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FUTURE OF THE SCIENCE OF PHYSICS 
BY ROBERTD. POTTER 

LISTING the practical advances made possible by the 
physical discoveries of the x-ray, radioactivity and the 
electron in the recent past, Dr. Karl T. Compton, gresi- 
dent of Massachusetts Institute of Technology, pre-
dicted that by the end of the twentieth century the still 
newer discoveries of research on atomic nuclei may yield 
comparable advances. Dr. Coinpton spoke on "What's 
Ahead in Physics" a t  the dinner session of the five socie- 
ties of physics meeting in New York on October 30 to 
celebrate the formation five years ago of the American 
Institute of Physics. 

"During the past third of a century the discoveries 
of the electron, the x-ray and radioactivity have together 
brought about the greatest advances which have ever been 
made in fundamental ltnowledge of the physical world 
and in practical applications of this knowledge to human 
welfare. These developments will undoubtedly continue. 
I t  iuay very well be that the new fields of ltnowledge dis- 
closed through exploration of the atomic nucleus may 
bring about a new set of developments of corresponding 
in~portance before this century comes to a close. I t  is 
primarily in the groups represented by these five member 
societies of the American Institute of Physics that those 
things which are next in physics, some of which we can 
aiiticipate and some of which are certainly quite unltnown 
to us, will come to pass." 

Dr. Compton pointed o ~ t  that in predicting the future 
oue can depend only on the achievements of the past and 
n Itnowledge of present trends. Of the past he said: 

"In the last fifty years physics has exerted a more 
pomerful beneficial influence on the intellectual, economic 
and social life of the world than has been exerted in a 
comparable time by any other agency in history. I ts  
influence has far  exceeded that of wars, political align- 
ments or social theories. 

"This is a strilting statement which, if true, discloses 
an equally striking absurdity, for the public is continually 
excited about this or that issue of politics, tariffs, codes 
or international relationships which are of far  less human 
import than the past and future accomplishments in that 
body of science whose American representatives are meet- 
ing here to-day, practically unlino\vn and unnoticed." 

As justification of his claim for the past usefulness of 
physics, Dr. Compton showed that a11 the many types of 
e~~gineering, civil, mechanical, radio, motion picture, 
aeronautical, all spring from the mother science of physics. 
Moreover, other scientists-astronomers, meteorologists, 
optometrists and others dealing with instruments-are 
also basically physicists. The contributions in five 
decades of these men bring glory to the science of physics 
and liialte its value outweigh war and politics in its 
effects on civilization. 

Scientific research is needed on a national scale as much 
as on the smaller industrial scale, Dr. Compton declared, 

deploring the shortsightediiess of research in the Federal 
Government agencies caused by lack of appropriations. 
IIe said: 

"Irrespective of our judgment regarding the justifica- 
tion for large government expenditures to stimulate in- 
dustry, I think that there would be agreement on the 
following principle by practically all scientists, engineers 
and progressive industrialists: 

"In national, just as in industrial, expenditures, some 
substantial portion should be devoted to the attempt to 
improve the products, processes and methods of the future. 
Huge expenditures for construction and production only, 
with no provision for research and development aimea 
at  better construction and new production in the future, 
are woefully short-sighted. Public policy and future 
industrial welfare require foundations for the future as 
well as production of the present. ' ' 

Dr. Compton suggested that sorne of the most prornis- 
ing future developments in the usefulness of physics lie 
in the field of medicine. Medical application of x-rays 
and radium rays have already aided the treatment of such 
diseases as cancer. Neutrons, obtained in experiments 
on nuclear transformation, are now liltewise found to have 
a differential elrect on normal and malignant tissues. 
Moreover, artificial radioactive materials like radioactive 
sodium offer interesting possibilities for cancer treatment 
without dangerous after elfects. 

Use of high-frequency radiation to create artificial fever 
is another application of physics in medicine ~vhich is 
just now showing its value. There is sorne temperature 
above which no known organism can live. Recently i t  
has been found that this temperature is lower for the 
organisms causing distemper in dogs than i t  is for the 
dogs themselves. Raising the temperature of the dogs 
above the lethal temperature for the distemper organ-
isms frees the animal from the disease. I n  a similar way 
syphilis has been cured in monkeys, although in Inan the 
two temperatures are so close together that i t  is dificult 
to effect a possible cure by this method. 

