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PROGRESSin the war against disease depends upon 
a fiow of new scientific knowledge. New products, 
new industries and more jobs require continuous ad- 
ditions to knowledge of the laws of nature, and the 
application of that knowledge to practical purposes. 
Similarly, our defense against aggression demands 
new knowledge so that we can develop new and im- 
proved weapons. This essential new knowledge can 

" 
be obtained only through basic scientific research. 

Science can be effective in the national welfare only 
as a member of a team, whether the conditions be 
peace or war. But without scientific progress no 
amount of achievement in other directions can insure 
our health, prosperity and security as a nation in the 
modern world. 

For the War against Disease. We have taken great 
strides in the war against disease. The death rate for 
all diseases in the Army, including overseas forces, has 
been reduced from 14.1 per thousand in the last war 
to 0.6 per thousand in this war. I n  the last 40 years 
life expectancy has increased from 49 to 65 years, 
largely as a consequence of the reduction in the death 
rates of infants and children. But we are f a r  from 
the goal. The annual deaths from one or two diseases 
far  exceed the total number of American lives lost in 
battle during this war. A large fraction of these 
deaths in our civilian population cut short the useful . 
lives of our citizens. Approximately 7,000,000 per- 
sons in the United States are menkally -ill and their 
care costs the public over .$175,000,000 a year. 
Clearly much illness remains for which adequate 
means of prevention and cure are not yet known. 

The responsibility for basic research in medicine 
and the underlying sciences, so essential to progress in 
the war against disease, falls primarily upon the med- 
ical schools and universities. Yet we find that the tra- 
ditional sources of support for medical research in the 
medical schools and universities, largely endowment 
income, foundation grants, and private donations, are 
diminishing and there is no immediate prospect of a 
change in this trend. Meanwhile, the cost of medical 
research has been rising. I f  we are to maintain the 
progress in medicine which has marked the last 25 
years, the Government should extend financial support 
to basic medical research in the medical schools and 
in universities. 

For Our National Security. The bitter and dan- 
gerous battle against the U-boat was a battle of scien- 
tific techniques-and our margin of success was dan- 

gerously small. The new eyes which radar has sup- 
plied can sometimes be blinded by new scientific de- 
velopments. V-2 was countered only by capture of 
the launching sites. 

We can not again rely on our allies to h d d  off the 
enemy while we struggle to catch up. There must be 
more-and more adequate-military research in peace- 
time. I t  is essential that the civilian scientists ma-
tinue in peacetime some portion of those contributions 
to national security which they have made so effeo- 
tively during the war. This can best be done through 
a civilian-controlled organization with close liaison 
with the Army and Navy, but with funds direct from 
Congre'ss, and the clear power to initiate military 
research which, will supplement and strengthen thaf: 
carried on directly under the control of the Army 
and Navy. 

And for  the Public Welfare.  One of our hopes is 
that after the war there will be full employment. To 
reach that goal the full creative and productive ener- 
gies of the American people must be released. To 
create more jobs we must make new and better and 
cheaper products. We .want plenty of new, vigorous 
enterprises. But new products and processes are not 
born full-grown. They are founded on new principles 
and new conceptions which in turn result from basic 
scientific research'. Basic scientific research is scien- 
tific capital. Moreover, we can not any longer de- 
pend upon Europe as a major source of this scien- 
tific capital. Clearly, more and better scientific re- 
search is one essential to the achievement of our goal 
of full employment. 

How do we increase this scientific capital? First, 
must have plenty of men and women trained id 

science, for upon them depends both the creation of 
new knowledge and its application to practical pur- 
poses. Second, we must strengthen the centers of 
basic research, which are principally the colleges, uni- 
versities and research institutes. These institutions 
provide the environment which is most conducive to  
the creation of new scieitific knowledge and least 
under pressure for immediate, tangible results. With 
same notable exceptions, most research in industry 
and in Government involves application of existing 
scientific knowledge to practical problems. It is only 
the colleges, universities and a few research institutes 
that' devote most of their research efforts to expand- 
ing the frontiers of knowledge. 

