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Phasto by Yila

""They took a hint from me"

WayY pOEs A TURTLE usually live to a ripe old age in spite of all hazards?
One reason is his extremely hard, tough protective covering which makes him
almost impervious to attack.

Today, by providing surface coatings which, like the turtle’s back, have
hardness, toughness and durability, the paint industry is adding years of life to
automobile bodies, refrigerators, furniture, toys, farm machinery and many
other products. Some of the hardest and toughest of these protective coatings—
which resist heat, light, weather, abrasion and other attacks—are specially
formulated with resins made from Phthalic Anhydride. American Cyanamid
Company is a leader in the production of this important chemical and is working
constantly with the paint industry to develop the most efficient
protective coatings.

Thus, through the use of another chemical which the public seldom if ever
sees, Cyanamid is contributing to the enduring beauty and utility of
many of the articles you use every day.

AMERICAN W COMPANY

30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

Materials for the Paint, Varnish and Lacquer Industry—one of the many industries served by Cyanamid.
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Be-witness reportt fom a Hely Furmace:

Something’s gone wrong in a big blast
furnace, and heat is too high for engi-
neers to approach. Focus the Vidicon
camera of an RCA Industrial Television
System on the flames and the fiery fur-
nace can be studied in comfort on a tele-
vision receiver.

This is only one suggested use, for RCA’s
compact industrial television system is as
flexible as its user’s ingenuity. “Eye” of the
tiny camera—small enough to be held in
one hand —is the sensitive Vidicon tube. Ex-
tremely simple, the only other equipment

'.]'ir.

Compact industrial television system —developed at RCA Laboratories — lets us see the unseeable in safety!
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needed is the Vidicon camera’s suitcase-
size control cabinet, which operates any-
where on ordinary household current.

The Vidicon camera could be lowered under
water where divers might be endangered—or
stand watch on atomic reactions, secure from
deadly radiations. And it is practical to arrange
the RCA Industrial Television system in such
a way that observers can see a 3-dimensional
picture . . . sharp, clear and real as life!

See the latest wonders of radio, television, and
electronics in action at RCA Exhibition Hall, 36
West 49th St., N. Y. Admission is free. Radio
Corporation of America, Radio City, New York.

Here’s RCA’s Vidicon system at
work beside a steaming vat. Note
how the television camera is getting
a safe “close-up” of the action.

RADIO CORPORATION of AMERICA
Worlad Leader in Radio — First- in Television
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Whatever your needs
in nuclear instruments

depend on Keleket!

XTRA WIDE
SENSITIVITY RANGE
5 ranges ...

Direct reading

MODEL K-350 ... No Computing

§

KELEKET GAMMA SURVEY METER

The Keleket Model K-350 Gam-
ma Survey Meter is exclusive in
its provision for automatic scale
changing. As the range switch is
rotated, only one easy-to-read
scale, each differently colored, is
visible at a time. Provides quick
identification and eliminates er-
rors. Scale range is unusually
wide, from 0-5 to 0-50,000 mr/hr.
Can be set to zero in a radiation
field of any strength.

BUILT TO MILITARY SPECIFICATIONS

Model K-350 was built to rigid Signal Corps
specifications and is exceptionally rugged for
field work. It is the first instrument of its
type accepted by the various military forces.
Designed to military specifications. Highly
accurate, it is also well-suited for laboratory
use.

APPLICATIONS: Check contamination by
radio-active materials; personal protection in
radiological laboratoriés; measure X - or gam-
wa radiation beam intensities; detect siray
radiation from X-ray equipment; check radio-
active material control setups in industrial
plants; health physics surveys; military or
uulmn radiological defense training.

SPECIFICATIONS:

ACCURACY: plus or minus 10%
0-50, 0-500, 6-5,000,
.

TEMPERATURE RANGE: minus 10°T. to
plus 125°F

POWER SUPPLY : Self-contained batteries.
CASE: Immersion proof, grey Hammertone
finish.

SIZE: 10” x 6" x 5",

WEIGHT: 10 pounds.

Available for Prompt Delivery

g > . NEW
% BETA GAMMA
| SCALER

Motor
Register Reset

Automatic Driven

Model K-281

Designed for laboratory analysis of radio-
active substances. Choice of manual count-
ing or predetermined time or count. Motor
driven reset saves time, eliminates irritat-
ing old-fashioned thumb wheel. Wiring
easily accessible. Built for continuous re-
liable operation.

SPECIFICATIONS:

SCALING FACTORS—Choice of 2, 4, 8, 16,
82. 64, 128, or 256. Binary system.
AUTOCOUNT—IO, 100,
counts.
AUTOTIME—Outlet for pre-set timer.

HIGH VOLTAGE POWER SUPPLY—Stahil-
1/ed Regulated. Continuously variable from 600-
2500 V. Tlluminated 4%" meter.

RESOLVING TIME—S5 microseconds.
INPUT SENSITIVITY—Adjustable. Set at 34 V.

REGISTER—{ ‘digit Veeder Root. Motor driven
reset.

AUXILIARY OUTLETS—Timer, Osullus((me
G. M. Tube input. High Voltage. 110 V. AC.

POWER—100 to 125 V., 60 cycle, 2
SIZE— 1t « 214 x |3

For Nuclear Instruments—Depend on the Best

Write for literature on all KELEKET instruments

THE KELLEY-KOETT INSTRUMENT COMPANY

" 93810 York St., Cincinnati 14, Ohio
-l

1000 pre-set register

amp.

Sirs:

In the interesting article by Donald
R. Griffin in the August issue of Scien-
tific American, the author suggests that
the tensor tympani muscle suppresses
the sensitivity of the receiving device
while the original signal is being emitted,
presumably to prevent the loud signal
from masking the faint echo. As is
well known from studies of animal ear
mechanisms, the effect of masking is
to raise the threshold for weak sounds,
so the tensor tympani is then working
in the wrong direction if it merely
lowers the sensitivity. Earlier he stated
that the ear must hear properly the echo
when the reflecting object is close
enough to cause the echo to interfere
with the transmitted pulse; a somewhat
contradictory supposition.

I suggest that the explanation of the
function of the variation in frequency of
emitted pulse is that by the same process
as used in the absolute radio altimeter:
the beat between the frequency-
modulated pulse and its echo is used to
obtain range information in those cases
where the reflecting objects are located
such that the maximum pulse repetition
rate need not be exceeded. Objects fur-
ther away than this would then be
located by echo timing alone, or perhaps
not sensed at all. Here, then, is the
reason for the increased pulse rate of
the bat when flying near confusing ob-
jects; all such systems are characterized
by an increased sensitivity with in-
creased repetition rate. Also, the func-
tion of the tensor tympani would be to
make the ear response nonlinear, which
property it must have in order to detect
the beat note.

Some simple experiments could be de-
vised to test these hypotheses using gen-
erators working in the frequency range
of beat frequencies expected to make
the bat turn, and triggered by the bat’s
emitted pulses.

HOWARD ]. CARTER

University of Chicago
Chicago, Il

Sirs:
Concerning “The Navigation of Bats”

by Donald R. Griffin, I have a suggestion
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as to the use of frequency modulation
by these interesting creatures. It was
assumed in the article that the time-lag
between the beginning of the emission
of the signal and the beginning of the
echo might be the indication of range
and that frequency modulation might be
used to enable the bat to hear a return-
ing echo from a target so close that the
emission is still occurring when the echo
returns. The echo would then be differ-
ent in pitch from the emission due to the
fact that the frequency of emission had
been continuously decreasing. Perhaps
in the case of these close targets the bat
hears the echo as a beat note between
the emission and the echo. The beat
frequency would be a function of the
distance, as it would depend upon the
decrease in emission frequency from
the beginning of emission to the moment
of the return of these first vibrations in
echo. The animal could thus sense small
distances as a pitch rather than as a
time-lag.

The well-known Doppler effect may
enter into this. Whenever the bat rap-
idly approaches another object which
is very close to him, the beat frequency
will be decreased by the Doppler effect
in the echo and the object will seem
closer than it actually is at the instant of
reflection of sound. Perhaps this error in
actual range indication is a service to the
bat, giving him a sort of “predicted
range.”

F. B. KORSMEYER
Wyckoff, N. J.
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S IMPORTANT WAYS

B:A “Custom-Made” Chemicals
Help Leading Manufacturers
Solve Production Problems

CASE #]—laborarory chemicals produced
in commercial quantities for Pharmaceutical
manufacturer!

A pharmaceutical manufacturer needed a spe-
cial chemical in compounding a new, antiseptic
preparation. Study proved B&A’s purified Cal-
cium Acetate, hitherto marketed only in labora-
tory size packages, fulfilled the requirements.
B&A “know-how” and B&A productive facilities
combined to give this manufacturer commercial
quantities on time to meet pressing manufactur-
ing schedules.

CASE #Z—Special form of basic chemical
developed for Paint Industry!

A leading paint producer turned to B&A for
Ammonium Oxalate of special quality and screen
size urgently needed for a new type of paint
formulation. Again, B&A met the problem, pro-
ducing this new chemical form to exacting speci-
fications, in the tonnages required.

CASE #3—Exclusive formulation prepared
from Textile manufacturer’s secret specifications!

R B! “1_. Formula “X” was prepared in commercial quan-
e e tities on short notice for a leading textile manu.-
) facturer...one of many customers who regularly

entrust their private formulas to B&A. Naturally,
both specifications and end uses are always held
in strictest confidence.

WHAT IS YOUR PROBLEM?

Whether you need commercial quantities of a
laboratory chemical, or an entirely new chemical
“custom-made” for your specific use, it will be
to your advantage to contact your nearest B&A
office immediately. B&A has the men, methods,
and materials to handle custom-made chemical
assignments swiftly and surely.

BAKER & ADAMSON Zoe Chenvivats

GENERAL CHEMICAL DIVISION
ALLIED CHEMICAL & DYE CORPORATION
emmmeme= 40 RECTOR STREET, NEW YORK 6 N. Y, ===

Offices: Albany ¢ Aclanta ¢ Baltimore* e Birmingham¥® e Boston ¢ Bridgeport* e Buffalo* "‘:‘:"‘"
Charlotte* ¢ Chicago* ¢ Cleveland®* ¢ Denver* o Detroic* ¢ Houston* o ‘Lackgonvllle SURITY
os Angeles®* © Minneapolis  New York* e Philadelphia®* ¢ Pitsburgh* ¢ Providence®*

St. Louis* ¢ San Francisco* ¢ Seattle * Yakima (Wash.)
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis.

In Canada: The Nichols Chemical Company, Limited * Montreal* ¢ Toronto* ¢ Vancouver®
SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 FINE CHEMICALS

* Complete stocks are carried here,
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has made another observation of

the spectrum of radium, by which
he finds that the chloride of radium has
been prepared in an almost pure state;
the sample was furnished by Madame
Curie. It is remarkable to observe that
the spectrum of radium gives it as strong
an analogy to the metals of the alkaline
earths as is shown by the chemical re-
actions. The experiments were made en-
tirely by the photographic method, as
the quantity of material was too small
to permit observation by the eve.”

OCTOBER 1900. “M. Demarcay

“Prof. A. A. Michelson, of the Uni-
versity of Chicago, has been awarded a
Grand Prix at the Paris Exposition for
his echelon spectroscope.”

“The formal rules and regulations re-
lating to the awarding of prizes under
the Nobel bequest have now been for-
mulated and published. The three cor-
porations awarding the Nobel prizes are
the Royal Academy of Science at Stock-
holm, the Swedish Academy at Stock-
holm, and the Carolin Institute of
Medicine and Surgery at Stockholm.
The first award will take place Decem-
ber 10, 1901.”

“The second trial of Count Zeppelin’s
colossal airship is described in press re-
ports from Friedrichshafen as being a
notable success. After rising to a height
of about 2,000 feet, the vessel remained
poised at that level for three-quarters of
an hour. It then made a series of tacks,
and went through certain turning ma-
neuvers. The stability and steering pow-
ers of the airship are described as being
excellent.”

“The whole system of modern chemis-
try is based upon the axiom of the in-
destructibility of matter, and that inde-
structibility is proved by the permanence
of the weight of a given substance
through all the physical or chemical
changes it is made to undergo. Any ex-
periments, therefore, which shake our
belief in that primary property of matter
must have a far-reaching effect. Lan-
dolt’s classical researches in 1893 embo-
died the first work done with all the
modern instruments of precision. Certain
minute changes of weight were then
placed in evidence, and these have since

4

50 AND 100 YEARS AGO

been confirmed. A. Heydweiller has en-
deavored to trace some connection be-
tween the change of weight and the
changes in other physical properties,
such as magnetic permeability, electro-
lytic dissociation, and material or optical
density. He has failed to trace any such
connection, though he has distinctly es-
tablished a diminution of weight of
about one part in 50 million in a number

of reactions, such as the mixture of cop-’

per sulphate with water, where a loss of
weight of one milligramme was ob-
served.”

“An important development of the
electron theory has been carried out by
Robert Lang in his article on atomic
magnetism in the Annalen der Physik
(No. 7). It may now be said that the
phenomena of magnetism have at last
been successfully reduced to those of
electricity. We know from the work of
Thomson and of Drude that an electric
current in a wire consists of a stream of
very small particles called electrons.
These electrons are formed by the split-
ting up of the metallic atoms into a
larger positive and a smaller negative
portion. Now, according to Lang, the
negative electrons revolve around the
heavier positive electrons in a magne-
tized metal, like a planet around the sun,
and the electric convection-currents thus
produced are nothing more nor less than
Ampére’s ‘elementary molecular cur-
rents.” Lang calculates the speed of the
electrons and the diameter of their or-
bits. The speed is that of light, and the
figures obtained lead to conclusions in
close agreement with known facts.”

afternoon before last, Joshua

Pusey ascended with a balloon
from Reading, Pennsylvania. When at
an altitude of two miles, he was over-
taken in a snow storm, and, what was
strange to him, and will be so to every-
body, was the fact that the snow flakes
ascended.”

OCTOBER 1850. “On Saturday

“By a law of the solar system just dis-
covered, we can determine the original
magnitude of the broken planet long
after it has been shivered into fragments;
and we might have determined it even
after a single fragment had proved its
existence. This law we owe to Mr.
Daniel Kirkwood, of Pottsville, an hum-
ble American, who, like the illustrious
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Kepler, struggled to find something new
among the arithmetical relations of the
p]nnetary elements. Between every two
adjacent planets there is a point where
their attractions are equal. If we call the
distance of this point from the sun the
radius of a planet’s sphere of attraction,
then Mr. Kirkwood’s law is that in every
planet the square of the length of its
year, reckoned in days, varies as the cube
of the radius of its sphere of attraction.
This law has been verified by more than
one American astronomer, and there can
be no doubt, as one of them expresses it,
that it is at least a physical fact in the
mechanism of our system. This law re-
quires the existence of a planet between
Mars and Jupiter, and it follows from
the law that the broken planet must
have been a little larger than Mars, or
about 5,000 miles in diameter, and that
the length of its day must have been
about 57% hours.”

“A singular discovery has been made
in Madagascar. Fossil eggs of an enor-
mous size have been found in the bed
of a torrent. The shells are an eighth of
an inch thick, and the circumference of
the egg itself is 2 feet 8 inches length-
wise, and 2 feet 2 inches around the
middle.”

“Conspicuous among agricultural im-
plements stands the Grain Reaper of
C. H. McCormick, formerly of Virginia,
but now of Chicago, Illinois. The em-
ployment of these machines has become
very common, especially among our
Western farmers; no less than 1,800 ma-
chines have been sold this year. They
are manufactured by Mr. McCormick, at
Chicago, I1I.”

“Since the successful attempt to con-
nect England and France by means of
a submarine telegraph, the great ques-
tion of uniting England, or rather Ire-
land, and America has been the theme
of conversation in various circles. The
distance between Cape Clear near Gal-
way, in Ireland, and Newfoundland is
about 1,600 miles; and a line of this
length consisting of four separate wires
perfectly insulated, in a cord of the size
proposed, would last for hundreds of
years, as its lateral strength would be
almost equal to iron. Such a line would

‘weigh about 8,000 tons, and would re-

quire 600 anchors. The cost of every-
thing, when in complete working order,
would be less than 3,000,000 of dollars.



In the waveguides which conduct microwaves to and from
the antennas of radio relay systems, current is concentrated
in a surface layer less than 1/10,000 inch thick, on the inner
surface of the waveguide. When these surfaces conduct
poorly, energy is lost.

To investigate, Bell radio scientists devised exact meth-
ods to explore this skin effect at microwave frequencies.

Scratches and corrosion, they found, increase losses by
50 per cent or more. Even silver plating, smooth to the eye,

Saving energy for better
low-cost telephone service

Arrow points to tube containing a wire speci-
men under test for surface conductivity. The
tube and wire are excited to resonance by micro-
waves from generator at extreme left. Conduc-
tivity is calculated from frequency values
indicated by barrel-shaped wavemeter (top
center) and resonance curves traced on an
oscilloscope screen (not shown).

can more than double the losses of a polished metal. Very
smooth conductors, like electropolished copper, are best.
An inexpensive coat of clear lacquer preserves initial high
conductivity for many months.

Energy saved inside a microwave station is available
for use in the radio-relay path outside. So stations can some-
times be spaced farther apart, and there will always be more
of a margin against fading. Here is another example of the
practical value of research at Bell Telephone Laboratories.
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DOW CORNING SILICONE NEWS

NEW FRONTIER EDITION

FIRST O F A SERIES

Tall Tale

Speaking of sparkle, did you ever hear
how Mose Humphries trapped the
sun and hauled it along at the head of
the fireman’s parade? Took a ton of
elbow grease, but Mose polished
engine No. 40 till she shined so bright
the sun never did set that day—it was
too busy bouncing back and forth
between the bell and the boiler.

toFabulous Fact

Elbow grease used to be the most
important element in any good polish
—elbow grease and wax. Now polish
makers add a Dow Corning Silicone
product and save the elbow grease.
In car polishes alone, that amounts to
a net saving of about x-million tons
of elbow grease so far this year.
That's one of the peculiar things
about these silicones. They spread
themselves and polish without
rubbing. Furthermore, they won’t
melt or freeze and they’re more water
repellent and more weatherproof than
any organic materials. That kind of
stability is one of the fabulous facts
about all Dow Corning Silicone Prod-
ucts—fluids, greases, electrical insu-
lating materials, resins or.rubbers.

That's why Dpgy

Siliconea 7ean Businesa

Write for your copy of our reference guide to
Dow Corning Silicone Products. Ask for catalog
No. W-22 or call our nearest branch office.

DOW CORNING CORPORATION
MIDLAND, MICHIGAN

Atlanta + Chicago « Cleveland « Dallas
Los Angeles « New York
In Canada: Fiberglas Canada Lid., Toronto
In England: Albright and Wilson Lid., London
In France: $t. Gobain, Chauny et Cirey, Paris

FIRST I N SILICONES

IF YOU WEAR GLASSES try Sight Savers and see how exceedingly
well silicones clean, polish and protect eyeglasses. SIGHT SAVERS
are Dow Corning Silicone treated to KEEP YOUR GLASSES CLEANER.

10c at all drug and tobacco counters.
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THE COVER

The painting on the cover shows part
of a micromanipulator, a device for
moving tiny needles and tubes of
glass within a single cell (see page
48). At the upper left is the barrel
of a microscope. Beneath its objec-
tive is a “moist chamber,” where the
cells under study are kept from dry-
ing out. Entering the moist chamber
from the right are two glass tubes, the
ends of which taper down to dimen-
sions smaller than those of the cell.
By means of these tubes droplets of
oil may be injected into the cell to
provide information about its micro-
scopic structure. The tubes may be
moved up and down by turning the
two knobs at the lower right. They are
moved forward and back and from
side to side by the knobs in the cen-
ter of the painting. This apparatus is
a modification of the Chambers mi-
cromanipulator, designed by Robert
Chambers of New York University.
The modification was conceived by
M. J. Kopac of N.Y.U. and was built
by the Gamma Scientific Company.

THE ILLUSTRATIONS
Cover by Walter Murch

Page Source

13 Adolph Brotman

14-15 Eric Mose (top), Phyllis
Freier, E. . Lofgren, E. P.
Ney and Frank Oppen-
heimer

17 An Atlas of Stellar Spectra, by
William W. Morgan, Phil-
ip C. Keenan and Edith
Kellman. Published by the
University of  Chicago
Press

18-21 Irving Geis

22 Choh Hao Li, Herbert M.
Evans and Miriam E.
Simpson, courtesy Science

30-31 Harold W. Lord

32-37 Irving Geis

38 Irving Geis (top), Naval Re-
search Laboratory

39 Irving Geis

40-42 Eric Mose

43 Richard Wolters

45-46  Adolph Brotman

48 K. Chester

49-51 M. ].Kopac

53 Eric Mose

54 Boris Iflund

61-62 Russell W. Porter
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PLANE AIR COMES “PACKAGED,” TOO!

Tt stands to reason that the most serviceable and eco-
nomical air conditioning system for an airplane is
one designed and built entirely by one manufacturer!

For such a system on today’s high-speed, high-
altitude aircraft must be completely integrated to
provide maximum comfort for airline passengers or
military personnel during swiftly changing conditions
of temperature and pressure.

To supply complete aircraft air conditioning
“packages,” AiResearch engineers design and build the
following types of equipment: 1) Cabin superchargers;
2) Air cycle refrigeration units; 3) Pneumatic flow
valves; 4) Heat exchangers;
5) Axial flow fans; 6) Elec-
tric power and temperature
sensing equipment; and 7)
Electronic controls.

® An inquiry on your company letterhead will get prompt attention. AiResearch Manufacturing Co., Los Angeles 45, Calif,

AiResearch

THIVILAN B

THE GARRETT CORPORATION

A tailor-made system may include as many as 30 units
from these varied fields. It is possible to integrate such
equipment for far greater efficiency than can be
achieved by combining parts from various sources.
In specifying an AiResearch single system, you make
possible engineering compromises, resulting in weight
saving and ease of installation. You secure a single
responsible source to deal with in case of system
modification, overhaul or repair. And you have quickly
available AiResearch service representatives with com-
plete knowledge of all components and the ability to
make swift adjustments. Whatever your aircraft air
conditioning problem, you
are urged to investigate the
“know-how” and creative
engineering facilities now
available at AiResearch.
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-. This Divining Rod Talks to Searchers
. « « prompted by DPi HIGH VACUUM

HE divining rod in this case is a
helium probe.

It is moved slowly along suspected
areas. If it “'sniffs” a leak so minute
that a thimbleful of air would take 30
years to get through, an alarm sounds.

The probe is part of a highly sensi-
tive instrument used to show presence
or absence of any leak in pressure or
vacuum lines and equipment—in lines
buried underground, in welds, soldered
joints, gasket connections.

Leak-finding can be a difficult and
costly process with ordinary methods.
The Consolidated Leak Detector, em-
bodying DPi high vacuum pumps, pro-
vides a unique and inexpensive method
for locating the defective line or faulty
spot and for accurately measuring rate
of leakage.

Scores of industries can use this
devige for controlling production pro-
cesses or testing finished products. It
is one of many fine instruments made

_high vacuum research
and engineering

available by DPi for broaderand more
efficient use of high vacuum techniques.
We shall be glad to work with you on
any problem involving the use of high
vacuum. For complete information
write to: Vacuum Equipment Depart-
ment, Distillation Products Industries,
751 Ridge Rd. West, Rochester 4, N. Y.
(Division of Eastman Kodak Company).

Ll - 72

Also . . . vitamins A and E ... distilled monoglycerides ... more than 3300 Eastman Organic Chemicals for science and industry.

8
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Hay Fever Sufferers !
“Summer Cold” Victims /

| PLAYTEX

FLATTEK' PILLOW
GVE Y

CO0L, HEALTHFOL SLEEF
FVERY NIGHT/

1. Allergies attack children and adults
alike. pLAYTEX Pillows are different from
old-fashioned feather pillows and other foam
pillows! They're amazingly allergy-free, dust-
free, mildew-proof, make a wonderful differ-
ence in your nighttime rest!

2. Like a ‘“higher’’ pillow? Prefer the
“regular” height? pLAYTEX Superfoam*
Pillows give you a choice of pillow thick-
nesses. Regular Height and Extra-Plump, for
those who like a “higher” pillow. Each offers
you nights of sound, relaxing sleep!

For every occasion...

Beautifully gift-packaged. At department stores,
furniture stores and sleep shops, everywhere.

no gift compares with

the gift of sleep!

CHOOSE YOUR FAVORITE PILLOW HEIGHT!

Regular Height, white, pink, or blue extra-
fine Sanforized cotton cover, nylon double-
stitched for longer, stronger wear . . $9.95

Extra-Plump, white, pink, or blue extra-fine
Sanforized cotton cover, nylon double-

stitched for longer, stronger wear . . $10.95

Also, luxurious non-slip rayon satin covers,
concealed zippers, slightly higher.
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INTERNATIONAL LATEX CORPORATION Playtex Park

3. No other pillow has patented “staggered
core” construction, cradles your head in the
most restful position. Millions of micro-
scopic air cells actually “breathe” inside
your PLAYTEX Pillow—give cool, “air-condi-
tioned” sleeping comfort!

Don’t take chances when your night’s rest
is at stake! pLAYTEX Superfoam* Pillows
are the finest quality—never sold as
“seconds” or “irregulars.” And the differ-
ence between PLAYTEX and “bargains” is
less than 10¢ a year!

*T.M. ©1950 Dover Dele
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PREJUDICE

An account of a significant statistical study

of racial discrimination from the standpoint

that hostility is the consequence of insecurity

by Bruno Bettelheim and Morris Janowitz

ing present-day society is the

problem of how to deal with the
dissatisfactions and aggressions which
seem to be generated by man’s close
proximity to his fellow men. Since hos-
tility is the force most disruptive to
social living, the scientific analysis of
group hostility should be one of the chief
concerns of social scientists.

This article will report on a recent
attempt to study the problem. Of -the
many tension areas within our society
the particular one selected for our inves-
tigation was ethnic hostility—a polite
term for racial prejudice. To learn
whether hostility is actually the result of
frustration, we needed a group of sub-
jects with some common life experiences,
and this we found in a sample group of
Army veterans who had returned to
civilian life. Since all had experienced
comparable wartime deprivations, they
offered an excellent opportunity to ex-
amine the hypothesis that the individual
who suffers frustrations tries to restore
his emotional balance by some form of
hostile behavior. Our sample consisted
in 150 former G.I.’s who were residents
of Chicago and represented all economic
classes.

Through intensive interviews in which
free association was always encouraged
these men were sounded out on their
attitudes toward Negroes, Jews and
other ethnic minorities. The interview-
ers were psychiatrically trained social
workers experienced in public-opinion
surveying. The wide range of personal
data sought required long interviews
which took from four to seven hours and

()NE of the central difficulties fac-

in several cases were carried on in two
sessions. The veterans themselves were
offered ample opportunity to express
personal views on many issues and to re-
count their wartime experiences before
the matter of ethnic minorities was first
mentioned. The extensive contents of
these case histories were then subjected
to statistical and content analysis, which
allowed us to make quantitative state-
ments about the degree and type of
ethnic hostility, as well as about feelings
of deprivation, anxiety and a range of
other psychological and sociological
characteristics.

In general the analysis did not bear
out the hypothesis that frustration neces-
sarily generates dissatisfaction or hos-
tility. Army experiences which seemed
to involve objective hardship (e.g., com-
bat, wounds, long service) did not in
themselves appear to heighten dissatis-
taction. For example, a 25-year-old in-
fantry private first-class who had fought
in North Africa, Italy and Germany, and
who claimed, with some justification,
that Army life had ruined his health, de-
scribed his war experience as follows:
“I was a teletype operator in Africa for
three or four months, and wasn’t in com-
bat then, but all the rest of the time I
was laying wire in combat areas. We lost
80 per cent of our company. I never
thought I had a chance to come out of
it alive. I came out lucky. I came out
swell on money and passes. I didn’t get
any breaks, but to come back and be
alive today is really swell.” Another
typical response was that of a 30-year-
old staff sergeant who had once been de-
moted: “In my Army career I got a good
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break. I was made staff sergeant in 1942,
only I was busted. But I made it back
in another outfit. And I got to be mess
sergeant, and mess sergeants eat good.”

On the other hand, a number of vet-
erans whose experiences, objectively
speaking, had been relatively free of
hardship, felt that they had had bad
breaks. A typical response in this group
was the following: “I wanted to get
somewhere. But somebody else always
got it. I deserved a rating and never got
it. When they wanted somebody to re-
pair something on a gun, I was always
called because the other guy didn’t
know. That’s why I never had no use for
the Army. They never gave a rating to
a person who should get one.”

Thus a man’s evaluation of his Army
career in retrospect was largely inde-
pendent of the actual deprivations ex-
perienced and depended mainly on his
emotional attitude toward this experi-
ence in particular, and, one may add, to
life experiences in general.

Our main purpose was to find out how
all this affected ethnic intolerance. On
the basis of an exploratory study we
found it possible to classify the veterans
in four types according to the degree of
intolerance or tolerance toward a specific
ethnic group. With respect to their atti-
tude toward Jews, for example, the four
types were: 1) the intensely anti-
Semitic, who spontaneously expressed a
desire for restrictive action against the
Jews even before the question was
raised; 2) the outspokenly anti-Semitic,
whose hostility toward the Jews emerged
only on direct question; 3) the stereo-
typed anti-Semitic, who merely ex-



pressed various stereotyped notions
about the Jews, some of which were not
necessarily unfavorable from the inter-
viewee’s point of view; 4) the tolerant,
who revealed no elaborately stereotyped
beliefs about the Jews.

HE ATTITUDES of the 150 vet-

erans toward Jews and Negroes,
graded according to this scale, are sum-
marized in the charts on the opposite
page. There was a considerable differ-
ence in tolerance toward Jews and Ne-
groes, and the results showed that true
ethnic tolerance, i.e., a tolerance which
also included Negroes, was a rarity
among these veterans.

Further analysis revealed that the
men’s actual Army experiences bore little
relation to their attitude toward ethnic
groups, nor was there any significant
correlation between intolerance and age,
education, religion, political affiliation,
income, social status or even the sub-
jects” preferences in newspapers, maga-
zines or radio programs.

There was a close relation, however,
between ethnic attitude and social mo-
bility, i.e., a move up or down on the
socio-economic scale, as compared with
previous civilian employment, after the
veteran was discharged from the Army.
Ethnic hostility proved to be most
highly concentrated in the downwardly
mobile group, while the pattern was sig-
nificantly reversed for those who had
risen in social position. Those who had
experienced no change were “middle-of-
the-roaders.” Over 70 per cent of the
stereotyped anti-Semites were found in
this middle category; on the other hand,
most of the same group were in the out-
spokenly anti-Negro category—a reflec-
tion of the fact that in this Northern
urban industrial community it was “nor-
mal” to have stereotyped opinions about
the Jews and to be outspoken in hostility
toward the Negro.

