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Today there are acetate and paper tapes that match, 
weight for weight, the strength of toughest metals .. 
Tapes so tough you can't possibly tear them by hand. 
Industry uses them to make the manufacturers' joint 
on corrugated boxes, to band bundles of steel rods, 
and to hold the shipping wrap on heavy metal parts. 

What makes these paper tapes so tough? The secret is 
glass ... glass in fiber form. And the way it works may 
suggest an idea for your product. 

can sinews of glass 
In these tapes, Fiberglas* Yarns are embedded be

tween layers of paper or in the adhesive. There they con
tribute enormous strength, without bulk, without rigidity. 

give your product 

more ''MUSCLE ?" 

The principle of reinforcement with Fiberglas ma
terials has intrigued alert manufacturers iIi many fields. 
It is changing old ideas about paper for concrete curing, 

I temporary tarpaulins, furniture wrap. It is increasing the 
life span of rubber hose and conveyor belting. It is 
opening new applications for plastics all the way from 
lampshades to PT boats. 

OWENS-CORNING 

FIBERGlAS 
• • •  r5 IN YOUR LlFE • • •  FOR GOOD! 

Fiberglas reinforcements may help you to improve 
your product. Let us discuss it with you. For details, 
write to Owens-Corning Fiberglas Corporation, 1612 

Nicholas Building, Toledo 1, Ohio. 

EXERCISE FOR YOUR IMAGINATION 

With Fiberglas materials, either alone or in combination with other materials, you 
can have almost any combination of the following properties that your imagination 
can see a profit in: CONTROL OF Heat or Cold • •  Sound • •  Dirt • •  Electricity 

RESISTANCE TO Moisture • •  Corrosion • •  Aging LIGHT WEIGHT 

NONCOMBUSTIBILITY DIMENSIONAL STABILITY RESILIENCY 

IMPACT STRENGTH • TENSILE STRENGTH • EASE OF APPLICATION 

*Fiberglas i. the trade .. mark (Reg. U.S. Pat. Off.) of the Owen ... Corning Fib.rela. Corporation for a variety of pi·oducf. mad. of or with flb.r. of gla ... 
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Let Corning 
Blown Glass 

c5ltape t:L ?ktu- �UJe/t; 
u" Ij� 

�B� 
There's a lot of sense in looking at glass as"a 

material to eliminate production bottlenecI!s. 

Time and again, Corning has proved glass the 

most practical and economical material. Its ready 

availability merits consideration, too. 

Blown glassware lends itself to many hollow 

shapes ... like those shown. Superior gloss or 

finish can be obtained, where required. It pro

vides light weight yet strong construction. Blown 

ware is adaptable to further fabrication such as 

hermetic sealing or tubulating. Automatic opera

tion is economical for runs of 25,000 pieces or 

more. Close tolerances can be maintained also. 

But, whether specifications call for blown 

ware, pressed ware or tubing, Corning offers 

glass with the right qualities-such as heat in

difference, electrical stability, chemical inertness, 

permanent finish and so on. The important thing 

to remember is that our scientists and engineers 

are solving material bottlenecks with glass today. 

Let's see what we can work out together. Many 

useful ideas are covered in the booklet, "Glass, 

its increasing importance" in product design." 

Send for it today. 

Cylinders S Sterile solution bottles 

2 lamp chimneys 6 lighting globes 

3 Coffee maker parts 7 laboratory glass 

" Beverage servers 8 Pharmaceutical bottles 

9 Electrical bulb blanks 

1851 ���Ve(7&.t"1951 
------------

Coming Glass Works r.If 
15 Crystal St., Corning, N. Y. .� 
I'd like to have a copy of "Glass, its increasing importance ir\ 

product design." 

NAME TITLE 

COMPANY 

ADDRESS 
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embo$sed -blanket 
process 
printing 

cuts textile 
costs 

IN TEXTILE PRINTING the fabric trav
els on an endless blanket beneath en
graved print rolls which squeeze colors 
into the weave. But to prevent struck
through color from smearing against 
the blanket, an absorptive extra cloth 
- the "back gray" - used to be run 
between fabric and blanket. 

Dewey and Almy effected one of the 
outstanding economies of the industry 
through a process which eliminates the 
expensive "back gray". An embossed 
blanket retains rather than blots sur
plus color, carries it away and returns 
endlessly clean. Where this Dewey 
and Almy process is used, prints are 
clean, costs are lower, stoppages all 
but eliminated. 

Perhaps you in your own industry 
have problems that likewise could be 
solved, or simplified through Dewey 
�pd �!,�y engineering apd research in 
ey'e,1i{"iqll, Rubber and Plastic Prod
ucts 'Keyed to Basic Human Needs. 

� Cambridge 40, Mass. '-�' 
. �;rA��on • Adant� · lockport • Cedar Rapids 
"�bj.cago • San Jeandro • london • Montr«;�1 

'r\raples • Bue�os 
.... 
�ires • Paris • Melbourne 
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In connection with his review [ SCIEN
TIFIC AMERICAN, October] of Methods of 
Operations Research by Philip M. Morse 
and George E. Kimball, J. Bronowski 
goes at some length into the nature of 
operations research and gives a rather 
dark picture of its probable future in war 
and peace. I wOlild like to comment 
brieRy on this part of his review. 

Bronowski believes that what is new 
in operations research "for academic 
science" is its extensive use of the theory 
of probability, which he associates with 
the biological and social sciences as dis
tinguished from the "exact" sciences. He 
ft�rther excludes the theory of proba
bilIty from what he calls the classical 
mathematics of exact quantities, and ex
plains that since the latter is 'unsuited to 
;
,
he requirements of the social sciences, 
workers in Great Britain, the U. S. and 

the U.S.S.R. have built the beautiful 
mathematics of probability." This is a 
remarkable statement. As everyone 
knows, probability theory was laid down 
by Pascal and Fermat in the 17th cen
tury, long before there was any social 
SCience, and was extensively developed 
on the European continent by such 
mathematicians as the Bernoullis La
place and Gauss. Furthermore, m�dern 
applications of probability theory are 

. 
not confined to the biological and social 
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LETTERS 
sciences. With the rise of quantum theo
ry over the past 50 years, as "exact" a 
science as phYSics has been permeated 
by probability considerations. In spite of 
these facts Bronowski tells us that the 
probability approach to nature as an ex
periment "is still a stranger in most uni
versity departments." The novelty of 
operations research does not lie solely, 
nor even mainly, in its use of the theory 
of probability. 

Since operations research is the or
ganized application of scientific method 
to operating problems, it uses whatever 
techniques are most suitable for the solu
tion of such problems, and among the 
foremost. a�'e the �heories of prol;>ability 
and statistICS. It IS no more committed 
to them, however, than is chemical anal
ysis to the use of glass containers. The 
true novelty of operations research lies 
in other directions. 

At the close of his review Bronowski 
reaches the conclusion that "the heroic 
age is over," the major contributions of 
operations research in the past. "Nor is 
the 

.
art of war," he says, "likely to offer 

agam such a creamy surface to skim. 
The easy successes have been scored; 
t�e simple mistakes which they put 
nght are understood and should not be 
made again." It is possible that Bronow
ski here u�1derestimates the capacity of 
hu�an bemgs to repeat their errors, es
pectally under changing conditions. 

With the risks attendant on all such 
statements, I would like to put forward 
the alternative view that operations re
search is at the diaper stage, that its 
great successes are in the future. First, 
as to its military applications: Opera
tions research is applied at three levels, 
the use of weapons or gadgets, tactics 
and strategy. For simplicity consider 
only the first of these. The notion that 
we have learned the optimal use of pres
ent weapons, .or those in the develop
ment stage, Will not bear scrutiny. In a 
recent article in The New York Times 
Hanson Bald,,:in says: "We are passing 
thr.oug.h a penod of technological revo
lutIOn m warfare, which has by no means 
ended. The influence of [new develop
ments] has been more profound than 
at any time since the invention of gun
powder, but the greatest effects still lie 
in the future." Second, as to the non
military applications: I cannot do more 
here than point out that there have been 
a few industrial applications in this coun
try under conditions conducive to suc
cess. These conditions include not only 
the scientific ability and practical sense 
of the workers, but the intelligence and 
understanding,",?f the top-level admin
istrators from whom they must receive 
the closest sort of cooperation. Under 
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Don't be 

1rHE COURSE OF YOUR CAREE� 
may depend upon what you do about 
your future-now. A sure way to 
miss success is to miss opportunity. 

Now is the time for qualified 
ELECTRONIC, ELECTRICAL and ME-

CHANICAL ENGINEERS . . .  PHYSICISTS 

• . •  METALLURGISTS . . .  CHEMICAL 

and CERAMIC ENGINEERS . . •  as well 
as TECHNICAL SALES ENGINEERS to 
decide to take full advantage of the 
opportunities now open at RCA to 
achieve professional success. 

LIFELONG 
CAREER OPPORTUNITIES 

These are not temporary positions. 
They are independent of national 
defense requirements. The openings 
represent a wide choice of long-term 

government projects as well as chal
lenging work in the permanent ex
pansion of a diversified l i n e  of 
commercial products. 

YOU ENJOY THESE BENEFITS 

At RCA, you enjoy professional 
status, recognition for accqmplish
ments ... unexcelled research facili
ties for creative work ... opportuni
ties for advancement in position and 
income ... pleasant surroundings in 
which to work. You and your families 
participate in Company-paid hospi
tal,surgical, accident,sickness andlife 
insurance. Modern retirement pro
gram. Good suburban or countryresi
dential and recreational conditions. 
Opportunities for graduate study. 
Investigate opportunities today. 

I 
to yOU! future. 

POSITIONS OPEN 

IN THE FOLLOWING FIELDS: 

TELEVISION DEVELOPMENT
Rec e i v e r s ,  Tr ansmitters and Studio 
Equipment 

ELECTRON TUBE DEVELOPMENT
Receiving, Transmitting, Cathode-Ray, 
Phototubes and Magnetrons 

TRANSFORMER and COIL DESIGN 

COMMUNICA TIONS-
Microwave, Mobile, Aviation, Special
ized Military Systems 

RADAR-
Circuitry, Antenna Design, Computer, 
Servo - Systems, Information Display 
Systems 

INDUSTRIAL ELECTRONICS-
Precision Instruments,DigitalCircuitry, 
Magnetic Recording, Industrial Televi .. 
sian, Color Measurements 

NAVIGATIONAL AIDS 

TECHNICAL SALES 

ELECTRONIC EQUIPMENT FIELD 
SERVICE 

, 

MAIL RESUME 
If you qualify for any of the positions Listed above, send us a 

complete resume of your education and experience, also state 
your specialized field preference. Send resume to: 

Whatever your plans for the future-you 
will find the booklet "The Role of the 
Engineer in RCA" interesting reading. 
Write for your free copy. 

MR. ROBERT E. McQUISTON, 
Specialized Employment Division, Dept. lUX 

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

(e RADIO CORPORATION 0' AMERICA 
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"Virginia" makes three reducing 
agents- basic chemicals which 
have proved invaluable in more 
than 40 important industries. 

The most versatile of these is 
its 99.98+ per cent pure Liquid 
Sulfur Dioxide. It is favored for 
its properties as a reducing, neu
tralizing, and bleaching agent, 
preservative, antichlor, and pH 
control. "Virginia" is the world's 
largest producer of SO,. 

Concentrated "Virginia" Zinc 
Hydrosulphite is prepared by us 
e x p r e s s l y  a s  a r e d  u c i n g  a n d  
bleaching agent for many indus
tries, chief among which is the 
pulp and paper industry. It is the 
only high test ZnS,O, available 
commercially. 

"Virginia" Sodium Hydrosul
phite is widely used in textile 
manufacturing for efficient reduc
ing operations in the dye house. 
It is no teworthy for its uni
formity, strength, and stability 
in storage and in the bath. 

"Virginia" is constantly re
searching new and improved ap
plications of these three standard 
reducing agents. Bring us your 
problems. Perhaps one of these 
chemicals can be used to advan
tage in your products or processes, 
and can cut your production 
costs. Our technical counsel
backed by 29 years of experience 
-is freely available. 

Write today for our descriptive 
folders on any of these products. 
Ample experimental samples of 
Zinc Hydro and Sodium Hydro 
are yours for the asking. Virginia 
Smelting Company, Dept. SA, 
West Norfolk, Virginia. 

such conditions operations research is 
far more than "a painstaking combina
tion of cost accounting, job analysis, 
time and motion study and the general 
integration of plant flow." 

HORACE C. LEVINSON 

Kennebunk, Me. 

Sirs: 
The item ACS v. AMA in your depart

ment "Science and the Citizen" for Oc
tober gives the erroneous impression 
that chemists introduced the original 
version of the bill H. 1205 in the Penn
sylvania Legislature in order to permit 
them to become directors of clinical 
labo·ratories. Actually, of course, chem
ists are and always have been directors 
of many c\inical laboratories in the State 
of Pennsylvania. The original version of 
the bill was sponsored by the M.D.'s in 
an cffort to prevent chemists from serv
ing as directors of clinical laboratories in 
the future. The revised bill H. 1205, 
recently signed by Governor Fine of 
Pennsylvania, obviously is a compromise 
measure. It does, however, stop the at
tempt of the medical profession to ex
clude all but M.D.'s from serving as di
rectors of clinical laboratories. Briefly 
stated, the American Chemical Society 
has always maintained that the'criterion 
that should be followed is the compe
tence of the individual to supervise and 
direct the work of a clinical laboratory 
rather than a particular degree-M.D. 

WALTER J. MURPHY 

Editor 
Chemical and Engineering News 
Washington, D. C. 

Sirs: 
In his contribution to the admirable 

survey "The Human Resources of the 
U. S." in your September issue, Dr. Karl 
T. Compton paints a gloomy picture of 
the acute shortage of engineers. He tries 
to explain it by past warnings and ru
mors about overcrowding of the profes
sion and by the "unforeseeable" Korean 
War. In order to alleviate it he would 
forcibly allocate engineers to priority 
jobs and prevent their desertion by mili
tary draft. At the same time he hopes to 
attract new students by propaganda 
about wonderful prospects. 

All this sounds paternalistic and near
ly totalitarian to this writer. Are we so 
busy fighting communist dictatorship 
that we forget our own economic theo
ries such as free competition and the 
law of supply and demand? 

If students stayed away from Comp
ton's M.LT. and other technical insti
tutes, and engineers deserted their pro
fession, it was not due to propaganda. 
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Half a cupful • • • 

can sink a boat 

Power boat skippers don't frighten easily. 

Yet they're scared stiff of gasoline seepage. "It's dyna
mite," they tell you, "-half a cupful can blow your boat 
to 'Kingdom Come'." 

So they put boat builders right on the spot when it 
comes to gas tanks. 

They want tanks made of metal that sea air, bilge, or 
gasoline won't corrode ... metal that's easy to fabricate, 
to weld gas-tight ... metal that doesn't form sludge that 
"gums up " fuel lines and leaves you going now heres, slow. 

Now that's a mighty tall order. 

But boat builders filled it. Filled it with a metal that 
satisfies their demands ... and the strict requirements 
of the Yacht Safety Bureau. Filled it with a metal that 
qualifies in every respect for gas tanks, among stock 
boat builders. 

The one metal that meets, and more than meets all 
these requirements, is Monel, an Inco Nickel Alloy. 

What is Your Problem? 
Your metal problem is our problem to work out. It 
makes no difference whether you are thinking about a 
maintenance job in your plant or a new line of products 
you are planning to make. 

Now is the time for us to get together with you or your 
engineers while our staff of metal specialists can carry 
out whatever research is needed to solve it. You can 
mail the outline of your problem direct to them for 
study by addressing it to "Forward Planners," at Inter
national Nickel, 67 Wall Street, New York 5, N. Y. 

Then the answer can be ready at your hand when these 
critical times are over and Inco Nickel Alloys are 
available in any quantity for any use again. 

THE INTERNATIONAL NICKEL COMPANY, INC . 

• Nickel Alloys Monel® • "R"® Monel. HK"@ Monel. HKR"@ Monel. tlS"@Monel • Nickel 

Low Carbon Nickel. Duranickel® • lnconel® • InconeiHX"@ • Inc% y® • Nimonics 
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WEAR WAS choking production, zooming costs 
in the manufacture of nylon stockings. But Car
boloy engineers had the answer ... an application 
of Carboloy Cemented Carbide, one of the miracle 
Carboloy metals. 

Gentler on a lady's leg 
than on a stocking machine 

SOFT, SHEER nylon, so dear to the female heart, can cause plenty 
of heartaches in the textile mill. Nylon threads whizz through 
machines, chew steel or porcelain guides into frazzles in days or 
hours. 

Now, textile guides are made of Carboloy Cemented Carbide, 
miracle metal for resisting wear ... and they last for years! 

Cemented carbide for machining and wearproofing applications 
is just one of the mass-produced Carboloy created-metals. Others 
include Carboloy Alnico permanent magnets for lasting magnetic 
energy, and Hevimet for high density and radioactive screening. 

MASTERS IN METALS 
D o  you have a design o r  produc
tion problem that needs the mas
ter touch of one of these man
made metals? To speed up output 
somewhere along the line? Or 
lower downtime, reduce costs? Or 
help you come up with a finer, 
sturdier, longer-wearing product? 

Carboloy experts know their 

man· made 'metals . . . can give 
you any practical answer avail
able today on their use. Look to 
Carboloy metallurgists for still 
more pioneering in even broader 
fields of use for these and other 
created-metals. 

Why not write regarding your 
needs? 

··Carboloy" is the trade-mark for the products of Carboloy Department of General Electric Company. 

CARBOLOY 
DEPARTMENT OF GENERAL ELECTRIC COMPANY 

11199 East 8 Mile Street, Detroit 32, Michigan 

ALNICO PERMANENT MAGNETS 
for lasting magnetic energy 
CEMENTE D CARBIDES 
for phenomenal cutting, forming, wear resistance 
HEVIMET for moximum weight in minimum 

and for radioactive screening 

They simply found out that it was better 
to work at manual labor or in commercial 
fields rather than invest long years of 
study and productive talent for poor pay 
and high-handed treatment. 

They are now returning because em
ployers bid each other up in a frantic 
scramble for the brain power which they 
made light of too long. Soon we may 
have a new period of relative oversupply 
and economic squeeze between the 
grindstones of management and labor 
unions. 

What can alleviate these recurrent 
crises and stabilize the balance between 
supply and demand? Only an organiza
tion of engineers and industrial scientists 
which is strong and vigilant enough to 
maintain the dignity and economic secu
rity of the profession. Intelligent man
agement will learn to appreciate such an 
organization just as they are finding out 
that relations with labor are smoothed 
by cooperation with well-known unions. 

If engineers are decently paid and 
given a voice in the plant management, 
it will not be necessary to freeze them 
to their jobs. They will stay voluntarily 
and double their productivity by work
ing with minds free from worries and 
grudges. 

WALTER J. ALBERSHEIM, DR. ENG. 

Asbury Park, N. J. 

Sirs: 
Karl T. Compton's article entitled 

"Engineers" in your Septe:nber issue was 
an excellent summary of the manpower 
situation in the engineering field. In his 
suggestions for alleviating the present 
and future shortage of trained persons, 
Mr. Compton did not, however, recog
nize the' potential of women in engineer
ing. 

Women who are trained to work at 
the professional level should be given 
the opportunity to work at this level. 
And, more important, girls who are now 
choosing their careers must be encour
aged to enter engineering if they have 
capabilities in that direction. These ad
vances would increase the resources of 
the country in both science and engi
neering. 

The Society of Women Engineers, an 
organization of graduate engineers and 
women with comparable experience, 
helps its members to use their training 
and aptitudes fully. We also reach young 
women with information on the oppor
tunities in engineering and the prepara
tion required for such careers. 

We feel that the progress made by 
women in engineering has been very 
encouraging. 

EVELYN JETTER 

Society of Women Engineers 
Queens, N. Y. 
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Do you want a career with a future? 

More and more of America's outstand
ing engineers arc carving fine careers 
for themselves at Boeing. They've 
found a future here in an Engineering 
Division that's been growing steadily 
for over 35 years. 

If you measure up, there's great 
opportunity here for you, too, and the 
rewarding experience of working on 
some of the nation's most vital pro
grams such as the B-52 and BA7 jet 
bam bers, guided missiles and other 
re\'olutionary del"clopments. 

You'll associate with men of the 
highest engineering renown, men who 
can help you further your own profes-

sional standing. You'll find here re
search facilities that are among the 
world's finest. And you'll enjoy a good 
salary that grows with you. 

Needed now in Seattle are experienced and 

iunior aeronautical, mechanical, electrical, elec

tronics, civil, acoustical and weights engineers 

for design and research; servo-mechanism de

signers and analysts; and physicists and 

mathematicians with advanced degrees. (More 

housing ;s available in Seattle than in most 

other major industrial centers.) 

Or, if you prefer the Midwest, sim
ilar openings are available at the Boeing 
vYiehita, Kansas, Plant. Inquiries indi
cating such a preference will be referred 
to the vYiehita Division. 

Write today to the address below or use 

the convenient coupon. 

r--------------, 
I JOHN C. SANDERS, Staff Engineer-Personnel I 
I Dept. C-12 I 
I Boeing Airplane Company, Seattle 14, Wash. I 
I
I 

Engineering opportunities at Boeing inter-
I
I est me. Please send me further information. 

I I 
i Name I 
I Address I 
I I 
I City and State I 
�---------------� 

BOEING 
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What are you doing in 

·RADIATION 
, 

RESEARCH? 
Human intelligence and perseverance keep 
advancing the frontiers of knowledge and 
applications of radioactive materials. Tell 
us what you are doing; we may be able to 
speed your progress with the latest develop
ments from Ollf own laboratories, in cate
gories such as: 

Radiation Sources 
The United States Radium Corporation 
produces radiation sources for dependable, 
accurate recalibration of Geiger counters, 
ionization chamber survey instruments, and 
radiation dosage meters. 

The newest type is available as an ap
proximate point source or as a linear source 
emitting (1) alpha, beta, and gamma radia
tions; (2) beta and gamma radiations; or 
(3) gamma radiations only. All these 
sources are produced only to special order 
but can be accurately duplicated at any 
time. In addition, U. S. Radium Corpora
tion can supply the conventional type of 
radiation standard, consisting of hermeti
cally-sealed capsules containing a radium 
salt. 

Alpha, Beta, and Gamma Ray Sources 
For your research or experimental require
ments, U. S. Radium Corporation can pro
vide appropriate sources of alpha, beta, or 
gamma radiation-in foil, strip, or point 
form. Sources suitable for ionizing air or 
other gases, for indirect activation of phos
phors, and for many other applications can 
be supplied. 

Standard Light Sources 
Radioactive luminous compounds requiring 
no external source of activation, exhibiting 
vi rtually negligi ble change in brightness 
with time, and emitting only easily ab
sorbed radiations, have recently been de
veloped by U. S. Radium Corporation. The 
colors available cover most of the visible 
spectrum. 

Neutron Sources 
U. S. Radium Corporation can supply ra
dium-beryllium neutron sources in a pow
dered or a compressed mixture, any size 
from a few milligrams for college laboratory 
routine experimentation to 1000 or more 
milligrams for special applications. 

Let's Work Together 
The materials described here characterize 
one of the principal categories in which 
U. S. Radium Corporation serves the exact 
needs of research, industry, and medicine. 
Our laboratories provide both standard and 
special materials-some of them available 
nowhere else. Our scientists will work with 
you to meet your requirements in this field. 

FREE FOLDER: We've prepared a 
four-page folder thot describes 
the activities of the U. S. Radium 
Corporation. If you'd like a copy 
of our most recent issue-and 
future copies as they are issued
just write to Deportmenf L 

UNITED STATES 
RADIUM CORPORATION 
535 Pearl Street New York 7, N. Y. 
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D
ECEMBER 1901. "In a paper late

ly read before the French Acade
mie des Sciences, Messrs. Capitan 

and Breuil give a description of two 
caves or grottoes which they have dis
covered, whose walls are covered with a 
remarkable series of drawings of animals 
which date from the Paleolithic epoch. 
Many of them are striking in their exe
cution. All the figures are of a correct 
design and present details which are 
easily recognizable." 

"The photographs of the new star in 
Perseus made by Prof. G. W. Ritchey of 
the Yerkes Observatory revealed the 
presence of a very faint nebula surround
ing the star. Later photographs show 
that enormous changes have taken place 
in the nebula, confirming a theory long 
ago advanced by Sir William Herschel, 
according to which changes take place 
in the nebulae in the course of time. This 
theory has not been generally accepted, 
but now it may be said to be proved by 
these photographs, showing actual 
changes which have taken place in the 
nebula surrounding Nova Persei during 
the brief period of seven weeks. This 
would seem to indicate that the gaseous 
mitt!?r f<fUlllng nebulae is ever under
goini('n process of change and forma
tion, and that from this material-the 
star-dust scattered throughout the 
depths of space-new worlds and star
systems are being evolved." 

. "The time is rapidly approaching 
when the nation, through its representa
tives., will be called upon to decide 
where the great Isthmian Canal shall be 
built. The President's commission has 
done its work, which consisted not mere
ly in a thorough survey of the Nicaragua 
route, but an examination on the spot of 
the Panama scheme." 

"A site has been secured in Washing
ton, D.C., for the building of the Bureau 
of Standardization. Two buildings, to be 
erected at a cost of $250,000, have been 
authorized, and will be begun at once;" 

"The award of the Nobel Prizes has 
just been announced as follows: physics, 
Prof. Roentgen, of Munich; chemistry, 
Prof. van't Hoff, of Berlin; medicine, Dr. 
Behring, of Marburg." 

"Liquid hydrogen is an agent of re
search which will enable us to examine 

50 AND 100 

YEARS AGO 
into the properties of matter at the low
est-maintained temperature ever reached 
by man. The effect of a temperature of 
21 deg. absolute on the electric resist
ance of the pure metals is a problem of 
great interest. In passing from the melt
ing point of ice to the boiling point of 
hydrogen, pure platinum loses resistance 
till only one-fortieth remains, and in the 
case of electrolytic copper the remaining 
resistance is only one fifty-seventh of 
what it was at starting. Such results sug
gest the approach to the condition of 
what may be called relatively perfect 
electric conductivity as the zero of ab
solute temperature is approached. Now 
we can maintain a temperature within 
less than 16 deg. of this zero, and the 
investigator who will make the further 
attempt to reduce this distance by an 
equivalent amount, thereby reaching a 

steady temperature of 4 deg. or 5 deg. 
absolute, will indeed face a problem of 
almost insuperable difficulty." 

"It appears to be pretty generally ac
cepted that Marconi has succeeded in 
sending across the Atlantic audible sig
nals from his wireless telegraphic sta
tion in Cornwall, England, to Signal 
Hill, Newfoundland - a distance of 
1,800 miles. To be sure, the Newfound
land experiments have not been accept
ed by all scientists as conclusive. Prof. 
Dewar, if he has been correctly quoted, 
does not believe that the possibility of 
transmitting signals across the Atlantic 
has as yet been adequately demon
strated. On the other hand, Mr. Edison 
accepts the report as authentic, and 
Prof. Bell has cabled his congratulations 
and has offered his place on the coast of 
Nova Scotia 'as a place for future experi
ment." 

"The rays of radium act energetically 
on the skin. The effect produced is simi
lar to that resulting from the action of 
the Roentgen rays. The first observation 
of this action was by Messrs. Walkoff 
and Giese!. Mr. Giesel kept on his hands, 
for two hours, radiferous barium bro
mide enveloped in a sheath of celluloid. 
The rays, acting through the celluloid, 
caused a slight redness on the skin. Two 
or three weeks later the redness in
creased and inflammation set in. The 
skin finally sloughed off. Mme. Curie, by 
carrying in a small sealed tube a few 
centigrammes of the same very active 
matter, has had similar burns, although 
the small tube was inclosed in a thin 
metallic box. In particular, an exposure 
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They're headed for 

new frontiers 

At the Laboratories' school JOT communications development 
training, the curriculum includes electronics, o8cillationti 
and waves, switching and transmission. Each subject is di
rectly keyed to /,he latest fields of telephone research., 

EACH year the Bell System selects hundreds of 
engineering graduates from technical schools, to 
find the answers to communications problems 
through the application of science and tech
nology. A specifically qualified group joins Bell 
Laboratories to develop tomorrow's telephone 
system - also, in the present emergency, more 
powerful electronic devices for the armed services. 

They come - thanks to the competence of our 
nation's educators-with an excellent grounding 
in fundamentals. To equip them still further, the 
Laboratories operate a school at graduate level 
for advanced communications. 

The new men receive an intensive course in 
the latest theory and techniques. At the same 
time they take their places as members of the 
Technical Staff doing responsible work which, 
with their classroom instruction, reveals where 
they can make the most of their aptitudes. 

More than ever America's future must depend 
on men and women who are trained to think far 
ahead in technology whether for tomorrow's 
telephones or national defense. By helping them, 
Bell Telephone Laboratories help make Amer
ica's telephone system the world's best, help the 
armed forces keep our country strong. 

8ELL TELEPHONE LA80RATORIES ..... -.�,", .. 

Exploring and inventing, devising and perfecting, for continued improvements and economies in telephone service. 

9 
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hellfs conserve 
• 

engineers 

It's not at all far-fetched to say that isotronics -

the technique of regulating and controlling voltage, 

current, power, and frequency by electronic means

is lifting part of the work load from many an engi

neer, freeing him for other duties. Or making him 

more productive by removing the human error factor 

from various phases of his work. 

In laboratories and factories from coast to coast, 

dependable Sorensen isotronic units are providing 

regulated AC line voltage as well as low and high 

voltage DC sources. Users are reporting the results 

in terms of increased production and efficiency. 

Why don't you investigate the possible applica· 

tions of isotronics to your own operations ? We know 

the investigation will be highly profitable. 

Write for information. 

SORENSEN 
37S FAIRFIELD AVENUE STAMFO RD CONNECTICUT 

Sorensen & Co., Inc., pioneers in isotronics, are designers and manu

facturers of a full line of AC voltage regulators, low and high voltage 

regulated DC power supplies, frequency changers, auto-transformers, 

diodes, saturable-core reactors and other related isotronic equipment. 

of less than half an hour produced at the 
end of fifteen days a red spot, resulting 
in a blister that was similar to a super
ficial scald." 

D
ECEMBER 1851. "Among the 

most remarkable phenomena 
within the range of physical 

chemistry are those of Catalysis, or, as it 
has also been called, the 'Action of Pres
ence.' There are a certain number of 
bodies known to possess the power of 
resolving compounds into new forms 
without undergoing any change them
selves. Kirchoff discovered that the pres
ence of an acid, at a certain temperature, 
converted starch into sugar and gum, 
no combinatjon with the acid taking 
place. Edmund Davy found that pow
dered platinum, moistened with alcohol, 
became red-hot, fired the spirit, and con
verted it into vinegar, without under
going, itself, any chemical change. This 
power, whatever i,t may be, is common in 
both organic and' inorganic nature, and 
on its important pmposes Berzelius has 
the following remarks: 'This power gives 
rise to numerous applications in organic 

'nature a,nd it may hereafter be discov
ered that it is by an action analogous to 
that·;bf catalytic power that the secre
tion of such different bodies is produced, 
all of which are supplied by the same 
matter, as the sap in plants, and the 
blood in animals.' " 

"When vaccination was introduced 
fifty years ago, it was heralded as the 
best bo::>n of medical discovery to man, 
as it was supposed that it effected an 
entire change in the system, and perfect 
immunity from variolous affections. Ex
perience has dissipated those brillian t 
anticipations. In the majority of cases 
vaccination only produces a partial 
change in the system, and leaves it open 
to both varieties of the small pox. No 
microscopic observation nor chemical 
analysis has yet disclosed the elementary 
principles of the virus, or the molecular 
condition of the system for which it has 
an affinity." 

"At the meeting of the Institution of 
Civil Engineers in London on Novem
ber 25, Sir William Cubitt in the chair, 
a paper from Col. Samuel Colt, of the 
United States, on his revolving fire-arms, 
was read and highly applauded, as it was 
the first communication received from 
America. The manufacturing of fire
arms, Col t's pistols as well as other fire
arms, is done in quite a different manner 
in America from what it is in England. 
In England the greatest number of all 
the parts of a gun are made by hand; in 
America they are made by machinery. 
The advantages of the latter mode are 
great, for the lock of one pistol, or any 
one part of a pistol, will fit the same part 
of another like pistol equally well." 
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in valve parts gives long life, outstanding performance 

F�r years, industry has been plagued with the 

problem of finding a suitable material for use 

in seats for corrosion-resistant valves. Metal

to-metal seating is unsatisfactory in many 

cases, and most synthetic materials don't 

have the necessary corrosion-resistance. But 

a material is now available with the right 

combination of properties for this job

Du Pont "Teflon" tetrafluoroethylene resin. 

"Teflon" is ideal for valve seats ... and 

packing, too. It resists the attack of all 

chemicals except molten alkali metals, and
. 

fluorine under extreme conditions. It's re

markably tough, yet resilient enough to pro

vide tight, leak-proof seating. In addition, 

"Teflon" has a service range in temperature, 

as proved in field applications from -3200 F. 

to 5000 F. And, when used in packing, its 

low coefficient of friction lets valves operate 

easily under pressure ... without lubrication 

in most cases. 

The unique properties of "Teflon" make 

it a valuable plastic for other purposes, too-

for example, insulation for wires and cables, 

connectors for coaxial cables and jaws for 

heat-sealing machines. And they suggest 

many new applications wherever a heavy

duty plastic is practical. 

Your business may find opportunities for 

profitable future use in "Teflon" or in many 

of the other Polychemicals products. There 

are more than 100 of them-plastics, organic 

acids, amides, alcohols, ammonia, esters, 

resins and solvents. 

Write for technical booklet on Polychemicals products for your industry 

Technical bulletins on "Teflon" tetrafluoroethylene resin and the 

plastics and chemicals used in your industry are available. Each 

product bulletin in the booklet presents physical and chemical 

properties, description, specifications, uses and possible applications, 

bibliography and other data. Write Us on your business letter

head for your copy-and please tell us the name of your industry. 

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

Polychemicals Depar1ment, 15125 Nemours Building 

Wilmington 98, Delaware 

II 
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INSTRUMENTS ULTRASONIC TOOLS 

" 

. OUR BUSINESS IS THE FUTURE 

• The new and useful in the fields of Ultrasonics, 

Piezoelectric Crystals, and Instruments are specialties 
for whi c h  we are equipped with comprehensive 
engineering and physical facility. Our research has 

been continuous, fruitful and helpful to many other 
companies besides our own. 

We make finished products valued in industry for 
their precision and modernity ... we make component. 

parts for many of the nation's most respected compa

nies and for the Armed Forces. We also do product 
development work. For our comprehensive booklet, 
"This is Brush", telling about Brush products and 
methods, write our Commercial Engineering Dept. 

MAGNETIC 

Manufacturers of 
RESEARCH AND 

RECORDING DEVICES 

Tape 

Plated Wire, Disc and Drum 

Multichannel Recorders 

Recording and Erase Heads 

Memory Storage Units 

Computer Components 

ACOUSTICAL EQUIPMENT 

Microphones - General 

Purpose and Specialized 

Hearing Aid Microphones 

Earphones - Of Many Types 

INDUSTRIAL INSTRUMENTS 

Universal Strain Analyzers 

Surface Analyzers 

Multichannel Direct Writing 
Oscillogrophs 

AC, DC and Carrier-type 
Amplifiers 

Uniformity Analyzers 

Transient Recorders 

PIEZOELECTRIC CRYSTALS 

ULTRASONIC EQUIPMENT 

Generators and Analyzers 

Laboratory Equipment 

THE BRUSH DEVELOPMENT COo 
3405 Perkins Avenue • Cleveland 14. Ohio 

THE COVER 

The painting on the cover shows a 
micro barograph, one of the many in
struments that the modern meteorol
ogist uses to predict the weather 
(see page 64). By means of a sensi
tive element in the cylinder �n the 
center of the painting, this instru
ment continuously records the varia
tions in the pressure of the atmos
phere. The instrument was furnished 
by the Friez Instrument Division of 
the Bendix Aviation Corporation . 
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Cover by Walter Murch 
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of Michigan 

Courtesy John W. Evans, 
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of Harvard University and 
the University of Colorado 
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servatory of the University 
of Michigan 
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technic Institute of Brook
lyn, and Lenox Hill Hos
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tJHILLIPS PETROLEUM COMPANY is proud to 
receive the 1951 Chemical Engineer
ing Achievement Award for having:-

" • . .  contributed most to the advance of 
chemical engineering in industry ... " 

Seventy of the nation's leading chemical engineer
ing authorities independently voted this honor to 
Phillips for a two-fold achievement: First, Phillips 
development of high abrasion carbon black; second, 
Phillips major contribution to the success of cold 
synthetic rubber. Together these advances make 
possible automobile tires that wear thousands of 
miles longer than the finest tires ever made before. 

Credit for this success goes to those who make 
chemical dreams come true in our laboratories and 
plants. Over 2,000 of our nearly 20,000 employees 
are scientists and engineers. From their diversified 
efforts come achievements without number across 
the whole broad field of petroleum chemistry. 