"Very recently, however, an improved tecllnique has 
been devcloped which offers great promise for many appli- 
cations an(! which consists of raising bodily temperature 
locally by means of electroliiagnetically produced high 
frequency electric currents within the body in the region 
to be treatrd while the temperature of the body as a 
whole is kept within the safe limit by special cooling. " 

THE JOSIAH WILLARD GIBBS LECTURE 
BY ROBERTI). POTTER 

(Copyright, 1936, b y  Science Service) 

MANYof the problems of astronomy are so big that 
they must be mentally simplified before astronomers can 
even start to try to solve them, declared Dr. Henry Norris 
Bussell, professor of astronomy at  Princeton University, 
a t  the closing sessions of the five founder societies of the 
American Institute of Physics. Professor Russell de-



12 SCIENCE—SUPPLEMENT VOL. 84, No. 2184 

livered the Josiah Willard Gribbs lecture of the American 
Mathematical Society on " Model S ta r s ." 

To show how astronomers simplify their intricate 
stellar problems, Professor Eussell chose a typical ex
ample. " W h a t would happen , " he asked, " t o a large 
mass of matter left to itself in space? If we could solve 
this completely, and work out the special case of our 
solar system in all detail, we would not have to bother 
with straw-votes or presidential polls. To get something 
we can handle mathematically, we must take a single 
body, forget that it is rotating, and forget that the 
90 different kinds of atoms of which it may consist may 
be present in different proportions in various parts—or, 
to be polite, assume that the material is ' thoroughly 
mixed.' The problem can then be solved for a 'cold 
body' which has lost into space all the heat that could 
possibly be got out of it. 

'' For a small body of a cubic mile or less, this would 
be a lump of rock, ice, or solidified gas. For a very 
large body, as massive as the sun, the matter would be 
' degenerate ' and very dense. The atoms would be ion
ized, or deprived of their outer electrons, by the enormous 
internal pressure. The white dwarf stars, like the com
panion of Sirius (which is about 30,000 times as dense 
as water) represent an approach to being final condition. 

" A completely cold body, whatever its mass, can not 
be larger than a certain size. This has been calculated 
by the East Indian physicists, Kothari and Majumdar, 
as 25,000 miles in diameter, for a mass about one two-
hundredth that of the sun. 

" F o r a body which still contains internal heat, we 
do not yet have data enough for an exact solution of the 
problem. Various assumptions lead to different ' model 
s t a r s / all of which are probably like the real stars in 
some ways, and none of them exactly like them." 

The source of the energy which stars are continually 
pouring into space as radiation is now generally agreed 
to be caused by transmutation of light hydrogen into 
heavier elements; with the possibility that the newly-
discovered neutrons may also share in a similar building-
up process. If only we knew in full the laws which gov
ern this process—or set of processes—we could calculate 
what the stars ought to be like—if we knew what sort 
of atoms were present in them, and in what proportions. 
But we know neither of these things yet. 

On many fronts astronomy which studies the gigantic 
things in the universe—the stars, nebulae and super-
galaxies—is therefore waiting, paradoxically with pati
ence and hope, for the nuclear physicist to make dis
coveries of the most minute things in the universe— 
atoms, the cores of atoms and electrons. 

Can neutrons exist in stellar interiors? There is little 
hope of solving this question with telescopes. The 
physicist is more likely to find the solution. ' ' From one 
standpoint the business of building model stars may be 
regarded as highly successful. Starting with the most 
general principles of physics, models have been con
structed which closely represent the properties of stars— 
not of one sort alone, but practically of all types—and 
satisfy the conditions of stability. The mass-luminosity 

relation, and the enigmatical white dwarfs have been 
explained. 

" F r o m another aspect, most of the work is still to do. 
The analytical problems which remain—such as those 
presented by zones of convection—can probably be solved, 
approximately at least, by ingenuity in discussion and 
assiduity in quadratures. But the physical problems 
still baffle us. From the nature of the situation no 
unique solution for the law of energy generation can be 
derived from a study of the properties of stars as a 
whole, even if these were known with high precision. 