It turned out that while the men’s
actual Army experiences showed no re-
lation to intolerance, their subjective
evaluations of those experiences defi-
nitely did. Those who felt they had had
bad breaks in the Army were the most
inclined to be hostile toward Jews and
Negroes. A further study was made of
the relation between intolerance and a
readiness to submit in general to con-
trols by society. If, by and large, an in-
dividual accepted social institutions, it
seemed reasonable to assume that his
acceptance implied a willingness to con-
trol his aggressive tendencies for the sake
of society. Or, to put it another way, one
might say that those men who felt that
society was fulfilling its task in protect-
ing them from unavoidable frustrations
were also the ones who were willing in
return to come to terms with society by
controlling their aggressions.

Control, as a psychologist defines it, is
the ability to store tension internally or
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to discharge it in socially constructive
action rather than in unwarranted hostile
action. There are three sources from
which such control may come: 1) ex-
ternal or social pressure, 2) the super-
ego, or the unconscious “conscience,”
and 3) the ego, or rational self-control.

In actuality the three types of control
are nearly always coexistent, and in any
individual control will depend in vary-
ing degrees on all three. In the men
studied, wherever control was present it
was overwhelmingly the result of a com-
bination of external and superego con-
trol, with the first dominant. Few men
were also motivated significantly by ra-
tional self-control, and in even fewer was
this dominant over superego or external
control. Hence a study of external (i.e.,
societal) control was the only one that
promised to allow insight into the corre-
lation between a man’s attitudes toward
social control and the extent of his ethnic
intolerance.

The analysis indicated that veterans
who had stable religious convictions, re-
gardless of the church they belonged to,
tended to be the more tolerant. When
the political party system was viewed as
another norm-setting institution, a simi-
lar relationship of at least partial ac-
ceptance was found to be associated with
tolerance. Whether the veteran was
Democratic or Republican was in no
way indicative of his attitude toward
minorities. But the veteran who rejected
or condemned both parties (“theyre
both crooks”) tended to be the most hos-
tile toward minorities.

TO EXPLORE more fully this rela-
tionship between tolerance and con-
trol, the responses to other symbols of
societal authority which signity external
control of the individual also were in-
vestigated. The four institutions singled
out as being most relevant were: the
Veterans Administration, the political
party system, the Federal government
and the economic system, as defined by
the subjects themselves. The analysis
showed that only an insignificant per-
centage of the tolerant men rejected
these institutions, while nearly half of
the outspoken and intense anti-Semites
did so. (This is in marked contrast to
studies of certain types of college stu-
dents, in whom radical rejection of
authority is combined with liberalism to-
ward minority groups.) In the case of
the attitude toward the Negro, societal
controls merely exercise a restraining in-
fluence; they do not suppress hostility
but only make it less violent. The men
who were strongly influenced by ex-
ternal controls were, in the majority,
stereotyped and outspoken but not in-
tense in their intolerance toward Ne-
groes.

Thus it appears that in our society in-
tolerance is related first to a lowering
of social status, to feelings of frustra-
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tion and insecurity. Next, the degree to
which it finds open expression depends
on the degree to which society approves
or disapproves its expression. But the
(uestion remains: Why is ethnic hostility
a favorite channel for discharging ag-
gressive feelings?

Some of the reasons emerged, albeit
indirectly, in an analysis of the stereo-
types used by the veterans in describ-
ing minorities. With respect to the Jews,
the composite pattern of stereotypes did
not stress personally “obnoxious” char-
acteristics; the members of this sample
of veterans, predominantly of the lower
class and lower-middle class, did not
often characterize Jews as pushy, over-
bearing or loud. In the main the Jews
were represented as a powerful, well-
organized group which by inference
threatened the subject. The most fre-
(quent assertion was that ]ews were clan-
nish, and that they helped one another.
In the context in which this statement
was made it almost invariably indicated
that the veteran was decrying what he
considered to be the unfair advantage
in business and politics which accrued to
the Jew who enjoyed greater social
solidarity than himself.

On the other hand, the stereotypes
used about the Negro stressed personal-
ly “offensive” characteristics—his alleged
dirtiness and immorality. The intolerant
white described the Negro as a threat to
the white man’s economic and social
status, maintaining that the Negro was
“forcing out the whites.”

This situation differs from that in Ger-
many under the National Socialists. In
Germany the National Socialists applied
the whole list of stereotypes to the Jews;
their anti-Semitic propaganda greatly
emphasized the Jews’ alleged dirtiness
and lack of morality. In the U. S., where
more ethnic minorities are available as
possible targets, a tendency has emerged
to separate the stereotypes into two sets
and to assign them to separate minority
groups. One set of stereotypes indicates
feelings of anxiety over the Jews’ sup-
posed power. The other set indicates
anxieties aroused by the Negroes’ (and
the Mexicans’) assumed ability to per-
mit themsélves the enjoyment of primi-
tive, socially frowned upon forms of
indulgence or gratification. The selection
and use of stereotypes seems to depend
on the needs of the person applying
them. It also appears that the minority
that shows the greater difference trom
the majority in physical characteristics,
such as skin color, is used for projecting
anxieties associated with dirt and sex de-
sires, while the minority that is more
like the majority in appearance becomes
a symbol for anxieties concerning over-
powering control.

AD the veterans’ contacts with Jews ~
and Negroes in the Army affected
their attitudes? Detailed analysis showed
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little apparent effect; their stereotypes Tl , _ .

of Jews they had met in the Army were
largely just an extension of civilian con-
cepts. A typical comment: “There were
only a few Jews in our outfit. One of
them was a master sergeant. They did
get up faster in rank and promotion, but
we couldn’t do anything about that.
They would do favors for the officers and |

get promoted.” |

Even when the veteran felt a personal
attachment and respect for an inIc)lividual 4 2 S T E R EOT YP E D
Jew in his outfit, the stereotype re-
mained: “Oh, there was one Jew, Lieu-
tenant Blank . ..almost forgot about
him. He took pictures of me and a bud-
dy of mine the day before he was killed. .
He was really white. At first I didn’t : ' | 1
like him and ¥1e knew it and picked on 4] OUTS POKEN H
me at first, too. But then I changed my |
mind. He took care of his platoon all
right. He saw to it that they had things
they needed. They had cigarettes all the
time when there weren’t many around.
ThaF’s the Jew in him—he;* was good' at I NTE -
getting things like that. He’d do anything N S E | i
for his men and they’d do anything for ¥ !
him.” ' ! | |

These and many similar statements | [ §
support the hypothesis that the indi- ' : T 1T
vicll)lll)al’s stereot};frl))es are not only vitally O PERCENT 30 40 50 60 70 80 90 100
needed defense mechanisms but are per-
sistent, even under the impact of such ATTITUDES TOWARD JEWS of the group studied were classified in four
immediate and realistic experiences as  categories. The horizontal bars indicate the percentage of the group in each
service with Jews and Negroes under category. Numbers on the bars indicate the number of men in each category.
conditions of war. Once a stereotype is
formed, it is not easily changed by ex-
perience.

It seems reasonable to assume that as
long as anxiety and insecurity persist as t| !
a root of intolerance, the effort to dispel
stereotyped thinking or feelings of ethgic ] 2 ' TO LE R A N T '
hostility by rational propaganda is at
best a half-measure. On an individual
level only greater personal integration
combined with social and economic se-
curity seem to offer hope for better inter-
ethnic relations. On the social level a
change of climate is necessary. The vet-
erans who accepted social controls and
were more tolerant of other minorities
were also less tolerant of the Negro,
because discrimination against Negroes -
is more commonly condoned, both pub-
licly and privately. This should lead, 74 OUTS PO KEN
among other things, to additional efforts | [
to change social practice in ways that Lo
will tangibly demonstrate that ethnic | |l
discrimination is contrary to the mores |
of society—a conviction which was very
weak even among the more tolerant
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Bruno Bettelheim is associate profes- | I 1 8
sor of educational psychology and prin- | ‘J
cipal of the Orthogenic School at the ' . . =
Uﬁiversity of Chi%ago. Morris  Jano- 0 PERCENT 30 40 50 60 70 80 90 ]OO
witz is assistant professor of social

science at the same university. They ATTITUDES TOWARD NEGROES were similarly classified. There were
are co-authors of the recently pub- aboutthe same number of stereotyped anti-Negro as stereotyped anti-Semitic
lished book Dynamics of Prejudice. expressions. There was larger number of outspoken anti-Negro expressions.
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The Abundance
ol the Elements

Physicists and astronomers have been engaged

in a cosmic

atoms as a

OW WAS the universe created,
H and under what conditions? Un-

til man began to explore the nu-
cleus of the atom there was little evi-
dence as to what the beginning was
like or how the varieties of matter that
make up the stars and planets came to
be formed. Nuclear physics has now
given some scientific point to this ancient
philosophical speculation.

The nuclei of atoms in general are
well-preserved relics of the very remote
past. If the nuclei of iron atoms, for ex-
ample, were ever created from some-
thing else, that event must have taken
place in a primitive state of the universe
probably dating back at least three bil-
lion years—before stars or planets were
formed. Iron nuclei are too stable for
radioactive decay to occur and they
repel other nuclei too strongly to be
transmuted by collisions, even at the
center of the hottest star. Hence the
abundance of iron in the known universe
has not changed appreciably since the
universe has existed in anything like its
present state. This is true of most of the
elements. It follows that the relative
abundances of the elements in today’s
universe were largely determined by the
conditions that prevailed in the primor-
dial universe. If we can discover the rela-
tive abundances, we can hope to deduce
the circumstances of creation.

With this remarkable prospect in
view, physicists and astronomers have

inventory of the various kinds of

clue to their primordial creation

by Armin J. Deutsch

recently turned more and more to the
task of taking a cosmic inventory of
atomic species. The easiest place to be-
gin, of course, is the crust of the earth,
which includes the atmosphere and the
oceans as well as the granitic continents
and the underlying basalt that consti-
tutes the bulk of the earth’s shell. Of the
90 elements occurring naturally in the
crust, oxygen accounts for nearly half of
the crust’s mass, silicon for another quar-
ter, and aluminum, iron, calcium, so-
dium, potassium and magnesium—in that
order—for nearly all the rest; the remain-
ing 82 elements all together contribute
less than one per cent of the crustal mass.

But what of the interior of the earth,
where practically all the mass resides?
Inaccessible for direct chemical sam-
pling, these parts of the earth must be
analyzed by indirect methods: the prop-
agation of seismic disturbances, the
mean density, the thermal conductivity,
and so forth. Based on these criteria, the
consensus is that the interior consists of
a nickel-iron core extending halfway
trom center to crust, and surrounded by
a silicate mantle of approximately equal
mass. Although the detailed composition
of the interior is not known, we can at
least be sure that the crust is not a fair
sample of the whole earth. The radio-
active elements, for example, cannot be
as abundant throughout the earth as they
are in the crust; if they were, they should
have liberated enough energy during

geological history to raise the tempera-
ture of the interior far beyond any rea-
sonable value.

HE CRUST of the earth being so
atypical a sample of bulk matter,
chemists have given considerable atten-
tion to the meteorites. These bodies,
which are believed to be fragments of a
shattered planet, generally belong to one
of two types: the “stones” and the
“irons.” In the stones the atomic abun-
dances are probably about the same as
in the mantle of the earth; oxygen, sili-
con, magnesium and iron predominate.
n the irons, iron atoms contribute 90
per cent of the mass, and nickel another
eight per cent. The irons look suspi-
ciously like fragments of the hypothetical
nickel-iron core of a planet, and the
stones like fragments of the mantle.
If meteorites are actually fragments of
a disintegrated planet, average abun-
dances of elements in them are probably
more truly representative than those in
the crust of the earth. But the difficulty is
that we do not know what proportion of
the planet was made up of stones and
what of irons. Harrison Brown of the
University of Chicago, who has made
a careful analysis of meteorites, has con-
cluded that the ratio of stones to irons is
two to one. On this basis the average
relative abundances of elements in me-
teorites, and therefore presumably in the
whole planet from which they came,

PRIMARY COSMIC RAY is a sample of matter from

extraterrestrial space. The track extending across these
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two pages was made in a stack of special photographic
plates by a nucleus with an atomic weight of ahout 15,
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LOGARITHM OF RELATIVE ABUNDANCE
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RELATIVE ABUNDANCE of the elements decreases

in a general way from hydrogen (1) to uranium (92).
Those elements with an odd atomic number are indi-

prove to be very different from the
abundances in the earth’s crust. Iron, for
example, is 10 times as abundant in the
average meteorite as in the earth’s crust,
while oxygen is only half as abundant
and potassium only one twentieth as
abundant!

But even granting that the average
meteorite has abundances typical of
whole planets like the earth, can we ex-
pect that these abundances will be typi-
cal of the entire known universe? The
first indication that we cannot appears
when we consider the giant planets.
Jupiter, for example, is about 1,300 times
as big as the earth in volume but only
317 times as massive, which means that
its average density is one quarter that
of the earth. In Jupiter and the other
giant planets light elements must be far
more abundant than in the earth. The
spectrum of Jupiter’s deep and cloudy
atmosphere shows that the Jovian atmos-
phere is exceedingly rich in hydrogen.
In fact, the very low mean density of
Jupiter suggests that the planet has a
high abundance of hydrogen through
a large part of its bulk. Rupert Wildt of
Yale University in 1938 worked out a
model of Jupiter that would account for
its known physical features. In his model
the planet has a dense rock-and-metal
core extending about halfway to the sur-
face, overlying this is a vast mantle of
ice, and topping the ice is an 8,000-mile-
thick shell of hydrogen—frozen solid!

o
[e]

40 60
ATOMIC NUMBER

Wildt derived similar “stone-in-a-snow-
ball” models for the other giant planets.
Recent spectrographic observations by
Gerard Kuiper of the University of Chi-
cago lend strong support to Wildt’s mod-
els, for Kuiper has found evidence of
frost or ice on the rings of Saturn.

The evidence is strong, then, that the
giant planets are rich in hydrogen, and
there are good reasons to believe that the
earth and other small planets originally
also had a great deal of hydrogen but
have lost most of it because, being less
massive, they are less able to hold light
elements.

But the planets themselves are not a
representative sample of the universe’s
matter. To find out about the abundance
of light elements we must turn to a more
massive body such as the sun.

HE SUN is more than a million times

as large as the earth and more than
300,000 times as massive. It is gaseous
throughout, but highly opaque, so we
can look down only a hundred miles or
so into its incandescent atmosphere. Al-
most everything we know about the com-
position of the sun has come from spec-
troscopic studies of this atmosphere. The
atmospheric gases absorb some of the
light streaming out from the sun’s inte-
rior. Since each species of atom absorbs
light at certain characteristic wave-
lengths, an examination of the dark ab-
sorption lines in the spectrum of the sun

N ]
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cated by circles; those with an even atomic number, by
crosses. The abundances are distorted by the logarithmic
scale; there is more hydrogen than all other elements.

tells us what elements are present in the
solar atmosphere; we can even tell how
much of the element is present from the
strength of the absorption lines. There
are complications, to be sure—the effi-
ciency of absorption and the strength of
the lines are influenced by temperature,
electron pressure and a saturation effect
—but by allowing for these factors we
can make a rough quantitative analysis
of the composition of the sun’s atmos-
phere.

This analysis shows that hydrogen is
by far the most abundant element in
the sun’s atmosphere—several thousand
times as abundant as iron and several
hundred times as abundant as oxygen,
which dominates the crust of the earth.
The second most common element in the
solar atmosphere, about one seventh as
plentiful as hydrogen, is helium, which
is a rarity on earth. Then comes oxygen,
and close behind it nitrogen and carbon,
which on the earth are far down on the
list in abundance.

But what about the sun as a whole?
Have we any more reason for thinking
that the sun’s atmosphere is typical of its
interior than that the crust of the earth is
representative of the whole earth? Here
again, as in the case of the earth’s inte-
rior, we must rely on indirect physical
evidence. We know the sun’s mass, ra-
dius and luminosity. We know, further,
that it is in a state of mechanical and
thermal equilibrium, or at least very

that of the element phosphorus. The plates had been
carried to a height of some 90,000 feet by a balloon in an
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experiment by Phyllis Freier, E. J. Lofgren, E. P. Ney
and Frank Oppenheimer of the University of Minnesota.

15



nearly so. And we also know most of the
details of the carbon cycle, which builds
helium nuclei from protons in the deep
interior, and liberates the energy that
eventually flows from the surface. This
knowledge is enough to let us discover
the approximate abundances of a few
of the commonest atoms in the interior.
It leads to the conclusion that hydrogen
probably predominates in the interior
about as it does in the atmosphere, with
helium atoms second in abundance. This
apparent chemical inhomogeneity of the
sun is not as surprising as it might
seem. While we have every reason
to expect a complex and chemically in-
homogeneous structure within the solid
earth, we have every reason to expect
the opposite in the gaseous sun. We can
think of many reasons why iron atoms
should be concentrated toward the cen-
ter of the earth; we can think of no rea-
sons why they should be so concen-
trated in the sun, and a few good reasons
why they should not be. Accordingly,
we are inclined to accept the abundances
in the solar atmosphere as fairly typical
of the whole sun, except possibly in the
cases of a few special elements.

The sun, then, is composed predom-
inantly of atoms of low atomic weight—
atoms which are relatively uncommon in
the earth because they have largely es-
caped from that less massive body. The
sun also appears to contain most of the
elements that exist in the earth; 61 of
the 90 found in the earth have been
detected in the sun’s atmosphere, and
probably all the others are present but
not detectable. Among the heavier ele-
ments, which probably could not escape
the earth, the abundances in the sun are
remarkably close to those in the planets.
From iron to lead the metals exhibit
practically the same abundances in the
sun and in meteorites.

UT THE sun is still only a very small
sample of the matter in the known
universe. It is one star, and the galaxy
contains billions. To find out whether the
abundances in the sun are a fair sample,
we must examine the spectra of the stars.
In our galaxy there are many stars like
the sun, with the same size, mass, lu-
minosity, spectra and atomic abun-
dances. But the sunlike stars are out-
numbered by other kinds. Sirius, for ex-
ample, is 2.3 times as massive as the sun
and radiates energy at 40 times the solar
rate. The temperature of its atmosphere
is nearly 11,000 degrees Kelvin, instead
of 6,000 degrees as on the sun. And its
spectrum is very different from the sun’s;
the hydrogen lines are many times
stronger and the iron lines many times
weaker. Yet an astrophysical analysis in-
dicates that in spite of these differences
Sirius has nearly the same chemical com-
position as the sun. Most of the differ-
ences between the spectra of Sirius and
the sun can be accounted for by the dif-

16

ference in temperature alone: the hydro-
gen lines are stronger in the spectra of
Sirius because hydrogen atoms absorb
light at the observable wavelengths more
efficiently at 11,000 degrees; on the other
hand, iron atoms absorb more efficiently
at 6,000 degrees. The abundance of hy-
drogen relative to iron is probably about
the same in Sirius as in the sun, in spite
of the wide dissimilarity of their spectra.
In our part of the galaxy, all the stars
except a small fraction of one per cent
show spectra that seem to differ from
one another only because of differences
in temperature. We are able to arrange
the spectra of these stars in a simple
temperature sequence; the group as a
whole is known as the “main sequence.”
At one end of this sequence the stars
have atmospheric temperatures of about
3,000 degrees, and the spectra are com-
plex and crowded with absorption lines
and molecular bands. At the other end
the temperatures are of the order of
30,000 degrees, and the spectra are rela-
tively simple and uncrowded. In all of
the main-sequence stars investigated so
far, the atomic abundances turn out to
be about the same as in the sun, to the
limit of present analytical techniques.
Are there any stars in which the abun-
dances differ appreciably from those in
the sun? Probably not along the main
sequence. But the small percentage of
stars lying outside the main sequence
show differences in their spectra that
cannot be explained as mere tempera-
ture effects. Some of these relatively rare
stars are giants or supergiants, with at-
mospheres under much lower pressure
than along the main sequence. In many
cases the peculiarities of their spectra
are explainable as pressure effects. A few
outstanding anomalies remain, however.
Among the hottest stars in the galaxy
there is a group whose spectra indicate
an abnormally large abundance of nitro-
gen, and another group that seem to be
exceptionally abundant in carbon. And
the coolest stars outside the main se-
quence also show an unexplained di-
versity of spectra. Carbon, zirconium
and titanium appear to differ in abun-
dance from one group of cool giant stars
to another. Novae, too, exhibit puzzling
anomalies. The spectrum of Nova Persei
was dominated by emission lines of the
terrestrially rare element neon soon after
its cataclysmic outburst in 1901, and
the nebula it ejected still shines most
brightly in these wavelengths!
Theserelatively rare objects may really
have chemical compositions different
from that of the sun. But many astron-
omers are still unwilling to admit that
this is the true explanation of their spec-
troscopic peculiarities. In all cases where
we find apparent abundance anomalies,
the spectra are influenced by physical
processes still imperfectly understood.
Horace Babcock of Mount Wilson and
Palomar Observatories has found, for
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example, that some stars showing strong
lines of the rare earths have strong mag-
netic fields, and he has described how
these fields can act to intensity certain
absorption lines more than others.

ENTATIVELY, then, we can con-

clude that the vast bulk of matter in
our part of the galaxy has the same
chemical composition. But before we can
take the present abundances to be typi-
cal of those that existed at the beginning
of the universe, a few questions remain
to be answered.

Have the abundances changed since
the stars were born? The answer is yes.
Some atoms have been changed by ra-
dioactive decay: the abundance of ura-
nium everywhere is probably one per
cent less now than it was six million
years ago. Others have been transformed
by fusion into larger atoms: hydrogen is
one per cent less abundant in the sun
than it was 300 million years ago, for the
carbon cycle consumes hydrogen at the
rate of 560 million tons per second and
transmutes it into helium. In all proba-
bility the carbon cycle burns hydrogen
at a comparable rate in the interior of
every main-sequence star. Yet these
transmutations are no great problem,
for we know the rates of change and
can make the necessary corrections in
present abundances to obtain those at
any time in the past.

Did any matter escape into space as
the stars were formed? Perhaps it did.
It so, we should expect to find it some-
where in the galaxy. It turns out, as
a matter of fact, that about half of the
matter in the galaxy is thinly strewn
in interstellar space. We do not know
whether this interstellar matter was ever
inside stars. The interstellar gas reveals
itself by producing extra absorption lines
in the spectra of remote stars. The spec-
troscopic results are sketchy so far, but
they indicate that the elements are pres-
ent in about the same proportions in
interstellar space as in the stars. Another
possible clue to the composition of the
interstellar medium lies in the primary
cosmic-ray particles, which are nuclei of
atoms. Within the past two years physi-
cists at the University of Minnesota and
elsewhere have found and identified the
tracks of many primary cosmic-ray par-
ticles in special photographic plates car-
ried by balloons to heights of about 17
miles. Protons, the nuclei of hydrogen
atoms, predominate among them; second
in abundance are alpha-particles, the nu-
clei of helium atoms. About three par-
ticles out of every thousand are nuclei
of heavier atoms; a few of these have
masses as large as a hundred protons!
The abundances given by counts of
cosmic-ray primaries so far do not en-
tirely agree with the astrophysical de-
terminations, heavy nuclei being rela-
tively more abundant among the cosmic
rays. But these findings do not neces-



sarily invalidate the spectroscopic re-
sults, since we do not yet know the origin
of cosmic rays.

OMPILING all the results of chemi-
cal, geochemical and astrophysical
analyses, we should now be in a position
to give a reasonably accurate cosmic in-
ventory of elements, and this inventory
should represent very nearly the abun-
dances in the primitive universe. Brown’s
compilation is the latest and the most
complete. It shows that hydrogen atoms
are more abundant than all other kinds
together. As the atomic number increases
from hydrogen (1) to selenium (34),
the abundances drop precipitately. He-
lium (atomic number 2) is about one
tenth as abundant as hydrogen, oxygen
(8) less than one thousandth as abun-
dant as hydrogen, and selenium a billion
times rarer than hydrogen. The abun-
dance curve does not drop smoothly,
however. Atoms of even atomic number
are usually more abundant than neigh-
boring ones of odd atomic number; thus
iron atoms (26) outnumber both man-
ganese (25) and cobalt (27) about 200
times. Beyond selenium the abundance
curve flattens out.

Even when we know the relative
abundances of the elements, we need
still another kind of information to com-
plete our cosmic inventory. This infor-
mation is a count of the relative abun-
dance of isotopes found in nature for
each element, and it is crucial for the
construction of a theory as to how the
various elements originated.

Physicists find that among the ele-
ments of small atomic number the lighter
isotopes are more abundant; for exam-
ple, 99.76 per cent of all oxygen found
in nature consists in atoms of atomic
weight 16 (eight protons and eight neu-
trons), while the heavier isotopes, oxy-
gen 17 and 18 (with 9 and 10 neutrons,
respectively) together account for only
.24 of one per cent. Among the heavier
elements, this rule is reversed, and the
heavier isotopes are the more abundant;
thus uranium 238 is 139 times as com-
mon as uranium 235.

These results strongly suggest that
atoms lighter than, say, selenium, had a
different origin from the heavier ones.
Perhaps the nuclei of the lighter atoms
were formed by a building-up of protons
and neutrons in thermonuclear reactions
of the general type that still convert hy-
drogen into helium within the stars. The
heavier atoms may well represent the
result of a breaking-down of primitive
nuclei far more massive than any now
known, in a chain-reaction of nuclear
fissions on the scale of the universe itself.

e ———

Armin J. Deutsch, astronomer at Har-
vard University, was the author of
the article The Sun in the Novem-
ber, 1948, issue of this magazine.
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STARS OF MAIN SEQUENCE have similar spectra, indicating that they
are composed of elements in substantially the same proportion. The diifer-
ences from top to hottom in these 10 spectra are due to decreasing tempera-
ture. Notice that strong dark line of hydrogen at left center fades away.

STARS OUTSIDE MAIN SEQUENCE have spectra indicating unusual pro-
portions of elements. Second from the top is the spectrum of Theta Aurigae,
which like the other three spectra has three prominent lines. Just to the right
of the middle line, however, is a relatively strong line of the element silicon.
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THE PITUI'TARY

Its anterior lobe, which manufactures the widely
noted ACTH and other hormones, plays a major

part in the orchestration of the endocrine system

by Choh Hao Li

THYROID

b SOMATIC GROWTH

OGENIC HORMONE .. 7’

| MAMMARY GLAND |

ADRENAL CORTEX

THE ANTERIOR LOBE of the pituitary (dark part  thatstimulate growth and the secretions of other glands.
of cross section in center of chart) produces hormones  The glands in this chart are not drawn to the same scale.
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expressive of the misunderstanding

that has shrouded its career. This
master gland was discovered by Andreas
Vesalius, the 16th-century founder of
modern anatomy, in his dissections of
the human body. He found it to be an
ellipsoidal, pinkish-gray, primitively
formed mucosal mass about the size of a
cranberry. Lodged in the wedge-shaped
sphenoid bone at the base of the skull, it
is connected to the brain by a slender
stem of tissue. Because of its position
just above the nasal passages, Vesalius
deduced that its function was to secrete
phlegm into the nose, and he therefore
named it the pituitary from the Latin
word for phlegm.

Since Vesalius, many other functions
have been attributed to the pituitary,
now also known as the hypophysis from
the Greek word for an undergrowth.
Some early biologists toyed with the idea
that it secreted cerebrospinal fluid; oth-
ers thought it was the clearing house for
transferring cerebrospinal fluid into the
blood. At one point it was written off as
having no function: its primitive struc-
ture—evolution has changed it so little
that the general physiology of the pitu-
itary in man is quite similar to that in
reptiles—led some biologists to assume
that it was merely vestigial.

The beginning of our modern under-
standing of the pituitary was made in
1886 by the great French neurologist
Pierre Marie. Marie observed that peo-
ple with acromegaly—enlargement of the
face, hands and feet due to a resumption
of growth after maturity—had always
suffered destruction of the pituitary by
tumor tissue. He erroneously inferred
that the function of the pituitary was to
inhibit growth, and that the resumption
of growth was caused by the removal of
this metabolic brake. Despite his error
in interpretation, Marie’s observation of
a causal relationship between acromega-
ly and destruction of the pituitary served
to put investigators on the right track.

They soon recognized that other meta-
bolic disasters were associated with de-
struction or damage to the pituitary.
Some of these diseases reflect hyperfunc-
tion (overactivity) and others hypofunc-
tion (underactivity) of the pituitary.
True acromegaly occurs after the epi-
physeal cartilages, which separate the
bones in the growing child, have closed
up upon maturity. At this stage any ab-
normal resumption of growth, having no
outlet in the cartilage, takes place in the
acra (extremities), including the hands,
feet, chin, nose and the soft tissues such
as lips and tongue. Another disorder
caused by overactivity of the pituitary
gland is pituitary gigantism. In this
case—not the same as acromegaly—the
whole body grows to giant size, with all
the parts in normal proportion to one
another. It results from a continuous
growth of the individual, without the

THE very name of the pituitary is

closing of the bone-joint structures, be-
yond the normal age of maturity. A third
major expression of hyperfunction is
Cushing’s Disease, a generalized disturb-
ance of the pituitary-adrenal system.

Underactivity of the pituitary is best
exemplified by Simmonds’ Disease, a dis-
order that sometimes follows damage to
the pituitary by anemia during pregnan-
cy and occurs four times as often in
women as in men. This classical syn-
drome effectively reveals the boundaries
of the endocrine dominion ruled by the
pituitary. Simmonds’ Disease is precipi-
tated by total or near-total atrophy or
destruction of the pituitary. The result
is an endocrine disaster unmatched by
any other disorder of internal secretions.
Life gradually comes to a halt. There is
a loss of body hair and teeth; genital
atrophy; growing muscle weakness;
lowering of the pulse rate, blood pres-
sure, body temperature and basal meta-
bolic rate. The victim becomes hyper-
sensitive to heat or cold. The hungers of
the body, including sexual desire and
even the craving for food and drink, are
lost. The individual has the appearance
of accentuated senility. Toward the end
the totally wasted patient appears to
exist in a limbo, dedicated to death and
indifferent to life.

Less ubiquitous but nonetheless dis-
astrous are two other major diseases of
hypofunction linked with pituitary de-
struction: pituitary dwarfism or infantil-
ism, and Frolich’s Syndrome, a eunuch-
oid-like condition.

THE discovery that these endocrine
catastrophes were related to failure
of the pituitary alerted biologists to the
realization that the pituitary must be the
source of substances of critical impor-
tance to the normal functioning of the
human body. To find out precisely what
the pituitary’s responsibilities were, bi-
ologists began to investigate the effects
of removal of the gland in experimental
animals. Harvey Cushing, S. ]J. Crowe
and . Homans performed such opera-
tions on dogs in 1910. The chief diffi-
culty, largely responsible for the long
delay in learning what is now known
about pituitary function, lay in the fact
that surgical removal of the pituitary,
called hypophysectomy, is an extraor-
dinarily delicate operation. The opera-
tion itself was often fatal; it was not easy
to keep an animal alive after it was de-
prived of its pituitary, and even when
the animal survived the experimenter
could not be sure that its symptoms were
not caused by brain damage rather than
by removal of the gland.