We work \'igorously with nitrogen fertilizers, 
atomic energy, sulfur compounds, synthetic fiber 
materials and many organic chemicals. And, of 
course, we are in our third decade as large produc
ers, refiners and marketers of fuels and lubricants. 

Previously this award has recognized such great 
endea\'ors as the Atomic Bomb Project and the 
war-time Synthetic Rubber Industry. 

WHAT THIS ACHIEVEMENT 

For every 9,000 miles you drive your car, the
'
average 

wear is about Ysth of an inch from the tread of 
natural rubber tires made with ordinary carbon black. 

Now, with tires made with Philblack 0* higltabrasion 

It is a privilege for us to be honored with these 
groups and with the other important chemical 
companies which have also earned this high dis
tinction for outstanding chemical engineering ac
complishments. 

MEANS TO YOU ... 

carbon black and cold rubber, the same Ysth inch of 
tread wear will give you 12,000 ... 13,000 . . . even 
14,000 miles of good, safe service. 

*A Trademark 

• • 

PHILLIPS PETROLEUM COMPANY 
Phillips Chemical Company, a subsidiary 

.Bartlesville, Oklahoma 

13 
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high vacuum 

research 

and engineering 

High Vacuum 

helps this mechanical brain 

think clearly 

T
HIS little nest of relays is a "brain" which evaluates incoming impulses and 
issues orders to a mechanism that may be vital in a paper mill, a food pro. 

cessing plant, or an intercontinental bomber. 

It rook a great many human brain-hours to work out its intricate, compact 
mechanism. But a few fungus spores drifting in from a warm, humid atmosphere, a 
little dust, acid fumes, even rapid air pressure variations-any of these might undo 
the ingenuity that conceived it. 

For security against these intruders, the relay manufacturer, C. P. Clare and Com
pany, turned to the service offered by the Electro·Seal Corporation, Des Plaines, 
Illinois. Within a few minutes after Electro-Seal puts a DPi diffusion pump ro ,work, 
all traces of moisture and 99.999 per cent of the air have been removed from the 
sealed assembly. Then a Consolidated Leak Detecror is connected ro the system and 
a jet of helium is played over the unit ro check for leaks. (This instrument, which 
embodies another DPi high vacuum diffusion pump, can sound an alarm for a leak 
so small that a thimbleful of air would take 30 years to get through.) 

Finally, Electro-Seal backfills with purified inert gas and sends the relay off to a 

long, useful life and duties for which an unsealed relay might be totally unfirted
demonstrating again how effectively DPi puts high vacuum at industry's service in a 

relatively new .field, as we've been doing for years in the electron tube industry. 
Perhaps we can help you, tOo. To find out, write to Distillatioll Products Indus

tries, Vacuum Equipment Department,751 Ridge Road West, Rochester 3, N. Y. 
(Division of Eastman Kodak Company). 

Aho • • •  vitamins A a'nd 1: <ii . ... distilled mo-noglycerides ...... m.ore than 3400 Eastman Organic Chemicals for science and indusfry © 1951 SCIENTIFIC AMERICAN, INC© 1951 SCIENTIFIC AMERICAN, INC
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What's New at CRUCIBLE 

about permanent alnico magnets 

Recording unit exposed. Showing gal
vanometers in adion. Note compact
ness of Crucible Magnet Assembly. 

When Sanborn Company of Cambridge, Massachusetts, big 

name in recording equipment, first started working on the de

sign and construction of their new "Poly-Viso" Recorder, they· 

ran into a magnet problem. 

This recorder makes available permanent simultaneous trac

ings on one piece of paper of four different kinds of information 

which, for the first time, are directly written, in rectangular 
coordinates. That meant that Sanborn needed four separate but 

compact galvanometers. Crucible was called in, and here's the 

way Crucible magnet specialists solved the problem. 

After careful study of the limits of the equipment, a master 

magnet was designed that consisted of four pairs of magnetic 

poles cast on a single base. This eliminated the need for bolting 

four magnets together, and reduced the amount of space re

quired by the galvanometer assembly. An added feature of this 

special magnet assembly is a unique and exclusive Crucible 

method of strengthening the pole pieces of the individual mag

nets so as to retain maximum field strength. This also adds to 
the sensitivity of the galvanometer assembly. 

The Sanborn "Poly·Viso" Recorder is used in both 
the biophysical and industrial fields for the measure

ment of pressure, flow, temperature, strain, values of 

AC or DC voltage or current, and the like. Because such 

quantities are directly recorded, immediate analysis 
can be made of many problems. Also, records can be run 

at any one of eight selectable speeds_ 

Engineering Service Available 
Crucible's part in Sanborn's far·reaching development 

is but one example why Crucible has maintained, for 
more than half a century, a position of leadership in 

Complete console unit. Record
ing assembly is to the left. 

the specialty steel field. Your permanent magnet prob
lem will receive the same experienced consideration from 

Crucible's unsurpassed staff of metallurgists and produc

tion specialists. Please give full details. Crucible Steel 

Company of America, General Sales Offices, Oliver 

Building, Pittsburgh, Pa. 

Example of shapes and sizes of Crucible Permanent Alnico Magnets. 

CR U C I B LE first name in special purpose steels 

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

National Drawn Works, East Liverpool, Ohio Sanderson·Halcomb Works, Syracuse, N. Y. Trent Tube Company, East Troy, Wisconsin 
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SOLAR FLARES 
Generally associated with the sunspots, these occasional eruptions 

in the atmosphere of the sun emit mighty blasts of energy which 

on earth cause auroras and disrupt radio and wire communication 

T
HE sun is not ordinarily news, but 
once in a 10!1g while it crashes the 
headlines like an earthquake. Radio 

transmission fades out; Northern lights 
are seen from Mexico City; Western 
Union teletypes clatter out meaningless 
gibberish. All because the great eye of a 
sunspot is looking straight at the earth. 
It is actually a kind of twinkle in the 
eye that does the damage-a solar flare, 
which is quite the most potent form of 
solar disturbance known. 

Flares appear without warning on the 
atmospheric rim of the sun, usually in 
or near large sunspot groups. Against 
the overpowering glare from the under
lying photosphere-the visible surface of 
the sun-the flares are not detectable 

by John W. Evans 

through the unassisted telescope. We 
can see them only by filtering out all 
light except that which originates in the 
flares themselves and in the surrounding 
solar atmosphere, known as the chromo
sphere. This trick is possible because of 
fundamental differences between the 
light spectrum of the photosphere and 
that of the chromosphere and flares. The 
bright photosphere spectrum is continu
ous, with all wavelengths represented. 
The chromosphere and flares, on the 
other hand, have a spectrum of discrete 
lines at the particular wavelengths of 
light emitted or absorbed by the ele
ments that compose the chromosphere. 
When the chromosphere is viewed 
against the bright background of the 

photosphere, these lines appear as dark 
absorption bands. But by attaching a 
filter to our telescope which lets through 
only the light of one of the strong 
chromospheric.lines and rejects all other 
wavelengths, we can reduce the appar
ent brightness of the photosphere by per
haps 3,000 times while leaving the 
brightness of the chromosphere prac
tically unaffected. The brighter flares 
then stand out like Kipling's sunflower 
in the coal cellar. 

In selecting a single line of the spec
trum we are automatically selecting for 
observation only those atoms that radiate 
that particular line. Flares and other fea
tures of the chromosphere present their 
most striking appearance in the strong 

BRIGHT FLARE of May 18, 1949 was photographed at 
the McMath-Hulbcrt Observatory of the University of 

Michigan. The flare is made visible against the sun by 
photographing it in the alpha spectt'al line of hydrogen. 
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DEVELOPMENT OF A FLARE on April 18 of this 
year was photographed at a station of the Air Force on 
Sacramento Peak in New Mexico. These photographs 

18 

show the entire disk of the sun at intervals of five 
minutes for a period of an hour. The flare is somewhat 
larger than the average, but its history is typical. 
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lines of hydrogen and ionized calcium. 
We can think of the chromosphere as 
being composed essentially of hydrogen 
with some slight impurities, and the 
hydrogen lines are very intense. The 
fundamental lines of calcium are even 
stronger, however, because while calci
um is not abundant in the chromosphere, 
the environment of temperature and 
pressure is just right to keep most of the 
calcium atoms in the appropriate condi
tion to emit or absorb light. 

T
HE first sign of a flare is a brilliant 
Heck of light in the neighborhood 

of a sunspot. It grows before our eyes 
like a great pool of white-hot molten 
metal being poured out on a dirty irreg
ular floor. Within a few minutes, some
times only a few seconds, the pool 
spreads out to an area of millions or 
even billions of square miles. No spec
tacle in nature gives a more vivid im
pression of inexorable and irresistible 
power. A large flare starts as nothing 
and expands with explosive rapidity into 
a glaring red sea, so vast that it could 
gobble IIp the earth like a pill. Here and 
there a bright point of light flashes out 
briefly and dies, like a secondary flare 
within the flare. It looks like the play 
of light on the clouds of a distant 
thunderstorm reduced to slow motion. 

After reaching its quick climax the 
flare fades away; in half an hour or so 
it has disappeared. The lifetime of a 
flare depends on its size. Large flares 
tend to be much longer-lived, brighter 
and more prone to disturb the terrestrial 
ionosphere than small ones. The largest 
ones are apt to black out radio trans
mission completely. Fortunately most of 
the flares are small. 

On the relatively rare occasions when 
a flare appears at the- edge of the sun's 
disk, we can observe its height directly. 
The few flares that we have been fortu
nate enough to see in profile usually 
swell into a solid-looking dome of materi
al extending well above the chromo
sphere; occasionally they throw off a flat 
appendage which rises perhaps 20,000 
miles, with only a slender umbilical fila
ment connecting it to the flare below. 
Several extremely bright dome-shaped 
prominences, which probably were 
flares, have been photographed in mo
tion pictures with the coronagraph of 
the High Altitude Observatory of Har
vard University and the University of 
Colorado at Climax, Col. The pictures 
reveal violent internal motions within 
the flare. This state of internal turbu
lence reminds one of the motions in a 
terrestrial thunderhead; it may be due 
to a very similar type of convection. 

Flares are much more frequent than 
one might suppose from the rarity with 
which they break into the headlines. For 
the past year and a half a flare patrol, 
which monitors the sun photographically 
at five-minute intervals, has been main-

CLOSEUP OF A FLARE on May 10, 1949 was made at the McMath-Hulbert 
Observatory. This flare appeared to have been the cause of the year's most 
severe geomagnetic storm, which commenced some 34 hours afterward. 

19 
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GROUP OF SUNSPOTS on August 8, 1937 was photographed at Mount Wil
son Observatory. This photograph was made by many. wavelengths of light. 

BEGINNING OF FLARE in the same region was photographed 11 minutes 
later. This photograph was recorded only by the red light of hydrogen. 

HEIGHT OF FLARE in the same region was photographed after another in
terval of 11 minutes. This photograph was also made by light of hydrogen. 

20 

tained at a laboratory of the High Alti
tude Observatory in Boulder, Col., and 
a station of the Air Force on Sacramento 
Peak in New Mexico. In 16 months of 
operation we detected 424 flares on the 
sun-roughly one every eight hours. 
There is no doubt whatever that the 
flares are connected with sunspot activ
ity. All but three of the 424 flares were 
seen to stem from visible spots on the 
sun. 'When a group of spots is growing 
rapidly, it produces many small flares; 
the big flares come when the spots have 
reached their prime. Then as the spots 
shrink, the flares diminish in size and 
frequency. The spots and flares are now 
in a waning phase of the ll-year cycle; 
by about 1956 they should increase in 
activity. 

A STRONOMERS have been studying 
ft flares for many years; the High 
Altitude Observatory is a mere baby of 
less than two years in the field. Informa
tion about them has been collected pain
fully bit by bit by great observatories 
and devoted individuals throughout the 
world. The detailed studies of large 
flares have come mainly from the Mount 
Wilson Observatory in California, the 
McMath-Hulbert Observatory in Michi
gan, the Observatoire de Meudon in 
France and the Kodaikanal Observatory 
in India. Foremost among the patient, 
persevering observers who have col
lected data on the small flares are M. A. 
Ellison and H. W. Newton, of the Royal 
Observatories at Edinburgh and Green
wich, and R. G. Giovanelli, of the Nation
al Standards Laboratory in Australia. 

If the directly observable features of 
flares were all we had to worry about, 
we could probably have devised a satis
factory theory to account for them by 
now. But it is not so simple. Apparently 
what we see directly is only a minor 
aspect of a major disturbance. Large 
flares cause a variety of disruptions on 
our planet-radio fadeouts, magnetic 
storms, auroras, earth currents that upset 
wire communications and long-distance 
power transmission. Here is a region of 
the solar atmosphere which for no 
known reason suddenly becomes excited, 
gives off a little bit of light (so feeble 
that we must use special instruments to 
see it at all) and yet produces a tremen
dous outpouring of invisible forms of 
energy which are felt almost immediate
ly on the earth, 93 million miles away. 
The chief problem that interests us at 
the moment is how those distant flares 
can set off the chain of happenings we 
witness here on earth. 

Quite obviously the flares on the sun 
depict the travel of radiation rather than 
matter. A flare moves so rapidly that it 
is improbable we are actually seeing a 
transport of material. If that were the 
case, the particles of matter would have 
to move with velocities of thousands of 
miles per second, and while an astrono-
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mer is accustomed to take such speeds 
in his stride, where the movement of 
material is involved he expects to find 
corresponding Doppler shifts in the 
spectra of the moving atoms. No such 
shifts are observed. We conclude that 
the apparent motion we see is the 
spreading of a wave of excitation in the 
chromosphere, analogous to the motion 
of a searchlight spot over a cloud. 

Of the energy that leaps from the flare 
into space, �he first form to reach us 
is ultraviolet radiation. Its effect is con
centrated in the ionosphere, the region 
in the upper atmosphere from 20 to 200 
miles up where free electrons and their 
mating positive ions roam in the thin air. 
The ionosphere is the roof that reflects 
radio waves around the curved earth. 
When a sudden extra dose of ultraviolet 
radiation from a flare hits the ionosphere, 
it forms an abnormally dense layer of 
ionization at the lower limit of the re
gion. The layer absorbs the energy of 
the radio waves and converts it into heat. 
Reception by radio sets fades or fails 
altogether. 

Hours after the ultraviolet burst, 
showers of charged particles arrive. The 
magnetic field of the earth separates the 
positive and negative charges and pro
duces an electric current in the iono
sphere. This induces sympathetic cur
rents in telegraph wires and causes 
magnetic storms. The incoming particles 
also collide with air molecules and excite 
them to luminescence, and we are 
treated to gorgeous auroral displays in 
abnormally low 

·
latitudes. 

All these effects require quantities of 
power. Since the earth can intercept only 
about one billionth of the total energy 
output of a flare (if it radiates uniformly 
in all directions into space) , we can only 
conclude that the amount of ultraviolet 
and corpuscular energy a flare gives off 
must be perfectly stupendous. 

Besides these forms of energy, flares 
apparently also emit high-frequency 
radio noise and cosmic rays. The radio 
noise, in particular, is very energetic; in 
some frequencies the noise emitted dur
ing flares is 10,000 times as intense as 
the noise normally radiated by the whole 
sun. The studies of the cosmic-ray and 
radio-noise effects are just beginning. 
They promise to yield a whole new field 
of knowledge about flare activity. 

O
UR present information on flares, 

tllough still incomplete, gives us a 
fair starting point for devising a theory 
of their underlying causes and the proc
esses by which they operate. The pri
mary theoretical problem is to find a 
process capable of pouring out such tre
mendous quantities of invisible energy 
with so little emission of light. Obviously 
the explanation that a flare is a hot spot 
on the sun (as, in fact, it is) does not 
go far enough, for if heat alone were 
responsible for the radiated energy, the 

1 

TOWER TELESCOPES of the McMath-Hulbert Observatory are the in
struments that were used to make the photographs on pages 17 and 19. 

flare should be blindingly bright to the 
eye-perhaps more intense than all the 
rest of the sun. 

During the past few years astrophysi
cists have sought to explain the flares, 
as well as other features of the sun, in 
terms of the motions of electrons and 
protons in the sun's magnetic fields. A 
magnetic field serves as a guide for 
charged particles and must play an im
pOl·tant role in any activity involving 
the material of We chromosphere, where 
the great majority of particles are elec
trons and protons. 

Donald H. Menzel of the Harvard 
College. Observatory thinks that flares 
may consist of radiations from a tiny 
region on the sun where there occurs a 
violent compression of chromospheric 
material caught in an unstable magnetic 
pocket which tries to shrink itself out of 
existence. This is only an initial sugges
tion and reams of theoretical work will 
be necessary to explore it. Giovanelli has 
approached the problem from an entire
ly different viewpoint. His ingenious 
theory is that the energy of flares may be 
produced through the acceleration of 
electrons by rapidly changing magnetic 

fields, on much the same principle as 
the operation of a cyclotron. Sunspot 
groups are known to create such changes 
in fields. Giovanelli calculates that under 
certain conditions of density and 
changes in the directions of the magnetic 
fields, electrons could be accelerated by 
the associated electric fields to a velocity 
where they could excite at least the 
visible appearance of a flare. Thus far 
the theory has not reached the point of 
considering the invisible radiations, and 
it remains to be seen whether the energy 
supply is great enough. The British cos
mologist Fred Hoyle has suggested a 
modification of Giovanelli's theory. If 
electrons and protons are accelerated in 
a very small volume of space near a sun
spot, he says, they may reach an ex
tremely high acceleration, producing a 
local hot spot. Hoyle believes that the 
flare is a secondary phenomenon, excited 
by radiations from this region. 

-

John W. Evans is a member of 
the staff of the High Altitude Ob
servatory of Harvard University 
and the University of Colorado. 
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The Lethal Effects 

of Radiation 
What is the mechanism by which high-energy waves and particles 

damage living things? A number of investigations have begun to 

outline it as a complex chain of physical and chemical events 

W
HY and how does radiation kill? 
Since 1945 U. S. biologists have 
focused an immense amount of 

study on this important question, but we 
are still far from any clear answer to it. 
Here is an invisible lethal force which 
attacks from the blue without being felt 
or sensed in any way, and over a period 
that may vary from days to years 'pro
duces a slow death of the organism. It is 
clear that the breakdown and death 
occur at the most fundamental level of 
life-in the body's cells. But the process 
by which this happens remains a mys
tery. We can only speculate about possi
ble mechanisms. 

We know that some tissues of the 
body are much more sensitive to radia
tion than others. In general, cells that 
are dividing and reproducing rapidly are 

by Edward Spoerl 

more affected than the less active ones. 
It is in the sites where blood cells are 
manufactured that radiation does its 
readiest damage. Most vulnerable are 
the lymphoid tissues-the lymph nodes, 
spleen, tonsils and so on-which produce 
and store white blood cells. Radiation 
destroys these factories of the white cells 
arrd breaks down the cells themselves. 
Since the white cells are one of the most 
important defenses against bacteria, this 
damage greatly lowers the body's re
sistance to infection. The bone marrow, 
which manufactures the red blood cells, 
is similarly sensitive to radiation. Also 
vulnerable are the sex glands, the skin 
(which loses its hair when exposed to 
heavy radiation), the linings of tlle 
gastrointestinal tract and the walls of 
the blood capillaries (which may be so 

weakened that the victim has hemor
rhages throughout his body). 

The first troublesome question is: 
By what means does radiation produce 
these effects on the body? Is the damage 
to the tissues due to· direct action by 
the radiation (i.e., to a breakup or de
struction of the cells) or to some indirect 
effect, such as the conversion of body 
substances into poisons or the release of 
poisons from the injured cells? There 
are differing schools of thought on these 
issues, but however the problem is 
approached, all roads lead eventually 
to investigation of what is happening in 
the cell. For obvious reasons most of the 
fundamental studies of radiation effects 
have been done on the simpler plants 
and microorganisms. 

Such studies show that radiation 

EFFECTS ON THE CELL can be direct or indirect. 
The radiation (dotted line) can damage the cell by 

passing through it (left) or by manufacturing reactive 
groups of atoms that pass through the cell wall (right). 
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affects cells in various ways. It may kill 
the cells outright; it may interfere with 
,their growth; it may change their genes 
and heredity. For instance, Cornell Uni
versity investigators who studied corn 
seeds irradiated in the atomic bomb test 
at Bikini found that the seeds produced 
stunted plants with mottled leaves; the 
mottled areas consisted of dead cells and 
cells that were alive but colorless in
stead of the usual green. Under the 
microscope it could be seen that the 
heredity-carrying chromosomes in many 
of the cells were disrupted. The same 
general effects have been demonstrated 
in numerous experiments on bacteria 
and fungi: irradiation kills many of the 
cells, causes genetic mutations, inhibits 
respiration and, by stopping cell divi
sion, sometimes produces abnormally 
large cells. 

S
INCE the life and death of a cell 

ultimately depends on its l;letab
olism, or chemistry, it is here that we 
must look for the basic effects of radia
tion. Fundamentally these effects are 
due to the radiation's ionizing action on 
the atoms and molecules of which the 
cell is composed. Any radiation, whether 
in the form of X-rays or gamma rays or 
particles such as neutrons or beta par
ticles, ionizes the atoms among which 
it passes; that is to say, it removes an 
electron from a neutral atom, creating 
a positive ion, and the released electron 
then joins another atom to form a nega
tive ion. This is not a selective process: 
the radiation will ionize impartially any 
atom or molecule in its path, whether it 
is water, a protein, an enzyme, a hor
mone or any other substance. And the 
ionization may change the molecule in 
an important way, making it a great deal 
more active chemically. 

Now the main constituent (about 70 
per cent) of most cells is water. Con
sequently when radiation passes through 
a cell, the water molecules are most 
likely to be ionized, simply because of 
their predominance in numbers. This 
suggests that the ionization of water may 
be one of the chief means, perhaps the 
major one, by which radiation produces 
its effects on cells. Such a the,pry is 
strongly supported by the known facts 
about the chemical behavior of water 
molecules when they are irradiated. It 
appears that radiation removes an elec
tron from the water molecule and forms 
a positive H20 ion. The H20+ ion then 
breaks down to H+ and OH. The free 
electron may become attached to an
other water molecule and form a nega
tive H20 ion, which in turn breaks into 
H and OH-. These fractions may react 
with one another to form not only water 
molecules but also H202 (hydrogen 
peroxide) and H02• Furthermore, the 
free hydrogen can combine with oxygen 
in the living cell and through a series 
of reactions produce more H02 and 

H202. The important fact is that the 
ionization of water and the resulting re
actions yield four powerful oxidizing 
agents: H�O�, ° and the free radicals 
OH and H02. These agents can oxidize 
substances in a cell and thus interfere 
with its normal chemical reactions. 

W
HAT kind of damage could they 
do? E. S. C. Barron of the Univer

sity of Chicago, who has given this mat
ter a good deal of study, suggests that 
the oxidizing agents may inactivate en
zymes, thereby disturbing the cell's 
metabolism. Enzymes are the organic 
catalysts that assist or make possible the 
chemical'reactions in cells. They are pro
teins. Now the enzyme protein molecule 
contains sulfur and hydrogen linked to
gether in sulfhydryl groups (SH), and 
it is known that many enzymes cannot 
function if these groups are oxidized or 
otherwise changed. Barron believes that 
the oxidizing agents formed in an irradi
ated cell oxidize the sulfhydryl groups 
and thus put the enzymes out of action. 

He and his co-workers have found 
strong experimental evidence to support 
this theory. For instance, they have 
shown that when solutions of certain 
simple compounds containing a sulfhy
dryl group are exposed to X-rays, the 
radiation oxidizes these compounds. In 
other experiments they irradiated dilute 
solutions of the actual enzymes, that is, 
enzymes requiring sulfhydryl groups for 
their action. They found that the various 
kinds of radiation they used-X-rays, 
alpha, beta and gamma rays-inactivated 
these enzymes. 

Carrying the experiments a step fur
ther, they proved that the oxidation of 
sulfhydryl groups is reversible; i.e., the 
enzymes can be reactivated. For ex
ample, by adding to the solution a 
compound such as glutathione, which 
supplies sulfhydryl groups, they made 
inactivated enzymes function again. But 
this is possible only when the enzymes 
have received moderate doses of radia
tion. After a large dose the enzymes can 
be reactivated only partly or not at all. 
This indicates that the heavy dose pro
duces some additional damage besides 
oxidation of the sulfhydryl groups; that 
it changes, or "denatures," the enzyme 
protein in some way. What this change 
may be is not yet kilown. 

These experiments seem to support 
the idea that radiation. damages or kills 
cells mainly by an indirect process. The 
radiation ionizes water to form oxidiz
ing agents; the oxidizers inactivate en
zymes; this in turn starves the cell. But 
we have no evidence that this process 
is the major means by which radiation 
attacks the living cell. Radiation may 
work its damage in many other ways. 
Perhaps it disrupts the protein directly 
by breaking the molecule's chemical 
bonds. Perhaps it kills cells by injuring 
or changing their nuclear material. 

, 

PHOTOELECTRIC EFFECT is due 
to a wave (upper left) striking an 
atom (gray circle) and ejecting 
one of its electrons (upper right). 

----9) • 

COMPTON EFFECT occurs when a 
high-energy wave (left) encounters a 
slow-moving electron (right) and 

• accelerates it to high speed (arrow). 

PAIR PRODUCTION is the result 
of a wave interacting with the field 
of the nucleus (center) to produce 
a positive and a negative electron. 

ELECTRON IS REMOVED froll1 its 
orbit, as in the photoelectric effect 
(top of page) , when a particle rather 

than a wave collides with an atom. 

NUCLEUS IS ACCELERATED when 
a particle strikes it. Cloud of elec
trons ahout the nucleus lags behind 
when nucleus recoils from collision. 

• 

RADIOACTIVE NUCLEUS is the 
result of the ahsorption of a parti
cle by the nucleus. Another particle 
is later expelled by the nuclel:s. 
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It is believed that radiation causes the 
mutation of genes in the cell nucleus by 
some kind of direct action, perhaps 
by a hit on the large gene molecule. 
Since many mutations are lethal, this 
may be an important means by which 
cells are killed. 

I
T is definitely known that oxygen 

plays an important role in the killing 
of cells by radiation. A recent experiment 
at the University of Southern California 
showed that rats can survive much 
larger doses of radiation if their oxygen 
supply is reduced below normal. In the 
biological laboratories of the Atomic 

Energy Commission at Oak Ridge, which 
is one of the principal centers of research 
on radiation effects, similar findings have 
been made: plants and fruit flies that 
are X-rayed in an atmosphere lacking 
oxygen have a much smaller percentage 
of chromosome aberrations and muta
tions than those irradiated in air. To be 
sure, it has not yet been proved that 
the effect of the oxygen is connected 
with the formation of oxidizing agents 
by the ionization of water, but the ex
periments at least indicate that the 
radiation works indirectly. 

The results of such experiments sug
gest that mutation may be produced by 

TYPE COMPOSITION REACTION 

X-RAYS 

GAMMA RAYS 

ALPHA RAYS 

BETA RAYS 

PROTONS 

NEUTRONS 

-----=----� 

• 

o 

� V 

,. 

PHYSICAL EFFECTS of various radiations on the atoms of living things 
are outlined in this chart. The symbols at the right are defined on the 
preceding page. The electromagnetic radiations are indicated hy wavy 
lines. The alpha particle is made up of two protons and two neutrons. 
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an indirect chemical route rather than 
by the radiation's direct attack on the 
genes. This idea is further supported by 
some recent experiments.at the Univer
sity of Texas. Hydrogen peroxide, which 
as we have seen is one of the products 
of the ionization of water, was added to 
media in which bacteria were growing. 
Although the culture was not irradiated, 
mutant strains of bacteria appeared in 
it after a short time. The mutants were 
like those produced by radiatiC'll1. In 
other words, hydrogen peroxide, a 

known product of radiation, is itself 
capable of causing mutation. Appar
ently it does not do so directly, because 
it caused cells to mutate only in a 

growth medium; it did not work in 
water. Perhaps the hydrogen peroxide 
reacts with organic material in the 
growth medium to produce organic per
oxides, which, as has been proved in 
other experiments, are effective muta
genic agents. 

There is evidence also that in its 
effects on the division of cells radiation 
operates indirectly through a chemical 
mechanism. It has long been known 
that cell division is sensitive to radia
tion. One striking illustration is its effect 
on cells of colon bacteria. These rod
shaped bacteria ordinarily are only a 
few microns long; they divide into 
daughter cells before they grow much 
longer than that. But a small dose of 
radiation, which prevents them from 
dividing, can cause them to grow into 
spaghetti-like filaments more than a 

hundred microns long. Now it has been 
observed that cells which are actively 
growing and dividing contain more sulf
hydryl groups than do resting cells. 
Moreover, the addition of sulfhydryl
containing substances to the growth 
medium can speed up the cells' rate of 
division. Apparently they need these 
groups to assist the division process. It 
looks, therefore, as if radiation could stop 
the division of cells by oxidizing the 
sulfhydryl groups. 

Radiation may also act on another 
chemical cycle involved in cell division. 
There is a certain acid in the nucleus 
of the cell-desoxypentosenucleic acid
which ,Seems to play an important part 
in the division of the cell. Radiation 
apparently inhibits the formation of this 
acid, perhaps by inactivating the en
zyme system that catalyzes it. The 
Nobel-prize chemist George Hevesy, 
who has studied this effect with the aid 
of radioactive phosphorus, has suggested 
that the inhibition of formation of the 
nucleic acid in question accounts for 
the selective effect of radiation on tumor 
cells. As is well known, radiation affects 
tumor cells more than it does normal 
cells-which is the basis for the use 
of X-rays and radium for cancer treat
ment. A distinguishing characteristic of 
tumor cells, of course, is that they divide 
rapidly. They therefore need the desoxy 
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nucleic acid, and Hevesy points out that 
radiation may retard the growth of a 
tumor by cutting off the supply of 
this acid. But this is only speculation; 
we know too little about the functions 
of the nucleic acids to be able to ac
cept or reject such a theory at this 
stage. 

F
-'ROM the work that has been done on 

radiation effects a few points seem to 
be reasonably clear. Oxidations evident-. 
ly play an important part in radiation 
damage. The decomposition of water 
and the resultant formation of oxidiz
ing agents may be one of the chief means 
by which radiation injures and kills cells. 
An indirect chemical mechanism could 
account for the various radiation effects: 
mutation, interference with cell division, 
inhibition of growth, the death of the 
cell. But the happenings in a cell are 
so complex that they are exceedingly 
difficult to investigate, and progress in 
the field of radiation effects has been 
slow. 

. One of the main reasons for devoting 
so much study to radiation effects, of 
course, is to discover ways of combatting 
them-a matter of some urgency in our 
radioactive age. So far the treatment 

. of radiation sickness has had to be di
rected toward the symptoms and end 
results rather than toward the basic 
mechanism. Blood and plasma trans
fusions, plus the feeding of iron, vitamins 
and possibly amino acids, can restore the 
supply of blood cells and replace broken
down tissues. Antibiotics such as aureo
mycin can protect the weakened victim 
against infections. Certain substances, 
such as protamine and toluidine blue, 
have had some effect in stopping 
hemorrhage. Some cases of radiation in
jury have responded to the drug de
soxycorticosterone acetate, presumably 
because this substance counteracts 
histamine-like poisons that may be re
leased by radiation damage. 

A
T a more basic level, the studies of 

the oxidation effects in cells suggest 
that a sulfhydryl-supplying substance 
such as glutathione may be helpful. In 
experiments on animals this material so 
far has not been effectiVE as a treat
ment; it protects the animals only if it is 
given before they receive the dose of 
radiation. 

Obviously the key to the whole prob
lem lies in a better understanding of 
how a cel� lives and functions. When 
that mystery has been unraveled, we 
may be able to cope with radiation, can
cer and �any of our other ills. 

-

Edward Spoerl is leader of the bio
chemistry research group at the 
Mound Laboratory, operated for 
the Atomic Energy Commission by 
the Monsanto Chemical Company. 
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oxygen, in other groupings, notably the reactive hydrogen peroxide (H�02). 
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How to Teach Animals 
So'me simple techniques of the psychological laboratory can also 

be used in the home. They can train a dog to dance, a pigeon to 

playa toy piano and will illuminate the learning process in man 

T
EACHING, it is often said, is an 
art, but we have increasing reason 
to hope that it may eventually be

come a science. We have already dis
covered enough about the nature of 
learning to devise training techniques 
which are much more effective and give 
more reliable results than the rule-of
thumb methods of the past. Tested on 
animals, the new techniques have proved 
superior to traditional methods of profes
sional animal trainers; they yield more 
remarkable results with much less effort. 

It takes rather subtle laboratory con
ditions to test an animal's full learning 
capacity, but the reader will be sur
prised ·at how much he �an accomplish 
even under informal circumstances at 
home. Since nearly everyone at some 
time or other has tried, or wished he 
knew how, to train a dog, a cat or some 
other animal, perhaps the most useful 
way to explain the learning process is to 
describe some simple experiments which 
the reader can perform himself. 

"Catch your rabbit" is the first item 
in a well-known recipe for rabbit stew. 
Your first move, of course, is to choose 
an experimental subject. Any available 
animal-a cat, a dog, a pigeon, a mouse, 
a parrot, a chicken, a pig-will do. (Chil
dren or other members of your family 
may also be available, but it is suggested 
that you save them until you have had 
practice with less valuable material.) 
Suppose you choose a dog. 

The second thing you will need is 
something your subject wants, say food. 
This serves as a reward or-to use a term 
which is less likely to be misunder
stood-a "reinforcement" for the desired 
behavior. Many things besides food are 
reinforcing-for example, simply letting 
the dog out for a run-but food is usually 
the easiest to administer in the kind of 
experiment to be described here. If you 
use food, you must of course perform the 
experiment when the dog is hungry, per
haps just before his dinnertime. 

The reinforcement gives you a means 
of control over the behavior of the ani
mal. It rests on the simple principle that 
whenever something reinforces a partic
ular activity of an organism, it increases 

26 

by B. F. Skinner 

the chances that the organism will repeat 
that behavior. This makes it possible to 
shape an animal's behavior almost as a 
sculptor shapes a lump of clay. There is, 
of course, nothing new in this principle. 
What is new is a better understanding 
of the conditions under which reinforce
ment works best. 

To be effective a reinforcement must 
be given almost simultaneously with the 
desired behavior; a delay of even one 
second destroys much of the effect. This 
means that the offer of food in the usual 
way is likely to be ineffective; it is not 
fast enough. The best way to reinforce 
the behavior with the necessary speed is 
to use a "conditioned" reinforcer. This 
is a signal which the animal is condi
tioned to associate with food. The ani
mal is always given food immediately 
after the signal, and the signal itself then 
becomes the reinforcer. The better the 
association b.etween the two events, the 
better the result. 

For the conditioned reinforcer you 
need a clear signal which can be given 
instantly and to which the subject is sure 
to respond. It may be a noise or a flash 
of light. A whistle is not effective because 
of the time it takes to draw a breath be
fore blowing it. A visual signal like a 
wave of the arm may not always be seen 
by the animal. A convenient signal is a 
rap on a table with a small hard object 
or the noise of a high-pitched device 
such as a "cricket." 

Y
OU are now ready to start the ex
periment with your dog. Work in a 

convenient place as free as possible from 
distraction. Let us say that you have 
chosen a "cricket"_ as your conditioned 
reinforcer. To build up the effect of the 
reinforcer begin by tossing a few scraps 
of food, one at a time and not oftener 
than once or twice a minute, where the 
dog may eat them. Use scraps of food so 
small that 30 or 40 will not greatly re
duce the animal's hunger. As soon as the 
dog eats each scrap readily and with
out delay, begin to pair the cricket with 
the food. Sound the cricket and then toss 
a piece of food. Wait half a minute or so 
and repeat. Sound the cricket suddenly, 

without any preparatory movements 
such as reaching for food. 

At this stage your subject will prob
ably show well-marked begging be
havior. It may watch you intently, per
haps jump on you, and so on. You must 
break up this behavior, because it will 
interfere with other parts of the experi
ment. Never sound the cricket or give 
food when the dog is close to you or fac
ing you. Wait until it turns away, then 
reinforce. Your conditioned reinforcer is 
working properly when your subject 
turns immediately and approaches the 
spot where it receives food. Test this 
several times. Wait until the dog is in a 
fairly unusual position, then sound the 
signal. Time spent in making sure the 
dog immediately approaches the food 
will later be saved manyfold. 

Now, having established the noise as 
the reinforcer, you may begin teaching 
the dog. To get the feel of the tech
nique start with some simple task, such 
as getting the dog to approach the 
handle on a low cupboard door and 
touch it with its nose. At first you rein
force any activity which would be part 
of the final completed act of approaching 
and touching the handle of the cup
board. The only permissible contact be
tween you and the dog is via the cricket 
and the food. Do not touch the dog, talk 
to it, coax it, "draw its attention" or in
terfere in any other way with the experi
ment. If your subject just sits, you may 
have to begin by reinforcing any move
ment, however slight. As soon as the dog 
moves, sound the cricket and give food. 
Remember that your reaction time is im
portant. Try to reinforce as nearly si
multaneously with the movement as pos
sible. 

