the light is proportional to the 
amount of light, for the amount cannot 
be varied. There is no pump by which I 
can pump out half of the light and leave 
the rest. I could indeed increase the 
amount of light in the hollow by shining 
a searchlight through the perforation, 
but this would make no lasting differ­
ence. The beam of the searchlight would 
be absorbed in the walls of the cavity 
and heat them up; as soon as I turned 
off the searchlight, the temperature 
would start to revert to its original 
value, and when it 30t back to its initial 
value there would be the same amount 
of light in the cavity as before. 

The light emerging through the per­
foration has a perfectly distinctive spec­
trum, and this we have already assumed 
to be identical with the spectrum of the 
light inside the cavity. On a graph in 
which energy is plotted against fre­
quency, the spectrum has a single broad 
hump, meaning that the energy is great­
est at the middle wavelengths in the 
spectrum and least at the highest and 
lowest frequencies. This spectrum has 
several names. Planck called it the "nor­
mal spectrum." Germans generally call 
it the spectrum of "cavity radiation," 
which is the best name. English-speak­
ing people usually call it the "black-body 
spectrum/' because a perfectly black 
body would emit light of this composi­
tion. (It seems paradoxical that a black 
body should emit light, but it is no 
paradox at all when we remember the 
distinction between emission and reflec­
tion. The practical definition of black­
ness is that it is the quality of not re­
flecting light. A black body does not 
reflect, but it may emit; in fact, it is the 
most powerful possible emitter of light. 
We ordinarily look at bodies-black, 
white or colored-when they are reflect­
ing light but are not hot enough to emit 
an appreciable amount of visible light. 
At temperatures of incandescence a 
black body would look brightest of all.) 

Little Resonators 

Planck set out to explain the black­
body spectrum. He postulated that all 
solid bodies, and therefore the walls of 
the cavity, contained little oscillators­
he called them resonators-of every 
imaginable frequency. By resonators 
Planck meant small electrified particles 
which wiggled to and fro. (A few years 
later he identified them as vibrating elec­
trons, but in 1900 the electron had only 
just been discovered and was far from 
well established in physics.) It followed 
that in any range of frequencies, how­
ever narrow, there must be resonators 
having frequencies in that range. Take, 
for instance, the bright yellow spectrum­
line of sodium which is designated by 
the letter D. We are to imagine that 
there are resonators having frequencies 
within this narrow range. All of them 

are emitting yellow light into the cavity, 
and yellow light is coming right back 
out of the cavity and bathing them and 
stimulating them to continued oscilla­
tion. There is an equilibrium between 
the energy of the resonators and the 
energy of the yellow light. So it is with 
the energy of blue light and the resona­
tors which have the frequency of blue 
light, and so it is throughout the entire 
spectrum. If by any valid line of reason­
ing one could arrive at the energy which 
the resonators of any frequency have 
when they are in equilibrium with the 
light, one would be able to arrive by 
one simple further step at the energy 
which the light of any frequency has 
when it is in equilibrium with the resona­
tors. This would be the answer to 
Planck's question, for it would give the 
black-body spectrum. 

There was an answer to this question 
before Planck, but the answer was a 
disaster. This "classical" answer was that 
all of the resonators have the same en­
ergy, no matter what their frequency. 
From this it followed that the quantity 
of light in the cavity would be infinite, 
and since the quantity of light in the 
cavity actually is finite, the theory was 
sunk. 

The flaw in the classical theory lay in 
one of its assumptions-indeed, a very 
plausible one-to wit: that any resonator 
may have any amount of energy; in other 
words, that it may go continuously up 
or down the energy-scale through all 
levels, like a man walking up or down 
a ramp. Planck replaced the ramp by a 
ladder, with its rungs, as in any practical 
ladder, at equal intervals. His assump­
tion was that the resonator must always 
be on one or another of the rungs, and 
if it proceeds up or down tl1e ladder, it 
must proceed by jumping from rung to 
rung. That is to say, it may absorb or 
emit energy only in certain discrete 
units, represented by the equal spacing 
from rung to rung of the ladder. Planck 
then affirmed that the spacing between 
the rungs of the ladder was not the 
same for all resonators but must be pro­
pOl·tional to the frequency of the resona­
tor in each case. He designated the spac­
ing, or energy unit, as hv, and said that 
h is a universal constant, v being the 
frequency of the resonator. 

Planck's substitution of the ladder for 
the ramp not only avoided the disaster 
of infinity, but yielded the actual form 
of the black-body spectrum. To explain 
just why it did so, it would be necessary 
to define entropy; to quote what is 
called Boltzmann's relation between en­
tropy and probability; to define proba­
bility in a very special and peculiar way; 
to derive the formulas for the probability 
and the entropy of a flock of resonators, 
among which parcels of energy of the 
amount hv are distributed in the most 
probable way; to say that the derivative 
of the entropy with respect to the energy 

is the reciprocal of the absolute tempera­
ture; to show that when all this is done, 
one arrives at a formula which gives the 
energy of the resonators of anv chosen 
frequency v as a function of the tem­
perature, and to conclude by showing 
that out of this formula comes the black­
body spectrum which is ratified by ex­
periment. This skeleton of the argument 
shows that the argument itself can find 
no place in an article designed for peo­
ple who are not mathematical physicists. 
It will certainly be conceded that Planck 
got to the quantum theory the hard way. 

The constant h is known as Planck's 
constant. Its value must be determined 
by experiment; it is not prescribed by 
theory. It has been measured in a va­
riety of ways, and all of the measure­
ments agree. Planck may be character­
ized as the man who put h into physics. 
People who drop the h are sometimes 
called cockneys; in this sense the physics 
of the period before Planck may be 
called cockney physics. If the physicists 
of that period could return for a glimpse 
of our physics, they might say that it is 
cockeyed physics-and yet ours is right, 
and they would be wrong. 

I have said that the rungs of the lad­
der-the "levels," as they are more gen­
erally called-are spaced at intervals hv; 
I have not said where the ladder starts. 
In Planck's original theory the bottom 
rung was at zero: the energy-values per­
mitted to a resonator were 0, hv, 2hv, 
3hv, and so on. Later Planck revised his 
theory and located t?e bottom rung at 
the energy-value (, )hv, so that the 
subsequent rungs followed along at 
( + ) hv, ( % ) hv, and so on. So long as 

we concern ourselves with black-body 
radiation alone, it makes no difference 
where we start, but other phenomena 
confirm Planck's second choice. 

Particles of Light 

If light is emitted and absorbed only 
in units of size hv, the obvious next step 
is to infer that light travels around in 
units or parcels or particles of energy 
hv. But this is a step that Planck him­
self did not take. According to some of 
those who knew him and to the evidence 
of his own writings, Planck was a revo­
lutionary of a very conservative kind. 
He took one radical step when it was 
necessary, but he was not daring enough 
to try to revive the corpuscular theory 
of light, and this is understandable in 
view of its state at the time. 

In 1900 the corpuscular theory of 
light was very dead. Newton's idea that 
light consisted of particles had yielded 
in the 19th century to the wave theory, 
and almost anyone who might have at­
tempted to restore the corpuscular theo­
ry would have run grave danger of be­
ing rated a crank. To resurrect it there 
was needed a man possessed of (a) 
prestige, (b) courage, (c) knowledge 
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MAX PLANCK was born in 1858 and died in 1947. On 
the wall behind him in this only partly fanciful reo 
construction of his study are the portraits of nine men 

of notable importance in his scientific life. From left 
to right they are: Helmholtz, Einstein, Bohr, Clausius, 
Pringsheim, Lummer, Rubens, von Lane, Sommerfeld. 
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of Planck's theory and (d) knowledge 
of certain experiments which had not 
yet been performed when Planck put 
forth his theory. There was such a man, 
and his name was Einstein. 

The new experiments were those on 
the photoelectric effect. This effect con­
sists in the emission of electrons from 
metals under the influence of light. 
Think of a beam of light playing on a 
piece of metal-sodium, for example. 
The beam of light, Einstein imagined, 
consists of corpuscles of energy hv. 
Some of them are reflected from the 
surface of the metal; these do not con­
cern us. Others enter the metal, and one 
of these may be absorbed in such a way 
that it vanishes completely, yielding up 
its entire energy hv to a single electron 
in the metal. The electron thereby gains 
enough speed and energy to spring out 
of the metal, and it becomes a "photo­
electron." Once it is out, we can meas­
ure its kinetic energy. 

This energy of course is something 
less than hv. The electron has had to 
spend a certain amount of its energy in 
order to leave the metal; we might de­
scribe this as the fee it pays at the sur­
face of the metal for its exit-visa. We 
denote this fee by the letter W; thus the 
energy the electron has left when it gets 
out to where we can observe it is hv 
minus W. If we could measure only 
photoelectrons released by one frequen­
cy of light we should be unable to sepa­
rate W from hv. But we can experiment 
with beams of light of many different 
frequencies, and can find the kinetic 
energy of electrons emitted under the 
impact of each frequency. The theory 
says that if we plot the electron-energy 
E against the frequency v, the points 
should lie along a straight line, described 
by the equation: E=hv-W. Experi­
ments confirm that the points do lie 
along a straight line, and that the slope 
of this line is h, Planck's constant. As 
for W, it can be determined too; but we 
will leave that constant to the people 
who are most interested in it-the stu­
dents of solid-state physics. 

The discovery of this �quation and 
the revival of the corpuscular theory of 
light are milestones in the history of 
physics. Einstein's theory inspired many 
famous experiments; one of the chief 
experimenters was Robert A. Millikan. 
It must be remarked that even Einstein 
was not bold enough to come out for the 
corpuscular theory of light unreserved­
ly. He qualified his idea with a singular 
word, which I think proper to call a 
hedging word-"heuristic." According to 
the New International Dictionary heu­
ristic means "serving to discover or re­
veal-applied to methods of demonstra­
tion which are persuasive rather than 
compelling, or which lead a person to 

. find out for himself." I interpret that 
Einstein meant to convey that light acts 
in the photoelectric effect as though it 
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SPECTRAL LINES of atomic hydrogen are mapped 
against their color (top) and wavelength in Angstroms 
(bottom). This is the celebrated Balmer series, one of 

several such spectral series which reflect the energy 
transitions of the hydrogen atom. The study of these 
series led to Bohr's model of the atom (see lU'xt page). 

were corpuscular, without committing 
himself further. 

Today there is no longer any reason 
to hedge. The corpuscular theory of 
light has been re-established. In its re­
incarnation it is the first child of the 
quantum theory. The art by which it is 
combined with the wave theory is also 
a triumph of quantum theory, but this 
!s a part of the later history. A remark 
about language is appropriate here. It 
must come as quite a surprise to a stu­
dent of language to learn that "quantum 
�
,
heory" and "qua�,

tum mechanics" and 
quantum number are terms very com­

mon in physics, while the word "quan­
tum" itself has practically vanished. 
Quantum, first introduced to denote the 
quantity hv, later came to be applied 
to the corpuscles of ligh t. In this latter 
sense it has been superseded by a much 
better word-photon. 

Vihrating Atoms 

The next province of physics to be 
invaded by the quantum theory was the 
province of heat in matter. The cavity 
exhibits heat in the form of radiant en­
ergy. Heat in solids is identified with 
the vibrations of the atoms. Since 
Planck had sco{ed quite a resounding 
success with the assumption that oscil­
lators interchange energy with radiation 
in discrete units, nothing could be more 
natural than to try out the same idea on 
the oscillating atoms in solids. Like other 
ideas which seem very natural after 
somebody else has thought of them, this 
idea took several years to emerge. Again 
we must salute Einstein as the theorist, 
and on this occasion Walther Nernst of 
Germany was the leading experimenter. 

The classical theory (note that in 
physics the term "classical" is often ap­
plied to the last-but-one theory in the 
field) said that the heat content of a 
solid is proportional to its absolute tem­
perature. Another way of stating the 
theory is that the specific hea t of a solid, 
which is the amount of heat needed to 
impart a unit increase in temperature 
to a unit mass of the substance, should 

be independent of the temperature at 
which the solid happens to be when the 
heat is applied. Actually the amount of 
heat needed· to raise the temperature of 
a solid by a unit (say one degree) falls 
off as its temperature declines. As 
experimentalists made progress toward 
lower and lower temperatures, the 
departures from the classical theory be­
came more and more striking. The quan­
tum theory arrived in time to take care 
of them. It was found that the ladder of 
levels is the same for the vibrating atom 
as for Planck's electrical resonator. Since 
there is no rung below (+) hv, the 
quantum theory tells us that a vibrating 
atom can never have a lesser energy than 
this-not even at absolute zero tem­
perature, where according to classical 
theory the atoms should be standing ab­
solutely still. This singular result of 
quantum theory has been attested by 
experiment. 

Another type of substance which de­
fers to quantum theory is the gas whose 
molecules contain two atoms, such as 
hydrogen, H2• The energy picture of a 
monatomic gas such as helium is simple: 
the kinetic energy of its atoms is purely 
the energy of traveling motion (i.e., 
without the complication of rotation of 
the atoms themselves) , and the quan­
tum theory has nothing new to say about 
it-not at least until the temperature 
falls extremely low. But the molecules 
of a diatomic gas not only move about 
as traveling bodies but also rotate around 
the axis connecting the two atoms-think, 
if you will, of a dumbbell spinning end 
over end. The heat content of such a gas 
is partly the kinetic energy of traveling 
motion and partly the kinetic energy of 
rotatory motion. It was no slight step for­
ward to imagine that rotatory energy 
may be limited to definite energy-values 
just as vibratory energy is. Starting from 
this advance, the quantum theory, which 
had already extended its domain over 
the fields of black-body radiation, the 
photoelectric effect and specific heat, 
was now to conquer the atom. 

Before we begin that part of the story, 
I should make clear what is meant by 

the statement that rotatory energy is 
limited to certain definite discrete val­
ues, or, as the physiCist says, is "quan­
tized." Rotatory motion involves the 
concept of angular momentum, one of 
the most important in physics. For a 
particle revolving in a circular orbit, 
the angular momentum is the mass times 
the angular velocity; for a rigid body 
rotating around an axis passing through 
itself, the angular momentum must be 
found by calculation; often in quantum 
physics it appears as a quantity which is 
easy to measure but impossible to sepa­
rate into mass and angular velocity. 

The law of quantization .for angular 
momentum is the simplest of all laws. 
In this ladder the unit of spacing be­
tween the evenly spaced rungs is h/271', 
and the scale of permitted values of an­
gular momentum usually runs: 0, h/271', 
2h/271', and so on. It may be surprising 
to find Planck's comtant h reappearing 
in this new role. First it was a factor by 
which the frequency of a vibrator must 
be multiplied in order to get the spacing 
between the permitted energy-values; 
now, multiplied by 1/271', it is the inter­
val between the permitted values of an­
gular momentum of a rotating body. It 
can play both these roles because it has 
what physicists call the correct dimen­
sions for both. Planck's constant has the 
dimensions of energy divided by fre­
quency, and these are also the climen­
sions of angular momentum. 

Bohr 

The quantum theory's conquest of thc 
atom began in the year 1913 (remem­
bered with nostalgia by those who are 
old enough as the last year of the good 
old times) , and the leader in this con­
quest was a young Dane by the name 
of Niels Bohr, who came to the Univer­
sity of Manchester to study with the 
celebrated Ernest Rutherford. Ruther­
ford had just established the conception 
that the atom is a sort of miniature of 
the solar system, in which the planets 
are represented by negative electrons 
and the central sun by a positively-
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BOHR MODEL postulated a hydrogen atom in which an electron traveled 
around a nucleus in any one of several "permitted" orbits. \Vhen the electron 
fell from an orbit of higher energy to one of lower energy, it emitted light 
of a characteristic wavelength. In this diagram the electron orbits are in­
dicated as circles or sections of them. Each group of arrows represents a 
group of energy transitions which give rise to a spectral series. The three 
labeled arrows at the left refer to the Balmer series shown on the preced. 
ing page. The labels correspond to three spectral lines in that drawing. 
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charged and massive nucleus, around 
which the electrons revolve in orbits as 
the planets revolve around the sun. In 
the simplest case, the hydrogen atom, 
there is only one electron. Rutherford 
did not prescribe the particular orbit in 
which this electron should revolve. To 
prescribe it reqtlired a revolutionary new 
idea, and Bohr was the man who pro­
vided this idea. 

The orbit of the electron around the 
nucleus, like that of a planet around the 
sun, should be an ellipse, for in both 
cases the force is an inverse-square force. 
A circle is a particular case of an ellipse; 
we will consider only circular orbits. 
A hydrogen atom, with its electron 
revolving in a circular orbit about its 
nucleus, can be regarded as a wheel. It 
is a peculiar kind of wheel, since it has 
no spokes and the rim is vacant except 
for the small region occupied by the 
electron, but it possesses the major prop­
erty of a wheel: angular momentum. 
Bohr made the assumption that the an­
gular momentum of a hydrogen atom is 
quantized, and that the electron is per­
mitted to revolve in certain orbits which 
correspond to the integer multiples of 
h/27T. In its "normal state" the hydrogen 
atom has its electron revolving in the 
circle for which the angular momentum 
is h/27T. Its other permitted orbits are 
those for which the values of the angu­
lar momentum are 2h/27T, 3h/2", and 
so on. Each of these other orbits, Bohr 
postulated, represents an "excited state" 
of the hydrogen atom. 

The energy of the hydrogen atom in 
its normal state is -R; R being a con­
stant of which Bohr computed the theo­
retical value. The general formula which 
expresses the various energy-values 
permitted to the hydrogen atom is 
E.,= -R/n2. In its first excited state, 
represented by n = 2, its energy is -R/4; 
in the second excited state it is -R/9, 
and so on. One may be puzzled by the 
fact that all of these energy-values are 
negative. This is because we are reckon­
ing energy from a zero which corre­
sponds to the state in which the hydro­
gen atom is completely torn apart, with 
the nucleus and the electron infinitely 
far from each other. It would seem more 
rational to reckon energy from a zero 
which corresponds to the normal state 
of the hydrogen atom, but this actually 
makes the formula more complicated. 

Bohr went on to propose a second 
revolutionary idea, without which the 
first would have been of little use. Im­
agine a hydrogen atom in, let us say, the 
second excited state-the one for which 
the energy is -R/9. Suppose that the 
electron transfers itself into the orbit 
corresponding to the first excited state­
the one for which the energy is -R/4. 
The atom now loses the difference in 
energy (R/ 4 - R/9) . What happens to 
this energy? According to Bohr's second 
idea, it leaves the atom, in the form of a 
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single photon. Accordingly, there should 
be, in the spectrum of hydrogen, a line 
of which the frequency is equal to 
(R/4 - R/9) /h. Moreover, there should 
be lots of other lines, and all of their 
frequencies should be calculable by in­
serting various integer values for m and 
for n in the general formula: 

v-(R/m2 - R/n2)/h 
Well, this is a correct description of 

the actual spectrum of hydrogen, and 
the theoretical value assigned by Bohr 
to the constant R agrees with the value 
derived from experiments. There is 
nothing in the world which impresses a 
physicist more than a numerical agree­
ment between experiment and theory; 
and I· do not think that there can ever 
have been a numerical agreement more 
impressive than this one, as I can testify 
who remember its advent. 