' ' There is a much better chance of being able to deduce 
the generation law from nuclear physics; but present 
knowledge indicates that this is likely to depend on the 
composition of material in a complicated fashion, so that 
the problems of steady states and possible evolution of 
the stars, and of the relative proportions and possible 
transmutations of the elements within them are likely 
to be intimately connected. We may not live to see the 
final success; but, when it comes it will enlarge our knowl
edge of the universe." 

P S Y C H O L O G I C A L ACOUSTICS 

PROBABLY without knowing all the reasons why, six 
professional musicians have been playing selections for 
scientists at the State University of Iowa to make pos
sible research on the tones of violins. This was brought 
out by Dr. Paul C. Greene in his report to the New York 
meeting of the Acoustical Society of America. The 
purpose of the study was to see if violinists, in unaccom
panied performances, played typically in the natural or 
equally tempered musical scales. 

Actually it was found that they played in neither one 
when their violin tones were turned into electrical cur
rents and made visible on an oscillograph. Musicians 
will wish to know ' ' that compared with both natural and 
equally tempered intonation the violinists tended to ex
pand their major seconds and thirds and perfect fourths 
tended to approximate the theoretical scale values for that 
interval . ' ' 

The human ear is able to act as a radio loud speaker, 
converting the impulses coming in on an ordinary radio 
set into music, Dr. S. S. Stevens, of the Psychological 
Laboratory of Harvard University, said in a lecture be
fore the Acoustical Society of America. Although the 
music can be heard and popular tunes readily identified, 
the quality is not rich but rather like " t i n - p a n " music. 
Nevertheless, there is the advantage that radio advertis
ing is eliminated; speech can be recognized as speech, 
but only occasional words can be understood. 

In Dr. Stevens' experiments, ordinary alternating elec
tric currents were introduced into the ear by means of 
an electrode placed in the ear filled with a salt water 
solution. The alternating current was converted into 
sounds that could be heard. The theory that the basilar 
membrane of the ear carries a sufficient electric charge 
so that it is able to respond mechanically to an alternat
ing electrical potential is regarded as a reasonable ex
planation of this phenomenon. 

" W e know that the ear behaves as a condenser micro-



phone in the sense that sound energy is transformed into 
electrical energy. 7'he present hypothesis suggests merely 
that the ear, like all condenser microphones, is capable 
of the reverse process of converting electrical into mechan- 
ical energy." Thus the ear can be both rnicropholle and 
loud speaker, transforming mechanical energy into elec- 
trical impulses and bnclt again into sound. 

I t  is possible for an individual to listen to a tone and 
then to regulate the frequency of a second tone until 
it is just half the pitch of the first, according to a 
report by Dr. Stevens in  collaboration with Dr. J. Vollc-
mann, of Harvard, and Dr. E. B. Newman, of Swarth-
!nore College. Although several of those taking part in 
the experiment declared that thc feat was impossible, 
they all found that they were able to make this judg- 
ment of a tone just half as high as another and a numer- 
ical scale of psychological pitch was made up in this way. 
Further experiments indicated that the apparent size of 
jnst perceptible increases in pitch remains constant 
regardless of their location on the scalc. This is just 
the reverse of the way sound intensifiers are heard. The 
smallest loudness difference that can be perccivcd depends 
upon their intensity of thc first sound heard. 

I t  would seem that pitch and intensity are not per-
ceived by tbc sariic typc of physiological mechanism. 
Loudness appears to depend upon thc total numbcr of 
fibers stimulatcd in the auditory nerve. Pitch dcpends 
upon the location of that stimulation on the basilar 
~ncmbrane. When an individual picks out a tone he 
feels is just half as high in pitch as anothcr, hc picks one 
that stimulates a portion of the niembranc just halfway 
bctween that stimulatcd by the first tonc and thc clnd 
of the mcmbranc. 