After your subject is moving freely 
about, reinforce any turn toward the 
cupboard. Almost immediately you will 
notice a change in its behavior. It will 
begin to face toward the cupboard most 
of the time. Then begin to reinforce only 
when the dog moves nearer the cup
board. (If you withhold reinforcement 
too long at this stage, you may lose the 
facing response. If so, go back and pick 
it up.) In a very short time-perhaps a 
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minute or two-you should have the dog 
standing close to the cupboard. Now be
gin to pay attention to its head. Rein
force any movement that brings the nose 
close to the handle. You will have to 
make special efforts now to reduce the 
time between the movement and the re
inforcement to the very minimum. Pres
ently the dog will touch the handle with 
its nose, and after reinforcement it will 
repeat this behavior so long as it re
mains hungry. 

Usually it takes no more than five min
utes, even for a beginner, to teach a dog 
this behavior. Moreover, the dog does 
not have to be particularly smart to learn 
it; contrary to the usual view, all normal 
dogs will learn with about equal facility 
by this conditioning technique. 

Before going on with other experi
ments test the effect of your conditioned 
reinforcer again two or three times. If 
the dog responds quickly and eats with
out delay you may safely continue. You 
should "extinguish" the response the dog 
has already learned, however, before 
teaching it another. Stop reinforcing the 
act of touching the cupboard handle 
until the dog abandons this activity. 

As a second test, let us say, you want 
to teach the dog to lift its head in the 
air and turn around to the right. The 
general procedure is the same, but you 
may need some help in sharpening your 
observation of the behavior to be rein
forced. As a guide to the height to which 
the dog's head is to be raised, sight 
some horizontal line on the wall across 

the room. Whenever the dog, in its ran
dom movements, lifts its head above this 
line, reinforce immediately. You will 
soon see the head rising above the line 
more and more frequently. Now raise 
your sights slightly and reinforce only 
when the dog's head rises above the new 
level. By a series of gradual steps you 
can get the dog to hold its head much 
higher than usual. After this you can 
begin to emphasize any turning move
ment in a clockwise direction while the 
head is high. Eventually the dog should 
execute a kind of dance step. If you use 
available food carefully, a single session 
should suffice for setting up this be
havior. 

H
AVING tested vour ability to pro

duce these sin;ple responses, you 
may feel confident enough to approach 
a more complex assignment. This time 
suppose you try working with a pigeon. 
Pigeons do not tame easily. You will 
probably want a cage to help control the 
bird, and for this you can rig up a large 
cardboard carton with a screen or lattice 
top and windows cut in the side for ob
serving the bird. It is much less disturb
ing to the bird if you watch it from 
below its line of vision than if you peer 
at it from above. In general keep your
self out of the experimental situation as 
much as possible. You may still use a 
cricket as a conditioned reinforcer, and 
fee.d the bird by dropping a few grains 
of pigeon feed into a small dish through 
a hole in the wall. It may take several 

daily feedings to get the bird to eat 
readily and to respond quickly to the 
cricket. 

Your assignment is to teach the pigeon 
to identify the visual patterns on playing 
cards. To begin with, hang a single card 
on a nail on the wall of the cage a few 
inches above the floor so that the pigeon 
can easily peck it. After you have trained 
the bird to peck the card by reinforcing 
the movements that lead to that end, 
change the card and again reinforce the 
peck. If you shufRe the cards and present 
them at random, the pigeon will learn to 
peck any card offered. 

Now begin to teach it to discriminate 
among the cards. Let us say you are 
using diamonds and clubs (excluding 
face cards and aces) and want the bird 
to select diamonds. Reinforce only when 
the card presented is a diamond, never 
when it is a club. Almost immediately 
the bird will begin to show a preference 
for diamonds. You can speed up its prog
ress toward complete rejection of clubs 
by discontinuing the experiment for a 
moment (a mild form of punishment) 
whenever it pecks a club. A good con
ditioned punishment is simply to turn off 
the light or cover or remove the card. 
After half a minute replace the card or 
turn on the light and continue the experi
ment. Under these conditions the re
sponse which is positively reinforced 
with food remains part of the repertoire 
of the bird, while the response that leads 
to a blackout quickly disappears. 

There is an amusing variation of this 

PIGEON can he taught to choose one card rather than 
another and even apparently t.o read. This is done hy 

"reinforcing" the animal when it pecks the right card 
and turning out the light when it pecks the wrong one. 
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experiment by which you can make it 
appear that a pigeon can be taught to 
read. You simply use two printed cards 
bearing the words PECK and DON

'
T PECK, 

respectively. By reinforcing responses to 
PECK and blacking out when the bird 
pecks DON

'
T PECK, it is quite easy to train 

the bird to obey the commands on the 
cards. 

The pigeon can also be taught the 
somewhat more "intellectual" perform
ance of matching a sample object. Let us 
say the sample to be matched is a cer
tain card. Fasten three cards to a board, 
with one above and the two others side 
by side just below it. The board is 
placed so that the bird can reach all 
the cards through windows cut in the 
side of the cage. After training the bird 
to peck a card of any kind impartially in 
all three positions, present the three 
chosen cards. The sample to be matched, 
say the three of diamonds, is at the top, 
and below it put a three of diamonds 
and a three of clubs. If the bird pecks the 
sample three of diamonds at the top, do 
nothing. If it pecks the matching three 
of diamonds below, reinforce it; if it 
pecks the three of clubs, black out. 
After each correct response and rein
f01"Cement, switch the positions of the 
two lower cards. The pigeon should soon 
match the sample each time. Conversely, 
it can also be taught to select the card 
that does not match the sample. It is 
important to reinforce correct choices 
immediately. Your own behavior must 
be letter-perfect if you are to expect 

perfection from your subject. TIle task 
can be made easier if the pigeon "is con
ditioned to peck the sample card before 
you begin to train it to match the sample. 

I
N A MORE elaborate variation of this 

experiment we have found it possible 
to make a pigeon choose among four 
words so that it appears to "name the 
suit" of the sample card. You prepare 
four cards about the size of small calling 
cards, each bearing in block letters the 
name of a suit: SPADES, HEARTS, DIA

MONDS and CLUBS. Fasten these side by 
side in a row and teach the pigeon to 
peck them by reinforcing in the usual 
way. Now arrange a sample playing card 
just above them. Cover the name cards 
and reinforce the pigeon a few times for 
pecking the sample. Now present, say, 
the three of diamonds as the sample. 
When the pigeon pecks it, immediately 
uncover the name cards. If the pigeon 
pecks DIAMONDS, reinforce instantly. If it 
pecks a wrong name instead, black out 
for half a minute and then resume the 
experiment with the three of diamonds 
still in place and the name cards covered. 
After a correct choice, change the sam
ple card to a different suit while the 
pigeon is eating. Always keep the names 
covered until the sample card has been 
pecked. Within a short time you should 
have the bird following the full sequence 
of pecking the sample and then the ap
propriate name card. As time passes the 
correct name will be pecked more and 
more frequently and, if you do not too 

often reinforce wrong responses or neg
lect to reinforce right ones, the pigeon 
should soon become letter-perfect. 

A toy piano offers interesting possi
bilities for performances of a more ar
tistic nature. Reinforce any movement 
of the pigeon that leads toward its press
ing a key. Then, by using reinforcements 
and blackouts appropriately, narrow the 
response to a given key. Then build up 
a two-note sequence by reinforcing only 
when the sequence has been completed 
and by blacking out when any other 
combination of keys is struck. The two
note sequence will quickly emerge. 
Other notes may then be added. Pigeons, 
chickens, small dogs and cats have been 
taught in this way to play tunes of four 
or five notes. The situation soon becomes 
too complicated, however, for the casual 
experimenter. You will find it difficult to 
control the tempo, and the reinforcing 
contingencies become very complex. 
The limit of such an experiment is de
termined as much by the experimenter's 
skill as by that of the animal. In the lab
oratory we have been able to provide 
assistance to the experimenter by setting 
up complicated devices which always re
inforce consistently and avoid exhaustion 
of the experimenter's patience. 

The increased precision of the labora
tory also makes it possible to guarantee 
performance up to the point of almost 
complete certainty. When relevant con
ditions have been controlled, the be
havior of the organism is fully deter
mined. Behavior may be sustained in full 

DOG can easily be trained to tonch its nose to the handle 
of a cupboard with the aid of a mechanical "cricket." 

The experimenter holds the cricket in one hand and a 
bit of food in the other. When the dog makes any move-
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strength for many hours by utilizing dif
ferent schedules of reinforcement. Some 
of these correspond to the contingencies 
established in industry in daily wages or 
in piece-work pay; others resemble the 
subtle but _ powerful contingencies of 
gambling devices, which are notorious 
for their ability to command sustained 
behavior. 

T
HE human baby is an excellent sub
ject in experiments of the kind de

scribed here. You will not need to inter
fere with feeding schedules or create any 
other state of deprivation, because the 
human infant can be reinforced by very 
trivial environmental events; it does not 
need such a reward as food. Almost any 
"feed-back" from the environment is re
inforcing if it is not too intense. A crum
pled newspaper, a pan and a spoon, or 
any convenient noisemaker quickly gen
erates appropriate behavior, often amus
ing in its violence. The baby's rattle is 
based upon this principle. 

One reinforcer to which babies often 
respond is the flashing on and off of a 
table lamp. Select some arbitrary re
sponse-for example, lifting the hand. 
Whenever the baby lifts its hand, flash 
the light. In a short time a well-defined 
response will be generated. (Human 
babies are just as "smart" as dogs or 
pigeons in this respect.) Incidentally, 
the baby will enjoy the experiment. 

Tbe same principle is at work in the 
behavior of older children and adults. 
Important among human reinforcements 

are those aspects of the behavior of 
others, often very subtle, that we call 
"attention," "approval" and "affection." 
Behavior which is successful in achiev
ing these reinforcements may come to 
dominate the repertoire of the indivi
dual. 

All this may be easily used-and just 
as easily misused-in our relations with 
other people. To the reader who is 
anxious to advance to the human subject 
a word of caution is in order. Reinforce
ment is only one of the procedures 
through which we alter behavior. To use 
it, we must build up some degree of 
deprivation or at least permit a depriva
tion to prevail which it is within our 
power to reduce. We must embark upon 
a program in which we sometimes apply 
relevant reinforcement and sometimes 
withhold it. In doing this, we are quite 
likely to generate emotional effects. Un
fortunately the science of behavior is not 
yet as successful in controlling emotion 
as it is in shaping practical behavior. 

A scientific analysiS can, however, 
bring about a better understanding of 
personal relations. We are almost al
ways reinforcing the bepavior of others, 
whether we mean to or not. A familiar 
problem is that of the child who seems 
to take an almost pathological delight in 
annoying its parents. In many cases this 
is the result of conditioning which is 
very similar to the animal training we 
have discussed. The attention, approval 
and affection that a mother gives a child 
are all extremely powerful reinforce-, 

ments. Any behavior of the child that 
produces these consequences is likely to 
be strengthened. The mother may un
wittingly promote the very behavior she 
does not want. For example, when she is 
busy she is likely not to respond to a 
call or request made in a quiet tone of 
voice. She may answer the child only 
when it raises its voice. The average in
tensity of the child's vocal behavior 
therefore moves up to another level
precisely as the head of the dog in our 
experiment was raised to a new height. 
Eventually the mother gets used to this 
level and again reinforces only louder 
instances. This vicious circle brings 
about louder and louder behavior. The 
child's voice may also vary in intonation, 
and any change in the direction of un
pleasantness is more likely to get the 
attention of the mother and is therefore 
strengthened. One might even say that 
"annoying" behavior is just that behavior 
which is especially effective in arousing 
another person to action. The mother 
behaves, in fact, as if she had been given 
the assignment to teach the child to be 
annoying! The remedy in such a case is 
simply for the mother to make sure that 
she responds with attention and affection 
to most if not all the responses of the 
child which are of acceptable intensity 
and tone of voice and that she never re
inforces the annoying forms of behavior.-

-

B. F. Skinner is professor of psy
chology at HarvaI·d UniverSity. 

ment toward the handle, the experimenter sounds the 
cricket and tosses the food. Babies are just as smart as 

dogs in learning such tricks. At right a baby is taught 
to lift its arm when a lamp is turned off and on. 
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ALUMINUM TANK is seen during the construction
' 

of 
the reactor through an opening in its concrete shielding. 

URANIUM RODS are seen in the top of the tank as tech
nicians measure the neutron intensity of the reactor dur-

30 

A technician works on one of the movable cadmium 
sheets that are used to control the activity of the reactor. 

ing its first run on July 30. At higher power levels the 
opening above the reactor is closed by tanks of water. 
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NORWAY 

REACTOR 
N o,rwegians and Dutch 

jOLn to build one of 

the heavy-water type 

T AST SUMMER Norway and the 
L Netherlands jointly followed the 
U. S., Britain, Canada, France and pre
sumably the U.S.S.R. in completing a 
reactor for the controlled release of 
atomic energy. Located at Kjeller, a sub
urb of Oslo, the new reactor uses Dutch 
uranium as fuel and Norwegian heavy 
water as moderator. The two govern
ments were joined in the project by the 
big Norwegian hydroelectric firm Norsk 
Hydro, which thus becomes the first 
private enterprise to own part of a re
actor. (The U. S. companies that have 
built or operated reactors have done so 
on a contract basis.) 

The photographs on these three 
pages, made by the Norwegian maga
zine Aktllell, show that the Kjeller re
actor is almost identical with the U. S. 
heavy-water reactor at Argonne Na
tional Laboratory. This is remarkable 
because the builders of the new machine 
had completed their design before the 
detailed construction of the Argonne re
actor was made public a year ago. More
over, they had had no access to classified 
information. Like the Argonne reactor; 
the Kjeller machine consists primarily of 
some three tons of uranium rods sus
pended in a six-foot aluminum tank 
containing six and a half tons of heavy 
water. Surrounding the tank is about 
two feet of neutron-reflecting graphite, 
which in turn is surrounded by sheets of 
cadmium and six feet of concrete. The 
cost of the reactor was about $500,000, 
which makes it the cheapest ever built. 

The Kjeller reactor is designed for re
search and the small-scale production of 
artificial isotopes rather than the manu
facture of plutonium. The reactor tank 
is pierced by six tubes through which 
materials can be placed in its interior. 
To allow slow neutrons to diffuse out of 
the pile for experiments there is a col
umn of graphite that goes through the 
concrete shield to the graphite around 
the tank. There are also two smaller 
openings that go through to the wall 
of the tank for experiments with fast 
neutrons. In full operation the reactor 
develops something more than 100 kilo
watts of heat, which is dissipated by a 
system of pipes. 

CONTROL ROOM of the reactor contains its sensory and motor instru
ments. In the center is Gunnar Randers, managing director of the project. 

CONCRETE SHIELDING of the reactor is seen from the outside. The sign 
which appears at the upper right indicates that the reactor is in operation. 

COOLING SYSTEM is a double bank of pipes. When the reactor operates at 
the 100-kilowatt level, heavy water will leave the tank at 100 degrees F. 
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DIAGRAM of reactor shows relationship of its parts. 
Bottom tank permits quick evacuation of heavy water. 

32 

INSIDE of reactor tank when uranium is not in place 
shows tubes in which test mat�rials are inserted. 

AFTERMATH of the reactor's christening with a bottle 
of champagne. The hottle was dashed against shielding. 
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The case of the occasional Oasher 
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There's a nearby but faint, cool, small star, catalogued L-726-8, 

that seemed no different from the other unvarying stars in the 

heavens until its image on a Kodak Spectroscopic Plate showed 

an oddity. At unpredictable intervals, L-726-8 flares up by 

almost two magnitudes and then in a few minutes sinks back 

to the 13th magnitude. 
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Photography has since caught several others in the same act. 

Now the world's astronomers are searching with excitement 

for the reason why . 

If you would like to learn about the photography of the night 

sky, you can get the I12-page Kodak book "Photography in 

Astronomy" ($2.75 at your Kodak dealer's). If your photo

graphic interest extends to other technologies, a copy of the 

new edition of "Kodak Sensitized Materials for the Scientific 

and Industrial Laboratory" is yours without cost. Just write to 

Eastman Kodak Company, Rochester 4, N. Y . 

• 

• • • • 

• 

Multiple exposure by E. F. Carpenter 
with the 36-inch telescope of the 
University of Arizona on a Kodak 
Spectroscopic Plate, Type 103a-O. 
Five images of l-726-8 are marked. 
The very bright one is No.2. Twenty 
minutes elapsed between the first 

and last; each exposure was two 
minutes. 

• 

• 

• • 
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POPCORN DISPENSER BASK 
Buddy Boy Popcorn Co. 

Phillips Manufacturine Co. 

ELECTRIC IRON 

Noblitt-Sparks Industrie .. 

Where heat is concerned, plans for us
ing plastics naturally concentrate on 
phenolics. These are generally heat
stable up to 300° F., and in heat resist
ant grades up to 400°F. and higher. 

But Durez has carried heat resistance 
well beyond the limits of recent years. 
Recurrent temperatures in the area of 
500°F. are being met without loss of 
dimensional stability, strength, luster 
and other desired properties. 

The Durez in vaporizers is impervi
ous to mild solvents, hot or cold. The 
big popcorn warmer base is warp-free. 
The ironer handle never burns a hand. 
The soldering tool is safe and comfort
able to use. 

Whatever the product, your custom 
molder can help you use heat resistance 
and other unusual properties of Durez 
to advantage ... in time and money. Our 
field e�gineers are always ready with 
technical assistance. 

Our m onthly "Durez Plastics News" will kut; 
.v ou inf ormed on industry's uses of Durez. Write, on 
office letterhead, t o  Durez Plastics IS Chemicals, 
fllc., 812 Walck R oad, N. T onawanda, N. r. 

PHENOLIC PLASTICS that fit the lob 
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$3.5 Million lor NSF 

THE National Science Foundation has 
an appropriation of $3.5 million, 

which will enable it to begin the opera
tions for which it was established in the 
coming year. This compromise amount 
was voted by Congress in the closing 
hours of its last session, after the House 
had cut the Foundation's $14 million 
request to $300,000. 

The Foundation announced that it 
will spend about $1.5 million of its 
allowance in grants for basic research in 
biology, medicine, mathematics, physical 
sciences and engineering, and $1.35 
million for fellowships. The remaining 
$650,000 will be devoted to developing 
a national policy on basic research and 
scientific education, to disseminating sci
entific information and to such services 
as the National Scientific Register, now 
administered by the U. S. Office of Edu
cation. 

The Foundation's graduate fellow
ships will be awarded by the National 
Research Council. Applications for re
search grants will be reviewed by the 
heads of the Foundation's three research 
divisions and committees of outstand
ing scientists. The Division of Physical, 
Mathematical and Engineering Sciences 
is under Paul E. Klopsteg, physicist of 
Northwestern University. John Field, 
Stanford physiologist, heads the Division 
of Biological Sciences and is also tem
porarily in charge of the Division of 
Medical Research. 

Nobel Award in Medicine 

THE 1951 Nobel prize in physiology 
and medicine was awarded to Max 

Theiler of the Rockefeller Foundation 
for his research on yellow fever. Theiler 
developed a vaccine against the disease 
which has been injected into 50 million 
people in the last 20 years. He created 

SUIENUE AND 
the vaccine by infecting mice with 
yellow-fever virus and passing it from 
one mouse to another to weaken its 
virulence. After 200 passages through 
mice and 100 transfers in unhatched 
chicken eggs it was weakened enough 
to be used. Theiler had been proposed 
for a Nobel prize three times before he 
won the award this year. 

Moratorium on Color 

COLOR TELEVISION is back in the 
laboratory, its commercial exploita

tion halted by request of the Federal 
government. Charles E. Wilson, Direc
tor of Defense Mobilization, asked the 
Columbia Broadcasting System to stop 
producing color receivers in order to 
conserve scarce materials, but told the 
television industry that there was no 
objection to continued research. CBS, 
whose color system is the only one at 
present authorized by the Federal Com
munications Commission, immediately 
announced that it would comply with 
the request; it also canceled all color 
broadcasts, explaining that there were 
too few sets in use to justify continuing 
them. 

The entire television industry, includ
ing CBS, appeared relieved by the 
order. The CBS sets, retailing at $700 
apiece, were not finding many pur
chasers. CBS, the Radio Corporation of 

me rica and other potential producers 
will now have an opportunity to improve 
their systems and equipment without 
the complications of production com
petition. 

Exercise Desert Rock 

FIVE atomic test bombs were exploded 
by the Atomic Energy Commission 

last month at its Nevada proving ground. 
The experiments were designed to pro
vide information on possible tactical 
uses of atomic weapons. The first ex
plosion apparently was much smaller 
than any previous nuclear detonation; 
to newspaper reporters/watching from 
mountainsides at a distance it looked 
smaller than the blast of a few tons of 
TNT which was set off for purposes of 
comparison just before. The four sub
sequent tests, all much more powerful, 
included studies of the effects of the new 
bombs on guns, tanks and dug-in posi
tions at various distances from the ex
plosion. 

Army troops took part in some of the 
tests, called "Exercise Desert Rock. " In 
one exercise 1,200 paratroopers set up 
battle positions on the test range, with
drew for the explosion and then re
turned for lessons in decontaminating 
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THE CITIZEN 
Tall Tale 0«(f�Ey!!���T;����I��� 

th�e����������:�e�;�:�. ���\�t/�; �j
.
t� : Heat never hurt Joe Magarac, the . . � 

du Pont de Nemours & Company in strong man of Steel Valley. Night 

Rochester, N. Y., 2,000 miles from the and day he'd sit in the door of No. 7 

test site, closed down because the paper furnace on the open hearth, stirring 

was being ruined by exposure to radio- and tasting the melting steeL When 

active dust particles blown all the way it tasted right, he'd scoop it out by 

from Nevada and caught in the plant's the handful and spill it into the 

air-conditioning system. ingot molds. Then he'd take and 

The Atomic Energy Commission has 
squeeze the ingots until the prettiest 

resumed the exchange of research in-
steel rails you ever saw came rolling 

formation, on a limited scale, with other 
out between his fingers. 

countries. By an amendment to the 
Atomic Energy Act Congress has re
laxed the almost total ban that was 
imposed in 1946; it gives the AEC per
mission to exchange atomic data, exclud
ing weapon construction, with countries 
that do not "threaten the security" of the 
U. S. and that adopt approved secrecy 
precautions. The information the U. S. 
is willing to give, according to Congres
sional spokesmen, has to do with the 
refining of ores and the purification of 
fissionable materiaL In return the AEC 
expects to get data on reactor research 
from Great Britain and Canada. 

Dept, of Higher Mathematics 

CAN the present arms race end with
out a war? An approach to this 

question by means of simultaneous dif
ferential equations has been contributed 
to the British journal Nature by L. F. 
Richardson, a physicist turned psycholo
gist. With the aid of three variables and 
eight constants, he finds that the answel: 
is yes. 

He writes: "There have been only 
three great arms races. The first two of 
them ended in wars in 1914 and 1939; 
the third is still going on. From so few 
events we cannot hope to draw any re
liable conclusions by statistics." Instead 
of statistics, therefore, he sets up two 
differential equations expressing the rate 
of change of a nation's war prepara
tions as a function of its rival's war 
preparations and of both countries' de
fensiveness, submissiveness, objection 
to armament costs and "feelings about 
the treaty situation." The coefficients 
for submissiveness were introduced "to 
represent the well-known fact that great 
Powers have sometimes suppressed very 
much smaller Powers without any fight
ing." 

They say Joe Magarac was made of 
iron and that's why heat never hurt 
him. Same's true in a different way 
of Silastic*, the Dow Corning sili
cone rubber. Built on a heat-stable 
skeleton of silicon and oxygen 
atoms taken from sand, Silastic 
thumbs its nose at heat and cold. 
It's the only rubberlike material 
that won't melt or become 

. 

at temperatures from -1000 to over 
5000 F. That's why they use Silastic 
to hold hot oil in aircraft engines ' 
and automobile transmissions; to 
seal aircraft heating and deicing 
systems and to keep cooling fins on 
aircraft engine cylinders from break
ing. Silastic also keeps your steam 
iron from leaking; insulates diesel
electric locomotive motors; keeps 
communication systems operable in 
warships under fire; retains its 
properties at temperatures too hot 
or too cold for any other rubbery 
material. 

'Ulute7� for o ur n e w  1951-52 
Reference Guide W-12 to the Dow Corni ng 

Silicones that improve products and produc
tion methods. 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

But what are the chances of avoiding 
fighting when both Powers are great? 
Noting that "the present world tension 
is between two groups sufficiently nearly 
equal to be alarmed about each other," 
Richardson assumes "for the sake of 
mathematical simplicity" that their de
fensiveness, submissiveness and objec
tion to the cost of armament are the 

ATLANTA • CHICAGO • CLEVELANO • OALLAS • LOS ANGELES • NEW YORK • WASHINGTON, O. C. 
TORONTO, Fiberglas Canada Ltd. LONDON, Midlcmd Silicones ltd. PARIS, St. Gobain, Chauny et Cirey 

A/All 
Drug and 
Tobacco 
Counters 
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AEROVANE* DIAL INDICATORS-Separate 
dial indicators for wind speed and wind 
direction now available in 4 inch, 6 inch, 8 
inch, and 12 inch diameters. Dials in any color 
combination and with indirect lighting can be 
furnished. 

THE AEROVANE* TRANSMITTER-Combines 
wind speed and direction components in one 
unit. It consists of a three-bladed molded 
rotor to measure wind speed, and a stream
lined vane for wind direction. 

HYGRO THERMOGRAPH-Temperoture re
corder for temperature and relative humidity 
-ideal for meteorological stations-particu
larly well adopted to the requirements of 
industry in general. 

MAXIMUM-MINIMUM THE R
MOMET ERS are in service at all 
meteorological and climatological 
stations to collect basic climatic 
dota. Maximum and Minimum 
Thermometers provide an easy 
method for determining extremes 
of temperature over any period. 

UNIVERSAL RECORDING RAIN 
GAGE -The universal Recording 
Rain and Snow Gage is designed 
and constructed to assure durabil
ity and long life under severe 
weather conditions. All forms of 
precipitation-rain, hail, sleet 
and snow-may be measured. 

Whatever your needs for weather data, and wherever you need to 
collect them, BENDIX-FRIEZ makes the proper instrument for the 
purpose. Manufacturers of the world's finest meteorological instru
ments and principal supplier to the United States Weather Bureau 
for over 75 years. Prices and literature on request. *.EG. u.s. PAT. OFF. 

FRIEZ INSTRUMENT DIVISION of �ncf� 
1422 Taylor Avenue · Baltimore 4, Maryland 

AVIA TlON CORPORA TIOH 
Export Sales: Bendix (nternational Division, 72 Fifth Avenue, New York 11, N. Y. 

Source of the World's Finest Weather Instruments 

same, and he throws out the factor for 
attitude toward treaties. vVith these 
simplified equations, he finds that a day 
will come when the sum of the war 
preparations of both nations will begin 
to decrease. In other words, if a war 
has not already taken place by that date, 
the arms race will come to an end peace
fully. 

Richardson is unable to fix the date, 
because this would require knowing the 
coefficients of defensiveness, submissive
ness, and so on, of the Powers concerned. 
But he claims that his equations are 
"instructive . . .  provided that we re
member that such a treatment is a 
caricature. " 

The Dangerous Safety Belt 

WHEN an airplane crashes, the 
safety belt that passengers are re

quired to fasten around their waists may 
become a deadly hazard. A British physi
cian named Donald Teare examined 28 
victims of a crash at the London Airport 
and found that 16 of them were killed 
by chest and abdomen injuries resulting 
from "acute flexion of the body over the 
safety belt. " Eight of the victims had 
suffered a rupture of the aorta-an ex
tremely rare injury, almost never found 
except in plane acciden ts. 

One of the two survivors of the crash 
was the stewardess, who was in the tail 
of the plane, apparently the safest spot. 
Teare urged, as many others have pro
posed, that the passenger seats in planes 
be arranged to face the rear of the plane. 
The specific injuries that killed most of 
the victims of the London crash, he said, 
might have been avoided if the passen
gers "had been seated with their backs 
to the engine and supported by cush
ioned upholstery. " 

Heavier Cosmic Rays 

THE cosmic rays that bombard the 
earth from outer space, once thought 

to be just protons (the nuclei of hydro
gen atoms), are now known to include 
considerably heavier elements as well. 
Until recently no nucleus heavier than 
about atomic number 40 (zirconium) 
had been found in these rays ("Heavy 
Elements from Space," by Edward P. 
Ney; SCIEi'iTIFIC AMERICAN, May). The 
nuclei are generally detected by their 
tracks in photographic plates sent up in 
balloons. Recently a group of physicists 
decided to see if they could catch bigger 
nuclei by using a bigger trap, i.e., a 
thicker photographic emulsion. Plates 
with an emulsion an eighth of an inch 
thick-IOO times thicker than those used 
in ordinary photography-were sent up 
in plastic balloons to an altitude of 
110,000 feet. As hoped, they did catch 
some bigger game. Nuclei up to about 
atomic number 49 were identified in thf> 
emulsion. (Element 49 is indium.) 

Herman Yagoda of the National In-
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There's more to a job 
at Lockheed than eight 
hours' work a day. 
There's the friendly 
spirit of progress-of 
getting things done
that m a ke s work so 
much more stimulating. 
There's the better life 
you live - just because 
you live in Southern 
California. There's the 
future that offers you 
and your family security 
and advancement with 
the leader in aviation. 

BeHer Working Condi,ions 
On the job, you work in an atmosphere of vigorous, 
progressive thinking. Personal initiative, new ideas 
are encouraged. Frequent conferences iron out 
problems, keep work rolling smoothly. You work 
with top men in your profession-as a member 
of the team known for leadership. 

BeHer U"ing Condi,ions 
Every day, you get a "bonus" at Lockheed- in the 
better living conditions. The climate is beyond 
compare. Recreational opportunities are unlimited. 
Golf, fishing, the patio life at home can be 
yours 12 months a year. And your high Lockheed 
salary enables you to take full advantage 
of the climate and recreational opportunities. 

BeHer Fufure 
You have a future at Lockheed -not iust a job. 
For Lockheed is building planes for defense, planes 
for the world's airlines. The planes of tomorrow are 
being designed today in Lockheed's long-range 
development program. 
Special training c�)Urses in management and 
various phases of aeronautical engineering help 
prepare you for the future and promotion. 
Ask any of the 5,000 who wear 10-year pins whether 
or not there's a career and secUl.'ity at Lockheed. 

10 Engineers with Families: 
Housing conditions are excel
lent in the Los Angeles area. 
More than 35,000 rental units 
are available in the Los An
geles area. H uge tracts f o r  
home ownership a r e  under 
construction now. Thousands 
of homes have been built since 
the last war. Lockheed coun
selors help you get settled. 

Educational facilities also are 
excellent. The school system 
offers your children as fine an 
education as can be obtained 
anywhere. Elementary and 
high schools are conveniently 
located. Junior colleges and 
major universities abound-21 
are in the Los Angeles area. 

Lockheed also offers you: 
Generous Travel allowances· 
Outstanding Retirement Plan 
• Vacations with pay · Low 

cost group life, health, acci
dent insurance · Sick Leave 
with' pay · Credit Union, for 
savings and low-cost financ
ing • Employees' Recreation 
Clubs • Regular perfoTmance 
Teviews� to give you every op
portunity faT promotion· On
the-job training or special 
courses of instruction when 
needed. 

�--------------------- - --- - - - - -- - - ----- - - - - - ---- - - - - -- , ... 

Engineering Openings: 
Aerodynamicists 

Aerodynamics Engineers 

Aircraft Design Engineers 

Aircraft Electrical and Radio 
Designers 

. 

Airplane SpeCifications 
Engineers 

Design Engineers 
Lockheed wi!! train you to 
be an aircraft engineer. Full 
pay while training. 

Drawing Checkers 

EZectTonics Engineers 

Engineering Technical Writers 

Estimators - Plant Facilities 
and Equipment 

Flight Manuals Engineers 

Machine and Equipment 
Design Engineers 

Manufacturing Engineers 

Manufacturing Research 
Engineers 

Production Design 
Engineers 

Senior Electronics Systems 
Engineers. M.S. or Ph.D. in 
Electrical Engineering 
01' Physics 

Stress Engineers and Analysts 

Tool Standards Engineers 

Weight Engineers 

Also ... 

Technical Editor 
to write and review 
technical repons 

Sales Engineer 
with airline experience 

Recent Engineering Graduates 

Send today for free illustrated brochure describing life and 
work at Lockheed in SOlithern California. Use this handy coupon. 

Mr. M. V. Mattson, Employment Manager, Dept. SA-12 

LOCKHEED Aircraft Corporation Burbank, California 

Please s e n d  me your brochure describing life and work at 
Lockheed. 

My Name My Occupation 

My Street Address 

My City and State 

Aircraft experience is not necessary for a job at Lockheed. It's your 
general engineering background-your aptitude-that counts. 
Lockheed will train you to be an aircraft engineer-at lull pay. 

, 
\ 

\ , 

'------------------------------------ - -- - -------------;� 
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the Greeks had 
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a word for it-

HkeJos" 
NEW CHEMISTRY OF CHELATION 
"kiHos" was that word. It means "claw" or "talon" and 
implies "to grasp," "clutch," "bind" or "hold." From "kelos" derive 
our English words "chelate" and "chelation." By "grasping" and "binding" 
into strong chelate structures, the chemistry of chelation now gives 
you exacting chemical control over cations in solution. 

THE VERSENES* AND CHELATION 
Because of their amazing chelating ability, the Versenes are the most 
powerful organic complexing agents known. Chemically, they are the 
sodium salts of ethylene diamine tetra acetic acid and other polyamino 
acids. Available in liquid or powdered form, they are completely 
stable at high temperatures and at all pH's. 

THE VERSATILE VERSENES* 
Through the Versenes and the new chemistry of chelation, you can 
now do things chemically which were previously believed impossible. 
For example, Versene completely and permanently softens hardest 
water without precipitation. It is also a good decontaminating agent 
for rem�ng radioactive contaminants. Versene Tcomplexes iron in any 
caustic solution. Versene Fe3 Specific complexes iron very effectively 
in the normal pH range. The Versenes assist in the separation of metals 
from each other. Versene inactivates common metals such as cobalt, 
copper, nickel, iron, calcium, magnesium, barium, strontium, tin, lead 
cadmium, zinc and many others. Versene controls reactions 
catalyzed by metallic ions. 

By giving you exacting chemical control of cations and keeping them 
in soluble complex form, one or more of the Versenes does any or all 
of these things. Their value to you cannot be overestimated. Send 
for Technical Bulletin No.2. Ask for samples. Write Dept. J. 

"9�ht()dt-ht()� � 
RSWORTH CHEMICAL CO. 

FR A M I NGH A M , M A S SACH USE T T S 
·Trade-mork 

stitutes of Health, who analyzed the 
tracks, said he had determined the size 
of the nuclei both by the amount of 
ionization they produced in the emulsion 
and by the sum of the charges of the 
fragments into which the nuclei had 
broken down. 

Algae Factory 

ALGAE, plants that grow in water, 
1\.. have attracted a great deal of atten
tion in recent years as a possible food 
and raw material. They contain a high 
proportion of protein and fat, and they 
could be processed into industrial oils 
arid greases, animal fodder and perhaps 
human food. The question has been: 
Can algae be grown cheaply enough to 
make these uses practicable? To answer 
that question, the first algae factory has 
just gone into production in Cambridge, 
Mass. 

Under a grant from the Carnegie In
stitution of Washington, the research 
firm of Arthur D. Little, Inc., has built a 
pilot plant where it is cultivating the one
celled fresh-water alga called Chlorella. 
The plant has two units with a total 
growing area of 1,200 square feet. The 
two units use two different "assembly
line" devices: in one the suspension of 
Chlorella in fresh water is pumped con
tinuously through a large tube of trans
parent plastic; in the other it is pumped 
through a trough with a transparent 
plastic cover. The plant, exposed to sun
light, grows continuously, and it is har
vested daily. 

Studies are now under way to find 
out the best environment for growing 
algae, and to learn whether another 
species might be more suitable than 
Chlorella. One big problem in algae pro
duction is to get a good yield of product 
for a given volume of water. In nature 
a pond produces only one pound of algae 
for 100,000 gallons of water. J. E. 
Myers of the University of Texas has 
shown that in a tube, with extra rations 
of carbon dioxide, production can be 
raised to half a pound per gallon. An
other important recent finding is that the 
composition of the algae can be greatly 
affected by changes in the environment. 
This makes it possible to produce various 
kinds of algae to order. Grown ill a 
nitrogen-rich medium, Chlorella con
tains more than 50 per cent protein, 
which makes it valuable as food. If the 
nitrogen concentration in the growing 
medium is reduced, the fat content of 
the alga can be raised to over 85 per 
cent, in which form it is a good raw 
material for industrial oils and greases. 