This is a good place to interpolate 
that one of the most curious features of 
quantum theory is that one and the 
same formula can be derived from 
markedly different postulates. The pic­
ture of the hydrogen atom today differs 
somewhat from the one Bohr proposed, 
and yet the new picture leads to the same 
formula for the spectrum of hydrogen 
and to the same value of R. The con­
jurers of quantum theory get the same 
rabbit out of more than one hat. 

Spins 

Now let us consider some other 
wheels. The first of these is the electron. 
The electron, besides revolving around 
the nucleus, possesses an angular 
momentum of its own, and we liken it 
therefore to a wheel. It may be visual­
ized as a rigid body spinning upon its 
axis, but this is a rather dangerous 
analogy, for it leads one to inquire what 
the electron's angular velocity is, and 
no one has ever been able to answer this 
question-indeed, it is very likely un­
answerable. The electron's angular mo­
mentum is quantized, and in the simplest 
conceivable fashion: this is a ladder with 
only one rung. The angular momentum 
of the electron is fixed forever at the 
single value (J�) h/27T. 

The electron is considered to be an 
elementary particle; I call it a "struc­
tural elementary particle," meaning a 
particle which is used in our models of 
atoms and of the nuclei of atoms. There 
are two other structural elementary par­
ticles: the proton and the neutron. The 
proton is the nucleus of the commonest 
and lightest kind of hydrogen atom. The 
neutron cannot serve as the nucleus of 
an atom when it is by itself, but it com­
bines with protons and with other neu­
trons to form composite nuclei. These 
three structural elementary particles 
have one quality in common, and only 
one. Each has the same one-rung ladder 
of angular momentum; each has the un­
alterable angular momentum (J�) h/27T. 

The most important feature of angular 
momenta, on the atomic and the sub­
atomic scale, is the so-called law of 
composition, meaning the composite 
angular momentum of a system consist­
ing of two or more particles. I will illus­
trate this law by three examples. 

The first is the common light hydro­
gen atom, containing one proton and one 
electron. The spins of these two particles 
are always either parallel or antiparallel 
to each other. Thus there are two, and 
just two, kinds of light hydrogen atoms. 
The difference in their properties is very 
slight indeed, and yet it can be detected 
by a spectroscope operating in the 
microwave region. 

My second example is afforded by the 
hydrogen molecule, consisting of two 
common hydrogen atoms. This has two 
protons and two electrons. The two 
electrons always have their spins pointed 
antiparallel to each other. The two pro­
tons may be pointed in the same or 
opposite directions to each other; there 
are no intermediate cases. Thus there 
are two, and just two, kinds of molecular 
hydrogen. Their physical properties 
differ appreciably, and they can be sepa­
rated from each other. They even have 
different names: ortho-hydrogen and 
para-hydrogen. 

My last example is provided by the 
simplest of all composite nuclei-the 
deuteron. This is the nucleus of the iso­
tope which used to be called heavy 
hydrogen, though this name is waning 
now that a still heavier isotope is known. 
The deuteron consists of one proton and 
one neutron. In every deuteron the spins 
of the proton and the neutron are paral­
lel. This is a sharper restriction than 
prevails in my other two examples. The 
theorists believe that the spins of the 
proton and the neutron have no objec­
tion per se to setting themselves anti­
parallel, but that the forces between 

these two particles are such that in the 
antiparallel orientation the proton and 
the neutron just cannot stick together. 

Notice now what would be the conse­
quence if this law of composition of 
angular momenta did not exist. There 
would be not just two kinds of hydrogen 
atom but an infinite variety of kinds, 
though it is true that they would not 
differ appreciably in any significant 
quality. There would be not just two 
kinds of molecular hydrogen but an in­
finity of different kinds, with properties 
lying all the way between those of para­
hydrogen and those of ortho-hydrogen; 
these would spoil the distinctiveness of 
molecular hydrogen. There would also 
be a wide variety of kinds of deuteron. 

Follow this idea a step further. Sup­
pose that the electron of the hydrogen 
atom could revolve around the nucleus 
in any orbit whatsoever, and not just in 
a limited number of orbits of which one 
corresponds to the normal state and the 
others to transient exc:ted states. Were 
this true, there would be an infinity of 
different kinds of hydrogen atoms. This 
in turn would mean that hydrogen 
would not be the distinctive and in­
dividualistic element that it is. The same 
may be said about every other element. 
But for the laws of quantization, carbon 
would not be carbon as we know it, 
oxygen would not be oxygen, iron would 
not be iron and gold would not be gold. 
What the quantum theory explains is the 
distinctiveness and the individuality of 
the gO-odd elements of which the world 
is made. What a long way for a theory to 
have come, that started out as a theory 
of the recondite subject of black-body 
radiation! 

Photon Collisions 

I will mention one more attribute of 
light into which Planck's constant has 

PHOTOELECTRIC EFFECT occurs when a photon (wavy line) encounters 
an atom (gray circle) and knocks out one of its electrons (arrows). A low­
energy photon causes the electron to leave the atom at a steep angle; a high­
energy photon, at a shallower angle. The curves around the arrows show 
the angular distribution of electrons resulting from many such photons. 
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COMPTON EFFECT occurs when a high-energy photon (wavy line and gray 
circle at left) encounters an electron (smaller circle in center). The electron 
is knocked away at an angle (lower right). The wavelength of the photon 
is decreased by the amount of energy imparted to the electron (upper right). 

made its way. It concerns a concept 
which would have been inconceivable in 
1900 and was not as a matter of fact 
conceived until 1923: namely, that a 
photon, or corpuscle of light, is so much 
a particle that it can have an elastic 
collision with an electron. This phe­
nomenon was observed and interpreted 
by Arthur Compton, and it is therefore 
known as the Compton effect. 

An elastic impact between two bodies 
is one in which both kinetic energy and 
momentum are conserved. After the im­
pact each body has a different energy 
and a different momentum from what it 
had before, but the sum of the energies 
of the two bodies, as well as the sum of 
their momenta, is still the same. What 
Compton did was not only to propose 
that such an impact could occur between 
a photon and an electron but to state a 
formula for the transfer of energy and 
momentum. 

If a corpuscle of ligh t has linear mo­
mentum, as is implied by the fact that 
light exerts pressure, the momentum of 
a photon of frequency v should be hvlc, 
the symbol c standing for the velocity of 
light. Consider an elastic impact be­
tween a photon and a stationary elec­
tron. The initial energy and the initial 
momentum of the photon are hv and 
hvlc, respectively; since the electron is 
stationary, its initial energy and momen­
tum are zero. Let us suppose that the 
electron recoils from the impact in a 
direction at a certain angle with the di­
rection in which the photon was origi­
nally traveling. Now the equations of 
the impact are easy to solve. One can 
calculate the angle of recoil of the pho­
ton, its new energy, w:lich turns out to 

be less than its original energy hv and 
its new momentum, which turns out to 
be less than its original momenhlm lw/c. 

We can now write an equation which 
gives the new frequency of the photon: 
its value is E'/h-the new energy divided 
by Planck's constant. In short, what this 
equation and the foregoing theory say 
is that if the electron recoils in a certain 
direction, the photon goes off in a certain 
calculable direction and has a lesser fre­
quency (or longer wavelength) than it 
had before, this new frequency also be­
ing calculable. 

To test this theOl'v, it is only necessary 
to set up an X-ray spectroscope to catch 
the photons going off in the theoretically 
calculated direction. When this test was 
actually made, by directing X-rays (pho­
tons) against a target of matter rich in 
electrons, Compton's theory was com­
pletely confirmed. 

Now we have reached the twin cli­
maxes of the early quantum theory: the 
law of composition of angular momenta 
and the Compton effect. We have also 
reached the year 1923. At this point in 
the story quantum theory suffers a 
mighty change. Its expression in terms 
of mathematics becomes much harder; 
its expression in terms of words and of 
analogies with concepts of the past be­
comes so very much harder as to verge 
on the impossible. But if q,ne is interested 
only in the simpler applications of the 
theory, it is not necessary to attempt 
to pass through the formidable portal. 

• 

KaTI K. Darrow is a physiCist at Bell 
Telephone Laboratories and secretary 
of the American Physical Society. 

© 1952 SCIENTIFIC AMERICAN, INC



neers 
who are concerned 
with the future of their careers 

ARE YOU IN A "DEAD END" JOB with no 
chance to move forward ? 

\Vould you like work that challenges 
your creative thinking and skills ? 

Is your present position limiting your 
opportunity for the complete expression 
of your talents in electronics ? 

Do you and your family worry about 
your career, or where you live now, or 
about security and your future ? 

If the answer is "yes" to one or more 
of these question s - then you should send 
for a free copy of RCA's new booklet 
CHALLENGE AND OPPORTUNITY, The 
Role of the El1gilleer ill RCA. 

This 3 6-page, illustrated booklet, j ust 
off the press, will show you the splendid 
opportunities offered by RCA to put your 
career on the upswing. See how, as part 
of the RCA team, daily co ntact with the 

best minds in various fields of electronics, 
and with world-renowned specialists will 
stimulate your creative thinking. 

For graduate engineers who can see 
the challenge of the future, RCA offers 
opportunities for achievement and ad­
vancement th at are legion. Send for a 
copy of CHALLENGE AND OPPORTU· 

NITY, The Role of the El1gil1eer il1 RCA. 
It is yours free for the asking. 

Awards . . .  Special  Recognit ion RCA E n g i neering Activit ies 
a n d  Pol ic ies . . Retirement P l a n  . . .  I nsurance 

P rotection Program 

e RA DIO 

POSITI O N S  OPEN I N  T H E  FOLLOW I N G  FIELDS:  

• Television Development 

• Electron Tube Development 

• Transformer and Coil Design 

• Communications 

• Radar-Missile Guidance 

• Computer Development and Design 

• Navigational Aids 

• Technical Sales 

• Electronic Equipment Field Service 

P l easant Communit ies i n  
W h ich to live qnd W o r k  

To Qualified Engineers : 
If you qual ify for any of the positians 

listed below, write us for a persona l  

inte rvie w-i n c l u d e  a c o m p l e t e  r e ·  

s u m e  of y o u r  education a n d  experi. 

ence. Write to address i n  coupon. 

CORPORA TION 0' A MERICA 
MA I L  C O U P O N  N OW !  

� - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

M R .  ROBERT E. McQUISTON, Manager 
Specialized Employment Division, Dept. I UC, 
Radio Corporation of America 
3 0  Rockefeller Plaza, New York 20, N. Y. 

Without obligation o n  my part, please send me 
a free copy of CHALLENGE AND OPPORTUNITY. 

Name _________________________________________ __ 

Address ________________________________________ _ 

City _________________________ State _____ -:-______ _ 

List degree or degrees ______________________________ _ 

55 

© 1952 SCIENTIFIC AMERICAN, INC



MEASURING STARLIGHT 
BY PHOTOCELL 

The device which transforms light into electricity, 

used in conjunction with the telescope, has brought 

a new insight to some central problenls of astronomy 

THE photoelectric cell, or "electric 
eye," is now a mass-manufactured 
implement of our technology, like 

the thermostat or the speedometer. It is 
the basis of television, of the sound film 
and of innumerable other everyday ap­
plications. Yet photoelectricity is a strik­
ing example of how pure science pre­
cedes applied science (see page 47). At 
least a quarter of a century before it was 
applied to talking pictures, the photo­
cell was employed by astronomers to 
investigate the light of the sun, moon 
and stars. As early as 1894 the late as­
tronomer George E. Hale used a photo­
cell in an attempt to detect the sun's 
corona. My own interest in this device 
began in 1913, when the physicist Jacob 
Kunz and I collaborated on some exper­
iments in measuring starlight with such 
a cell. Through the years astronomers 
have found the photocell an increasingly 
useful tool, and have themselves helped 
to perfect it. Today the photoelectric 
measurement of starlight has become an 
important branch (1f astronomy-a ma­
jor instrument for studying the universe. 

The principle of the photocell is sim­
ple enough. It converts light into elec­
tricity; in a sense it is the reverse of the 
ordinary electric lamp-with the electric 
lamp we feed in current and take out 
light; with the photocell we feed in light 
and take out current. The photocell does 
this by means of a photosensitive sub­
stance, that is, a material which releases 
electrons from its surface when light 
shines on it. The essentials of the de­
vice are illustrated by the first photocell, 
made by the German physicists Julius 
Elster and Hans F. Geitel in 1890. For 
the photosensitiye surface they used the 
alkali metal potassium. A film of potas­
sium was deposited on the inside of one 
end of an· evacuated glass tube. A nega­
tive electrode was connected to this 
sensitive film, and a positive electrode 
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was placed at the other end of the tube. 
The electrodes were connected to the 
poles of a battery. When electrons were 
released from the sensitive film by the 
action of light, the electrical pressure 
from the battery served to drive the 
freed electrons across the tube to the 
anode. Elster and Geitel found that the 
resulting current, which depended on 
the number of electrons emitted from 
the film, was proportional to the bright­
ness of the light striking the film. Hence 
it gave an accurate measure of the in­
tensity of the light to which the photo­
sensitive film was exposed. 

The current of course was very small; 
to amplify it Elster and Geitel put into 
the tube some inert gas, whose atoms 
gave up electrons when bombarded by 
electrons from the film and so added to 
the current. With a battery pressure of 
100 volts the first photocell was able to 
produce measurable currents from the 
ordinary light of a room. In its modern 
development the photocell is a very sen­
sitive instrument; it has to be to measure 
starlight. When used in astronomy, the 
photocell is simply attached to the re­
ceiving end of a telescope and pointed 
at a star. In the telescope is a diaphragm 
with a tiny opening that allows only 
light from the single star to reach the 
cell. The instrument's meter readings of 
the photocurrent from various stars give 
their relative brightness. 

T HE LIGHT we get from a star is 
faint indeed; the North Star, for ex­

ample, is no brighter to the naked eye 
than a candle at a distance of one mile. 
At the University of Wisconsin we once 
trained a photocell on an actual candle 
set up a mile away. The cell was not 
attached to a telescope nor to any other 
optical aid except a blank tube to cut 
out the diffuse night light of the land­
scape. Not only could we easily measure 

the light from the candle, but by further 
trial we estimated that the cell could 
detect the candle up to a distance of 
about seven miles. This performance is 
somewhat better than that of the human 
eye, which can see a candle at about 
six miles, but the catch is that the photo­
cell had a one-inch opening-about three 
times the size of the dark-adapted pupil 
of the eye. The important advantage of 
the photocell is not superior sensitivity 
but its ability to measure differences in 
brightness much more precisely than the 
eye or even a photographic plate. 

Under the conditions of that experi­
ment our cell, attached to our 15-inch 
telescope, could have detected a candle 
100 miles away. In the past 20 years the 
performance of photometers has steadily 
been improved. One important improve­
ment in the instrument was made in 
1932 by Albert E. Whitford of the Uni­
versity of Wisconsin. Stray ions in the air 
around a photocell and certain other fac­
tors interfere with the cell's sensitivity; 
they cause disturbances of the kind 
known in radio as "noise." Whitford con­
ceived the idea of cloistering the cell in 
an evacuated tank. He used a photocell 
in combination with an amplifying tube 
and enclosed the whole in a brass tank. 
When he evacuated the tank to a pres­
sure of a thousandth of an atmosphere, 
he literally pumped out many of the dif­
ficulties. This single stratagem improved 
the performance of the instrument by a 
factor of 10; while the "signal" remained 
the same, the "noise" in the circuit was 
10 times less. Besides this, the amplify­
ing tube that was coupled to the cell 
added a fourfold gain in sensitivity. 

During World War II a new form of 
cell, called the multiplier phototube, 
was developed. This tube uses a series of 
sensitive surfaces, with electrons from 
the first bombarding the second to re­
lease "secondary" electrons, which in 
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turn produce an additional yield of elec­
trons from the third surface, and so on. 
The result is an amplification of a mil­
lion times within the tube itself. A still 
further improvement is obtained by 
cooling a photocell or multiplier with 
dry ice. A photosensitive surface will 
emit electrons because of heat as well 
as light, and it produces a little current 
even in the dark. Cooling it to 80 de­
grees below zero Centigrade reduces 
the unwanted thermal emission to a neg­
ligible level. 

FROM this brief description of the 
instruments we turn to their appli­

cation in astronomy. One of the princi­
pal uses of the photocell has been to 
detect and measure changes in bright­
ness of the so-called variable stars, where 
the variations are too slight to be ob­
served directly by the eye or on photo­
graphic film. The eye cannot detect 
brightness variations in stars of less than 
about 25 per cent; the pho�ocell records 
changes of 5 per cent and even less. 

Eclipsing stars make up one impor­
tant class of the variables. These are 
pairs of stars which rotate around each 
other in such a way that, on our line of 
sight, each member periodically gets 
behind the other. During the partial or 
total eclipse of one star by the other we 
get less light from the pair. One system 
that has been studied with a photocell 
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is the faint star known as AR Cassio­
peiae. Observations of shifts in its spec­
trum had shown that it consisted of a 
main body with a massive companion 
that revolved around it in a period of 
6.1 days. The photometer, attached to a 
12-inch telescope, was called into use to 
see what it could tell about the sizes 
and paths of the two stars. Its measure­
ments showed that when the smaller 
member of the pair was in front of the 
other, it cut off some 13 per cent of the 
total light of the pair. When the larger 
member eclipsed its companion, the re­
duction in light was 3 per cent. This 
indicates that the companion is 3/13 
1 i.e., about one-fourth) as bright as the 
main star. The eclipses do not come at 
equal intervals: the primary eclipse (of 
the main star by its companion) comes 
2.3 days after the secondary one, and 
the secondary eclipse 3.8 days after the 
primary. The inequality of intervals of 
course means that the orbit of the com­
panion is an ellipse, not a circle. From 
the relative duration of the two eclipses, 
compared with the total period of revo­
lution, it is possible to calculate the di­
mensions of the stars in terms of the 
distance between them. Since we know 
this distance from other data, we can 
determine their absolute size. Previous 
studies of the spectrum had indicated 
that the main star in AR Cassiopeiae is 
probably about 600 times as bright as 
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the sun; according to the photocell meas­
urements the smaller companion is about 
20 times as bright as the sun. Truly this 
is a giant pair system. 