In 1916 Philip E. Smith, then at the
University of California (he is now pro-
fessor of anatomy at Columbia Univer-
sity ), succeeded in removing the pitui-
tary satisfactorily from tadpoles, and by
1926 he had developed a successful op-
eration for the rat. Smith’s classical ex-
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periments, and those of others, demon-
strated that loss of the pituitary in
growing or mature rats was followed by
sweeping changes: cessation of general
body and skeletal growth; a decrease in
the size of the liver, spleen and kidneys;
atrophy of the gonads, thyroid and ad-
renal cortex and cessation of estrus in the
female; atrophy of the mammary glands
and suppression of milk production; low-
ering of the metabolic rate and dis-
turbance of the carbohydrate metabo-
lism; loss of the ability to adapt. Young
hypophysectomized rats remained sexu-
ally and otherwise immature, and in
these animals life could be maintained
only with difficulty.

But it was still not conclusively proved
that these changes could be attributed
only to the removal of the pituitary. To
prove it beyond doubt, it was necessary
to show that the animals’ lost functions
could be restored by providing a substi-
tute for the excised organ. This proof
was not long in coming. In 1930 Smith
implanted pituitary tissue under the skin
of hypophysectomized rats: the animals
thereupon resumed their growth and re-
covered their other lost functions. Mean-
while other investigators began studies
to determine the specific roles of the vari-
ous parts of the pituitary—the anterior,
intermediate and posterior lobes. They
found that all of the major body func-
tions described above were controlled by
the secretions of the anterior lobe.

The emphasis of pituitary research
now changed. Scientists focused on the
problems of determining the nature and
number of anterior pituitary secretions,
isolating these substances, and defining
the mechanism of pituitary influences.
By this time it was clear that the sub-
stances responsible for the control exer-
cised by the pituitary were hormones.
What were the hormones of the anterior
pituitary, and what was their relation-
ship to the already familiar hormones
of the adrenals, the thyroids and the
sexual organs?

OR a number of years Herbert M.

Evans and Joseph A. Long of the
University of California had been in-
vestigating the effects of cattle pituitary
extracts on rats. In 1921 they had per-
formed an historic experiment which
demonstrated that injection of such an
extract could cause normal adult female
rats to resume growth. Rats given the
extract for a long period grew to abnor-
mal size. These investigators concluded
that the pituitary might contain a
growth-promoting factor. After Smith’s
successful experiments in reawakening
growth in hypophysectomized animals
by means of implants of pituitary tissue,
Evans and Long found that they could
also achieve this result by injecting their
growth—promoting extract.

This work stimulated efforts to find
other pituitary factors. Smith found evi-
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dence for four, two of them involved in
the sexual cycle: 1) the follicle-stimu-
lating hormone (FSH); 2) the inter-
stitial cell-stimulating hormone (ICSH);
3) the adrenal-stimulating hormones
(ACTH), and 4) the thyroid-stimulat-
ing hormone. P. Stricker and F. Grueter
of the University of Paris proposed the
existence of a lactogenic, or mammary
gland-stimulating hormone. Thus a total
of six hormones from the pituitary was
postulated.

Until the hormones were isolated in
pure form, it was impossible to state un-
equivocally the precise function of each,
or to eliminate possible influences of im-
purities in extracts commonly used for
experiment. Eventually, by methods de-
veloped in the laboratory of the writer
and in other laboratories, five of the six
hormones were isolated in pure form,
and their chemical nature was studied.
The thyroid-stimulating hormone,
though not yet isolated in a pure form,
is available in extracts for experimenta-
tion.

These pituitary hormones are identi-
fiable as proteins with molecular weights
ranging from 20,000 to 100,000; i.e., the
molecules are 20,000 to 100,000 times
the weight of a hydrogen atom. Like all
proteins, they are made up of amino
acids, but some contain carbohydrates in
addition.

A particularly intriguing finding is
that the hormone counterparts in differ-
ent species of animals, though appar-
ently able to produce exactly the same
biological effects, are not necessarily
identical chemically. For example, the
lactogenic hormone isolated from cows
has a consistently higher content of the
amino acid tyrosine than has the same
hormone from sheep. There is a remark-
able difference between the molecular
weight of ICSH in sheep (40,000) and
in swine (100,000), though the molec-
ular weight of ACTH is identical for the
two species. Despite these chemical dif-
ferences, it is not yet possible to distin-
guish the biological effect of the hor-
mone of one species from that of the
other.

HE demonstration of the stimulating

action of pituitary hormones added a
radically new concept to the study of
internal secretions. It became clear that
with one exception the known hormones
of the pituitary do not participate di-
rectly in physiological reactions. The
pituitary acts like a generator or primer.
Its secretions are called tropic hormones,
meaning that they “turn,” i.e., change,
something else. Each tropic hormone has
a specific target organ. For example, the
target of the adrenocorticotropic hor-
mone ACTH is the adrenal glands; that
of the thyrotropic hormone is the thy-
roid. The tropic hormone spurs the tar-
get organ to action. Awakened by the
activating hormone, the target organ
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produces a second hormone which car-
ries out specialized tasks. The one non-
tropic exception among the pituitary
secretions is the growth hormone, which
appears to participate directly in general
growth processes.

Painstaking research has determined
the functions of each pituitary hormone
and shown how disturbances in its pro-
duction cause disease. The interrelation-
ships of the various hormones are, of
course, subtle and complex. Yet the gen-
eral responsibility of each can be de-
scribed. The six hormones may be di-
vided into two groups: 1) the gonado-
tropic hormones, which have to do with
the sex cycle, and 2) the metabolic hor-
mones, which tend the nutrition and
regulate the chemistry of the body.

The gonadotropic hormones are FSH,
ICSH and the lactogenic hormone. In
collaboration with their target organs
these hormones nurture the reproductive
processes. In the female, FSH stimulates
the development of immature ovarian
follicles, in which ova begin their career.
After the growing follicle has been
brought to maturity through continued
urging by FSH, ICSH instigates the ma-
ture follicle to form estrogens, the estrus-
producing hormones, and gives the folli-
cle impetus for further development as
a corpus luteum. The growing corpus
luteum is then brought to maturity by
the lactogenic hormone, which at the
same time stimulates the mammary
gland. Upon maturing, the corpus lu-
teum discharges an ovum and simultane-
ously produces the hormone progeste-
rone, which has the function of condi-
tioning the lining of the uterus for the
reception and development of the fer-
tilized egg.

The metabolic hormones are the thy-
rotropic, adrenocorticotropic and growth
hormones. The thyrotropic hormone, of
course, stimulates the thyroid gland to
secrete and produce the thyroid hor-
mone thyroxin. The metabolic well-
being of the body pivots on the precari-
ous chemical balance among these hor-
mones.

HE rest of this article will describe

mainly the effects of the growth
hormone and ACTH. In rats the injec-
tion of the growth hormone produces re-
markable results. For example, the pitu-
itaries were removed from a group of
young rats. Their growth stopped. Two
weeks later the experimenters began to
inject these dwarfs periodically with the
growth hormone. After a year of this
treatment, the rats had grown to about
six times their original weight. Although
they were giants in over-all appearance,
their endocrine glands—the adrenals, the
thyroid and the sex glands—were imma-
ture. On the other hand, all the bony
structures of these infantile giants
showed intensive development, and their
soft tissues had a pattern of biochemical
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changes similar to those considered to be
indicative of true growth.

For reasons which are not clear, it has
not yet been possible to stimulate growth
in human subjects, as it has been in rats,
with injections of growth hormone. Yet
it seems apparent that some day experi-
mental conditions will be found for using
this hormone to treat human dwarfism
and to combat diseases characterized by
wasting of the body’sreserves of proteins
and other organic compounds.

It is now known that the biological
activity of the growth hormone can be
modified by simultaneous injections of
other hormones. For instance, daily in-
jections of a small dose of thyroxin rein-
force the effect of growth hormone in
hypophysectomized rats. On the other
hand, ACTH counteracts the growth
hormone in such rats; it even inhibits
growth in normal growing rats.

The mechanisms whereby these hor-
mones influence the processes of growth
are not known, but it seems clear that
they must act by affecting the metabo-
lism of proteins, since true growth is gen-
erally interpreted as the accumulation
of proteins. Further research is certain
to provide a detailed understanding of
hormonal action which will give insight
into the processes of both normal and
abnormal growth.

The growth hormone and ACTH also
play a part in the metabolism of fats and
carbohydrates. Injections of high dos-
ages of ACTH into normal rats produce
an excess of sugar in the blood and
urine—the familiar symptoms of diabetes.
It has repeatedly been demonstrated
that ACTH produces diabetic symptoms
in man also. The English biochemist
Frank G. Young, the Argentine physi-
ologist Bernardo A. Houssay and others
have recently shown that injections of the
growth hormone can make normal cats
and dogs diabetic. There is no evidence
that this hormone has such an effect on
normal rats, but this species difference
is not surprising in the field of endocri-
nology. It is possible that genetic factors
are involved in the action of these hor-
mones. As for their effects on fat metab-
olism, it has been established that the
two hormones, or indeed any pituitary
hormone possessing metabolic activity,
can produce an excess of ketones or an
increase of liver fat in the body.

HE clinical implications of the re-

sults obtained from animal experi-
ments with ACTH and growth hormone
are great. Hormone therapy is, of course,
an old story—insulin, thyroxin, andro-
gens, estrogens and other hormones have
been in wide clinical use for some time.
But until a little over a year ago almost
no therapeutic use had been made of the
hormones from the master gland—the
pituitary. The delay in such application
can be attributed primarily to two fac-
tors. First, the pituitary hormones can



be obtained only in minute quantities:
the pituitaries of nearly half a million
hogs are required for the production of
one pound of ACTH. Second, the pitu- .

itary hormones have been isolated only A N T E R I 0 R P IT U ITA R Y
recently, so recently that thorough ani- N ik

mal experimentation has not been com-
pleted.

Yet a great deal of work has already
gone into the development of the foun-
dations for clinical use of ACTH, begin-
ning with the success of P. S. Hench,
E. C. Kendall and their associates at the
Mayo Clinic in the treatment of arthritis
with ACTH and cortisone and continu- :
ing with the investigation of their use : THYRGID
for a multitude of other ailments, in-
cluding some types of mental illness and
rheumatic fever.

There is a good reason for pressing
the expansion of sources of the pituitary
hormones and for pursuing their use in
clinical practice. This reason is that
treatment with some of the secondary
hormones is attended by certain dangers.
Animal experiments indicate that admin-
istration of target-organ hormones often
brings about an adverse reaction in the
pituitary. For example, after rats are
given large doses of estrogen, the pitui- NITROGEN
tary increases in size, and there is evi- SIMPLE COMPOUNDS
dence that the enlarged gland manufac- CARBON
tures more lactogenic hormone. In other FROM DIET OR
experiments, estrogen has produced pi-
tuiI:ary tumors. Lm%’ge injectlions of cogi- COMPOUNDS BODY TISSUES
sone may cause the pituitary to produce
less ACTH. In other words, there is some
indication that an excess of the target
hormone in the system causes a shift in
the dynamic state of the producing pi-
tuitary cells. It is as though the pituitary
must be active; if it is relieved of its
normal duties, it begins to free-lance.
The use of the primary hormones such
as ACTH would tend to keep the system
in better balance.

Up to now the method that has offered

the most promise for increasing the sup-
ply of pituitary hormones is the develop- CARBOHYDRATE PROTEIN FAT
ment of more efficient techniques for ex-
traction of the hormones from animal

organs. But we must not overlook the
possibility that these hormones may be
synthesized in the laboratory.

ADRENAL

LIVER

RECENT experiments of the writer in-
dicate that the biological activity of
ACTH, and of FSH, resides in peptide
fragments of these protein molecules.
ACTH protein as isolated from pituitary
glands has a molecular weight of 20,000.

It exhibits some features of behavior that
are unusual in a protein. For instance, PHOSPHATE
treatment with acids and heat does not

reduce its biological activity; in fact,
acid-heat treatment actually can greatly
enhance the hormone’s adrenal-stimulat-
ing activity. It was soon discovered that
peptide fragments obtained by splitting
(hydrolyzing) the protein hormone re- THE METABOLIC HORMONES of the anterior pituitary are distinguished
tain the biological potency of the hor- from its gonadotropic hormones. The growth hormone enters directly into
mone itself; the peptide mixture proved ~ the metabolic process; two others stimulate thyroid and adrenal cortex.
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THE GROWTH HORMONE of the anterior pituitary -
forms thin plates upon crystallization. These crystals
were prepared in 1948 by Choh Hao Li, Herbert M. Evans

highly active in the treatment of rheu-
matoid arthritis patients.

Now these active peptide mixtures
contain an average of only eight amino
acids and have an average molecular
weight of 1,200. The hope for the syn-
thesis of a protein having a molecular
weight of 20,000 is nil, but the synthesis
of a peptide from eight amino acids is
possible. A number of laboratories in this
country and abroad are now actively en-
gaged in the search for methods for the
isolation of the ACTH peptide and its
final synthesis. It is not too much to hope
that a synthetic process may be found
for the manufacture of this and related
pituitary hormones.

ACTH is the first biologically active
protein that has been found to retain its
physiological potency after partial hy-
drolysis. This observation not only raises
the possibility of synthesizing this hor-
mone but also suggests a search for simi-
lar behavior in other active proteins.
Once a peptide possessing ACTH activ-
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ity is synthesized, a broader investiga-
tion of the relationship between molecu-
lar structure and biological properties
will be instituted.

INALLY, we should not overlook the

possibility that the anterior pituitary
produces one or more hormones besides
the six already known. As a matter of
fact, there are some indications that the
pituitaries of animals which have been
receiving growth hormone for a long
period secrete a “cancer-producing hor-
mone.” Normal rats, after treatment with
growth-hormone injections for seven or
eight months, often develop tumors,
whereas hypophysectomized animals
subjected to the same treatment never
do. This suggests that the pituitary may
participate in the production of tumor
tissues. It is possible that the excessive
stimulation of growth by the injections
of growth hormone produces dynamic
changes in the pituitary, causing it to
secrete a cancer-producing substance.
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and Miriam E. Simpson of the University of California.
Five of six anterior pituitary hormones have been iso-
lated. The thyrotropic hormone is available in extracts.

The dynamic nature of the pituitary’s
functions has been demonstrated clearly
by the recent experiments of Hans Selye
of the University of Montreal, Cyril N.
H. Long of Yale University and others.
These investigators believe that the se-
cretion and manufacture of anterior pi-
tuitary hormones can easily be modified
by any type of stimuli. For example, var-
ious torms of stress will cause an in-
crease of ACTH output from the pitui-
tary, and thus enhance the activity of the
adrenal cortex. Still to be investigated
are the reasons for the increase in ACTH
production under these conditions; it is
clear, however, that the anterior lobe of
the pituitary gland is marvelously able
to adjust its functions according to the
internal and external requirements of the

body.

e ——————
Choh Hao Li is professor

of biochemistry at the
University of California.



The case of the occasional flasher

There’s a nearby but faint, cool, small star, catalogued
. L-726-8, that seemed no different from the other unvary-
ing stars in the heavens until Willem J. Luyten of the Uni-
versity of Minnesota, examining its image on a Kodak
Spectroscopic Plate, noticed an oddity. At unpredictable
X IX IR X % intervals, L-726-8 flares up by almost two magnitudes and
then in a few minutes sinks back to the 13th magnitude.

Why this little fellow should take it into its head once
in a while to emulate a nova, no one knows. Some night,
doubtless, a credible answer will be supplied by photog-

o raphy, which this year observes its centenary of partner-
ship with astronomy.

$ £ @ A new 112-page Kodak book, “Photography in As-
tronomy,” provides an introduction to the photography

of the night sky. It discusses properties of sensitized
materials and the reproduction of astronomical photo-
graphs. It’s available from your Kodak dealer at $2.75.
Eastman Kodak Company, Rochester 4, N. Y.

Multiple exposure by E. F. Car-

penter on a Kodak Spectro-

scopic Plate, Type 103a-0. Five .
images of L-726-8 are marked.
The very bright one is %2.
Twenty minutes elapsed be-
tween the first and last; each ex-
posure was two minutes.
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4107 mm Hg.

on the productien line
or in the laboratory

Low pressures of this order...
the vltimate in vacuum tech-
nique ...are an everyday
function for the Eimac type
HV-1 oil-diffusion pump.

Consider the potential pos-
sibilities a rarified atmos-
phere can mean to your
processing techniques...
then consider the outstand-
ing advantages of the Eimac
HV-1.pump —the most effi-
cient means of obtaining
the ultimate in low pressure.
Upon request ... complete
technical data is available.

ot

HV-1 VACUUM PUMP
Ultimate Vacuum 4 x 10-7 mm Hg.
Speeds up to 67 Liters/Second
Operates on 110 v AC or DC
Clear Glass Pump Barrel

No Liquid Cooling

No Charcoal Trap

Maintenance without Special
Tools or Skill

* Simple Pipe Flange Vac-System

Connection
m * No Mechanical Wear

EITEL-McCULLOUGH, INC.

2279 San Mateo Ave., San Bruno, California

*
*
*
*
*
*
*

Ampex Magnetic Tape Recorders
offer the only proved means of
making electrically reproducible
recordings up to 40,000 cps! Such
critical recording permits detailed
study of particular phenomena
fromtape loops, or other automatic
data reducing systems. Up to 14
channels of data recorded simul-
taneously on separate tracks where
required. Special systems record
down to O cycles with no phase shift
or wave form distortion. Write for
analysis of your specific problem.

UNLIMITED USES INCLUDE:

 Recording-Broadcasting

Ampex Magnetic Tape
Recorden ore avoilo-
ble in conale, rack or
partohle typey

® Aerophysical Research
® Multi-Channel Recording

@ Portable Half-Track
Recording

@ Industrial Recording
® Laboratory Research

® Telemetering
AR OF THE GREAL RA

AMPEX ELECTRIC CORF.
Son Corles, Calil.
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The Changing AEC

FOR the first time since the resigna-
tion of former Chairman David E.
Lilienthal last February the U. S. Atomic
Energy Commission is at full strength.
The last vacancy on the Commission was
filled by the appointment of T. Keith
Glennan, president of the Case Institute
of Technology. The Commission is now
composed of Chairman Gordon E. Dean,
Sumner T. Pike, Henry DeWolf Smyth,
Thomas E. Murray and Glennan. Of
the original Commission appointed in
1946 only Pike survives.

The new Commissioner is an electrical
engineer who began his career with
Electric Research Products, Inc., a sub-
sidiary of the Western Electric Com-
pany, which introduced sound motion
pictures. From 1935 to 1942 he served
in Hollywood with Paramount Pictures,
Inc., and Samuel Goldwyn Studios.
During the war he was director of the
U. S. Navy Underwater Sound Labora-
tory at New London, Conn., and from
1945 until he assumed the presidency of
Case in 1947 he was an executive of the
General Aniline and Film Company. He
is 45 years old.

Even as the Commission attained a
measure of stability, the most important
office in its domain was in a state of
change. Shortly after the appointment
of Dean as chairman, Carroll L. Wilson,
general manager of the Commission
since 1947, resigned with the statement:
“I regret I do not have the degree of
confidence in the chairman of the Com-
mission which I believe it is essential
that I should have in order to serve him
and the Commission effectively in ad-
ministering the program.” Wilson added
that he believed the Commission under
Dean had been invading the province of
the general manager. Two weeks after
his resignation and replacement by
Carleton Shugg the Joint Congressional
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Committee on Atomic Energy approved
a bill, requested by Dean, that would
substantially change the general mana-
ger’s role. The office of general manager
is filled by Presidential appointment. If
the new bill is passed, it will empower
the Commission itself to hire or fire the
general manager.

War Casualty

HEN the National Science Founda-
tion became law last May, the sci-
entists who had worked toward its
passage thought the dreary legislative
campaign that had lasted five years was
over and the chicken was finally hatched.
But they had not reckoned with the
House Appropriations Committee. Late
in August the Committee rejected Presi-
dent Truman’s request for $475,000 to
start the work of the Foundation. The
Committee members took the position
that the organization of the Foundation
must be postponed because it would not
“provide early aid to our defense effort.”
The scientists patiently went to work
again. The Inter-Society Committee for
a National Science Foundation was re-
activated under the leadership of How-
ard A. Meyerhoff, administrative secre-
tary of the American Association for the
Advancement of Science.

The only hope of action at this session
of Congress was that the Senate Appro-
priations Committee would restore the
cut. The President asked for such action.
Presidential assistant John R. Steelman
wrote the Senate Committee: “The
President has been preparing to nomi-
nate in the very near future 24 out-
standing citizens drawn from the fields
of science, engineering, agriculture, in-
dustry and public affairs to the National
Science Board which is the policy-
forming group provided for in the legis-
lation to guide the Foundation. To fail
to activate this very important agency,
at this critical juncture as we speed the
strengthening of other segments of our
defenses, would be to pass over a unique
opportunity to strengthen our scientific
research efforts, which as you well know
are of vital importance to the preserva-
tion of our security.”

The Uranium Rush

HE U. S. obtains the bulk of its ura-
nium from the Belgian Congo; its
second most important source has been
Canada. Recently the mining of uranium
in the U. S. has increased to the point
where the domestic output surpasses
Canadian imports.
Up to now uranium mining in the

U.S. has been largely limited to the Colo-



THE COMPLETELY NEW
AND DIFFERENT

DESK-TYPE
METALLOGRAPH

THE CITIZEN :

rado Plateau, in an area of 30,000 square
miles in Colorado, Utah, Arizona and
New Mexico. At a recent meeting of the
American Mining Congress in Salt Lake
City, Jesse C. Johnson, raw-material
operations manager of the Atomic En-
ergy Commission, said that promising
new deposits had also been discovered
in Nevada, Wyoming, Idaho, Montana
and Michigan. Some of the new finds in
Michigan and Utah appear to be the
first U. S. commercial discoveries of
pitchblende, which may yield 10 per

cent or more of uranium.

Color Television

AST month the Federal Communica-
tions Commission took a step toward
ending the long technical debate as to
how color television will come to the
radio spectrum. In a 184-page report
the Commission indicated that among
the systems so far submitted, it favored
the mechanical color system of the Co-
lumbia Broadcasting System. The FCC
ruled that the electronic systems of the
Radio Corporation of America and Color
Television, Inc. “fall short of Commis-
sion criteria.” The Commission did not,
however, take a final decision on the
adoption of color-television standards.
It postponed its decision to permit fur-
ther work on development of a means to
coordinate the CBS color system with
the present black-and-white system, and

allowed manufacturers until December
5 to submit other color methods.

The CBS color system is not com-
patible with present television receivers,
since it produces a 405-line picture in-
stead of the current 525 lines. But the
Commission favored it because the pic-
ture is of higher quality than in the other
color systems.

The Commission addressed a pointed
query to the manufacturers of television
receivers: Would they produce new sets
that could receive the present black-
and-white telecasts and also reproduce a
black-and-white picture from the color
broadcasts of the CBS system? (The lat-
ter could be converted to color by the
addition of a color wheel to the set.) If
so, the Commission might hold off its
decision for some time to allow the fur-
ther development of color systems. If
not, the Commission would probably
force the issue by deciding in favor of
the CBS system immediately.

Here is the up-to-date instrument metallographers have been waiting
for . .. many years ahead in simplicity and convenience of operation.

With the AO Metallograph you perform every operation while
sitting comfortably at a modern desk . . . compose the picture on the
ground glass screen right in front of you . . . focus the camera auto-
matically while you examine the specimen through the monocular
or binocular microscope . . . take notes, change magnification, adjust
the lamp, make the exposure—all with unbelievable speed, ease,
and precision. And from start to finish you need not move from your chair.

The AO Desk-Type Metallograph encourages better quality and
greater uniformity of results. Every user or potential user of metallo-
graphic equipment should learn more about this new AO instru-
ment. For your copy of our descriptive 12-page catalog write Dept.
K178.

A Few among Many New, Exclusive Features:

® Automatic Optical Focusing

® Choice of Monocular or Binocular Bodies

® Objectives on Revolving Turret

® Two Lamps—Visual and Photographic

® Choice of Arc or Ribbon Filament Photographic Lamp
® Autofocus Coarse Adjustment Stop

® Ball Bearing Fine Adjustment

® Graduated Ball Bearing Mechanical Stage

® Quick Selection of Magnification Without Charts

See the New AO Metallograph . —— .
Birth of a Reactor TR American @ Optical
and Congress In Chicago - N
October 23-27

T 2:30 a.m. on August 22 physicist
Lyle B. Borst, standing in the con-

trol room of the new nuclear reactor at
Brookhaven National Laboratory on

INSTRUMENT DIVISION « BUFFALO 15, NEW YORK

Manvufacturers and Designers of Precision Industrial Optical Equipment
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PENICILLIN
must be potent

Penicillin, one of the miracles of modern medicine, must be delivered to
the patient with its effectiveness unimpaired. This great germ-killer is
quickly ruined by the soluble elements found in ordinary bottle glass.
Until recently, a much more costly glass had to be used for Penicillin
containers.

This problem was permanently licked by ‘“Virginia’ know-how in
developing a successful application of “Virginia” Liquid Sulfur Dioxide
(SO.) in the manufacturing of inexpensive soda-lime glass bottles. The
improvement in the quality of these bottles was made possible by the
introduction of small quantities of our low-cost SO, into the cool-
ing lehr of the glass production
line, thus eliminating the unde-
sirable surface alkalis. ‘“Virginia”
technicians are thoroughly famil-
iar with this use of SO,—as they
are with its properties as a reduc-
ing agent, bleach, antichlor, and
pH control—through 29 years’
experience with it in over 40
different industries.

This unmatched proficiency in
the application of low-cost SO,
may be of immense value to you
if your processes call for a chem-
ical of its varied capacities. It
may work wonders with your pro-
duction costs and the quality of
your product. We’d like to coop-
erate with you in finding out.
Send for our free SO, booklet.
VIRGINIA SMELTING COMPANY,
Dept. SA, West Norfolk,Virginia.

Field Offices:
NEW YORK
BOSTON

PHILADELPHIA

DETROIT
CHICAGO | VIRGINIA |

ATLANTA
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Long Island, raised and lowered his
hands. It was the signal to remove the
control rods from the reactor for the first
time. Borst and nine other men tensely
watched the recording instruments of
the reactor. At 2:45 he turned to Robert
Turner, head of the operating crew, and
said: “I think you have a pile.” A self-
sustaining chain reaction was under way.

Although it is much smaller than the
giant reactors that produce plutonium at
Hanford, Wash., the Brookhaven reactor
is the largest in the U. S. for research
purposes. It is the sixth U. S. research
reactor and the 10th in the world (not
including possible research reactors in
the U.S.S.R.). It had been three years
and 11 days in the making, and the cost
of the installation was $25 million.

The Brookhaven reactor is an air-
cooled, graphite-uranium type. Its basic
structure is a great cube built up of
60,000 graphite bricks machined in
2,600 sizes and shapes. The cube is sur-
rounded by a massive concrete shield 38
feet from outside wall to outside wall.
It is interlaced with channels for the
aluminum-canned uranium fuel, the
boron control rods, the cooling air and
experimental substances. In regular op-
eration the reactor will develop 30,000
kilowatts.

Dianetics

DURING the past¥four months many
psychologists have been startled by
the success of a new book entitled Di-
anetics, by L. Ron Hubbard. In the
preface to the book, which bears the
subtitles “The Modern Science of Men-
tal Health” and “A Handbook of Di-
anetic Therapy,” the author states that
dianetics “will invariably cure all psycho-
somatic ills and human aberrations.”
One notable feature of his system is that
readers of the book may themselves prac-
tice as dianeticians.

At the September meeting of the
American Psychological Association in
State College, Pa., organized psychology
made its first anti-dianetic statement.
The Association unanimously adopted
the following resolution: “While sus-
pending judgment concerning the even-
tual validity of the claims made by the
author of Dianetics, the Association calls
attention to the fact that these claims are
not supported by empirical evidence of
the sort required for the establishment
of scientific generalizations. In the pub-
lic interest, the Association, in the ab-
sence of such evidence, recommends to
its members that the techniques peculiar
to dianetics be limited to scientific in-
vestigations designed to test the validity
of its claims.”

Standards for an Atomic Age

THERE are three primary references
for all physical measurements: the
standard meter bar, the standard kilo-



“It took radiography

to find the leak...”

O writes the inspection manager of one
of the nation’s leading manufacturers
of valves and fittings. “We had a problem
of porous valve seat ring castings showing
up at the final test of valves,” the inspec-
tion manager continued. “"With the aid of
our x-ray apparatus, defective castings were
found to be porous and gassy, causing the
leaks through the ring.

“After a thorough research, it was found
the foundry technique required somechanges,
resulting in sound castings as shown on
right of radiograph. A saving was effected
in eliminating the machining, assembling
and disassembling of unsound rings.”

This company’s experience is typical of
scores of others who have found that radi-

ography has become a development tool. It
not only diagnoses, but suggests treatment.

It shows where savings can be made, de- -

signs improved, new techniques developed.
Is there a place for industrial x-ray in
your business? A General Electric X-Ray
engineer will be glad to talk it over. Or
write for “Industrial Applications of the
X-Ray” — General Electric X-Ray Corp.,
Dept. TT-10, Milwaukee 14, Wisconsin.

Find out how you can get x-ray
inspection equipment under the
GE Maxiservice Plan. No cash out-
lay. Monthly service charge cov=
ers everything. Write for folder.

GENERAL @D ELECTRIC
X-RAY CORPORATION
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How to measure surface finish to
less than 1/1,000,000 of an inch

The Brush Surface Analyzer gives exact measurement of surface
finishes to less than 1/1,000,000 of an inch—and provides a perma-
nent record of each measurement as well as indicating the average
finish in micro-inches. This super-sensitive measuring and record-
ing device is rapidly becoming indispensable in more and more
industrial plants where precision work is demanded.

One user, Commercial Centerless Grinding Company, of
Cleveland, Ohio, employs the Brush Surface Analyzer to record
the surface finish of instrument parts. They say, “Until just a few
years ago, customers specified just ‘smooth finish’ when accurate
finishing was wanted. Today, many of our work orders carry exact
specifications, often requiring tolerances as low as one micro-inch.

“We use our Brush Surface Analyzer to make certain that all
surface specifications are being met, and to furnish the custorher
with a permanent record of our inspection results.”

Commercial Centerless has found that this builds customer con-
fidence and product endorsement that brings increased business.

If you manufacture or use precision parts, find out how you can
benefit from the accurate measurements and proven results made
possible by Brush Recording Analyzers. Write for more information.

3405 Perkins Avenue, Cleveland 14, Ohio, U. S. A.
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gram (both preserved in the Interna-
tional Bureau of Weights and Measures
at Sévres, France) and the mean solar
day. In recent years the shortcomings of
these standards have become increas-
ingly apparent. The standards of length
and weight cannot be reproduced inde-
pendently, and there are limits to the
accuracy of their reproduction. The
standard of time varies with irregu-
larities in the rotation of the earth.

Already the meter bar has been in-
formally replaced as a standard of length
by a wavelength of light emitted by the
rare isotope mercury 198. Now R. D.
Huntoon and U. Fano of the National
Bureau of Standards, writing in Nature,
suggest that all standards can be based
on the properties of atoms. The three
primary standards would be in terms of
(1) the mercury-198 wavelength as the
standard of length, (2) a frequency ab-
sorbed by the ammonia molecule as the
basis for the standard of time, and (3)
the ratio of the spin of the proton to
its magnetic moment, which can be used
as a basis for units of mass and units of
energy. Of the three, say Huntoon and
Fano, only the mercury-198 standard is
now sufficiently accurate, but the accu-
racy of the other two standards can
doubtless be improved.

