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INTRODUCTION 

This 16th Annual Report of the National Science Foundation reviews 
progress and accomplishments for the fiscal year, and accounts for 
expenditure of funds appropriated for these purposes. In addition, and 
in accordance with the ‘custom of previous years, the report discusses 
events that may have preceded or followed the year covered by the 
Report where these have relevance to the activities described. 

In fiscal year 1966, the Foundation obligated $466.4 million through 
9,184 grants and contracts, primarily to colleges and universities. The 
distribution was as follows: 

Amount 
(miUi0n.r) Pmtnt 

Scientific Research. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $236.1 50.6 
Science’ Education. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124.3 26.7 
Institutional Support for Science. . . . . . . . . . . . . . . . . . . . . . . . . . 78.4 16,8 
Science Information Activities. . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.6 2.5 
International Science Activities. . . . . . . . . . . . . . . . . . . . . . . . . . . .9 .2 
Planning and Policy Studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0 .4 
Program Development and Management.. . . . . . . . . . . . . . . . . . 13. 1 2.8 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $466.4 - 100.0 

Because of the increasing interest in the distribution of Foundation 
funds on the basis of scientific discipline, a table has been prepared that 
presents this information. (See table on following page.) 

As previously, a listing of grants, contracts, and fellowship and trainee- 
ship awards is published in a separate volume entitled “National Science 
Foundation Grants and Awards, Fiscal Year 1966” (NSF 67-2). 
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Mathematics. . . $45,520 S 12,913 $27,809 $4,449 t27C 
Physics . . . . . . . . 50, 120 26,630 13,650 9,536 22s 
Chemistry...... 40,962 18,828 15,658 5,719 66E 
Biology . . . . . . . . 79,040 45,323 20,417 12,843 281 
Social Sciences. . 29,732 12,995 11,048 3,893 816 
Engineering. . . . 47,241 19,203 20,247 6,276 1,43S 
Astronomy. . . . . 24,032 20,616 752 2,638 15 
Atmospheric 

Sciences.. . . . 26,693 23,620 768 2,155 124 
Earth Sciences. . 36,885 26,939 7,275 1,417 1,178 
Oceanography. , 29,883 29,062 645 168 . . . . . . . 
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I -- 
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Inter- 
nation- 
al Sci- 
ence 

Activ- 
ities 

$75 
75 
91 

175 
43 
76 
11 

26 
76 
8 

240 

900 

by Discipline 

Plan- 
nin 

df 
PZ y 
Studies 

2, 009 

Pro- 

%? vel- 
opment 

hii!- 
age- 
ment 

1 All other includes those obligations in support of programs which cut across disciplines 
and, therefore, are not attributed to any single discipline. 



RESEARCH 
SUPPORT 
ACTIVITIES 

The National Science Foundation supports basic research in alI the sci- 
ences. Included are programs in support of basic research projects, 
primarily at universities and colleges, programs to provide specialized 
research facilities and equipment, and a group of special programs iden- 
tified as national research programs. All of these are discussed in this 
chapter. In addition, the Foundation maintains four national research 
centers owned by the Federal Government, operated for the Foundation 
by private nonprofit contractors, and available to all qualified U.S. 
scientists. The operations of these centers are described in a later 
chapter. 

BASIC RESEARCH PROJECTS 

In fiscal year 1966, final action was taken on 6,776 research proposals 
in which $5 11.5 million was requested. The Foundation made 3,647 
grants in response to these proposals. Thus 56 percent of those request- 
ing funds received some support. However, grants made totaled $157.8 
million, or only 32 percent of the total funds requested in all proposals. 

Funds requested in the successful proposals totaled $327.9 million, so 
that on the average grants provided 49 percent of the amount. asked. 
Some of this reduction, however, was due to cutting back the duration 
of support requested. 
vided is 77 percent. 

When this factor is eliminated, the percent ,pro- 

During the year, basic research grants were made to 307 academic 
institutions in every one of the 50 States, the District of Columbia, and 
Puerto Rico-19 more institutions than in fiscal years 1964 and 1965. 
Two hundred of these institutions received 2 or more grants, and 116 
received at least $200,000 each in grants. 

Continuing Grunts 

During fiscal year 1966, a new procedure was instituted for support of 
stable, continuing research programs of high quality. A new type of 
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grant arrangement called a Continuing Grant was announced on January 
11, 1966. Under this arrangement the Foundation can respond to a 3- 
to 5-year proposal by making a 2-year grant, together with an assurance 
that additional support will be given on an annual basis for up to 5 years, 
p+vided appropriated funds are available. Extension is based on a 
simple letter request, and no new proposal need be submitted during the 
term of the continuing grant. A full-scale review will be required only 
every fifth year for this type of program. 