The Cepheid variables are another 
important class of variable stars. They 
are thought to be supergiant, gaseous 
stars which actually change size, swell­
ing and shrinking in diameter by as 
much as 5 or 10 per cent in regular pul­
sations. Some of them are twice as bright 
at their light maximum as at the mini­
mum. Many of the Cepheids have been 
studied with the photocell, and informa­
tion on their tl'mperature, as well as 
their changes of brightness, has been 
obtained. 

A STAR'S temperature is indicated by 
its color. The hotter it is, the bluer 

its light. \Ve can tell its temperature 
from its spectrum, but photoelectric 
measurements give another and more 
accurate method. If we place a filter 
glass which passes light of only one 
color over a photocell, we can measure 
the brightness of that color in a star's 
light. By measuring two colors and com­
paring their strength, we can obtain an 
indication of the star's temperature. 
Suppose we select two colors, a yellow 
and a blue, in which the sun is about 
equally bright when measured with a 
certain photocell. The sun's temperature 
is known to be about 6,000 degrees Cen-

I 
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ECLIPSING STARS have been intensively studied by 
photocell. At the top of this illustration is a curve based 
on numerous measurements of the light from the double 
star AR Cassiopeiae. At the bottom is a schematic draw­
ing of this stellar system. When the smaller and dimmer 

member of the system passes in front of its larger and 
brighter companion, the light from both dims as shown 
by the dip in the curve at the left. When the smaller 
star passes behind the larger, however, the light dims 
as shown by the smaller dip in the curve at the right. 
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MULTIPLIER PHOTOTUBE allows light to fall on a photosensitive 
cathode, which then emits electrons. In traveling toward the anode these 
electrons strike a series of plates, causing them to emit more electrons. By 
this means the original electron can he multiplied hy a factor of 1,000,000. 

tigrade. Now if we measure a hotter star 
like Sirius (11,000 degrees) with the 
same two filters, we would expect it to 
be much brighter in the blue than in 
the yellow, while a cooler star than the 
sun will be stronger in the yellow. In 
this way we can build up a definite scale 
of stellar temperatures. 

The scale of brightness for the stars 
is based on their comparative luminosity 
rather than on a terrestrial standard of 
light. It is measured in "magnitudes," 
and the numbers increase not in order of 
brightness but of faintness: thus a star 
of the second magnitude is fainter than 
one of the first magnitude. In these units 
each level of magnitude is approximate­
ly 2.5 times fainter than the one next 
higher on the scale. The magnitude of 
the North Star is 2; a star of magnitude 
6, the faintest that can be seen by the 
unaided eye, is nearly 40 times as faint 
as the North Star. A 19th-magnitude star 
is something like six million times as 
faint as the North Star. 

The faintest star yet recorded with a 
photocell was one of the 19th magni­
tude. Whitford and H. L. Johnson meas­
ured such a star in two colors with the 
aid of the 100-inch telescope on Mount 
Wilson. They centered the star in a tiny 
opening 200 times smaller than the 
diameter of the moon's image. Yet even 
through this small hole the dark sky 
gave 15 times the light of the star itself. 
In other words, the background of the 
night sky sets a limit on photoelectric 
measurement. To get the effect of the 
star's light Whitford and Johnson had to 
make a series of on-off readings-star 
plus sky, then sky alone, star plus sky, 
sky alone, and so on. The average net 
difference was taken to be the response 
from the star alone. The difference was 
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enough greater than the random varia­
tions in the record to be measurable. 
The two-color measurement of this star 
showed the yellow response to be slight­
ly greater than the blue, indicating that 
the star is appreciably redder, and 
cooler, than the sun. 

P RECISE determination of the col­
ors of stars has helped us to detect 

dark material in interstellar space. Just 
as the sun is reddened at sunset, when 
we see it through an extensive layer of 
air, a cloud of gas or dust in outer space 
reddens the light of a star. When a 
white-hot star like Sirius appears yellow, 
a plausible explanation is that its light 
has been absorbed more in the blue than 
in the yellow or red. If also the star is 
in a dark ( i.e., dusty) patch in the bright 
Milky Way, we have strong confirmation 
that the reddening is an absorption. 

On a clear day 10 or 20 miles of ordi­
nary air in the earth's atmosphere will 
dim a distant landscape, and a little dust 
or haze will blot it Qut. In interstellar 
space, however, the dust and gas are so 
thin that light must travel fantasti:: dis­
tances to show any perceptible effect of 
absorption. We can observe reddening 
only in stars that are many light-years 
away from us. 

The best individual objects for study­
ing absorption are certain high-luminos­
ity, blue-hot stars of the type called Class 
B. These stars have temperatures of the 
order of 20,000 degrees. They are gen­
erally hundreds or even thousands of 
times as bright as the sun. Their spectra 
are simple and their individual colors 
are contained within a small range. Ex­
amples of Class B stars in the winter sky 
are those in the Belt of Orion, about 600 
light-years away. These are close enough 

to be seen in their true colors. But in the 
summer all of the hottest B stars in the 
more distant region near the main line 
of the Milky Way are reddened, un­
doubtedly because of absorption of part 
of their light by interstellar matter. 

Color measurements made with a 
photocell on Class B stars in all direc­
tions in the Milky Way show that most 
of the absorbing material which reddens 
the stars is concentrated in a relatively 
thin layer near the middle plane of our 
disk-shaped galaxy. The layer is not uni­
form; the material is probably bunched 
in clouds, each several light-years in 
extent. The clouds must be made mainly 
of dust, because dust, of course, is a far 
better absorber of light than chunks of 
matter or gas. 

For studies of absorption at great dis­
tances, the globular clusters in our 
galaxy, of which about 100 are known, 
are even better objects than B stars. A 
glo bular cluster is a gigan tic group of 
tens of thousands of stars. The photocell 
can record the total light of a cluster as 
if it were a single star. Measuring the 
light in different colors, it can indicate 
how much of the light is being absorbed 
by dust in the surrounding space. Let us 
take the case of the globular cluster 
called NGC 6553. When this cluster is 
photographed in blue and in red light, 
the two pictures are very different: in 
red light the cluster looks almost like a 
solid mass of stars, while in blue light 
it is thin and faint. If the cluster were 
out in clear space, the two pictures 
would be nearly the same. Measure­
ments with a photocell show that only 
one or two per cent of the blue light 
comes through; the rest is absorbed in 
the clouds of interstellar dust through 
which the cluster's light travels to us. 

IN THE RED picture the center of the 
picture is a solid blaze of light, but 

this is only an appearance; the telescope 
cannot resolve the light of such a distant 
object into individual stars. With the 
photocell it is possible to prove that 
there is plenty of room between the stars 
of a globular cluster. If there were no 
dark spaces between the stars as we see 
them on our line of sight, the central 
area of this cluster would have a surface 
brightness equal to that of our sun. 
Actually photocell measurements show 
that it is only about one 10-billionth as 
bright as the sun's surface, which indi­
cates that in the picture the cluster 
presents to us the area of dark space is 
10 billion times that of the stars them­
selves. Of course the total light from 
such a system is immensely greater than 
the light of a single star such as the sun: 
a globular cluster may have a diameter 
of 100 light-years and more light than 
100,000 suns. 

The far-off nebulae, systems of stars 
outside our own galaxy, are much more 
difficult to measure with a photocell. 
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These faint, diffuse objects are only 
slightly brighter than the sky. They 
must be measured by on-off readings, 
as faint single stars are, and it is some­
times a problem to find an area of near­
by sky sufficiently blank and dark for 
the comparative "off" reading. More­
over, there may be stars in the . line of 
sight between us and the nebula, so we 
must measure and subtract their light to 
find that of the nebula itself. 

One of the main reasons for studying 
the colors of nebulae with the photocell 
is to investigate further the famous red­
shift-perhaps the most striking discov­
ery in astronomy in the past half -cen­
tury. This phenomenon, the shift of all 
wavelengths of the light of distant nebu­
lae toward the red end of the spectrum 
(the greater the distance, the greater 
the shift), is generally interpreted to 
mean that all the nebulae are racing 
away from us and from one another­
i.e., that the universe is expanding. 

FROM the estimated velocity of a 
nebula and the consequent shift of 

its colors toward longer wavelengths, it 
is possible to calculate what the color 
composition of its light should be when 
it reaches us; for example, how much it 
should be rEddened. Such a calculation 

- has been made for the Bootes nebula, a 
star svstem estimated to be 220 million 
light-years away from us and receding 
with a velocity of 24,000 miles per 
second. According to this calculation its 
reddening, as measured on a two-color 
scale, should be 23 per cent. But when 
the Bootes nebula's light was measured 
with a photocell, it turned out that the 
reddening was 61 per cent-nearly three 
times the predicted value. 

This discrepancy may call for some 
radical changes in our ideas about the 
universe. Two different explanations of 
the discrepancy have been advanced. 
The first suggests that the great reaches 
of space between galaxies may contain 
clouds of dust, just as the galaxies them­
selves do. Astronomers have supposed 
that intergalactic space is absolutely 
empty and transparent, but this is pure 
assumption. The density of matter in 
space between the nebulae would need 
to be no more than one 100,000th of 
that in the dust clouds of our galaxy to 
account for the unexpected extra red­
dening of Bootes. But if all space is in­
deed dusty, then we must revise our 
estimates of the distances of nebulae, 
for the intergalactic dust would absorb 
some of their light and make them seem 
farther than they really are. Bootes, for 
example, would be only 130 million 
light-years away, not 220 million. It 
would follow also that as we look farther 
and farther into space, we reach a point 
where it becomes practically impene­
tJ'able; in other words, that the 200-inch 
telescope cannot look a billion light­
years into space, as it was designed to 
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VERY FAINT LIGHT from a star was analyzed by the on-off technique and 
filters. The "dark" sky itself gives considerable light. The measurements in 
each section of chart show the small differences between skylight itself and 
the star plus sky, as measured without a filter (clear) and yellow or blue filter. 

do, because of the interfering haze. 
The other suggested explanation of 

Bootes' unexpected redness is that when 
the light left it, 220 million years ago, 
nebulae were in fact redder than they 
are now. The fact that distant nebulae 
are much redder than those near us may 
simply be a sign of their greater youth. 
(Redness of color, incidentally, should 
not be confused with the red-shift of 
the spectrum as a whole due to reces­
sion of the nebulae.) It may be that the 
red stars in all nebulae have faded in 
the time since light left the far ones, 
and that the nebulae have therefore be­
come bluer. The time involved-only 
about 220 million years-may seem too 
short for any such change i'1 a nebula, 
but many giant red stars are known to 
be radiating, hence fading, rapidly-
1,000 times as fast as the sun. 

The redness anomaly may be due to 
space-absorption or time or a combina-

tion of both; if it is the latter, the prob­
lem of disentangling the two effects from 
each other seems at present insoluble. 
In any case, the question as to what lies 
in space between the nebulae and how 
far our telescopes can reach will pre­
sumably be with us for a long time. 

Step by step the use of the photocell 
has been extended to explore the whole 
range of objects in the sky, from the 
sun and moon to stars and finally to the 
distant nebulae and the spaces between 
them. In astronomy, as in other fields, 
the applications of the photoelectric cell 
are limited only by the imagination of 
the experimenter. 

-

Joel Stebbins, director emeritus of 
the Washburn Observatory of the 
University of Wisconsin, is nolV re­
search associate at the Lick Obser­
vatory of the University of Califorriia. 
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Advantage of 
Independent Inventors? 

If you have an idea for a new petroleum product­

but do not have the facilities needed to develop it­

the Sinclair Plan offers you laboratory help. 

E
1GHT months ago, Sinclair opened up a part of its 

great research laboratories to independent inventors 
who had ideas for new or improved petroleum products 
but who did not have the facilities needed to develop 
and profit by their ideas. 

To date nearly 5,000 inventive people have submitted 
ideas to the laboratories; and the Sinclair Plan has be­
come recognized as a service to inventors, the oil in­
dustry and the public. As a result we have made the 
Plan part and parcel of the long-range operation of 
our company. 

If you have an idea for a new or improved petroleum 
product or application, you are invited to submit it to 
the Sinclair Research Laboratories. In your own inter­
est, each idea must first be protected by a patent 
application or a patent. 

If the laboratories select your idea for development, 
they will make a very simple arrangement with you: In 
return for the laboratories' work, Sinclair will receive 
the privilege of using the idea for its own companies, 
free fro'm royalties. This in no way hinders the inven­
tor from selling his idea to any of the hundreds of 
other oil companies for whatever he can get. Sinclair 
has no control over the inventor's sale of his idea to 
others, and has no. participation in any of the inventor's 
profits through such dealings. 
HOW TO PARTICIPATE: Instructions are contained in 
an Inventor's Booklet. Write to W. M. Flowers, Executive 
Vice-President, Sinclair Research Laboratories, J nc., 
600 Fifth Avenue, New York 20, N. Y. 
IMPORTANT: Please do not send in any ideas until you 

have sent for and receil'ed the instructions. 

lVlI1e buildings of the Sinclair Research Laboratories at Harvey, Ill. 
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Maxwells Poetry 
The great English physicist wrote some amusing light verse. 

Herewith a small sample of it, written mostly at the expense 

of the British Association for the Advancement of Science 

by I. Bernard Cohen 

J
AMES CLERK MAXWELL, the great 19th-century 

physicist, had a lighter side not commonly known. He 
liked to write humorous verses. They were generally 

Ogden-Nashish parodies of serious writings of his time, and 
some of them weTe in a vein and of a quality that would have 
made them eminently publishable in The New Yorker, if that 
journal had existed in his day. Maxwell did not, however, 
write them for publication; he composed many of them simply 
as letters to his good friend and fellow physicist Peter Guthrie 
Tait. Fortunately Tait kept them and saw that they were pub­
lished. Several were printed in Nature and Blackwood's 
Magazine. 

In the well-established tradition of satirists, Maxwell used 
a pen-name. He signed his verses "dp/dt," which came from 
an equation Tait had written to express the second law of 
thermodynamics, to wit: 

dp /M = JC 
dt 

I stands for louie's equivalent, C for Carnal's function and 
M for the rate at which heat must be supplied to increase the 
volume of a gas per unit while its temperature is kept con­
stant. When M is transposed, the equation yields Maxwell's 
initials: 

dp 
= JCM 

dt 

Maxwell was especially fond of ribbing the British Associa­
tion for the Advancement of Science, which he often referred 
to as the "British Ass." The Association's meeting in 1874, 
held in Belfast, provoked several comments from him in 
rhyme. He wrote the following "epitome" of the pTesident's 
address at this meeting: 

In the very begirlnings of science, the parsons, who m'lnaged 
things then, 

Being handy with hammer and chisel, made gods in the 
likeness of men; 

Till Commerce arose, and at length some men of exceptional 
power 

Supplanted both demons and gods by the atoms, which last 
to this hour. ... 

From nothing comes nothing, they told us, nought happens 
by chance, but by fate; 

There is nothing but atoms and void, all else is mere whims 
out of date! 

Then why should a man curry favour with beings who cannot 
exist, 

To compass some petty promotion in nebulous kingdoms of 
mist? 

So treading a path all untrod, the poet-philosopher sings 
Of the seeds of the mighty world-the first-beginnings of 

things; 
How freely he scatters his atoms before the beginning of 

years; 
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How he clothes them with force as a garment, those small 
incompressible spheres! 

Nor yet does he leave them hard-hearted-he dowers them 
with love and with hate, 

Like spherical small British Asses in infinitesimal state; 
Till just as that living Plato, whom foreigners nickname Pla­

teau, 
Drops oil in his whiskey-and-water (for foreigners sweeten 

it so), 
Each drop keeps apart from the other, enclosed in a flexible 

skin, 
Till touched by the gentle emotion evolved by the prick of a 

pin: 
Thus in atoms a simple collision excites a sensational thrill, 
Evolved through all sorts of emotion, as sense, understanding, 

and will .... 
Thus the pure elementary atom, the unit of mass and of 

thought, 
By force of mere juxtaposition to life and sensation is brought; 
So, down through untold generations, transmission of struc­

tureless germs 
Enables our race to inherit the thoughts of beasts, fishes, 

and worms .... 
First, then, let us honour the atom, so lively, so wise, and 

so small; 
The atomists next let us praise, Epicurus, Lucretius, and all; 
Let us damn with faint praise Bishop Butler, in whom many 

atoms combined 
To form that remarkable structure, it pleased him to call­

his mind. 
Last, praise we the noble body to which, for the time, we 

belong, 
Ere yet the swift whirl of the atoms has hurried us, ruthless, 

along, 
The British Association-like Leviathan worshipped by 

Hobbes, 
The incarnation of wisdom, built up of our witless nabs, 
Which will carry on endless discussions, when I, and probably 

you, 
Have melted in infinite azure-in English, till all is blue. 

AT THE 1876 meeting of the Association in Glasgow, Max-
1"\. well's friend Tait gave a lecture on force in which he de­
manded accuracy in scientific language and went on to give 
a demonstration that "force in the strictly Newtonian sense 
of the word has no real objective existence but is a mere space­
variation of energy." Maxwell promptly wro!e to Tait: 

Ye British Asses, who expect to hear 
Ever some new thing, 

I've nothing new to tell, but what, I fear, 
May be a true thing. 

For Tait comes with his plummet and his line, 
Quick to detect your 

Old bosh new dressed in what you call a fine 
Popular lecture. 
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\Vhence comes that most peculiar smattering, 
Heard in our section? 

Pure nonsense, to a scientific swing 
Drilled to perfection? 

That small word "Force," they make a barber's block, 
Ready to put on 

�reanings most strange and various, fit to shock 
Pupils of Newton. 

Ancient and foreign ignorance they throw 
Into the bargain; 

The shade of Leibnitz mutters from below 
Horrible jargon. 

The phrases of last century in this 
Linger to play tricks-

Vis Viva and Vis MO Itua and Vis 
Accele rat l'ix-

Those long-neb bed words that to our text books still 
Cling by their titles, 

And from them creep, as entozoa will, 
Into our vitals. 

But see! Tait writes in lucid symbols clear 
One small equation; 

.-\nd Force becomes of Energv a mere 
Space-variation. 

Force, then, is Force, but mark you! not a thing, 
Only a Vector; 

Th�- b:ubed arrows now have lost their sting, 
Impotent spectre! 

Thv reign, 0 Force! is over. Now no more 
Heed we thine action; 

Repulsion leaves us where we were before, 
So does attraction. 

Both ,-\ction and Reaction now are gone. 
Just ere they vanished, 

Stress joined their hands in peace, and made them one; 
Then thev were banished. 

The Universe is free from pole to pole, 
Free from all forces. 

Hejoice! �Te stars-like blessed gods ye roll 
On in your courses. 

No more the arrows of the Wrangler race, 
Piercing, shall wound you. 

Forces no more, those symbols of disgrace 
Dare to surround you: 

But those whose statements baffle all attacks, 
Safe bv evasion-

\\Those definitions, like a nose of wax, 
Suit each occasion-

\\Those unreflected rainbow far surpassed 
,-\11 our inventions, 

\\'hose very energy appears at last 
Scant of dimensions:-

.-\re these the gods in whom ye put vour trust, 
Lordlings and ladies? 