Expenditures for scientific research by industry and 
Government increased from $140,000,000 in 1930 to  
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$309,000,000 in 1940. Those fop the colleges and uni- 
versities increased from $20,000,000 to $31,000,000, 
while those for  the research institutes declined from 
$5,200,000 to $4,500,000 during the same period. I f  
the colleges, universities and research institutes are to 
meet the rapidly increasing demands of industry and 
Government fo r  new scientific knowledge, their basic 
research should be strengthened by use of public 
funds. 

F o r  science to serve as a powerful factor in our 
national welfare, applied research both in  Govern- 
ment and in industry must be vigorous. To improve 
the quality of scientific research within the Govern- 
ment, steps should be taken to modify the procedures 
fo r  recruiting, classifying and compensating scientific 
personnel in  order to reduce the present handicap of 
governmental scientific bureaus in  competing with in- 
dustry and the universities fo r  top-grade scientific 
talent. To provide coordination of the common scien- 
tific activities of these governmental agencies as  to 
policies and budgets, a permanent Science Advisory 
Board should be created to advise the executive and 
legislative branches of Government on these matters. 

The most important ways in  which the Government 
can promote industrial research a re  to increase'the 
flow of new scientific knowledge through support of 
basic research, and to aid in  the development of scien- 
tific talent. I n  addition, the Government should pro- 
vide suitable incentives to  industry to conduct re-
search, (a)  by clarification of present uncertainties 
in  the Internal Revenue Code in regard to  the de- 
ductibility of research and development expenditures 
a s  current charges against net income, and ( b )  by 
strengthening the patent system so as  to eliminate 
uncertainties which now bear heavily on small indus- 
tries and so as  to prevent abuses which reflect dis-
credit upon a basically sound system. I n  addition, 
ways should be found to cause the benefits of basic 
research to reach industries which do not now utilize 
new scientific knowledge. 

The responsibility f o r  the creation of new scientific 
knowledge-and for  most of its application-rests on 
that small body of men and women who understand 
the fundamental laws of nature and are skilled in  the 
techniques of scientific research. We shall have rapid 
or  slow advance on any scientific frontier depending 
on the number of highly qualified and trained scien- 
tists exploring it. 

The deficit of science and technology students who, 
but fo r  the war, would have received bachelor's degrees 
is about 150,000. I t  is estimated that the deficit of 
those obtaining advanced degrees i n  these fields will 
amount i n  1955 to about 17,000-for it  takes a t  least 
six years from college entry to  achieve a doctor's de- 

gree or its equivalent in  science or engineering. The 
real ceiling on our productivity of new scientific 
kno~vledge and its application in the war against dis- 
ease, and the development of new products and new 
industries, is the number of trained scientists avail- 
able. 

The training of a scientist is a long and expensive 
proeess. Studies clearly show that there are talented 
individuals in every par t  of the popalation, but with 
few exceptions, those without the means of buying 
higher education go without it. I f  ability, and not the 
circumstance of family fortune, determines who shall 
receive higher education in science, then we shall be 
assured of constantly improving quality a t  every level 
of scientific activity. The Government should provide 
a: reasonable number of undergraduate scholarships 
and graduate fellowships in order to develop scientific 
talent in  American youth. The plans should be de- 
signed to attract into science only that proportion 
of youthful talent appropriate to  the needs of science 
in relation to the other needs of the nation for  high 
abilities. 

Imcludimg Those in Umiform. The most immediate 
prospect of making u p  the deficit in  scientific per- 
sonnel is to develop the scientific talent in the gen- 
eration now i n  uniform. Even if we should s tar t  now 
to train the current crop of high-school graduates 
none would complete graduate studies before 1951. 
The Armed Services should comb their records f o r  
men who, prior to or during the war, have given evi- 
dence of talent fo r  science, and make prompt arrange- 
ments, consistent with current discharge plans, fo r  
ordering those who remain in  uniform, as  soon as  
militarily possible, to duty a t  institutions here and 
overseas where they can continue their scientific edu- 
cation. Mo~eover", the Services should see that those 
who study overseas have the benefit of the latest sci- 
entific information resulting from research during the 
war. 