Homing Lobsters

ERTAIN kinds of lobster appear to

possess a well-developed homing
instinct, like pigeons. This unexpected
talent of the edible crustacean was re-
cently discovered by two U. S. biologists
in Bermuda.

In a letter to Science Edwin P. Creaser
of Hofstra College and Dorothy Travis
of Harvard University described their
experiments in the waters about Non-
such Island, near the mouth of Ber-
muda’s Castle Harbor. From an area a
quarter-mile square they had taken a
number of spiny lobsters, a genus which
lacks the large pincers usually associated
with lobsters. They had then labeled the
lobsters with plastic tags or punches in
their tails and released groups of them
at various places outside the area. Some
of the lobsters were taken as far as two
miles out to sea and released in 1,500
feet of water.

In about a month after their release
20 per cent of the lobsters, including
representatives from every group, were
recaptured in the area where they had
first been caught. Some of them had
made their way five miles around points
of land and against shifting tides. Some
of those which had been taken out to sea
were recaptured only five days later.
How the lobsters had accomplished
these migrations, said the biologists, “re-
mains an unanswered and puzzling bio-
logical mystery.” There was no doubt,
however, that learning the ways of lob-
sters would assist in catching and con-
serving them.
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Because Revere salesmen and Technical Advisors
call upon companies in practically every industry,
they acquire a rather amazing fund of knowledge
about many widely different products and processes.
When no trade secrets are involved, knowledge thus
acquired from one company often can be transmitted
to another, with mutual benefit. Take the problem
Revere found in the condensers of an East Coast
electric utility. Cooling water comes from the harbor,
with the result that the tubes quickly become coated
with algae and other marine or-
ganisms, reducing the vacuum and
hence increasing fuel consumption.

The utility is exceptionally well
managed, and has a systematic
program of tube cleaning. How-
ever, it was found difficult to clean
the tubes effectively. Brushes and
rubber plugs, pushed through the
tubes, wore out rapidly, so that the
operation was inefficient and cost-
ly. Though the condenser tubes
were not made by Revere, we took
an interest in this. A Revere cus-

not hard enough to damage the brush. Canvas and
plywood were tried, without satisfactory results as
either target or brush was injured, or both. Revere
suggested making a target of foam rubber, and not
only that, found a source of supply of rubber of the
right consistency. This combination works perfectly,
and is in part responsible for the record of 300 tubes
cleaned per brush.

The average person would not think that an elec-
tric generating station would find good uses for nylon
brushes, foam rubber, and ply-

wood, but Revere through its con-
tacts with many industries, was
able to combine these three items
into a practical solution to a par-
ticular problem. The electric com-
pany states that when next it buys
condenser tubes, Revere will get
the order. That, however, is not
the point of this advertisement.
The significant thing is that here
we have an example of a supplier,
Revere, recommending products
other than its own, and acting as

tomer makes special nylon-bristled
brushes just for cleaning tube and pipe in dairies.
The Technical Advisor suggested trying a slight
modification of these. Results: over 300 tubes well
cleaned per brush, a much longer life than anything
previously used and a half-inch gain in vacuum,
meaning dollars and cents saved in fuel.

There was another problem here, arising from the
fact that the brushes are propelled through the tubes
by an air-water pressure gun, operating at about
75 pounds per square inch. See illustration. Under
that pressure a brush comes out of the far end of the
tube like a projectile from a gun. It has to be stopped
by something strong enough to take the shock, but

an advisor without fee. In the
course of our daily contacts we often note other sup-
pliers of materials to industry doing much the same
thing, so we claim no special virtue.

The purpose of this advertisement is to use an
example to point up our recommendation that no
matter what you buy, no matter what you make,
you take your suppliers into your confidence. You
can benefit not only from their knowledge of their
industry and its products, but also acquire non-
confidential information about other industries and
products. Facts thus obtained may be of considerable
value to you, yet cost nothing to obtain. All you have
to do is ask.

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
* DA Y

Executive Offices:
230 Park Avenue, New York 17, N. Y.
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ELECTRONICS

A general account of the means by which the smallest
fundamental particles are manipulated to accomplish
many subtle tasks of our technological civilization

by J. R. Pierce
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ODERN technology is made pos-
M sible by some understanding of

basic scientific laws or princi-
ples. Sometimes this understanding has
come in the train of practical applica-
tion; for instance, thermodynamics was
strongly inspired by the empirical in-
vention of the steam engine. In later
times this order has come to be re-
versed. The most recent important con-
tribution of physics to technology, the
atomic bomb, is the outgrowth of long
years of patient unraveling of nuclear
physics; it would never have been made
through mere garret inventing.

The development of electronics has
combined both of these prods to prog-
ress; its scientific foundations and its
applications have been closely inter-
twined, and each has inspired the other.
To explain the electron tube as the out-
growth of years of science for its own
sake would be to underestimate the im-
portance of such a contribution of genius
as Lee de Forest’s invention of the
audion, on which all our television,
radio and long-distance telephony de-
pend. On the other hand, much of our
present detailed understanding of ap-
plied electronics has grown out of more
basic studies, some aspects of which
were available long before de Forest hit
upon his invaluable invention without,
perhaps, fully understanding its opera-
tion.

Electronics deals with the behavior of
minute particles of electricity called
electrons. The name actually came be-
fore the thing, for in 1858 William C.
Richards wrote an epic poem in which
he ascribed the wonders of electric
telegraphy to a sprite he named Elec-
tron. It was not until 1891 that the Brit-
ish physicist G. Johnstone Stoney used
the word electron in its modern sense to
describe a fundamental particle of elec-
tricity, and not until 1897 that his fellow
countryman Joseph John Thomson dem-
onstrated the electron’s existence.

The idea that electricity consists of lit-
tle units goes back to that versatile Brit-
ish experimenter and theorizer Michael
Faraday. But Faraday was concerned
with the flow of electricity in liquids or
solids, and electronics could not be born
until men began to study electricity
moving freely in space, that is, the
motion of electrons in a vacuum. It was
through the study of electrical dis-

charges in crudely evacuated glass
tubes that the effects of the electron
were first detected and studied.

Geissler’s Tube

We may well start with Heinrich
Geissler (1814-1879), an itinerant Ger-
man glass blower turned physicist who
settled at the University of Bonn, where
he was eventually awarded an honorary
doctorate. Geissler was interested in
vacuum pumps as well as in glass-
blowing, and he made some improved
pumps for extracting the air from his
long, oddly shaped glass tubes. He dis-
covered that when a high voltage was
applied between two electrodes he had
sealed in the ends of a tube, the rarefied
gas in the tube glowed brightly.

Geissler’s tube was the ancestor of our
neon signs. But Geissler did not under-
stand the reason for the gas discharge
in his tubes. Others began to explore
this mystery, and among them was the in-
defatigable and ingenious experimenter
Sir William Crookes. Starting about
1878, Sir William made several experi-
ments with glass tubes similar to Geiss-
ler’s but shorter and stubbier. As he
pumped the air from his tubes, Crookes
saw the same glow Geissler had ob-
served. He noticed, however, that as the
pumps worked longer and a higher
vacuum was obtained, the glow became
fainter and finally almost vanished. But
now the glass wall of the tube opposite
the negative electrode shone softly.
Crookes realized that something—gas,
particles, rays or whatever—was strik-
ing the glass.

To investigate this he put little metal
obstacles in his tube. They cast a sharp
shadow on the wall opposite the nega-
tive electrode. Crookes now knew that
the something he was dealing with
traveled in straight lines. He then placed
a little metal paddle wheel in the path
of this stream of something. The paddle
wheel turned when the beam struck it.
Crookes decided that the mysterious
agent whose impact turned the paddle
wheel must be a stream of tiny particles.
He called this luminous, tenuous stream
of particles a “fourth state of matter”—
neither solid, liquid nor gas but some-
thing finer than any of them.

The curious thing is that he was right
about the existence of a stream of par-

IGNITRON is a modern electronic tube in which the electrons flow from hot
spots on a pool of mercury through a gas to a positively-charged electrode.
In the photograph on the opposite page the mercury pool and its igniter
electrode are at the bottom. The positive electrode is out of the picture at the
top. This photograph and the strip at the right, which was made at 2,000
frames per second, were undertaken by H. W. Lord of the General Electric
Company to analyze the behavior of the hot spots. Studies of pictures of this
kind indicate that under certain conditions the spots attain a velocity of 40
feet per second. They also indicate that as the current flowing through the
tube increases, the spots divide at currents averaging 15 amperes per spot.
As the current decreases, spots die at currents averaging five amperes.
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THREE BASIC ELEMENTS of electronic tubes are
cathode, anode and grid. The cathode is a negatively-
charged electrode which emits electrons. The anode is a
positively-charged electrode which attracts electrons.

ticles but incorrect in deducing them
from the turning of the wheel. Twenty
years later Thomson showed that what-
ever caused the paddle wheel to turn,
it was surely not the impact of charged
particles!

Crookes caused the stream of particles
in his tubes to strike various substances
and found that some of them glowed
much more brightly than glass. (In
modern television tubes the substances
that glow so brightly when a stream of
electrons strikes them are phosphors.)
Crookes also found that a magnet could
bend and twist the stream of particles,
but apparently he did not understand
what he saw.

In 1895 Jean Perrin, a French investi-
gator, correctly deduced what the de-
flection of Crookes’ stream of particles
by a magnetic field meant. Uncharged
particles, such as molecules of gas,
would not be deflected, but charged par-
ticles in motion in a magnetic field
would. Most important, the direction of
deflection would depend on whether the
charge was positive or negative and on
the direction of motion with relation
to the magnetic field. Perrin knew the
direction of motion and the orientation
of the magnetic field; from this he was
able to determine that the particles’
charge was negative. Crookes” “fourth
state of matter” had been identified as
a moving cloud of negatively-charged
particles.

Were all the particles in the cloud of
the same type? In 1897 Thomson began
to investigate their nature. He cut the
cloud of charged particles down to a
well-defined beam by passing them

32

through two lined-up apertures, and to
this stream he applied both an electric
and a magnetic field.

Now the two kinds of field act on a
charged particle in different ways. An
electric field, created by a voltage be-
tween two sheets of metal, urges a
negative particle toward the positive
electrode whether the particle is moving
or not. The electric force involved in the
particle’s attraction toward the electrode
is proportional to the charge on the
particle times the strength of the elec-
tric field. A magnetic field, on the other
hand, exerts a force on a charged particle
only if the particle moves across the
magnetic lines of force. Hence the speed
of the particle now enters the calcula-
tion; the force deflecting it is propor-
tional to the speed of the particle times
the charge on the particle times the
strength of the magnetic field. When
either a magnetic or an electric field
bends the path of a particle, the amount
of bending varies inversely as the mass of
the particle.

Thomson applied these facts to meas-
ure the physical properties of the parti-
cles. He first measured the deflection
caused by a magnetic field of known
strength. Since he knew the strength of
the field, he was able to calculate the
relation between the particle speed and
the ratio of the charge of the particles
to their mass. He then balanced the de-
flecting effect of the magnetic field by
an electric field. This additional informa-
tion told him the velocity of the parti-
cles. He could then calculate the ratio
of charge to mass for the particles; that
is, how much electricity they carried per
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The grid controls the flow of electrons from cathode to
anode. Tube at left contains a simple cathode. Tube in
center, containing cathode and anode, is a diode. Tube
at right, containing cathode, anode and grid, is a triode.

pound. He found that this ratio of charge
to mass was the same for all the particles,
and that the particles were remarkably
light. They were much electricity and
little matter.

Although Thomson’s experiment
showed that these new particles, now
called electrons, were very much alike, it
was not yet demonstrated that they were
all the same. To do this, it was necessary
to measure the charge carried by the
particles, and this was done in a number
of ways. The most decisive was a series
of experiments begun in 1909 by Rob-
ert A. Millikan, then at the University of
Chicago. He caught electrons by ones,
twos and threes on tiny drops of oil and
measured the forces exerted on them by
an electric field. Millikan’s experiments
showed conclusively that all electrons
have exactly the same charge. Clearly all
electrons must also have the same mass,
for Thomson had shown that all elec-
trons have the same ratio of charge to
mass.

The experiments in bending the path
of electrons suggested an interesting
question. If magnetic and electric fields
could deflect streams of electrons, was
it possible that such fields might also
focus an electron stream, as lenses focus
a beam of light? By 1926 the German
physicist H. Busch had proved that this
was indeed the case. He showed that all
symmetrical electric and magnetic fields
act on streams of electrons much as
lenses act on rays of light, and electron
optics was born. From it has come such
a great tool as the electron microscope.

But we are concerned here princi-
pally with the electron tube. The first



question we must consider is the source
of electrons. There are several ways in
which an electron can be released from
matter. In a gas-discharge tube the proc-
ess by which electrons are knocked out of
the negative electrode is very compli-
cated and roundabout. The free, moving
electrons in the tube run into molecules
or atoms of gas. When the collision is
sufficiently violent, an electron may be
knocked out of the molecule, which is
thereby left with a net positive charge.
This positive ion is attracted toward the
negative electrode of the tube. On finally
striking that electrode, it can knock one
or more electrons out of the metal.
Electrons can be knocked out of a
metal or other substance by electrons as
well as by positive ions. This is called
secondary emission, the “secondary”
electrons being the electrons knocked
out, as distinguished from the primary
electrons which do the knocking. One
primary electron may produce several
secondary electrons. This process is of
great technological importance. Equally
important is the release of electrons by
radiation such as light or X-rays, a phe-
nomenon called photoelectric emission
and employed in the photoelectric cell.
But the form of electron release that
has perhaps the greatest technological
importance is thermionic emission,
which means the escape of electrons
from hot metal. This effect was observed,
but not understood, as early as 1884 by
Thomas Edison. He noticed in an early
electric lamp that a flow of electricity
occurred between the hot luminous fila-
ment and a cold electrode also sealed in
the bulb. Edison showed the phenome-
non to a visiting British electrical engi-
neer, W. H. Preece, and paid no more
attention to it. Preece took the news to
Britain, where the physicist J. A. Flem-
ing (who was later to make the first
electron tube) and others showed some
interest in it. In 1900 Thomson strongly
asserted what proved to be the explana-
tion of this effect, and his pupil O. W.
Richardson later elaborated it in detail.
The free electrons in a metal are in
continual motion. As the temperature of
the metal is raised, the motion speeds up.
If the metal is heated sufficiently, the
electrons-become so agitated as to boil
right out past the barrier at the surface.
That barrier is important. Electrons
must move very fast indeed to escape
from tungsten, the metal of which in-
candescent lamp filaments are made;
tungsten filaments must be heated white-
hot to give much thermionic emission.
In 1904 the German physicist A. R. B.
Wehnelt discovered that if a metal is
coated with certain substances, elec-
trons can escape from it at much re-
duced temperatures. Later, through
work at the Bell Telephone Labora-
tories' and elsewhere, it became clear
that oxides of -barium and strontium
are the most suitable coatings, and

these are now almost universally used.
Electron Tubes

We have, then, a ready source of
electrons—thermionic emission—and the
knowledge that electrons are attracted
by a positive electrode and repelled by
a negative electrode. How can one make
use of this knowledge? The answers
were supplied by Fleming in the diode
tube and by Lee de Forest in the audion,
or triode.

The diode, the simplest of electron
tubes, consists of a hot, electron-emitting
cathode and a cold, electron-collecting
plate that serves as anode. If the plate
is made positive with respect to the
cathode, electrons will flow to it; if the
plate is negative, no current can pass
through the tube. Thus the diode can be
used as a rectifier to change alternating
current to direct current. In your AM
radio a tiny diode changes the received
signal, a high-frequency alternating cur-
rent, into a unidirectional current whose
strength varies with the sound. Other
diodes are used in your radio set to
change the alternating current of the
house electric supply into the direct cur-
rent needed to operate other electron
tubes.

De Forest’s contribution was the in-
troduction of a third element of revolu-
tionary effect. Like the diode, the triode
has a hot emitting cathode and a non-
emitting anode or plate. Between the
two is an open electrode made of fine
wire, the grid. The plate is kept positive
at all times and the grid somewhat nega-
tive at all times. The negative grid repels
electrons, but some of them can go to
the attracting plate through the inter-
stices of the grid. The number of elec-
trons that reaches the plate per second,
and therefore the strength of the plate
current, depends on how negative the
grid is made. If the grid is made very
negative, the stream of electrons is com-
pletely blocked and the plate current is
turned off entirely. If the grid is only a
little negative, the plate current can be
quite large. Thus the negative grid acts
to control the plate current. The tube
can in fact be used as an amplifier, for
a small change in the electric potential
of the control grid can cause a large
power change in the plate circuit. The
revolutionary achievement of the triode
is this amplification; it has made long-
distance communication possible and
has given birth to a whole family of
negative-grid tubes for a great variety of
purposes.

It a condenser and coil are provided
between the plate and the grid, one ob-
tains an electric oscillator. The amplify-
ing effect of the tube tends to intensify
any swinging disturbance in the circuit,
and so produces a sustained electric
oscillation. Oscillators are.used to gen-
erate the radio signals in radio trans-
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HOT CATHODE is a piece of metal
heated so that electrons boil from its
surface. Surface can be treated to
enhance the emission of electrons.

COLD CATHODE yields a few elec-
trons to anode. If tube is filled with
gas, electrons produce ions which
knock other electrons from cathode.

SECONDARY EMISSION occurs
when fast-moving electrons strike a
metal plate. Incident electron can
knock out three secondary electrons.

\

P

PHOTOELECTRIC EMISSION of
electrons occurs when light strikes a
photosensitive surface. This effect is
utilized in the photoelectric cell.
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ELECTRON GUN is the fundamental means of producing a heam of elec-
trons. In this schematic drawing the cathode is the electron-emitting surface
at the far left. The electrons travel through a hole in the grid and through
another hole in the anode. The third hole defines the beam more sharply.

LONG COIL may be used to focus beam of electrons. When current passes
through the coil, it is surrounded by a magnetic field parallel to its axis. The
field exerts no force on electrons moving parallel to the coil’s axis, hut elec-
trons crossing the magnetic lines of force are turned back toward the axis.

SHORTER COIL may bhe used as a magnetic lens to focus electrons. Near the
center of the coil the magnetic lines of force are parallel to its axis. Toward
the ends of the coil, however, the lines of force bend away from the axis. An
electron entering the coil away from the axis is thus forced toward it.

TWO PARALLEL PLATES may be used to deflect an electron beam. If one
of the plates is made positive with respect to the other, the electron beam is
bent toward the former. The charge on the two plates may rapidly he altered
to move the electron beam (see the tube drawing at the top of page 36).
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mitters, and negative-grid amplifiers
intensify these signals before they are
sent out.

The triode was the first important
electron tube, and its relatives are still
the most important and flexible of tubes.
The triode itself has of course been
greatly refined. In early tubes the elec-
trons came from a white-hot tungsten
filament. Now they come from the emis-
sive coating on a dully glowing nickel
tube or button, heated by an insulated
tungsten spiral. In the early tubes the
grid was a coarse structure far from the
cathode. In one modern triode the grid
has 1,000 wires per inch, each wire
about a tenth the diameter of a human
hair, and the grid is only one half of a
thousandth of an inch from the hot
cathode.

In some of the triode’s descendants
more grids have been added, making
the tube a tetrode, pentode, hexode,
heptode and so on. The additional grids
make it possible to use the negative-grid
tube at higher frequencies and increase
its versatility and efficiency.

The diode and the triode use a broad
flood of electrons which, like water
spreading over a surface, avoids the
heights (negative electrodes) and
rushes down a declivity (toward the
positive electrode). But we should re-
member that electrons can also be chan-
neled in narrow, well-defined beams,
and that these can be deflected elec-
trically and magnetically. Surely these
facts must be of some technological im-
portance. Indeed they are. In the hands
of Ferdinand Braun in Germany and of

. B. Johnson in this country they gave

us the cathode-ray tube, the progenitor
of today’s television picture tube, and
Philo T. Farnsworth and Vladimir K.
Zworykin of the U. S. added other in-
gredients to create the tubes used in
transmitting television.

Beams

In a television tube an electron gun is
used to produce an electron beam. The
electrons are emitted by a flat disk
coated with emissive material and
heated by a tungsten coil. Just beyond
the disk a negative electrode with a
circular aperture serves, like the grid
of the triode, to control the intensity of
the electron beam, and helps to focus
the beam as well. A positive apertured
electrode pulls the electrons through the
aperture in the grid electrode and accel-
erates them to a high speed. Still an-
other aperture limits the size of the
beam. The beam that then emerges
from the gun is focused to a fine spot
by means of a magnetic or electric field,
which serves as a “lens.”

The electron gun that produces a
beam, the magnetic or electric lens that
focuses it and electric or magnetic de-
flectors that bend it form the ingredients



of the cathode-ray tube and of the tele-
vision picture tube. In these tubes a con-
trolled beam of electrons is focused in a
small spot on a fluorescent screen at the
end of the tube, and the fluorescent ma-
terial glows brightly under the impact
of the electrons. The deflecting elec-
trodes or coil, placed before the screen,
can bend the electron beam and cause
the bright spot on the screen to move
horizontally or vertically.

In the cathode-ray oscilloscope the
electron beam is swept smoothly across
the fluorescent screen from left to right,
tracing a bright line on the screen. At
the same time the beam is deflected up
and down according to the voltage in
some circuit. Thus an exact picture of the
variation of voltage with time can be
obtained. The cathode-ray oscilloscope
is the experimenter’s most valuable diag-
nostic aid. In the television receiver, as
the electron beam sweeps successive
lines across the screen the television
signal applied to the grid electrode varies
the strength of the beam, thereby pro-
ducing bright or dim spots on the
screen; in this way the whole picture is
repeatedly painted.

Television pickup or camera tubes,
such as the iconoscope and the orthicon,
are photoelectric cells that pick up the
light image and convert it into electric
current. Since the light available is often
very faint, a device providing secondary
emission of electrons is sometimes used
to strengthen the current. The photo-
electrons released from the photosensi-
tive surface on which the image is
tfocused by the camera lens are acceler-
ated toward and strike an electrode
treated so as to emit three to five sec-
ondary electrons for each primary photo-
electron that strikes it. In turn, these
secondaries can be accelerated to an-
other secondary emitting surface, and so
on. By such means the output current
can be made a hundred thousand to sev-
eral million times as great as the original
current of electrons expelled from the
photosensitive surface, which explains
why television cameras can obtain satis-
factory pictures in relatively dim light.

The image orthicon is a wonderful
example of how the various physical
phenomena of electronies can be brought
together cooperatively in a technological
device. In this tube a camera lens
focuses a light image of the scene to be
televised on one side of a thin trans-
parent sheet of photosensitive material.
Photoelectrons emitted from the other
side of the sheet are accelerated by an
electric field and focused by a magnetic
field on the surface of a second very
thin sheet of insulating material. The
striking electrons cause a charge pattern
on this surface, a pattern which corre-
sponds faithfully in intensity to the light
pattern falling on the photoelectric sur-
face. But each electron that strikes
causes several electrons to leave, so the

pattern is positive rather than negative.

The insulating sheet on which the
charge pattern is formed is so thin that
the side opposite to that struck by elec-
trons attains essentially the same poten-
tial. An electron beam scans this opposite
side repeatedly, tracing out the whole
surface. The surface takes up just
enough electrons from this beam to
make up for the secondaries lost on the
other side and neutralize the charge on
the surface. The rest of the electrons
in the beam turn back. Thus as the beam
scans the surface the returning current
varies in intensity with the charge on the
insulating surface and hence with the
brightness of the picture. The returning
current is amplified by a secondary emis-
sion multiplier to form the electric out-
put of the tube.

So far we have considered the pro-
duction and use of electron beams
whose currents are best measured in mil-
lionths of an ampere. Can more intense
electron beams serve some useful pur-
pose? Of course they can and do, but
there is more than electron beams to this
story. It takes us into the whole field
of microwave radio.

Tubes for Microwaves

The story of radio began with radio
waves a few feet long, waves of very
high frequency. Soon these were re-
placed by low-frequency waves miles in
length. The generation of these long
waves involved large coils and huge con-
densers. When, somewhat before World
War II, experimenters began to work
with waves only a few inches long, they
had to use entirely new types of circuits,
for the coils and condensers necessary
to produce such short waves would be
hopelessly small, delicate and inefficient.

One of the new devices developed to
create microwave oscillations was the
cavity resonator. A cavity resonator is a
metal enclosure containing alternately
a magnetic and an electric field. A
change in the magnetic field produces
an electric field, and a change in the
electric field in turn produces a magnetic
field. The electric and magnetic fields
repeatedly change in strength and re-
verse in direction; energy in the reso-
nator is continually transformed from
electric energy to magnetic energy and
back again, swinging back and forth bil-
lions of times a second.

Suppose that a steady electron beam
is shot through a cavity resonator and is
acted on by the rapidly fluctuating elec-
tric field. The electrons passing through
are alternately slowed down and speeded
up, as the changing electric field retards
or accelerates them. As a result, the
electrons that have been speeded up
overtake the slower ones and form
bunches; the originally smooth beam
then becomes a fluctuating current.

What we have come to in our piece-
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meal description is the klystron, the
earliest of microwave amplifiers and one
of the most versatile of microwave tubes.
In a klystron amplifier a beam from an
electron gun, perhaps focused by a mag-
netic field, is passed through two cavity
resonators. The first resonator, excited
by the microwave radio signal to be
amplified, has an electric field propor-
tional to the strength of that signal, and
this fluctuating field acts to accelerate
and retard the electrons in the beam.
The beam then leaves the resonator and
travels through a drift space in which
the speeded electrons overtake the
slowed electrons and the beam becomes
bunched. When the bunched beam
passes through the second resonator, it
excites an electromagnetic oscillation
and produces an amplified output signal.

During the war klystron oscillators
were used in radar receivers. Now they
serve as amplifiers in the radio relay link
that carries television programs between
New York and Boston. In short bursts
or pulses klystrons have generated the
most powerful radio signals ever made—
microwaves having powers as great as
20 million watts!

A more recent microwave circuit is the
traveling-wave tube. A stream of elec-
trons is shot down the center of a long
helix—a coil of wire much like a stretched
door spring. The helix itself receives a
microwave radio signal which travels
along it at a speed a little slower than
that of the electrons. The electric field
of the radio signal acts on the electron
stream to bunch the electrons into groups
of greater than average density. The
bunched stream of electrons in turn acts
to strengthen the radio wave traveling
down the helix. The action may be
likened to that of a wind blowing over
the surface of a rippled pond and rais-
ing the small ripples to sizable waves.
The “electron wind” in a traveling-wave
tube can multiply the power of the radio
wave in the helix as much as 10,000
times.

The traveling-wave tube has even
newer relatives, including the “double
stream” amplifier. In this device two
electron streams of different velocities
are intermingled. Between them there
takes place an interaction similar to that
between the electron stream and the
helix of the traveling-wave tube, and the
resulting amplification can be even
higher than that of the traveling-wave
tube.

A more remote relative of the klystron
is the wartime magnetron, which made
possible microwave radar of very tiny
wavelengths (in the centimeter range).
The magnetron has resonators in the
form of radial slots cut in the inside
surface of a thick tubular anode sur-
rounding a central cathode. A cloud of
electrons drawn from the central cathode
is bent and set into a whirling motion by
a magnetic field. This whirling cloud
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CATHODE-RAY TUBE may utilize two sets of plates
such as those shown at the bottom of page 34 to move an
electron beam in three dimensions. At theleft end of the
tube is an electron gun. To the right of it is one pair of

interacts with a signal in the surround-
ing circuit much as the long stream of
electrons interacts with the radio wave
traveling along the helix in the traveling-
wave tube. By this means, powerful
microwave oscillations can be obtained
for short periods—powers of over a mil-
lion watts lasting perhaps a few ten-
millionths of a second.

For the production of continuous
power at high frequencies a little short
of microwave frequencies, there is an-
other new tube: the resnatron. A recent
tube of this type for operation at a fre-
quency of 500 megacycles employs 48
separate electron streams shot through
slots which act as grids, and it gives a
continuous power of 500 kilowatts.

The tubes described so far are vacuum
tubes. There are also modern counter-
parts of Geissler’s gas tubes—gas diodes,
gas triodes ( called thyratrons) and other
types as well. All gas tubes have two fea-
tures in common. First, when the anode
is positive they can easily be turned on
by raising the grid or anode voltage a
little, but once turned on, current will
flow until the anode voltage is reduced
to near zero. Secondly, a gas tube of a
given size is capable of carrying a much
larger current with less loss than is a
vacuum tube.

If size and power were the measure of
importance, then the most noteworthy of
electron tubes would be the type that
uses a mercury pool. In this device the
cathode is not a hot filament or tube but
a little bright spot that skitters over the
surface of the pool of mercury. One of
the most flexible of mercury-pool tubes is
the ignitron. Current flow is initiated by
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applying a voltage to a resistive igniter
electrode which extends into the mer-
cury pool. The discharge can be stopped
only by reducing the anode voltage to
zero. The most powerful ignitrons are
enclosed in metal tanks rather than glass
bulbs. They can handle currents of sev-
eral thousand amperes. Small ignitrons
are used extensively in welding equip-
ment. Large mercury—pool tubes, igni-
trons and others, are used chiefly to
change alternating current into direct
current in the operation of electric rail-
ways and in the electrochemical indus-
try, particularly in the production and
refining of aluminum, magnesium, zinc
and copper.

Electron tubes provide our technology
with a variety of tools. Sensitive photo-
cells can sense faint lights, and televi-
sion tubes can seize on and reproduce
whole moving scenes. Cathode-ray oscil-
loscopes can picture the workings of
complicated circuits or apparatus. With
the development of many special elec-
tronic devices, and particularly with the
coming of electronic computers, a va-
riety of special tubes have been devel-
oped to perform complicated functions.
Negative-grid tubes are used in connec-
tion with all of these devices to amplify
signals, and they perform a wide variety
of other functions as well. Finally, under
the control of these high-vacuum tubes,
thyratrons and ignitrons can handle large
currents, turning them on and off
quickly, and can control the speed of
powerful motors. In another field,
vacuum tubes can send out radio and
radar signals with powers of thousands
and millions of watts.
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deflection plates. Further along is another pair of plates
at right angles to the first. By means of these four plates
the beam can be made to paint an image on the flu-
orescent material which coats the end of the tube.

Perhaps most important, however,
electron tubes make it possible to am-
plify faint signals and to perform com-
plicated operations at a speed and with
a precision tremendously beyond the
capability of any mechanical contriv-
ance, even the finest instrument or watch.