The hidden potency of cosmic dust 
Drives them to Hades. 

\Vhile you, brave Tait! who knows so well the way 
Forces to scatter, 

Calmly <l\\'ait the slow but sure decay, 
E\'en of IVlatter. 

M
AXWELL also rllymed about many sub;ects /lot strictly 

1 physical. One of his poems was called "A Vision of a 

Wrangler, of a University, of Pedantry, and of Philosophy," 
and another was titled "Lines written under the conviction 

that it is not wise to read Mathematics in November after 
one's fire is out." He composed a "Valentine by a Telegraph 
Clerk (j to a Telegraph Clerk <;>" which ended with this ex­
change of messages: 

"0 tell me, when along the line 
From my full heart the message flows, 

What currents are induced in thine? 
One click from thee will end my woes. " 

Through many an Ohm the Weber flew, 
And clicked this answer back to me­

"I am thy Farad, staunch and true, 
Charged to a Volt with love for thee." 

T
HERE is also a pair of poems which Maxwell called "Lee, 
tures to '''omen on Physical Science." The second, pllr­

porting to be a student's Teply to "Professor Chrschtschono­
vitsch" after his lectuTe on the C.G.S. system of units, goes: 

Prim Doctor of Philosophy 
From academic Heidelberg! 

Your sum of vital energy 
Is not the millionth of an erg . 

Your liveliest motion might be reckoned 
At one-tenth metre in a second. 

«The air," you said, in language fine, 
Which scientific thought expresses, 

"The air-which with a megadyne, 
On each square centimetre presses­

The air, and I may add the ocean, 
Are nought but molecules in motion. " 

Atoms, you told me, were discrete, 
Than you they could not be discreteI', 

Who know how many Millions meet 
Within a cubic millimetre. 

They clash together as they fly, 
But you!-you cannot tell me why. 

And when in tuning my guitar 
The interval would not come right, 

«This string," you said, "is strained too far, 
'Tis forty dynes, at least too tight!" 

And then you told me, as I sang, 
What overtones were in my clang. 

You gabbled on, but every phrase 
Was stiff with scientific shoddy, 

The only song you deigned to praise 
';Vas "Gin a body meet a body," 

"And even there," you said, "collision 
vVas not described with due precision. " 

In the invariable plane," 
You told me, "lay the impulsive couple. " 

You seized my hand-you gave me pain, 
By torsion of a wrist so supple; 

You told me what that wrench would do-­
"'Twould set me twisting round a screw. " 

W ere every hair of every tress 
(Which you, no doubt, imagine mine), 

Dra wn towards you with its breaking stress­
A stress, say, of a megadyne, 

That tension I would sooner suffer 
Than meet again with such a duffer! 

• 

1. Bernard Cohen is assistant professor of general educa­
tion and of the history of science at Harvard UniverSity. 
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How Animals Change Color 
The chameleon LS only one of lnany creatures that possess 

special cells for this purpose. Notable among the others: 

the catfish, the flounder, the tree toad, the squid and man 

W
HEN YOU MEET a friend just 
back from a vacation at the 
beach, you are expected to ex­

claim: "What a beautiful tan!" This is 
no more than a proper reward for his 
many uncomfortable hours of baking in 
the sun. In a way it is also a tribute to a 
remarkable property of human skin­
highly useful as well as ornamental. The 
darkening of the skin is an automatic 
means by which we defend ourselves 
against the harmful rays in intense sun­
light; when the sunlight is weaker, as in 
winter, we conveniently lose the tan and 
our skin can admit the available ultra­
violet rays to manufacture vitamin D. 
In other words, our changes of skin color 
are one of our devices for adapting to 
the environment, just as we shiver in 
defense against cold. 

The animal kingdom abounds in ex­
amples of color changing much more 
spectacular than the human one. The 
animals that can change hue do so for 
diverse reasons and in diverse ways; the 
tanning of human skin itself is a rather 
special case, as we shall see. 

Proverbial among the color-shifty ani­
mals, of course, is the chameleon. This 
native of Africa, rarely seen in the U. S. 
because it is hard to keep in captivity, 
is a slim creature with independently 
roving eyes, a long coiled tail, a remark­
able snatching tongue and extremely 
sluggish habits. Normally leaf-green, it 
can ring the color changes from green 
through various shades of brown or red 
to black. There is a so-called "American 
chameleon," the Carolina lizard, which 
is just about as versatile; this alert­
eyed little animal can change within a 
few minutes from bright green through 
chocolate-brown to grayish black, or 
through tan to a dirty white. The male, 
when courting a mate, puffs out a scar­
let dewlap under its throat. 

Popular superstition pictures the 
chameleon as the prirr.e example of an 
animal that changes color to camouflage 
itself against its background. The truth 
is that its color shifts are due to tem­
perature changes or the creature's ner­
vous instability, and only accidentally 
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do they ever match the background. 
The chameleon's color changeability is 
probably no more a protective mecha­
nism than a human blush. In fact, the 
"protective coloration" of land animals 
in general is gl'eatl�r overrated. Much 
sentimental writing has been done on 
the "perfect camouflage" of gray under­
wing moths on birch bark, yellow spiders 
on black-eyed Susans and green cater­
pillars on foliage. This overlooks the 
fact that the animals in question spend 
onlv portions of their time against these 
sheltering backgrounds! 

WITH FISH it is a different story. 
The late F. B. Sumner found in 

experiments at the Scripps Institution 

of Oceanography in California that some 
fish possess remarkable ability to blend 
with their backgrounds. For instance, a 
medium-gray catfish placed in an aquar­
ium with black walls and a black bot­
tom becomes completely black in a mat­
ter of days. Transferred to a white pan, 
it bleaches out in a week to so pale a 
color that the pink of its blood shows 
through its translucent skin. 

Blinded fish do not respond to altera­
tions in the background; obviously the 
fish's change of color depends on visual 
cues. But the tank background is not 
the sale cue. Sumner proved this in the 
following way: Fish kept in a white tank 
bleached out to the maximum possible 
whiteness even under dim light. On the 

THE TREE TOAD HYLA can turn black, hrown, gray, tan, green, white, 
yellow or light pink hy means of cells containing three hasic pigments. 
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other hand, in a dark-gray tank they 
turned dark gray or black even when 
the tank bottom and sides, under bright 
sunlight, reflected more light than those 
of the dimlv lit white tank. This meant, 
of course, 

'
that their coloring was de­

termined not by the absolute amount of 
reflected light but by the relation be­
tween the incident light (from the skv) 
and the reflected lif,ht (from the tank) . 
Sumner showed that the "mount of dark 
pigment in the skins of the fish was di­
rectly proportional to the ratio of direct 
to reflected light. He demonstrated also 
that the upper and lower parts of the 
eyes played different roles in controlling 
the fish's color reactions. He devised 
"false corneas (celluloid goggles) 
which could be fitted over the eyes of 
anesthetized fish. When he attached 
goggles that blacked out the lower half 
of the visual field, hiding the bottom 
and walls of the aquarium, the fish be­
came dark even when kept on a white 
background. When the goggles blacked 
out the upper half of the eves, conceal­
ing the sky, the fish remained pale even 
on black backgrounds. 

Sumner went on to investigate the 
protective value of fishes' ability to 
change color. In a large shallow black 
tank he mixed two groups of killifish, 
one of which had been bleached bv be­
ing kept for two months in a white

' 
tank 

and the other of which had been similar­
ly conditioned to have a black color. The 
black and white fish mingled together 
and swam in a single school, but against 

the black background of the tank the 
b!eached fish of course were much more 
conspicuous. Sumner then put a pen­
guin in the tank. It ducked its head un­
der water and began to hunt the fish, 
pausing only for occasional breaths of 
air. By the end of the experiment it had 
eaten 293 fish, and it turned out that 74 
per cent of the penguin's catch were 
bleached fish. In a counterpart experi­
ment in a white tank, where the black 
fish were a little easier to see than the 
bleached ones, 61 per cent of the fish 
caught were black. 

Most remarkable of the background­
matching fishes are the flounders and 
their flatfish relatives. Sumner made 
many studies of these fish at the marine 
biological laboratories in Naples, Italy, 
and Woods Hole, Mass. He first noticed 
that on gravel bottoms with a mixture 
of dark and pale stones flatfish showed 
bold white patches on their backs. To 
find out how accurately they could 
match the background, he put flounder 
in a tank with a black and white check­
erboard floor. The fish neatly matched 
the checkered pattern. What was more, 
when he varied the size of the squares 
in the checkerboard, the fish followed 
suit: they could match the coarseness or 
fineness of the pattern to an amazing 
degree. They also matched, more or less 
successfully, patterns of stripes, herring­
bones, polka dots, even quartz pebbles 
scattered on black lava sand. 

The color changes in these fishes, 
then, depend on what they see. Land 

THE CAROLINA LIZARD ANOLIS, �oJ11etimes called the American cha­
meleon, commonly adopts a leafy green that matches surrounding foliage. 
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N ewton's laws of 
motion dictate the 
basic design features 
of instruments that 
measure rapidly varying 
physical phenomena. 
Statham transducers 
are available for the 
measurement of 
acceleration, pressure, 
force and displacement. 
The transducer element, 
converting mechanical 
in put to electrical 
output, provides the 
means whereby Statham 
instruments achieve accuracy 
under dynamic and static 
measuring conditions. 

animals may be prompted to change 
color by various other stimulants-a 
change in temperature, an emotional dis­
turbance. The tanning of human skin is 
a special case; this change is purely 
local and has nothing to do with the 
nervous system or vision. Indeed, it is 
induced by ultraviolet rays that are in­
visible to the human eye. But in all ani­
mals-fish, beast or man-the basic event 
is the same: a change in skin color is 
due to a reversible change in the dis­
tribution of certain skin pigments. 

SKIN COLOR depends on pigment­
bearing cells called chromatophores, 

located in the lower levels of the skin. 
A chromatophore usually is star-shaped, 
with long arms radiating from a central 
body. Its pigment is in the form of ex­
tremely tiny granules, and the granules 
may be distributed throughout the cell 
or concentrated in one spot in the center. 
The granules of pigment in a chroma­
tophore are all of the same color-bbck 
or yellow or blue or red. There are many 
kinds of chromatophores, each named 
for the pigment it carries. The chromato­
phore involved in darkening of the skin 
is called a melanophore, from its brown 
or black pigment, melanin. When the 
melanin particles are dispersed through­
out the body and arms of the melano­
phore cells, they darken the color of the 
skin; when they collect in a tiny dot in 
the center of the cell, light passes 
through these cells and is reBected from 
the lighter underlying tissues, so the skin 
becomes pale. Progressive darkening of 
the skin is the result not only of disper­
sion of the pigment through the cell but 
also of the manufacture of additional 
melanophores in the skin. This is the 
way the human skin develops a steadily 
deeper tan or a fish becomes darker and 
darker in a black tank. A black fish can 
bleach to gray in a few hours, merely by 
contracting the melanin granules into 
the centers of the melanophore cells. If 
it is kept on a light background for a 
long period, the melanophores them­
selves gradually disappear and the fish 
grows progressively paler. Similarly the 
human skin loses many of its melano­
ph ores when its exposure to ultraviolet 
rays is reduced. 

Another important skin pigment is 
xanthophyll-the same xanthophyll that 
is largely responsible for the yellow 
color of autumn leaves. Unlike melano­
phores, the cells that carry the yellow 
pigment (xanthophores) do not increase 
or decrease in number in response to 
outside stimulation; the supply of xan­
thophores stays constant, and they pro­
duce changes in hue only by dispersing 
or contracting their pigment particles. 
The xanthophores, in combination with 
melanophores, extend the color reper­
toire of a fish or animal to various shades 
of yellow, tan and brown. 

A third common skin pigment is gua­
nine, whose color is silvery white. This 

is the pigment that enables Bounders to 
match a mixed background so skillfully; 
apparently the Batfish reproduce white 
stripes or a checkerboard pattern solely 
by bringing into play the guanophores 
in the skin of their backs. Guanine also 
plays a part in the rapid color changes 
of the chameleon. Like the basic color 
on an artist's canvas, it serves as a back­
ground for other pigments. The guano­
phores are densely packed at an inter­
mediate level of skin below the surface, 
and above them is a layer of yellow 
xanthophores. Apparently the guano­
ph ores do not change but form a steady 
reBecting background. Deep in the skin, 
their white color appears sky-blue, and 
this hue, filtered through the overlying 
yellow, is what gives the chameleon its 
usual leaf-green color. At deeper levels 
below the guanine layer the animal has 
melanophores of several shades-black, 
brown and reddish. These cells possess 
long arms that extend to the skin surface. 
The chameleon produces its changes of 
color by dispersing the various shades of 
melanin, one at a time or in combina­
tions, into these arms. When the dark 
melanin spreads far enough into the 
arms to cover the guanophores but not 
far enough to hide the yellow, the ani­
mal's skin turns brown; when it covers 
the yellow as well, the chameleon takes 
on the hue of the red or black melanin. 
The change seldom occurs uniformly 
over the whole body; hence the colors 
sweep slowly over the chameleon in 
spots or waves. 

Although the chameleon has been the 
favorite of authors and poets from Plu­
tarch to Shelley, it is at least equaled 
by some other animals, so far as color 
versatility is concerned. Notable among 
these is the American tree toad named 
H yla. Using the same three pigments­
melanin, guanine and a yellow which 
may be xanthophyll-the tree toads can 
turn black, brown, gray, tan, green, 
white, yellow or light pink. (Curiously, 
one species of the toads is named H. 
coerulea, meaning sky-blue, although it 
never has that color in nature; it be­
comes blue only after it has been pre­
served in alcohol, which dissolves the 
yellow pigment and exposes the bluish 
guanine underneath.) 

WHAT SORT of directing system 
controls all this color staging in 

animals? As we have seen, the initial 
cue may come from vision, emotion or 
temperature, which sends the message 
to the central switchboard-the nervous 
system. (Skin-tanning is an exception; 
here the light stimulates tbe chromato­
phores locally.) Usually the nerves send 
directions to the chromatophores by way 
of hormones, the chemical messengers 
that travel in the blood. But there is one 
group of animals in which the switch­
board operates the pigment cells by di­
rect control. These are the mollusks that 
have tentacles reaching from the head-
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THE CATFISH will change color according to its surroundings. In one 
experiment a white catfish that had been in a white tank (top) was remoyed 
and placed in a black tank (middle). The fish then turned black (bo tt om ) . 

the octopus, the squid, the cuttlefish and 
the like. The chromatophores in the 
skins of these animals consist in Hexible 
l'>ags containing a colored liquid-red, 
blue, yellow, black or white. Each bag 
has a ring of threadlike contractile ele­
ments which can pull the bag out into 
a Hat disk, showing the color, or let it 
collapse into a tiny sphere. A separate 
nerve fiber controls each bag. Cephalo­
pods are high-strung animals, and the 
state of their emotions can be read in the 
twinkling of their thousands of chroma­
tophores. An octopus, disturbed during 
its daytime rest, may blush a deep ma­
roon or blanch to a ghastly white, or it 

may display a swift succession of yellow,­
tan, green and blue spots as it agitates 
its chromatophores in protest. 

Although we usually think of the 
plant world as furnishing most of na­
ture's color, animals, too, contribute to 
the canvas, and their chromatic shifts 
are even more dramatic. 

-

Lams J. and :'Iargery J. -'1ilne, 
biologists at the Unir;ersity of 
New Hampshire, u:ere the au­
thors of The Eelgrass Catas­
trophy and other articles that 
have appeared in this magazine. 
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Logic Machines 
The ancient idea of a device which would test the validity 

of a system of thought has recently made progress. A very 

simple machine can be made from page 71 of this magazine 

T
HE most powerful intellects have 
always agreed that thinking is hard 
work, and many have attempted to 

create labor-saving devices to lighten 
the burden. Systems of logic are, in a 
sense, instruments for more efficient 
solving of problems. One of the oldest 
and most elementary devices is the 
syllogism, invented by Aristotle (e.g., 
All Texans are Americans; no American 
wears a monocle; therefore no Texan 
wears a monocle) . The great 17th-cen­
tury mathematician Gottfried Wilhelm 
Leibnitz dreamed of a "universal calcu­
lus" by which logical problems might be 
solved. His dream has been partly re­
alized in the modern system of symbolic 
logic, a labor-saving method which uses 
symbols to represent ideas and solves 
problems in reasoning by a kind of 
algebraic process. First formulated in 
the 19th century by .the English mathe­
matician George Boole, the system has 
been developed into a powerful tool 
for dealing with complex problems in 
mathematics and in business ("Symbolic 
Logic," by John E. Pfeiffer; SCIENTIFIC 
AMERICAN, December, 1950) . 

But the great dream, of course, has 
been to create a thinking machine-a 
physical "brain" that could carry out the 
mechanical processes of reasoning auto­
matically. So far as anyone knows, the 
first man to tackle logical problems with 
mechanical aids was a 13th-century 
Spanish mystic named Raimon Lull. Al­
most forgotten today, in his time Lull 
was a widely influential and controver­
sial figure. His consuming ambition was 
to convert the Saracens to Christianity. 
In this endeavor he used a system 
of "proof" intended to lead them to the 
truth. It involved translating logical 
problems into geometrical figures of 
various shapes and colors, which were 
made to intersect and overlap in differ­
ent ways. Lull applied his Ars Magna, 
as he called it, to everv branch of science 
and philosophy-eve� to military tac­
tics-and was firmly convinced that 
every truth in Christian revelation could 
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be given a definitive proof by his multi­
colored designs. (The Moslems re­
mained skeptical, and in 1315 they 
stoned Lull to death.) 

ONE OF Lull's devices used movable 
parts and can therefore be con­

sidered a primitive logic machine. It con­
sisted of a set of metal disks which 
rotated about a common center. On each 
disk were letters representing various 
ideas. For example, around the circum­
ference of one disk would be 16 letters 
symbolizing 16 attributes of God, and 
the same letters were repeated on a 
second circle outside the first. By rotat­
ing the inner wheel one could explore 
all the possible combinations of attri­
butes on the two whee:s (a total of 256 
in this case) . In this wav Lull "demon­
strated" that God is "gloriously wise," 
"gloriously glorious," and so on. 