Joe's Stuff 

THE huge and promising new class of 
chemicals known as the fluorocarbons 

has moved from the laboratory to the 
factory. They are now being produced 
by the ton in a plant of the Minnesota 
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BUSINESS IN MOTION 

Specific:J.tions of raw or semi-manufactured materials 

often present problems. These arise frequently when 

engineers and designers feel that their ideas can only 

be carried out in a highly special way. Sometimes 

this is the case, of course. But Revere very often 

finds that many "specials" are not really necessary, 
and that proper selection will make standard items 

not only perfectly suitable in every respect, but will 

avoid delivery delays and price premiums and re

duce stockroom complications. 

A recent case involved a company making alumi
num building products, such as 

louvr.ed window shutters, attic 

ventilators, mail boxes, roof ven

tilators, and so on. The. company 

is modern, aggressive, and capa
bly staffed in engineering, design, 

purchasing and production de

partments, as well as sales. Revere 

as a producer of aluminum coiled 

sheet was given the opportunity 

to make a thorough study of fac

tory methods and end uses, and 

their relationship to specifica

tions. This collaboration devel

oped the fact that it should be unnecessary to specify 

more than one aluminum alloy, which seemed to 

have everything the manufacturer needed in 

strength, workability and beauty. As a result of 

Revere's well-documented recomendations, a trial 

order of this alloy was entered. 

When the material was put through the factory on 

a production basis, it surpassed expectations. The 

chief engineer and the purchasing department there

upon changed all their specifications to conform with 

those set up by Revere. As a result, Revere has been 

receiving a good part of the company's business. 

This case is cited not merely because it illustrates 
a fine way to get orders. What is really important 

about it is the evidence it provides of the value of 

team work. In Revere, the team works this way: a 

capable salesman calls on a prospect, and asks for 

the opportunity to do more than solicit an order. The 

Technical Advisory staff, if permitted, applies its 

knowledge, skill and ingenuity in overcoming prob

lems and setting up specifications in collaboration 

with the prospect. Once an order is received, the 

capable mill employees, including 

methods and production depart

ments, set up proper mill and 

shipping procedures, and carry 

through the order with careful ef

ficiency. Team work of this kind 

has contributed mightily to create 

Revere's ou tstanding position. 

However, it should not be over

looked that in this description of 

the team, the customer is in

cluded. He very definitely belongs. 

You might say he is the catcher, 

plus an infielder or two and a cou
ple of outfielders, while the rest of the home team, 

including the pitcher, is Revere. The guy at bat is 

the problem and is struck out. 

Many customers tell us we play that kind of 

ball exceedingly well, and we are proud of that. 

However, there are other companies, in every 

league, who do likewise. So Revere suggests that 

no matter what it is you buy, nor from whom, 

whether it be glass or plastics, steel or fabrics, you 
join your suppliers' teams. The improvement in the 

score may surprise you considerably. 

REVERE COPPER AND BRASS INCORPORATED . 
Foundecl by Paul Revere in 1801· 

Executive Offices: 

230 Park Avenue, New Y or!' 17, N. Y. 
SEE "MEET THE PRESS" ON NBCj1TELEVISION EVERY SUNDAY 
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meet the model 21-401 
new 

member 
of the 

family 

mass 
spectrometer 
an analytical 
and isotope-ratio 
mass spectrometer 
combined 

CONSOLIDATED'S new Model 21-401 Mass Spec
trometer is a compact, medium-priced instrument, 
ideal for those laboratories having only moderate 
analytical loads. Highly versatile, it provides not 
only quantitative analyses of gaseous or light
liquid mixtures as automatically recorded mass 
spectra, but also precise recorded ratios of stable 
gaseous isotopes. Like the widely used Model 
21-103, it is exceptionally accurate and incorpo
rates many automatic, time-saving features. For 
the multitude of industrial and scientific applica
tions not requiring extremes of mass range, sensi
tivity, and operating speed, the Model 21-401 is 
of maximum value. Further information is con
tained in Bulletin CEC-1821-X2. 

The widely used Model 
21-103 Mass Spec
trometer for broad ap
plications - analytical 
alld research. 

Model 21-201 lsotope
Ratio Mass Spectrom
eter - specifically for 
measuring ratios of 
stable isotopes in gases. 

CONSOLIDATED ENGINEERING 
Corporation 

Analytical Instruments � for Science and Industry 

300 No. Siert'a Madre Villa � Pasadena 8, California 

Mining and Manufacturing Company in 
Hastings, Minn. 

Fluorocarbons, which are semi
organic compounds in which some or all 
of the hydrogen of the organic molecule 
has been replaced by fluorine, were first 
made some 15 years ago by Joseph H. 
Simons and other workers at Pennsyl
vania State College ("Fluorocarbons," 
by J. H. Simons; SCIE:,{TIFIC Al\IERICAN, 
November, 1949). During the war they 
found an important use in the U-235 
gaseous diffusion plant at Oak Ridge. 
The Manhattan Project code-named 
Simons' compounds "Joe's Stuff." The 
original method of producing fluorocar
bons by a catalytic process was costly, 
but in 1948 Simons discovered a much 
cheaper and better electrochemical 
process. An electric current is passed 
through a mixture of a hydrocarbon and 
dry hydrogen fluoride, and the hydrogen 
and fluorine switch places, yielding hy
drogen gas and a fluorocarbon. It is this 
process that is now in production in 
Minnesota. 

vVhile a fluorocarbon is usually simi
lar to its corresponding hydrocarbon in 
some properties, others will be direct 
opposites. The outstanding quality of 
most fluorocarbons is their tremendous 
stability; they resist heat, acids, alkalies, 
insects, fungi and weathering. A highly 
inflammable hydrocarbon, when con
verted into the corresponding fluorocar
bon, becomes fire-resistant enough to 
serve as a fire extinguisher. The stability 
of the fluorocarbons promises fireproof, 
corrosion-resistant plastics, lubricants, 
dyes and paints. Fluorocarbons will also 
make more powerful detergents. 

Minnesota Mining is now producing 
only relatively small amounts at com
paratively high prices-around $5 a 
pound. Its first objective is to enable 
industry to get acquainted with fluoro
carbons and learn how to use them. 

Doctor, Lawyer, Beggar, Thief 

WILLIAM H. Sheldon's famous 
classification of human physiques 

into ectomorphs, mesomorphs and endo
morphs has been put to all sorts of 
psychological and medical uses. Now 
the Harvard University anthropologists 
Earnest A. Hooton and Frederick Stagg 
find that physique has a significant cor
relation with a person's occupation. 

They studied photographs of 2,631 
former Harvard students, taken between 
1876 and 1912 in connection with 
physical education at the univerSity. 
Then they traced the subjects of the pho
tographs to learn what had become of 
them after leaving Harvard. They found 
that graduates who went into govern
ment service tended to be of the lean, 
ectomorphic type; scientists also were 
thin, but with leanings toward a meso
morphic (muscular) build; the law
yers were on the en dorm orphic (fat) 

I side. In engineering and business thp. 
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Gennan crowd, part of the 1,250,000 from East and West Berlin, sees a typical RCA: television program. 

IIr I r ' u 

rreedoms window in the Iron \"urfoin 
You've read the story of last summer's 
TV demonstrations in Berlin. It at
tracted a million and a quarter Germans 
-including thousands who slipped 
through the Iron Curtain to see West
ern progress at work. 

installed and put to work by RCA in a 

record-breaking 85 hours! 
Programs witnessed by Berliners included 

live talent shows, sports events, news com
mentaries, and dramatizations of the Marshall 
Plan. Observers pronounced reception fully 
up to American standards-another impressive 
demonstration of democracy's technical in
genuity and leadership. 

Behind this is another story: How RCA 
engineers and technicians broke all records 
in setting up these Berlin facilities. The 
project called for a TV station and studio, 
a lofty batwing antenna, and the installa
tion of llO television receivers at strategic 
points. Such a program would normally 
take several months to complete. It was 

See the latest wonders of radio, television, and 
electronics at RCA Exhibition Hall, 36 West 
49th St., New York. Admission is free. Radio 
Corporation of America, RCA Building, Radio 
City, N. Y. 20, N. Y. 

Part of the 401 cases of RCA equip
ment shipped to Berlin for tele
vision demonstrations. 

RADIO �ORPORArION oF AM'RI�A 

World £eao'er In Rac/io - FIrs!; /n7elerision 
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A TAILOR WITHOUT CLOTH 

A vast gallonage moves daily from our doors 
... protective coatings, adhesives, and solvent 
blends. All are vital ingredients in thousands of 
finished products. To insure preferred perform
ance, each gallon is tailored to meet precise and 
pre-determined standards. 

Indeed, tailored "P&S" formulas are the very 
foundation of our existence ... the very rea
son you might Wisely consult this "tailor with
out cloth" . 

tAS\ 
SINCE 1884 

A booklet titled 
"ALL ABOUT US" 

will be sent if re
quested on your 

letterhead. 

PIERtE & STEVEnS, Int., 70& Ohio Street, Buffalo 3, n. v. 
In Canada: Pierce & Stevens Canada, Ltd., Fort Erie, Ontario 

�=--- �-�-. . 
-=. �- ,----

LACQUERS. PROTECTIVE COATINGS. ADHESIVES. FABULON • fABULOY • SOLVENT BLENDS. REDUCERS. CLEANERS 
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muscular, stocky types were more often 
successful, while fleshy and lightly built 
men tended to give up and try some
thing else. Among the Harvard gradu
ates who became manual laborers, the 
more muscular, surprisingly, tended to 
abandon this field for other careers, 
while the weaker types remained 
laborers. 

Domesticated Adrenals 

CIVILIZED man may have lost some 
of the ability to withstand shock 

and stress that wild animals possess, it 
is suggested by some studies performed 
by Curt P. Richter of the Johns Hopkins 
Hospital. 

Richter made a detailed investigation 
of the biological effects of domestication 
on the NOlway rat. He compared wild 
rats with tame rats bred in the labora
tory. Of the many differences between 
them, one was particularly striking: the 
tame rats had much smaller and -less 
active adrenal glands. As a result of the 
atrophy of these organs the rats were 
less resistant to stress and fatigue (see 
"The Alarm Reaction," by P. C. Con
stantinides and Niall Carey; SCIENTIFIC 
AMERICAN, March, 1949). 

Richter believes the decline of their 
adrenal glands may be largely due to 
natural selection in a controlled environ
ment. What is true of the rat might be 
true of domesticated man. Said Richter: 
"Man may have undergone parallel 
changes during his transition from a wild 
to a controlled, protected environment. 
As he has become more civilized, his 
ad rena Is may have become less efficient, 
thus accounting for the present-day high 
incidence of diseases tha t respond so 
remarkably to treatment with cortisone 
and ACTH." 

Balls of Fire 

THE Southwest has a new mystery 
almost as baffling as the flying saucers 

of a few seasons back. In a period of 11 
days seven brilliant green fireballs 
flashed across New Mexico and Cali
fornia. They appeared to be meteors, but 
meteors of this size normally are seen 
only once every three or four months. 
Furthermore, they fell to earth silently, 
instead of exploding with a loud bang 
as they should. 

Lincoln La Paz, head of the Institute 
of Meteoritics at· the University of New 
Mexico, said his staff has been unable 
to recover any meteoritic pieces from 
the green fireballs, "although we've been 
chasing them since December, 1948. " 
On November 8 just before noon two 
green fireballs simultaneously streaked 
across New Mexico. La Paz, declaring 
the phenomenon "without parallel in the 
whole of recorded history," said: ''I'm 
almost inclined to ask those fellows out 
in Nevada what they are doing." 
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Behind the EYES OF RESEARCH 
PUBLISHED IN THE INTEREST OF FURTHERING ANALYSIS AND RESEARCH THROUGH MODERN OPTICAL INSTRUMENTATION 

MAPPING METEORS 

How far does a burning meteor travel in the atmosphere? How 

long does its trail last? What happens 70 miles up? Answers to 

questions like these can give scientists important clues to the be

havior of guided missiles, high-speed projectiles, or rockets. 

Like meteors, all of them hurtle at terrific speeds through the 

rarefied air of the upper atmosphere. 

The Baker-Schmidt camera, designed and built by Perkin
Elmer, is the first instrument specifically developed to photo

graph meteors. It can photograph 40 times more meteors than 
any other existing camera. The behavior of a meteor in flight, 
as recorded on the camera's curved film, tells researchers how a 

rocket ship or guided missile would behave under similar alti

tude conditions. The camera's optics are fast and accurate 

enough to catch the trail of a buckshot-sized meteor on a black, 

cloudless night. 

PURER DRUGS-AT LOWER COST 

Infrared spectrometry-the new scientific method 

of product control-is an important factor in to

day's mass production of wonder drugs. Take the 
case of penicillin. There are many kinds of peni

cillin, and a penicillin broth contains most of them 

-but the "G" variety is the best germ killer. The 

manufacturer must know, quickly and accurately, 

the small amount of penicillin G that is present in 
fermentation vats holding as much as'15,000 gal

lons of the broth. . 
To do so, Merck & Company has developed a 

simple procedure using a Perkin-Elmer Inf rared 

Spectrometer. Accurate penicillin G assays are ob

tained in about two hours for $3.50 per assay. 

Penicillin production at Merck plants proceeds 

smoothly and economically-and prices are kept 
low-thanks to the growing use of infrared in 

* Product Control. 

Do you and your research staff 
know abolLt The Perkin· Elmer 
Instrument News? This 8-page 
qllarterly is devoted exclusively 
to the latest news and technical 
developments oj electro-optical 
instruments. We will be giad to 
place any oj YOlLr staff on OlLr 
mailing list. 

MAKING SURE CEMENT IS SAFE 

Checking the so!Ia and potash content of Portland cement by 

flame photometry has become a routine, ASTM-approved pro

cedure in the country's leading cement plants. High alkali con

tent in cement can cause structural defects; hence the manu

facturer needs a quick, accurate, reproducible check on every 
batch of cement shipped. Perkin-Elmer Flame Photometers 

meet this industry's need, just as they have met the needs of 
medicine, agriculture, water-testing, for rapid, reliable sodium 

and potassium determinations. 

THE PERKIN -EL MER CORPORATION 

NORWALK, CONNE CTI CUT 

Manufacturers of electro-optical instru

ments and optical design consultants 
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CHOOSE YOU R  SPECTROCHEMICAL 
EQUIPMENT FROM THE ARL LIN E  
. . .  the l i n e  that offers you the most c o m plete selecti on a n d  most 

advanced types of i n stru me nts a n d  related e q u i p ment 

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

Prod�ction Control Quantometer analyzes metals in two minutes 

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

Multi-purpose, direct-reading spectrom
eter for quantitative analysis of inorganic 
samples. Instrument will give quantitative 
determinations of as many as 25 elements 
as selected by the user-up to 20 simul
taneously. Designed for routine produc
tion control and research analysis. Each 
instrument is designed to meet your spe
cific analytical requirements . 

· 
· 

· 
· 
· 

· 
· 
· 
· 

· 
· 

Original Grating Spectrographs - 1.5 and 2 meters • Source Units 

Extremely compact and versatile. Uniform 
dispersion over entire spectrum range. 
Original grating gives marked superiority 
in detecting elements in low concentra
tions. Paschen mounting for camera covers 
extensive spectrum range. Excitation 
stand handles flat and pin samples for both 
quantitative and qualitative analyses. 

· 
.

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

Source units are available in types to meet 
all testing requirements . 

:' Film Comparator - Densitometer - easy to identify element lines 

· 
· 
· 
· 

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

and measure their density 

This instrument is manufactured to the 
highest ARL standards, permitting the 
most accurate qualitative and quantitative 
analyses, based upon spectrum line posi
tions and densities.  It is easy to adjust 
and the image is located in a non-fatigu
ing viewing position. As many as 6 lines 
per minute can be easily read . 

The ARL line is manufactured by the world's largest producer of this type of equipment. 
Write today for complete details about spectrochemical instruments and accessories to 

meet your needs. 

Applie� ,f(�1C;?-!"fA llf�Or!'fo.r.�e.� 
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N E W Y O R K . P I T T S B U R G H . D E T R O I T . C H I C A G O . L O S  A N G E L E S  
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ELECTROPHORESIS 
It is the migration of charged particles in a fluid between two 

electrical poles. In recent years the phenonlenon has been used 

with signal success to study and to separate protein molecules 

N

ATURE is restless-motion is one 
of its most fundamental attri
butes. "All things flow," declared 

Heraclitus 2,500 years ago, and modern 
science is continually turning up new 
evidence in support of his generaliza
tion. On the grand scale we have the 
testimony of the stars and nebulae; at 
the microscopic level we can see the 
eternal Brownian movement of tiny par
ticles. Robert Brown, the 19th-century 
botanist who discovered the cell nucleus, 
first observed this perpetual motion in 
the dancing of pollen grains in a drop of 
water. In our century the Brownian 
movement has been studied by many 
eminent experimenters and theorists, in
cluding Albert Einstein, and we know 
that the random motion is characteristic 
of all particles in gaseous and liquid sus
pensions, from the largest colloids to the 
smallest molecules. 

Brownian movement is responsible for 
the diffusion of molecules and for the 
chance contacts among them that result 
in chemical reactions. Important and 
helpful as this random motion is to the 
formation of new compounds, it is ob
structive when the chemist desires to 
isolate one of the compounds from a mix
ture. Faced with this problem of sepa
rating out molecules of a particular com
position or species, he has resorted to 
various schemes. Crystallization is one 
stratagem for getting a fraction pure; 
sedimentation, assisted by the centri
fuge, is another. A third technique is 
based on the electrical properties of 
particles. This remarkable method of 
analysis is known as electrophoresis. The 
term, derived from the Greek, means 
"borne by electricity." 

Electrical Migration 

The principle of electrophoresis has 
been known for nearly a century and a 
half. In 1807 a Russian physicist named 
Alexander Reuss observed that when 
electricity was passed through glass tub
ing containing water and clay, colloidal 
day particles moved toward the positive 
electrode. Michael Faraday in England 
and E. H. Du Bois-Reymond in Germany 

by George W. Gray 

confirmed his discovery and extended it, 
showing that any negatively-charged 
particles in solution or suspension 
moved toward the positive electrode and 
positively-charged particles in the oppo
site direction. What was more, particles 
moved at differing speeds depending on 
the number of excess charges they car
ried; the greater the number of charges, 
the faster the migration. The way was 
thus opened to use electrophoresis as a 

means of sepaqlting particles out of a 

mixture according to their electrical 
properties. Physicists and chemists in 
half a dozen countries contributed to the 
further exploration of the phenomenon. 
Bit by bit over the decades the theory of 
electrophoresis was built into a logical 
structure and methods were developed 
for applying it to laboratory problems. 

Today there are three different tech
niques. We shall take them in the order 
in which they were developed. The old
est is known as microscopic electropho
resis. 

Under the Microscope 

The first essential for an electropho
retic experiment is an electrically active 
particle. This means a particle with more 
positive than negative charges on its 
surface-in other words, an ionized par
ticle. Many particles, e.g., those of cer
tain gums, sugars, and the huge com
posite molecules known as polysaccha
rides, carry no excess charges on their 
surfaces. They therefore remain essen
tially stationary in the electric field, and 
it is useless to attempt to study them by 
electrophoresis. But practically all pro
teins carry unbalanced distributions of 
surface charges, and electrophoresis is 
ideally adapted to the analysis, separa
tion and identification of these biologi
cally important substances. 

The second requisite is a solution that 
conducts electricity. Distilled water is a 

poor conductor, but the addition of a 
pinch of salt, acid, alkali or other ioniz
ing compound (known as an electrolyte) 
will quickly render it conducting. 

In the microscopic method of electro
phoresis the experimenter watches and 

measures the migration of particles in a 
solution or suspension contained in a 
glass tube placed horizontally on the 
stage of a microscope. Only relatively 
large objects that can be seen under the 
microscope, such as blood cells, proto
zoa, bacteria and colloidal particles, lend 
themselves to investigation by this 
method. This would seem to rule out 
molecules, inasmuch as even the largest 
are invisible, but chemists have found 
it possible to study protein molecules 
indirectly by introducing tiny quartz 
spheres into the solution. The molecules 
attach themselves to the spheres in an 
adhering layer one molecule thick, and 
thereafter the protein-surfaced quartz 
responds to the electric current in terms 
of the charges on the protei;). 

The microscopic method has been 
used to study surface phenomena and 
immune bodies in liquids. John H. 
Northrop and Moses Kunitz found it use
ful in their investigation of enzymes at 
the Rockefeller Institute for Medical Re
search. Harold A. Abramson employed 
it at Columbia University in studies of 
red blood cells and soluble proteins. Re
cently G. L. Ada and Joyce D. Stone, at 
the Walter and Eliza Hall Institute in 
Australia, turned to the microscopic 
method to study the effect of certain ag
glutinizing viruses on human red cells. 

But the microscopic technique is not 
often used today. It has been largely 
supplanted by a newer method which is 
better suited to the separation of par
ticles, is applicable to large quantities 
of material and does not require visi
bility, so that it can be applied to the 
smallest molecules and even the molecu
lar fragments known as ions. This meth
od is called moving-boundary electro
phoresis. 

The Moving Boundary 

Instead of observing individual par
ticles, the experimenter measures the 
movement of the boundary of a mass of 
particles. The material to be studied is 
poured into the bottom of a U-tube. On 
top of this, in the two arms of the U, is 
placed an electrolytic ("buffer") solu-
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ELECTRODE 

DESCENDING 

BOUNDARY 

I , 

MIGRATION OF A PROTEIN by electrophoresis is 
shown in these three diagrams. At the left a protein solu
tion (red) is placed in a V-shaped tube. In the center a 

buffer solution is carefully laid atop the protein solution. 
At the right a current is passed through the solutions 
and the protein migrates toward one of the electrodes. 

tion. It is laid on carefully so that there 
is a sharp boundary between the two 
solutions (see drawings at the top of 
this page). An electric current is then 
passed through the solutions by means 
of a positive electrode inserted in the 
top of one arm of the tube and a nega
tive electrode in the other. The object 
is to see how fast" the boundary moves 
under the urge of electricity-and in 
what direction. 

If the material under study is a pl'O
tein, carrying an excess of positive 
charges on its molecular surface, the 
boundary IJ:loves toward the negative 
electrode. Each charge serves as a little 
tugboat to tow the huge molecule in the 
direction of motion of the positively
charged stream, and the more tugs there 
are, the faster, of course, the molecule 
moves. 

It is possible by changing the acidity 
of the solution to slow down this move
ment. As the pH (concentration of hy
drogen ions) is progressively raised, the 
boundary moves slower and slower, un
til finally a point is reached at which it 
becomes stationary. If the pH is further 
increased to make the solution alkaline, 
the negative charges on the protein will 
begin to assert themselves, operating as 
tugs pulling in the opposite direction, 
and then the boundary will move toward 
the positive electrode. The composition 
of the electrolytic solution is therefore a 
matter of the greatest importance in 
electrophoresis. Its degree of acidity or 
alkalinity must be regulated with high 
precision. The balance between acid 
and base is so delicate that the slightest 
interference-such as absorption of car
bon dioxide from the air or of a trace of 
alkali from the glass tube-can render 
the electrophoretic calculations inaccu
rate. To protect the precision of the con-
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centration the chemist adds certain salts 
which act to maintain the pH at a con
stant level, the salts themselves absorb
ing any tendency to variation. These 
substances, cushioning the chemical 
blows to. which a solution is subject, are 
called buffers. Some of the recent ad
vances in moving-boundary technique 
must be credited to the development of 
more satisfactory buffer systems. 

The stage of buffered concentration at 
which a substance reaches electrical 
equilibrium and ceases to move toward 
either electrode is a measure of its iso
electric point. Every electrically respon
sive compound has its own isoelectric 
point, and this characteristic is impor
tant because it tells something about the 
substance's structure and chemical prop
erties. The moving-boundary method 
has established the isoelectric points of 
hundreds of proteins and other biologi
cally active molecules. The method has 
scored its greatest triumphs in identi
fying hidden substances, whose presence 
in some instances was not even suspect
ed, in complex materials such as blood 
or milk. 

The moving-boundary method has 
brought in a new era of biochemical 
research in the past 15 years. It owes its 
coming-of-age principally to a group of 
experimenters in Sweden, and most of 
all to the famous chemist Arne Wilhelm 
Kamin Tiselius. Indeed, Tiselius is so 
closely associated with the development 
that the modern type of moving-bounda
ry equipment is commonly called "the 
Tiselius apparatus." 

Exciting Invention 

Tiselius was born in Stockholm in 
1902, fell in love with chemistry in high 
school and selected U ppsala as his uni-

versity because there he could study 
under The Svedberg. Svedberg, then 
engaged in developing the ultracentri
fuge, called the attention of his studen t 
to electrophoresis as another means for 
stud ying proteins. After graduation 
Tiselius joined Svedberg in a research 
project which introduced him to the 
moving-boun dary method. Certain 
anomalies in the experiments led Tiselius 
to investigate possible sources of error in 
the existing apparatus and the prevail
ing techniyue, and he spent the next five 
years testing the possibilities and limita
tions. When he presented himself for the 
doctor of science degree in 1930, he sub
mitted a comprehensive review of elec
trophoresis as his thesis. And with this 
account Tiselius apparently bade elec
trophoresis adieu. 

He turned to the investigation of ad
sorption and diffusion. The new interest 
took him on an exploratory trip to the 
Faroe Islands in search of zeolite crys
tals for diffusion experiments and in 
1934 to Princeton University on a year's 
Rockefeller Foundation fellowship. In 
Princeton he met John H. Northrop and 
M. L. Anson of the Rockefeller Institute 
staff. Close association with these bio
chemists rekindled his interest in electro
phoresis. Nobody needed to pOint out 
its possibilities to Tiselius; he was keenly 
aware from his previous studies that it 
could be enormously helpful, provided 
only that the techniyue were made exact 
and discriminating. When he got back 
to Uppsala, he resumed experiments 
with the moving-boundary method. 

The first fruit of this study came 
in the summer of 1937. Tiselius an
nounced in the Transactions of the Fara
day Society of London the development 
of a new apparatus for electrophoretic 
analysis. His paper not only described 
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the design and operation of this equip
ment but reported a discovery which 
gave evidence of its value as an analyti
cal tool. Employing it to analyze the 
serum of blood, he had found that the 
blood fraction known as globulin was 
in reality a mixture of three substances. 
He named them alpha globulin, beta 
globulin and gamma globulin. 

The publication of this paper fired the 
imagination of biochemists all over the 
world. Its arrival in a laboratory was like 
the touching of a spark to tinder, for im
mediately researchers began to inquire 
how they might buy, borrow or build 
one of these powerful machines. 

Chain Reaction 

When Tiselius' paper arrived at the 
Rockefeller Foundation's International 
Health Division, which was then study
ing the viruses of yellow fever and in
fluenza, its staff decided that the new 
tool might be useful in the virus pro
gram. They sent Frank L. Horsfall to 
Uppsala in January, 1938, and he 
brought back a Tiselius apparatus-one 
of the first to reach the U. S. Meanwhile, 
the Tiselius report had also attracted the 
attention of Duncan A. MacInnes and 
Lewis C. Longsworth at the Rockefeller, 
Institute. Longsworth began to build an 
apparatus according to the Tiselius de
sign. The homemade instrument he con
structed launched him on a career which 
was to make his laboratory one of the 
world's leading centers of electrophoret
ic research. 

Longsworth showed his new appa
ratus to Karl Landsteiner, who was 
working at the Institute with several 

substances so similar to one another 
chemically that they could be distin
guished only by their differing effects on 
experimental animals. Landsteiner of
fered Longsworth a mixture of two sub
stances-the egg albumins of the guinea 
hen and the duck-and asked: "Can your 
electrophoresis demonstrate any physical 
difference between these materials?" 
Longsworth put a solution of the mix
ture through the apparatus and found 
at once that the two albumins separated, 
forming boundaries that moved at differ
ent speeds. This made a profound im
pression on Landsteiner. From being 
skeptical and lukewarm he now became 
an ardent proponent of electrophoresis, 
and wanted everything that came his 
way submitted to its analysis. He was 
constantly on the lookout for new test 
material. A man driving a donkey along 
a New York- street was stopped and 
asked for permission to sample a little 
of the animal's blood for testing. "No," 
retorted the driver, "this donkey is go
ing on the stage of the Metropolitan 
Opera and can't afford to lose any 
blood!" 

The anatomical laboratory of Colum
bia's College of Physicians and Surgeons 
and the department of physiological 
chemistry at the Yale Medical School 
also adopted the Tiselius apparatus. The 
Yale group, consisting of Reginald A. 
Shipley, Kurt C. Stern and Abraham 
White, decided in 1937 to use electro
phoresis to study the hormones of the 
anterior lobe of the pituitary gland. They 
started to build an apparatus based on 
Tiselius' 1930 doctoral thesis, not know
ing about the new instrument he had 
just developed. At this opportune mo-

ment Svedberg arrived in the U. S. for 
a visit. Newspaper reporters who met his 
ship in New York asked Svedberg what 
was new in science. "The most exciting 
thing in Sweden is an apparatus devel
oped by my colleague Tiselius for sepa
rating proteins electrically," he an
swered. The reporters clamored for 
details, but the professor protested that 
they were too technical for a newspaper 
story. "Full specifications are being pub
lished in the Tmnsactions of the Faraday 
Society," he added. When the Yale 

group read this interview in The New 
York Times, they made a beeline for the 
Tmnsactions. From the description and 
references given there Stern built the 
Yale Medical School's first Tiselius ap
paratus. 

In like manner the Faraday Society 
paper started a chain reaction of electro
phoretic interest in laboratories in Eng
land and on the Continent. 

Tiselius' Stratagems 

Before Tiselius, all moving-boundary 
systems used in electrophoresis had been 
deficient in "resolving power." No mat
ter how well defined the boundary was 
at the beginning of an experiment, as 
soon as the substances in a mixture be
gan to migrate, the boundary became 
fuzzy. It was difficult to determine where 
one component left off and another be
gan. Everyone familiar with electro
phoresis knew the cause of the difficulty. 
The passage of electricity through any 
medium generates heat, and in the case 
of a solution this heating sets up convec
tion currents within the liquid. It was 
these random currents that disturbed 

SEPARATION OF A PROTEIN is shown in aU-tube 
made up of sections. At the left a mixture of three pro
teins has been placed in the bottom of the tuhe and a 

buffer solution in the top. In the center and at the left, 
when the protein mixture and the buffer solution are 
in contact, each protein moves in a characteristic way_ 
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ELECTROPHORESIS CELL has a V-tube at bottom 
center_ The electrodes are in the glass columns at left 

MACRO CELL is used for relatively large-scale sep
arations of proteins. It has four movable sections. 
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and right. The V-tube is made narrow so that its 
contents can be cooled to prevent convection currents. 

MICRO CELL is used when only small amounts of 
material are available for the electrophoretic analysis. 
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and distorted the boundaries. The basic 
problem was to find some means of dis
sipating the heat. 

Tiselius met this problem with two 
inventions. First, he used straight-sided 
tubing, instead of the conventional 
round kind, for his U-tube. The tubing 
has a narrow rectangular cross section, 
like the slot of a mail chute. Such a shape 
exposes more wall surface for a given 
volume, and so provides better cooling 
to the solution within. His second strata
gem was to immerse the U-tube in a 
cooling bath of water held at a certain 
temperature just above the freezing 
point. This temperature, about 39 de
grees Fahrenheit, is the temperature of 
maximal density of the solution, mean
ing the point at which a change in tem
perature produces the least change in 
density and therefore a minimum of con
vection. Hence it is the most favorable 
temperature for electrophoresis. 

The cold-water bath increased the re
solving power of the apparatus. But this 
sharpening of the boundaries would be 
of little value unless they could be ob
served and measured precisely. To care 
for that need, Tiselius equipped his ap
paratus with an optical system which 
rendered the boundaries visible. They 
showed up as shadows or schlieren, from 
which the system is known as the "schlie
ren method." Originally developed in 
France by J. B. L. Foucault about 100 
years ago for testing lenses and mirrors, 
the method is based on the fact that at a 
boundary between two transparent ma
terials of different density the light rays 
are bent or refracted, thus casting shad
ows which mark the place of refraction. 
The German physicist A. Toepler later 
adapted Foucault's method to the study 
of optical inhomogeneities in front of the 
lens or mirror, and Tiselius' application 
stems from both Foucault and Toepler. 

Tiselius introduced another important 
innovation in the U-tube which greatly 
facilitated the trapping of specific frac
tions after separation of a mixture into 
its components. Hugo TheOl"ell of the 
Nobel Institute in Stockholm had had 
the idea of doing this by means of rub
ber disks which could be slipped be
tween the different solutions in the tube 
at the boundaries in such a way as to 
isolate them in separate compartments. 
With this device Theorell had obtained 
relatively pure �eparations of several pro
teins. Tiselius improved on it by making 
the U-tube itself in a series of sections, 
each of which can be shifted to one side 
and thus separated from the rest of the 
tube. This makes it possible to separate 
a fraction for examination with the mini
mum disturbance of the contents. The 
sections slide on glass flanges that are 
sealed with a chemically inert lubricant. 
This is the way the apparatus operates 
in a simple form of the experiment: At 
the beginning of the experiment the 
solution of mixed proteins fills the lower 

sections of the U-tube in both arms, and 
a buffer solution fills the upper sections. 
When the electric current is turned on, 
the proteins travel up the cathode arm. 
The current is turned off when the upper 
boundary in this arm reaches the top of 
a section. The section is then slid on its 
flanges to the right. Trapped in the cath
ode arm of the section, especially in its 
upper part, is a pure fraction of the 
fastest-moving protein, for this protein is 
present in purest form at the leading 
boundary. Similarly a pure sample of the 
slowest-moving fraction can just as easily 
be trapped at the trailing boundary in 
the other limb. An ideal form of the 
experiment, in which the fastest protein 
is trapped in the cathode arm and the 
slowest in the anode, is illustrated on 
page 47. 

The longer the path through which 
the molecules migrate, the more com
plete will be the separation of compo
nents out of a mixture. This means that 
the arms of the U-tube have to be ex
tended as high as possible. But Tiselius 
hit upon a more convenient way to ac
complish the same result. He introduced 
a pistonlike plunger which is slowly low
ered by clockwork into the arm up which 
the migration is ascending. This counter
pressure against the moving buffer solu
tion displaces the whole sequence of 
separated components in the direction 
opposite to their migration-the effect is 
similar to the motion of a line of people 
climbing a descending escalator. The 
same effect may also be accomplished 
by flowing fresh buffer solution into the 
area above the ascending column. The 
rate of flow is adjusted so that the fastest 
component will just succeed in climbing 
up the tube while the slower components 
will gradually be washed back. In this 
manner the resolving power of the ap
paratus is greatly increased. 

Peaks and Valleys 

Electrophoresis is the most effective 
technique known for locating and recov
ering physiologically active substances 
in a relatively pure state. The Tiselius 
machine is a more discriminating sepa
rator, for example, than the ultracentri
fuge. And yet, even with the most re
fined apparatus, some mixture remains in 
the fractions. No matter how strong the 
electric current flowing through the so
lution, the Brownian movement is still at 
work, and the path of an individual 
molecule moving with the current is at 
best a series of forward-going zigzags, 
never a straight line. Thus there is al
ways some diffusion from one fraction 
to the next. Moreover, even in a single 
compound the molecules are not. all ex
actly alike in the number and distri
bution of surface charges. This means 
that some move more slowly than 
others. Therefore the moving boundary 
of any given fraction is actually a blurred 

line rather than a sharp boundary. 
J. W. Williams, whose laboratory at 

the University of Wisconsin has three 
powerful electrophoresis installations in 
almost continuous operation, recently 
said: "I am almost sure that no one has 
ever obtained in a laboratory, either by 
electrophoresis, ultracentrifugation or 
any other means, a pure fraction of a 
protein-that is, one in which all the 
molecules are alike." 

Despite the lingering impurities, how
ever, electrophoresis remains one of the 
most discriminating analytical tools of 
the biochemist. Since its introduction in 
1937 numerous improvements have been 
made in the equipment. The most strik
ing has been in the method of recording 
the boundaries. The original apparatus, 
using the schlieren optical system, re
corded images which showed the posi
tion of each boundary as a dark band. 
Longsworth introduced a mechanical 
"schlieren-scanning" device in 1939 
which gave a more complete picture in 
the form of a succession of peaks and val
leys. Each peak represents the pOSition 
of a boundary in the moving column, 
and the area under the peak indicates 
the concentration of the chemical frac
tion responsible for the boundary. 

Also in 1939 there came into use an
other scheme for reccrding the bounda
ries-a system known as the "cylindrical
lens" method. It was applied to the 
Tiselius apparatus by Harry Svensson of 
Uppsala, utilizing ideas developed earli
er by J. Thovert of Paris and J. St. L. 
Philpot of Oxford. The cylindrical-lens 
method projects the diagram on a ground 
glass screen for visual observation as 
well as on thc sensitized film for pho
tography, and the image (see page 53) 
shows as a curve outlined by a jagged 
line of peaks and depressions-in contrast 
with the blacked-out solid image pro
jected by the schlieren-scanning method. 
The schlieren image is illustrated by an 
electrophoretic analysis of human blood 
plasma on page 50. The towering peak 
is the shadow of the albumin boundary. 
Albumin (molecular weight 70,000) is 
the plasma protein with the greatest 
number of surface charges; hence it 
travels fastest in the electric stream. It is 
also the most abundant of the plasma 
constituents. In the normal blood of all 
animals the albumin peak looms tallest 
and covers more territory than that of 
any other fraction. The peaks that fol
low it are those of the globulins. 