The Impact of Electronics

Between 1930 and 1949 the annual
business in radio tubes, which account
for the bulk of the electron-tube indus-
try, in the U. S. went from $120 million
to $300 million, and the number of tubes
manufactured from 52 million to 230
million. But statistics tell much less about
the impact of electronics on our lives
than do the radio and television sets in
our homes. A world without electronics
would be a dumb world to us. It requires
a little imagination to recall the pre-
radio world. In that world there was no
morning weather broadcast to tell one to
wear or not to wear a raincoat; there was
no following of the day’s news hour by
hour. If people wanted music in their
homes they had to play it, or listen to a
tinny phonograph which rasped out
coarse sounds and ground up records.
They could go to the movies, but the
movies were silent, for the sound that
goes with the picture today is a product
of electronics. The more distant of their
friends, relatives and business associates
were out of reach by telephone. No
public speaker could be heard by an
audience larger than could crowd within
the reach of his voice.

There was radio of a sort before elec-
tronics. There was long-distance tele-



phony, and in dry weather the telephone
user could shout from New York to
Denver. There were phonographs of a
kind. Behind the revolutionary present-
day improvements in all these devices is
a particu]alr common magic—the magic
of amplification. The days before the
audion initiated electronic amplification
may be likened to the days when a man
made his bicycle go by pushing on the
pedals. The post-audion dJdays belong
with the automobile. The driver who
steps on the gas merely controls the
power of the machine; he does not push
the car along.

In the making of a modern phono-
graph record the sound generates a tiny
electric current, which need do no work
at all. An electron-tube amplifier, deriv-
ing its power not from the voice or music
but from the city electric supply, drives
the cutting stylus that forms the groove
in the record in a faithtul reproduction
of the tiny fluctuations of voice or music.
Similarly in playing the record the
phonograph pickup merely translates the
wiggles of the groove into a tiny elec-
tric current; it is the powerful output of
the amplifier that drives the paper cone
of the speaker in and out in a faithful
reproduction of the motion of the light
stylus in the groove of the record. In
telephony the electric current that oper-
ates the telephone receiver your listener
holds to his ear in Los Angeles is not the
current that leaves your instrument in
New York. That current has been repro-
duced by amplifiers many times. In the
radio transmitter the tiny current from
the microphone controls the power out-
put of amplifiers delivering tens of kilo-
watts to follow faithfully the small varia-
tions that distinguish speaker from
speaker.

But amplification is not the sole serv-
ice performed by the electron tube. It
is used to transform low-frequency pow-
er into high-frequency power, and this
affects our lives in many other ways.
By means of high-frequency currents
the inside of a person’s body, a layer
of glue between thick boards, a metal
part suspended in an evacuated bulb
can be heated in an accurately controlled
manner. For the nuclear physicist the
electron-tube oscillator produces the
high-frequency, high-power voltages by
means of which cyclotrons, synchro-
cyclotrons and linear accelerators speed
atomic particles to energies of many mil-
lions of volts.

Besides the functions of amplifica-
tion and production of high-frequency
power, electron tubes perform certain
other jobs in which their great speed is
the main consideration. Electronic de-
vices now are at least 1,000 times as fast
as their mechanical counterparts, and
inherently they are a great deal faster.
Sometimes this speed may be used
merely to achieve an economy in an old
function. For example, electronic equip-

ment in telephone exchanges, in place
of the present electromechanical mech-
anisms, may give us speedier service in
the future. The speed of electronic cir-
cuits can also lead to entirely new re-
sults. Many of the functions necessary
in a television set are of this sort; they
are neither amplification nor mere pro-
duction nor control of high-frequency
currents, and these functions must be
performed so speedily that only electron
tubes can do them. In another field, that
of computation, electronic calculating
machines have been used to solve prob-
lems in applied mathematics which
would never have been attempted with
electromechanical machines. In still an-
other field, electron tubes are essential
in the measurement and control of
nuclear reactors.

Year by year the scope of electronics
becomes broader and the tunctioning of
electronic circuits becomes more com-
plex. New electron tubes continually
turn the well-tried behavior of electrons
to new and fruitful uses.

The Future

It is not always easy in these days of
rapid advance to distinguish what has
already been achieved from what is yet
to come. Sometimes the newspapers her-
ald almost as an accomplished fact a
giant electronic brain that has only
passed from being a gleam in an enthu-
siastic worker’s eye to being a chronic
pain in a discouraged worker’s neck.
What predictions can be made about
future developments in electronics?

Some things we can see rather clearly
in a general way. There will certainly
be commercial color television, though
we do not know its exact form. There
will surely be more communications of a
wider variety, and television for pur-
poses other than home entertainment
will be a part of this. Perhaps the first
of these new applications will be tele-
vision conferences among widely sepa-
rated persons. Perhaps eventually new
advances will make television with the
telephone an economic possibility. All of
this depends on the development of ways
tosendsignals long distancesmore cheap-
ly. It is not yet clear whether or in what
degree this will be done by microwave
radio from tower to tower, over wires or
by radio waves of frequencies of perhaps
50 billion cycles per second traveling
through a pipe called a waveguide.

We may expect more vacuum tubes
in devices such as business machines to
give speedier operation. Electron tubes
will appear in a variety of unexpected
places; they have already shown up in
the control systems of toy trains. Light-
operated and perhaps radio-operated
devices will appear with increasing com-
monness. Household devices may incor-
porate electron tubes as they become
increasingly automatic.
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4

ELECTRON MICROSCOPE uti-
lizes several focusing coils to manip-
ulate electron beam and produce
vastly enlarged image of specimen.
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MAGNETRON has resonant cavities in a metal ring. Around the ring is
established a magnetic field whose lines of force are perpendicular to this
page. The electrons describe curved paths between cathode (center) and
ring, and give up their energy by interacting with electric field of cavities.

MEMORY TUBE, developed by Andrew V. Haeff of the Naval Research
Laboratory, is a memory device for electronic computing machines. The
tube can remember either numbers or pictures for hours or days, and repro-
duce them on demand. On the face of tube is a meaningless test pattern.
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Beyond such matters lie possibilities
whose realization may be governed more
by economic and political considerations
than by mere technical feasibility. Here
prophecy can concern itself only with
what could be, not what will be.

It is clear, for instance, that business
machines and wires make possible a far-
flung enterprise—a bank or chain of
stores—with all its records and account-
ing concentrated in one center. New
information, wherever filed, would be in-
stantly available at any branch of the
chain. In the case of a bank, we can
imagine that an electronic auditor might
ring an alarm in New York when a
critical loan that could break the camel’s
back went bad in some remote hamlet.
We can imagine branch stores that
would merely exhibit samples, deliveries
being made quickly from a central loca-
tion; information as to whether an item
was in or out of stock would be avail-
able at the branch in less time than it
would take a clerk to hunt on a shelf.

And what of the miracle aspects of
electronics? Will we have machines that
respond to the human voice, an elec-
tronic fourth at bridge, an electronic
chess opponent? Will electronic devices
compose music as well as reproduce it?
This is largely an economic question.
Who, we may ask, will subsidize how
many smart people to spend how much
money in achieving such things?

Finally, what further contributions
can we expect the technology of elec-
tronics to make to science? It has already
helped the advance of knowledge in
many branches, not only physics but also
astronomy, chemistry, biology. Without
electronic apparatus, electronic fre-
quency standards, sensitive measuring
equipment, electronicrecording devices,
photocells for measuring light intensity,
particle accelerators, large-scale com-
puters and the fast, cheap long-distance
communication which electronics has
provided to all sciences, much of the
progress that these sciences have made
would have been impossible.

I am thinking, however, of another
more direct sort of contribution that
work on electron tubes has made, and
might perhaps make in a greater degree,
to astronomy and physics. This has to do
with the fundamental problem of the in-
teraction between charged particles and
electromagnetic fields. It involves, for
example, questions about solar radiation.

Electronics and the Sun

It has long been known that a hot
body emits a wide range of electro-
magnetic radiation: light, heat and,
according to accepted and well-proved
theory, radio waves as well. The hotter
the body, the more intense the radiation
emitted. Now man has always been
strikingly aware of the light and heat
emitted by so large and hot a body as



the sun, but until recently the radio ra-
diation from the sun escaped detection.
In 1943 Grote Reber of Wheaton, Il
using a receiver tuned to two meters,
detected radio waves from the sun. In
1946 G. C. Southworth of the Bell Tele-
phone Laboratories published measure-
ments of solar microwave radiation at
wavelengths of 10 centimeters and three
centimeters. Southworth’s measurements
furnished an estimate of the sun’s tem-
perature independent of that by earlier
light and heat measurements, and it
roughly confirmed these earlier measure-
ments, placing the sun’s surface tempera-
ture at about 6,000 degrees Kelvin.
Very shortly afterward, however, a re-
port published in Nature changed this
picture in a startling way. Workers in
Australia, on the basis of new measure-
ments of the rising sun at a wavelength
of 1.5 meters, found that the sun had a
steady background temperature of one
million degrees, with much higher bursts
which they proved to be associated with
sunspots. There is still a great deal of
speculation concerning this intense ra-
diation. Apparently it comes from the
sun’s tenuous outer atmosphere, the
corona, which is transparent to light,
heat and short microwaves but opaque
to radiation of longer wavelengths.
Astronomers and astrophysicists be-
lieve that the million-degree background
radiation represents the true tempera-
ture of the corona, but they are at a loss
to explain why the corona is so hot or
what causes the bursts of higher inten-
sity radiation. Physicists familiar with
the intense radio waves produced by the
interaction of charged particles with
electric and magnetic fields in mag-

netrons have suggested that these same
ingredients, known to be present in sun-
spots, may account for the sun’s bursts
of intense radiation. In 1947 D. F. Mar-
tyn of Australia and Joseph S. Schlonsky
of the U.S.S.R. proposed that the bursts
might be explained by the phenomenon
known as “plasma oscillation,” first ob-
served in gas tubes in 1929 by Irving
Langmuir and Lewi Tonks. Plasma
oscillation is a kind of oscillation of
charged particles which does not require
the presence of a magnetic field. Others
have suggested that the solar bursts may
represent types of interactions between
clouds of charged particles in relative
motion such as occur in traveling-wave
tubes, particularly double-stream ampli-
fiers, and which are related in a way to
plasma oscillations. It is, for instance,
attractive to think that perhaps the
huge clouds of ionized gas ejected from
the sun as solar prominences may,
in rising and falling through the ionized
solar atmosphere, produce just the sig-
nals that have been observed.

I think that a few years ago physicists
would have said that Maxwell’s equa-
tions and the laws of motion summed up
all the interesting aspects of the inter-
action of charges with electromagnetic
fields. Now the phenomena newly ob-
served in the sun, which may be a par-
ticular case of such interactions, present
some new questions that are very inter-
esting indeed.

A theoretical treatment of the solar
phenomena is, alas, extremely difficult.
The astrophysicists cannot easily check
their theories; indeed, the theories are at
present scarcely in a condition to be

checked. On the other hand, physicists

and engineers who work in the more
limited field of the interactions in elec-
tron tubes at least have a ready check
of their theories, and they may actually
be dealing with the same phenomena as
the astrophysicists. The theories of inter-
actions between clouds of charged
particles in electron tubes and in gaseous
clouds are essentially the same, and both
are closely related to the theory of other
physical phenomena. Among these one
can mention the magneto-hydrodynam-
ics of charged particles proposed by
the Swedish cosmologist H. Alfven, the
propagation of radio waves through the
ionosphere, the operation of such alter-
nating-current machines as induction
generators, and perhaps various super-
sonic phenomena, the instability of
laminar flow and various statistical prob-
lems of astronomy. An adequate com-
parison of these fields might simplify
matters for all concerned.

Hence one might expect a coopera-
tive effort by the workers in electronics
and the physicists. Unfortunately, there
seems to be little contact between the
various groups. Such contact may be es-
tablished in the future. At all events, the
workers on electron tubes, though one
stage removed from the field of pure
science, can feel that they have helped
in some measure to advance matters of
a more philosophical nature.

—_——

J. R. Pierce has made important contri-
butions in the fields of electron mul-
tipliers, electron focusing and micro-
wave electron tubes. He is the author
of The Theory and Design of Electron
Beams and numerous popular articles.
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IMAGE ORTHICON is a television camera tube. At
right end of tube an image is focused on a photoelectric
surface. Electrons emitted from the surface in the pat-
tern of the picture are then amplified by secondary
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emission. Part of an electron beam scanning a plate
charged by these secondary electrons is turned back
toward its source. The returned beam is amplified to
yield an electric reproduction of the original image.
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\UTUMN
COLORS

In the fall the leaves of hardwood trees

assume their hues of yellow and red. The

latter is of special interest to chemists

by Kenneth V. Thimann

Northeast the summer may be
short-lived, but it expires in a blaze
of glory, and all the trees put on fancy
dress for its passing. From the soft old-
gold of the birches through the flaming
scarlet of the rock maples to the rich
crimson of the red oaks and sumacs,
there is a wealth and variety of leaf color
which compares very favorably with the
flowers of our summer gardens. And the
comparison is apt, for many of the pig-
ments involved in autumn foliage colors
are the same as those of the flowers.
The color changes involve both the
fading or bleaching of the original pig-
ments and the formation of new pigment
types. The simplest case is represented
by the yellow colors, which occur in the
birches, poplars, elms and many other
trees, as well as in almost every garden
plant toward the end of its life-span. The
yellow pigments that make their first
appearance in leaves in the autumn were
present all the time, but were hidden from
sight by the somewhat greater amount
of green substances—the chlorophylls.
To appreciate these and other color
changes one must consider what actually
happens when an object appears colored.
When white light, consisting of all wave-
lengths of the spectrum from about 400
to 710 millionths of a millimeter, falls
on a surface that contains pigments, the
pigments absorb some wavelengths more
than others. Suppose that the pigments
are such that the shortest wavelengths
(those that would appear to the eye as
violet) are the most absorbed, a little of
the blue is absorbed, and our eyes see
the remainder—a mixture of red, yellow,
green and some blue. This mixture does
not add up to white but to yellow. To put
it in another way: white minus violet
equals yellow.
Every pigment has its own absorption

FOR those of us who live in the
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spectrum, which is usually represented
as a curve on a chart showing the extent
of absorption of light by the pigment at
each wavelength. The chart on the oppo-
site page shows the absorption spectra
of a complete leaf (in this case a spinach
leaf), and of some leaf pigments—a yel-
low pigment called carotene and the
two kinds of green chlorophylls, called
(rather unenterprisingly) a and b, that
are present in most leaves. Since the
chlorophylls absorb light strongly in
the blue and the red, and hardly at all
in the green, the eye looking at a leaf
receives principally green light, with
some yellow and a little blue and violet.
The result is a general sensation of green.
Now the yellow pigments of the leaf, as
the absorption spectrum of carotene in-
dicates, absorb only blue and violet light,
which are largely absorbed anyway by
the chlorophylls. Consequently the yel-
low pigments do not very markedly
change the visible color of the leaf, and
this is the reason their presence is un-
noticed. The absorption spectrum of a
complete leaf, as the chart shows, is more
or less the sum of the absorptions of the
individual pigments (with minor dif-
ferences), and the unabsorbed light
which reaches our eyes is almost wholly
limited to the green.

In the autumn, however, the chloro-
phylls begin to bleach, and now the yel-
low pigments become visible. The reason
for the bleaching is only partly under-
stood; in general it is a consequence of
the breakdown of the proteins in the leaf
cells that accompanies the leaf’s aging.
Because the chlorophyll is attached to
some of this protein, its own stability
gives out too.

UT the real magnificence of the fall

colors depends on the reds. It is
evident that here a new pigment enters
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the scene, for no red is present in the
typical summer leaf; although many
young leaves formed in the spring con-
tain some red pigment, they lose it as
they mature. Only a few leaves, such as
those of the copper beach and some corn
varieties, remain red throughout the sea-
son.

The red pigments newly formed in the
autumn belong to a class of pigments
quite different from those in the sum-
mer leaf. This class is best known to us
in the form of the pigments of flowers.
The very first flower pigment to be
studied, extracted by the Frenchman
F. S. Morot over 100 years ago, was not
a red but a blue. He obtained it from
blue cornflowers (“bachelors’-buttons™),
and it was named anthocyanin, which
means, in Greek, blue flower. (Chlo-
rophyll, correspondingly, means green
leaf.) The word anthocyanin is now
used for a whole family of pigments,
some blue, some purple and some red.
A curious feature of these pigments is
that their color in the flower is not always
the same as that of the pure pigment;
for example, the dark red rose has the
same pigment (cyanin) as the blue
cornflower. The reason for the differ-
ence in appearance is that other sub-
stances in the plant cells modify the
chemical form, and therefore the color,
of the anthocyanins.

Anthocyanins differ from the green
and yellow pigments in at least two im-
portant ways. In the first place, they are
fully soluble in water, whereas the
chlorophylls, carotenes and related pig-
ments are soluble only in oils or organic
solvents. In the second place, as a result
of their water-solubility the anthocyanins
appear in the watery sap of the plant,
while the green and yellow pigments are
found only in the little green chloroplasts
inside the leaf cells.



The study of how anthocyanins are
formed, though very interesting, has not
been pursued with any great vigor. The
reason for this is to be sought in the cu-
riously spotty nature of scientific prog-
ress. The advance of knowledge is like
the advance of the tide over a level
beach: in places it runs up long creek-
beds to penetrate startlingly far inland,
while at other points it creeps with ex-
treme slowness up an incline or may
even leave uncovered long spits of land
stretching into the sea. Although man-
kind is entirely dependent on plant prod-
ucts, it remains true that very little effort
has been expended on studying the
processes by which these are formed. We
may know something (though little
enough) about the bulk materials, such
as sugars, starches and proteins, but
when it comes to the more subtle prod-
ucts of plants, e.g., drugs, dyes, vitamins
and perfumes, our knowledge of the way
in which they are formed is almost negli-
gible. This is the more remarkable be-
cause the chemical structure of most of
these has been thoroughly worked out,
and even such a classical puzzle as the
drug strychnine is now yielding up its
long-guarded structural secrets to the
organic chemists.

The anthocyanins have, like most
plant compounds, been subject to exten-
sive study by organic chemists; their
chemical structure has been cleared up
and many of them have been synthe-
sized. Yet we still have a long way to go
to explain how they are formed in na-
ture.

O STUDY the mechanism of their
formation the right biological mate-
rial must be selected. Flowers and au-
tumn leaves are too transient; the best
material is something that can be cul-
tured for a long period and that forms

anthocyanin throughout its life. Some
work has been done with red-colored
seedlings such as buckwheat or red cab-
bage, some with leaves that form red
pigment in summer (especially corn),
and, most recently, some with duck-
weeds. These last are very convenient
because they can be grown in sterile
culture solution like bacteria. The pe-
culiarities of the duckweed plant were
described by Eric Ashby in a recent issue
of ScienTiFic AMERICAN (“Leaf Shape,”
October, 1949). In some members of
the family, the little green leaflike fronds
of the plant form purple pigment on the
underside. It is the concentration of this
pigment (which is of course an antho-
cyanin) that is measured. In our re-
search on this material at Harvard Uni-
versity, the duckweeds are grown in a
controlled medium in artificial-sunlight
rooms, where the intensity of the light
and the temperature can be accurately
controlled.

The conditions under which antho-
cyanin is formed by the duckweed are
most instructive for the understanding
of fall colors. In the first place, light is
required; the brighter the light, the more
pigment. In the second place, the tem-
perature must not be too high. Every
New Englander knows that cool bright
weather in the early fall favors the de-
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velopment of brilliant foliage, and here
the experiments bear out the common
observation. In England, on the other
hand, where the autumn is usually rather
mild and cloudy, autumn foliage color is
duller, limited mainly to the yellows and
browns; anthocyanins make a very mi-
nor, often undetectable, contribution.
Consequently when the English poets
write of autumn, they concentrate on
the “mellow fruitfulness,” the harvests
and the Bacchic revels; autumn leaves
for them are symbols only of decay.
Shelley wrote:

“. .. the leaves dead

Are driven like ghosts from an en-

chanter fleeing,

Yellow, and black, and pale, and

hectic red,

Pestilence-stricken multitudes.”

The laboratory experiments also cast
interesting light on the role of sugars in
the formation of pigments. At the end
of the last century experimenters ob-
served that if various aquatic plants were
floated on sugar solutions in daylight,
they reddened. If duckweed is grown on
sugar solutions it produces an increased
amount of anthocyanin. Traces of antho-
cyanin can be formed from sugar even in
the dark, but light very greatly increases
the pigmentation. It follows from this
that not only is light needed for the for-
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ABSORPTION SPECTRA of leaf pigments show why leaves turn yellow.
The yellow pigment carotene is masked by the chlorophylls. When chloro-
phylls bleach in fall, the yellows become visible. Vertical coordinate: per
cent of absorption. Horizontal: wavelength in millionths of a millimeter.
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MOLECULAR STRUCTURES illustrate the problem
of explaining how anthocyanins are formed. At left is
the structure of the simple sugar glucose, one of the so-
called aliphatics. In center is the structure of phenol,

one of the aromatics. At the right is the structure of the
anthocyanin cyanidin, also an aromatic. The structure
of sugars may be remolded into the structure of aro-
matics, a feat that is now impossible in the laboratory.

mation of sugar by photosynthesis, but
there is actually a light-induced reaction
of another kind which forms pigments.
Both light and sugar are necessary.
Now when sugar is oxidized or fer-
mented in living cells, phosphate is al-
ways needed as well, for the sugar is
broken down only after it has been
combined with phosphate. When the
influence of phosphate on anthocyanin
formation was studied, it was found,
surprisingly, that the depth of the pig-
ment in duckweeds could be increased
by cutting down the phosphate in the
growth medium. With phosphate low-
ered to a few per cent of its normal value
the pigmentation could be trebled. This
is considered to support the idea that
the pigment is formed through the accu-
mulation of sugar by a process which
takes sugar along a path quite different
from that of its normal breakdown. The
normal breakdown needs phosphate, but
in the path leading to anthocyanin, phos-
phate apparently plays no part at all.
Copper seems to play some role in this
special path, for if a compound which
combines strongly with the traces of
copper that are present is added to the
medium and the metal is thus denied to
the plants, anthocyanin is not formed.
The effect of phosphate reminds one
that scientific farmers have often ob-
served that the leaves of crop plants
become reddish or purplish as a charac-
teristic response to a shortage of phos-
phate in the soil. It is one of the typical
“hunger signs,” and while such redden-
ing may have several causes, phosphate
deficiency is one of the commonest and
the most important. The phosphate ef-
fect also recalls the fact, discovered by
Raoul Combes at the Sorbonne many
years ago, that many nutrients (of which
phosphate is one) migrate out of the
leaves into the stem as autumn comes on.
All of these observations and experi-
ments add up to a general picture of a
variant type of sugar metabolism which,
with the aid of light, gives rise to the
anthocyanins and perhaps also to other
special products of the plant.
A complete explanation of autumn
colors will have to involve at least four
different factors: 1) the natural aging of
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the leaf, which causes phosphate and
nitrogen compounds to go back into the
stem; 2) the continued formation of
sugars, provided- the weather remains
bright; 3) the presence of a specific
chemical system or pathway, varying
with the plant species, for the conversion
of sugars into pigment, and 4) tempera-
ture. It may be that the low temperatures
of autumn nights cause starch in the leaf
to be converted to sugar and thus rein-
force the second factor.

FULL understanding of the path-

way leading to the autumn color
pigments might provide answers to much
wider questions in organic chemistry and
biology. The sugars, such as glucose, be-
long to a class of compounds called ali-
phatic; that is, they contain carbon
atoms linked to each other in the ordi-
nary way—a chain of six carbons, with
the fifth carbon hooked back to the first
through an oxygen atom and the sixth
carbon at the side. The anthocyanins,
however, belong to the class called aro-
matic, in which the carbon atoms are
linked in the characteristic benzene ring
of six, with electrons oscillating between
them to give a taut and vibrating sta-
bility to the ring (see diagrams above).
Oxygen atoms, when present, are linked
to the side of the ring; a typical aromatic
compound of this kind is phenol. Now
the phenol arrangement occurs in all
anthocyanins. The pigment of the duck-
weeds, and indeed of most red and pur-
ple leaves, is a compound of a phenol
derivative, cyanidin, with certain sugars.
Just how aromatic compounds are
formed in nature we do not know. The
first products of photosynthesis, that
great synthetic process which directly or
indirectly supplies all the world’s food,
tuel, clothes, drugs, vitamins and so
forth, are almost certainly aliphatic com-
pounds—apparently sugars and the sim-
ple organic acids related to them. The
aromatic compounds must therefore be
produced by secondary reactions. If
these reactions start from sugars, they
involve a remolding of the aliphatic
structure to join the six carbon atoms in
aring. Such remolding would represent a
fundamental change that is virtually im-
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possible to accomplish in the laboratory,
but judging from the frequency with
which aromatic compounds occur in na-
ture, it must take place easily in plants.
It is quite possible that it requires very
extensive dismemberment and reassem-
bly of the sugar molecules. In cyanidin
the two six-carbon benzene rings are
joined by a structure containing three
carbon atoms. Since the breakdown of
six-carbon sugars in nature involves
splitting them into halves, each contain-
ing three carbon atoms, one may natu-
rally suggest that the three-carbon bridg-
ing structure in cyanidin comes from a
sugar. As yet this has not been proved.
However, we find that anthocyanins and
many other aromatic compounds very
commonly occur in combination with
sugars in the plant, which certainly sug-
gests that they have a common origin.
The important aromatic compounds in
nature include benzene itself, naphtha-
lene, the lignin of wood, the photogra-
pher’s developer quinol, some of the vita-
mins, a host of drugs (e.g., morphine,
strychnine, quinine) most of the natural
dyes, and of course the anthocyanins of
flowers and of autumn leaves. The par-
ent substances from which all these are
derived—benzene, phenol and naphtha-
lene—are obtained chiefly from coal tar,
a product of plants that died long ago.
Upon these few naturally occurring com-
pounds the vast structure of modern
synthetic chemistry has been erected. It
is not too much to say that benzene is
a key substance for modern civilization.
And it may be that the manner of forma-
tion of the anthocyanin pigments will
provide a clue to the way in which
nature produces benzene. Thus the
study of autumn colors, like so many ap-
parently minor problems in biology,
leads us straight to the heart of the or-
ganism’s activities, and a full explanation
of the coloring, when we reach it, may
yield explanations of many other bio-
logical mysteries.
—— —
Kenneth V. Thimann
is professor of plant
physiology at Har-
vard  University.



THE DUCKWEED, a little plant that floats on the sur- perature (upper left). After a time a purple antho-

face of water, is used in the laboratory study of antho-  cyanin pigment forms on the underside of its leaflike
cyanin pigments. It can be grown in sterile cultures like  frond (upper right). The photograph at the bottom of
bacteria under controlled conditions of light and tem-  the page shows duckweeds growing in a culture dish.
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PROBABILITY

Three centuries ago some sensible questions asked

by gamblers founded a branch of mathematics. Today

i powerfully assists our understanding of nature

Probability is the very guide of life.
—Cicero, De Natura

VER three centuries ago some
O gamblers asked the great Italian
scientist Galileo why a throw of
three dice turns up a sum of 10 more
often than a sum of nine. In 1654 the
Chevalier de Mere—another gambler—
asked the French mathematician and phi-
losopher Pascal why it was unprofitable
to bet even money that at least one
double six would come up in 24 throws
of two dice. This problem of de Mere
really started off the mathematical the-
ory of probability, and the end is not yet
in sight.

Probability theory has now outgrown
its disreputable origin in the gaming
rooms, but its basic notions can still be
most easily stated in terms of some fa-
miliar game.

When you toss a die—one carefully
made, so that it is reasonable to believe
that it is as likely to land on one of its
six faces as on any other—a gambler
would say that the odds against any
specified number are five to one. A
mathematician defines the probability
to be one-sixth. Suppose we ask now:
What is the probability of getting a
three and a four in one roll of two dice?
For convenience we make one die white
and one red. Since any one of six results
on the white die can be paired with any
one of six results on the red die, there is
now a total of 36 ways in which the two
can-land—all equally likely. The differ-
ence in color makes it clear that a red
three and a white four is a different
throw from a white three and a red four.
The probability of throwing a three and
a four is the ratio of 2—the number of
favorable cases—to 36, the total number
of equally likely cases; that is, the proba-
bility is 2/36, or 1/18.

What is the probability of throwing a
sum of seven with two dice? An expe-
rienced crapshooter knows that seven is
a “six-way point,” which is his way of
saying that there are six favorable cases
(six and one, one and six, three and
four, four and three, five and two, two
and five). So the probability of throw-
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by Warren Weaver

ing a sum of seven with two dice is
6/36, or 1/6.

In general, the probability of any
event is defined to be the fraction ob-
tained by dividing the number of cases
favorable to the event by the total
number of equally likely cases. The
probability of an impossible event (no
tavorable cases) obviously is 0, and the
probability of an inevitable or certain
event (all cases favorable) is 1. In all
other cases the probability will be a
number somewhere between 0 and 1.

Logically cautious readers may have
noticed a disturbing aspect of this defini-
tion of probability. Since it speaks of
“equally likely,” i.e., equally probable,
events, the definition sits on its own tail,
so to speak, defining probability in terms
of probability. This difficulty, which has
caused a vast amount of technical discus-
sion, is handled in one of two ways.

HEN one deals with purely mathe-

matical probability, “equally likely
cases” is an admittedly undefined con-
cept, similar to the theoretical “points”
and “lines” of geometry. And there are
cases, such as birth statistics for males
and females, where the ordinary concept
of “equally likely cases” is artificial, so
that the notion must be generalized. But
a logically consistent theory can be
erected on the undefined concept of
equally likely cases, just as Euclidean
geometry is developed from theoretical
points and lines. Only through experi-
ence can one decide whether any actual
events conform to the theory. The an-
swer of experience is, of course, that the
theory does in fact have useful applica-
tion.

The other way of avoiding the dilem-
ma is illustrated by defining the proba-
bility of throwing a four with a particular
die as the actual fraction of fours ob-
tained in a long series of throws under
essentially uniform conditions. This, the
“frequency definition,” leads to what is
called a statistical probability.

On the basis of the mathematical defi-
nition of probability, a large and fasci-
nating body of theory has been devel-
oped. We can only hint here at the range
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and interest of the problems that can be
solved. Two rival candidates in an elec-
tion are eventually going to receive m
and n votes respectively, with m greater
than n. They are sitting by their radios
listening to the count of the returns.
What is the probability that as the votes
come in the eventual winner is always
ahead? The answer is m—n/m-+n. A
storekeeper sells, on the average, 10 of a
certain item per week. How many should
he stock each Monday to reduce to one
in 20 the chance that he will disappoint
a customer by being sold out? The an-
swer is 15. Throw a toothpick onto a
floor whose narrow boards are just as
wide as the toothpick is long. In what
fraction of the cases will the toothpick
land so as to cross a crack? The answer
is 2/7, where = is the familiar constant
we all met when we studied high-school
geometry. A tavern is 10 blocks east and
seven blocks north of a customer’s home.
If he is so drunk that at each corner it is
a matter of pure chance whether he con-
tinues straight or turnsright or left, what
is the probability that he will eventually
arrive home? This is a trivial case of a
very general “random walk” problem
which has serious applications in phys-
ics; it applies, for example, to the so-
called Brownian movement of very small
particles suspended in a liquid, caused
by accidental bumps from the liquid’s
moving molecules. This latter problem,
incidentally, was first solved by Einstein
when he was 26 years old.