Since his wheels were a handy 
mechanical means of exhausting the 
possible combinations of given sets of 
terms-a principle used tod�.y in the 
construction of tables listing all possi­
ble combinations of true and false 
for a given set of propositions-it is 
not unreasonable to regard Lull as the 
first inventor of 
a logic machine. 
As a matter of 
fact, in many of 
his figures he 
employed the 
�ymb�: Y for 

Lull's devices were completely value­
less, and his Ars Magna fully deserved 
tI-.e epithet of Methodlls Impostllrae 
that Francis Bacon later bestowed on 
it. Jonathan Swift may have had Lull's 
circles in mind in his satirical descrip­
tion of the logic machine that Gulliver 
found in the voyage to Laputa. This 
contrivance was a big square frame 
with hundreds of small cubes strung to­
gether by wires, each cube having vari­
ous words in the Laputan language on 
its several faces. A Laputan professor 
and his pupils were turning cranks that 
rotated the cube faces, and whenever 
the faces combined a few words that 
made sense, the scholars copied the 
phrases down. From the broken phrases 
the professor was composing erudite 
treatises. "By his contrivance," writes 
Swift, "the most ignorant person . . .  
may write books in philosophy, poetry, 
politics, law, mathematics, and theology, 
without t�e least assistance from genius 
or study. 

T ATE in the 18th century Charles Stan­
L hope, third Earl, a British statesman 
and inventor, built the first true logic 
machine, the Stanhope Demonstrator. 

truth and Z 
for "falsehood," 
to indicatewhich 
combinations of 
ideas were to be 
rejected and 
which retained­
a process analo­
gous in a dim 
way to the oper­
ation of later and 
more legitimate 
logic machines. 

But most of 

LOGIC MACHINE built by Robert Marks of New York 
can handle logical equations of up to fonr terms. In the 
first photograph the jacks have been inserted in such 
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The Demonstrator was a crude gadget 
for solving sylbgisms. A syllogism con­
sists of a major premise and a minor 
premise, the first making a statement 
about a "predicate term" and a "middle 
term," the second about the same middle 
term and a "subject term." By elimi­
nating the middle term one arrives at 
the correct conclusion as to the relation 
of subject to predicate. In Stanhope's 
Demonstrator the middle term was 
represented by a small wooden panel 
called the "holon." It had a frame 
through which other oanels could be slid 
to cover all or part of the holon. A panel 
of gray wood, representing the subject, 
was pushed in from the left, and one of 
red glass, representing the predicate, 
was pushed in over this from the right. 

To solve a syllogism the machine re­
quired that the premises be stated in 
affirmative form. To illustrate how it 
was used let us take the syllogism given 
at the beginning of this article: "All 
Texans are Americans," and "No Ameri­
can wears a mon::>cle." We will let M 
stand for "American" ( the middle term) , 
S for "wears a monocle" (the subject 
term) and P for "Texans" (the predicate 
term) . Now the minor premise can be 
stated "No M is S," but this must be 
translated into the affirmative "All M is 
some not-S" (all Americans are part of 
the class which does not wear mono­
cles) . The holon stands for M, the mid­
dle term. We push the gray slide, repre­
senting "some not-S," into the frame so 
it covers the entire holon ("all" of M). 
The major premise is "All P is some M," 
(all Texans are part of the group called 
Americans) . We slide the red glass ("all 
P") part way into the frame to cover 
"some" M. The two slides overlap, with 
the gray panel (S) showing through the 
glass. Hence an identity is established 
between S and P, and we have proved 
that "All P is some not-S," meaning that 
all Texans are part of the class that does 
not wear monocles-in other words, no 
Texan wears a monocle. 

Stanhope scaled the sides of the hoI on 

and of the two slides from 1 to 10, and 
thus made it possible for the machine 
to solve syllogisms in which the subject 
and predicate have numerical values. 
For example, if you are told that 8 of 
10 pictures are abstractions, and 4 of 
the 10 are by Picasso, the Demonstrator 
will show that at least 2 and no more 
than 4 abstractions are by Picasso. Stan­
hope's device also can solve some ele­
mimtary problems in probability. 

IT WAS in 1854 that Boole pub­
lished his epoch-making little book, 

called An Investigation of the Laws of 
Thought, outlining a system of symbolic 
logic. Logicians generally ignored it, but 
William Stanley Jevons, a British econo­
mist and logician, recognized the revo­
lutionary character of the Boolian alge­
bra. With remarkable insight he wrote 
that Boole had "put the science [of logic] 
substantially into the form which it must 
hold forevermore." 

Jevons promptly began to work out 
methods of applying Boole's approach. 
One of these, which he called the "abece­
darium," operates as follows: A list is 
made of all possible combinations of 
terms in their positive and negative 
forms. If it is a syllogism we are consid­
ering, three terms are involved. They 
may be called A, B and C, and the nega­
tives of these terms (not-A, not-B and 
not-C) can be represented by a, b and 
c. There are eight ways in which the 
three letters, in upper- and lower-case 
forms, can be combined-each combina­
tion representing a possible class: ABC, 
ABc, AbC, Abc, aBC, aBc, abC, and abc. 
We now cross out all classes inconsistent 
with the premises. For example, if the 
major premise is "All A is B," then com­
binations containing A and b (not-B) 
cannot be true, so we cross out AbC and 
Abc. If the second premise is "All B is 
C," we eliminate ABc and aBc. The re­
maining combinations (ABC, aBC, abC 
and abc) are consistent with the prem­
ises and therefore true. We now exam­
ine them to determine the relation be-

tween A and C. We find that A appears 
in combination only with C, not with 
its negative, so we correctly conclude 
that "All A is C." If it had also been 
combined with c, no conclusion would 
have been possible, because the com­
binations would contradict each other. 

J evons went on to construct a device 
to solve the Boolian algebraic equations 
mechanically. This instrument, which 
he called the "logical piano," was the 
first logic machine efficient enough to 
solve problems more rapidly than they 
could be solved by the human brain. 

J evans' famous logical piano works on 
exactly the same principle as the "abece­
darium." The machine looks like a min­
iature upright piano about three feet 
high. On its front are openings through 
which can be seen letters representing 
the 16 possible combinations of four 
terms and their negatives. It has a key­
board with 21 keys, one for each of the 
16 combinations and five others for cer­
tain necessary operations. To use the 
piano it is necessary to translate each 
premise into the form of an equation 
along lines proposed by Boole. Then the 
proper keys are pressed to feed each 
premise into the machine. A system of 
connecting levers automatically elimi­
nates from the face whatever combina­
tions of terms are eliminated by each 
premise. When all the premises have 
been given to the machine, the face is 
inspected to determine what conclusions 
can be reached. 

IN ADDITION to solving syllogisms­
or problems in the logic of class in­

clusion-the machine also handles prob­
lems involving truth relations between 
propositions. In fact, it solves them with 
greater ease, because syllogisms are far 
from the simplest forms of logic. The 
assertion "Either A or B is true" (mean­
ing one must be false) is an, example of 
a truth-value relation between two 
propositions. In this case, if we let up­
per-case letters stand for "true" and 
lower-case for "false," only two combi-

a way as to set up a proposition. In the second they have 
been rearranged to express a related proposition. In the 
third they have been rearranged again to establish an-

other related proposition. The light at the upper left­
hand corner of the machine now comes on to indicate 
that the three propositions form a logically valid system. 
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• nations will be possible, namely: Ab 
and aBo Assertions of a similar kind, 
such as "If, and only if, A is true, then 
B is true," or "Not both A and B are 
true," can be fed into the logical piano 
by pressing keys which eliminate the 
invalid combinations. The assertion "A 
is true" is fed to the machine simply by 
eliminating all combinations containing 
a. After the given premises are in the 
machine, the face shows at a glance the 
valid truth-relations between the terms. 

• A sample problem of this sort, solved 
quickly by the piano, is the following: 
Four clerks work in the same office­
Amy, Bill, Charlie and Doris. When 
Amy goes out for a cup of coffee, Doris 
always goes with her. When Bill goes 
out for coffee, and only when he goes 
out, Charlie goes along. Bill and Doris, 
however, are never permitted out of the 
office at the same time. If I pass a restau­
rant during working hours and see 
Charlie enjoying a cup of coffee, what 
can I deduce about the others? Since 
"out" and "in" are mutually exclusive, 
we can equate "out" with "true" and 
"in" with "false." .The initial letters of 
the names are our four terms. After 
feeding the assertions into the machine, 
we discover that all combinations vanish 
from the face except one: aBCd. This 
tells us immediately that Bill is having 
coffee with Charlie, and Amy and Doris 
are at the office. 

In 1881 Allan Marquand, another 
British logician, constructed a much­
improyed version of Jevons' machine. 
He eliminated the awkward translation 
of premises into equations and simpli­
fied the keyboard to 10 keys. 

Since 1900 many odd devices for 
solving syllogisms have been invented. 
An Italian logician named Annibale 
Pastore built a Rube Goldberg contrap­
tion of rotating gears, pendulum-like 
weights and wheels connected in vari-

ous \\'ays by endless belts. The U. S . 
psychologist Clark L. Hull created a 
syllogism-solving machine involving 
metal disks. Other inventions include 
slide rules, in both straight and circular 
forms, and sets of cards with openings 
cut at various places. On the opposite 
page is a set of syllogism "window" cards 
I worked out recently. 

The first to use electrical circuits for 
solving syllogisms appears to have been 
Benjamin Burack, professor of psycholo­
gy at Roosevelt College in Chicago. His 
machine, built in 1935, consists of three 
compartments into which wooden 
blocks can be fitted. There are 20 blocks 
in all, representing the 16 different 
premises and the four conclusions. On 
each block are contact points at certain 
spots. If the syllogism is valid, a circuit 
is completed and a bulb lights up next 
to the word "true." If it is invalid, one 
or more other bulbs light to indicate the 
fallacies. 

IN 1938 Claude E. Shannon, research 
assistant in the depaJ�tment of elec­

trical engineering at M.LT., published 
a historic article titled "A Symbolic 
Analysis of Relay and Switching Cir­
cuits." The article called attention to the 
fact that "true" and "false," the two 
truth-values of symbolic logic, trans­
lated exactly into the binary system of 
1 and 0, which is used in the construc­
tion of electrical calculating machines. 
Shannon proved it was a simple matter 
to construct circuits in series and paral­
lel, with switches properly placed, so 
that the network corresponded to basic 
relations between propositions in the 
Boolian algebra. For example, the asser­
tion, "If, and only if, A is true, then B 
is true," can be translated into A and B 
circuits which open and close simultane­
ously, showing the truth-identity. 

In 1947 two Harvard undergraduates, 

A PRIMITIVE LOGIC MACHINE that will test the validity of syllogisms 
is printed on the opposite page; the reader is invited to cut out the 13 cards 
and operate it. A sample syllogism: "All potatoes are tuhers; all tubers con· 
tain starch; therefore all potatoes contain starch." In the conclusion of this 
syllogism the word potatoes is the subject (S) and starch is the predicate (P). 
Thus the conclusion may be stated: "All S is P." The problem is to determine 
whether this conclusion can be validly deduced from the premises, which 
relate Sand P to a middle term (M). The premise containing P is called the 
major premise; in this case it is "All tubers contain starch," or "All M is P." 
The premise containing S is the minor premise; in this case it is "All potatoes 
are tubers," or "All S is M." Now the blue cards on the opposite page are 
labeled with major premises and the yellow cards with minor premises. 
All the possible conclusions of a syllogism a:re on the single gray card. If 
we take the blue card labeled "All M is P," place it on top of the yellow 
card labeled "All S is M" and place the gray card on top of both, we find 
that the window on the gray card labeled "All S is P" is filled with black. 
This indicates that the syllogism is valid, which is hardly surprising. To 
go one step further the reader may try a syllogism adapted from Lewis 
Carroll: "No fossil can be crossed in love; some oysters can be crossed in 
love; therefore no oyster is a fossil." If the appropriate blue and yellow 
cards are placed under the gray card, and if the properly labeled window in 
the gray card is filled with black, the syllogism is valid. If the window in the 
gray card is only partly filled or empty, however, the syllogism is invalid. 
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Theodore A. Kalin and William Burk­
hart, who were taking an elementary 
course in symbolic logic and found the 
elaborate computations tiresome, read 
Shannon's paper. They decided to build 
an electrical machine along the lines he 
suggested, to do the work for them. 
Using about $150 worth of material, 
they built a machine of less than four 
cubic feet which solved complex prob­
lems in logic with great speed and effi­
ciency. Their device, the first in history 
to use electrical circuits for solving pro b­
lems in symbolic logic, is now well 
known as the Kalin-Burkhart Calculator. 

The calculator takes care of 12 terms 
and 12 assertions about their truth-rela­
tions. Its method of operation is basic­
ally the same as in Jevons' piano, except 
that electrical circuits rather than levers 
are used for eliminating invalid combi­
nations. Instead of showing immediately 
which combinations of true and false 
terms are valid, however, the calculator 
considers each combination separately, 
one after the other. If the combination 
is consistent with the premises, a yellow 
light glows and a row of 12 red bulbs, 
each representing a term, indicates 
which terms are true and which false. 
Since each combina:tion corresponds to 
a row on a truth-table, the Kalin-Burk­
hart machine is simply an electrical de­
vice for scanning rapidly the successive 
rows of a truth-table. It can be set to 
stop automatically whenever the yellow 
light flashes, so the operator may copy 
down each valid row of the truth-table 
as indicated by the red bulbs. The re­
sults can then be inspected to answer 
any desired question. The advantage 
over the Jevons piano is that the calcu­
lator can handle many more terms, and 
complex premises can be fed to it with 
greater ease. 

An electrical logic machine with 
slightly different abilities was built in 
1949 at the {,Tniversity of Manchester, 
where 80 years before J evons had built 
his logical piano. The Manchester ma­
chine handles only three terms, but a 
more elaborate, multitermed calculator 
is currently tinder construction there. 

At the moment, logic machines have 
very limited value, due to the fact that 
science is seldom confronted with prob­
lems of a strictly logical nature which 
are complex enough to require mechani­
cal aid. In business procedures, however, 
fairly intricate logical questions may 
arise, and a number of large corpora­
tions have been considering ways of 
making use of tl1e Kalin-Burkhart ma­
chine. It would be particularly useful, 
for example, on complex problems such 
as arise in insurance. 

Another field in which logic networks 
may become increasingly useful is in the 
operation of the giant electronic compu­
ters. Problems frequently arise in de­
ciding the best way to set the machine 
for a given task, and often these prob­
lems are purely logical in character. 

Computers of the future may have logic 
circuits built into them so that such de­
cisions will be made automatically. 

T OOKING far into the future, the most 
L fascinating speculations concern the 
possibility of combining reasoning and 
memory in a machine. A machine of this 
sort, using mechanical means, was actu­
ally proposed as early as 1851 by a 
prominent British surgeon, Alfred Smee, 
in a curious little book called The Proc­
ess of Thought. The doctor admitted 
that his machine would "cover an area 
exceeding probably all London." A few 
years ago Vannevar Bush, inventor of 
M.I.T.'s first differential analyzer, de­
scribed a similar imaginary machine 
called the "Memex," which would store 
factual data on microfilm and connect 
it logically by means of electrical cir­
cuits. You could, for example, ask such 
a machine, "At what temperature would 
water boil on the moon?" The machine 
would collate all the relevant data and 
give you the answer. As Dr. Smee sug­
gested, probability values also could be 
built into such a contrivance. You might 
give the machine a set of premises about 
the geological conditions known to pre­
vail in an area where a wildcat oil well 
was being drilled. The machine would 
integrate all the known facts about the 
relation of oil pools to various types of 
geological structures, and tell you the 
probability of finding a profitable well 
at this site. 

In principle it is not impossible that 
such a machine might even invade the 
field of philosophy, indicating precisely 
what philosophical questions are capa­
ble of solution on the basis of known 
data. It might also be possible to build 
into a machine all the basic axioms of a 
system of thought, such as that of Spino­
za. We could ask the machine to detect 
any contradictions in the system and 
answer philosophic questions in terms 
consistent with the axioms. A machine 
might also be built to translate from one 
system into another. 

The question of whether philosophi­
cal machines could be constructed to 
think creatively leads into many tangled 
matters. Outside of science fiction no 
calculator-logical or mathematical-has 
yet betrayed the slightest spark of orig­
inality. Perhaps it is just as well. Samuel 
Butler's Erewhon paints a horrifying 
picture of what might happen if ma­
chines became intelligent enough to 
think and act for themselves; there is 
also the Ambrose Bierce story of the 
robot chess-player which, after being 
beaten by its inventor, strangled him. 
As the logician Charles Peirce has 
pointed out: "We do not want it [a logic 
machine] to do its own business but 
ours." 

• 

Martin Gardner is the author of ntlmer­
OtiS articles on mathematical subjects. 
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What GENERAL ELECTRIC People Are Saying 

1. LANGMUIR 

Research Laboratory 
PLANNING UNPLANNED RESEAUCH: 
You can't plan to make discoveries. 
Bllt you can plan work that will 
probably lead to discoveries. 

Dr. Willis Whitney discovered a 
word which is in th'e dietionary­
serendipity-and I don't like 'the 
definition that is given. Let me 8llg­
gest this one: "The art of profiting 
Ironl unexpected occurrcnces." 
Now, it seems to me a large pat·t 
of the Laboratory work is based on 
that. You don't know all the things 
that are going to happen; too many 
of them are unexpected. But it is 
these unexpected things that are go­
ing to be the most profitable-the 
most useful-things you do. 

In 194.2, when I was f'resid,·nt of 
the American Association for the 
Advancement of Science, 1 broad­
cast a half-hour talk in which I said 
that physics nowadays is not like 
the physics of the past centllr�'. 
There is classical physics, and there 
is quantum mechanics. What's the 
main difference'? 

The 'old idea of physics was that 
everything was perfectly, definitely 
due to causality. There was a de­
finite relation of cause ami effect. 
And that worked perfectly well in 
classical physics. But, then, years 
latet· came the quantum theory and 
the uncertainty principle of .1-1 eisen­
berg. But Bohr, five Ot· ten years 
before II eisenberg's uncertainty 
principle, had the idea of the cor­
respondence and uncertainty prin­
ciples very clearly in mind. I 
t'emember Bohr saying that if a 
thirteen inch shell is coming toward 
you, several thousand feet a second 
-headed right toward you-it may 
pass through you and' produce n� 
effect whatever. Thet'e is a certain 
definite chance that this will happen 
-very small. 

Take another example. You can 
see the track of an alpha particle. 
It's one quantum effect-a radium 
atom exploded. Fundamentally, vou 
can't find the cause for such things. 
In fact, as Bohr pointed out very 
clearly, if you could find out what 
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it is that sets off a radium atom 
after 2000 years, then the whole of 
quantum mechanics would have to 
go by the board. It's basic that those 
must be the fundamental things, the 
probability, and not the ca use of the 
definite action. All right, if an alpha 
particle can leave a track and a man 
can do something as a result of it­
see it, for example-he may either 
get killed or not get killed because 
of timing. He may be run over by 
an automobile because he left his 
office a little later than he otherwise 
would have. 

So single quantum effects can 
affect the lives of individuals. Now, 
the moment you prove that in prin­
ciple, the whole basic idea of cause 
and effect is gone for all those 
phenomena that can be started from 
small beginnings and grow up to 
large things. 