The globulins are all of approximately 
the same molecular weight-around 
180,000. The ultracentrifuge therefore is 
powerless to separate them. But fortu
nately they differ in the magnitude of 
electric charges on their molecular sur
faces, and these differences enabled 
Tiselius to identify them. He named the 
fastest-moving globulin alpha, the next 
in speed beta and the slowest gamma. 

Soon after Longsworth devised his 
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ELECTROPHORETIC DIAGRAM of human hlood 
serum was made with the schlieren-scanning method at 
the Rockefeller Institute for Medical Research. Each 
peak on the diagram represents the boundary of a blood 
protein. The first peak shows the concentration of alhu-

50 

min; the second, of alpha-one globulin; the third, of 
alpha-two glohulin; the fourth, of beta globulin; and 
the fifth, of gamma globulin. The pattern was made 
with serum taken from a pregnant woman, which 
has a relatively high concentration of globulins. 
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schlieren-scanning method and installed 
it in the apparatus at the Rockefeller 
Institute, he began to experiment with 
buffer solutions of varying electrolytic 
concentrations. He found that with a 
certain combination, using Veronal (the 
well-known barbiturate) as the buffer, a 
hitherto unknown globulin appeared in 
the plasma pattern. Its peak lifted out 
of the valley between albumin and alpha 
globulin. Fractions were tested and 
found to be unquestionably globulin. 
The new-found material was labeled 
alpha-one globulin, while the fraction 
Tiselius had named alpha was now des
ignated as alpha-two. Alpha-one moves 
electrophoretically at a speed close to 
that of albumin, and in previous experi
ments it had been carried along with the 
albumin and had masqueraded as part of 
that large fraction. 

Longsworth's discovery strikingly 
demonstrated the strategic importance 
of the buffer. It was only by employing a 
buffer composed of univalent ions that 
he forced the masked globulin to reveal 
itself. This barbiturate, which has the 
highest resolving power of any buffer so 
far known, is in practically universal use 
today. 

In addition to the schlieren-scanning 
method and the cylindrical-lens method, 
an optical technique using the phenome
non of interference fringes as the indi
cator was recently introduced in Swit
zerland and Germany. But the fringe 
method is still in an early stage of de
velopment. 

A further advance in observational 
methods has just been reported from 
Uppsala. Harry Svensson, one of Tiseli
us' chief collaborators, has devised a 
system which gives a sort of combined 
interference and schlieren diagram. This 
has the advantage of showing on the 
same photograph both absolute concen
trations and concentration gradients. 
Because of its higher sensitivity, the 
combination optical system permits the 
study of solutions more dilute than those 
that could be analyzed by the older 
methods. 

Zone Electrophoresis 

Within the last three years a third 
technique of electrophoresis has devel
oped. In the two described so far-micro
scopic and moving-boundary electro
phoresis-the particles flow in a liquid 
medium. The newer method flows them 
through a solid medium. The separated 
particles do not manifest themselves as 
moving boundaries but bunch together 
into zones in the solid; hence the method 
is known as zone electrophoresis. It was 
developed independently in Germany, 
Sweden and the U. S. Among the pi
oneering investigators are Emmett L. 
Durrum at the Fort Knox Field Research 
Laboratory of the U. S. Army; Tiselius, 
Svensson and Ingra Brattsten at Uppsa-

GEOMETRIC RELATIONSHIP of the schlieren-scanning diagram to 
boundaries in a V-tube is shown by this drawing. The pattern is that of 1m
man blood serum. For simpli"city the boundaries of only three proteins are 
shown in the V-tube: albumin, beta globulin and gamma globulin. The pat
tern of the descending proteins differs somewhat from that of the ascending. 

la, and Theodore Wieland and Fritz 
Turba in Germany. 

The solid most frequently employed 
in zone electrophoresis is filter paper. A 
rectangular strip of paper lies horizon
tally with its two ends dipping into two 
vessels. These contain a buffer solution 
and are equipped with opposite elec
trodes. When a specimen of the mixture 
to be analyzed is dropped on the surface 
of the filter paper, it forms a spreading 
spot. If now a current is passed through 
the paper between the two electrodes, 
the components of the mixture will move 
with the current at speeds determined 
by their individual surface charges. The 
effect will be to separate the compo
nents and transport them through the 
paper over varying distances. The final 
result is a series of spots or zones, each 
of which is an isolated fraction of one 
of the components. The distance of each 
separated spot from the area where the 
mixture was originally placed is a meas
ure of the mobility of the particles mak
ing up that particular spot, and the den
sity and area of the spot provide an index 
to the quantity of that material in the 
mixture. 

Many of the substances separated in 
this way have characteristic colors that 
identify them. Even when they are color
less, it is easy to bring out the spots by 
dipping the strip of paper in certain dye
ing reagents. With the zones thus en
hanced, it is possible to plot a line repre
senting the zoning of a mixture into its 
fractions and obtain a curve which 
closely approximates the pattern of 
peaks and valleys obtained by moving
boundary electrophoresis. In a sense 
zone electrophoresis is like the separa
tion method known as paper chromatog-

raphy [SCIENTIFIC AMERICAN, April], 
except that the separation factor is elec
tricity instead of solubility. 

The most obvious advantage of zone 
electrophoresis is the simplicity and in
expensiveness of the equipment. Besides 
filter paper, glass powder· or silica gel 
can be used as the solid medium. Tiselius 
and others claim that zone electropho
resis has several superiorities over the 
moving-boundary method, to wit: it 
separates and isolates the individual 
components of a mixture, instead of 
merely forming concentration gradients; 
it makes it possible to study smaller 
amounts of material at lower concentra
tions, and it permits development of 
"techniques of two-dimensional electro
phoresis and devices for continuous flow 
preparative work." 

All tllese advantages have to be 
bought, however, at the cost of a less 
well-defined medium, since the filter pa
per, glass powder or other solid has ad
sorption and osmotic effects which tend 
to interfere with the electrophoretic 
flow. In a recent paper listing the ad
vantages Tiselius and Henry G. Kunkel 
admitted to a doubt whether it will be 
possible for zone electrophoresis to 
achieve "the accuracy obtained with the 
sensitive optical methods employed in 
free electrophoresis for locating and 
quantitating components." In other 
wprds, for exactitude in appraising the 
quantities of protein fractions contained 
in blood plasma and other body fluids, 
the moving-boundary method is still the 
most dependable tool of the biochemist. 
But zone electrophoresis is in its very 
young infancy. With dozens of experi
menters now taking it up, we may con
fidently expect radical advances and 
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OPTICS of the cylindrical-lens (top) and schlieren
scanning (bottom) diagrams are compared. One side of 

a V-tube with a schematic boundary is shown at the left. 
The nature of the diagrams is illustrated at the right. 

productive extensions of the technique 
in the future. 

Electrophoresis is enormously inter
esting as a demonstration of human 
imagination and inventiveness, but its 
prime importance lies in its value as a 
research tool. Tiselius was spurred to de
sign his ingenious apparatus because of 
a curiosity about the nature of the invisi
ble particles in blood, just as his teacher 
Svedberg had invented the ultracen
trifuge because he was troubled by 
ignorance of the molecular weights of 
proteins. Svedberg's ultracentrifuge and 
Tiselius' electrophoresis made it possi
ble to isolate the constituents of blood 
without chemical reactions, and thus to 
prove that these fractions were indi
vidual proteins-not merely fragments 
split off from a master molecule. The 
brilliant analysis of the serum proteins 
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that Tiselius accomplished by means of 
his invention won him a professorship of 
biochemistry in 1937 and the Nobel 
prize in 1948. Uppsala made his depart
ment into an Institute of Biochemistry 
and set up funds to construct a suitable 
building, and the Rockefeller Founda
tion provided equipment for it. 

In Medicine 

Electrophoresis has been taken up by 
the medical chemist and clinician and is 
now an important part of the equipment 
of many hospitals. It provides the most 
convenient and dependable means of 
analyzing the protein content of the 
body's fluids and tissues. In the case of 
a few specific conditions, such as ne
phrosis, certain liver diseases and the 
malignant process of the bone marrow 

known as multiple myeloma, electro
phoresis is of direct value as a diagnostic 
tool. 

In multiple myeloma, for example, the 
electrophoretic pattern of the blood 
often shows a sharp peak in the region 
of the gamma globulin. The substance 
responsible for this peak is a special kind 
of protein which is found only in multi
ple-myeloma patients. Electrophoretic 
analysis of the blood plasma of more 
than a hundred cases of this disease 
treated at the Mount Sinai and Monte
fiore Hospitals in New York showed that 
half the patients carried the substance 
in their circulation. The other half did 
not, but their electrophoretic pattern re
vealed other abnormalities. 

The electrophoretic diagram of a pa
tient's blood plasma or serum is not to 
be taken as specific for a particular 
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disease but rather as an index to the 
physiological condition of the patient. 
For example, if the diagram shows an 
excess of gamma globulin, the inference 
is that the body is suffering from an in
fection, for most of the antibodies evoked 
by the presence of infectious microbes 
are gamma-globulinlike proteins. An in
crease in the alpha globulin, a result of 
the breakdown of tissue proteins, is like
ly to herald a fever-producing disease, 
such as pneumonia, tuberculosis or 
Hodgkin's. When the blood shows a de
crease in albumin and an increase in 
gamma globulin, the clinician looks to 
the liver as a possible seat of the disease, 
because it is the main factory for al
bumin production. When the liver fails, 
other tissues try to make up for the lower 
albumin level, it is believed, by pouring 
out an excess of globulins. 

Since the blood bathes all cells and 
picks up the products of everv kind of 
tissue, its contents naturallv reBect the 
over-all condition of the b�dy. Electro
phoresis thus gives the doctor a picture 
of what is circulating in the blood, and 
how much of each component. Its report 
of what is in excess and what in deficient 
amount, as well as what is new and un
known, enables him to narrow his search 
for the trouble to specific organs or tis
sues. Even though electrophoresis can
not be regarded as a primary prognostic 
or diagnostic device at the present time, 
its service as the biological chemist's 
most reliable analytical stratagem gives 
it a practical value to clinical medicine. 

Its application to clinical medicine has 
been aided by the development in recent 
years of compact, self-contained installa
tions of the moving-boundary type of 
apparatus. Kurt G. Stern, whose part in 
building the first Tiselius apparatus at 
Yale was mentioned earlier, and who is 
now at Brooklyn Polytechnic Institute, 
has recently been active in the move
ment to provide moving-boundary 
equipment in lightweight units that oc
cupy small space and require a minimum 
of expert operational supervision. Other 
aesigners also have contributed to com
mercial advances in this field. As a result, 
several types of "packaged" instruments 
are to be found among the more than 
400 electrophoresis machines now in use 
in the U. S. in hospitals, clinics, medical 
schools and research institutions. Paper 
electrophoresis and other forms of zone 
electrophoresis are also being tested for 
hospital service, and favorable results 
are reported. It seems safe to predict that 
in the course of a few years electropho
resis will be as indispensable to medical 
practice as X-rays are today. 

-

George W. Gray, author of The 
Ultracentrifuge and other articles 
that have appeared in this maga
zine, is a member of the staff 
of the Rockefeller Foundation. 

NORMAL subject has this serum pattern. The diagram was made with 
the cylindrical-lens method for the Lenox Hill Hospital in New York. 

MULTIPLE MYELOMA patient has pattern with a big peak in gamma glob
ulin region. The diagram was made for Montefiore Hospital in New York. 

PERIARTERITIS patient has pattern with peak characteristic of infec
tious diseases. The diagram was made at Mount Sinai Hospital in New York. 
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The Scars 
of Human Evolution 

Although man stands on two legs, his skeleton was 

originally designed for four. The result LS some 

LngenLous adaptations, not all of them successful 

I
T has been said that man is "fearfully 
and wonderfully made." I am in
clined to agree with that statement 

-especially the "fearfully" part of it. As 
a piece of machinery we humans are 
such a hodgepodge and makeshift that 
the real wonder resides in the fact that 
we get along as well as we do. Part for 
part our bodies, particularly our skele
tons, show many scars of Nature's op
era tions as she tried to perfect us. 

I am not referring to our so-called 
vestiges-those tag-ends of structures 
which once were functional, such as the 
remnant of a tail at the base of the spine, 
the appendix, the pineal or "third" eye, 
the misplaced heart openings of "blue 
babies," or the like. Nor do I mean the 
freak variations that crop up in indi
viduals. I am discussing the imperfect 
adaptations the human race haS made 
in getting up £i'om all fours. 

We have inherited our "basic patents," 
as W. K. Gregory of the American Mu
seum of Natural History calls them, 
from a long line of vertebrate (back
boned) ancestors: from fish to amphib
ian to reptile to mammal and finally 
from monkey to ape to anthropoid to 
Homo sapiens. In all this evolution the 
most profound skeletal changes occurred 
when we went from a four-legged to a 
two-legged mode of locomotion. 

Gregory has very aptly called a four
legged animal "the bridge that walks." 
Its skeleton is built like a cantilever 
bridge: the backbone is the arched can
tilever; the vertebrae of the forward part 
01 the backbone are slanted backward 
and those of the rear forward, so that 
the "thrust" is all to the apex of the arch; 
the four limbs are the piers or supports; 
the trunk and abdomen are the load sus
pended from the weight-balanced arch; 
in front the main bridge has a draw
bridge or jointed crane (the neck) and 
with it a grappling device (the jaws). 

When all this was up-ended on the 
hind limbs in man, the result was a 
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terrific mechanical imbalance. Most of 
the advantages of the cantilever svstem 
were lost, and the backbone had to ac
commodate itself somehow to the new 
vertical weight-bearing stresses. It did 
so by breaking up the single-curved arch 
into an S-curve. We are born, interest
ingly enough, with a backbone in the 
form of the simple ancestral arch, but 
during infancy it bends into the human 
shape. When we begin to hold our head 
erect, at about the age of four months, 
we get a forward curve in the backbone's 
neck region; when we stand up, at about 
a year, we get a forward curve in the 
lower trunk; in the upper trunk and 
pelvic regions the backbone keeps its old 
backward curve. 

B
UT we achieve this at a price. To per
mit all this twisting and bending, 

Nature changed the shape of the verte
brae to that of a wedge, with the thicker 
edge in front and the thinner in back. 
This allows the vertebrae to pivot on 
their front ends as on hinges, like the 
segments of a toy snake. On the other 
hand, it also weakens the backbone, par
ticularly in the lower back region, where 
the wedge shape is .most pronounced. 
Heavy lifting or any other sudden stress 
may cause the lowermost lumbar ver
tebra to slip backward along the slope 
of the next vertebra. The phrase "Oh, mv 
aching back" has an evolutionary sig
nificance! 

There are other ways in which the 
backbone may literally let us down. The 
human backbone usually has 32 to 34 
vertebrae, each separated from its neigh
bor by a disk of cartilage which acts as 
a cushion. Of these vertebrae 7 are cer
vical (in the neck), 12 thoracic (upper 
trunk) , 5 lumbar (lower trunk) , 5 sacral 
(at the pelvis) and 3 to 5 caudal (the 
tail). Every once in a while the seventh 
cervical vertebra may have an unusually 
long lateral process; if long enough, this 
protruding piece of bone may so inter-

fere with the big nerves going clown to 
the arm that it k.s to be sawed off by a 
surgeon. Most people have 12 pairs of 
ribs, borne by the 12 thoracic vertebrae, 
but occasionally the transverse processes 
of the next lower segment, the first lum
bar vertebra, are so exaggerated that 
they form a 13th pair of ribs. In some 
people the lowest (fifth) lumbar verte
bra is fused with the sacral vertebrae. 
The latter are usually united into one 
bone, called the sacrum, but sometimes 
the first sacral vertebra fails to join with 
its mates. All these idiosvncrasies can 
cause trouble. 

. 

The "Achilles' heel" of our backbone 
is the unstable lower end of the vertebral 
column. This is where we reap most of 
the evil consequences of standing up 
on our hind legs. It is a crucial zone 
of the body-the pathway for reproduc
tion and the junction point where the 
backbone, the hind end of the trunk and 
the legs come together. The skeletal 
Grand Central Station where all this 
happens is a rather complicated struc
ture consisting of the sacrum and the 
pelvis. The pelvis is not only a part of 
the general skeletal framework of the 
body but also a channel for the digestive 
and urogenital systems and the coupling 
to which the muscles of the hind legs are 
attached. When we stood up on our 
hind legs, we burdened the pelvis with 
still another function, namely, bearing 
the weight of the upper part of the body. 
How have we changed our pelvis to 
adapt it to its new position and burdens? 

The pelvic structure is made up of 
three sets of paired bones, the ilium, the 
ischium and the pubis. The three bones 
meet at each side in the hip socket, 
where the head of the thighbone articu
lates. In standing erect man tilted the 
whole structure upward, so that the pel
vis is at an angle to the backbone instead 
of parallel to it. The relative position of 
the three pelvic bones changed, with 
the pubis now in front instead of below. 
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The bones also were altered in shape. 
The iliac bones, formerly elongate and 
bladelike (in the anthropoids), are now 
shortened and broadened. They form the 
crests of our hips, and they help support 
the sagging viscera, especially the large 
intestine. The pubic bones help to form 
the subpubic arch-that "arch of tri
umph" beneath which we must all 
emerge to life and to the world. The 
ischial bones retreat to the rear; they are 
the bones that bear the brunt of sitting 
through a double feature or before a 
television screen. 

T
HE greatest change is in the zone of 
contact between the iliac bones and 

the wedgelike sacrum-the so-called' 
sacroiliac articulation. Here are focused 
the weight-bearing stresses set up by 
the erect posture. Two things have hap
pened to adapt the pelvic structure for 
"thrusting" the weight of the trunk to 
the legs. The area of contact between 
the sacrum and the iliac bones has in
creased, strengthening the articulation. 
In the process the sacrum has been 
pushed down, so that its lower end is 
now well below the hip socket and also 
below the upper level of the pubic ar
ticulation. This has brought trouble, for 

the sacrum now encroaches upon the 
pelvic cavity and narrows the birth canal 
that must pass the fetus along to life. 
Furthermore, the changes have created 
an area of instability which far too often 
results in obscure "low back pain" and 
in "slipped sacroiliacs." 

The shortening of the iliac bones has 
increased the distaece between the 12th 
(lowest) rib and the top or crest of the 
ilium. This has given us our waist, but 
it has also Q1aterially weakened the ab
dominal wall, which now, for about a 
palm's breadth, has only muscle to sup
port it. The greatest weakness of the 
upright posture is the lower abdominal 
wall. In four-legged animals the gut is 
suspended by a broad. ligament from 
the mechanically efficient convex vel"te
bral arch. The burden of carrying the 
weight of the viscera is distributed even
ly along the backbone. Up-end all this 
and what happens? First of all, the 
gut no longer.hangs straight down from 
the backbone but sags parallel to it. 
Secondly, the supporting ligament has a 
smaller and less secure hold on the back
bone. One result of the shift in the 
weight-bearing thrust of the abdominal 
viscera is that we are prone to hernia. 

Nature has made a valiant effort to 

protect our lower belly wall. She in
vented the first "plywood," and made 
it of muscle. Three sheets of muscle 
make up the wall, and their fibers criss
cross at right and oblique angles. This 
is all right as far as it goes, but it has 
not gone far enough: there is a triangular 
area in the wall which was left virtually 
without muscular support-a major scar 
of our imperfect evolution. 

The upright posture required a major 
shift in the body's center of gravity, 
but here Nature seems to have done a 
pretty good job. The hip sockets have 
turned to face slightly forward instead 
of straight to tlle sides; the sockets and 
the heads of the thighbones have in
creased in size, and the neck of the thigh
bone is angled a bit upward. As a result 
of this complex of adjustments the bodily 
center of gravity is just about on a level 
with a transverse line through the middle 
of the hip sockets, and the weight of the 
trunk upon the pelvis is efficiently dis
tributed on the two legs. 

Though it does not directly involve 
the skeleton, I might mention here that 
the blood circulation is another factor 
that is not helped by our upright posi
tion. Since the heart is now about four 
feet above the ground, the blood re-

BACKBONES of the horse and man illustrate the prin
cipal problem of adapting the quadruped skeleton to 
biped purposes. The horizontal backbone of the horse 

is gently arched between two supports, rather like the 
cantilever bridge in the right background. The ver
tical backbone of man, in contrast, is curved like an S. 
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TOP VIEW OF THE PELVIS of the gorilla (top) and man (bottom) 
show how the latter has developed to support the weight of the abdomi
nal organs. The dotted line indicates the width of the sacrum in man. 

INSIDE VIEW OF THE HIP BONE of the gorilla (left) and man (right) 
show how the latter has become shorter. The dotted line and the let
ters A, B and C indicate similar anatomical features in both structures. 
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turned to the heart fro:n the veins of the 
legs must overcome about four feet of 
gravitational pull. Often our pumping 
system and veins find the job too much, 
and the result is varicose veins. Thc 
lower end of the la:'ge intestine also is 
affected, for its veins, when up-ended in 
a vertical position, become congested 
more easily, sO'we get hemorrhoids. 

Even more serious is the danger to the 
circulation along the vertebral column. 
Two great vessel', an artery and a vein, 
run down this column. At the level 
where these vessels divide into two 
branches, one for each leg, the right
sided artery crosses over the left-sided 
vein. In a quadruped this presents no 
problems, but in the erect position the 
two vessels must cross a sharp promon
tory of bone at the junction of two vel'te
brae, and the viscera piled up in the 
pelvis press down on them. During 
pregnancy the pressure may increase so 
much that the vein is nearly pressed 
shut, making for very poor venous drain
age of the left leg. This is the so-called 
"milk leg" of pregnancy. 

G
OING back to the skeleton, it is clear 

that the two:legged posture places 
a much bigger burden on our feet. They 
have adapted themselves to this by be
coming less of a grasping tool (as in 
the monkeys) and more of a load-dis
tributing mechanism. We have lost the 
opposability of the big toe, shortened the 
other toes and increased the length of 
the rest of the foot. The main tarsal 
bones, which form the heel, ankle joint 
and most of the instep, now account for 
half the total length of the foot, in
stead of only a fifth as in the chimpan
zee. We have also achieved a more solid 
footing by developing two cros!rlvise 
axes, one through the tarsals and the 
other through the main bones of the toes. 
The little-toe side of our foot is relatively 
neglected-the toe is little because it is 
not so useful. Our fallen-arch troubles, 
our bunions, our calluses and our foot 
miseries generally hark back to the fact 
that our feet are not yet healed by 
adaptation and evolutionary selection 
into really efficient units. 

Now let us go to the other extreme-to 
the head. A lot has gone on there, too. 
We have expanded our brain case tre
mendously, and there can be no doubt 
that many of the obstetrical problems of 
Mrs. H. Sapiens are due to the combina
tion of a narrower pelvis and a bigger 
head in the species. How long it will 
take to balance that ratio we have no 
idea. It seems reasonable to assume that 
the human head will not materially 
shrink in size, so the adjustment will 
have to be in the pelvis; i.e., evolution 
should favor women with a broad, roomy 
pelvis. 

If the head has increased in size, the 
reverse is true of the facial skeleton. 
Bone for bone the face has decreased 
in size as we proceed from anthropoid 

-

© 1951 SCIENTIFIC AMERICAN, INC



TRIANGLE OF WEAKNESS in the abdominal wall lies between the epi
gastric artery (C) and the central abdominal muscles. A is the hip; D, 
the pubic bone. B on the line between A and D is the inguinal ligament. 

to man. To put it succinctly, we have a 
face instead of a snout. 

What about the teeth in that face of 
ours? All mammals have four kinds of 
teeth: incisors in front, canines at the 
corner, premolars and molars along the 
sides. With but few exceptions the mam
mals have both a milk set and a per
manent set of teeth. About 100 million 
years ago, or maybe a bit more, the first 
mammals had 66 permanent teeth, of 
which 44 were molars or premolars. 
Most mammals toBay have 44 teeth, in
cluding 28 molars and premolars. But 
man, and the anthropoid, has only 32 
teeth-8 incisors (upper and lower), 4 
canines, 8 premolars and 12 molars. The 
loss has been greatest in molars, next in 
incisors, then in premolars, with the 
canine a veritable Rock of Gibraltar. 

\Vhile the face bones have decreased 
in size, our teeth have remained relative
ly large. Many orthodontists believe that 
this uneven evolutionary development 

may be partly responsible for the maloc
clusion of teeth in children. Certain it is 
that some human teeth are apparently 
on the way out: the 'third molars ('\vis
dom teeth") are likely to be impacted or 
come in at a bad angle, and many people 
never have them at all. Perhaps in an
other million years or so we shall be 
reduced to no more than 20 teeth. 

It is mayhap a form of human con
ceit-the egotism born of a highly 
evolved brain-to worry about our 
bodily imperfections or inadequacies. As 
the philosopher said: 

The world is old and that! art young; 
The world is large and thou art small; 

Cease, atom of a moment's span 
To hold thyself an All-in-All! 

-

Wilton M. Krogman is professor 
of physical anthropology at 
the University of Pennsylvania. 
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ORGANS of the woodroach are shown in this schematic 
drawing. Near the top is the glandular structure, com-

posed of the corpora cardiaca and the corpora allata, 
that controls the growth and development of the insect. 
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THE WOODROACH 
This two-inch variety of the cockroach can be a convenient 

and useful laboratory. ,animal. The effects of experimental 

it may be significant with respect to manlmals operations on 

T
HE laboratory investigator who 
keeps up a battle to rid his rat 
colony of cockroaches may well 

consider giving up the rats and working 
with the cockroaches instead. From 
many points of view the roach is prac
tically made to order as a laboratory 
subject. Here is an animal of frugal 
habits, tenacious of life, eager to live in 
the laboratory and very modest in its 
space requirements. The roach, to be 
sure, is an awkwardly small animal to 
work on, but there are varieties of 
roaches large enough for experiments. 
A particularly useful subject is a species 
named Leucophaea mademe, to which 
the common name woodroach may be 
given from its natural habitat. This giant 
among roaches, nearly two inches long, 
is a native of Africa and is also found 'in 
South America. Our stock colony is de
rived from specimens which originally 
an'ived in the U. S. from South America 
as stowaways in a shipment of laboratory 
monkeys. The wo.odroach was such a 
stranger here that entomologists at first 
had difficulty identifying it. The insect 
quickly made itself at home in the lab
oratory, however, and we soon saw its 
possibilities as an experimental animal. 

The woodroach thrives on an inex
pensive diet of apples, carrots and dog
chow, and it needs no water other than 
that in its food. It breeds readily in the 
laboratory, producing a hatch of 30 to 
35 young every three months, and it is 
unusually long-lived as insects go, with 
a life expectancy of up to two and a half 
years. The woodroach is ovoviviparous: 
that is, the young hatch from the egg at 
the moment they leave the mother. Like 
all insects, the young woodroaches 
(nymphs) grow in spurts; they have an 

average of eight molting periods, with a 
noticeable increase in size after each 
molt. Since roaches belong to the rela
tively primitive class of insects that do 
not pass through a complete metamor
phosis into an adult form (as butterflies 
and moths do), they have no pupal 
stage; they merely acquire a pair of 
wings after the last molt which they do 
not use for flying. 

The tough little creature survives all 

by Berta Scharrer 

manner of experimental treatments. It is 
an ideal subject for surgery, for it needs 
no anesthetic (it keeps perfectly quiet if 
fastened between sheets of soft tissue 
paper) and it is resistant to infection, so 
the operating instruments need not be 
sterilized. 

Experimental studies of roaches can 
tell us a great deal more about higher 
animals than one might suppose. On 
close inspection the organs of an insect 
reveal themselves to be basically much 
like those of higher animals. This should 
not be too surprising, since all animals 
have certain basic functions in common, 
such as the digestion of food and re
sponses to stimuli. The digestive organs 
of the woodroach, like those of higher 
animals, are divided into segments, each 
of which performs a special task. Food is 
stored in the foregut and digested in 
the midgut, the insect's stomach. The 
roach has salivary glands which secrete 
a clear fluid. It has a nervous system that 
controls the proper functioning of these 
organs. Behind rhe roach's brain is a 
small but complex glandular structure 
consisting of two parts, called the corpo
ra cardiaca and the corpora allata. These 
tiny organs, less than a tenth of an inch 
long, are very important to the insect, as 
we shall see. 

HERE, then, is an animal in which we 
can conveniently investigate the 

factors that control some basic bodily 
functions common to all animals, such 
as digestion of food, growth and devel
opment. We can have an almost unlim
ited number of subjects to experiment on 
and can perform an almost limitless va
riety of experiments. So far most of the 
work on the woodroach has been con
cerned with its hormonal and nervous 
systems. 

Insects, like man and other verte
brates, have hormones which correlate 
the activities of the various organs of the 
body. An insect's development to ma
turity is controlled by the interaction of 
two substances-the growth and differ
entiation hormone and the juvenile hor
mone. The first is responsible for the 
insect's molts, its growth in size and the 

changes that produce its wings and other 
adult characteristics. The second acts as 
a checkrein on the first; it holds back any 
metamorphosis of the insect until the 
animal has reached the proper size. 

There is a simple way to find out the 
role of each hormone: just remove the 
gland that produces it. In the wood
roach, though the glands are very small, 
we can do this without too much diffi
culty with the aid of a powerful dissect
ing microscope. Let us see what hap
pens when we remove the corpora alla
ta, one of the hormone-secreting glands 
in the insect's head. We dissect out the 
corpora allata from some wood roach 
nymphs and watch their development. 
The immature insects molt, sprout wings 
and become adults. But they are stunted 
adults; they look in every respect as if 
they did not quite make the grade. They 
are smaller than normal; their wings do 
not cover the entire body as they should; 
they are precocious creatures which give 
every sign of having become adults pre
maturely. And so they have, for the re
moval of the corpora allata deprived 
them of the restraining influence of the 
juvenile hormone, so that the metamor
phosis came before they had reached 
their full growth. 

The corpora allata also play a role in 
adult woodroaches, though it is quite 
different from the function they perform 
in nymphs. This role has to do with the 
production of young. The mother wood
roach, we have noted, has a gestation 
period of three months. Removal of the 
corpora allata from a mother during the 
first week of this period prevents her 
eggs from developing. The yolk destined 
to nourish the embryo fails to appear, 
and certain accessory glands that are 
supposed to furnish a substance needed 
by the embryo do not function properly. 
But the corpora allata are important only 
during the first week or 10 days; once 
the embryos are well started, the gland 
can be removed without harm to them. 

T ET us now consider the organ which 
L is closely associated with the corpo
ra allata-the corpora cardiaca. Like the 
corpora allata, the corpora cardiaca have 
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OPERATING THEATER for the woodroach is heneath 
a dissecting microscope. The insect is taped down and 

surgery performed on it with the instruments heside the 
microscope stage. The vessel at center is a light filter. 

long been suspeeted to produce hor
mones. When we remove this organ from 
insects, however, we get a disappointing 
and mystifying result: the insects seem 
to get along all right without it. What 

could be the function of the corpora 
cardiaca? An examination of the head 
glands of the woodroach under the mi
croscope offered a clue. The corpora 
cardiaca are intimately associated with 

certain peculiar cells that occur in the 
brain. These cells, called neurosecretory, 
are both nerve cells and gland cells; they 
are known to secrete hormones. The cor
pora cardiaca of the woodroach contain 

REMOVAL OF GLAND affects the development of the 
woodroach. At left is a normal adult woodroach. In cen-

tel' is a premature adult resulting from the removal of 
the corpora allata. At right is a nymph at the same stage. 
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glandular material of the same kind as 
the neurosecretory cells of the brain. Ap
paJ'ently this material "migrates" along a 
nervous pathway from the neurosecre
tory part of the brain to the adjacent 
corpora cardiaca, where it seems to be 
stored in considerable quantity. It looks, 
therefore, as if the corpora cardiaca serve 
as a storehouse for the brain-cell hor
mones. 

This interpretation clears up several 
otherwise puzzling questions. For one 
thing, it explains why removal of the 
corpora cardiaca produces no drastic 
changes; the insects can get along with
out the reservoir of hormones because 
they continue to receive a supply of the 
same hormones from the source in the 
brain. So far as can be determined, the 
corpora cardiaca hormones perform ex
actly the same tasks as the brain hor
mones; i.e., they control an insect's de
velopment, its color adaptation and the 
maturation of its eggs. What makes the 
reservoir hypothesis particularly attrac
tive is that it matches a very similar situ
ation in higher vertebrates. For many 
years it was thought that the posterior 
lobe of the pituitary gland in man and 
other mammals secreted its own hor
mones. But investigators have been puz
zled by the fact that these hormones are 
indistinguishable from hormones se
creted by the brain. There is now good 
evidence that the hormones in the pitui
tary's posterior lobe are only stored there 
and actually come from the neurosecre
tory portion of the brain, by a nervous 
route such as that taken by the brain 
hormones in insects. This new turn in 
our knowledge of the origin and trans
port of hormones opens up many prom
ising avenues for further research. We 
are quite aware that the theory still re
quires more proof, but it serves to show 
how fruitful the investigation of insects 
can be, as far removed from mammals 
as they are. 

THE wood roach has made another 
very significant contribution to our 

knowledge, this one having to do with 
cancer. As so often in research work, it 
all started as an accidental observation. 
'We found that when both the corpora 
a11ata and the corpora cardiaca were re
moved, the roaches often developed tu
mors in distant parts of the body. The 
part attacked most frequently was the 
stomach, but tumors also arose in the 
forward part of the gut and in the sal
ivary glands. Many of the tumors gave 
all the signs of malignant cancer: they 
grew with great speed, invaded healthy 
tissues and as a rule led to the death of 
the animal. 

vVe assumed at first that the cause of 
these pathological growths was a hor
monal imbalance, resulting from the re
moval of the secreting glands. It is well 
known that interference with the bal
ance of hormones in mammals can pro-
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duce tumors. But we soon discovered 
that hormone deficiency was not respon
sible for the roaches' tumors; they de
veloped such growths even when they 
were supplied with hormones by grafts 
of tissue to replace the removed corpora 
allata. Apparently it' was the surgery 
itself-some accidental injury connected 
with the rerr.oval of the gland-that 
caused the iasects to deyelop tumors. 

On investigaticn the injury responsi
ble for the tu nors turned out, quite 
unexpectedly, to be the cutting of a 
nerve. The nerve in question, called the 
recurrent nerve, is so intimately con
nected with the head glands of the 
woodroach that it is impossible to re
move them without cutting it. That the 
insects' tumors were due to the sever
ing of this nerve was proved beyond 
question; when the recurrent nerve is 
cut with fine scissors without injury to 
the head glands, about 75 per cent of 
the roaches so operated on develop tu
morous growths. Moreover, the tumors 
grow only in organs controlled by the 
recurrent nerve. 

The reason this finding was so unex
pected is that it was the first time tumors 
had been induced in an animal by an in
jury to the nervous. system. Radiations, 
hormones, chemicals of various kinds
all these have been proved to produce 
cancers in experimental animals, but 
never before have the nerves been clear
ly and directly implicated, although 
nervous disturbances have been sus
pected to contribute to tumors in con
nection with other factors. The wood
roach experiments now invite further in
quiry into oossible nervous factors in 
cancers of higher animals. 

A follow-up study of the tumors in 
roaches has already yielded some inter
esting results. For example, female 
roaches are more vdnerable to tumors 
(i.e., die sooner) than males. But when 
the sex organs of males and females are 
removed, the difference in survival rates 
disappears. This suggests that the wood
roach has sex hormones. Whether or not 
such hormones are present in any insect 
has long been a debated question; the 
woodroach offers a start toward settling 
it. 

THERE may well be other fields in 
which the woodroach could prove 

valuable as a tool for experimentation. 
It may join the fruit Hy, the silkworm, 
the Hour beetle and other laboratory 
favorites from the insect world as a sub
ject for studies in genetics, endocrinolo
gy and biochemistry. Dogs, guinea pigs 
and rats, valm.ble as they are, do not tell 
the whole story of animal biology, and 
the insects can contribute in their own 
ways to filling gaps in the story. 

-

Berta Scharrer is assistant professor 
of research in the Department of Anat
omy of the University of Colorado. 
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What GENERAL ELECTRIC People Are Saying 
E. E. CHARLTON 

Research Laboratory 

STERILIZING FOODS AND DRUGS 

WITH ELECTRONS: Probably the 
most promising and imminent ap
plication of high energy cathode 
rays is in the field of sterilization. 
Studies to determine the lethal 
effect of cathode rays on various 
types of bacteria and mold cultures 
indicate that the spore formers of 
the bacteria are more resistant than 
the non-spore formers, and that the 
bacteria are more resistant than the 
mold cultures. Likewise, some pre
liminary data with viruses indicate 
that they are still more resistant 
than the bacteria. A dose of a million 
roentgens was found to be lethal to 
bacteria concentration of approxi
mately 108 per cc, while approxi
mately 0_3 million roentgen was the 
lethal dose for molds. 