HERE are laws of chance. We must

avoid the philosophically intriguing
question as to why chance, which seems
to be the antithesis of all order and regu-
larity, can be described at all in terms of
laws. Let us consider the Law of Large
Numbers, which plays a central role in
the whole theory of probability.

The Law of Large Numbers has been
established with great rigor and for very
general circumstances. The essence of
the matter can be illustrated with a sim-
ple case. Suppose someone makes a great
many tosses of a symmetrical coin, and
records the number of times heads and
tails appear. One aspect—the more fa-



miliar aspect—of the Law of Large Num-
bers states that by throwing enough
times we can make it as probable as de-
sired that the ratio of heads to total
throws differ by as little as one pleases
from the predicted value 1/2. If you
want the ratio to differ from 1/2 by as
little as 1/100,000, for example, and if
you want to be 99 per cent sure (i.e., the
probability = .99) of accomplishing this
purpose, then there is a perfectly definite
but admittedly large number of throws
which will meet your demand. Note that
there is no number of throws, however
large, that will really guarantee that the
fraction of heads be within 1/100,000 of
1/2. The law simply states, in a very
precise way, that as the number of ex-
periments gets larger and larger, there
is a stronger and stronger tendency for
the results to conform, in a ratio sense,
to the probability prediction.

This is the part of probability theory
that is vaguely but not always properly
understood by those who talk of the
“law of averages,” and who say that the
probabilities “work out” in the long run.
There are two points which such persons
sometimes misunderstand.

The first of these relates to the less
familiar aspect of the Law of Large
Numbers. For the same law that tells us
that the ratio of successes tends to match
the probability of success better and bet-
ter as the trials increase also tells us that
as we increase the number of trials the
absolute number of successes tends to
deviate more and more from the ex-
pected number. Suppose, for example,
that in 100 throws of a coin 40 heads are
obtained, and that as one goes on further
and throws 1,000 times, 450 heads are
obtained. The ratio of heads to total
throws has changed from 40 per cent to
45 per cent, and has therefore come
closer to the probability expectation of
50 per cent, or 1/2. But in 100 throws
the absolute number of heads (40) dif-
fers by only 10 from 50, the theoretically
expected number, whereas in 1,000
throws, the absolute number of heads
(450) differs by 50, or five times as
much as before, from the expected num-
ber (500). Thus the ratio has improved,
but the absolute number has deterio-
rated.

The second point which is often mis-
understood has to do with the independ-
ence of any throw relative to the results
obtained on previous throws. If heads
have come up several times in a row,
many persons are inclined to think that
the “law of averages” makes a toss of
tails now rather more likely than heads.
Granting a fair, symmetrical coin, this is
simply and positively not so. Even after
a very long uninterrupted run of heads,
a fair coin is, on the next throw, precisely
as likely to come up heads as tails. Actu-
ally the less familiar aspect of the Law
of Large Numbers already mentioned
makes it likely that longer and longer

uninterrupted sequences of either heads
or tails will occur as we go on throwing,
although the familiar aspect of the same
law assures us that, in spite of these large
absolute deviations, the ratio ot heads to
tails is likely to come closer and closer to
one.

LL of these remarks, of course, apply
to a series of independent trials.
Probability theory has also been most
fruitfully applied to series of dependent
trials—that is, to cases, such as arise in
medicine, genetics, and so on, where
past events do influence present proba-
bilities. This study is called the proba-
bility of causes.

Suppose we have a covered box about
which we know only that it contains a
large number of small colored balls. Sup-
pose that without looking into the box
we scoop out a handful and find that
one third of the balls we have taken are
white and two thirds red. What proba-

ROULETTE WHEEL makes possi-
ble bets against several probabailities.
At Monte Carlo red once came up 32
times in a row. This probability is:
1/(2)**, or about one in 4 billion.

bility statements can we make about the
mixture in the box?

This schematic problem, which sounds
so formal and trivial, is closely related
to the very essence of the procedure of
obtaining knowledge about nature
through experimentation. Nature is, so
to speak, a large closed box whose con-
tents are initially unknown. We take
samples out of the box—i.e., we do ex-
periments. What conclusions can be
drawn, how are they to be drawn and
how secure are they?

This is a subject which has caused
considerable controversy in probability,
and in the related field of statistics as
well. The problem of the balls as stated
above is, as a matter of fact, not a proper
problem. The theorem of probability
theory which applies here (it is known
as Bayes’ theorem, and it was first de-
veloped by a clergyman) makes clear
just how the experimental evidence of
the sample justifies one in changing a
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previously held opinion about the con-
tents of the box; but the application of
the theorem requires you to have an
opinion prior to the experiment. You
cannot construct a conclusion concern-
ing the probability of various mixtures
out of the experiment alone. If many
repeated experiments continue to give
the same indication of one third white
and two thirds red, then of course the
evidence becomes more and more able
to outweigh a previously held contrary
opinion, whatever its nature.

Recently there have been developed
powerful new methods of dealing with
situations of this general sort, in which
one wishes to draw all the justified in-
ferences out of experimental evidence.
Although Bayes’ theorem cannot be ap-
plied unless one possesses or assumes
prior opinions, it has been found that
other procedures, associated with statis-
tical theory rather than pure probability,
are capable of drawing most useful con-
clusions.

HAT does a probability mean?

What does it mean, for instance, to
tell a patient: “If you decide to sub-
mit to this surgical operation, the proba-
bility that you will survive and be cured
is .727? Obviously this patient is going
to make only one experiment, and it will
either succeed or fail. What useful sense
does the number .72 have for him?

The answer to this—and essentially to
any question whatsoever that involves
the interpretation of a probability—is:
“If a large number of individuals just
like you and just in your present circum-
stances were to submit to this operation,
about 72 out of every 100 of them would
survive and get well. The larger the
number of individuals, the more likely
it is that the ratio would be very close
to 72 in each 100.”

This answer may at first seem a little
artificial and disappointing. It admit-
tedly involves some entirely unrealizable
conditions. A complicated intuitive
process is required to translate the state-
ment into a useful aid to the making of
decisions. But experience does never-
theless show that it is a useful aid.

A theory may be called right or wrong
according as it is or is not confirmed by
actual experience. In this sense, can
probability theory ever be proved right
or wrong?

In a strict sense the answer is no. If
you toss a coin you expect to get about
half heads. But if you toss 100 times and
get 75 heads instead of the expected 50,
you have not disproved probability:
probability theory can easily reckon the
chance of getting 75 heads in 100 tosses.
If that probability be written as 1/N,
you would then expect that if you tossed
100 coins N times, in about one of those
N times you would actually get 75 heads.
So suppose you now toss 100 coins N
times, and suppose that you get 75 heads
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THREE-CARD GAME, classically
known as The Problem of Three
Chests, illustrates deceptiveness of
probability. One card is white on
both sides; the second is white on
one side and red on the other; the
third is red on both sides (A). The
dealer shuffles the cardsin a hat (B),
takes one out and places it flat on the
table. The side showing is red (C).
The dealer now says: “Obviously this
is not the white-white card (D). It
must be either red-white or red-red
(E). I will bet even money that the
other side is red.” It is a poor bet for
anyone else. Actually there are three
possible cases (F). One is that the
other side is white. The other two
are that it is one or the other side
of the red-red card. Thus the chance
that the underside is red is 2 to 1.
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not just one or two times, as you expect,
but say 25 times! Is probability now dis-
proved?

Again no. For the event that has now
occurred, although amazingly rare, is
still an event whose probability can be
calculated, and while its probability is
exceedingly small, it is not zero. Thus
one goes on, again making a new experi-
ment which consists of many repetitions
of the previous experiment. And even if
miracles persist in occurring, these would
be, from the point of view of probability,
not impossible miracles.

Thus in a strict sense probability can-
not be proved either right or wrong. But
this is, as a matter of fact, a purely illu-
sory difficulty. Although probability can-
not be strictly proved either right or
wrong, it can be proved useful. The facts
of experience show that it works.

HERE are two different—or at least
apparently different—types of prob-
lems to which probability theory applies.
For the first type of problem probability
theory is used not so much because we
are convinced that we have to use it but
because it is so very convenient. For the
second type, probability theory seems to
be even theoretically unavoidable. We
shall see, however, that the distinction
between the two cases, while of practical
value, is really something of an illusion.
The first type has to do with situations
which may be considered deterministic
but which are so complex that the out-
come is for all practical purposes un-
predictable. In this kind of situation
we realize that the final result has
depended, often in a very sensitive way,
on the interaction of a large number of
causes. Many of these causes may be
somewhat obscure in character, or other-
wise impractical of detailed study, but
it is at least thinkable that science could,
if it were worth-while, analyze every
cause in turn and thus arrive at a theory
which could predict and explain what
happens. When, in such circumstances,
we say that the main final result “de-
pends upon chance,” we merely mean
that, conveniently for us, the very com-
plexity that makes a detailed analysis
practically impossible assures an over-all
behavior which is describable through
the laws of probability.

Perhaps tossing a coin is again the
simplest and most familiar illustration of
this kind of case. There seems to be no
essential mystery about why a coin lands
heads or tails. The exact position of the
coin above the table, the velocities of
movement and spin given by the fingers,
the resistance of the air, and so on—one
can state what he needs to know in order
to compute, by well-known dynamical
laws, whether the coin will land heads
or tails. But such a study would be very
complicated, and would require very
precise and extensive quantitative in-
formation.

There are many situations of this sort
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in serious everyday life, where we use
probability theory not because it is clear
that “chance” plays some obscure and
mysterious role but primarily because
the situation is so complicated, so in-
tricately affected by so many small
causes, that it is prohibitively incon-
venient to attempt a detailed analysis.
The experience of insurance companies,
the occurrence of telephone calls and
the resulting demands on telephone traf-
fic and switching equipment, the sam-
pling techniques used when one wishes
to estimate the quality of many objects
or the opinions of many individuals, the
ordinary theory of errors of measure-
ment, problems in epidemiology, the
kinetic theory of gases—all these are
practical instances in which the causes
are too numerous, too complicated,
and/or too poorly understood to permit
a complete deterministic theory. We
therefore deal with these subjects
through probability. But in all these
cases we would say, with Poincaré, that
chance “is only the measure of our ig-
norance.

THE second type of probability prob-
lem at first sight seems very different.
Most scientists now believe that some of
the most elementary occurrences in na-
ture are essentially and inescapably
probabilistic. Thus in modern quantum
theory, which forms the basis of our
working knowledge of the atom, it seems
to be not only impossible but essentially
meaningless to attempt to compute just
where a certain electron will be at a
certain instant. All that one can do is
reckon, as through the Schrodinger wave
equation, the values of a probability
position function. One cannot predict
where the electron will be—one can only
compute the probability that it will or
will not be at a given place or places.
And any attempt to frame an experi-
ment that would resolve this prob-
ability vagueness, by showing just where
the electron is, turns out to be a self-
defeating experiment which destroys the
conditions under which the original
question can be asked.

It is only fair to remark that there
remain scientists who do not accept the
inevitable role of probability in atomic
phenomena. The great example, of
course, is Einstein, who has remarked in
a characteristically appealing way that
“I shall never believe that God plays dice
with the world.” But it is also fair to
remark that Einstein, for all his great
genius, is in a small minority on this
point.

The problems that involve probability
in this inescapable way are of the most
fundamental kind. Quantum theory and
statistical mechanics, which combine to
furnish a large part of the basic theory
of the physical universe, are essentially
built upon probability. The gene-
shuflling which controls inheritance in
the living world is subject to probability



laws. The inner character of the process
of communication, which plays so great
and so obvious a role in human life, has
recently been found to be probabilistic
in nature. The concept of the ever for-
ward flow of time has been shown to de-
pend upon entropy change, and thus to
rest upon probability ideas. The whole
theory of inference and evidence, and in
fact of knowledge in general, goes back
to probability.

We are now in a position to see that
the two types of probability problems
are, if we wish to be logically precise,
not so different as we first supposed. Is
it correct to think of the fall of a coin as
being complicated but determinate, and
the position of an electron as being es-
sentially indeterminate? Obviously not.
From a large-scale and practical point of
view, one could doubtless deal quite
successfully with coin-tossing on the
basis of very careful actual measure-
ments, plus all the analytical resources
of dynamical theory. It remains true,
however, that the coin is made of ele-
mentary particles whose positions and
motions can be known, as science now
views the matter, only in a probability
sense. Thus we refine our original dis-
tinction between the two types of cases
by saying that the second type, what-
ever the scale involved, is essentially
indeterminate, whereas the first type in-
volves large-scale phenomena which
may usefully be considered determinate,
even though these large-scale phenome-
na depend ultimately on small-scale
phenomena which are probabilistic.

CIENCE deals (as in mathematics)

with statements about theory which
are logically accurate, but to which the
concept of “truth” does not apply; it also
deals (as in physics) with statements
about nature which can never in a rigor-
ous sense be known to be true, but can
at best only be known to be highly prob-
able. It is rather surprisingly the case
that the only time man is ever really
sure is not when he is dealing with sci-
ence, but when he is dealing with mat-
ters of faith.

There is, moreover, some justification
for saying that in science probability al-
most plays the role that faith does in
other fields of human activity. For in a
vast range of cases in which it is entirely
impossible for science to answer the
question “Is this statement true?” proba-
bility theory does furnish the basis for
judgment as to how likely it is that the
statement is true. It is probability which,
in an important fraction of cases, enables
man to resolve the paradoxical dilemma
pointed out by Samuel Butler: “Life is
the art of drawing sufficient conclusions
from insufficient premises.”

e ———

Warren Weaver is Director
for the Natural Sciences in
the Rockefeller Foundation.
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MICROSURGERY

The development of the micromanipulator

upon individual cells without killing them

PRECISION MICROMANIPULATOR permits the insertion of two micro-
pipettes into cells on the stage of a special inverted microscope. At the
upper left and right of the photograph are micrometer-controlled syringes.
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makes it possible to perform operations

by M. J. Kopac
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ROTOPLASM, the substance which
PThomas Huxley described in 1868

as the “physical basis of life,” is
rather difficult to handle and measure
physically. It is packaged in microscopic
units—the living cells—so tiny that an
operation on a cell with the point of the
finest sewing needle by the steadiest hu-
man hand would be like trying to shave
a man’s face with a bulldozer. To work
in the Lilliputian world of the cell, one
obviously needs Lilliputian instruments.
In recent years such high-precision in-
struments have been developed, and mi-
crosurgery on cells, known as micrurgy
(from the Greek micros, small, and er-
gon, work), has become an important
part of the study of protoplasm.

It is not too difficult to make delicate
needles and pipettes of drawn glass that
are fine enough to operate on a cell with-
out killing it. The problem is to manipu-
late them with sufficient precision. This
has been made possible by a device
called the micromanipulator, a finely ad-
justed contrivance of screws and levers
that controls the movements of the mi-
nute needles and pipettes with great
delicacy under a high-power microscope
(see cover). With a micromanipulator
one can cut a cell into tiny fragments,
remove the cell’s nucleus or even its
chromosomes, and inject fluids into
either the nucleus or the cytoplasm. For
many microoperations the microsurgeon
uses two micronmnipulator units, so he
can operate simultaneously with two
needles, two pipettes or a needle and a
pipette.

HE creation of an apparatus for the

microdissection of cells was sug-
gested as early as 1844 by the Czech
physiologist Johannes Evangelista Pur-
kinje, who coined the word protoplasm
as a name for the “formative material”
of embryos and proposed to study em-
bryonic material by taking it apart under
a microscope. Apparently the first actu-
ally to build and use such a device was
the physician Henry D. Schmidt of
Philadelphia and New Orleans. In 1859
he described his “Microscopic Dissec-
tor,” an ingenious instrument consisting
of three separate units, each of which
provided a three-way movement for a
hand-ground steel needle. With this in-
strument, minute dissections were per-
formed on small fragments of liver tissue.
Although Schmidt’s needles were large
by present standards, he could tear indi-
vidual liver cells, expose the cell con-
tents and even liberate the nuclei.

In 1907 the physiologist Jesse F.
McClendon devised a “mechanical
hand” with which he could remove the
chromosomes from starfish eggs at the
time of maturation. His instrument
placed a micropipette near the polar
body of the egg, and the nuclear struc-
tures were then sucked out with a sim-
ple mouth pipette. The enucleated eggs,



on insemination by starfish sperm, de-
veloped in the usual manner, showing no
striking differences from normal eggs.

Meanwhile two bacteriologists, S. L.
Schouten of Holland and Marshall A.
Barber of the U. S., were independently
developing important refinements in mi-
crurgy. For the purpose of isolating in-
dividual bacterial cells and other micro-
organisms, they designed fine glass nee-
dles and pipettes and mechanical devices
to control them, Schouten working with
needles and Barber with pipettes. One
of their very useful innovations was the
hanging-drop technique, whereby a drop
of water containing the cells is suspend-
ed from the bottom surface of a thin
cover glass under the objective lens of
the microscope. This method made mi-
crooperations possible even under the
highest magnifications, and it is still
commonly used. There is now available,
however, an inverted microscope which
eliminates several undesirable features
of the hanging drop.

Barber left an impressive heritage to
students of protoplasm. The Barber
pipette holder was one of the earliest
devices that permitted microoperations
on living cells, and his directions for
making microneedles and pipettes by
hand are still followed by most investi-
gators, although there are now several
machines for making these delicate glass
instruments. Barber also developed in-
genious methods for microinjecting and
withdrawing substances from cells, and
was the first to report the removal of the
nucleus from the living amoeba with
little apparent immediate injury to the
organism. The removal of the nucleus of
an amoeba is a beautiful example of
microdissection; it is one of the basic
operations performed by all students in
the Micrurgical Laboratory at New York
University.

URING recent decades a number of

workers have added to the tech-
nique in various ways. They include J. A.
Reyniers and his staff at the University of
Notre Dame, who have made consider-
able progress in instrumentation; the late
Charles Vincent Taylor of Stanford Uni-
versity, who made some classic studies
of protozoa; Pierre de Fonbrune of the
Pasteur Institute, who transferred the
nucleus from one amoeba to another;
William Seifriz of the University of
Pennsylvania, who studied especially the
colloidal properties of plant cells, and
Tibor Péterfi of Germany, who devel-
oped many instruments and coined the
term micrurgy. But perhaps the most
influential of the pioneers in micrurgy
was George Lester Kite, who in the sum-
mer of 1912 in the Marine Biological
Laboratory at Woods Hole began some
microdissection studies on living cells
that launched an important new ap-
proach. It was Kite who pointed out that
this technique was a means of establish-

ing beyond doubt the reality of chromo-
somes, nucleoli, mitotic spindles and the
other mysterious structures of the tiny,
still largely unplumbed cell.

Kite’s untimely death at the age of 37
was a devastating blow to biological sci-
ence. But under his “inspiration,” in the
words of the official minutes of the
American Society of Zoologists, other
workers took up the problems he had
begun to investigate “in the field where
zoology, chemistry and’ physics meet.”
One of these workers was Robert Cham-
bers, who had collaborated with Kite in
a study of the nucleus during that sum-
mer of 1912 at Woods Hole. For nearly
four decades Chambers (now New York
University’s distinguished professor em-
eritus) has carried on extensive investi-
gations which have contributed much to
our knowledge of living cells.

Chambers designed a new microma-
nipulator and a simple, workable method
for microinjection. Copies of his equip-
ment are now used all over the world.
The Chambers micromanipulator, a
beautifully designed instrument, may be
used and even misused for years with-
out becoming utterly unserviceable. It is
perhaps the only type of micromanipu-
lator that may be placed with confidence
in the hands of beginning students of
micrurgy.

One of the outstanding results of
Chambers” microinjection work has been
the determination of the concentration
of hydrogen ions in protoplasm. This is
done by injecting pH indicator dyes into
cells and measuring the concentration of
ions by the change in color of the dyes.
Important information about protoplasm
has also been obtained by injecting wa-
ter solutions of salts, but these results are
less clear-cut than those with the pH
dyes, because no one has yet been able
to develop a micropipette that can
measure with sufficient precision the
amount of solution injected.

IT IS possible, however, to get quanti-
tative results when the injected ma-
terial is a water-insoluble substance, such
as an oil. When oil is injected into a cell,
it forms a perfectly spherical drop. The
amount injected may therefore be de-
termined merely by calculating the vol-
ume of the drop from its measured diam-
eter. Another important feature is that
there is no mixing of the oil substance
with the protoplasm. Consequently the
only place where any interaction be-
tween the protoplasm and the oil can
occur is on the surface of the injected
drop. Thus the area of the interaction
can readily be calculated.

When oil is injected into protoplasm
and the cell is caused to disintegrate,
a dramatic event often follows: the oil
drop spontaneously and rapidly crinkles
and soon becomes a wrinkled mass
totally unlike the original sphere. This
peculiar effect has been a means of
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TWO MINUTES after injecting oil
drop (large circle) into protein solu-
tion, drop can only be partly retract-
ed without crinkling (small circle).

FIVE MINUTES after the drop was
first exposed to solution, it cannot he
retracted as far. More protein mol-
ecules have unfolded on its surface.

TEN MINUTES after first exposure,
retracted drop is still larger. Phe-
nomenon shows progressive unfold-
ing of protein molecules on the drop.
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studying some extremely interesting
properties of protoplasm.

The first question was: What is the
cause of the crinkling? It never appears
unless there is appreciable destruction
of protoplasm around the oil. Several
experiments quickly established that the
reaction is due largely to the action of
interfacial forces on proteins in the pro-
toplasm. Proteins ordinarily are folded
in spherical, rod or disk shapes. When
exposed to surface or interfacial forces,
these molecules frequently unfold to
form thin platelets, usually only one
fourth of their original thickness. The
unfolding of the proteins of course in-
creases their surface area requirements,
and this forces more oil surface into
contact with them. It is this spontaneous
increase in interfacial area that pro-
duces the crinkling and spectacular de-
formation of the oil drop.

The unfolding of a protein from a
three-dimensional structure to an essen-
tially two-dimensional platelet is called
surface denaturation. To study it further
an apparatus was devised whereby the
size of an oil drop could be increased or
reduced at will. This drop retractor uses
special syringes with which the oil drop,
poised on the tip of a specially con-
structed micropipette, is enlarged or re-
duced. The three drop retractors and
micromanipulators in use in our labora-
tory can regulate the diameter of a drop
in steps of less than one thousandth of a
millimeter.

When an oil drop is injected into pro-
toplasm, a certain number of protein
molecules will cling to its surface—some
unfolded, some partially unfolded, and
some in their normal three-dimensional
configuration. The normal, folded mole-
cules are most easily displaced from the
drop’s surface. As the drop is retracted,
reducing its surface area, these mole-
cules are expelled. Eventually only the
unfolded protein molecules remain on
the drop. They cannot be displaced,;
hence no further reduction of the inter-
facial area is possible. Now as the vol-
ume of the drop is reduced, its surface,
like the irreducible skin of a drying
prune, must crinkle.

The drop-retraction technique may be
used to give quantitative data on the sur-
face chemical behavior of proteins. As
the drop is slowly retracted, just before
the crinkling appears the drop quivers,
due to extraneous vibrations always
present in the laboratory. This signals
the fact that the critical surface area, i.e.,
the smallest area that will accommodate
all the protein molecules trapped at the
interface, has been reached. The critical
area may then be calculated from the
diameter of the drop at this point. The
drop is enlarged to its original volume,
and some time later the retraction is re-
peated and the new critical area is de-
termined. The ratio of the critical area
to the original area gives a measure of
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the fraction of the interface occupied by
surface-denatured proteins at any time.
These ratios may be plotted against time
on a graph and this conveniently indi-
cates the approximate rate of unfolding
of the proteins.

HE effects of 75 different oils and

other water-insoluble fluids on vari-
ous proteins have been tested..The ex-
tent to which proteins unfold, at any
given interface, depends on the type of
protein, its concentration and the pH
and salt content of the medium. It has
also been shown that certain chemical
agents may enhance the denaturation of
proteins by a given oil. One of these
agents is a drug known as stilbamidine;
a small amount of it, added to a solution
of plasma albumin, tremendously in-
creases the surface denaturation of the
albumin, particularly if the oil used is
tricaprylin plus palmitic acid. On the
other hand, there are agents that reduce
the surface denaturation of proteins.
Some of these agents, like protamine,
may prevent the proteins from reaching
the interface, while others, like propa-
midine, appear to strengthen the struc-
tures within the protein molecules so that
their susceptibility to surface denatura-
tion is reduced. Another interesting re-
sult is that the action of these agents—
both the accelerating and the inhibiting
kinds—is neutralized by the addition of
nucleic acids to the mixture.

The drop-retraction technique is sen-
sitive enough to be applied to some of
the larger cells. One of these is the star-
fish o6cyte, which possesses a large, more
or less structureless nucleus. It is pos-
sible to inject an oil drop into the cyto-
plasm and to maintain continuity be-
tween the oil and pipette without killing
the cell. If the drop is later retracted, a
crinkling effect will appear, but not be-
fore the interfacial area is drastically
reduced. These experiments, demon-
strating surface denaturation of proteins
in the living cell, explain why oil
drops never crinkle spontaneously in the
absence of appreciable protoplasmic de-
struction. In their normal folded condi-
tion the protein molecules do not fully
cover the interfacial area of the injected
oil. When unfolded molecules are pres-
ent, retraction of the oil drop permits
them to cover the surface completely,
and crinkling can then occur.

THE microinjection method promises
to help in the investigation of the tiny
bodies within the cell, such as nuclei,
mitochondria and various other particles,
many of which are rich in enzyme com-
plexes whose functions biochemists
would like to study. The problem is to
develop media in which these subcellu-
lar particles may have a chance of re-
taining at least some of the properties
they possess in the intact cell. One way
to find such media is to inject test solu-
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tions into cells. If the test material causes
extensive agglutination or disintegration
of the visible particles in the cell, it is
obviously unsuitable as a medium, but
if it produces no visible changes, it may
serve as a reasonably adequate environ-
ment for the isolated particles after the
cell is fractionated. Another test would
be to tear the cell in the experimental
solution and see if the released sub-
cellular particles retain their normal ap-
pearance.

For example, microinjection studies
showed that a certain mixture of salts
had no apparent toxic action on the cyto-
plasm of the amoeba. When the amoeba
was torn with a microneedle in this me-
dium, it was impossible to distinguish
between the particles in the disinte-
grated portion of the cell and those in
the surviving part of the living amoeba.
However, when an oil drop was injected
into this disintegrated protoplasm and
then retracted, the proteins in the broken
cell were considerably more susceptible
of surface denaturation than those in
living protoplasm. Clearly, then, the salt
medium as tested was not ideal.

It is remarkable how little injury is
produced by the injection of most oils
into cells. For example, when a drop of
oil is injected into a dividing egg of the
sea urchin Lytechinus, it rarely inhibits
division of the egg, even though the drop
may have been placed in the path of the
cleavage furrow. In fact, the oil drop
itself, like the egg, is frequently pinched
in two.

In general, little if any surface dena-
turation of proteins occurs when oil
drops are introduced experimentally into
living protoplasm. Just why this is so is
not yet known. It may be that in living
substance the proteins possess an inte-
grating collective architecture that forms
protein aggregates and prevents them
from unfolding readily. Or the proto-
plasmic proteins may be associated with
substances which either prevent the pro-
teins from reaching the surface of the
oil drop or which so reinforce their struc-
tures that surface forces are inadequate
to induce extensive unfolding. The strik-
ing increase in surface denaturation
of the protoplasmic proteins that follows
the disintegration of a cell may be due
to the breakdown of either or both of
these protective devices.

Progress in the investigation of the
physical properties of protoplasm, which
was largely initiated by Kite’s microdis-
section studies, has been frustratingly
slow. But it is clear that these microma-
nipulative techniques have great poten-
tialities, for they offer the most direct
known experimental approach to living
cells.

e ——

M. ]J. Kopac is pro-
fessor of biology at
New York University.
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LIVING CELL contains a smooth spherical oil drop
(smaller circle near top). The cell used in this experi-
ment is the immature egg of the starfish. The drop
was placed within the cell by means of a micropipette.

CRINKLED AND SMOOTH oil drops show that proto-
plasm must be appreciably broken down bhefore crink-
ling occurs. Drops at left are in partly destroyed region
of cell; drop at right is in region more or less intact.

DROP IS INJECTED into a starfish egg near the nu-
cleus, one of the most sensitive regions of the cell.
The nucleus is the light area behind the oil drop.
The tip of the micropipette may be seen at the right.

DEAD CELL contains a deeply crinkled oil drop. The
crinkling, which is due to the unfolding of denatured
protein molecules on the surface of the oil drop, was
completed 30 seconds after the cell had been killed.

AN
CRINKLED drops show the progress of disintegration
in the same cell as that at left. The third drop is also
crinkled, as is a fourth drop which was injected into the
disintegrating area after the process was under way.

DROP IS RETRACTED into micropipette until crink-
ling occurs. Around the crinkled drop is a region of
protoplasm disintegrated by contact with the original
drop.Denatured proteins in this region caused crinkling.
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The Kuanyama Am

O

A tribe of the Bantu people in South-West Africa

is an example of how a society generates social

controls to meet the conditions of its existence

I :VERY society is geared to a com-

plex set of social controls which

are an important part of its culture.
The controls serve to keep the society
adjusted to its total environment; they
act to preserve the society’s life and to
turnish the society as a whole with the
maximum of pleasure and the minimum
of pain. In the insect world, where social
organization is not uncommon, the con-
trols are instinctive. In civilized society
they usually are conscious, in the form
of written or unwritten laws. Among
primitive peoples they are often uncon-
scious. In any society, primitive or civil-
ized, those social controls that are un-
conscious change automatically, usually
without the awareness of its people, to
meet changes in the society’s environ-
ment.

The most convenient place to study
social controls is in homogeneous primi-
tive societies, where the control mecha-
nisms are relatively simple and easy to
relate to the physical environment. Such
a study was made in 1947-48 by mem-
bers of the University of California Afri-
can Expedition among the native peoples
of South-West Africa. These natives may
be taken as examples of various stages
in the development of social controls.
Four groups were investigated; in the
order of their social development, from
the most primitive to the more advanced,
they were the Bushmen, the Hottentots,
the Berg Dama and the Bantu. This ar-
ticle will deal particularly with one of
the more advanced native societies: a
tribe of Bantu called the Kuanyama
Ambo.

The Bushmen probably were once
widespread throughout Africa but now
have been driven back by the more ad-
vanced races to the fringes of the Kala-
hari Desert. They are one of the most
primitive groups known to man. The
pure Bushman is quite childlike in ap-
pearance. He is short of stature, yellow-
skinned, round-headed, hairless on face
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and body and has tufted (“peppercorn”)
head hair. He is especially marked by
steatopygia—the growth of fat and mus-
cle on the buttocks. Many Bushman fea-
tures suggest the Mongoloid rather than
the Negroid race. The language of the
Bushmen consists largely of clicks (made
by striking the roof of the mouth with
the tongue, as in urging on a horse),
which are considered a very early form
of human communication. Still a hunt-
ing and fishing people thinly dispersed
on the land, the Bushmen have no real
chieftaincy and only the simplest social
controls. Their unconscious controls
have operated to enable them to adapt in
a very primitive way to the change from
the fertile areas where they once lived
to the desert where they have been
driven; e.g., they have learned to store
water in ostrich egg shells under the
sand and drink the buried water through
long “straws.” Their conscious controls
consist for the most part in instructions
given boys and girls at the time of their
tribal initiations, which are intended to
teach the boys courage (“make men of
them”) and to test the girls for endur-
ance. The Bushmen were once noted for
their chiseled art, which may date back
to the European Old Stone Age, but in
their present habitat, which lacks stone
cliffs for their drawings, they have un-
consciously lost this art.