Take heredity, for instance. A 
single gene cell can be affected by a 
cosmic ray or by x-rays. Sit{gle 
qnantum phenomena. They're ab­
solutely interminable. And, there­
fore, basically the whole develop­
ment of the human race has not been 
the result of cause and effect-onlr 
probabilities. 

. 

Come down to human affairs-an 
idea, for instance. How did it begin? 
Why, with something as small as a 
quantum, or the actions of a lot of 
separate quantums, of course. You 
have the dividing of the ways. 
Either you do one thing or the oth·er. 
You continue to have alternatiyes. 
Those alternatives may determine 
things of tremendous importance. 

If you can't predict ideas, you 
can't plan things in a laboratory. 
But you can organize a laboratory 
so as to increase the probabilities 
that useful things will happen there. 
And. in so doing, keep the flexibility, 
keep the freedom. That's what 
freedom is for. All of us in this 
Research Laboratory are interested 
in freedom. W e kno�v from our own 

experience that in true freedom we 
can do things that could never be 
done through planning. That's why 
we are going to beat out Russia in 
the long run. 

Stalin believes . that everything 
can be planned. Marx believed that 
everything could be planned. That's 
the trouble with all dictators. Thev 
think that they can run the worl�1 
by planning from above. And that 
is an utter impossibility, basicallr 
and fundamentallv, because of th'e 
existence of divergent phenomena. 

The moment that you see that the 
world isn't a kind of place where 
complete planning is possible, then 
you believe in democracy, you be­
lieve in freedom and initiative-in 
all the kinds of things that can be 
planned only in very general ways, 
not in detaiL 

What did Mussolini try to do? 
What did Hitler try to do'? They had 
plans for conquering the world, and 
the�- knew just how to do it. They 
failed. The�- failed for many reasons, 
but one of the reasons is that you 
can't run things that way. An'd I 
think, no matter how far you may 
go in dictatorship, no matter how 
far it may succeed, it will ultimately 
fail because of the impossibility of 
planning on a world-wide scale. 

Now, in this Laboratorv we have 
a good example. I think inost of us 
here have ideas of freedom and of 
the .importance of thinking things 
out m onr own way. Human virtues 
such as curiosity, initiative, interest 
in things, and j'ust doing things for 
the fnn of it, add up to me as just 
one of the things you realize in this 
Laboratory: And if only it could be 
that way on a world-wide scale, we 
would be much better off than we 
are now. 

Colloquium 
General Electric Research Laboratory 

December 12, 1951 
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by James R. Newman 

DOUBT AND CERTAINTY IN SCIENCE, by 
J. Z. Young. Oxford University Press 
($2.50) . "0 F ALL the wonders," wrote 

Sophocles, "none is more won­
derful than man-who has 

learned the arts of speech, of wind swift 
thought, and of living in neighbour­
liness." As to the cultivation of neigh­
borliness there may in our age be some 
doubt, but of man's distinctive proficien­
cy in speech and thought there can be 
none. The subject of this brilliant book 
is the relation between man's behavior 
as a communicating and cooperating 
animal and the processes of the human 
brain. Biologists have suggested that we 
are what we eat; Professor Young pro­
poses that we are what we observe and 
communicate. The biologists, studying 
man's habits of eating, digestion, loco­
motion, mating and so on, have con­
centrated on the features of man that 
resemble those of other animals and 
have not sufficiently considered the 
"traits of what we commonly call man's 
mind that are also his most peculiar and 
important biological characteristics." 
Professor Young, a leading British an­
atomist, takes the latter approach and 
examines the working of the brain, how 
we learn and tell one another, how man's 
"higher activities" depend on the opera­
tions of the marvelously compact engine 
built into his skull. While his book (the 
1950 Reith Lectures of the British 
Broadcasting Corporation) suffers to 
some extent from oversimplification, I 
cannot remember reading a more stimu­
lating popularization of science. 

What is known about the brain as a 
machine? Sir Charles Sherrington, E. D. 
Adrian, D. O. Hebb and other outstand­
ing investigators have written lucidly on 
the frontiers of knowledge in this field. 
Research on the physiology of the ner­
vous system is a most difficult endeavor, 
the details being of "hardly imaginable 
complexity." Despite significant ad­
vances, we have not yet accumulated 
more than fragmentary inSights into 
what goes on in the brain. This fact, 
Young points out, should make educa­
tors and psychologists cautious in acting 
on their theories of how we think and 
learn, and might be expected to restrain 
the intrepid little band of surgeons who 

BOOKS 
Concerning the brain of man and its 
biological and mechanical analogues 

cut pieces out of an organ about whose 
processes they are essentially ignorant. 

Young's method of explaining the 
brain rests almost entirely upon analogy. 
We enlarge our knowledge by making 
new comparisons, by looking about, as 
one might say, with an innocent eye. 
"A polyp," William James wrote in his 
Principles of Psychology, "would be a 
conceptual thinker if a feeling of 'Hollo! 
thingumbob again!' ever Hitted through 
his mind." In science and art, in philoso­
phy, statecraft and shoemaking, it is 
surprising how much progress results 
from merely cocking the head, changing 
the angle of view and uncovering un­
suspected similarities. "The brain is con­
tinually searching for fresh information 
about the rhythm and regularity of what 
goes on around us." This quest Young 
calls "doubting." When, for the moment, 
the brain is satisfied by the discovery of 
analogies and significant resemblances, 
a new "system of law" is created and we 
are comfortable in a new "certainty." 
Sooner or later our dogmatic ease is 
disturbed by fresh doubts, provoking 
more fruitful comparisons and requir­
ing us therefore to change our notions 
about the world and to talk abou� it 
differently. 

Young traces the fashions in analo­
gies-how man has alternated in the use 
of words to describe his own actions and 
those of the tools he produces. Fire was 
first spoken of as "a living thing"; as 
men learned to use it for cooking and 
other purposes, they came to speak of 
"vital fires and vital cookings within 
them." Classical physics borrowed from 
ordinary language such words as "force" 
and "work," made their meaning more 
exact so that they could be used in 
mathematical discourse, and then re­
turned them to biology for use in study­
ing problems of the "interchanges of 
work and energy in the body." New con­
cepts, tools and techniques not only 
enrich the field in which they were first 
developed but by a wider absorption in 
thought and language may produce pro­
found changes throughout the sphere 
of human activities. The physics that 
postulated the world as a machine 
was tutor to biology and medicine, 
enabling them to cast off a good deal 
of medieval hocus-pocus and to make 
fruitful studies of the body by also 
viewing it as a machine. 

Modern physics has discarded the 
simple clockwork interpretation, recog-

nizing at once the imperfections in our 
knowledge of present states and the im­
pOSSibility of forecasting exactly future 
states. Statistical methods have been de­
veloped to deal with the slippery essence 
around us: the physicist now knows that 
his theories and experiments deal not 
with simple entities but always with 
complex and uncertain organizations, 
and thus finds himself working at the 
same bench with the biologist, who has 
known for a long time that the entities 
h� is studying are not Simple. With 
bIOlogy and physics sharing tliis power­
ful technique, it follows that innovations 
in physics may almost immediately sug­
gest new ways in biology. Physics uses 
new words to describe the physical uni­
verse, biology new words to describe the 
organism. "We are gradually coming to 
speak in new ways about ourselves." 

In the light of this discussion, we may 
return to the question about the working 
of the brain. In the branch of applied 
physics sometimes called "small-current 
engineering," a good deal of work has 
been done on control and communica­
tion in machines. Engineers in this field, 
to which popular attention has been 
drawn by achievements in the design of 
electronic computers, have found it con­
venient to borrow terms "preViously 
used to describe human communica-. 
tion." They have redefined and sharp­
ened the meaning of words such as "in­
formation," and have concocted their 
own jargon, e.g., "feed-back." They 
have built machines that can "receive 
and react to information," exert con­
trol, "remember" and perform other 
acts which until recently only living 
things could perform. Indeed, these ma­
chines possess some talents that no man 
can match. Physiologists studying the 
nervous system have been able to make 
use of the general ideas and terminology 
developed by the small-current engi­
neers, even though a "detailed applica­
tion of their techniques" has not yet been 
possible. _ 

In his summary of what is known 
about the functioning of the brain 
Young avails himself fully of the re­
search on nonliving feedback systems. 
Descartes compared the body with a 
clock; Young draws analogies from a 
wide range of mechanical self-regulating 
devices to show how the brain, acting 
on information from its receptors, ad­
justs the responses of the body to outer 
changes and keeps it in a "steady state." 
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He draws an interesting comparison, for 
example, between the nervous system 
of an octopus and the elaborate calcu­
lating machine installed in a guided 
missile. The octopus-a slave in one of 
Young's experiments-had a rough time 
trying to snatch a crab placed in the 
same tank. It had been arranged that 
whenever the octopus reached out a 
tentacle, it would get an electric shock 
from a small white metal plate placed 
next to the bait. After two or three pain­
ful attempts the octopus quit and went 
into a sulk; its frustration was mani­
fested in marked changes of body color 
and in the darkening of its eyes. A 
guided missile can be designed which 
will react to danger signals in similar 
fashion. It will have a receiver corre­
sponding to the retina of the octopus' 
eye. Upon the appearance of certain 
signals, it will send electrical warnings 
and instructions to its steering appara­
tus, just as the octopus' retina transmits 
electrical nerve-impulses to the optic 
areas in its brain. The missile will 
evaluate the information received, as 
does the octopus, and "decide" what to 
do-to run away, to change course, to 
take "evasive" action. Its eyes will 
not darken-but let us hope it will run 
away. 

Is there a difference between the oc­
topus and the guided missile? An enor­
mous difference, to be sure. Louis 
Ridenour at a recent Harvard sympo­
sium quoted a psychiatrist to the effect 
that "the over-all complexity of the larg­
est and most complicated computing 
machine now in existeI1ce or proposed 
is just about equivalent to the complex­
ity of the nervous system of the flat­
worm"-and the flatworm is a Simple 
Simon compared to the octopus. Yet 
there are useful analogies between the 
missile and octopus. Both can "remem­
ber." The octopus that served as Young's 
assistant learned to reach for the crab 
immediately whenever the white plate 
was removed. The guided missile's 
"memory" is a set of stored instructions 
telling it what to do and what not to do 
under various conditions. There are 
many ways of storing information­
photographs, books, punch cards, mag­
netic tape, vacuum tubes, to name only 
a few. 

How the brain of the octopus (or, for 
that matter, of man) remembers is not 
certainly known, but Young believes 
that the artificial memory-aids man has 
devised, from hieroglyphs to electronic 
circuits, provide possible clues to the 
memory processes of the nervous system. 
There is evidence, as Hebb has sug­
gested) that each experience leaves 
some physical trace in the brain tissue. 
Brain cells are known to grow bigger 
with use and atrophy with disuse; those 
who expect to keep their heads in vigor­
ous shape by using them as little as possi­
ble may be mistaken. There is a basis for 
the more intriguing conjecture that in-

formation is stored in the brain by set­
ting it up in a continuous electrical cir­
cuit where it is available for reference 
when needed, just as is done in certain 
computers. To appreciate how the brain 
might exploit this method one should 
note that while the largest computers 
have fewer than 25,000 tubes, the cor­
tex of the brain has some 15 billion cells, 
each corresponding to a tube. 

Young compares the brain also to a 
"gigantic government office, whose one 
aim and object is to preserve intact the 
country for which it is responsible. Ten 
million telegraph wires bring informa­
tion to the office, coded in dots. These 
correspond to the sensory or input fibres 
reaching the brain." In this office 15 
billion clerks sit in closely packed rows; 
each clerk has a telephone connecting 
him with receiving stations (sense or­
gans) and with other departments (cell 
groups) . Each spends "most of his time 
sending code messages on his telephone 
to some other group, which may be near 
or far. . . .  But the clerks can also in­
fluence their neighbours by whispering 
'silence'; obviously if a group of them 
starts doing this then a wave of quiet 
will pass over that area and it will send 
out no messages for a while. In this way 
most elaborate patterns of activity will 
grow up between the huge numbers of 
clerks throughout the building. There 
are circuits by which messages are sent 
from one department to another and 
then back to the first and so on indefi­
nitely. Messages will go round and 
round, but be influenced by incoming 
messages and by the waves of silence. 
However, the whole office is so arranged 
that some of the telephones eventually 
transmit instructions to workers outside, 
directing them' how to run the country 
and bring food, drink and other necessi­
ties to the government office." 

How information fed into the brain is 
converted into responsive and sensible 
decisions is one of the grand enigmas. 
Young is again prompted to enlist the 
analogy of the computer. In certain cal­
culators information received in the past 
may be coded and stored away for refer­
ence. "When asked a question [the ma­
chine] puts it into code, and, by a 
process that is essentially one of adding 
and subtracting very fast, the machine 
can then refer the question to the rules 
that are already stored in it, and so pro­
duce the right answer. Similarly, the 
brain is constantly relating the new im­
pulses that reach it to the information 
already stored away in its tissues." 

A television camera can translate visi­
ble events into dots and dashes; a com­
puter can transact all its business in 
Os and Is. It is "not at all impossible" 
that the brain maintains its enormously 
involved communications by elaborate 
permutations and combinations of an on­
off, yes-no, dot-dash, or 0-1 symbolism. 
The center for these operations is the 
great sheet of nerve cells at the top of 
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the brain, the cerebral cortex, which is 
"the chief section of our great govern­
ment office and employs 99 per cent of 
the clerks." Here the messages are sifted 
and decoded, decisions are made and 
orders relayed to appropriate stations. 
It staggers the imagination how efficient­
ly this office-surely not an ordinary 
government bureau-does its job. With 
five or six times as manv workers as 
there are people in the �vhole world, 
without supervisors, section heads or 
secretaries, it can handle equally well 
�,he in,form�,ti?,

n 
. 
co?,veY�,d by the 

,;
alls 

Soup s on! , Fue! or Play ball! , by 
the sight of a new hat in a store win­
dow or a page of differential equations 
or Rita Hayworth, by the "tiny spot of 
light on the retina" produced by a dis­
tant star, by the blinking of a traffic sig­
nal, by the slow movement of a Brahms 
svmphony, by an unremembered scent 
that nevertheless reminds the brain of a 
train of experiences apparently long-for­
gotten. The reader begins to suspect, 
after all this, that Young has overworked 
his analogy. "It is a far cry," Sherring­
ton reminds us, "from an electrical re­
action in the brain to suddenly seeing 
the world around one, with all its dis­
tances, its colors and chiaroscuro." The 
analogy of the government office has its 
uses, but if I am to be swept away by 
an image I would prefer that it be by Sir 
Charles' "enchanted loom." 

Among the most interesting of the 
topics touched on in this book is the 
discussion of perception as a creative 
act. The eye is a camera, but the brain 
is much more than a darkroom for de­
veloping the films. More than half a 
century ago William James stressed the 
discriminating and utilitarian aspects of 
sense perception. The uncertainty prin­
ciple of modern physics, postulating that 
no sharp line can be drawn between the 
observer and what he observes, carries 
the thought to the threshold of a sweep­
ing conceptual revolution. The trite say­
ing that the world is what we make it 
conceals, one may suppose, a meaning 
which is only beginning to dawn upon 
us: that the brain is not merely a record­
ing device-"we have to learn to see the 
world as we do." A. E. Housman's lines 

I, a stranger and afraid, 
In a world I never made 

echo a poignant, wide-felt conviction 
which is nevertheless an illusion. The 
brain of each of us "does literally create 
his or her own world." One recalls 
Pascal's famous aphorism: "They say 
that habit is second nature. Who knows 
but nature is only first habit?" 

The corollary to the principle that 
perception is an active process is that 
it must be learned. We must hterally 
learn to see. Our understanding of the 
learning process is facilitated by reports 
of the experiences of persons who were 
born blind and received their sight by 
surgery. The sensation of such a patient 
on first opening his eyes is painful and 

confusing; "he reports only a spinning 
mass of lights and colours." He is unable 
to recognize objects-though he has 
learned by touch to speak of them and 
use them. He has "no conception of a 
space with objects in it," and it takes 
years to learn to see, to ·train his brain 
in the "rules of seeing." That seeing is 
part of the whole learning process is 
further illustrated by the remarkable fact 
that when children make drawings, 
"they tend to show only parts that they 
can name," 

The translation of impressions from 
the idiom of one sense to the idiom of 
another requires great effort and skill. 
"One man, when shown an orange a 
week after beginning to see, said that 
it was gold. When asked, 'What shape 
is it?' he said, 'Let me touch it and I 
will tell you!' After doing so, he said 
that it was an orange. Then he looked 
long at it and said, 'Yes, I can see that 
it is round.' " But the effort involved in 
the new exercise of seeing may not seem 
to the person worth while or meaning­
ful, and he is apt to disregard visual dis­
tinctions because they do not impress 
him as significant. A slight alteration in 
a group of objects set before him may 
perplex him hopelessly: "One man, 
having learned to name an egg, a potato 
and a cube of sugar when he saw them, 
could not do it when they were put 
in yellow light." An amusing but not 
unimportant aspect of learning and the 
process of association comes to light 
in Young's sad tale of a goose. "A Ger­
man scientist, Dr. Heinroth, found that 
a young goose, freshly hatched, who 
saw the doctor before it saw any other 
goose, thereafter acted in every way as 
if Dr. Heinroth was a goose, following 
him around and so on." (Whether Ger­
man scientists alone possess this strange 
power over geese is not clear.) 

Evidently learning itself must be 
learned. Most of us have never learned 
to learn, and have a hard time, there­
fore, ascending to the next rung of 
knowledge. It is astonishing, for in­
stance, how poorly reading is taught, 
and few persons realize how much bet­
ter and faster they could read had they 
been properly trained. The same is true 
of the use of mathematical symbolism­
an invaluable and comparatively simple 
skill, yet quite beyond the capacity even 
of many who pass as deep thinkers. It 
may well be, as Young believes, that the 
study of new methods of training the 
brain to learn, to think and to communi­
cate more effectively holds the best hope 
"for improv��ent in the welfare of the 
human race. 

The second half of this book attempts 
to explain the more complicated things 
we do in terms of what is known about 
the working of the brain. Young touches 
on a wide range of topics, including the 
growth of communication in childhood, 
the evolution of language, the develop­
ment of scientific thought, the role of 

"A more informative and 

cerebrally palatable book 

on the tropics it would be 

hard to imagine . . .  It is 

that rare thing in our day: 

a creative and wonderful 

book, an important book, 

and a delight to read." 

-Ashley Montagu, 
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man's "habit of assembly" in overcoming 
the tendency of animals "to repel each 
other," the choice of natural hills (and 
later the building of artificial hills) for 
meeting places where men may talk, 
plan, fe<.st, worship, sacrifice or scream 
themselves blue in the face watching 
sporting events. However precarious his 
speculations, Young is unfailingly fresh 
in outlook, and it is impossible not to 
be stirred by what he says. Having re­
minded us that discovery stems from 
new ways of seeing, he launches us on 
our journeys and bids us only to be 
gallant and unafraid. 