This new arrangement should eliminate unnecessary proposal w$ing, 
and will relieve reviewexs and panel members of unnecessarily frequent 
reviews of high-quality, long-range programs. 

To prevent program funds from becoming overcommitted to continu- 
ing grants, an internal requirement has been established that the total 
of assurances for any future fiscal year shall not exceed half the funds 
available in the current year. This limitation is expected to insure ade- 
quate funds for new proposals. 

Cost-She&g 

The National Science Foundation has always considered its awards 
of basic research grants to colleges and universities to be in furtherance 
of the scholarly activities that are an essential part of the academic pro- 
gram of the institutions. The intention is not to buy research, but rather 
to enter into partnership with the institutions to enable them more effec- 
tively to carry out programs of mutual interest. 

There has always been a large degree of participation by the universities 
in the cost of the research supported by the Foundation. Records are 
not complete enough to establish the degree of participation accurately, 
but a conservative estimate is that institutions have on the average 
provided between 25 and 30 percent of the cost of the research carried 
out under NSF grants. 

In the Foundation’s fiscal year 1966 appropriation, the Congress 
included a provision that Federal funds could not be used to pay the 
entire cost of any basic research supported by a grant. The Bureau of 
the Budget Circular A-74 of December 13, 1965 transmitted and further 
defined the requirement, On January 24, 1966, the Foundation noti- 
fied all institutions of its cost-sharing requirements, which went into efkt 
on March 1,1966. 

Requirements for cost-sharing by colleges and universities arc. related 
to the cost of faculty time devoted to research in the following manner. 
Where the institution is on an academic year basis, cost-sharing by the 
institution must be at least equal to the NSF contribution to academic 
year salaries plus fringe benefits and associated indirect costs. Where 
the institution is on a calendar year basis, its minimum contribution must 
be equal to at least half the Foundation’s contribution to annual faculty 
salaries. 



Special negotiations become necessary when the formula given above 
does not provide for more than token participation by the institution. 
In the case of nonacademic institutions, suitable cost-sharing arrange- 
ments are worked out on an individual basis. 

The Foundation believes that these cost-sharing ground rules will pre- 
serve a substantial part of the participation previously in effect, and at the 
same time will provide that cost-sharing be more equitably applied. Dur- 
ing the months of April, May, and June 1966, 1,203 grants were made 
under the cost-sharing rules. Average cost participation for these grants 
was about 17 percent of total costs identified in the grants. It is possible 
that this percentage would be substantially higher if all applicable costs 
were listed. 

mtiirect Costs 

In the same notice that outlined requirements for cost-sharing, the 
Foundation announced that the indirect cost procedures described in Bu- 
reau of the Budget Circular A-21 would be applicable to all research 
grants. Accordingly, instead of a uniform indirect cost allowance of 20 
percent of direct costs, an overhead rate, generally expressed as a per- 
centage of salaries and wages, is now negotiated separately with each in- 
stitution. This is a more equitable, but considerably more complex 
procedure. Hereafter, the indirect cost percentage used for any grant 
will be the most recent figure established by the Foundation, and will 
not be subject to change for that grant after it has heen accepted by the 
institution. Because the average overhead so calculated is substantially 
greater than would be 20 percent of total direct costs, the new plan re- 
quires more total funds to support the same amount of research. At the 
present level of basic research support, the increase in indirect cost pay- 
ment amounts to about $10 million a year. 

Distribution by Fields of Science 

The research support program is managed by five divisions corre- 
sponding to five major subject matter areas. Each division is further 
divided into sections and program units. Table 2 shows the funds ob- 
ligated and number of grants made in fiscal year 1966 by each of these 
organizational units. 

Social Sciences 

The social sciences seek to explore the nature of man and to under- 
stand individual and group behavior. Because the social sciences are still 
less well developed than the natural sciences, the potential for new ideas, 
new techniques, and new paths of inquiry is very great. 

The basic physical, biological, and social sciences deal with the be- 
havior of matter and energy organized at three d&rent levels of com- 
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Table P.--National Science Foundation Research Projects, by Field of 

Science, Fiscal Year 1966 

Social sciences: 
Anthropology. . . . . . . . . . . 
Economics. . . . . . . . . . . . . . 
Economic and social 

geography. . . . . . . . . . . . 
History and philosophy of 

science. . . . . . . . . . . . . . . 
Political science. . . . . . . . . 
Sociology and social 

psychology. . . . . . . . . . . . 
Special projects. . . . . . . . . . 