The lethal effect produced by the 
irradiation in the case of bacteria 
has been attributed to the result of 
a single ionization in a sensitive 
volume within the cell. 

Sterilization without appreciable 
temperature rise is what makes the 
application of cathode rays to steri
lization an attractive one and in 
particular, for use in those cases of 
temperature sensitive materials. It 
appears that many types of heat 
sensitive pharmaceuticals such as 
antibiotics and hormones can be 
electron sterilized in their final glass 
or plastic containers without reduc
tion in potency of the material or 
other adverse effects. 

4th District Branch 
Medical Society oj the 

State oj New York 
September 20, 1951 

* 
R. P. HAVILAND 

Large Apparatus Division 

"BUMPER," TWO-STAGE ROCKET 

PROGRA�I: In an effort to more 
nearly realize the full advantages 
of a multi-stage design, in 1946 the 
Army Ordnance Department de
cided to embark upon a program of 
design and development of a two
stage test vehicle of better perform
ance than any vehicle then avail
able. 

A co-operative program, called 
"Bumper," was established. Basic 
responsibility for the program was 
assigned to General Electric's Proj
ect Hermes. 

The vehicles selected were the 
American WAC Corporal for the 
second stage, and the German A-4 
(V-2) for the first stage. 

So far, the Bumper Program has: 
(1) demonstrated the techniques of 
launching large two-stage vehicles 
and of securing separation at high 
velocities and altitudes: (2) estab
lished a new velocity record of 7550 
feet per second, or 5150 miles per 
hour; (3) established a new altitude 
record of 250 miles above the earth; 
and (4) demonstrated two-wav com
munication with an object 250 miles 
above the earth-this being above 
the D, E, and F layers of the iono
sphere. 

Electrical Club oj 
Montreal, Canada 

October 24, 1951 

* 
H. M. ROZENDAAL, M.D. 

Research LaboratO/y 

NEw INDUSTRIAL HAZARDS: A review 
of the literature on health aspects of 
the Atomic Energy industry indi
cates the enormous scope of the 
problems involved. The experience 
of the last 10 years makes it clear 
that a new industry has been devel
oped which is already larger than 
most other industries in the United 
States and tne operation and prod
ucts have many significant effects 
upon workers and general public. 

In the Atomic Energy installa
tions there have been developed 
Health Physics branches which to
gether with the medical and safety 
groups have been ,responsible for 
the exceptionally fine record of safe 
operations in the new industry. 

Since 1946 there have been 5 
radiation injuries. Considedng the 
number of people employed in the 

new industry and the types of 
hazards encountered, this is a re
markable record of accident prcven
tion. The execution of this progt·am 
of radiation protection has cost thc 
A.E.C. between $3 and $4 oJ evet·v 
$100 spent for operations. There {s 
reason to believe that experiencc 
and new knowledge may deCt"ease 
this cost and possibly prod uce 
greater operation efficiency. 

13th Ohio State Saje�y Conjerence 
Cleveland, Ohio 

September 18, 1951 

* 

M. M. BORING 

Technical Personnel 

TOMORROW
'

S ENGINE8RS: I consider 
you who work in our offices and 
laboratories the most important 
group I can possibly reach ... I am 
asking you to make your voices 
heart! by those who are coming up 
througb our schools so that they 
will not dcny themselves the ad
vantages of an engineering career 
because of the ridiculons belief that 
engineers are a dime a dozcn. 

Hut how? :Many of you are mem
bers of engineering socleties and can 
take action in your communities 
by presenting facts to school guid
ance counselors and teachers and 
speaking before assemblies and 
classes. Many of you as parents and 
members of PT As can tell your 
story effectively. Don't sell the 
parent short in your thinking, for 
the records prove that many careers 
are the fulfillment of parents' 
wishes that their children become 
happy and successful. 

Use your facilities. You have the 
facts. Surround those facts with the 
romance of the profession-the 
challenging problems and the bril
lian t solutions-and drive for action. 

General Electric MONOGRAM 
November-December 1951 

'If(Ut, caH. put � O�eHce ;11.-

GENERAL " ELECTRIC 
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Weather Instruments 
The variable 

of the 

temperature, pressure, moisture and movement 

atmosphere are sensed by devices that have evolved 

from the rain gauge and the wind vane to rockets and radar 

MAN was a fairly expert weather 
observer long before he ever 
heard of thermometers or barom

eters. The jut-jawed men who roamed 
the forests of Europe 25,000 years ago 
probably were able to read the skies with 
a knowing weather eye, and civilized 
man has been recording shrewd obser
vations on the weather ever since he be
gan to write. From Hesiod of the eighth 
century B.C., the earliest Greek recorder 
of weather lore, we get such maxims as 
this: "Take heed what time thou hearest 
the voice of the crane from the high 
clouds uttering her yearly cry, which 
bringeth the sign for plowing and show
eth forth the season of rainy weather, 
and biteth the heart of him that hath no 

by David I. Blumenstock 

oxen." In the logs from old sailing ships 
are excellent accounts of the winds and 
weathers of the seven seas: hurricanes 
off the Bahamas, winds ripping through 
the Straits of Magellan, arctic cold that 
froze the briny spray in the scuppers. 
The most skilled weather observers, of 
course, were the sailors and farmers, and 
they have given us a vast folklore of use
ful weather proverbs, such as the one 
that goes: "Red sky at night, sailors' de
light; Red sky at morning, sailors take 
warning." 

As far as visual observations go, the 
modern weatherman is no more skilled 
than the ancient farmers and sailors. 
Visual observations are still important in 
sizing up the weather, for they provide 

INSTRUMENT SHELTER of an Ail' Weather Service installation houses a 
maximum-minimum thermometer, a barograph and a wet-bulb thermometer. 
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an indispensable total picture-the gen
eral plot of the ever-changing weather 
story. But to follow that story in detail, 
to read the paragraphs and sentences 
and words, one must look to the infor
mation provided by weather instru
ments. The giant forward strides in our 
understanding of weather during the 
past three centuries are largely attrib
utable to the development of weather 
instruments that are used in conjunction 
with visual observations. 

The oldest of all weather instruments 
is the rain gauge. No one knows where 
or when man first used one, but it must 
ha ve existed in simple form in earliest 
historical times. A rain gauge is merely 
a receptacle for catching and measuring 
rainfall. Any closed container such as a 
jar or can will do. One can imagine that 
early man may have referred to rainfall 
amounts in terms of "a large jarful," "a 
small jarful" or "half a jar." 

The simplest modern rain gauge 
catches the rain in a wide-mouthed fun
nel leading to a cylindrical tube beneath. 
Usually the mouth of the funnel is ex
actly 10 times as large in cross section as 
the cylinder, so that a fall of one-tenth 
of an inch of rain will fill the cylinder to 
a depth of one inch. This lO-fold amplifi
cation of the rain depth makes it easier 
to measure the fall accurately. Refined 
versions of the gauge have shields to 
prevent evaporation or scattering of the 
collected raindrops and devices for pre
cise, automatic measurement of the col
lection. Some weigh the water; others 
drop it into a tiny, carefully balanced 
bucket which dumps its collected catch 
as soon as one-hundredth of an inch of 
fall has accumulated. Rain gauges are 
used to measure snowfall as well as rain
fall. The collected snow is melted and 
the melt is then weighed to determine 
its rain equivalent. Snow varies greatly 
in moisture yield: a light, fluffy snow 
may yield only one inch of melt for 15 
inches of fall, whereas a dense, well
packed fall may produce an inch of melt 
from six inches of snow. 

Another simple instrument, probably 
at least as old as the rain gauge, is the 
wind vane. Since wind direction has an 
important bearing on the weather, the 
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RADIOSONDE (left) is borne aloft by a balloon at an 
Air Weather Service installation. Between the radio-

sonde and the balloon are a parachute and a reflector 
to aid in the tracking of the halloon hy means of radar. 
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earliest peoples must have used some 
kind of vane, even if only a free-pivoting 
reed attached to the top of a pole. The 
wind vane of course is still standard 
equipment on practically every farmer's 
barn. 

THE more sophisticated weather in
struments, notably the thermometer 

and the barometer, were not invented 
until the beginning of the age of modern 
science in the 17th century. The inventor 
of the thermometer was the great as
tronomer and physical scientist Galileo 
Galilei. Galileo's thermometer consisted 
of a U-tube sealed at the top of one arm 
and partly filled with water. The water, 
poured in the open end, trapped some 
air at the top of the sealed arm. When 
the temperature rose, the trapped air ex
panded and pushed the water down; 
when the temperature fell, the air con
tracted and the water rose. The volume 
occupied by the trapped air, as indicated 
by the water level, was a measure of the 
temperature. 

Galileo's was a so-called gas thermom
eter; nowadays our thermometers usu
ally measure the contraction and expan
sion of a liquid, such as mercury or 
alcohol, rather than air. We also have 
instruments based on the expansion and 
contraction of solids, like the bimetallic 
strips in recording thermometers. For 
really precise measurement, however, we 
have available a new type of thermome
ter which is based not on the expansion
contraction principle but on electrical 
resistance. When the temperature of a 
substance changes, its resistance to an 
electric current also changes. If a high
voltage current is passed continuously 
through a ceramic bead, the variations in 
current voltage serve as a measure of the 
variations in the temperature of the 
bead. Such resistance elements are used 
in recording thermometers for scientific 
experiments. 

The barometer was invented soon 
after the thermometer; its inventor, in
deed, was Galileo's secretary, Evangelis
ta TOITicelli. It involved a far more 
sophisticated concept than the idea of 
the thermometer. Galileo and his con
temporaries realized that the atmosphere 
had weight; they had also been struck 
by the fact that a suction pump could 
not siphon water any higher than about 
34 feet above ground level. But they had 
failed to see the connection between 
these two facts. TOITice11i was the first 
to suspect that they were related; i.e., 
that a column of water 34 feet high 
balanced the weight of the atmosphere. 
He set out to test this deduction. To re
duce the balance to reasonable propor
tions, he used a column of mercury in
stead of water, mercury being 13 and a 
half times as heavy as water. His appa
ratus was a mercury-filled U-tube with 
one arm sealed at the top and the other 
open. The column of mercury in the 
sealed arm was one pan of his balance 

Rain gauge 

and the column of atmosphere pressing 
down on the surface of the mercury in 
the open arm was the other. He found 
that the atmosphere supported a column 
of mercury some 29 inches high. 

Torricelli at first explained the mer
cury's behavior on the basis of Aristotle's 
theory that "nature abhors a vacuum." 
But then he noted that the height of the 
mercury varied from day to day. Reason
ing that "nature would not, as a flirta
tious girl, have a different horror V(lClti 
on different days," he discarded Aris
totle's notion and concluded that the var
iations in the mercury's height must be 
due to changes in atmospheric pressure. 

THIS discovery was the beginning of 
modern meteorology. Within a very 

few years observers came to realize that 
high air pressure was generally asso
ciated with fair weather and low air 
pressure with unsettled weather. Torri
celli's barometer became known as a 
"weather glass." About 1670 the English 
scientist Robert Hooke invented the 
wheel barometer, consisting of a U-tube 
mercury barometer to which was at
tached a dial face with a pointer that 
turned as the barometer rose or fell. 
Then the term "weather glass" assumed 
even more explicit meaning, for the read
ings on the dial were translated into ex
pressions such as "Very Dry," "Fair," 
"Rain" and "Stormy." For the first time 
an instrument directly related to weather 
forecasting had come into use. 

Actually the relationship between 
weather and barometric pressure is not 
nearly so strict as the first users of the 
weather glass believed. Only at the ex
tremes does the pressure predict the 
weather with a good degree of reliability. 
In low latitudes a falling glass with the 
pressure descending below 28 inches 
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nearly always means that a hurricane is 
approaching. At all latitudes a rising 
glass with the pressure ascending above 
30.5 inches nearly always means dry 
weather. But between these two ex
tremes there is considerable variability. 

The mercury barometer in common 
use today has a straight glass tube rest
ing in a well of mercury. Like the ther
mometer, the barometer has developed 
into various species. One is the aneroid 
barometer. It consists of a metal cup 
partly exhausted of air and covered with 
a flexible metal plate. As the outside air 
pressure increases, it pushes inward on 
the plate. This change of position is com
municated to a dial pointer through a 
series of gears and springs. 

By 1650 the weather observer had 
available four major instruments: the 
rain gauge, wind vane, thermometer and 
barometer. In 1668 Hooke added the 
anemometer for determining wind 
speed. Hooke's anemometer consisted of 
a plate attached to an arm that was free 
to pivot upward against a spring. When 
the plate was held into the wind, the 
force of the moving air pushed the plate 
upward. The amount of the upward 
swing was a measure of the wind speed. 
Today the cup anemometer and the 
pressure-tube anemometer have re
placed the Hooke type. The cup ane
mometer is simply a wheel with spokes 
but no rim; cups attached to the ends of 
the spokes catch the wind and spin the 
wheel around at a rate proportional to 
the wind speed. The pressure-tube ane
mometer has an open-ended tube 
mounted on a wind vane. The tube piv
ots to face constantly into the wind, and 
a pressure gauge inside measures the 
wind's force, or speed. 

Wind speeds are conventionally reck
oned on a scale that was worked out in 
1806 by Admiral Sir Francis Beaufort of 
the British Navy. He based the units on 
the effects of the wind's force on a typi
cal British man-of-war. Thus a wind of 
such force as to drive a "well-condi
tioned man-of-war" under all sail and 
clean full," at the rate of one to two knots 
in smooth water was called a "light 
breeze" and assigned the number 1 on 
the Beaufort scale. The scale runs from 
0, corresponding to "calm," to 12, for a 
"hurricane"-a wind to which the British 
man-of-war "could show no canvas." 
Today the scale is used on the weather 
maps of the U. S. and many other coun
tries. The wind-force values on land 
have been related to the behavior of 
smoke, trees, dust, loose paper and other 
familiar objects. A wind that raises dust 
and bits of paper or small dead leaves 
and stirs the smaller branches of a tree 
is "gentle," Force 4, and is blowing at 8 
to 12 miles per hour. If the wind bends 
small trees, sways the largest branches 
of big trees and makes telegraph wires 
sing, it is a "moderate gale," blowing at 
Force 7 and 25 to 31 m.p.h. A "strong 
gale," rated Force 9, is a wind that blows 

at 47 to 54 m.p.h. At sea the various 
wind velocities are reckoned from the 
state of the water surface. 

AFTER Hooke's invention of the ane
.L-l. mometer, there remained just one 
more major instrument to be added to 
the surface weather observatory. What 
was required was an instrument for 
measuring the water content of the at
mosphere. About the middle of the 18th 
century it appeared in the shape of the 
wet-bulb thermometer. Its inventor is 
believed to have been James Hutton, the 
famous Scottish geologist. The wet-bulb 
thermometer is based on the simple and 
ingenious idea of calculating the mois
ture content of the air from the rate of 
evaporation of a moist cloth exposed to 
it. The moist cloth is wrapped around a 
thermometer bulb. Evaporation, which 
takes heat, cools the cloth and the bulb. 
Consequently the temperature recorded 
on the thermometer is a measure of the 
amount of evaporation that is taking 
place and hence of the degree of satura
tion of the atmosphere. The cloth around 
the bulb is kept moist by having an end 
constantly dipped in a well of water. To 
prevent the instrument from becoming 
blanketed by a layer of air full of mois
ture from the evaporating cloth, the 
thermometer is either whirled around 
or equipped with a fan so that it is 
always exposed to fresh air. An ordinary 
thermometer mounted beside the wet
bulb thermometer gives comparative 
readings that permit ready calculation of 
the relative humidity of the air. 

Another instrument for measuring 
humidity is the hair hygrometer; it has 
the advantage that it can make a con
tinuous record of humidity changes. A 
hair lengthens when the humidity in
creases and shortens when the humidity 
decreases. Human hair, particularly 
blond hair, is the most reliable. The hair 
is attached by a series of levers to a 
recording arm with a pen point which 
traces a line on paper on a rotating 
drum; the arm moves up and down as 
the hair lengthens and shortens. 

The meteorologist's equipment today 
includes other instruments for recording 
the speed and direction of clouds, the 
intensity of sunlight, the height of the 
cloud ceiling, the spectrum of sunlight, 
the faint light given off by the night sky, 
the intensity of the atmosphere's elec
trical field and a host of other special 
details. 

VERY early after the scientific study 
of weather began, it became obvious 

that observations at ground level told 
only a small part of the weather story. 
Above and beyond the surface air lies a 
vast atmospheric ocean where major 
trends in our weather are often deter
mined. The exploration of that ocean 
began one day in 1749. 

About the middle of July in that year, 
on a morning unusually bright and clear 
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for that place and season, two scholarly 
looking gentlemen laden with some 
special homemade paraphernalia ap
peared in an open field in the Camlachie 
district of Glasgow, Scotland. They were 
attended by a crowd of curious town
folk, who had heard that an unprec
edented experiment was to take place. 
The two men, Professor Alexander Wil
son of the University of Glasgow and a 
helper named Thomas Melvill, un
furled a chain of six paper kites from 
four to seven feet long. From the leading 
kites in the string hung thermometers, 
each with a paper tassel attached, Before 
launching the chain of kites the professor 
and his helper ignited th� waxy cords by 
which the thermometers were sus
pended, By the time the kite chain had 
risen to its maximum height at the end 
of the kite rope, the cords burned 
through and the thermometers fell to 
earth, their fall being broken by the 
paper tassels acting as parachutes. While 
Melvill held the kite rope, Professor 
Wilson raced across the field and picked 
up the thermometers as quickly as possi
ble to note their readings before they 
changed to the ground-level tempera
ture. In this manner Wilson made tem
perature soundings of the atmosphere 
to a height of several hundred feet. 

Wilson continued his kite experiments 
throughout the summer. They attracted 
great intercst. Many scientists had taken 
temperature and pressure readings at 
high altitudes on mountains, but Wilson 
was the first to obtain observations from 
the free upper air-unaffected by close 
contact with the ground. 

For over 30 years the kite remained 
the only equipment for sounding the free 
atmosphere. Then on October 15, 1783, 
Jean Frangois Pili:ltre de Rozier of Metz 
made the first ascent in a balloon (filled 
with warmed air), and a few months 
later J. A. C. Charles rose much higher 
in an improved balloon, filled with hy
drogen, Soon balloons were a common 
sight in the skies over London, Paris, St. 
Petersburg and many other cities. 

Scientists were quick to take advan
tage of this means for making observa
tions in the upper atmosphere, The year 

Pressure-plate anemometer 

after Charles' ascent from Paris, the 
British physician John Jeffries and the 
French aeronaut Frangois Blanchard 
(inventor of the parachute) made bal
loon observations of pressure and tem
perature and brought down samples of 
air for chemical analysis. By 1804 
J. L. Gay-Lussac and J. B. Biot of France 
had got up to 23,000 feet and found 
the temperature there to be only 14,9 
degrees Fahrenheit. In the following 
decades many other meteorological 
ascents were made, but the enthusiasm 
of the scientist-balloonists was suddenly 
checked when, on a spring day in 1875, 
two men of a crew of three died of lack 
of oxygen in an ascent to 27,950 feet. 

This disaster prompted the French
men Gustave Hermite and Georges 
Besangon to design an unmanned bal
loon for meteorological soundings, After 
years of work they successfully tested 
the first "balloon sonde" in November, 
1892, Filled with hydrogen, it rose sever
al hundred feet in the air and then burst, 
as it was designed to do, and floated 
down by parachute to deposit its 
weather instruments undamaged on the 
ground. 

THE sounding balloon quickly be
came a standard weather equipment 

and remains so to this day. Balloons now 
probe the atmosphere to heights of 100,-
000 feet or more, Tracked by radar or 
by the telescopic theodolite, they meas
ure the speed of the winds at high alti
tudes, For measurements of pressure, 
temperature and humidity the favorite 
instrument is the radiosonde, a balloon
borne apparatus containing a radio 
transmitter which sends back signals 
giving the temperature, humidity and 
pressure values at regular intervals. The 
instruments that feed this information 
to the transmitter are tiny elements of 
ingenious design-a bimetallic strip for 
measuring temperature, a metal aneroid 
barometer and a coated metal measuring 
device whose electrical resistance varies 
with the humidity. 

A new variation of the radiosonde is 
the dropsonde; this one goes down in
stead of up. It is dropped from a plane 
in flight and sends back radio signals 
to report on weather conditions between 
the plane and the earth's surface, thou
sands of feet below. This device is stand
ard equipment,on weather planes of the 
U, S. Air Force, which also carry a com
plete battery of other weather instru
ments; they are actually fully equipped 
flying weather stations. 

Another innovation of recent years is 
the automatic weather station, One was 
installed on a reef in the Coral Sea dur
ing the war. Powered by a gasoline en
gine, it automatically broadcast twice 
a day the air pressure, wind direction 
and speed and temperature at that loca
tion, Some day automatic weather sta
tions such as this may broadcast weather 
observations from remote, inaccessible 
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regions of the world, such as the Upper 
Amazon Basin, the Arctic and Antarctic, 
the Tibetan Highlands and mountain 
peaks far removed from civilization. 

Probably the most spectacular and un
canny of the new weather instruments is 
the "rain scope." During their early 
studies of radar in the late 1930s the 
British noticed that images sometimes 
showed up on the radar screen when 
there was no plane in tJle sky nor any 
other obvious. target to account for the 
echoes. They eventually determined that 
the mysterious echoes were produced 
by raindrops or large flakes of snow. 
During the war special studies of the 
effects of the atmosphere on radar 
beams were made both in Britain and 
at the M.LT. Radiation Laboratory in 
the U. S. It was discovered that radar, 
particularly at certain frequencies, could 
pick up not only raindrops and snow but 
also layers of air of contrasting tempera
ture or moisture content-in other words, 
cold fronts and clouds. 

Nothing much was done to apply 
these findings to weather work until 
Colonel J. T. Wilson of Canada decided 
in 1944 to use radar as a rain-detection 
instrument. Wilson's tests were phe
nomenally successful. On the circular, 
maplike face of the radar scope one 
could actually "see" a cold front moving 
in from the northwest 160 miles away. 
First there appeared at the edge of the 
scope a mass of echoes as from raindrops. 
In the next few hours the boundary of 
the storm moved slowly inward toward 
the center of the scope, which marked 
the location of the observing station. Al
most to the minute, when the line 
touched the scope center the patter of 

Mercury barometer 
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flair hygrometer 
rain could be heard on the roof of the 
radar shack overhead. Here was a 
weather instrument that gave a pano
ramic view of the rainfall over a wide 
area. It permitted the tracking of large 
storms with previously unthought-of 
precision. 

Radar storm-detection has already 
come into use at a few major weather 
stations in the U. S. The Army Signal 
Corps radar at Orlando, Fla., detects 
hurricanes while they are still far out at 
sea. At other stations radar tracks ap
proaching fronts and thunderstorms. 
Heavy rainstorms can be predicted to 
the hour, sometimes to the minute. Un
fortunatelv a radar storm-detection unit 
is expens{ve to build, difficult to main
tain and requires skilled operators-so 
such units are not yet in common use. 

THE question of how our weather is 
influenced by events in the atmos

phere above 20 miles is still to be ex
plored. We do know that winds in the 
upper atmosphere sometimes steer our 
major storms. For example, during the 
hurricane that swept up the Atlantic 200 
miles off Cape Hatteras on October 17 
this year, weather forecasters observed 
that a long, narrow zone of ultra-speedy 
winds was blowing from southwest to 
northeast high above the storm and on 
either side of it. They predicted that 
the hurricane would move northeast, and 
it did, in fact, take the course they had 
predicted. 

Rockets carrying special recording in
struments are now probing the atmos
phere to heights of a hundred miles and 
more over the U. S. Because this is still 
a military project, little is known about 
the results of the experiments. It is cer
tain, however, that as we learn more 
about what is going on in the upper at
mosphere hundreds of miles above the 
earth's surface, we shall come to under
stand our weather a great deal better. 

• 

David I. Blumenstock, meteorologist, 
was the author of The Upper Atmos
phere, which appeamd in the Janll
ary, 1949, isslIe of this magaZine. 
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SINCLAIR RESEARCH LABORATORIES-nine buildings containing the 
mo�t modern testing equipment known-have contributed many of 
today's most important developments in petroleum products, pro-

duction and refining. Under the Sinclair Plan, the available capacity 
of these great laboratories is being turned over to work on the 
promising ideas of independent inventors everywhere. 

An Offer of Research Facilities 

to Inventive Americans Who Need Them 

The Sinclair Plan is opening up the CDmpany's great laboratories 

to every American who has an idea for a better petroleum product 

INVENTtVE Americans are often at a loss 
today. Not because of any lack of ideas, 

but because of a need for expensive facilities 
to find out if and how their ideas work. 

This was no obstacle in our earlier days. 
The Wright Brothers designed their first air
plane with the help of a foot-square home
made "wind box"-and the plane flew. 

In contrast, the man with a new idea in 
airplane design today often needs a super
sonic wind tunnel costing millions. 

I n short, science and invention have be
come so complex that a man with an idea 
for a better product often needs the assistance 
of an army of specialists and millions worth 
of equipment to prove his idea has value. 

Within the petroleum field, the Sinclair 
Plan now offers to provide that assistance. 

Under this Plan, Sinclair is opening up 
its great research laboratories at Harvey, 
Illinois, to independent inventors who have 

sufficiently good ideas for better petroleum 
products or for new applications of petro
leum products. 

If you have an idea of this kind, you are 
invited to submit it to the Sinclair Research 
Laboratories, with the provision that each 
idea must first be protected, in your own 
interest, by a patent application, or a patent. 

The inventor's idea remains his own property 
If the directors of the laboratories select your 
idea for development, they will make, in 
most cases, a very simple arrangement with 
you: In return for the laboratories' invest
ment of time, facilities, money and personnel, 
Sinclair will receive the privilege of using the 
idea for its own companies, free from royal
ties. This in no way hinders the inventor 
from selling his idea to any of the hundreds 
of other oil companies for whatever he can 
get. Under the Plan, Sinclair has no control 

over the inventor's sale of his idea to others, 
and has no participation in any of the 
inventor's profits through such dealings. 
Moreover, it is a competitive characteristic 
of the ail business that the new products 
adopted by one company are almost invar
iably adopted by the whole industry. This 
means that the very fact of his agreement 
with Sinclair should open up to the inventor 
commercial opportunities which might 
otherwise be hard to find. 

H ow to proceed,' Instructions on how 
to submit ideas under the Sinclair Plan are 
contained in an Inventor's Booklet available 
on request. Write to: W. M. Flowers, Execu
tive Vice-President, Sinclair Research Labo
ratories, Inc., 600 Fifth Avenue, New York 
20, N. Y. for your copy. 

IMPORTANT: Please do not send in any ideas 
IIntil YOIl have sent for and received the 
instrllctions. 

SINCLAIR-A Great Name in Oil 
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by James R. Newman 

T
wo Christmas seasons ago this de
partment reviewed an extensive list 
of children's books abont science, 

attempting to give the reader some no
tion of the trends and the books available 
in this special literature. The present re
view brings the list up to date, dealing 
with the children's science books that 
have appeared since 1949. 

The quality of popularizations of sci
ence for children continues to be only 
fairly satisfactory. Few, if any, of the 
recent books are outstanding. The books 
available for 6- to 12-year-olds are better 
than those for adolescents. Generally the 
pictures exhibit more ingenuity and im
agination than the text. Prices naturally 
have risen; now and then you will find 
a bargain, but the book with meager 
text and nondescript illustration that 
costs about $2.00 is all too common. 
The discriminating adult reader has had 
fe\v occasions to celebrate the literary 
output offered him during the past two 
years; the children's list is much the 
same. Nonetheless the parent with a 
youngster interested in science is sure 
to find a number of instructive and 
agreeable books in this assortment. 

Physical Sciences 

ATOMS AT WORK, by George P. Bis
chof. Harcourt, Brace and Company 
($2.25). Where others have failed, Mr. 
Bischof, a teacher at the Brooklyn Tech
nical High School, has succeeded admi
rably in telling the story of atoms and 
molecules for children of 10 to 14. He 
has the knack of effective analogy, writes 
unpretentiously, avoids the flesh-creep
ing and gee-whiz techniques, empha
sizes the constructive uses of atomic 
energy. His discussion of electriCity and 
the nuclear basis of chemistry is excep
tionally good. A modest book and to my 
knowledge the best of its kind. 

WORLDS IN THE SKY, by Carroll Lane 
Fenton and Mildred Adams Fenton. The 
John Day Company ($2.50). A readable 
book for 9 to ISs about stars, planets, 
comets, meteors and galaxies. The illus
trations are disappointing, but they are 
clear and serve to help the story along. 

OBSERVING THE HEAVENS, by Peter 
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CHILDREN'S BOOKS 
Concerning the popularization of science 
for younger readers: a Christmas survey 

Hood. Oxford University Press ($1.75). 
The first volume in the new Oxford 
Visual Series. A handsome colored fron
tispiece reproduces a chart of the North
ern heavens engraved in the time of 
Queen Elizabeth, and there is informa
tion on telescope making and the fea
tures of the heavens, directed mainly to 
the amateur observer. An adolescent 
possessed of considerable skill might be 
able to build his own telescope by fol
lowing Hood's directions ar.:! then make 

. use of the book as an observing guide. 
On the whole, however, the book struck 
this reviewer as unimpressive. Its page 
layout and typography are likely to re
pel all but those rare children with a 
passion for self-improvement. 

PICTURE BOOK OF CHEMISTHY, by 
Jerome S. Meyer. Lothrop, Lee & Shep
ard Co., Inc. ($2.00). The fifth in a 
series of science picture-books written 
by Mr. Meyer and illustrated by Richard 
Floethe. Earlier volumes dealt with the 
weather, astronomy, atoms and mole
cules and the earth. They are plainly 
written, accurate and mildly entertain
ing. Children in the 9-to-IS group should 
find them digestible. 

FIRST CHEMISTRY BOOK FOR Boys AND 
GmLs, by Alfred Morgan. Charles Scrib
ner's Sons ($2.75). Simple experiments 
that teen-agers can perform with ordi
nary household objects, thus learning 
chemistry without incinerating them
selves and impoverishing their parents. 
The exercises include producing crystals, 
dissociating water, testing for starch, 
acids and bases, removing iodine stains, 
softening hard water, secret writing, 
precipitation, electrolyzing salt, making 
soap. Illustrations. 

A FmsT ELECTRICAL BOOK FOR Boys, 
by Alfred Morgan. Charles Scribner's 
Sons ($S.OO). The revised edition (in
cluding a new chapter on electronics, 
radar and television) of a book for 
adolescents containing historical, theo
retical and practical information on 
everything from accumulators to X-rays. 
Mr. Morgan is an experienced popular
izer, and the many excellent diagrams 
enhance the value 01 this introduction, 
especially for a youngster with experi
mental inclinations. 

PATTERNS IN THE SKY, by W. Maxwell 
Reed. William Morrow & Company 
($2.50). The story of the constellations, 

written, the author says, in response to 
the repeated requests of "friends of all 
ages." In the opinion of this reviewer he 
should have referred them to other 
books. This one is a rehash and dull. 

EVERYDAY WEATHER AND How -IT 

WORKS, by Herman Schneider. Whittle
sey House ($2.75). Step by step Mr. 
Schneider builds up a thoroughly com
prehensible picture of what makes the 
weather and explains how to use maps 
and to make a home weather-forecasting 
station. Directly written, offering a con
siderable number of simple, admirably 
instructive experiments, and strongly 
supported by several hundred of Jeanne 
Bendick's illustrations, this is the best of 
the primers on the subject. For children 
of 10 (with a little help) and up-and by 
no means to be spurned by adults. 

You AMONG THE STARS, by Herman 
and Nina Schneider. William R. Scott, 
Inc. ($2.25). A book that says well what 
it has to say but should say more. Its 
analogies explaining compound motions 
and other elusive matters are ingenious, 
but the concept of gravity, which is one 
of the central themes of the account, is 
left as a large indigestible lump for the 
young reader to assimilate as best he 
can. To explain why people on the other 
side of the earth do not fall off, surely 
more must be said than merely to ascribe 
their good fortune to "the pull of grav
ity." The lithographs by Symeon Shimin 
are colorful. -

Biological Sciences 

CATS, by Wilfrid S. Bronson. Har
court, Brace and Company ($2.00). The 
happy cat, says Mr. Bronson, is the one 
kept as a pet in the suburbs or country. 
These conditions afford him a full life
sybaritic by day, adventuresome and 
predatory by night. Bronson recounts 
the typical 24-hour routine of a cat thus 
blessed, and throws in facts about cats' 
eyes, facial muscles and diet. He also 
goes into why they purr, cannot descend 
a telegraph pole backward, keep clean, 
are slaves to habit, and so on. Animal 
psychologists may not always agree with 
the author's interpretations of cat mo
tives, responses and intentions, but the 
vast tribe of cat-lovers of all ages will 
enjoy and believe every word. Illustra
tions by the author. 

THE FIRST BOOK OF TREES, by M. B. 
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Cormack. Franklin Watts, Inc. ($1.75). 
A fully illustrated introduction for chil
dren of about 8 or 9. Helene Carter's 
green-tinted drawings of trees, seeds, 
leaves, fruits and flowers are better than 
average. An acceptable if not particular
ly inspired little primer. 

A CHILD'S BOOK OF HORSES, by E. 
Joseph Dreany. Maxton Publishers, Inc. 
($.50). Brief essays for 6- to 8-year-olds 
about the Morgan, Palomino, Arabian, 
Cayuse, Percheron, Clydesdale, Shet
land, Appaloosa; likewise polo ponies, 
steeplechasers, hackneys, fire and circus 
horses. Unpretentious and colorful. Il
lustrations. 

STATE BIRDS AND FLOWERS, by Olive 
L. Earle. William Morrow & Company 
($2.00). It appears that each of the 48 
states has a bird and a flower as its popu
lar emblems. (The mockingbird repre
sents no less than six states, and the wood 
thrush for some obscure reason repre
sents the District of Columbia.) The au
thor writes a descriptive note and draws 
a picture for each selection. U nfortu
nately black-and-white illustrations, even 
when executed as skillfully as these, do 
not really fit the needs of a nature book, 
especially for children. For an audience 
from 10 to 16. 

Hop, SKIP AND FLY, by Irmengarde 
Eberle. Holiday House ($2.00). A re
issue of a wholly delightful book about 
the habits and adventures of small crea
tures such as bats, snails, lizards and 
frogs. For this revision the author has 
added one story, omitted those of the 
wasp and the ant and made other minor 
changes. With its felicitous sketches, its 
humor and graceful blend of entertain
ment and instruction, this is among the 
brightest of the books for 7 to lOs. 

OUTDOOR ADVENTURES, by Hal H. 
Harrison. The Vanguard Press, Inc. 
($2.75) . Fifty-one brief encounters with 
fawns, possums, snakes, praying man
tises, slugs, water lilies, bats, moths, 
chipmunks and other forms of life. A 
minor mystery: the adventurers are iden
tified as Mr. Harrison's children "Billy" 
and "Jane," although his offspring are 
actually named George and Gretchen. A 
fair book with good photographs. For 8 
to 12s. 

SEA AND SHORE, by Clarence J. Hy
lander. The Macmillan Company 
($3.00). STRANGE SEA LIFE, by Gladys 
Vondy Robertson and Vera Graham. 
Henry Holt and Company ($2.50). The 
Hylander book is a quiet, straightfor
ward description of the plant and ani
mal life to be found along the seashore: 
seaweed, clams, sponges, sea urchins, 
jellyfish, oysters, periwinkles, snails, 
anemones, crayfish, crabs, whelks, cor
als, kelps, mussels, barnacles. It is illus
trated by photographs and drawings and 

may be recommended for 10- to 14-year
olds who enjoy exploring tidal pools, 
rocky shores and beaches. Intended for 
a younger group, the Robertson and 
Graham book is a less successful effort 
primarily because it emphasizes the 
weird and fearsome aspects of ocean 
life. This is an approach to be discour
aged for educational even more than for 
literary reasons. Natural wonders need 
no make-up; man has an inclination to
ward terror which requires no nourish
ment. 

LET THEM LIVE, by Dorothy P. Lath
rop. The Ylacmillan Company ($2.00). 
Man, disagreeable, fearsome, greedy 
and foolish fellow that he is, has exter
minated a number of the animals that 
inhabited the earth when he first ap
peared, and has all but eliminated many 
other species. Some of them, this book 
points out, are extremely important to 
his welfare. Miss Lathrop pleads color
fully and reasonably, if occasionally 
oversentimentally, on behalf df beavers, 
owls, chipmunks, milk snakes, moles, 
worms, bats, foxes, coyotes, trumpeter 
swans, pronghorn antelopes, wood 
ducks, fur seals, egrets, pelicans, gulls, 
crows, woodchucks, black bears, pumas, 
praying mantises and various other in
sects. Attractive drawings by the author. 