HE HOTTENTOTS, intermediate in

physical appearance and height be-
tween the Bushmen and the Caucasians,
appear to be Bushmen who mingled with
Hamiticized Negroes farther north in
Africa. From the latter the Hottentots
received the precious gift of cattle-rais-
ing. They unconsciously also received
trom their neighbors the patrilineal clan
system, which is well adapted to a cattle
economy, since inheritance runs along
the line of male herdsmen. The Hotten-
tots, like the Bushmen, use clicks in their
language, but to a far smaller extent.
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They have head men who supervise sim-
ple rules of conduct. They are, however,
without any form of autocracy.

The Berg Dama, a true Negroid popu-
lation unrelated to the Bushmen, were
enslaved by the Hottenots very long ago.
They still have Hottentot habitations,
language and customs, and unconscious-
ly wish to be actual Hottentots, but this,
because of their appearance, will forever
be impossible. Since their emancipation
from slavery to the Hottentots, the Berg
Dama have developed rather more elab-
orate social controls of their own.

The Bantu, who are Negroes with a
white Hamitic admixture, divide into
three groups: the Herero, a cattle-raising
people who live in an area where agri-
culture would be difficult; the Okavango
River people, who have acquired a few
cattle in recent times and practice agri-
culture and fishing, and the Ambo, who
live in the most fertile section of South-
West Africa and have the most versatile
economy, including cattle-raising, agri-
culture, fishing, hunting and food-gath-
ering. All the Bantu have clan systems
which automatically control the complex
relationships of family, inheritance and
social life. The Ambo, however, have the
most elaborate system, formerly headed
by a king.

Even a cursory comparison of these
various peoples shows that as the com-
plexity of economic life increases, so do
the density of population and the intensi-
ty of social controls. The Bushman terri-
tory, with about 9,000 natives, is the
most thinly populated; while Ovam-
boland, the home of the Ambo, has about
150,000 and is the most thickly popu-
lated area in South-West Africa. There
is a similar gradation in political control,
ranging from the simple hunting leader
of the Bushmen to the kingship of the
Ambo. Moreover, there is a considerable
difference in the adaptability of these
societies: the more advanced a primitive
community is, the more rapid are the



changes in its customs and its social con-
trol systems. The customs of the Bush-
men presumably have remained largely
unchanged for thousands of years, while
the customs of the Kuanyama Ambo
have altered rapidly in the past century.

ET us now take a closer look at the
Kuanyama Ambo. Their society of-

fers a good illustration of the unconscious
application of complicated social con-
trols among a relatively primitive people.
The Kuanyama, the most northerly of
the Ambo tribes, live partly in Angola
and partly in Ovamboland, between 17
and 18 degrees south of the Equator.
The Ovamboland territory is a high,
sandy flood plateau, 3,300 feet above
sea level. It has a subsoil sufficiently rich
to permit the growth of grass cereals,
concurbitants and legumes during the
short but intense rainy season from Janu-
ary to March. The rainfall averages 17
inches a year, but is uncertain both in
amount and in timing. This fact entails
a rigid system of social controls relating
both to horticultural practices and to
religious rituals, since the ancestors are
thought to produce or hamper the rain-
fall. The seasonal nature of the precipi-
tation also makes the sex division of
labor more pronounced. In the wet sea-
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KRAAL DWELLING of the Kuanyama Ambo is a bw .-

stockade divided into sections for various kinds of people
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son the women carefully plant their
crops in hillocks above the flood, and
weed and transplant the growing gram.
In the dry season the boys and young
men take their cattle to pasture in the
meadows of Angola, and the Kuanyama
blacksmiths also go to Angola to fetch
iron ore, since Ovamboland itself lacks
minerals.

The Ambo live in stockaded, corral-
like settlements called “kraal,” each a
self-governing city in miniature. This
basic unit of social control is very direct-
ly related to economic circumstances, for
the kraal’s cattle and the produce from
its 10 to 20 acres of surrounding garden
are carefully guarded within the kraal
walls. The inhabitants of a kraal are the
husband, who is its head, from four to
20 wives, their children, relatives and
servants. Each wife is responsible for
storing and rationing particular food
staples. The first wife, the most impor-
tant both ceremonially and economical-
ly, has charge of the milk, butter and
seasonal foods and has her sleeping hut
near the sacred fire, which she attends.
The fire must never be allowed to go
out so long as the kraal owner and the
king remain alive, else an omen of dis-
aster is cast over the kraal.

The Kuanyama have a feudalistic sys-
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tem of government. It is now under Eu-
ropean supervision, which has changed
it somewhat; the account that follows
will describe the society that existed
while the Ambo still ruled themselves.
At the head of all the Kuanyama Ambo
was a king who lived in a royal kraal
near Ondjiva in Angola, now in ruins
but still called the “palace” by the
Kuanyama. It was an immense. structure
surrounded by acres of gardens. Here
the king kept his harem, at the head of
which was the queen mother and her
sisters.

The king was considered to be the
physical embodiment of the native high
god Kalunga, and was often called
Kalunga. As surrogate of the god, he
was entrusted by the divinity with the
sacred fire, the sacred water and the
sacred sheep—the three most precious
embodiments of power among the Kuan-
yama—and these the king gave out to
his people. He was the tribal rainmaker.
Theoretically the king was the owner not
only of all the land but also of all the
cattle, the crops and the inhabitants of
the country. He appointed a number of
noblemen, selected for valor in battle,
to rule over districts, and they in turn
sold to each kraal owner the lease on his
land. (Today the white commissioner of
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and domestlc functions. Once the king of the Kuanyama
Ambo had a kraal with labyrinths to prevent regicide.
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South-West Africa, who has replaced the
king, appoints the district heads.)

Through a cannibalistic feast the
monarch gained supernatural strength
on his ascension to the throne, and he
was anointed with the fat of a lion to
bestow on him mystical identification
with that totemic animal. The monarch
usually obeyed the advice of the queen
mother, but otherwise was “above the
law.” Descent was counted through the
mother, and the king was permitted to
marry only outside his own clan, but he
could carry on love affairs with any
women he pleased, except his own
mother and her sisters. Special terms of
respect were employed when speaking
about the monarch, his dwelling, or his
actions, and the penalty for touching his
person or utensils was death.

EGICIDE, as long ago pointed out
by the great English anthropologist
Sir James Frazer, was a national custom
in pre-Roman Italy and much of Africa.
The Kuanyama had the proverb “He
who kills the king becomes king,” and
the royal kraal was always being built
into new patterns of stockaded mazes
and labyrinths to protect the king from
overenthusiastic brothers and nephews
who were potential heirs to the throne.
Since the rainmaking monarchs of Africa
held in their persons the welfare of the
land, it was deemed unwise to allow
them to become old or sick, and fatal
to permit them natural deaths. The
Kuanyama ruler knew that a faithful
attendant held himself in readiness to
smother him with a small piece of the
sacred lamb skin in case of dire illness,
while a young girl who acted as fire-
keeper was ready to be buried alive with
her monarch and thus serve him in the
next world.

There is, of course, a striking contrast
between the glorious figure of Queen
Victoria, with her diamond crown, her
ermine robe, her glittering court and her
position as “Ruler over England, Scot-
land, Ireland and Wales, and Empress
of India,” and the ragged, tottering,
drunken apparition of the Kuanyama
king as he stood prepared for coronation
after his preliminary feast of mixed meat
and human flesh. Over his shoulder he
wore a tanned human skin (a relic of his
cannibalistic meal), and other parts of
his anatomy were draped with strips of
the skins of the sheep, the lion, the leop-
ard, the elephant, the badger, the puff
adder, the giant mamba snake and vari-
ous other animals. When the new ruler,
so attired, stepped before his people to
greet them, his subjects, reports an old
chronicle, “fled in terror.”

Yet this grotesque African figure can
by no means be considered a shabby
imitation of his European confreres. It
is rather the European monarch who is
a survival of the primitive king. The
Kuanyama king Haimbili, who held sway
over an African feudal aristocracy 100
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years ago, exemplifies the primitive ori-
gins of the kingship institution. He pre-
sided over an elaborate court, complete
with nobility, an army, page boys, secret
police and hangmen. He announced
when game was to be hunted; he opened
the fishing season and received his share
of the fish; he gave permission for the
gathering of crops, out of which he also
received his share; he even exercised
certain powers of life and death for the
control of the number of his subjects. But
his powers were far from absolute. The
Kuanyama ruler, like all primitive kings,
was not a lawmaker; the edicts he issued
were for the most part merely formal
recognitions of natural events and un-
conscious controls. All the close relatives
in his clan shared his prerogatives, and
on the day of his coronation he was pub-
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times their parents, were put to death,
on the ground that an unnatural child
would ruin the country; children who
grew their upper teeth before their low-
ers had erupted were also killed for the
same reason. In the latter part of the
19th century, the marriageable age of
Kuanyama men was postponed to about
28, and even then a man was not allowed
to be a kraal owner with a retinue of
wives until he had undergone a second
marriage ceremony with his first wife at
the age of about 38.

THE KUANYAMA system of justice
also was subject to unconscious con-
trols. The king and his nobles, who dealt
with the graver crimes, such as theft,
mayhem, murder and witchcraft, were
often venal and sold decisions to the

BRIDES of the Kuanyama Ambo wear marriage headdresses and aloe
sticks representing porcupine quills. They are anointed with termite mud.

licly given advice by his councilors.
When he became too tyrannical, he was
liable to assassination. And every Kuan-
yama ruler was compelled to kill his
plebeian father when he came to the
throne; though many must have objected
to the custom, all conformed. It was not
until 30 years after the missionaries had
arrived that the last king of the Kuanya-
ma, Mandume (1910-1917), took it
upon himself to reform certain abuses,
including abortions on unmarried girls
and witch-killing.

In spite of malarial epidemics when
there was plentiful rain, and famine when
there was little, the growth of popula-
tion became an increasingly acute prob-
lem among the Kuanyama. Various un-
conscious controls developed to protect
the tribe against the overpopulation
danger. By order of the king children
born of unmarried mothers, and some-
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highest bidder or punished innocent peo-
ple who had fallen into their disfavor.
Yet the necessities of the native economy
operated in a crude way to restrict these
excesses and even to promote a system
of social justice. The matrilineal system
of inheritance, which did not permit a
man to leave his herds to his sons but
distributed them among his nephews and
more distant relatives, prevented the ac-
cumulation of wealth in the hands of a
few. A man who attracted attention by
display of too many cattle was liable to
fall under the displeasure of the court;
his life might be endangered and his
goods confiscated. The Kuanyama prov-
erbs, which took the place of laws, ex-
hibit a spirit of fair play: parents were
looked after when they became old; the
sick and blind were given food and shel-
ter; peace within the kingdom was re-
garded as a blessing. Tranquillity, both



here and hereafter, was the aim of social
etiquette and moral law.

Another devious form of social control
among the Kuanyama was exerted
through the ceremonial songs sung at
moonlight dances of the young people
and at a spring cattle ceremony. The
herdboys were rewarded or condemned,
and unpopular members of either sex
were ridiculed in mocking songs. A
month before the spring communal mar-
riage ceremony, the young people
camped together and enacted the roles
of married couples. The boys hunted in
the daytime while the girls cooked and
set up housekeeping; in the evening the
couples often secretly but chastely slept
together, i.e., “bundled.” When the boys
came home with booty from the hunt,
they raised a cry, and switched the girls
with branches—especially those who had
refused their “bundling” advances. Be-
fore settling down in marriage, Kuanya-
ma girls now roam the country as “ash
girls” or sacred spirits, assume male
names and personalities, and take their
turn beating their former lovers and
snatching away their kerrie-sticks, the
emblems of their manhood.

Much of the old tradition is gone for-
ever from Ovamboland. Today many of
the Kuanyama are Christians, and under
the white man’s rule controls are in a
great measure exercised through laws.
The Kuanyama have ceased warfare and
training for warfare and have become
gentle in nature.

UR comparative study of the peoples
of South-West Africa suggests these
conclusions: The more advanced the
economic life of a society and the smaller
its dependence on its immediate organic
environment, the greater is its density of
population, the more elaborate and con-
scious is its system of social controls, and
the more rapidly can it change its con-
trols to meet new conditions. This, of
course, gives the higher cultures added
survival value. At the same time, even
the highest present-day cultures still re-
tain residues of unconscious controls,
many of them useful. Thus the “bun-
dling” of the Kuanyama, though it has
never had explicit parental approval,
survived among Alpine peasants and our
puritanical New England ancestors,
serving the useful purpose of allowing
young people to get acquainted and
choose their own mates. It still survives
in a modern American counterpart—the
“dating, courting and petting” complex.
The study of the unconscious social
controls of primitive peoples is therefore
not without value to civilized society,
for through such studies psychology and
anthropology can bring many of our un-
explained emotions and actions to the
conscious level.
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Edwin M. Loeb is an anthropologist
at the University of California.
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What GENERAL ELECTRIC People Are Saying

T. R. HAND
Apparatus Department

C. J. FALK

General Engineering & Consulting
Laboratory

Quarity ConNTrOL: In industrial
manufacturing, every production
line will produce some rejects. To
keep those rejects within economic
limits, a technique known as scien-
tific quality control has been de-
veloped.

Scientific quality control employs
control charts which are based on
mathematical probabilities. With
knowledge of past production his-
tory, it is possible to predict with a
known degree of risk whether pres-
ent production conditions are pro-
ducing too high a reject rate. The
method has often resulted in reduc-
ing reject losses in a manufacturing
process from 30 to 50 percent . . .

With scientific quality control,
each inspector on a production line
makes a mark on a tally sheet every
time he rejects a unit. A separate
tally sheet is provided for each test
or characteristic which he is check-
ing. At the end of a shift or at the
end of the day, these tally sheets are
collected from all of the inspectors
and tabulated by the quality-control
rengineers. Each test is then indi-
vidually analyzed to see whether
that particular test is falling within
the predetermined economic limits.
If it is found that too many rejects
have occurred and the upper control
limit is exceeded, then the quality-
control engineer informs the pro-
duction supervisor that abnormal
trouble is present and corrective
action is indicated. In the meantime,
rejects are still being produced . . .

Quality-control engineers at Gen-
eral Electric’s Erie Works . . . re-
alized how much more effective
statistical quality control could be
if the information presented by
control charts was immediately
available . . . The problem presented
. . . was the development of a com-
puter which would give instantane-
ous quality control.

The computer should count the
rejects and total production on a
production line and should analyze
these counts immediately . . . The
Quality Control Indicator is the
solution to this problem . . .

At General Electric’s Erie Works
. . . a 60-percent reduction in rejects
followed installation of the quality
control indicator on a compressor
assembly line. On this line, monitor-
ing only five tests, more than
$10,000 was saved the first year by
reduction of scrap and rework ex-
pense. Greater efficiency also re-
sulted, since a production super-
visor could more easily direct his
efforts where they were needed.
Much closer quality control was
achieved . . . and the customary rise
in rejects during the vacation period
did not occur after the quality con-
trol indicators were installed . . .
Quality-control engineers using
the computer have called it the
biggest step forward in scientific
quality control since the beginning
of quality control itself.
General Electric Review
July, 1950

*
W. R. G. BAKER

Vice President

Coror TELEVISION: A new system
of color television, which General
Electric has submitted to the FCC.
provides a method of transmitting
color picture information within a
frequency band no wider than that
used in present-day black and white
transmission and could be used with
either the three-tube or the single
picture tube systems advocated by
other campanies at the recent FCC
color hearings.

This new system is called “fre-
quency interlace.” Under ordinary
conditions, announcement would
not be made until field tests were
completed. but since the FCC is
currently studying other systems.
it was necessary to reveal now that
the svstem is being tested and that
these tests to date indicate technical
soundness.

Among the advantages over other
known systems, frequency interlace

would permit relatively low-cost
TV receivers, reliable in operation.
easy to adjust and maintain, and
simple in construction. The system
is inherently compatible with pres-
ent black and white standards; it
would permit color broadcasts to be
received in black and white on
present-day receivers or black and
white broadcasts to be received on
color receivers incorporating the
new system. It would also permit
reception free of twinkle, crawl, or
flicker.
Syracuse, New York
July 27, 1950

*

R. W. WIESEMAN
Apparatus Department

Per1opic TEsTs: The service record
of a rotating electrical machine de-
pends to a great extent on the per-
formance of its winding insulation.
Proper installation, suitable over-
voltage and overload protection,
normal operating conditions, and
periodic inspection and testing all
help the machine windings to func-
tion satisfactorily. However, wind-
ings in service are continually ex-
posed to such adverse factors as
conducting dirt, moisture, chemical
action, mechanical damage, ab-
normal temperature, overloading.
and overvoltages. It is, therefore.
desirable to occasionally apply a
conservative over-potential test,
after inspection and cleaning, to
determine the suitability of a wind-
ing for continued service. By making
these tests at the beginning of
planned station overhaul periods.
time ‘will be available to replace any
defective coils with spare coils with-
out loss of service time. In this way
unexpected repairs made under
costly emergency conditions may
be avoided.

General Electric Review
August, 1950

You can put your confidence in—
GENERAL @3 ELECTRIC
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by James R. Newman

Economic AsPECTs OF ATOMIC POWER:
An Exploratory Study under the Di-
rection of Sam H. Schurr and Jacob
Marschak. Princeton University Press
($6.00).

HAT would it mean to the hu-
EK/ man race to discover a fuel that
weighed nothing, cost nothing,
was plentiful and yielded two and a half
million times the energy released by an
equal weight of coal? The cynic might
reply that the only effect of the discovery
in our age would be to multiply wars
and spread human misery. It is possible,
however, to envisage a less gloomy re-
sult, to speculate agreeably upon the
constructive applications of this fabu-
lous substance and the numerous bene-
fits it might conceivably confer on so-
ciety.

The fuel is, of course, now at hand,
and prophecies as to its use, far from
being purely fanciful, legitimately fall
within the decorous province of prac-
tical thinkers. Economic Aspects of
Atomic Power is a pioneer effort to ap-
praise the economic feasibility of using
the energy liberated in nuclear processes,
the range of its industrial applications
and the possible technological, social and
economic consequences of its wide-
spread utilization. It is a book which
should receive the most careful attention
from scholars, government officials, poli-
ticians and the more serious-minded of
general readers; nothing comparable has
yet appeared to illumine the many facets
of this important subject.

The study was undertaken for the
Cowles Commission for Research in Eco-
nomics. The directors of it faced from
the outset two serious limitations. The
first was the dearth of information avail-
able on the purely technical aspects of
atomic power; the second, the immense-
ness and complexity of this largely un-
charted area of inquiry. Information was
lacking not merely because some essen-
tial data are kept secret, but because the
entire subject is relatively in infancy and
most of the important questions of eco-
nomic analysis are as yet unanswerable.

To reduce their analysis to manage-
able proportions, the authors found it
necessary to confine their considerations
to industrial applications based on a

BOOKY

The economic feasibility of atomic power:

a new assessment of the first importance

continually controlled release of energy
within a permanent, stationary atomic
reactor. Whatever the future possibilities
of smaller mobile reactors, these are not
dealt with in the Cowles report except
to indicate that while atomic-driven
automobiles and airplanes are not in
prospect, atomic-driven naval vessels are
today regarded as quite practical. There
is also an interesting appendix showing
that the factor of physical size, and cer-
tain economic factors, render unlikely
the early development of the nuclear-
powered locomotive.

The focus of the study is on those ap-
plications “that seem least remote to-
day,” which is to say (1) the generation
of electricity by the heat obtained from
a controlled chain-reaction, and (2) the
transportation of low-temperature heat
over short distances for such purposes as
residential heating. Yet it should be
borne in mind, as the authors point out,
that precisely those applications likely
to become practical first may not, in the
long run, be important ones. Indeed, to
use nuclear fuels for the production of
heat, which in turn drives a steam or
gas turbine generating electricity, may
seem almost as unimaginative as to use
electricity itself to no better purpose
than to propel a surrey or ignite a Wels-
bach mantle. Nevertheless, no practical
methods having yet been suggested for
the more direct utilization of nuclear
energy, the scope of the Cowles analysis
is defined accordingly.

HAT ARE the economic character-

istics of atomic power? Subject to
various qualifications and conditions, the
conclusions of the report on this phase
of its inquiry may be summarized as
follows:

1. Stationary plants for the production
of power through the consumption of
nuclear fuel are technically feasible and
economically promising, although de-
signers admittedly still have a long way
to go in finding appropriate new mate-
rials and ‘devising an efficient nuclear
engine.

2. The cost of generating electricity
with nuclear fuel may be estimated at
four mills per kilowatt-hour as a mini-
mum, 10 mills as a maximum and 6.5
to 7.5 mills “intermediate.” The highest
figure may be taken as applicable to the
first commercial plants; the intermedi-
ate, to those built five or 10 years after
the earliest installations; the lowest fig-
ure represents the optimum cost that can
be achieved with methods now imagin-
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able, and it will be attained, if at all,
only after many years of experience.

3. The three cost figures are derived
from two major classes of data. First, it
is known that a conventional coal-fueled
electric plant of the most modern design
with a capacity of 75,000 to 100,000
kilowatts operating at an average rate
of 50 per cent capacity can produce elec-
tricity at a cost of four mills per K.W.H.
(1946 prices). Taking into account the
cost of power-generating equipment
which would be common to both a con-
ventional and an atomic electricity plant,
and the fixed charges and operating costs
other than fuel, the report concludes
that “atomic power at best would be the
cost equivalent of ordinary thermal
power based on a costless fuel.” Since
one pound of nuclear fuel is the equiva-
lent of approximately 1,250 tons of
bituminous coal, for most practical pur-
poses fissionable material may be re-
garded as a weightless as well as costless
fuel. The initial fuel investment in an
atomic reactor will not be negligible,
and it will have to be written off in over-
head charges. Thereafter, however, it is
expected that the reactor can feed on
natural uranium and thorium; in other
words, the study is based on the assump-
tion, by no means unreasonable, that the
breeder technique is likely to prove suc-
cessful. The second source of supporting
data is the various studies of the costs of
atomic power already published. It
should be pointed out that at least two
of the cost estimates on which the au-
thors rely, i.e., the so-called California
and Thomas reports, have been severely
criticized by other experts and would not
be acceptable to them as a basis for their
own assessments. While the Cowles re-
port strikes its own independent esti-
mates, it admits to having taken the
studies referred to as “useful guides” to
the general level of costs.

4. Although there is a paucity of accu-
rate quantitative information on uranium
and thorium deposits, the raw materials
needed for atomic power plants are
thought to be widely available. There
are well-known rich deposits of uranium
ore in Canada and the Belgian Congo;
Czechoslovakian and German uranium
sources, under Russian control, are re-
putedly ample; monazite sands, from
which the highest grade thorium ores
are derived, occur in abundance in In-
dia and Brazil; there is reason to believe
that major uranium deposits have been
located in the Union of South Africa.
What is even more important, for the
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U. S. and for many other countries, is
that additional valuable sources of ura-
nium, such as oil shales, are distributed
all over the world. Thus it would seem
“that eventually supplies of uranium and
thorium may come mainly from mineral
ores not formerly mined for these mate-
rials, primarily because they contain
amounts which used to be considered too
low for commercial exploitation.” Much
progress has already been achieved, and
more is to be expected, in the mining
and refining of these low-grade ores.
Estimates have been made that U. S. re-
serves of “definitely minable” uranium
and thorium would be sufficient to pro-
duce electric power at the 1946 level of
output for a period of 1,000 years. If
“probably minable” reserves are taken
into account, the period is extended by
an additional 10,000 years.

5. Under various circumstances, and
in various localities, atomic power can
compete favorably with coal even at a
cost of five to seven mills per K.W.H.
At selected points in several countries,
including Norway, Sweden, Yugoslavia,
Japan, Italy, Switzerland, the U. S. and
the U.S.S.R., hydroelectric power is
generated at four mills per K.W.H. or
less; atomic power is therefore not com-
petitive at those points. There are as
many other localities where atomic pow-
er at four to six mills per K.W.H. would
be competitive with water power.
Among the countries where atomic pow-
er may turn out to be of the greatest
significance are: Argentina and Brazil,
which have negligible fuel resources and
many important population centers far
from potential water power; Denmark
and the North African group of coun-
tries, which have negligible fuel and
water-power resources; Great Britain,
whose fuel supplies are dwindling, and
Hungary, Italy, Austria and Switzerland.

6. Even with the use of breeder meth-
ods it might require several decades to
build up fissionable stocks in the U. S.
to the point where atomic power would
furnish a significant part of the total en-
ergy supply. On the other hand, five or
10 years would suffice to produce stocks
large enough to enable atomic power
installations to contribute a substantial
portion of current additions to power-
plant capacity. But political factors may
intervene to upset every calculation.
Thus useful power may not be produced
at all if the conditions required for such
production are “found to be inconsistent
with the maximum rate for breeding fis-
sionable materials for use in the bomb.”
Since one may assume that the Chiefs of
Staff as well as Congress will never be
satisfied with the bomb stockpile, what-
ever its size and rate of growth, it is
clear that continued world tension and
extensive rearmament must profoundly
affect the future of atomic power. In the
happy, and unlikely, event that an in-
ternational control system for atomic

energy could be established, the pros-
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pects of atomic power development
would of course be greatly enhanced.
Even so, much would depend on the
control policies, especially the restric-
tions adopted for reasons of security.

7. Finally, it should be noted that the
basic cost comparison is not that of
money costs but of “real costs,” in the
following sense: “To achieve a given
level of present and future national con-
sumption, and a given degree of national
security, will it take more of a country’s
resources to produce an additional kilo-
watt-hour of power from atomic or from
conventional sources?” Money costs may
of course approximate real costs to the
extent that private individuals and even
government agencies “compete in mar-
kets and try to avoid losses.” On the
other hand, as soon as diplomatic, mili-
tary and other politico-economic factors
enter the situation, the straight compari-
son of money costs of energy from new
and old sources must be regarded as
only one of several clues to the future
national development of atomic power.

AFTER this general survey of the eco-

nomic feasibility of atomic power in
relation to power from non-nuclear fuels,
the Cowles report considers the effects
atomic power might have on a selected
group of energy-consuming industries.
Among the industries examined are alu-
minum, chlorine, phosphate, cement,
iron and steel, railroads and residential
heating. For each of these potential
users in whose manufacturing processes
the cost of energy is a substantial per-
centage of total cost of production, the
examination turns on three questions.
First, would atomic power lead to cost
reductions? Second, would low-cost
atomic power encourage process changes
“in which methods based on atomic en-
ergy would substitute for the direct fuel-
burning or chemical methods used to-
day”? Third, would changes occur in the
location of certain manufacturing activi-
ties as a result of the geographical equali-
zation of power costs? I found these
analyses the most interesting and en-
lightening of the entire report.

The study suggests that atomic power
may be of great importance in expand-
ing and relocating the production of
aluminum, now concentrated near water
power; in the U. S. a new aluminum-
producing center might develop in the
Gulf Coast area. Atomic power would
be more likely to reduce aluminum costs
in France, Germany and Great Britain
than in the U. S., the U.S.S.R., Canada
or Japan.

Though atomic electricity would be
of negligible significance in the manu-
facture of cement, brick and flat glass, if
it were cheap enough it might induce
process changes such as electrical firing
instead of gas firing in glass furnaces and
the heating of kilns by hot reactor gases.

It is possible that nuclear-powered
hydrogen-reduction furnaces located



near the major iron-ore region of north-
ern Minnesota would permit delivery of
iron to the Chicago-Gary market, and
perhaps even the markets of the Pitts-
burgh area, at a lower cost than iron from
the coke blast furnaces of the steel plants
in those centers. This might bring about
decentralization of the steel industry
with corresponding economic repercus-
sions. Countries such as Great Britain
might apply atomic power to steel-mak-
ing before the U. S., because their cok-
ing-coal reserves are more limited. And
in countries such as India and Brazil,
with vast iron reserves but meager or
nonexistent coking-coal resources, atom-
ic power combined with the hydrogen-
reduction process could make an enor-
mous difference in raising the per-capita
level of steel output.

Extensive railroad electrification based
on atomic power is not to be anticipated
unless atomic electricity can be pro-
duced at the minimum estimated future
cost. Diesel oil and coal will therefore
continue as the major fuels, with the
latter possibly used in “radically new
locomotives.”

Space heating consumes a greater
amount of energy than any of the indus-
tries covered in the Cowles analysis; “in
1945 the fuel consumed for this purpose
accounted for almost 20 per cent of the
total energy supply from mineral fuels
and water power.” The question is
whether district heating based on “cen-
trally-located straight heat-producing
nuclear reactors” is a feasible substitute
for the prevailing present system of
separate heating plants in individual
buildings. The authors are of the opin-
ion that the concentrated demand re-
quired to bring nuclear district heating
costs down to a competitive level ex-
ists in only a few large American cities,
and even there nuclear heating would
lead to no money savings; it would pre-
vail, if at all, because of its convenience.

A general consideration is applicable
to all the foregoing conclusions. In ar-
riving at cost figures for atomic power in
industry, one of the essentials involved
is what is known as the “plant factor”;
that is, the percentage of capacity at
which the power station operates. Since
fixed charges are an important element
of atomic power costs, substantial cost
reductions per K.W.H. are possible if
capacity is more fully utilized. In not a
few industries where there is a heavy,
continuous energy demand, a higher
plant factor might easily bring atomic
power within competitive reach. For ex-
ample, at 50 per cent capacity the mini-
mum estimated cost of atomic power is
4 to 4.5 mills per K.W.H.; at 80 per cent
capacity it is 2.7 to 3.2 mills, and at 90
per cent capacity it is 2.5 to 3 mills.

In sum, then, the useé of atomic power
by a number of principal industries may
effect substantial changes in location,
process, costs or combinations of these.
While few of these changes measure up

to the more extravagant popular notions
of the revolution that atomic energy
might produce, in at least one or two in-
stances (iron and steel manufacture, for
example) there are foreseeable effects of
wide scope and significance.

IN THE last portion of their study the

authors deal with the effects that the
introduction of cheap atomic power,
available anywhere, would have upon
the economy of an entire nation or re-
gion. The findings are so conjectural, the
supporting arguments so difficult, tenu-
ous and theoretical, that I finished this
section of the report with no more than
a few vague impressions. I gathered, for
example, after many pages of involved
ratiocination, that atomic power may in-
crease national income in the U. S. by
one per cent or less; that it may stimu-
late invention and increase the demand
for electricity or, on the other hand, may
not do so; that it will be of greatest im-
portance where conventional fuels are
scarce, and of less importance where
such fuels are less scarce. Atomic power,
it is clear, is only one of a large number
of technological, social, economic and
political factors that will determine eco-
nomic changes and the rate and direction
of industrialization in many parts of the
world. As the authors point out: “Atomic
power may at most accelerate some
processes, [but it may be] overshadowed
by such factors as the rate of capital
formation in slightly industrialized areas,
population changes, the rate of spread of
technological knowledge and skills, and
government policies in relation to indus-
try and international trade.”