Subtotal. . . . . . . . . . . . 

Biological and medical sciences: 
Cellular biology. . . . . . . . . , 
Environmental and 

systematic biology. . . . . , , 
Molecular biology. . . . . . . . 
Physiological processes. . . . , 
Psychobiology. . . . . . . . . . . . 
Biological oceanography. . . 

Subtotal. . . . . . . . . . . . . . . 

Mathematical and physical 
sciences: 

Astronomy. . . . . . . . . . . . . . . 
Chemistry. . . . . . . . . . . . . . . 
Mathematical sciences. . . , . 
Physics. . . . . . . . . . . . . . . . . . 

Subtotal. . . . . . . . . . . . . . . 

Environmental sciences: 
Atmospheric sciences. . . . . . 
Earth sciences.,. . . . . . . . . . . 
Physical oceanography. . . . 

Subtotal. . . . . . . . . . . . . . . 

8 

Proposals Received 

Number 

69 
47 

372 
417 
647 
252 
292, 

2,425 

116 
707 
471 
500 

1, 794 

118 
346 
100 

Amount 

$9,780,260 
8,574,900 

463,700 

2,211,500 
1,937,8OO 

15,348,800 
2,371,500 

17,140,lOO 
45,334,lOO 
52,426,64 1 
17,512,300 
22,060, ooo 

193,594,241 

12,968,870 
57,873,030 
42,892,477 
65, 745,366 

18,995,025 
18,709,217 
12, 138,298 

Awards 

Number 
-- 

125 
51 

83 
15 

273 

1,289 

94 
405 
368 
253 

81 
227 

59 

367 

Amount 

$3,840,093 
2,211,839 

215,300 

1,009, 861 
335,650 

3,589, 142 
1,021,570 

12,223,455 

9,872, 100 

7,011, 200 
10,900, 100 
7,580,OOO 
4,750,045 

10,026,273 

50,139, 718 

6,707,803 
16,467,550 
12,912,822 
20,134,551 

56,222, 726 

6,409,295 
7,529,652 
7,202,597 



Table 2.~utional Science Foundation Research Projects, by Weld of 
Science, fiscal Year 1966---Continued 

? 

Engineering sciences: 
Engineering chemistry.. . . 
Engineering energetics.. . . 
Engineering materials. . , . 
Engineering mechanics . . . 
Engineering systems. . . . . . 
Research initiation grants. , 
Special engineering 

projects. . . . . . . . . . . . . 

Subtotal. . . . . . . . . . . . . . . 

Total. . . . . . . , . . . . . . . . . . 

- 

I Proposals Received 

- 
1 

I 
I 

Number 

130 
126 
137 
244 
123 
521 

50 

1,331 

6,797 

Amount 

$9, 133,286 
9, 935,480 
8, 542,893 

20,8 12,895 
9,459,650 
9, 285,596 

2, 588,400 
- 

69,758,200 

533,363,184 

Awards 

Number 

49 
64 
61 

114 
57 

150 

31 

526 

3,647 

Amount 
- 

$2, 773,654 
3, 193,807 
2, 441,942 
4, 544,651 
2, 806,433 
1, 973,!Ioo 

18, 027,844 

157, 755,287 

plexity. Biological organization represents a vast increase in complexity 
over physical organization, and social organization represents a still vaster 
increase in complexity over both physical and biological organization. 
Yet it is the essence of scientific thinking that there exists no discontinuity 
between levels. Each brings forth complexities unique unto itself, but 
each necessarily incorporates the complexities of those below. While 
the concepts and explanatory principles formulated by the social sciences 
may not, therefore, depart from the concepts and principles established 
by the physical and biological sciences, neither are the discoveries 
achieved by the phyical and biological sciences sufficient to produce 
meaningful explanations of behavior at the level of social organization. 
In the scientific study of man’s social behavior the search begins with the 
knowledge available from other sciences, but the goals lie in another 
dimension. 

In addition, scientific and engineering progress has created a number 
of social problems that the natural sciences alone cannot be depended on 
to solve. New developments in science and engineering must be ab 
sorbed and optimally used by an increasingly complex society whose 
institutional and organizational arrangements may not be capable of 
meeting new challenges. Pollution may be regarded as typical of a new 
class of problems brought about by the application of technological devel- 
opments, and by an increasing population. 
proven inadequate to correct the situation. 