Recommended as a conservation primer 
for children of 9 and older. 

?VIO!\"STEHS OF OLD Los ANGELES, by 
Charles M. Martin. The Viking Press 
( $2.50) . LIFE THROUGH THE AGES, 
written and illustrated by Charles R. 
Knight. Alfred.A. Knopf, Inc. ($2.50). 
Martin's book is a fictionalized account 
of life among the prehistoric animals of 
the La Brea Tar Pits in California. Ricky, 
a raccoon, is the hero. Your child may 
take this or leave it-it doesn't matter. 
The Knight book is a reissue of one pub
lished in 1946; the drawings of various 
antediluvian creatures by the best
known artist in the field are superb in 
their gruesome way. 

ANIMAL TOOLS, by George F. Mason. 
William Morrow & Company ($2.00). 
The author, a naturalist-artist on the 
staff of the American Museum of Natu
ral History, has written a number of vol
umes on animals' tracks, sounds, weap
ons and homes. This volume on the tools 
animals use to build their nests, keep 
stable in flight, sting, lay eggs, clean 
themselves, gather food, is unquestion
ably one of Mr. Mason's best and will 
appeal to people of all ages. Among the 
more intriguing items are the ants that 
use their young as sewing machines and 
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the sea otter which, floating on its back, 
uses a stone balanced on its chest for an 
anvil to break the shells of clams for a 
cocktail. 

STRIPE: THE STORY OF A CHIPMUNK, 
by Robert M. McClung. William Mor
row & Company ( $2.00). THUNDER 
WINGS: THE STORY OF A RUFFED GROUSE, 
by Olive L. Earle. William Morrow & 
Company ($2.00). Attractive little na
ture books for 6- to lO-year-olds. They 
have large type and are simply written 
and unsentimental. One does not, how
ever, get much for the money. 

THE NATURE DICTIONARY, by John 
Hayes Melady; illustrated by Samuel 
Nisenson. The World Publishing Com
pany ($2.00). A large-format, 1l0-page 
picture guide for pupils, parents and 
teachers. It deals with animals and plants 
from aardvark to zinnia. The descrip
tions of these organisms are unobjection
able, but the 500 color illustrations of 
them are weakly executed and even more 
feebly reproduced. 

A FIELD GUIDE TO THE SHELLS, by 
Percy A. Morris. Houghton Mifflin Com
pany ($3.75). A revised and enlarged 
edition of a guide to the shells found on 
the Atlantic and Gulf Coasts, from Abra 
aequalis (small, white, rather plump 
bivalve) to Zi'rfaea crispata (small, ob
long, cold-water burrowing clam). It in
cludes the Flamingo Tongue, Hairy 
Triton, Humphrey's Wentletrap, Key
Hole Limpet, Little Dog Whelk, Rock
ing Chair Limpet, Little Staircase Shell, 
Baby Bonnet, Bleeding Tooth, Prickly 
Jingle and Zebra Periwinkle. Full, sim
ple descriptions of each specimen, in
cluding their habits; 1,000 photographs, 
many in color. A compact, strongly 
made, well-printed, pocket-sized book 
The perfect shore companion for chil
dren and adults. 

A FIRST BOOK OF TREE IDEl'TIFICA
TIOK, by Matilda Rogers. Random House 
($2.50). Miss Rogers describes about 
75 of the familiar trees of the U. S. and 
Canada. There are photographs of typi
cal branches and leaves, but unfortu
nately not of the whole trees. The re
productions are only passable. 

PLANTS IN THE CITY, by Herman and 
Nina Schneider. The John Day Com
pany ($2.50). This first volume in a new 
series, "Nature in the City," describes 
the form and habits of the plant life of 
built-up areas: how trees manage to 
thrive in crowded quarters and find 
nourishment in tiny bits of soil; how 
grasses, lichens and vines, adapting 
themselves to urban conditions, find 
lodgment and nourishment on roofs, in 
the cracks of walls or sidewalks, in alley
ways and on telephone poles. Directions 
for making plant aquariums, window 
boxes and the like. A passable but some-
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what lifeless book, as if written to order. 

How To KNOW THE WILD FLOWERS, 
by Alfred Stefferud. Henry Holt and 
Company ($2.00). A straightforward 
catalogue with a good deal of authori
tative information about several hun
dred specimens of wildflowers, by the 
editor of the U. S. Department of Agri
culture's famous yearbooks. The text, 
though obviously dependable, is clogged 
with descriptive details and the black 
and white line drawings add little 
of value. Children are apt to find this 
dull. 

THE GREAT WHALES, bv Herbert S. 
Zim. William Morrow &, Company 
($2.00). The many science books by 
Herbert Zim set a standard in their class. 
This volume, ably illustrated by James 
Gordon Irving, keeps to the mark. In a 
flowing narrative, unburdened by jargon 
or unessentials, Zim describes the physi
cal and social habits of whales, explains 
their diving apparatus, their feeding and 
mating, where they live, how fast they 
can swim, why they spout, who their 
enemies are. None of the questions chil
dren are apt to ask about these remark
able mammals remains unanswered. For 
8- to 12-year-olds. 

FLOWERS: A GUIDE TO FAMILIAR 
AMERICAN WILDFLOWERS, by Herbert 
S. Zim and Alexander C. Martin. Simon 
and Schuster ($1.00). INSECTS: A GUIDE 
TO FAMILIAR AMERICAN INSECTS, by 
Herbert S. Zim and Clarence A. Cottam. 
Simon and Schuster ($1.00). Each of 
these little books in Simon and Schuster's 
Golden Nature Guides is a most satisfy
ing pocket companion. The authors 
know the subject and how to write about 
it and have selected their examples skill
fully; the illustrations, all in color, are 
attractively reproduced; the binding is 
stout and durable; the format could 
scarcely be improved; the price is com
fortable. A thoroughly happy publish
ing venture. 

GOLDEN HAMSTERS, by Herbert S. 
Zim. William Morrow & Company 
($2.00). Hamsters are small, golden
brown rodents with large black eyes, 
short legs and even shorter tails. They 
live in rock piles and fence rows, steal 
immense quantities of grain, and breed 
prodigiously-a single female may give 
hirth to from 50 to 100 young in a year. 
Because they are clean and easily tamed, 
they have within the last few years be
come very popular in the U, S. as pets. 
This book tells something of their his
tory and habits and provides instructions 
on caring for them at home-if your chil
dren have cultivated this curious taste. 
Hamsters are easy to keep; the impor
tant thing apparently is not to let them 
escape, for if loosed on the country they 
would be a serious menace to the farmer. 
Zin/s unencumbered text is accompa-

nied bv Herschel vVartik's illustrations. 
For 8 t� 12s. 

OWLS, by Herbert S. Zim. William 
Morrow & Company ($2.00). Owls live 
in the Arctic and in the Tropics and nest 
in every one of the 48 states; the tiny elf 
owl is smaller than a robin, and the great 
gray owl may have a wingspread of five 
feet; owls have transparent third eyelids, 
can turn their heads through a 270-de
gree angle (180 degrees is our limit) , fly 
almost silently, have enormous appetites 
(one pair of barn owls fed their brood 
over 1,500 mice and rats in three 
months), eat only animals, are occasion
ally cannibals, swallow everything they 
catch and vomit what they cannot di
gest, are fearless and predatory but 
never fight back when attacked by other 
birds and are valuable to man as de
stroyers of the animals who would other
wise destroy his crops. These and many 
other facts appear in Mr. Zim's book, 
vividly adorned by James Gordon Irv
ing's drawings. For children 8 to 12. 

Social Sciences 

THE MIND AT WORK AND PLAY, by Sir 
Frederic Bartlett. The Beacon Press 
($2.50). The 119th series of Christmas 
Lectures for children given at the Royal 
Institution in England, dealing with 
such fundamentals of psychologv as the 
workings of the mind in measuring size 
and judging distance, learning habits, 
memory, optical illusions, idiosyncrasies 
of observation, effects of fatigue. The 
emphasis is on simple experiments illus
trating these various attributes of mind, 
While the lectures themselves were un
doubtedly effective in awakening the 
listeners' interest-especially because the 
audience participated in the experiments 
-the book tends to get mired in long 
descriptive passages which are neither 
stimulating nor easy to follow. A dis
appointing book but perhaps suitable for 
elementary classroom use. Illustrations. 

TOWN MEETING MEANS ME, bv Mina 
Turner., Houghton Mifflin Company 
( $1.50). The municipal machinery of a 

typical small American community run 
by the town meeting system: how the 
officials are elec,ted, what their duties 
are, where the money comes from, who 
spends it and for what. An introduction, 
suitable for second- or third-graders, to 
what used to be called "civics" but has 
now been transformed, as in this volume, 
to something less deadly and more use
ful. Illustrations by Lloyd Coe. 

Medicine 

MILESTONES OF MEDICIKE, by Ruth 
Fox. Random House ($2.75), Short sto
ries of various discoveries contributing 
to medical knowledge; for example, X
rays, radium, insulin, vitamins. The au
thor casts her tales in conventional dra-
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. 
matic form, but she writes capably. Her 
book is certain to give entertainment as 
well as sound information to teen-agers. 

THE STORY OF MEDlCINE, by Joseph 
Garland, M.D. Houghton Mifflin Com
pany ($S.OO). A literate, instructive his
tory of medicine from the earliest times, 
enlivened by anecdotes and apt quota
tions from original sources. The illustra
tions are nondescript, but Dr. Garland's 
attractive style sustains attention and 
stamps this as one of the better recent 
science books for children. For age 12 
and up. 

Technology 

DIESEL-ELECTRIC 40S0, by Henry 
Billings. The Viking Press ($2.50). Mr. 
Billings takes the reader (8 to 100) on a 
ride in the cab of a Diesel-electric loco
motive pulling one of the New York 

. Central trains from Harmon to Albany, 
en route to Chicago. He recounts every 
detail of the engineman's duties and of 
the milroading features along the way; 
the last chapter explains how the Diesel 
works. The narrative purrs along as 
nicely as the engine itself; the intricacies 
of the machinery are neatly disentan
gled; the illustrations, also by Billings, 
serve their purpose to perfection. No 
train-lover's library can dispense with 
this one. 

CONSTRUCTION AHEAD, by Henry 
Billings. The Viking Press ($S.OO). The 
growth of a modern highway from a 
deer path and Indian trail, worn through 
the woods by hoofs and moccasins, to a 
four-lane concrete road built with bull
dozers, motor-graders, giant pan scrap
ers and steam sho\"els. Selecting as his 
example the road now known as New 
York Route 199, Mr. Billings traces its 
SOO-year history and gives a detailed, 
aptly illustrated account of how roads 
were built in the past and how they are 
built today. A fresh theme well handled, 'and an excellent story that will give 
pleasure to adolescents and adults. 

TELEVISION STORY, by John J. Floher
ty. J. B. Lippincott Company ($2.75). 
The technical, program-making and 
commercial aspects of television re
ported by a professional writer of books 
for the young. Anecdotal and awe
stricken. 

AVIATION FROM THE GROUND Up, by 
John J. Floherty. J. B. Lippincott Com
pany ($2.75). Concerning the various 
aspects of modern aviation: jets, heli
copters, military planes, commercial air
lines, high-altitude flying, crop spraying, 
photography, the Berlin airlift, and so 
on. As smooth and of about the same 
general quality as an advertising bro
chure. For children 12 and over. 

O.K. FOR DRIVE-AWAY, by Henry B. 
Lent. The Macmillan Company ($2.50). 

� New frontiers in science 
PROCEEDINGS OF A SECOND 

SYMPOSIUM ON LARGE-SCALE 
DIGIT AL CALCULATING MACHINERY 
Forty-two papers, hy distinguished American and foreign authori

ties, presented under the joint sponsorship of the Navy Department 

Bureau of Ordnance and Harvard University. 25 halftones, 101 
line cuts. $8.00 

HARVARD CASE H ISTORIES IN EXPE RIMENTAL SCIENCE 
Under the General Editorship of james Bryant Conant, President 

of Harvard University. 

1. Robert Boyle's Experiments in Pneumatics 

Edited by james Bryant Conant. Paper covers. 

2. The Overthrow of the Phlogiston Theory 

Edited by james Bryant Conant. Paper covers. 

3. The Early Development of the Concepts of Heat and 
Temperature 

Prepared by Duane [{oller. Paper covers. 

4. The Atomic-Molecular Theory 

Edited by Leonard K. Nash. Paper covers. 

$.90 

$.90 

$1.25 

$1.35 

T OWARD A GE N E RAL TH EORY OF AC T ION 
Edited b y  Talcott Parsons alld Edward A .  Shils 

Gordon W. Allport Robert R. Sears Clyde Kluckhol". 

Richard C. Sheldon Henry A. Murray, Jr. 

Samuel A. Stouffer Edward C. Tolman 

The first synthesis of the social sciences, in which outstanding men in psy

chology, sociology and cultural anthropology attempt to clear the common 

ground underlying these subjects. $7.50 

CH AMO R ROS AND CA ROLI N IAN S OF SAIPAN 
By Alice Joseph, M.D. and V. F. Murray, M.D. The stresses which affect tbe 

people of Saipan, as shown by physical examinations and psychological 

tests. Tbe first cross-cultural personality study of Micronesian peoples. 

Illustrated, $5.00 

MATH EMAT ICAL LOGIC 
By Willard Van Orman Quine. A new revised edition of a widely praised 
work in which an inconsistency and some other shortcomings observed since 

its first publication have been put to rights. "It will serve the purpose of 

inculcating, by precept and example, standards of clarity and precision ... 

more often pursued than achieved."-Max Black in MIND $4.00 

P 0 SI T I V I S M A Study in Human Understanding 
By Richard Von Mises. A vigorous presentation of the view that the aims 
and attitudes of science apply to all the intellectual endeavors of mankind, 

whether in science, the arts or morals. $6.00 

At all bookstores, or 

HARVARD UNIVERSITY PRESS 
Cambridge 38, Massachusetts 
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Mr. Lent tells a few tales about the early 
history of the automobile and then takes 
the reader on a tour of the assembly line 
and pro�ing grounds of a large Detroit 
factory. He manages to make a dull and 
unnecessarily complex story out of good 
material but does not forget to mention 
repeatedly the brand of car made at the 
plant visited. Intended for about 12-
year-olds. 

Biography 

CHAIM WEIZMANN: BUILDER OF A 
NATION, by Rachel Baker. Julian Mess
ner, Inc. ($2.75). The story of the noted 
Russian-born chemist who, more than 
any other single person, was responsible 
for the founding of the new state of 
Israel and became its first president. A 
breathless book but a readable one. For 
ages 10 and over. 

TRAILBLAZER TO TELEVISION, by Ter
ry and Elizabeth P. Korn. Charles Scrib
ner's Sons ($2.50). Dr. Arthur Korn, 
who died in the U. S. in 1945, was a 
German physicist who invented photo
telegraphy, known in this country as 
facsimile, which is the transmission of 
pictures, originally by wire but now 
without the aid of wires. This is a biogra
phy (for those 12 and over) by his 
widow and daughter-in-law. Korn was 
undoubtedly an able scientist, and some 
of his work is explained; one may also 
assume that he had definite traits of 
character besides being a Good Man, but 
there is little proof of it in these pages, 
most of which offer merely a bewilder
ing catalogue of his many travels and 
studies. 

HENRY FORD, ENGINEER, by Louise 
Neyhart. Houghton Mifflin Company 
($2.75). A portrait exhibiting its sub

ject as a composite of Archimedes, King 
Solomon, St. Francis, Abraham Lincoln 
and David Harum. The illustrations for 
the book are striking, but the text makes 
it sound unlikely that Henry Ford ever 
existed. Intended for readers of high
school age. 

THE GREAT HOUDINI, by Beryl Wil
liams and Samuel Epstein. Julian Mess
ner, Inc. ($2.75). Miss Williams and 
Mr. Epstein present a sympathetic but 
not idolatrous biography of the greatest 
of modern magicians. Their description 
of Houdini's amazing skills, tricks, swin
dles, props and other hocus-pocus is 
absorbing; the chapter explaining the 
blend of genius and fakery of which 
Houdini's sccrets were compounded will 
be a revelation for those who have not 
read earlier books on the subject. A first
rate book for teen-agers, not only be
cause of its readability but also because 
while emphasizing, as Houdini himself 
always did, the explicable, physical, un
magical basis of his remarkable feats, it 
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vividly conveys a sense of the wonder 
and the art of his legerdemain. 

.Home Experimentation 

MORE EXPERIMENTS IN SCIENCE, by 
Nelson F. Beeler and Franklyn M. Bran
ley. Thomas Y. Crowell Company 
($2.50). The authors are experienced in 
contriving home experiments, this being 
the third of their books on the subject. 
They furnish for 10- to 14-year-olds 
thoroughly understandable directions 
for researches on such matters as heat
ing by refrigeration, telegraphy, static 
electricity, erosion, osmosis, papermak
ing, water pressure. A nicely balanced 
manual, instructive·and considerate alike 
of health and property. 

PLAY WITH PLANTS, PLAY WITH TREES 
and PLAY WITH VINES, by Millicent E. 
Selsam. William Morrow & Company 
($2.00 each). For children of 8 to 12, 
in fact for anyone who likes to grow 
things, these little books, skillfully illus
trated by James Macdonald and Fred F. 
Scherer, are first-class. Miss Selsam tells 
how to raise plants from roots, stems, 
leaves and seeds; how to make a home 
tree-aquarium, how to grow vines and 
help them climb; how to tell time by 
observing the regular circling of their 
stem tips; how to prove the importance 
of light, water '1nd starch in organic life; 
how to make prints of leaves and how 
to mount them in an album. She conveys 
this and a great deal of other informa
tion with clarity and a distinctive charm. 

WEATHERCRAFT, by Athelstan F. Spil
haus. The Viking Press ($2.00). With a 
few ordinary tools and such common
place objects as a wire hanger, an egg
beater, a set of measuring spoons, a tin 
can, a broomstick and a liglit bulb, a boy 
of high-school age can build himself a 
pretty good weather station. Dr. Spil
haus, who is dean of the Institute of 
Technology at the University of Minne
sota, tells how to make and use a rain 
gauge, an anemometer, a wet-bulb and 
dew-point thermometer, a hair hygrome
ter, a simple barometer and similar in
struments; also how to keep records and 
predict rain or shine. An original and 
engaging introduction to meteorology. 

Miscellaneous 

ALL AROUND You, by Jeanne Bendick. 
Whittlesey House ( $2.00) . A brief 
primer of science for 6- to 8-year-olds 
which touches lightly on such topics as 
weather, plant growth, animal habits, 
the sun, moon and stars. Miss Bendick's 
illustrations are charming, but the text 
is painfully self-conscious in its attempt 
to be artless, and what was perhaps a 
good idea does not quite come off. 

THE FIRST BOOK OF STONES, by M. B. 
Cormack. Franklin Watts, Inc. ($1.75). 

The director of the Roger Williams Park 
Museum in Providence, R.I. , tenders re
liable information about different kinds 
of stones, explains how they came to be 
what and where they are and lays out a 
syllabus for junior collectors. The blurb 
says the book is for 6 to lOs, bu t unless 
your child is a budding Lyell, you had 
better read this as 8 to 12. 

TIME OUT FOR YOUTH, by Arthur 
S. Gregor. The Macmillan Company 
($2.50). How to survive adolescence 
without becoming more of a misfit than 
necessary. Mr. Gregor writes intelligent
ly and with good will, offering a number 
of sensible maxims for parents, who also 
have good will but are apt to mess things 
up. His advice to adolescents, however, 
is pretty stilted and the adolescent ma
ture enough to take it will not need it. 

MIRACLE AT KITTY HAWK: THE LET
TERS OF WILBUR AND ORVILLE WRIGHT, 
edited by Fred C. Kelly. Farrar, Straus 
and Young, Inc. ($6.00). This book has 
been noted earlier in SCIENTIFIC AMERI
CAN, but because of the universality of 
its interest should be mentioned again. 
The story of Kitty Hawk has never been 
so well told. Here are all the wonderful 
details of the preparations for the first 
power-driven flight, a survey of the early 
development of aviation and its pioneers, 
revealing self-portraits of the Wrights, 
a history of their travels, trials, failures 
and triumphs. A fascinating book. 

You AND SPACE TRAVEL, by John 
Lewellen. Childrens Press, Inc. ($1.50). 
Mainly about Newton's Third Law of 
Motion, jets, rockets and space ships. 
Mr. Lewellen handles his material un
evenly; some of it will go down well 
with 10- or ll-year-olds, some will 
stump adolescents; the working of jet 
engines is made unusually clear, but the 
explanation of gravitation will leave you 
puzzled as to why the moon does not 
fall on the earth. 

THE BOOK OF AMAZING FACTS, by 
Jerome S. Meyer. The World Publishing 
Company ($2.00). In what, after all, is a 
thoroughly vulgar enterprise, Mr. Meyer 
does surprisingly well. Much better than 
the egregious Ripley, he recounts facts 
about the "dumbest" and the most intel
ligent machines; the windiest, coldest, 
driest, hottest spots on earth; the small
est, most dangerous, largest, swiftest, 
laziest, most poisonous, longest-lived 
animals; the most calamitous disasters; 
the longest poem, most prolific novelist, 
largest painting, biggest word, best 
boxer. If you like this sort of thing, this 
is the sort of thing you will like. 

GUIDED MISSILES: ROCKETS AND TOR
PEDOES, by Frank Ross, Jr. Lothrop, Lee 
& Shepard Co., Inc. ($2.75). A history 
of the development of these,ominous de
vices from their first recorded military 
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use in 13th-century China. Mr. Ross does 
not succeed in explaining simply the 
principles of missile operation, but he 
keeps his narrative moving briskly and 
most boys over 12 will follow it eagerly. 
In any event a book of this kind is to be 
preferred to science fiction. Photographs. 

OXFORD JUNIOR ENCYCLOPAEDIA. VOL. 
IV: COMMUNICATIONS, edited by Laura 
E. Salt and Robert Sinclair. Oxford Uni
versity Press ($8.50). Another hand
some installment of an excellent refer
ence work. This volume is about man's 
efforts "to communicate with his fellows 
by signs or sounds, and by travel on. 
land, on sea and in the air." The plan 
whereby each volume comprises a sepa
rate subject has undeniable advantages, 
yet occasionally produces curious re
sults; thus, for example, the entry "mo
tion pictures" does not appear in this 
book but rather in the volume on recre
ations. 

MILK FOR You, by C. Warren Schloat, 
Jr. Charles Scribner's Sons ($2.00). How 
cows make milk, the details of the milk
ing process, operations in a milk plant. 
For 5- to 9-year-olds. 

EVERYDA Y MACHINES AND How THEY 
WORK, by Herman Schneider. Whittle
sey House ($2.50). How to repair (or 
put out of order) such mysterious com
mon objects as oilcans, pressure cookers, 
bobbing birds, ball-point pens, vacuum 
cleaners, electric motors, lawn mowers, 
pianos, furnaces, toasters, refrigerators, 
locks, thermostats, music boxes, valves, 
coaster brakes, eggbeaters, ball bear
ings, piggy banks, clocks, mousetraps, 
violins, bells, washing machines, carpet 
sweepers, gas ranges. All this is ex
plained so that even adults can under
stand. Excellent drawings by Jeanne 
Bendick. For children 9 and over. A su
perior book. 

LET'S LOOK UNDER THE CITY, by Her
man and Nina Schneider. William R. 
Scott, Inc. ($1.50). Another good book 
by the Schneiders. This small paper
bound volume tells children of 6 to 8 
about the underground installations that 
supply a city dwelling with gas, water, 
electricity, telephone and sewage facili
ties. For this age group there is no better 
science book than one which presents a 
fresh story about everyday things. 

THE Boy's BOOK OF MODEL RAIL
ROADING, by Raymond F. Yates. Harper 
and Brothers ($2.50). Instructions on 
the repair of model trains, the making of 
stations, switches, signals, scenery, 
bridges, viaducts, remote-control gadg
ets; how, in other words, to pursue the 
small-train hobby while pretending to be 
doing it for your children. Mr. Yates has 
also taken pains to lay out simple jobs 
the children can do so as not to disturb 
you. 

pis/"ngll,sheq fry 
BRILLIANT 

PERFORMANCE 
Recording engineers have learned to rely 

on Ampex for top performance in both 
the audio and instrumentation fields. 

Mechanical flexibility and reliability, incorporated 
into Ampex Recorders, are a bulwark to their 

unequalled performance. Through long 
gruelling hours of continuous service the precision 

built Ampex delivers reliable performance 
with minimum upkeep time . .. 

that's why Ampex has unchallenged leadership. 

Exclusive INTERCHANGEABLE TAPE Feature 
How well Ampex has learned 
to build unrivaled accuracy 
into its products IS w ei I 
proven by the interchange
able tape leatllre. Ampexed 
tape plays back on any Am
pex Recorder with the same 
timing and response a<; it 
would on the machine that 
made the original recording! 

FlEX 

• 

• PORTABLE in twin cases 

• RACK MOUNTING 
MODEL 300 

15 & 71/2 Ins. Per 

Sec. For oudio reo 
cording 10 1 5 , 0 00 
cycles. 

MODEl 301 
30 & 15 tns. Per Sec. 
for frequencies to 

15,000 cps. Simpli. 
fies progrom editing. 

MODEl 307 
60, 30 & 15 Ins. Per 
Sec. For instrumenta
tion uses 10 100,000 
cps. 

Complete Specifications 
and other useful infor
mat i o n  is available 
without obligation on 
request. 

MAGNETIC TAPE 
AMPEX ELECTRIC CORPORATION • Redwood City, Calif. 
Distributors in Principal Cities 

* YALE * 

The latest volume in "the best 

anthology 0/ contemporary science 

monographs available in any ian· 

guage."-N. Y. TIMES 

Science .n 
Progress 
7th SERIES 

Edited by George A. Baitsell 

Bradley M. Patton, Arnold Gesell, 

T. M. Sonneborn, Ralph W. G, 

Wyckoff, George Gaylord Simpson, 

Raymond Fuoss and many other dis- " 

tinguished scientists describe ;it�eii" 

recent vital contributions to their par

ticular fields. 

lIlustrated, $6.00 

Since the publication of the first vol

ume in 1939, the Science in Progress 

series has covered the latest scien

tific discoveries. It is invaluable to 

every scientist and layman who wants 

to keep informed. All volumes are 

illustrated. The first six volumes are 

priced at $5.00 each. 

We invite you to send for descriptive brochure 
for mOTe information on each book. 

YALE UNIVEUSITY PUESS 
New Haven 7, Connecticut 

* * 

Could You Handle a 
$20,OOO-a-year Job? 
If you think you could, reading this may help 
you get one-because today there are Picil/}' 
of these jobs just waiting for the right man. 

For some time now business papers have been 
pointing out that management is having great 
difficulty finding high-salaried executi ves. Actu
ally, management is always looking for such 
men-because they are the ones who mean the 
difference between profit and loss. 

But just ""hat do these men have that makes 
them worth so much money? First, it's a point of 
view. The executive must understand the broad 
principles of business procedure. He must know 
the methods and practices that have proven 
profitable for other companies and be able to 
apply them to his O\V11 business. 

Does this seem easy? Frankly it isn't-the way 
to the top is never easy, but if you are really 
seriolls about becoming a .$2o,ooo-a-year, or 
more, executive, Funk & vVagnalls Company in
vites you to send for a free booklet by Carl 
Heyel. This new booklet gi ves you a complete 
outline of the famous Heyel Course in which 45 
famous business executives describe their work
ing methods and explain, clearly and simply, 
how you can make use of their combined knowl
edge and experience to qualify for the great op
portunities in modern business. There is abso
lutely no obligation, no charge for this booklet, 
simply mail the coupon below. 

r-----------------, 
I FUNK & WAGNALLS CO .• Dept. SAI251 I 
I :'�!a�a'st .. ��t�n:\;"N;:ey���k:�; �;atY ;ell, all about I 
I the new Herei Course in Executive '£echnique. I 
I Name I 
I I 
I Address . I 

l::.t�====== �: .. =���=== J 
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KLETT 
ELECTROPHORESIS 

TOOL FOR THE ANALYSIS 

OF COMPLEX COLLOID SYSTEMS, AND FOR 

THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 

KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 

NEW YORK, N. Y. 

Cameras and Accessories - the 

photogrcphic equipment predsion

built for perfe(lion. 

THE UICA IUF (amera. A 35mm 
camera wilh up to 36 exposures ond lully 
synchronized. Ouhlanding features in
clude depth of field uole, speeds from 
1 to 1/1000 second, UB, buill· in 
adjustable flolh Iynchronizolion lor any 
locol·plane Iypeflosh lamp 01 all speeds, 
eye·leve[optiwlfrnder, coupled range· 
finder, exposure (ounter. Equipped with 

SOmm 1/2. (ooled Leitz Summilor lens, 
385.00. 

LEITZ FOCOMAT 1C ENLARGER is 
01 precision'perfect as Ihe Leictl (omero, 
ond especially designed lor Ihe 35mm 
(omero work. Uses H·watt opal lamp on 
110 line voltage. Without lens, 147.00. 

THE MEDICALITE Lighting Unit for 
superb dose·up photography in laboro· 
tory and sdentific Walk. On table top, 
tripod or hand held, it automatically 
illuminotel what the camero seel with 
bright,dim regulotion. With thil f1exible, 
porioble lighting unit all anglel of 
work are ponible, 49.50. 

complete leica Availability list 

- -

I 
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A LIBRARY BINDER I 
FOR THIS MAGAZINE I 

-- Keep your copies of SCIENTIFIC A,,1ERI- = 
- CAN in a handsome and durable library -

- binder 

Bound in dark green library fabric and -

stamped in gold leaf, it holds 12 issues 

Copies mounted in binder open flat and 

may be inserted or removed separately 

A ddress your order, enclosing check or 

money order for $2.50, to: 

Department B 

SCIENTIFIC AMERICAN 

24 \Vest 40th Street 
New York 18,�. Y. 

Conducted by Albert G. Ingalls 

MANY would-be amateur telescope 
makers forego the sport of mir
ror making because they have no 

place to set up the conventional mirror
grinding pedestal. This, however, need 
not be an obstacle; mirrors have been 
ground on tables, in bathrooms, in jail, 
and even in a morgue on a marble slab 
between two corpses. 

David P. Barcroft of Madera, Calif., 
has improvised from dime-store pans 
adequflte equipment for grinding and 
polishing a mirror on a bench or almost 
anywhere. The drawings at the left in 
the illustration on the opposite page con
tain an exploded view of the parts above 
the assembled dingbat. Barcroft attached 
the square baking pan to the bench with 
four blobs of pitch. He pitched the tool 
to a block of wood, centered this block 
in a common pie pan, poured plaster of 
Paris around it to 11alf the depth of the 
pan and allowed it to set. 

During grinding and polishing the 
upper pan may be rotated now and then. 
This is the equivalent of the convention
al walking around the pedestal. When a 
tool is evenly supported, as with soft 
pitch on a highly rigid backing such as 
thick metal, there is little need to walk 
around the pedestal often. But when the 
backing is relatively flexible, as in the 
device described here, astigmatism due 
to uneven support of the tool may be 
ground into the mirror unless the tool 
is rotated a little at least once or twice 
a minute. Somewhat to Barcroft's sur
prise, continued me has not bent the 
light tinware of his assembly, nor does 
the pie pan with its cargo take of! on the 
anticipated flight across the room. 

To forestall rust Barcroft waxed thO) 
pans with paraffin. The addition of Dif, 
Oakite, Soilax, borax or cream of tartar 
to the water used should accomplish the 
same result. As a reservoi;' for the gunk 
he sometimes inserts a second and shal
lower square pan between the two al
ready described. 

Fifteen years ag:> E. B. McCartney of 
Minneapolis, Minn., sent to this depart
ment the kitchen or bathroom mirror
grinding dingbat shown at the right in 
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TIlE AMATEUR ASTRONOMER 
the illustration on this page. This was 
briefly described in these columns in 
February. 1936. Ten years later it was 
dusted off and used in grinding half 
a dozen six-inch mirrors, whereon its 
true worth became apparent. It is 
enthusiastically recommended even to 
mirror makers who have pedestals but 
who do not enjoy standing up to 
work. 

The 14-inch length of two-by-six 
plank that forms its base may be 
clamped or screwed, overhanging, to a 
bench, table or other support. The pan 
is a special shallow layer-cake pan only 
five eighths of an inch deep, permitting 
the mirror to overhang it at the ends of 
the strokes. The central hole cut in it by 
McCartney is 2% inches in diameter and 
need not be perfectly round. The draw
ing describes the rest of the details. 
In the original the gasket is smaller J:han 
the mirror and is Ya2-inch thick. 

During use the anticipated leakage 
from the felt-to-glass contact joint did 
not materialize; the device is well house
broken. An added point in its favor is 
the fact that the mirror and tool may 
be quickly exchanged, inverted or re
turned to normal position without fuss
ing or preparation except for rinsing. 
Thus it is good equipment for the 
method of grinding and polishing in 
which, forgetting the gradual-approach 
and guessing-game method described in 
the treatises, the curve is excavated at 
the start to full ultimate depth of sagitta 

��itCh 

�4IP\ 
pitch 

under 

� --.-�\\ II ' J f'.-� 

and maintained thereafter by working 
inverted half the time. 

Commenting on the wooden handles, 
Roger Hayward, the illustrator of this 
department, urges the desirability of 
keeping the pitch-covered areas small. 
"When I made my first mirror many 
years ago I used a 3Y2-inch-diameter 
wooden handle pitched to the back. 
After the mirror was figured and the 
handle knocked off, a bulge appeared in 
the figure where it had been. The pitch 
was also probably too hard." Similar in
stances have often been reported to this 
department. For pitching glass to han
dles your editor has always kept a special 
can of very soft pitch. With this even 
the 4YI -inch handle disk shown in Ama
teur Telescope Making, page 288, has 
never produced the often-described ef
fect. The soft pitch may also be a little 
less likely to let go and leave the handle 
in the hand and the mirror fragments on 
the floor. However, a large handle blinds 
the lap during work. Many advanced 
amateurs and practically all profes
sionals omit the handle altogether. 

R
OGER HA YW ARD was invited to 

contribufe and illustrate his theory 
of the tiny pinhole in the Foucault test 
and to describe his favorite design for 
the testing equipment. He writes: 

"When the Foucault test is used mere
ly for detecting errors of figure in spheri
cal mirrors there seems to be no lower 
limit to the size of the pinhole that may 

"-

�� 
Simple equipment for the kitchen tele�cope maker 

WAR SURPLUS BARGAINS 
35 POWER 

EREC T ING MICROSCO PE 
Amazing Clarity 

"AI/-Position" Universal Mount 

Greater Versatility 

3" of Workin9 Space from 

Objective to Platform . • • 

A remarkable Instrument! Exceptional Value! Prism Erec
tors give you un erect image-exactly as your eye sees it, 
not upside-down as in an onJinal'Y Microscope. Hamsden 
Eyepiece permits fine precision focusing. 3-Elcmcnt colO!' 
COIT('ct<.>d objective-I" diameter. Mic"oscope body is of 
brass with black crackle finish. WOI'king distance from ob· 
jective to object is eI". which permits any work, dissection. 
tooling. et.c., to be ca!Tied 011 "under power" while lookin� 
tlll'ough l\1icl·oscope. Thc instrument is 61fz" long with base 
7" x 9". Only because we wel'c able to utilize some war 
surplus parts arc we ahle to offel' such a fine Optical In· 
strument-easily worth $75.0Q-at this special low pl·ice. 
Stock #970-5 . .. ............... $29.50 Postpaid 

SIMPLE LENS KITS!-THE LENS CRAFTER'S DE. 
LIGHT! Fun for adults! Fun for childl'en! Kits include 
plainly wl'iUen, illustrated booklet showing how you can 
huild lots of optical items. Use these lenses In photography 
for copying. ULTRA CLOSE-UP SHOTS, Microphotography, 
£01' "Dul�lmy �amel·a··. Kodachrome Viewer, Detachablc 
R�flex VICW Fmder for 35 mm. camel'as, StereoscopiC 

io
l:\d�ien�r��n�th��as{:se�n1n e�����:��ni�fug��fcs�ig�'

ildl�� 
TELESCOPES, low power Microscopes, etc. 

'" 
i���� :�����J�����s::::::::::::::::::::::::::::::::�i�:gg ��:�H!� 
SLIDE PROJECTOR SETS-Consist Of all unmounted lenses 
you need to make the following size projectors: 

����: ::��::�-35 mm 2'1;�" x 2t;.�" : .
.... ... 52.85 Postpaid 

Stock #4039-5 2 112" x 3112" . ... ..  :::::::��:�� ��:!��:� 
NON-ABSORBING BEAM·SPLITTI NG MIRROR-Latest den'l
opment! Optically flat to 1/4 wave length. Size: 1 15/16" x 
2 15/ .16"-3/1'1" �hick. Reflects apl)I'oximately 50fl/() and 
tl'ansmlts :tpproxLmately 500/",. No light is absorhed. Has 
a three-layered film which accomplishes non· absorption. Stock :l+567-S.... .. ...... $5.00 postpaid 
MOUNTED ANASTIGMAT LENS_Free hooklet with YOUl' 
ordel': "How to Make YOUI' Own Enlm·�er." Speed f/7.7. 
f�)CHI leng.th approx. 127 mms. Silitable for pictures, ne�a· 
tn'es. posItives up to 3112" X 41/4". Stock #8004-5.......... . ........................ $7.50 Postpaid 

Order by Slock No.-Send C7wck or M.O. 
Satisfaction Gflflranteed! 