Reviewing this book in the British 
scientific journal Nature, the anatomist 
Solly Zuckerman, of the University of 
Birmingham, objected to its "excessive 
emphasis" on analogies. He pointed out 
that Young's comparison of brain and 
machine obscures essential points of 
difference, such as the brain's active 
learning processes and the complete 
predictability of the machine's sphere 
of action. "It begs the question," ob­
served Zuckerman, "to imply that the 
reason why the analogy between them 
is not more complete is, on one hand, 
ignorance, and, on the other, the im­
mensely greater complexity of the brain 
relative to the machine." He also made 
the even more telling point that while 
cybernetic models make us feel some­
how that at any moment they will reveal 
to us epoch-making secrets about the 
brain, they "scarcely help us to under­
stand" such fundamental questions as 
"how the 'output' of the cortex is con­
trolled or how the 'input' fibres are re­
lated to the cortical cells." 

We are a long way still from under­
standing the brain. Progress will depend 
not alone upon research but upon the 
ability to extricate ourselves from cer­
tain ancient verbal and metaphysical 
swaUlps. "'Mind' and 'Matter,' '' re­
marked the English philosopher Gilbert 
Ryle, "are echoes from the hustings of 
philosophy and prejudice the solutions 
of all problems posed in terms of them." 
Young is not bemused by such echoes. 
His admirable book, rich in scientific 
ideas and imbued with a sense of social 
responsibility, is no less notable for its 
emancipation from venerable prejudices. 
I am obliged also to pay tribute to 
Young's persuasiveness by reporting a 
vision that has haunted me since read­
ing his lectures: The last surviving man, 
a cybernetician, discovers the final clue 
to his brain just as the last guided missile 
dips down to meet him. A vision of 
doubt, I trust. 

PA WNEE INDIANS, by George E. Hyde. 
The University of Denver Press 

($7.50) . A history of the Pawnees from 
the 16th century to the present, in the 
course of which time the tribe, never 
large, was almost entirely wiped out by 
the combinec. effects of war, disease and 
the dishonesty, greed and incompetence 
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• MATHEMATICS 
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Courses or Guided Study, by Mail 
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Individuals or Study-Groups 
Fitted to Your Own Interests and Needs 
Cost, $22 to $35 ( less for groups ) 
Scholarshi ps 

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

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

*Cybernetics. Construction of Small Robots. Opera­
tions ll.esearch, 'l'cchniQuc of Explanation, Pure and 
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of the Government. Since 1933, how­
ever, some of the benefits of civilization 
have been conferred upon the Pawnees; 
now, says Mr. Hyde, they are better 
cared for than ever before, and their 
number has steadily increased. Photo­
graphs and maps. 

A DICTIOXARY OF ANTIBIOSIS, com­
piled by Leonard Karel and 

Elizabeth Spencer Roach. Columbia 
University Press ($8.50) . A reference 
manual for research workers presenting 
data on antibiotic substances (source, 
method of extraction, chemical and 
physical properties, clinical and experi­
mental results) , and enumerating or­
ganisms "against which substances have 
been testcd for antibiotic activity." 
There is also a 50-page bibliography of 
principal papers in the field. 

MATHEMATICS FOR THE M
-
ILLION, by 

Lancelot Hogben. W. W. Norton & 
Company, Inc. ($5.95). Third edition of 
an immensely, and deservedly, success­
ful popularization of mathematics, with 
a new chapter on the "algebra of the 
chessboard and the card pack." The in­
formation contained in the additional 
chapter, while both instructive and in­
teresting, will not, it should be noted, 
improve the reader's mastery of the 
Queen's Gambit Declined, Pinochle, 
Bridge or Old Maid. 

FIFTY YE�S OF POPULAR MECHANICS: 

1902-19�2, edIted by Edward L. 
Throm. Simon & Schuster ($5.00) . 
Selections from the pages of the maga­
zine Popular Mechanics, illustrating sci­
entific and technical progress, as well as 
some of the outstanding zany ideas, in­
ventions and predictions of the past half­
century. All play and no work, an ideal 
alternative to brooding or gazing into 
space. 

THE ROAD IS YOURS, by Reginald M. 
Cleveland and S. T. Williamson. The 

Greystone Press ($3.75) . An entertain­
ing, nostalgic history of the automobile 
from Winton's Red Devil, Olds' two­
seater, the Columbia Electric Hansom, 
the Searchmont Wagonette, the Duryea 
brothers' motor buggy, the Stanley 
brothers' (identical twins) Steamer, the 
Apperson brothers' Jack Rabbit and the 
Packard brothers' Model L (where 
would the industry have been without 
brothers?) to the luxurious inverted 
bathtub of the glorious year 1950, when 
we produced 8,002,782 of these devices. 

FLOREKCE NIGHTINGALE, by Cecil 
Woodham-Smith. McGraw-Hill Book 

Company, Inc. ($4.50) . A brilliant bi­
ography of an extraordinary personality. 
Mrs. WoodhaII?--Smith is a discerning, 
witty, sympathetic critic; her historical 
sense is sure; her style felicitous. This is 
a first-rate piece of work which no dis­
criminating reader will want to miss. 

The story of the 
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telescope 0 0 .  

PALOMAR 
By HELEN WRIGHT 

The Hale 200" Telescope has 
captured the public imagination. 
Countless newspaper and magazine 
articles described its progress 
through the twenty years of its 
building. Here is the entire fasci­
nating history of its origin, develop­
ment, and contribution to astro­
nomical progress. Richly illustrated 
with drawings, photographs, and 
astronomical pictures taken with the 
telescope itself. $3.95 

At your bookstore 

More books on 
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Profile of Science 
By RITCHIE CALDER 

This _immensely readable biog­
raphy of modern science introduces 
the reader to nuclear physics, elec­
tronics, and biochemistry through 
the lives of five great British scien­
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The Wandering Albatross 
By L. H. MATTHEWS 
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lives of the many birds of the far 
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region, their habits in nesting, 
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Introduction to Acarology 
By Drs. Edward W. Baker 

andG. W. Wharton 

The first _authoritative book to be 
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Conducted by Albert G. Ingalls 

I
N 1913 William Brooks Cabot and 

Russell W_ Porter together explored 
the St. Augustine River in Labra­

dor, east of the route up which a rail­
road is now being pushed toward the 
great new iron-ore deposits. In later 
years they discussed the question 
whether an explorer could determine 
his latitude in the field without a pre­
cision instrument. Porter tried it and 
described the experiment in the journal 
Popular Astronomy. 

Cabot, he wrote, "deplored even the 
addition of a pocket sextant and horizon 
to a camper's pack where dead weights 
must be shaved to a minimum, and ar­
gued that the tools irreducible to the 
e�plorer-a knife, hatchet and fish line­
together with Nature's available mate­
rials, would suffice to obtain latitude 
within a mile" by measuring the sun's 
altitude. Porter doubted this, but made 
the experiment at Springfield, Vt., and 
was greatly surprised to find that the 
specified precision could be reached if 
he used a steel tape instead of a stretch­
ing fish-line. By various refinements he 
found the latitude within a fifth of a 
mile. The method should interest ex­
plorers, Robinson Crusoes, escaped pris­
oners, amateur astronomers and others 
with intellectual curiosity_ 

Roger Hayward's drawings on the 
opposite page describe the simple prin­
ciple of the method. At C in the lower 
right-hand corner is a nail driven into a 
small log exactly opposite a chosen mark 
on the plumb lice BC. The distance BC 
is known, and attached to the nail at C 
is a steel tape with a sliding Sight. Al­
ways keeping BAC a right angle, the 
observer sights the sun at its culmina­
tion or highest angle (local apparent 
noon) and measures AC. In the right 
triangle ABC the distance BC divided 
by the distance AC will give a decimal 
fraction which is the sine of the angle 
ABC. The same decimal is then found 
in a table of sines, and on certain dates 
in March and September when the sun 
is over the Equator the angle shown 
opposite will be the observer's latitude. 
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THE AMATEUR ASTRONOMER 
On all other dates, corrections given in 
tables in the ephemeris of the sun must 
be added or subtracted. In either case 
a small correction, given by Porter as 
about one minute of arc in summer and 
two in winter, must be added for atmos­
pheric refraction. 

For corivenience in calculation Porter 
used a tape with feet divided into tenths 
and hundredths, and interpolated to 
thousandths of a foot. A metric tape is 
just as convenient, and Hayward points 
out that an ordinary tape with 96 sub­
divisions per foot may not introduce 
significant error. An error of one thou-

sandth of a foot affects the result about 
half a mile in latitude. 

For a sight Porter used a tiny hole in 
the sliding sight shown in the drawing, 
covered with colored glass to protect his 
eye. He found it possible to bisect the 
sun's disk with the nail at B reliably 
within less than one minute of arc. 

In a test of the method Porter made 
six sights between 11:41 a.m. and 12: 08 
p.m. on the same day, obtaining lati­
tudes for Springfield varying from 43 
degrees 17.2 minutes to 43 degrees 19.8 
minutes. The mean of the six sights was 
43 degrees 18.5 minutes. As a check he 
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300 POWER MICROSCOPE Set 
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stand. Set includes microscope and lamp, eye­
pieces for 300x and 200x, 12 mounted specimens, 
blank slides, tweezers, etc., wooden carrying 
case. 
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22.50 
49.95 
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PHOTOM ICROGRAPHY 

SET 
Use your present camera 
(35mm., No. 120, etc.) to 
take photos with any stand­
ard microscope. III ustrated 
with 35mm. camera and 
laboratory microscope de­

scribed below. Focusing tele­
scope permits critical focus­
ing and continuous observa­
tion of specimen. 

$39.95 postpaid 

SOX - 1500x LABO RATORY 
MICROSCO PE 

Outstanding value in an in­
strument made to highest 
professional standards. Com­
pletely equipped with me­
Chanical stage, Abbe con­
denser and iris diaphragm. 
rack and pin,on 

.
substage, 3 

evepleces, 3 objectives, i n­
c l u ding o i l  i m m e rsion, 
wooden case and accessories. 
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CALCULATIONS 
of aU kinds can be easily solved on the 

BINARY CIRCULAR SLIDE RULE 
This rule will Quickly solve the simplest as well as the 
more difficult problems involring calculations in Arith­
metic, Algebra and '!'rigonomctry. Any number of fac­
tors can be handled in long and difficult calculations. 
The C scale of the Binary is 2::> inches long with gradu­
ations 25% further apart than those of a 20-inch slide 
cule. The CI. A. l(, & Log scales are di\'ided as closely 
as a 20-1ncl1 slide rule. Log-Log scale extends from 
1.0015 to 1.000,000. Gives Trig. functions from 0 to 90 
degrees on back. Engine-dh'ided scales yellow and black 
Oil white coated aluminum. Permanently accurate. Dia, 
8"h". Price $7.25 in case, with instructions. AIlPCO\'cd 
at leading Unl\'. Used by many large firms in the U. S. 

A TLAS SLIDE RULE 
The Atlas Slide Rule will Quickly solre problems in 
Multiplication, Dh'ision, and Proportion and gh'c re­
sults with a maximum error of less than 1 in 36.000. 
The Atlas has two C scales. One is 25" long and the 
second one is a spiral of 30 coils. This is equivalent to 
a straight rule GO ft. long and gives answers to 5 
tlgures. 

Chemists, PhysicIsts and Engineers have found this 
rule invaluable for its great accuracy. Dia. 8¥.!". Easily 
portable. White coated aluminum with legible black and 
yellow scales. PrIce $0.00 in case with instructions. 

Combination Atlas-Binary Slide Rule 
Has Atlas scales on one side. with 2 indicators. Binary 
scales on reverse side with 2 indicators. Made of metal, 
permanently accurate. Price $12.00 in case with in· 
stl·uctions. 

Descriptive circulars free. Satisfaction guaranteed. 

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

Slide Rule Makers since 19 15 

AN INTERESTING HOBBY 
See the wonders of the sky-Explore planets, 
island universes, new stars and millions of 
other phenomenons. With our simple instructions 
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 assemblng in one or two eve­
nings. Mounting and tripod not included but easy 
to make from directions. Money back guarantee. 

Also lens kits lor microscopes, 
telephoto cameras, etc. 

Le Mar Scientific: Corp., Dept. L3 
3412 W. Jackson Blvd. Ch icago 24. III. 
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The philosophy of exposure time in making a focogram 

next determined the latitude with his 
theodolite and found it 43 degrees 18,3 
minutes. Thus he had determined his 
latitude within .2 minute, or only 1,200 
feet, without an instrument. 

Theoretically the tape is unnecessary. 
Fish lines at AC and BC could be meas­
ured with any arbitrary, unknown unit 
of length, such as a stick, provided the 
same unit was used on AC and BC, but 
precision would be difficult. 

John J. Ruiz of Dannemora, N. Y" re­
cently tried Porter's experiment with 
more refined accessories and a modifica­
tion of his own. Exactly halfway between 
B and C he pivoted a rod and hooked it 
to the sight, as shown at the left in the 
same drawing. "If you remember your 
Euclid," he writes, "you will note that 
the angle BAC is always 90 degrees." 
(An angle inscribed in a semicircle is a 
righ t angle.) The purpose of the rod was 
to exclude a possible source of error in 
Porter's method: "The observer's head," 
Porter wrote, "must be moved and the 
target shifted until the sun is bisected 
with the minimum length of tape." 

Ruiz used a slotted pivot in place of 
the lower nail, and a sight with a vernier 
and 1I25-inch peephole (No. 60 drill) 
protected by two thicknesses of deep­
colored cellophane. To average out the 
accidental errors he too made six ob­
servations and, since each took time, and 
since Joshua was not present to make 
the sun stand still, these sigh ts were 
made at intervals before and after ap­
parent noon and then reduced to the 
meridian. He came out neither worse 
nor better than Porter, that' is, within 
about 1,200 feet of the true latitude, 

Since it is impossible to evaluate all 
the contributing factors in the two ob­
servers' experiments, with the hidden 
chance errors, it cannot be known with­
out more meticulous repetition by a third 
person whether or not Porter had al­
ready exhausted the precision inherent 
in the method. If he had, added accura­
cy in technique might bring only ficti­
tious improvement. 

The el?hemeris of the sun is in the 
Observer s Handbook of the Royal As­
tronomical Society of Canada, 3 Will­
cocks St., Toronto, Ont., Canada (price 
40 cents), Ruiz provides refraction 
corrections which he says "are good 
enough for you and me." For 10-degree 
altitude of sun, add 5 minutes angle; 
for 20 degrees, 2.4 minutes; for 30 add 

1.5; for 40 add 1; for 50 add ,7; for 60 
add .5; for 70 add .3; for 80 add .2, and 
for 90 add nothing. 

A LAN R. KIRKHAM points out two 
ft omissions from the round-up on the 
modified or spherical-secondary Casse­
grain ian telescope (Dall-Kirkham) in 
the September, 1951, issue. He writes: 

"The great difficulty in testing the 
hyperboloidal secondary of the straight 
Cassegrainian is almost eliminated by 
changing to the modified form with its 
spherical secondary, and using the King 
test or others. But the primary remains 
a bugaboo, with its zonal testing. No one 
seems aware that this, too, can be avoid­
ed. Since the primary is very nearly if 
not exactly an ellipsoid, it may be tested 
by the direct focal test (Amateur Tele­
scope Making, page 271), which 'feels' 
just like figuring a spherical mirror by 
testing at the center of curvature. The 
problem is to find where to put the 
knife-edge and pinhole to make the de­
sired ellipsoid look Bat. 

"The formula for finding their dis­
tances from the mirror is . 

R --
- (l±v1-e), 
e 

in which R is the radius of curvature of 
the mirror and e its undercorrection 
found either from my original formula 
(SCIENTIFIC AMERICAN, June, 1938 ) 
or from the formula in the September, 
1951, article in which N is the per cent 
correction. e = 1-N; for example, a 70 
per cent corrected paraboloid is ,30 un­
dercorrected, and it is the ,30 that is 
used for e. By taking the ± sign first as 
plus, then as minus, and solving for each, 
both distances are obtained. It is theo­
retically immaterial which distance is 
used for the pinhole and which for the 
knife-edge, but better results are ob­
tained with the pinhole distance the 
greater. A diagonal or prism is necessary 
for viewing the mirror. 

"The second omission is the fact that 
the straight Cassegraini�n is affiicted 
with coma, and the modified Cassegrain­
ian is somewhat more so. If the telescope 
is to be used photographically, with the 
wide field of the plate, this will be dam­
aging, but when we come to the visual 
instrument-and the majority of ama­
teurs' telescopes are built for 'just look­
in' '-the case is very different. The field 
of stars intercepted by, say, a one-inch 
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WAR SURPLUS BARGAINS 
35 POWER 

ERECT ING MICROSCOPE 
Amazing Clarity 

"All-Position" Universal Mount 

Greater Versatility 

3" of Working Space from 

Objective to Platform • • •  

A 11ULY nNE 
O.lIC.lL INURUMOO 

w ..... � '7J.OO 

A remarkable Instrument! Exceptional Value! Prism Erec­
tors give you an erect image-exactly as your eye sees it, 
not upside-down as in an ordinary :Microscopc. Hamsdcl) 
Eyepiece permits 11n(.> pl'ccision focusing. 3-Element colol' 

C01Tcctcd objective_ I " diameter. l\licroscope body is of 
bl'ass with black crackl(' finish. Working distance from ob­
jective to object is :3", which permits any work, diss('ction, 
tooling, etc., to be carr'jed 011 "under power" while looking 
through Microscope. The instrument is 6112" long with base 
7" x 9". Only because we were able to utilize some 'war 
surplus parts al'e we ahle to offel' such a line Opticnl In­
strument-easily worth $75.00-at this special low price. 
5tock #970-5 ... . . . . . ..••....... .  529.50 Postpaid 

S I M PLE LENS KITS!-THE LENS CRAFTER'S DE­
LIG:'T! Fun for adults! Fun for children! Kits include 
plainly Written, illustrated booklet showing how you can 
huild lots of opticnl items. Usc these lenses in photography 
for copying, ULTRA CLOSE-UP SHOTS, 1\licrophoto�Taphy, 
fO!' " DUlllmy Camera" . Kodnclll'ome Viewer, Detachahle 
Heflex View Finder for 35 mm. camcl'asl Stel'eoscopic 
\'iewer, ground glass and enlarging- focusmg aids. And 
for dozens of other uses in experimcntal optics, building 
TELESCOPES, low power 1\licroscopes, ctc. 