Economic Aspects of Atomic Power is
an honest and valuable book. It is often
cumbrous in organization; it also threat-
ens, from time to time, to bog down in
the usual execrable economists’ jargon.
(For some reason economists and social
scientists persist in the extraordinary
belief that their Eleusinian double-talk
conveys authority.) Moreover, the book
expresses many of its conclusions with
such nervous reluctance to commitment
that the reader will find it hard to dis-
cover just what it is that the authors are
concluding. I assume that this same atti-
tude of mind has steered the authors
sharply away from any remotely con-
troversial issues: the extent to which, for
example, the lack of a coherent policy
on the part of the U. S. Atomic Energy
Commission with respect to the ques-
tion of continued government monopoly
versus private ownership may affect the
future development of atomic power. All
these shortcomings are fully redeemed,
however, by the substantive achieve-
ments of the report, which include not
only the laying of a sound foundation for
all future studies in this field, but the
opening to public scrutiny and under-
standing of a subject hitherto obscured
by confused and contradictory pro-
nouncements.
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Conducted by Albert G. Ingalls

N ASTRONOMICAL telescopes the
I image appears upside down, back-

wards, or both. The astronomer soon
comes to regard this as normal, and
would be confused by a correct image
of the moon or a planet. Leaving the
image uncorrected saves added lenses,
prisms or mirrors that would cause need-
less aberrations and loss of light.

In terrestrial telescopes, on the other
hand, most users prefer normal, erect
images. Vern E. Hamilton of Inglewood,
Calit., has worked out an arrangement
for turning the image right side up in the
ordinary Newtonian reflector, although,
as he says, the idea is probably not new.
On the opposite page is a drawing of
Hamilton’s arrangement by Russell W.
Porter, one of the last drawings Porter
made before his death. Hamilton writes:

“In this telescope the conventional
Newtonian diagonal is placed a little
nearer to the principal mirror than usual,
to allow the focal plane to extend farther
beyond the side of the tube. After the
cone of rays emerges from the tube it is
turned back toward the principal mirror
by a roof prism in the position shown.

“This arrangement completely erects
the image, with top on top, left on left,
and—much to be desired—with the ob-
server facing the object. It also permits
the telescope tube, if it is not too large,
to be rested on the observer’s shoulder
instead of on a tripod. This design allows
the relatively easily made reflector to
compete with the more difficult refrac-
tor in such instruments as hand tele-
scopes, spotting scopes and super-binoc-
ulars.”

Porter added an insert to his drawing
to explain the reflections that take place
within a roof-angle prism invented by
the Italian astronomer-microscopist, Gio-
vanni Battista Amici, 1784-1863. This
prism, not to be confused with others
invented by Amici or with the roof-
angle prisms of other inventors, is desig-
nated as the Amici roof-angle prism.
Complex as it appears, a roof prism is
simply the right-angle prism with its
hypotenuse folded lengthwise to make
a roof with slopes intersecting at right

60

angles. The prism still turns the rays
at a right angle and still reverts the
image, but it adds to these an inversion,
so that top comes out on bottom and left
comes out on right. The prism’s appear-
ance is complicated by three small facets
that have no optical function and are
merely the stubs of edges and ends that
lie beyond the useful field and so are
ground off to decrease the prism’s bulk.

“A workable substitute for a roof
prism can be made from two first-surface
mirrors,” Hamilton points out. “Fasten
them to an adjustable mount with the
reflecting planes in a position that corre-
sponds to the roof planes of a roof prism.
Then, while viewing with the completed
telescope some distant wires placed
diagonally in the field, adjust the roof
angle until the wires in the upper and
lower halves of the image coincide. The
joint at the roof ridge should be as good
as possible, but need not be perfect,
since it is out of focus of the eyepiece.
Another substitute arrangement is to
keep the two mirrors parallel to the reg-
ular roof planes and place them so that
all the rays strike the first mirror, then
the second mirror, and then the eyepiece.
This arrangement has the advantage of
having no roof-ridge joint to degrade the
image, and the roof angle is not critical,
since any misalignment merely rotates
the entire field. The disadvantage is that
it uses up more focal length and so re-
quires a larger Newtonian diagonal.

“Of course these rough mirror arrange-
ments will not equal a roof prism which
has a perfect ridge joint and a light
transmission of some 90 per cent, but
they permit an amateur amateur to make
in one evening a satisfactory roof-prism
substitute good enough for most terres-
trial uses. A professional amateur can
obtain a larger roof than is practical with
a solid prism. It may well be that sub-
stitutes of this kind will largely supplant
roof prisms if recent developments to
increase the efficiency of reflective coat-
ings prove successful.

“A little time spent in tracing reflec-
tions through the optical train shows
that the image will not come out like the
scrambled monster in the left-hand
drawing but normal, as in the other.”

Instead of tracing reflections through
a complex optical system on paper, it is
safer and less confusing to set up the
optical elements in dummy form and
test the result. Experiment with a con-
cave mirror, a flat, a roof prism and an
astronomical eyepiece has verified the
correctness of the Hamilton telescope.
Anyone who builds this telescope should
avoid crowding on high magnification,
since this magnifies vibration and un-
steadiness in proportion. Hamilton says
that he learned to follow airplanes in
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flight, “after a fashion,” with 28 power,
but that 10 to 20 power is more practical
for hand-held observation.

John M. Pierce of Springfield, Vt., has
pointed out that there are but three po-
sitions in which a lens-type erector gives
an erect and normal image with a New-
tonian telescope: 1) with the eyepiece
tube horizontal and on the right side of
the telescope; 2) with the eyepiece tube
horizontal and on the left side of the
telescope and 3) with the eyepiece hold-
er vertical and on top, and the top of the
observer’s head turned toward the ob-
ject. However, in no possible position
can a Newtonian with a simple lens-type
erector give an erect and normal image
with the observer facing the object. The
Hamilton arrangement makes this possi-
ble and, in addition, eliminates the aber-
rations and extra length of a lens-type
erector.

There is a considerable demand for
terrestrial telescopes but relatively little
literature about them, and that little is
scattered and fragmentary. Among ama-
teur telescope makers there must be at
least one or two who have explored this
subject widely, perhaps built and used
a number of types of terrestrial tele-
scopes and, in short, made a specialty
of them. Such persons are urged to make
available to their fellows what they
have learned.

A QUARTER of a century ago Russell
Porter set a fashion of answering the
letters of fellow amateur telescope mak-
ers by scribbling replies and comments
in the margins or on the back of the let-.
ters. This method, followed by this de-
partment when exchanging notes with
workers, has the advantage not only of
spontaneity and simplicity but of placing
the answer where it belongs, so that the
record is fully integrated. It is less easy
to make the “gears” of a formal reply
mesh with those of the original inquiry.

Thus today scores of papers with Por-
ter’s annotations, short and long, often
accompanied with little sketches and
personalia, are preserved as valued rec-
ords and frequently turn up when piles
of accumulated papers are sorted over.
From 1925 on, this department weekly
sent to Porter a fat batch of letters
from amateurs; they were returned with
interlineations in his clear round hand-
writing. No conventional trimmings were
bothered with. Often these letters were
forwarded to other workers, and from
them gathered fresh marginalia—serious,
humorous, cynical, even unprintable.
Many of these round-robin “files” turned
into slow-motion conversations, like a
game of chess played by mail.

Not long ago, before Porter’s death,
one of these papers was reread and, in



the belief that it would be interesting
and useful to others, it was sent to Porter
with a request that he make a drawing
suitable for pubhcatlon. The drawing
appears on page 62. The exchange of
notations ran thus:

Porter: “S’pose you wanted to make a
very deep convex paraboloid, how’d you
s’pose you'd go about it?”

The reply: “Not knowing, I cannot
say.”
Porter: “Well, I do it thisaway. The

glass rotates while the template slides
over it, back and forth. The linkage
keeps the template always vertical.
Throw on the abrasive and both glass
and template automatically go parabo-
loid, the only curve we know of that can
be made that way. Starting, say, with a
hemisphere, or any segment of a sphere,
and a thin, circular template, you can
keep going and get any focal length you
want. Of course, the above is a convex
paraboloid but it works equally well on
a concave one.

“The reason why this gadget works
this way lies in the equation of the pa-
raboloid and the fact that every section
cut from a paraboloid, like a, b, ¢, d, ¢, is
a parabola and all are identical.

“If you slide the spherical tool A down
the side of a sphere it will touch only at
B and therefore will begin wearing faster
at that point than anywhere else along
its edge. Conversely, the sphere will be-
gin to wear away too. It’s easy to show;
just cut a piece of cardboard so it fits over
the center of a tennis, croquet or billiard
ball and slide it down, keeping it always
vertical.”

Later Porter wrote: “That convex
paraboloid is to be used as a mold from
which to cast concave plastic mirrors to
be used for some kind of infra-red re-
search, and the experiment consumed
111 hours of my time. After Anderson
[maker of the 200-inch mirror] tested it
and said it was 20 times better than the

tolerance laid down I felt greatly elated,
for he is not in the habit of exaggerating.”

DEALLY, when the amateur’s tele-
scope is not in use it should remain
out of doors under an observatory dome,
a runoff roof or at least a tarpaulin. But
circumstances force what is probably a
majority to keep their telescopes indoors
and lug them outside for each use. Since
even a six-inch reflector may weigh 100
pounds or more, this often results either
in diminishing use or in such a reduction
in weight that the instrument is shaky.
Edwin F. Bailey of the Astronomy
Section of the Franklin Institute in Phila-
delphia hit on a happy solution of this
dilemma. He used as his telescope base
a 10-gallon expansion tank from a hot-
water heatmg system. With the telescope
unscrewed, this tank may easily be car-
ried to the back-yard site. There it is
filled with 83.3 pounds of water from the
garden hose, which makes it quite heavy
enough. After the observing period the
water is let out of the tank. Tanks of this
kind measure 11 by 18 inches and are
tapped at the top for a %-inch pipe. In
place of this tapping B.u]ey welded
two-inch pipe flange, and inserted a
two-inch-length nipple to serve as the
telescope-post attachment.

ECENTLY a newly organized ama-
teur astronomical society in Austra-
lia asked this department for guidance
in planning a workshop that would en-
courage its members to make their own
telescopes. They asked, “What is re-
quired in the way of working space,
machine tools and, in short, the whole
setup?”

Copies of their letter were transmitted
by this department to several American
amateur astronomical groups, with the
suggestion that copies of the replies be
made available in these pages to others
who may be planning similar organiza-

.

k.\‘b

Roor Prism

The Hamilton terrestrial telescope
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WAR SURPLUS BARGAINS

YOUR CHANCE TO SAVE REAL MONEY!
MAKE A MICROSCOPE

Get wonderful results. Own an instrument worth many

times the cost to you. Simply convert a U.S. Govt. Rifle-

scope (Govt. cost over $65.00). It's easy! We show you

how. No machining required. Get up to 40 Power. Scop

we furnish is used but in good condition . . . sent com])lete
with extra lenies and direction sheet.

Stock 1959-S

WRENCHES—for above project, to smlDlnfy ;\nd sneed up

work—Stock #89-S 00

ASSEMBLE YOUR OWN BINOCULARS
Save More Than 2 Regular Cost
GOV'TS 7 x 50 BINOCULARS

Complete Optics, complete Metal Parts. New and ready for
assembly. We supply full instructions.

METAL PARTS—Set includes all Metal Parts—completely
finished for assembly of 7 x 50 Binoculars, No machining
required. A sturdy Emoculm Carrying Case is optional with
each set of Metal Parts

Stock 842 S—$39.40 Postpaid, plus $4.80 for Case—
Total 544
OPTICS—Set includes all Lenses and Prisms you nced for

assembling 7 x 50 Binoculars. These are in excellent con-
dition—perfect or near-perfect—and have new low reflection

coating.

Stock :t5102 $—7 x 50 Optics... .‘525.00 Postpaid
(These are standard Am -
NOTICE! If you buy both Binocular Optics .md Binocular
Metal Parts, add 209 Federal Excise Tax to above prices.

AMAZING POCKET-SIZE
10-POWER SPOTTING SCOPE

Complete With Tripod and
Swivel Head

Only 5%" long—8%%"” high on
tripod. Adapted from Army tele-
scope and worth many times our
price. Excellent for clarity and
sharpness. Has prism erecting
system, achromatic_ objective.
Ramsden Eye-Piece. Lenses low
reflection coated. Ideal Scope for
sportsmen and hunters.

Stock #953-S $14.95 Postpaid
SIMPLE LENS KITS!-=THE LENS CRAFTERS DE-
LIGHT! TFun for adults! Fun for children! Kits include
plainly written, illustrated booklet showing how you can
»uild Tots of optical items. Use these lenses in pholography
{(H copying, ULTRA CLOSE-UP SHOTS, Microphotography,
for “‘Dummy Camera’’, Kodachrome Viewer, Detachablé
Reflex View Finder for 35 mm, .'lme.= Qroxro:copm
Viewer, ground glass and enlarging focus aids. And
for dozens of other uses in expennwmal opucs, building
TELESCOPES, low power Microscopes, etc.

Stock 1#2-S—10 lenses. ...$1.00 Postpaid
Stock 1#5-S—45 lenses. ..$5.00 Postpald
Stock 1 10-S—80 lenses. $10.00 P:

We have Literally Millions of WAR SURPLUS LENSES
AND PRISMS FOR SALE AT BARGAIN PRICES

Write for Catalog ''S''—SENT FREE!

EDMUND SALVAGE CO.

BARRINGTON, NEW JERSEY

. CALCULATIONS

of all 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 involving
calculations in  Arithmetic,
Algebra and 'Trigonometry.
Any number of factors can he
handled in long and difficult
calculations. The C scale of
the Binary is 25 inches long
with graduations 25% further apart than those of a
20-inch slide rule. The CI, A, K, & Log scaies
are divided as closely as a 20-inch slide rule. Log-Log
scale extends from 1.0013 to 1,000,000, Gives Trig.
functions from 0 to 90 degrees on back. Engine-di-
vided scales yellow and black on wlute cnated alummnm
Permanently accurate. Dia. 812", 25 in case,
with instructions. Approved dt lead,mg iv. Used by
many large firms in the U.

MIDGET
CIRCULAR SLIDE RULE

Similar to Binary, has C, CI,

E%%%

A, LL and Binary scales.
hack

at schools and leading Univ. Ideal for
beginners, or for pocket use. Half million sold. Price
$2.50 in case with instructions. Made of metal.

ATLAS SLIDE RULE

The Atlas Slide Rule will
quickly solve problems in
Multiplication,  Division,
and Plonmuon and  give
results witl i
rror of less than 1 in
36,000. The Atlashas two
C :cale: One is 25" long
and the second one is a
spiral of 30 coils. This is
equivalent to a straight
rule 60 ft. long and gives
answers to 5 figures.

Chemists, Physnc:st%
and Engineers have found
this rule invaluable for 115
great accuracy. Dia. 812"

portable. ~ White

coated aluminum  With
legible black and yellow
scales. Price $9.00 in case
with msuuc(xons

Combination Atlas-Binary Slide Rule

Has Atlas scales on one side, with 2 indicators, Binary
scales on reverse side with 2 mdncalo: <. Made of metal,
l»(unnnemly accurate. Price $12.0
B

in case with in-
e have many thousands of unsolicited letters on
these rules. Descriptive circulars free. Satisfaction
guaranteed.

GILSON SLIDE RULE CO.

Box 993 SA, Stuart, Fla.

Slide Rule Makers since 1915
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LENSES

and

PRISMS

Precision Optics

BRAND NEW
16"
Highest optical performance. Over twice
the light transmitting power of any 8x40,
10x50, 7x35 or 6x30, three times that of
any 8x30, and eight times that of any
6xI5 binocular. Fully corrected, needle
sharp achromatic optics with wide angle
of view. Lifetime aluminum alloy construc-
tion, leather covered. Outperforms binoc-
ulars costing over $100. Individual eye
focusing. These magnificent 7x50 prism
binoculars are being sold for a limited
time at a small fraction of the regular
cost. Each binocular is carefully checked
both optically and mechanically by our

experts and carries our money back guar-
antee in writing. Unquestionably the

TuS0—3$44

Iltustrated

greatest binocular value ever offered,
only $46.

Deluxe Leather Case and Straps $4.50*
*20% Fed. Tax @

WE PAY POSTAGE

Dept. 10K, 24 W. 45th St., New York 19, N. Y.

———WAR SURPLUS BARGAIN

ACHROMATIC TELESCOPE OBJECTIVES—Perfect
Magnesium Fluoride Coated and cemented Gov’t
Surplus lenses made of finest Crown and Flint op-
tical glass. They are fully corrected and have tre-
mendous resolving power and can be readily used
with 14" F.L. eyepieces. Guaranteed well suited for
Astronomical ‘Telescopes, Spotting Scopes, etc.

Original Gov’t cost approximately $100.00 each.
Each

Diameter
54m/m (2%")
78m/m (345")
*78m/m (37")
Sim/m (38") .$22.50
$3m/m (3%") .$28.00
83m/m (3%4")

.$30.00
*Not coated

We can supply ALUMINUM TUBING for the above
lenses.

SYMMETRICAL EYEPIECE LENS SET—These sets
consist of two Magnesium-Fluoride coated and ce-
mented achromats, exact Gov’t spacing diagram.
Gives wide flat field.

%" E.F.L. (20X) Lens Set 12m/m Dia.. 34.50 '

3" E.F.L. (13X) Lens Set 18m/m Dia.....

40 POWER ’gkﬁsﬁﬁiﬁ

FOUR TELESCOPES in One because of Adjust-
able Power Eye piece 10X, 20X, 30X and 40X.
Magnesium-fluoride Hard Coated Precision Amer-
lcan made Lenses. Achromatic Objective lens 2147

Focal Length
600m/m (23%").
381m/m (15”).
451m/m (17%").
622m/m (24%").
876m/m (34%")
1016m/m (40”)...

'$21.00
'$21.00

m

.

(53m/m) Ldlah Length Iclose?v i/é” %pen 27",
Genuine Leather covering. eight 2:
0zs. $35.00
Smaller Model 40 power telescope 1{’7" (36m/m)
Objective, length open 26" y $29.75
LENS CLEANING TISSUE—Here is n Wonderful '

Gov’t Surplus Buy of Perfect Paper which was
made to the highest Gov't standards and speci-
fications. 500 sneets,
size TVa” x 117

....$1.00

|

Free ca(alogue
‘““‘MILLIONS” of Lenses, etc.

We pay the POSTAGE—C.0.D.’s you pay postage
—Satisfaction guaranteed or money refunded if
returned within 10 days.

93.08A 95th Ave.
A. JAEGERS (;0\ErarK 6 N. Y.
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LINKAGE

[

TEMPLATE

This linkage will automatically produce a paraboloid

tions. From replies that were made avail-
able the following excerpts are extracted.

From Leo N. Schoenig, shop superin-
tendent of the Amateur Astronomical
Association, Pittsburgh, Pa.: “Our set-up
at Buhl Planetarium consists of a rec-
tangular space 24 by 33 feet in dimen-
sions, or an area of 726 square feet. This
is divided into a general workshop 16 by
24 feet, rough- and fine-grinding and
polishing rooms each 9 by 11 feet, and a
testing tunnel 6 by 24 feet. The space
was arranged for our needs when the
Planetarium building was erected in
1939.

“At the start we held a tool shower,
and the members responded well. Thus
we have in the general workshop a metal
lathe, drill press, bench grinder, vises,
an anvil, a gas furnace for making cast-
ings, patterns and scrap metal, a large
layout table for general construction
layouts, 10 lockers for individual mem-
bers, and numerous hand tools. In the
rough-grinding room: eight spindles for
grinding, a workbench, electric plate
and additional lockers. In the fine-grind-
ing room: a grinding machine, four pol-
ishing spindles and a large bench for
mirror storage. In the testing room, or
tunnel: a table for supporting mirrors
and a movable stand for the testing
equipment.”

Schoenig confirms the assumption that
the true purpose of the anvil he cites is
as a substitute for the famous hydrant
mentioned in Amateur Telescope Mak-
ing, page 287, with its use extended to
other mirrors.

From H. L. Freeman, executive secre-
tary of the Los Angeles Astronomical
Society: “We have about 750 square feet
of shop area in the Griffith Observatory,
divided into a large general shop, a small
polishing room, a small office and a hall
for testing. Telescope-making activities
are carried out in the main room, which
contains a quick-change, nine-inch-
swing, 54-inch bed lathe and its accesso-
ries; two drill presses, of which one is a
high-speed precision type; a power-
driven vertical spindle carrying a hori-
zontal steel lapping wheel, for surface-
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grinding glass to rough plane surfaces; a
power-driven, two-spindle grinding and
polishing machine, with pans for sub-
merged polishing, capable of working
12-inch mirrors; three pedestals for hand
grinding; a heavy workbench with bench
grinder; a sink, a two-burner gas plate,
a compressed air outlet for spray paint-
ing, a mercury vapor lamp and flats for
testing, storage cabinets and hand tools.

“In the polishing room is another
polishing machine, a sink with hot and
cold water, and a gas plate for melting
pitch. No activities not connected with
polishing are permitted in this room.
Entry is forbidden to anyone coming
from the grinding shop, and entry by
others is discouraged.

“In a hall is the Foucault equipment,
which is big enough for mirrors 18 inches
in diameter with a 20-foot radius of
curvature. The easel that supports the
mirror being tested slides on a heavy
metal track in a curtained tunnel. The
design provides for direct reading of the
radius of curvature of the mirror from
the knife-edge at the observer’s seat. The
distance is shown by a spring-driven
steel tape attached to the easel and to
the knife-edge stand where the tape
passes under a reference mark. Fore-
and-aft movement of the easel is pro-
vided by a hand wheel at the test stand.

“The knife-edge stand is independent
of the easel-track arrangement and rig-
idly bolted to the concrete floor and wall.
The knife-edge mechanism is solidly
bolted to the stand. No tremor of the pin-
hole image is perceptible under any cir-
cumstances. The knife-edge may be
adjusted 8 inches vertically, 10 inches
longitudinally and 6 inches laterally, a
wide range that facilitates locating the
reflected pinhole image. Vertical motion
is controlled by friction wheels running
on upright columns, and lateral and
longitudinal motion by micrometer
screws with half-nuts. When the half-
nuts are lifted, approximate adjustments
may be quickly made. When they are
re-engaged, fine adjustment is imme-
diately available. Gross fore-and-aft
travel is registered by a reference mark



traversing a plate graduated with .025-
inch divisions which represent one revo-
lution of the screw. This in turn carries
a disk marked off into .001-inch divi-
sions. This screw has complete adjust-
ment against backlash.

“The light source is a 32-candle-power
six-volt bulb supplied from the power
line through a transformer. Its light
reaches the pinhole after passing through
a tube containing two achromatic con-
densing lenses placed to focus on the
pinhole to which the light is finally
guided by a right-angle prism. This
prism permits bringing the knife-edge to
within less than one half inch of the
pinhole, which is chosen by rotating a
disk containing a selection ranging in
diameter from one fourth to .0015 inch.

“The knife-edge is a %-inch square
opening, so that the returning light beam
can be intercepted in two dimensions,
laterally and vertically. For Ronchi test-
ing a plate carrying a slit can be inserted
in this opening. Our Foucault test de-
vice has proved most satisfactory and is
absolutely free from vibration.

“Nearly all our members have tele-
scopes or are making them. We sell tele-
scope mirror-making kits, abrasives and
polishing materials to members at a mod-
est increase over costs. Since our Society
is a nonprofit organization and pays no
salaries, the profits from such sales are
used in the purchase and upkeep of shop
equipment, to defray the costs of awards
and prizes and to add to our building
fund, which ultimately will enable us to
build our own quarters and observatory.
Mr. Ingalls is correct in saying that most
of the amateur groups built up their fa-
cilities by patience and hard work.” The
statement here verified by Freeman was
made because it has sometimes been sup-
posed that amateur telescope-making
organizations to which planetariums
have furnished free quarters are other-
wise supported by these institutions.

Los Angeles was the first community
that organized a telescope-making group,
after the pioneer Telescope Makers of
Springfield, Vt.

From Allyn J. Thompson of the Opti-

cal Division of the Amateur Astrono-
mers Association, New York: “The
A.AA. has its rooms in the American
Museum of Natural History and its Op-
tical Division has quarters in the ad-
jacent Hayden Planetarium. Partly
through our dues money, but chiefly
through funds earned in annually con-
ducted mirror-making classes for the
public, the members of the Optical Di-
vision have purchased all their own
equipment, tools and so on, except for
some oil drums which are partly filled
with water and used as pedestals for
mirror making.

“The group of you, 10 or 20 persons,
will pool funds and efforts to set up a
society and a shop. Preparation should
be made for the years to follow. Who
will run the show? Be particularly care-

ful about any investment of authority.
What are the rights of the members?
Will others, strangers to you now, be
permitted to join later, and what will be
their rights? What steps will you take to
screen undesirables, and how will you
recognize them as such? What about
new members who are green about ma-
chine work? Among you now or destined
to enter later will be some who have a
natural aptitude for optical work, me-
chanical work, or both, and who will
acquire exceptional skill or knowledge
in their favorite hobby. Use should be
made of this talent. The vain ambitions
of others should not be allowed to ham-
per or fetter it. A program embracing
the aims and purposes of the club should
be prepared. It should not be irrevoca-
ble.

“Your group will need an electric
plate for melting pitch. A spherometer
for checking mirror radii is desirable, but
accurately made templates are a good
substitute. The Foucault testing device
can be made by the members; use a slit
if possible. An optical flat is desirable
for checking plane surfaces and can be
made by a member of your group. A
fluorescent lamp is satisfactory for inter-
ference testing.

“It is best if all mirror-making mate-
rials are stocked by the club rather than
obtained at random by the individual
members. May I suggest for abrasives
Carborundum No. 80, Aloxite Nos. 120,
220, 400, 600, emery No. 305 (finest)
and, for polishing, Barnesite.

“Essential equipment in the machine
shop may consist of a lathe, drill press,
milling machine and vises. The lathe
should not be less than nine-inch, with
36-inch bed. The more completely it is
equipped the more useful it will be. Two
or more lathes and two or three vises,
one for heavy duty, will be better. Such
auxiliary equipment as a band saw to
handle wood or metal, a jig saw and a
table saw is valuable. Measuring tools
and essential bench tools should be pro-
vided. Additional tools, such as drills,
taps and reamers, will suggest their need
later. It is best for members to provide
their own lathe tools.

“Omitted from the list because they
are nonessentials are a spindle for small
lens work; a grinding machine for mir-
rors and lenses, and a woodworking
lathe. Storage space and receptacles for
materials and equipment of the club and
its members should be provided.

“Running water and drainage facili-
ties should be provided for the optical
room. Thought should be given to safe
disposal of the sludgy wastes of glass
grinding. To dispose of ours we have to
run way out to a room used by the at-
tendants. The Carbo from the emptied
water pails almost always runs back up-
hill away from the drain and gets in the
porter’s mops, and then upstairs, and the
whole Planetarium has a No. 60 sur-
face.”
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A sharp,
bright image
at

ALL powers!

ORTHOLUX

the Outstanding
Research Microscope by

eitx
Featuring a built-in illumination system for transmitted light or
incident light as well as the new Berek double diaphragm condenser,
the ORTHOLUX provides brilliant, even illumination of the entire
field of view...from the lowest power objectives to the highest power
immersion objectives.

Unequaled in precision and quality, the ORTHOLUX gives you
better binocular and monocular observation in transmitted or inci-
dent light. A full range of accessories is available to equip it for
dark-ground microscopy, photo-micrography, and the drawing or
demonstration of microscopic specimens.

For a demonstration and full particulars on the many outstanding

features of the ORTHOLUX, see your Leitz Dealer.

Write today for Catalog Micro-102SA
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y.
LEITZ MICROSCOPES o SCIENTIFIC INSTRUMENTS

LEICA CAMERAS AND ACCESSORIES
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Landing . .. by “gas” light

THE MOST PIERCING LIGHT EVER CREATED, flashing out a
beam of over three billion candlepower to penetrate fog at
airports. . . that’s the result of using the rare gas, krypton,
with electricity.

Krypton is not burned, as in old style gas lights. Instead,
sealed in a glass-like tube no bigger than a pencil, it blazes
with dazzling brilliance when high voltage electricity is

passed through it.

A truly rare gas is krypton. It occurs in the air in only
one part per million. Wresting commercial quantities of
so elusive an element from the atmosphere is an achieve-
ment of science and one. of the jobs of Union Carbide.
Krypton is now used to get 25% more light from fluores-
cent bulbs with the same amount of current.

Union Carbide is also forcing the air to yield the even

LINDE Oxygen and Rare Gases ¢ PREST-O-LITE Acetylene e

Trade-marked Products of Divisions and Units include

rarer gas, Xenon, in quantities that will foster research for
important industrial uses.

For over 60 years, the people of Union Carbide have
had a hand in creating and improving the sources of light.
Carbons for arc lights, calcium carbide for acetylene lights,
and the argon gas that gives incandescent lights their bril-
liancy and economy are products of UCC.
FREE: If vou would like to know more about many
of the things vou use every dav, send for the illustrated
booklet *“ Products and Processes.” It tells how science

and industrv use UCC’s Alloys, Chemicals, Carbons,
Gases, and Plastics. Write for free booklet E.

Union CARBIDE

AND CARBON CORPORATION

30 EAST 42ND STREET [[[§§ NEW YORK 17, N. Y.

PYROFAX Gas ¢ BAKELITE, KRENE, VINYON, and VINYLITE Plastics
NATIONAL Carbons e EVEREADY Flashlights and Batteries

ACHESON Electrodes * PRESTONE and TREK Anti-Freezes

ELECTROMET Alloys and Metals o HAYNES STELLITE Alloys ¢ SYNTHETIC ORGANIC CHEMICALS
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you cAN BE SURE..IF ITS Westinghouse

ALL ABOARD ... FOR THE BIGGEST BARGAIN IN AMERICA

These 48 people are all going downtown for
a total fare of $4.46.

It would cost them eight times that much
to go in their own automobiles.

Match that for value received . .. any-
where, any time.

That’s management with a capital M.
Be proud of it. And remember that if in
your city the actual figures are a bit higher,
your transit management has particularly
tough problems to meet.

We know something about these problems

WESTINGHOUSE ELECTRIC

CORPORATION =+« =« =«

because we’ve been serving these fine transit
organizations for many, many years.

They know they can be sure of Westinghouse
electrical equipment on street cars and trolley
coaches. We like to think the efficiency and de-
pendability of our motors and other apparatus
have helped mightily in giving you today’s
transportation bargain.

Making electrical equipment of all kinds is our
business. Making one quality only . . . the best

. . is our creed. We express the creed in these
words: You can be Sure. . . if it’s Westinghouse.

PITTSBURGH +« PA.
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