THE LIDMUST BE LIFTED 

While most of the war research has involved the 
application of existing scientific knowledge to the 
problems of war, rather than basic research, there has 
been accumulated a vast amount of information re-
lating to the application of science to particular prob- 
lems. Much of this can be used by industry. I t  is 
also needed for  teaching in the colleges and univer- 
sities here and in the Armed Forces Institutes over-
seas. Some of this information must remain secret, 
but most of it should be made public as  soon as  there 
is ground for  belief that the enemy will not be able 
to turn it  against us in  this war. To select that por- 
tion which should be made' public, to coordinate its 
release, and definitely to  encourage its publication, 
a board composed of Army, Navy and civilian scien- 
tific members should be promptly established. 
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The Government should accept new responsibilities 
for promoting the flow of new scientific knowledge 
and the development of scientific talent in our youth. 
These responsibilities are the proper concern of the 
Government, for they vitally affect our health, our 
jobs and our national security. It is in keeping also 
with basic United States policy that the Government 
should foster the opening of new frontiers and this is 
the modern way to do it. For  many years the Gov- 
ernment has wisely supported research in the agricul- 
tural colleges and the benefits have been great. The 
time has come when such support should be extended 
to other fields. 

The effective discharge of these new responsibiIities 
will require the full attention of some over-all agency 
devoted to that purpose. There is not now in the 
permanent Governmental structure receiving its funds 
from Congress an  agency adapted to supplementing 
the support of basic research in the colleges, univer- 
sities and research institutes, both in medicine and the 
natural soiences, adapted to supporting research on 

new weapons for both Services, or adapted to ad-
ministering a program of science scholarships and 
fellowships. 

Therefore I recommend that a new agency for these 
purposes be established. Such an agency should be 
composed of persons of broad interest and experience, 
having an understanding of the peculiarities of scien- 
tific research and scientific education. It should have 
stability of funds so that long-range programs may 
be undertaken. It should recognize that freedom of 
inquiry must be preserved and should leave internal 
control of policy, personnel and the method and scope 
of research to the institutions in which it is carried on. 
It should be fully responsible to the President and 
through him to the Congress for  its program. 

Early action on.these recommendations is impera- 
tive if this nation is to meet the challenge of science 
in the crucial years ahead. On the wisdom with which 
me bring science to bear in the war against disease, 
in the creation of new industries and i n  the strength- 
ening of our Armed Forces depends in large measure 
our future as a nation. 
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While the negative aspects of these experiments are 
obvious, what positive facts are proven? As I men-
tioned before, there are only two sources of acid of 
significant magnitude in a protein-free filtrate of 
plasma, namely, monobasic phosphate and carbonic 
acid. Hence only these two acids appear in the glo- 
merular filtrate in appreciable amounts. Their sum 
is only one fourth to one third of the observed ex-
creted titratable acid. Therefore the renal tubules 
must have added no less than two thirds to three 
fourths of the excreted acid to the filtrate as it passed 
down the tubular lumen. There is reason from work 
of the school of Dr. Richards on the frog for believ- 
ing that the tubules add all the acid which appears 
in the urine. -S 

I f  the proximal and distal segments of the am-
phibian kidney and the mammalian kidney are ho-
mologous, as seems probable from comparative physi- 
ological studies, then acidification of the urine in the 
dog as in the frog should take place in the distal 
tubule. There are two types of cellular mechanisms, 
illustrated in the two diagrams in Fig. 3, which could 
bring about this process of acidification: first, a true 
secretory mechanism, illustrated on the left, by which 

acid in molecular form could be secreted into the 
tubular lumen; and second, a quasi-secretory tubular 
mechanism, illustrated on the right, which could bring 
about an exchange of hydrogen ions for sodium ions. 
At first glance these two mechanisms seem very dis- 
similar. However, our attempts to distinguish be-

POSSIBLE MECHANISMS FOR THE TUBULAR EXCRETION OF ACID 

DISTAL TUBULE DISTAL TUBULE 

ACID SECRETION IONIC EXCHANGE 
FIG.3. 

tween them experimentally have convinced us that a 
distinction is largely academic, and with present meth- 
ods, impossible of achievement. I f  molecular aeid 
were secreted, that acid might be hydrochloric, as 