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

Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
BARRINGTON. NEW JERSEY 

-- WAR SURPLUS BARGAIN 

Plies 

ACHROMATIC TELESCOPE OBJECTIVES-Perfect 
Magnesium Fluol'ide Coated and cementell Gov't 
:SUl'plll!'; lenses mwJc of finest CI'own and F:lnt op· 
tical glass. They are fully cOI"'ccicd and have tl'e
lIIendous resolving powel' and can be l'eadily used 
with 1f4" F.L. eyepieces. Gual'antccd well suited 
fm' Astl'Ollomical Telescopes, SpoUilll--:' Scopes, etc. 
Ol'iginal Gov't cost approximately $100.00 each. 

Diameler 
54m/m (2'A1") 

54m/m (2%") 

54m/m (2%") 

54m/m (2'A1") 

t8m/m (3N') 
81m/Ill (3-A1") 

83m/Ill (314") 

83m/Ill (3%") 

83m/Ill (314") 

83m/m (3%,") 

Focal Length J�ach 
300m/Ill (11.811") ......... $12.50 
330m/Ill (13").. .. ....... $12.50 
390m/Ill (15.a66") ......... $ 9.75 
600m/m (23lh") .. .......... $12.50 
381m/m (15") .. . .......... $21.00 
622m/m (21lh") .. ........... $22.50 
660m/m (26") . .............. $28.00 
711m/m (28").. .. ....... $28.00 
876m/m (34%") $28.00 
1016m/m (40") .... ......... $30.00 

SYMMETRICAL EYEPIECE LENS' SET-These sets 
cOII-',;i.'·l of 'two l\1ag:nesium-Fluodde coated and ceo 
Illcnted acI\I'omats, exact Gov·t spncing diag:l'am. 
Gin's wide flat field. 

%" E.li'.L. (20X) Lens Set 13m/Ill Din ..... $4.50 
%" KF.L. (l:�X) Lens Set 18m/m Diu . . ..... . 3.50 
MOUNTED EYE.PIECE has 2 pel'fect lenses 29mm g�11 Wis [ieli�S'l��d.

n 
1 �/�,;r 

E�� .E�v/�:��.�' .. �:.�.$�tso 
MOUNTED EYEPIECE has 2 pel'fect achl'omats, 
27mm dia. Cell fits 11/4" tube. 1 7/16" E.P.L. 
(7X) . ... . ......... $4.00 
BINOCULARS, beautiful impOI·ted binoculars, pre. 
cision made, at a low low pl'ice within the reach 
of every man's pocketbook. Complete with carrying 
case and straps. 

8x25 ................................................. $23.30'" T'ostpaid 
8x30 .................. ................ ............. 29.50'" 1)ostp3id 
7x50... .. ......................... ............... 33.75* J'ostpaid 
7x50 ...... ........... Coated . ............... 39.75* Postpaid 

IOx30... .............. ............. .. .......... 50.00* ]'ostpaid 
10x.iO...... .. ...... Coated 60.00* Postl)aid 

7x35... .. .................. 60.00* Postpaid 
7x:l5 ................. Coated .................. 65.00* l)ostpaid 

16x50 ................. Coated ........... ...... 60.00* Postpaid 
.Plus 200/0 Excise Tax 

Free Catalogue 
"MILLIONS" of Lenses. etc. + 

We Ilay the POSTAGE C.O.D.'s you lIay Ilostage 
-Satisfaction guaranteed or money I'efunded if 
returned within 10 days. 

A. JAEGERS ozg3N�3�A9�U'I: .. �·.y. 
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be used, provided there is enough light. 
When, however, the test is used for ob
serving and measuring the figure of a 
paraboloid at its mean center of curva
ture, the story is quite different. W. F. A. 
Ellison describes in Amateur Telescope 
Making, page 84, an amateur who al
most discarded a perfectly good mirror 
because he tested with too small a pin
hole. A diagram of the light rays as they 
intersect in the vicini ty of the focus of 
a paraboloid shows what the trouble is, 

"The lower part of the drawing at the 
top of the opposite page shows the focus 
of a 6-inch paraboloid of 24-inch focal 
length when tested at its mean radius of 
curvature of 48 inches. The foci of the 
various zones are indicated. (The verti
cal and horizontal scales are different, 
but this does not affect the argument.) 
We must imagine that around each of 
the rays in the drawing there is a pencil 
of light the same size as the pinhole. The 
knife-edge is shown at the focus of the 
.866 zone, which the figure shows to be 
the point of sharpest focus. This corre
sponds to the circle of least confusion in 
asti'gmatic optics. If the pinhole used in 
the test is .006-inch in diameter, which 
is the size of this circle of least confu
sion, it will be clear that from one side 
of the mirror the pinhole will be com
pletely obscured and from the other com
pletely clear. The exact converse will be 
true at the ,5 zone, The central figure 
above the diagram shows how this test 
should look, the maxima being the un
obstructed pinhole and the minima be
ing no light at all, 

"At the upper left-hand part of the 
illustration a sketch shows the result of 
the use of a .004-inch pinhole. Two large 
patches appear, one completely black 
and the other of maximum brilliance, In 
neither of these patches will there be any 
apparent detail such as zones due to the 
polishing tools and other causes. 

"These diagrams, which are con
structed from the geometrical theory of 
optics, show the knife-edge at the ,866 
zone instead of the more usual .707 zone, 
This placing of the cutoff has the re
markable properties that the darkest and 
lightest parts of the focogram are at the 
margin and the half-radius points, The 
mirror therefore appears to be slightly 
concave instead of having the effect of 
flatness as when the cutoff is ,707. (It 
may be of interest that ,866 is the square 
root of 3 divided by 2, and that the 
square root of 'i2 is ,707.) 

"If the mirror being tested were the 
usual 6-inch with 48-inch focal length, 
the smallest pinhole which should be 
used would be .0015-inch. A focogram 
with a .001-inch pinhole would have the 
same appearance as the ,004-inch pin
hole in the illustration, 

"There is no good reason for striving 
for a tiny pinhole, since the cutoff is 
really formed between the knife-edge 
and the image of only one side of the 
pinhole, In fact the pinhole may be dis-
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pensed with altogether and a single 
knife-edge used for both the defining 
edge of the light source and the cutoff. 
At one point it forms a boundary of the 
light source and at another it intercepts 
its own reflected image. This arrange
ment is also much easier to clean than a 
pinhole." 

Since the lamp and knife-edge move 
toward or away from the mirror as a 
unit, r2/2R is used in place of r2/R. 

T WO silent motion-picture films, How 
to Make a MiHal' and Telescope (8 

mm., 100 feet, 8 minutes) and Making 
a Telescope (16 mm., 400 feet, 15 min
utes) are available at a $5 rental fee 
from the Amateur Astronomers of the 
Franklin Institute, Philadelphia, Pa. 
They serve chiefly to show the uninitiate 

what telescope making is like, and as 
entertainment and a source of argument 
in club groups. A group of advanced 
amateurs who recently discussed the 
idea of demonstrating fine close mirror
making techniques by means of motion 
pictures concluded that the more diffi
cult skills are too elusive for this me
dium. One amateur who has worked as 
a profeSSional stated that he spent weeks 
watching a noted old-time professional 
in the flesh without being able evcn then 
to capture his touch and technique, 
especially his pressure trick. Perhaps this 
statement may act as a challenge to some 
amateur motion-picture producer. A film 
aimed entirely at the advanced amateur, 
with no concessions to the tyro, would 
please the tyro most. He would drink it 
in and work to reach its level. � Imag-e of knife edge 

(li�ht returnin� 
� , - _ from mirror i Ii ----- �- ----r :� ----- � 

----
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Testing between the knife-edge and its reversed image 

PRECISION REFRACTORS 

2.4-INCH EQUATORIAL 
The complete instrument for the active amateur, 
Objective: Coated 60 mm. (2.4") di
ameter, 900 mm. (35.4") focal (ength, 
filS. 

Eyepieces: 9 mm. for 100x, 18 mm. for 
SOx. Higher powers available at extra cost. 

COMPLETE with equatorial mounting 
and slow motion controls, tripod, view find
er, star diagonal, erecting prism system. 
sunglass, wooden case. Only $225 

Other models as low as $75. Send check 
or money order, or write today for further 
information to: 

UNITED TRADING CO. 
204 Milk St., Dept. S-12. Boston 9, Mass. 

Fully Guaranteed. Shipped Express Collect 

here 
is the 
answer 

-to your .... optical 

� 

_

_ 

. � problem 

YES, for a�swers to your; 
problems concerning Opth:�al: 
Design' and Procurement wei 
invite your inquiry. ! J We are suppliers of some of: 
the most precise optics ever, 
made to some of the world's: 
largest manufacturers, 

. / 
�9hn B. Norman (o.J 

2206 WEST ERWIN 
TYLER, TEXAS 

.. -�.-.• -.. 

! 

J 
8 /  

© 1951 SCIENTIFIC AMERICAN, INC



AN INDEX 

OF ARTICLES 

AND AUTHORS 
The following index lists all the arti

cles and authors that appeared in SCIEN
TIFIC AMERICAN during 1951 with the 
exception of those published in the 
September issue entitled Human Re
sources of the U. S. The index also lists 
the principal book review in each issue. 
Shorter book notes are not indexed. 

AMERICANS, THE EARLY, by Frank H. 
H. Roberts; February, pp. 15·19. 

Andrewes, Christopher Howard. THE COM· 
MON COLD; February, pp. 39·45. 

ANIMAL, INTELLIGENCE, by Carl J. 
Warden; June, pp. 64·68. 

ARTIFICIAL RESPIRATION, by Stefan 
Jellinek; July, pp. 18·21. 

Astbury, W. T. FLAGELLA; January, pp. 
20-24_ 

ATOMIC POWER, THE ECOI\'OMICS OF, 
by Sam H. Schurr; January, pp. 32-38. 

Ayres, Eugene_ WINDOWS; February, pp_ 
60-65_ 

Barker, M. E. WARM CLOTHES; March, 
pp_ 56-60_ 

Bellman, Richard and David BlackwelL RED 
DOG, BLACKJACK, POKER; January, 
pp_ 44-47_ 

BEVATRON, THE, by Lloyd Smith; Febru
ary, pp. 20-25. 

Blackwell, David and Richard Bellman. RED 
DOG, BLACKJACK, POKER; January, 
pp. 44-47. 

BLOOD CLOTS, THE CONTROL OF, by 
Shepard Shapiro; March, pp. 18-21. 

BLOOD RELATIONSHIPS OF ANIMALS, 
THE, by Alan A. Boyden; July, pp. 59-63. 

Blumenstock, David 1. WEATHER INSTRU
MENTS; December, pp. 64-70. 

Boehm, George A. W., H. B. Goodrich and 
R. H. Knapp. TIlE ORIGINS OF U. S. 
SCIENTISTS; July, pp. 15-17. 

Bonner, John Tyler. THE HORN OF THE 
UNICORN; March, pp. 42-43. 

Boyd, William C. Rh AND THE RACES OF 
MAN; November, pp. 22-25. 

Boyden, Alan A_ THE BLOOD RELATION
SHIPS OF ANIMALS; July, pp. 59-63. 

Bronowski, J. METHODS OF OPERATIONS 
RESEARCH, by Philip M. Morse and 
George E. Kimball (a book review); Oc
tober, pp. 75-77. 

Brown, Arthur and Horace Levinson. OPERA
TIONS RESEARCH; March, pp. 15-l7. 

Bruce-Mitford, R. L. S. THE SUTTON HOO 
SHIP-BURIAL; April, pp. 24-30. 

Brues, Charles T. INSECTS IN AMBER; 
November, pp. 56-61. 

Burnet, F. M. VIRUSES; May, pp. 43-51. 
Buzzati-Traverso, A. THE STATE OF GE

NETICS; October, pp. 22-25. 

CALCIUM AND LIFE, by L. V. Heilbrunn; 
June, pp. 60-63_ 

CENSUS, THE, by Philip M. Hauser; April, 
pp_ 15-17. 

82 

Chapanis, Alphonse. COLOR BLINDNESS; 
March, pp_ 48-53. 

CHILDREN-S BOOKS, by James R. New
man; December, pp. 72-77. 

CHROMATOGRAPHY, by William H. Stein 
and Stanford Moore; March, pp. 35-41. 

Clayton, Roderick K. and Max Delbriick. 
PURPLE BACTERIA; November, pp_ 68-
72_ 

CLOTHES, WARM, by M. E. Barker; March, 
pp_ 56-60. 

Coler, Charles N. THE HUMAN GROUP, by 
George C. Homans (a book review); 
March, pp. 64-65. 

Cohen, L Bernard_ A HISTORY OF MEDI
CINE, Vol. I: Primitive and Archaic M edi
cine, by Henry E. Sigerist (a book review) ; 
February, pp. 66-68. JOSIAH WILLARD 
GIBBS, by Lynde Phelps Wheeler (a book 
review) ; November, pp. 74-76_ 

COLD, THE COMMON, by Christopher 
Howard Andrewes; February, pp. 39-45_ 

COLOR BLINDNESS, by Alphonse Chap
anis; March, pp. 48-53. 

Colp, Ralph, Jf. ERNEST STARLING; Octo
ber, pp. 56-61. 

COMETS, by Fred 1. Whipple; July, pp_ 22-
26. 

Dahlberg, Gunnar_ AN EXPLANATION OF 
TWINS; January, pp. 48-51. 

DEEP-SEA LAYER OF LIFE, THE, by 
Lionel A. Walford; August, pp. 24-28. 

Deevey, ,Edward So, Jr. LIFE IN THE 
DEPTHS OF A POND; October, pp_ 68-72. 

Delbriick, Max and Roderick K. Clayton. 
PURPLE BACTERIA; November, pp. 68-
72. 

DETERGENTS, SYNTHETIC, by Lawrence 
M. Kushner and James L Hoffman; Octo
ber, pp_ 26-30. 

Dibner, Bern. MOVING THE OBELISK; 
June, pp_ 58-5? 

DRUGS, THE IMITATIVE, by Richard O. 
Roblin, Jr.; April, pp. 60-63. 

EELGRASS CATASTROPHE, THE, by 
Lorus J_ and Margery J. Milne; January, 

pp. 52-55. 
ELECTRONICS, A REVOLUTION IN, by 

Louis N. Ridenour;. August, pp. 13-17. 
ELECTROPHORESIS, by George W. Gray; 

December, pp. 45-53. 
Evans, John W. SOLAR FLARES; Decem

ber, pp. 17-21. 
EVOLUTION, CATACLYSMIC, by G. Led

yard Stebbins, Jf.; April, pp. 54-59_ 
EVOLUTION EMERGING, by William King 

Gregory. A book review by Alfred S_ 
Romer; July, pp. 64-66_ 

EVOLUTION, THE SCARS OF HUMAN, by 
Wilton M. Krogman; December, pp. 54-57. 

F ERTILIZATION IN MAMMALS, by 
Gregory Pincus; March, pp. 44-47. 

FIBERS, SYNTHETIC, by Simon Williams; 
July, pp. 37-45_ 

FLAGELLA, by W. T. Astbury; January, pp_ 
20-24. 

FLOWERS, THE FERTILIZATION OF, by 
Verne Grant; June, pp. 52-56. 

FRICTION, by Frederic Palmer; February, 
pp. 54-58. 

GENETICS, THE STATE OF, by A. Buz
zati-Traverso; October, pp. 22-25. 

GIBBS, JOSIAH WILLARD, by Lynde 
Phelps Wheeler. A book review by 1. Ber
nard Cohen; November, pp. 74-76. 

Goodrich, H. B., R. H. Knapp and George A. 

W. Boehm. THE ORIGINS OF U. S. SCI· 
ENTISTS; July, pp. 15-l7. 

Grant, Verne. THE FERTILIZATION OF 
FLOWERS; June, pp. 52-56. 

Gray, George W_ THE UL TRACENTRI
FUGE; June, pp. 42-51. SICKLE-CELL 
ANEMIA; August, pp. 56-59. ELECTRO
PHORESIS; December, pp. 45-53. 

GROUPS, PEOPLE IN, by David B. Hertz 
and Sandra Lloyd Lesser; February, pp. 
26-28. 

Haber, Heinz. THE HUMAN BODY IN 
SPACE; January, pp. 16-19. 

Hafstad, Lawrence R. REACTORS; April, 
pp.43-50. 

Hall, Calvin S. WHAT PEOPLE DREAM 
ABOUT; May, pp. 60-63. 

HALLOWEEN, by Ralph Linton; October, 
pp_ 62-66. 

Hauser, Philip M. THE CENSUS; April, pp. 
15-17. 

HEART MUSCLE; August, pp. 48-49. 
HEAT PUMP, THE, by John F. Sandlort; 

May, pp. 54-59. 
HEAVY ELEMENTS FROM SPACE, by 

Edward P. Ney; May, pp_ 26-30. 
Heilbrunn, L. V. CALCIUM AND LIFE; 

June, pp. 60-63. 
Hertz, David B. and Sandra Lloyd Lesser. 

PEOPLE IN GROUPS; February, pp. 26-
28. 

Herwitz, Paul S. THE THEORY OF NUM
BERS; July, pp. 52-55. 

Hoffman, James 1. and Lawrence M. Kushner. 
SYNTHETIC DETERGENTS; October, 
pp. 26-30_ 

Hoffmann, Banesh. SHAKESPEARE THE 
PHYSICIST; April, pp_ 52-53_ 

HOW MAN CAME TO NORTH AMERICA, 
by Ralph Solecki; January, pp. 11-15. 

HOW TO TEACH ANIMALS, by B. F. 
Skinner; December, pp. 26-29_ 

HUMAN FERTILITY: THE MODERN 
DILEMMA, by Robert C. Cook. A book 
review by 1. S_ Penrose; August, p. 65. 

HUMAN GROUP, THE, by George C. Ho
mans. A book review by Charles N. Cofer; 
March, pp. 64-65. 

HYBRID CORN, by Paul C. Mangelsdorf; 
August, pp. 39-47. 

INPUT-OUTPUT ECONOMICS, by Wassily 
W_ Leontief; October, pp. 15-21. 

INSECTS IN AMBER, by Charles T. Brues; 
November, pp. 56-61. 

Ittelson, W. H. and F. P. Kilpatrick_ PER
CEPTION; August, pp. 50-55. 

J ellinek,
. 

Stelan. ARTIFICIAL RESPIRA. 
TION , July, pp_ 18-21. 

Jordan, W. H. RADIATION FROM A RE
ACTOR; October, pp. 54-55_ 

I(eJner, Alb
"
ert. REVIVAL BY LIGHT; 

May, pp. �2-25. 
Kerr, Paul F. THE EARTH'S URANIUM; 

May, pp. 17-21. 
KEYNES, THE LIFE OF JOHN MAY

NARD, by R. F_ Harrod. A book review by 
James R. Newman; April, pp. 71-74. 

Kilpatrick, F. P. and W. H_ Ittelson. PER
CEPTION; August, pp_ 50-55. 

Knapp, R. H., H. B. Goodrich and George 
A_ W. Boehm. THE ORIGINS OF U. S. 
SCIENTISTS; July, pp. 15-17. 

Kramer, Samuel N_ SUMERIAN "FARMER'S 
ALMANAC"; November, pp. 54-55. 

Krogman, Wilton M. THE SCARS OF HU
MAN EVOLUTION; December, pP_ 54-57. 

Kushner, Lawrence M. and James 1. Hoffman. 

© 1951 SCIENTIFIC AMERICAN, INC



SYNTHETIC DETERGENTS; October, 
pp. 26·30. 

uontief, Wassily W. INPUT·OUTPUT 
ECONOMICS; October, pp. 15·21. 

Lesser, Sandra Lloyd and David B. Hertz. 
PEOPLE IN GROUPS; February, pp. 26-
28. 

Levinson, Horace and Arthur Brown. OPERA
TIONS RESEARCH; March, pp. 15-17. 

Lineback, Hugh. MUSICAL TONES; May, 
pp.52-53. 

Linton, Ralph. HALLOWEEN; October, pp. 
62-66. 

MACHINE THAT LEARNS, A, by W. Grey 
Walter; August, pp. 60-63. 

MacInnes, Duncan A. pH; January, pp. 40-43. 
Mangelsdorf, Paul C. HYBRID CORN; Au

gust, pp. 39-47. 
Martin, Paul S. THE PEOPLES OF PINE 

LAWN VALLEY; July, pp. 46-51. 
Matthes, Gerard H. PARADOXES OF THE 

MISSISSIPPI; April, pp. 18-23_ 
Mayer, Maria G. THE STRUCTURE OF 

THE NUCLEUS; March, pp. 22-26. 
MEDICINE, A HISTORY OF, Vol. I: Primi

tive and Archaic Medicine, by Henry E. 
Sigerist. A book review by I. Bernard 
Cohen; February, pp. 66-68. 

Meen, V. B. THE CANADIAN METEOR 
CRATER; May, pp. 64-69. 

MET ALLlCA, DE RE, by Georgius Agricola; 
February, pp. 46-47. 

METEOR CRATER, THE CANADIAN, by 
V. B. Meen; May, pp. 64-69. 

METEORS, by Fletcher G. Watson; June, 
pp. 22-28. 

MICROSCOPE, ATOMIC; July, pp. 56-57. 
Milne, Lorus J. and Margery J. THE EEL

GRASS CATASTROPHE; January, pp. 
52-55. 

MISSISSIPPI, PARADOXES OF THE, by 
Gerard H. Matthes; April, pp. 18-23. 

Moore, Stanford and William H. Stein. 
CHROMATOGRAPHY; March, pp. 35-
41. 

Morrison, Philip and Emily. THE NEU
TRON; October, pp. 44-53. 

MUSICAL TONES, by Hugh Lineback; May, 
pp. 52-53. 

Nagel, Ernest. THE RISE OF SCIENTIFIC 
PHILOSOPHY, by Hans Reichenbach (a 

book review) ; May, pp. 70-73. 
NATURAL GAS, by James J. Parsons; No

vember, pp. 17-21. 
NEUTRON, THE, by Philip and Emily Mor

rison; October, pp. 44-53. 
Newman, James R. THE LIFE OF JOHN 

MAYNARD KEYNES, by R. F. Harrod (a 
book review); April, pp. 71-74. THE 
FLIGHT OF THUNDERBOLTS, by B. F. J. 
Schonland (a book review) ; June, pp. 71-
73. CHILDREN'S BOOKS; December, pp. 
72-77. 

Ney, Edward P. HEAVY ELEMENTS 
FROM SPACE; May, pp. 26-30. 

NUCLEUS, THE STRUCTURE OF THE, by 
Maria G. Mayer; March, pp. 22-26. 

NUMBERS, THE THEORY OF, by Paul S. 
Herwitz; July, pp. 52-55. 

OBEL�SK, MOVING THE, by Bern Dib
ner , June, pp. 58-59. 

Ogilvie, Sir Heneage. SURGICAL CUT
TING; November, pp. 62-66. 

OPERA TIONS RESEARCH, by Horace 
Levinson and Arthur Brown; March, pp. 
15-17. 

OPERATIONS RESEARCH, METHODS 

OF, by Philip M. Morse and George E. 
Kimball. A book review by J. Bronowski; 
October, pp. 75-77. . 

p almer, Frederic. FRICTION; February, 
pp. 54-58. 

Parsons, James J. NATURAL GAS; Novem
ber, pp. 17-21. 

Penrose, 1. S. HUMAN FERTILITY: THE 
MODERN DILEMMA, by Robert C. Cook 
(a book review) ; August, p. 65. 

PERCEPTION, by W. H. Ittelson and F. P. 
Kilpatrick; August, pp. 50-55. 

PERU, THE LOST CITIES OF, by Richard 
P. Schaedel; August, pp. 18-23. 

pH, by Duncan A. MacInnes; January, pp. 40-
43. 

Pincus, Gregory. FERTILIZATION IN MAM
MALS; March, pp. 44-47. 

PINE LA WN VALLEY, THE PEOPLES OF, 
by Paul S. Martin; July, pp. 46-51. 

POND, LIFE IN THE DEPTHS OF A, by 
Edward S. Deevey, Jr.; October, pp. 68-72. 

PURPLE BACTERIA, by Roderick K. Clay
ton and Max Delbriick; November, pp. 68-72. 

Rabi, I. I. SECURITY, LOYALTY AND 
SCIENCE, by Walter Gellhorn (a book 

review) ; January, pp. 56-57. 
RADIATION, THE LETHAL EFFECTS 

OF, by Edward Spoerl; December, pp. 22-
25. 

RARE EARTHS, THE, by Frank H. Sped
ding; November, pp. 26-30. 

REACTOR, NORWAY; December, pp. 30-32. 
REACTOR, RADIATION FROM A, by W. 

H. Jordan; October, pp. 54-55. 
REACTORS, by Lawrence R. Hafstad; April, 

pp.43-50. 
RED DOG, BLACKJACK, POKER, by Rich

ard Bellman and David Blackwell; J anu
ary, pp. 44-47. 

REVIVAL BY LIGHT, by Albert Kelner; 
May, pp. 22-25. 

Rh AND THE RACES OF MAN, by William 
C. Boyd; November, pp. 22-25. 

Ridenour, Louis N_ A REVOLUTION IN 
ELECTRONICS; August, pp. 13-17. 

Roberts, Frank H. H. THE EARLY AMERI
CANS; February, pp. 15-19. 

Roblin, Richard 0., Jr. THE IMITATIVE 
DRUGS; April, pp. 60-63. 

Romer, Alfred S. E VOLUTION EMERG
ING, by William King Gregory (a book re
view) ; July, pp. 64-66. 

S andfort, John F. THE HEAT PUMP; 
May, pp. 54·59. 

Schaedel, Richard P. THE LOST CITIES 
OF PERU; August, pp. 18-23. 

Scharrer, Berta. THE WOODROACH; De
cember, pp. 58·62. 

Schurr, Sam H. THE ECONOMICS OF 
ATOMIC POWER; January, pp. 32-38. 

SCIENTIFIC PHILOSOPHY, THE RISE 
OF, by Hans Reichenbach. A book review 
by Ernest Nagel; May, pp. 70·73. 

SCIENTISTS, THE ORIGINS OF U. S., by 
H. B. Goodrich, R. H. Knapp and George 
A. W. Boehm; July, pp. 15-17. 

SECURITY, LOYALTY AND SCIENCE, by 
Walter Gellhorn. A book review by I. I. 
Rabi; January, pp. 56-57. 

SHAKESPEARE THE PHYSICIST, by 
Banesh Hoffmann; April, pp. 52·53. 

Shapiro, Shepard. THE CONTROL OF 
BLOOD CLOTS; March, pp. 18·21. 

Shelton, S. M_ ZiRCONIUM; June, pp. 18-21. 
SICKLE·CELL ANEMIA, by George W. 

Gray; August, pp. 56-69. 
Skinner, B. F. HOW TO TEACH ANIMALS; 

December, pp. 26-29. 
Smith, Lloyd. THE BEVATRON; February, 

pp. 20·25. 
Smythe, Dallas W. AN ANALYSIS OF 

TELEVISION PROGRAMS; June, pp. 15-
17. 

SOLAR FLARES, by John W. Evans; Decem
ber, pp. 17-21. 

Solecki, Ralph. HOW MAN CAME TO 
NORTH AMERICA; January, pp. ll.15. 

SPACE, THE HUMAN BODY IN, by Heinz 
Haber; J anllltry, pp. 16-19. 

Spedding, Frank H. THE RARE EARTHS; 
November, pp. 26·30. 

Spoerl, Edward. THE LETHAL EFFECTS 
OF RADIATION; December, pp. 22-25. 

SQUID, THE, by H. B. Steinbach; April, pp. 
64·69. 

STARLING, ERNEST, by Ralph Colp, Jr.; 
October, pp. 56·61. 

Stebbins, G. Ledyard, Jr. CATACLYSMIC 
EVOLUTION; April, pp. 54-59. 

Stein, William H. and Stanford Moore. 
CHROMATOGRAPHY; March, pp. 35-41. 

Steinbach, H. B. THE SQUID; April, pp. 64-
69. 

SUMERIAN "FARMER'S ALMANAC," by 
Samuel N. Kramer; November, pp. 54·55. 

SURGICAL CUTTING, by Sir Heneage Ogil
vie; November, pp. 62-66. 

SUTTON HOO SHIP.BURIAL, THE, by R_ 
1. S. Bruce-Mitford; April, pp. 24-30. 

T ELEVISION PROGRAMS, AN ANALY
SIS OF, by Dallas W. Smythe; June, pp. 

15·17. 
THUNDERBOLTS, THE FLIGHT OF, by 

B. F. J. Schonland. A book review by James 
R. Newman; June, pp. 71·73. 

TWINS, AN EXPLANATION OF, by Gun
nar Dahlberg; January, pp. 48·51. 

U LTRACENTRIFUGE, THE, by George 
W. Gray; June, pp. 42·51. 

UNICORN, THE HORN OF THE, by John 
Tyler Bonner; March, pp. 42·43. 

URANIUM, THE EARTH'S, by Paul F. 
Kerr; May, pp. 17·21. 

VIRUSES, by F. M. Burnet; May, pp. 43-51. 
VOLCANOES, by Howel Williams; No· 

vember, pp. 45·53. 

Walford, Lionel A. THE DEEP-SEA 
LAYER OF LIFE; August, pp. 24-28. 

Walter, W. Grey. A MACHINE THAT 
LEARNS; August, pp. 60·63. 

Warden, Carl J. ANIMAL INTELLI-
GENCE; June, pp. 64·68. 

Watson, Fletcher G. METEORS; June, pp. 
22-28. 

WEATHER INSTRUMENTS, by David 1. 
Blumenstock; December, pp. 64·70. 

WHAT PEOPLE DREAM ABOUT, by Cal
vin S. Hall; May, pp. 60·63. 

Whipple, Fred 1. COMETS; July, pp. 22·26. 
WHITE BLOOD CELLS v. BACTERIA, by 

W. Barry Wood, Jr.; February, pp. 48-52. 
Williams, Howel. VOLCANOES; November, 

pp.45-53. 
Williams, Simon. SYNTHETIC FIBERS; 

July, pp. 37-45. 
WINDOWS, by Eugene Ayres; February, pp. 

60-65. 
Wood, W. Be.rry, Jr. WHITE BLOOD CELLS 

v. BACTERIA; February, pp. 18-52. 
WOODROACH, THE, by Berta Scharrer; 

December, pp. 58·62. 

Z IRCONIUM, by S. M. Shelton; June, pp. 
18·21. 

83 

© 1951 SCIENTIFIC AMERICAN, INC



84 

Microscope, camera and light source 

in one convenient unit! 

:Ik!� Panphot 

Universal Metallograph 
In the Panphot, Leitz offers the perfect combination 

of research microscope and reflex camera for the 

metallurgical research laboratory. Operating parts 

for observation and photomicrography are right at 

hand, and you can change from one to the other 

quickly and dependably ... without moving from 

your chair. Light source, microscope and camera are 

permanently a ligned in a sing Ie, easy-to-use instrument. 

Designed to meet a wide range of needs, the Panphot 

permits the use of reflected light, darkfield illumina

tion and poldrized light. A full line of accessories is 

available to equip the instrument for all types of 

photomicrography, photomacrography and for draw

ing and projecting micro images. The Panphot takes 

2'.4" x 4'.4" or 4" x 5" plates or cut film for both 

black and white and color work. 

Another of the famous Leitz microscopes, recognized 

everywhere as the finest microscopes made anywhere. 

For details, write Dept. SA 

E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 

LEITZ MICROSCOPES • LEITZ SCIENTIFIC INSTRUMENTS 

BINOCULARS • LEICA CAMERAS AND ACCESSORIES 
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Readers interested in further reading 

on the subjects covered by articles in this 
issue may find the lists below helpful. 
The lists are not intended as bibliogra
phies of source material for the articles. 
The references selected will provide 
supplementary information. 

SOLAR FLARES 

OUR SUN. Donald H. Menzel. The 
Blakiston Company, 1949. 

THE LETHAL EFFECTS OF 
RADIATION 

ACTIONS OF RADIATIONS ON LIVING 

CELLS. Douglas E. Lea. Cambridge Uni
versity Press, 1947. 

HOW TO TEACH ANIMALS 

THE BEHAVIOR OF ORGANISMS. B. F. 
Skinner. Appleton-Century-Crofts, Inc., 
1938. 

;-..JORWAY REACTOR 

THE HEAVy-WATER REACTOR AT 
KJELLER, NORWAY. Gunnar Randers and 
Odd Dahl. Institute for Atomic Energy, 
Kjeller, Norway. Abstracts of Papers, 
XIIth International Congress of Pure 
and Applied Chemistry, New York; 
September 10 to 13, 1951. 

ELECTROPHORESIS 

ELECTROPHORESIS. Dan H. Moore and 
H. A. Abramson in Medical PhYSiCS, Vol. 
2, edited by Otto Glasser, pages 327-
335. Year Book Publishers, Inc., 1950. 

THE SCARS OF 
HUMAN EVOLUTION 

THE BRIDGE-THAT-WALKS. William 
K. Gregory in Natural History, Vol. 39, 
No. 1, pages 33-48; January, 1937. 

CHARACTERS COMMON TO HIGHER 
PRIMATES AND CHARACTERS SPECIFIC 
FOR MAN. Adolph H. Schultz in The 
Quarterly Review of Biology, Vol. 11, 
Nos. 3 and 4, pages 259-283 and 425-
455; September and December, 1936. 

THE WOODROACH 

ENDOCHINES IN INVERTEBRATES. Berta 
Scharrer in PhYSiological Reviews, Vol. 
21, pages 383-409; July, 1941. 

WEATHER INSTRUMENTS 

TECHNIQUES OF OBSERVING THE 
WEATHER. B. C. Haynes. John Wiley & 
Sons, Inc., 1947. 

MANUAL OF METEOROLOGY, Vol. I: 
METEOROLOGY IN HISTOHY. Sir William 
Napier Shaw. Cambridge University 
Press, 1927. 
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ALCOA ALUMINA FOR FINE GRINDINGS 

Long the sy'mbol of prescription druggists, the mortar 
and pestle represents fme grinding-and fme grinding 
calls for ALCOA Alumina. 

It is no coincidence then, that Coors Porcelain 
Company, Golden, Colorado, chose ALCOA Alumina 
as the main component of their new mortar and 
pestle. Completely vitrified and non-porous, the 
alumina surfaces are extremely resistant to abrasion 
... unaffected by tungsten carbide scribers ... only 
slightly scratched by diamond. ALCOA Alumina is 
especially suited to this product because its purity 
and hardness (9 on Moh's scale) permit extra fine 
grindings without fear of contamination. 

ALCOA Alumina is aluminum oxide, a crystalline 
material with very sharp edges and corners. It is 
from this characteristic that alumina derives its 

value as an outstanding, fast-cutting abrasive. 
ALCOA Alumina is only one of the versatile 

ALCOA Chemicals used throughout industry to 
make better products do a better job. Electrical insu-
lators ... high-temperature refractories ... grinding 
balls ... rubber ... glass ... are but a few of the 
hundreds of products which have been measurably 
improved by ALCOA Chemicals. Perhaps they can 
benefit your product. Write to: ALU MINUM COMPANY 

OF AMERICA, CHEMICALS DIVISION, 6291\1 Gulf Build
ing, Pittsburgh 19, Pennsylvania. 

AlUMINAS and FLUORIDES 
ACTIVATED ALUMIN .... S • CALCINED ALUMINAS • HYDRATED 

ALUMINAS • TABULAR AlUMINAS • lOW SODA AlUMltcA.s 

ALUMINUM FLUORIDE ' SODIUM fLUORIDE ' SODIUM 

ACID FLUORIDE · flUOBORIC ACID • CRYOLITE ' GALLIUM 

© 1951 SCIENTIFIC AMERICAN, INC



(( '7he hopes and fears of all the years ... " 

Who can fail to respond to the wonder and magic of Christmas . . . 
to its messages of kindness and friendship ... to its promise of hopes 
fulfilled and fears dispelled? 

The Christmas spirit and the work of science can go hand in hand to help 
in many ways to fulfill long-held hopes and dispel age-old fears. 

Almost every day we read of advances in the treatment of disease and 
the relief of suffering. New ways are being found to grow more food and make 
other good things available to more people throughout the world. Through 
scientific means the earth's heaven-given abundance is being released in 
numerous ways for the benefit of mankind. 

America's great chemical industry serves millions of people through scores 
of other industries. It is grateful for the role it is able to play in transforming 
the discoveries of science into human benefits. 

AMERICAN � COMPANY 

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