Stock :tt2-S-10 lenses •. . .  . ..... $1.00 Postpaid 
Stock #5-5-45 lenses ..•. .$5.00 Postpaid 
Stock #10-5-80 lenses .. . ......... $10.00 Postpaid 

SLIDE .PROJECTOR SETS-Consist of nil unmounted lenscs 
you need to make the following size pl'ojectors: 

Stock .±j:4029-S_:15 mm .................. 52.85 Postpaid ����� ::g�::� :::::::: ..... ·.·J1j1::;: 1:/�:;: ::::::::::::��:�� ������:� 
NON·ABSORBING BEAM-SPLITTING MIRROR_Latest devel­
opment! Optically flat to 1(4 wave len:;th. Size: 1 15/16" x 
2 ] 5/ 16"-3/l'I" thick. Heflccts approxillllltely 50(''0 and 
u·ansmits approximately :")Oc'". No lig-ht is absorhed. lias 
a three-layered li1m which accomplishes non-absorption. 
Stock #567-5.. . ... ................... $5.00 Postpaid 

MOUNTED ANASTIGMAT LEN5_Ft'ee hooKlet with your 
order: "How to 1\laKe Your OWIl l·:nlaq�·t·l·.·' SpC'ed f/7.7. 
focal leng-th approx. 127 mms. Suilnble (Ol" piCtUI'CS, nega-
tives. positiYes up to 31/2" X 41/4". . 
Stock #8004-5 ••........•••••••.••..•••....... .... .......... $7.50 Postpatd 

Order by Stock No.-S€nd ClIeck or M.D. 
Sati8/action Gfl.(lrallteed! 

We have Literally Mi llions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 

Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
BARRINGT ON. N EW JERSEY 

BOUGHT -SOto -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! 

OUR WIDE SELECTION INCLUDES: 
MICROSCOPES • TELESCOPES • POlARIMETERS 
REFRACTOMETERS. PASSAMETEJlS. COlPOSCOPES 
VERTEXOMETERS • MICRO & MACRO APPARATUS 
HARDNESS TESTERS . METAlLOGRAPHS • PHASE 
CONTRAST DEVICES • • • and many others! 

" __ A TYPICAL VALUE: --. 
OFFICINE GALILEO 

BRAND NEW! LATEST! 

HARDNESS TESTER 
Model A-200 

LI M ITEO 
QUANTITY 59200 
ONLY 
• Rockwell & Sri nell Tests 
• Direct Readings for all Rockwell 

Scales 
• Projected Scale (Enlarged) 
• Automatic 6 Stage Wt. Selection 

TIME PAYMENTS ARRANGED 
Mall and Phone Inquiries Invited DEliVERY! 

415 LEXINGTON AVE. 
Corner 43rd SI. 

Opp. Grand CenlralTerminal 
New York 17. N. Y .• MU )·1000 

eyepiece is less than 3/4-bch in diame­
ter, and over that small area the coma 
will be undetectable in either telescope, 
probably covered up many times over 
by the faults of the eyepiece. The modi­
fied Cassegrainian may even outperform 
the other, since it will probably be a 
little better figured. 

"Modified Cassegrainians rigorously 
investigated by ray tracing have been 
found to be within or very near the 
boundary of the coma tolerance for high­
quality visual instruments such as mi­
croscopes and binoculars." 

Is the focal ratio of a mirror a deter-' 
mining factor in the exposure re­

quired for a focogram? No, says Lieut. 
Col. A. E. Gee of the Frankford Arsenal, 
who was asked to answer the question 
as a referee. 

He demonstrates this as follows (see 
the drawings on the opposite page): 
"Obviously, the same exposure that 
would give a focogram for an fl4 mirror 
would give an eql,;ally good focogram 
of the central half of the mirror if it 
were stopped down to fiS. The mirror 
is the object being photographed, not 
the lens taking the photograph. 

"The 'lens' of the focogram camera is 
the image of the pinhole produced by 
the mirror. The light source is the pin­
hole itself. Ignoring for the moment the 
reHectivity and figure of the mirror and 
the presence of the knife-edge, the nec­
essary exposure is solely dependent up­
on the intensity of the ligh t source, size 
of the pinhole, sensitivity of the RIm 
and distance from the pinhole image to 
the RIm. If these factors are constant, 
all mirrors, whether large or small, long 
focal length or short, will require the 
same exposure. Increasing the focal 
ratio will simply mean a larger picture. 
Increasing the mirror size at the same 
focal ratio would make no change what­
soever. 

"All other factors being the same, the 
diameter of the focogram will be directly 
proportional to the distance from the 
pinhole to the RIm. Exposures will vary 
as the square of this distance. If the 
pinhole image to RIm distance is left 
constant, the diameter of the image on 
the plate will be inversely proportional 
to the focal ratio of the mirror. That 
is, that of an fl4 would be twice as big 
as an fiS. 

"The knife-edge has a tremendous 
effect on the exposures required, acting 
as a diaphragm to the pinhole 'lens.' In 
theory, the closer a mirror is to a true 
sphere, the longer the exposure that 
would be required to provide any given 
degree of contrast in the image detail. 
In practice, it is impossible to set the 
knife-edge in the same position from 
mirror to mirror, and its contribution to 
exposure time will outshadow that due 
to figure. This accounts for the different 
results with regard to comparative ex­
posures of paraboloids and spheres." 

To lnwer stock inHlltories. 
TOJ) quality brand new in­
dividual focusin� binoeu­
lars prcrision tOllstrlH:ted 

of f1l1ality materials. 6x30 .............. ... . $26.95 
7x35 . 42.95 
7x50 ................. 36.00 
7x50 center focus 39.50 
8x30 .................. 31.50 
8x30 center focus 37.50 

IOx30 ... . 37.50 
IOx50 . 55.00 
12x50 ..... ............... 59.50 
12x50 center focus 64.95 
16x50 .. 66.95 

COATED! Pocket size-weigh only 6% oz. and 4 07.. re­
spectiYely! Field of 37./ ft. at 1000 :HIs.! Precision con­
structed PRIS'l'I binocluars. )l"ot Field Glasses. )radc of 
lightweight, durable black and chrome metal. Achrolilatic 
lens. Carry tile United seal 0/ Quality. 

SIX TELESCOPES IN ONE! 
15 to 40 
POWER 

American made Wollcnsak telescope. Jnstant focussing at 
l;:Jx, at 20x. 30x and 40x. etc. Turn power tube to clit'k-no 
guesswork. Telescope measures n" closed. 27" when extf'nc1ed. 

Weighs only 18 oz.l Has rustProof ehrome tubes. large 40 
mm objecti,·e lens. All 12 optic surfaces are COATED. f;ce 
.22 bullet holes clearly at 300 feet. Use also for astronotlli('a] 
observation. $30.75 price illcludes tax and fine leather ease. 

UNCONDITIONALLY GUARANTEED 
Try at our risk and expense. If not completely �atisficd 
return within 30 dars for an immediate ul1QlIestioll<'d refund 
of your money. Prices inc'lude genuine leather carrying {'age 
ancl straps for each pair of hinoculars. Cash orders sent post­

paid, C.O.D.'s require $2.00 deposit. Add federal tax. 

UNITED BINOCULAR CO. 
9043 S. Western A v e .  Dept. ARF-1927 Chicago 2 0 ,  III. 
Display Sales Room Open 9:00-3:30 Mon. thru Fri. 

DEALERS WANTED 

-- WAR SURPLUS BARGAIN 

i)PTICS 
ACHROMATIC TELESCOPE OBJECTIVE5-PCl·re�·t 
l\lagnesiu lll FluOl'ide Coated ami c('mented Gov't 
SUl"])lu;; lense;; Ill<.lde of finest C,'OWll <'n�1 F:int op­
tical glass. They ;:u'c (ully correctcd <.Ind have trc­
mcn�lnus t'csolving powc!" and C.ll1 hc t'ca�lily lIsc,l 
wit.h 1/4" V.L. eyepieces. Guanmteed well suited 
for Astl'onomical Telcscopes, Spottittg Scopcs, etc. 
Ori�'inal Gov 't cost appt'oximale1y $]00.00 each. 

Dlalllclcr li'(teal Lengtil RlI("h 
54m/m (2%") 300m/Ill 01.811") . .. . $12.50 
54m/m (2Ik") 330m/m 03") . .............. $12.50 
541l1/11l 12141") 300m/Ill 05.356") S 9.75 
54m/m (21k") 508m/m (20") . ....... ..... $12.50 
34m/Ill (2%") 600m/1ll 1231h") .. .......... $12.50 
78111(111 (3,�") 3Slm/1ll (15") .. ............. $21.00 
81m/Ill (3ib") 622m/m (24%") .. . ....... .. $22.50 
83m/Ill (31,.") (160m/Ill (26") .......... .. .... $28.00 
83m/Ill (31�") 711m/1ll (28") ........ .. ..... . $28_00 
83m/m (31.4") 8i6m/1ll (34%") . ..... ..... $28.00 
83m/Ill (3�") 101lim/m (40") .... . ... $30.00 
SYMMETRICAL EYEPIECE LENS SET-These selS 
c()nsi�·t of twO i\lag'tlesiutll-I'Iuo"iuc coated and cc' 
mented adll·OtlllltS. cxact Gov't spacing lIiagram. Gh·p.s wide flat ficld. 

Ih" E.F.r.. (20X) Lens Set 13m/Ill Dia ..... $4.50 
*" KF.L. (l3X) Lens Set 18m/Ill Dill . . .. .. . 3.50 

MOUNTED EYEPIECE has 2 perfect lenses 29mm 
in dia. Designed in ordet' to give :.-:-ood eye relief. 
Cell fits 11/4" tube. 11/4" E.F.L. (8X) .. · · •· •• ···.$4.50 
MOUNTED EYEPIECE has 2 perfect achromats. 
�7tllm diu. Cell fits 11/4" tube. 1 7/16" E.F.L. 
(7X) .......... • ••• $4.00 
BINOCULARS, beautiful imported binoculars, pre­
cision made. at 11 low low Ill' icc within the reach 
of every man's pocketbook. Complete with carrying 
case Hnd straps. 

8x23.. . .. ..................................... $23.30* 
8x30.,.... . ................................. 29.50* 
���g.::,", :::::::::::·C"o·�t�·�i":: .. ::::::::::::: ��:��: 

� g��g::: : . ····Co·�·t�·d.. . .. g8:gg: 
7x35. . . ..................................... 60.00* 
1:\:3.) ..... ........... Coated . ............... . 65.00* 

16x.)1) .. . ... Coated . . ............. 60.00· 
.Plus 200/0 Excise Tax 

Postl)aid 
Postpaid 
Postpaid 
PostDaid 
Postl)aid 
Postpaid 
Postpaid 
Postpaid 
Postpaid 

Free Catalogue I """'-" MILLIONS" of Lenses, etc.:.. � 
Lw�e-I-I3-Y �t�h�e �p�O�S� T�A�G�E�-�C�. O� .=O� .. �S�y

�
O ,
�
,�1l -aY--I, o-s�taue 

-Satisfaction gual'anteed or money refunded if 
returned within 10 days. 

A. JAEGERS ozg3N�3�A
9
�U'I� .. �·.Y. 
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Designers & BR!"!�n!'�'�'��,!,!! 
E .  on the sub;ects covered by articles in nglneers this issue may find the lists below help-

ful. The lists are not intended as bibli­
ographies of source material for the arti­

* Aeronautical 
* Electronic 
* Mechanical 
* Hydraulic 
* Metallurgical 

AND 

* Chemists 

DID Y O U  KNOW THAT 

Hamilton Standard 

Division 
Designs, Develops and Manufactures 

* Jet Fuel Controls 

* Aircraft Refrigeration Units 

* Jet Engine Starters 

* Variable Displacement Pumps 

as well as 

* Propellers for Reciprocating 

and Turbine Engines. 

If you are qualified and want 

Excellent Pay 

Finest Working Conditions 

Opportunity for Advancement 

Insurance and 

Retirement Benefits 

PLUS an opportunity to work in a 

brand-new 700,000 square-foot plant 

at Bradley Field, Windsor Locks, 

Connecticut, now nearing completion 

. . . expanded research and develop­

ment facilities . .  latest types of 

equipment. 

MAIL YOUR RESUME TO 

Employment ,Supervisor, Dept. A, 

HAMILTON 

STANDARD 
ONE OF THE FOUR DIVISIONS OF 
UNITED AIRCRAFT CORPORATION 

EAST HARTFORD, CONN. 
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cles. The references selected will pro­
vide supplementary information. 

STREAM POLLUTION 
STREAM SANITATION. Earle B. Phelps. 

John Wiley & Sons, Inc., 1944. 
STUDIES ON RADIOISOTOPE REMOVAL 

BY WATER TREATMENT PROCESSES. 

R. Eliassen, W. J. Kaufman, J. B. Nesbitt 
and M. I. Goldman in Jou,rnal, AmeTican 
Water Works Association, Vol. 43, No. 
8, pages 615-630; August, 1951. 

MOUND BUILDERS 
OF THE MISSISSIPPI 

ARCHAEOLOGICAL SURVEY IN THE 

LOWER MISSISSIPPI ALLUVIAL V ALLEY, 

1940-1947. Philip Phillips, James A. 
Ford and James B. Griffin in PapeTs of 
the Peabody Museum of AmeTican 
Archaeology and Ethnology, Harvard 
University, Vol. XX';; 1951. 

SMELL AND TASTE 
THE CHEMICAL SENSES. R. W. Mon­

crieff. John Wiley & Sons, Inc., 1946. 
FLAVOR. Ernest C. Crocker. McGraw­

Hill Book Company, Inc., 1945. 
ON THE THEORY OF ODORS. G. B. 

Kistiakowsky in Science, Vol. H2, No. 
2901, pages 154-155; August 4, 1950. 

THE CHEMISTRY OF FRUIT AND VEGE­

TABLE FLAVORS. J. G. Kirchner in Ad­
vances in Food Research, Vol. II, pages 
259-296. Academic Press, Inc., 1949. 

THE QUANTUM THEORY 
THE NEW CONCEPTIONS OF MATTER. 

C. G. Darwin. The Macmillan Company, 
1931. 

MEASURING STARLIGHT 
BY PHOTOCELL 

PHOTOELECTRICITY AND ITs ApPLICA­

TION, V. K. Zworykin and E. G. Ram­
berg. John Wiley & Sons, Inc., 1949. 

MAXWELL'S POETRY 
THE LIFE OF JAMES CLERK MAXWELL, 

PART III: POEMS. Lewis Campbell and 
William Garnett. The Macmillan Com­
pany, 1882. 

HOW ANIMALS CHANGE COLOR 
ADAPTIVE COLORATION IN ANIMALS. 

H. B. Cott. Oxford University Press, 
1940. 

LCGIC MACHINES 
A HISTORY OF PHILOSOPHY. Johann 

Eduard Erdmann. Vol. I, pages 447-
468. The ,Macmillan Company, 1890. 

GIANT BRAINS. Edmund C. Berkeley. 
John Wiley & Sons, Inc., 1949. 

ELECTRONIC ENGINEERS 
AT DU MONT TElEVISION 

Senior, Intermediate, and Junior for 

Interesting Career Opportunities in 

Design, Development, and Research 

Ultra-High Frequency work, Radar 

Systems, transmitting equipment, 

electronic instruments, and Cathode­

ray tubes. Openings also for men ex­

perienced in pulsing, sweep, sync, 

multivibrator, Video Circuits, RF 

circuits, and IF systems. 

DU MONT 

P£olleer in Television and Electronics 

offers to qualified men. high starting 

salaries, defense and peace-time job 

permanency. excellent advancement 

possibilities, regular merit reviews, 

and interesting work assignments. 

Moving costs may be assumed by the 

Company for successful applicants. 

If possible, interviews will be ar­

ranged in your city. 

Send complete information to 

ALLEN B, DU MONT LABORATORIES, Inc, 

Mr. George Kaye, Dept. SA-3 

35 Market St., East Paterson, New Jersey 

( continued) 
"Isotronic" is a registered trademark 
applied to Sorensen & Co.'s instru­
ments for controlling and regulating 
voltage, current, power, and frequency 
by electronic circuitry rather than by 
electromechanical devices. 

By extension, "isotronic" and "isotron­
ics" become useful additions to the 
working vocabularies of scientists, en­
gineers, and technicians. 

Future advertisements in this 
magazine will feature various 
Sorensen Isotronic units -

Regulated DC Power Sources 
AC Line Voltage Regulators 
Frequency Changers 

- including several extremely 
accurate instruments never be­
fore available as standard pro­
duction items. We believe the' 
advertisements will interest 
most readers of Scientific Amer­
ican, and be of particular value 
to those whose work admits 
problems that may be solved 
by isotronics. 

SORENSEN 
375 FAIRFIELD AVE., STAMFORD, CONN. 
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For nearly seven decades, the name 
Baker & Adamson has been 
synonymous with purity and quality 
in reagent chemicals . 

. . . As micrometers of the chemical 
laboratory, "B&A Quality" Reagents are 
uniformly accurate. Year after year, batch 
after batch, each is made to meet impartial, 
predetermined specifications established by the 
American Chemical Society-the accepted 
standards for laboratory chemicals 
throughout the world. 

When purity is a must-specify B&A Reagents! 

BAKER & ADAMSON ��� 
GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 
------40 RECTOR STREET, NEW YORK 6, N. Y.-- ____ _ 

Office!: Albany· • Atlanta · Balrimore • Birmingham" • BostOn» • Bridgeport"" • Buffalo'" 
Charlone- • Chicago* • Cleveland· • Denver" • Derroit· • Houseon» • Jacksonville 
Kalamazoo • Los AngelesfJ: • Minneapolis • New YorkO: • Philadelphia* • Pinsburgh"': 
Portland (Ore.) • Providence'" • Sc. Louis* • San Francisco* • Searde • Yakima (Wash.) 

In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, limited· Montceal* • Toronto'" • Vancouver::: 
SETTING THE PACE IN CHE M ICAL PURITY SINCE 1882 

·Complece stocks are carried here. 
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Few occasions offer a better opportunity than the bridal shower to present 
a gift that is long remembered ... and long lasting. 

Perhaps that's why so many modern brides are receiving dinnerware fashioned 
from MELMAC® molding material. Smartly designed in a variety of lustrous 
color!" this new kind of dinnerware is a delight to own. It lends dignity and 
charm to any table-at family mealtimes or on special occasions. MELMAC is so 
break-resistant, so difficult to chip or crack, that it will last for anniversaries 
to come. In short, it is made for modern living and entertaining. 

MELMAC molding material is one of several interesting and useful new 
plastic materials developed by American Cyanamid Company. Its development 
and use in dinnerware illustrates how Cyanamid research is bringing 
new values to a variety of products for your home. 

• 
AMERICAN C;ananutl COMPANY 

30 ROCKEfELLER PLAZA, NEW YORK 20, N. Y. 

Materials for thc Plastics Industry-one of the many industries servcd by Cyallamid 
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