Technical steps alone have 
On the other hand, poverty 

has been a long-lived problem of societies, and no single “invention” can 
hope to erase it. Technological progress has led people everywhere to 
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I 
expect their living standards to rise, and has made them less willing to 
accept present conditions. Solutions to the problem of poverty, there- 
fore, lie in a combination of scientific and social developments. 

These cannot ‘be produced on order. Not only are the tasks enormous, 
but there is the need to learn more about man before the knowledge can 
be usefully applied. Decades of seemingly impractical theoretical re- 
search lie behind many of our spectacular scientific achievements. The 
basic research supported by the Foundation in anthropology, political 
science, economics, demography, linguistics, sociology, psychology, and 
geography seeks to identify and analyze that most complex of all relation- 
ships, the relationships among individuals and among social groups. To 
the degree that it is successful these scientists provide knowledge that 
can be used to make technological change more acceptable to society. 
Man must not only know his world in order to better it, he must know 
himself. The past year has brought renewed attention to this effort. 

As social scientists search for a deeper understanding of the interac- 
tions between man and his environment, they strive for increasing preci- 
sion in their data. They, like other scientists, have two basic ways of 
approaching their material -they may observe an existing situation, or 
they may set up a model experimental situation. Studies of existing 
situations help show how man actually behaves under conditions that 
the scientists cannot control. Model situations permit social scientists 
to vary conditions, and find out how individuals or groups react to the 
variations. Both types of study are necessary, and both have produced 
results of interest and significance. 

The following examples of recent research findings in the social sciences 
illustrate both the observational and the experimental approach, 

Commlffee Decisionmarking 

James D. Barber, a political scientist at Yale University, attempted to 
transfer the sophisticated measurement and observation techniques of 
small group research to the study of the behavior of government com- 
mittees. In government, committees abound and are critically im- 
portant at all levels of the decision process. It is relatively easy to study 
the decision products of committees (by the statistical examination of 
votes, decisions, etc.), but the study of the actual process by which a 
committee makes a decision is more difficult. 

Dr. Barber’s subjects were local government committees-boards of 
finance-who came as a group to the Yale University Small Groups 
Laboratory. The problems they confronted in the experimental sessions 
were highly realistic. In one instance they were presented with their town 
budget for the previous year and asked to alter it by a sp=cifi9d amount 
in a specified time period. Another task concerned ;nc n- attlL?ship of 
the board of education to the town government, a hypothehcal problem 



not based on the situation in any one town but one which probed a real 
area of controversy. 

The groups were observed (with their ’ knowledge) during their dis- 
cussions. The participants felt that the laboratory situation had not 
significantly changed the committees’ method of operation. Tape- 
recorded sessions of actual regular meetings of boards of finance as well 
as minutes of such meetings provided another check on the degree of 
accuracy that had been achieved in the laboratory. 

Analysis of the data centered on the following questions: What criteria 
are used in allocating resources among competing demands? What 
factor3 shape committee members’ perceptions of community power? 
What is the role of the chairman and the impact of his behavior on the 
other members of the group ? The findings were reported to the local 
hoards of finance and have resulted in specific suggestions on organizing 
the process of budgeting. 

Political scientists have applauded this pioneering venture as opening 
a new research possibility, since Dr. Barber demonstrated that it is pos- 
sible to exploit the advantages of controled laboratory procedures, to 
measure fairly accurately the impact attributable to the constraints of 
‘me laboratory, and to obtain from the findings new results of relevance 
to the understanding of political behavior. 

CM/d Rearing in Different Cultures 

Cross-cultural research, though difficult and costly, is essential to 
ascertain which aspects of behavior are “culture-bound,” and which are 
more universal. An outstanding example is the research of Uric Bronfen- 
brenner of Cornell University, who has been studying child-rearing pat- 
terns in different cultures and their effects on two aspects of the child’s 
value system : ( 1) The extent to which he alines himself with the values 
of peers versus those of adults; and (2) the extent to which these value 
orientations are maintained or modified in response to social pressure 
from either adults or peers. 

Comparative studies have been conducted among preadolescents in 
the United States, England, Switzerland, the U.S.S.R., and West 
Germany. 

It was found that U.S. parents are more emotionally involved with 
their children than are English parents; U.S. parents make greater use 
of such psychological forms of discipline as withdrawing support and 
evoking guilt, while English parents resort more often to physical punish- 
ment. English parents are less involved with child-rearing than their 
US. counterparts, and English fathers, in particular, are especially cool 
and punitive with boys. The two sexes are treated more equally by 
American parents. 