ITEMS 

A BAND of diseasc fightcrs a t  the Univcrsity of Cin-
cinnati is bcing specially trained to combat tropical dis- 
cascs in thc event of epidcmics imported into the United 
States by air. While oficcrs of the U. S. Public Health 
Servicc are dcvcloping nclv mcthods of quarantine nccdcd 
to protcct the nation's hcalth sincc spccdy air travcl has 
brought the tropics dangerously closc, thc department of 
prerentivc mcdicine of thc University of Cincinnati is 
teaching doctors and medical studcnts to diagnose, treat 
and control tropical diseases, such as  yellow fercr, ma-
laria and various forms of dyscntery. A party of doctors 
and medical students under thc lcadership of Dr. T. J. 
LeBlanc, of thc university, has returned from a summer 
spent in a first-hand study of tropical diseascs a t  the 
School of Tropical Medicine a t  San Juan, Pucrto Rico. 

EVERYstate hcalth dcpartment should cmploy a nu-
tritionist to aid and advisc thc personncl of the hcalth 
serviccs in small couimunities, Dr. Wilson G. Smillie, of 
the Harvard School of Public Hcalth told the American 
Dietctic Association mecting in Boston. Such dietitians 
can bc of "inestimablc scrvice in recognizing nutritional 
dcfects as  a factor in hcalth conditions and their infln- 
ence will often persuadc prospectivc patients to seek ad- 
vice from physicians. " Their most important function 

will be the promotion of normal nutrition through nd- 
vice in the selection of a well balanced yet economical 
diet. Larger cities were advised to create an entire de- 
partment devoted to the efficient solution of nutrition 
problems. Such a program would be in keeping with 
the comparatively recent realization of importance of 
nutrition in preventing disease and promoting general 
health. 

EVIDENOPthat plants migrated across the Northern 
Pacific Ocean nearly 200,000,000 years ago in the epoch 
of tinie that geologists call Lower Permian has been un-
earthed in Texas by IIarvard explorers. The discovery 
of two new species of Tingia, a genus of long extinct 
plants hitherto unknown in America but found in China, 
was announced by the Harvard University Botanical Mu- 
seum where the specimens were studied. Tingia are 
plants like cycads, a group that flourished for about a 
hundred million ycars (during the lWesozoic era) after the 
age of the discovery ,just made in Texas. Cycads living 
to-day in various parts of the world look like pdrns or 
ferns, with root-likc trunks rising 20 to 60 feet crowned 
with lcaves. "This new discovery results in a much 
bcttcr understanding of international gco1ogic:~l corrcla- 
tions in the Pacific provinces," according to Dr. William 
C. Darrah in commenting on the discovery. The Tingia 
fossils occur bencath beds in which Gigantopteris plants 
wcrc found and thcy wcrc accompanied by plants known 
as Calliptcris and Walchia. Finding thc same fossils in 
both Western Anlerica, and Eastern Asia is proof that 
there was free migration of thcm betwccn the two conti- 
nents. The party collcctcd other fossil plants from a 
number of ncw localities in the Southwest. 

LEG-RONXSof rats havc bcen grown in the animals' 
brains by Dr. R. A. Willis, pathologist a t  Alfrcd Hos- 
pital, in Mclbourne, Australia, in an effort to  solve a 
problcm of growth and dcvclopment. Dctails of thc 
research were reportcd to the Royal Society. Dr. Willis 
was interested in what makes boncs grow up to be bones. 
Thcre have bcen two schools of thought on the subject. 
One believcd that i t  was the surrounding tissues that 
madc the beginnings of boncs in embryonic animals, 
where those beginnings look like anything but bonc, grow 
into thc coriiplcted structure. Anothcr held that what- 
cvcr i t  is that organizes thc primitive cartilagc of t h ~  
cmbryo into bones was to be found in the cartilage itself. 
Dr. Willis, confiruiing the indications of an carlier cx-
perimenter who used a diff crent mcthod, provcs the second 
linc of thought is correct. He took the onc-twcnty-fifth- 
inch-long beginnings of forelcg bones from the very 
young cuibryos of rats, and thrust them, by a simple 
opcmtion, into the brains of adult rats. Therc, nourished 
by thc surrounding brain tissue, thcy grcw. I f  i t  had 
bcen thc surrounding tissuc juiccs that dctermine what 
a tissue shall bc, the bones would havc changed into brain 
tissue. This did not occur. The implants grcw into 
almost full-size boncs, just as  they would normally havc 
done. X-rays and microscope examinations show no dif- 
ferencc betwccn thesc boncs grown in thc brain, and 
ordinary boncs which grew in thc forelcgs of rats. 