In the Soviet Union, the official youth organizations play a special 
role in the child’s upbringing. It was expected that Russian youngsten 
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were less likely to experience peer pressure as conflicting with adult values 
and would, therefore, be more responsive to adult influence. With the 
cooperation of Soviet colleagues, this supposition was tested by asking 
school children in the United States and the U.S.S.R. to respond to a 
series of hypothetical situations in which they ‘were forced to make a 
choice between behavior approved or desired by adults and behavior 
preferred or requested by peers. Responses were obtained from the 
children under three conditions. They were told that their answers 
would be known only to the experimenter and : ( 1) themselves, ( 2) 
their parents and teachers, or ( 3 ) classmates. 

American youngsters revealed a much greater readiness to engage in 
peer-instigated, antisocial behavior than their Soviet counterparts, while 
Soviet youngsters were more responsive to adults. Peer pressure 
increased adult-approved responses in the U.S.S.R. and antisocial 
reactions in the United States. 

These results demonstrate that social pressure can have appreciable 
but predictably different effects in different social systems. With respect 
to problems of education -and upbringing, the findings emphasize the 
importance of utilizing to constructive ends the power of the peer group 
to influence the behavior and personality development of the child. 

Laboratory “Games” 

Social psychology, more than any other social science, uses laboratory 
experiments in its research. The skillful experimenter designs simplified 
behavior situations relevant to real life, while the independent variables 
of interest can he carefully controlled. 

One productive and very popular technique of experimentation is 
the study of interaction in “game” situations. “Games” are a strategic 
device for studying certain types of behavior, because variables can be 
e&y controlled and quantified. The playels are placed in an inter- 
dependent relationship analogous to a variety of real social relationships. 
The experimenter may then observe the effects of variables, such as the 
degree of past interaction between opponents, whether or not there is an 
expectation of future interaction, or differences in status. 

Games are employed by several grant-supported investigations of the 
processes of cooperation, competition, and negotiation and bargaining. 
The use of this technique is illustrated in the following brief description 
of one of the games used in the research of Morton Deutsch, a 
Columbia University social psychologist-the “Acme-Bolt” Trucking 
Game. 

Acme and Bolt are two trucking firms. Each has a truck that is to be 
moved along a road from a starting point on one edge of a board to a 
destination on the opposite edge. This may be accomplished by taking 
either a short direct route accessible to trucks of both firms or a longer 
private route. The short route has a central segment which is single 
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lane. Profits are based on the time it takes to complete the trip; the 
shorter the time, the greater the profits. Subjects, play the game in 
separate booths and their moves and respective positions are displayed 
before them on a control panel mounted on a sloping-front cabinet. In 
some cases, subjects are allowed to communicate directly by talking over 
an intercom. 

In this (and other) laboratory situations, Dr. Deutsch is trying to dis- 
cover what determines whether or not people will resolve a situation of 
conflict so that mutual gain results. His first answer is a self-evident one: 
If people have a preexisting cooperative orientation toward one another, 
they are likely to resolve a conflict of interest by a cooperative process; if 
they have a prior competitive orientation, they are likely to resolve the 
conflict competitively. 

A third type of orientation to the games, individualistic, was not pre- 
dominantly cooperative or competitive, but was characterized by mutual 
indifference to the other’s fate. The instructions did not stress helping or 
defeating the other, but simply the injunction to win as much as possible 
for oneself. The cooperativeness or competitiveness of the subject’s ap- 
proach generally rested on such factors as problem size, threat capabilities, 
communication facilities and skills, inspection procedures, and behavioral 
strategies. 

Different orientations have been elicited by a variety of procedures: 
( 1) by the experimenter’s instructions; ( 2) by the payoff structure, as 
when a player’s profits and lasses are consonant with those of the other 
player, on the one hand, or when his gains are in proportion to the other’s 
losses, on the other hand; (3) by inducing a perception of the other as 
one similar or dissimilar in values and attitudes to the subject. 

There is good evidence for the commonsense notion that small conflicts 
are more easily resolved than large conflicts. The size of the conflict was 
manipulated by changing the length of the one lane path which the 
trucks in the Acme-Bolt game were to traverse. In the small conflict, 
players resolved the problem with less deadluck and struggle, less use of 
threat, and greater mutual gain than in the larger conflicts. 

A subject can be given the means to threaten the other player. For 
example, in the trucking game, this can be done through the use of gates 
by which one player can block the other. When this was done, the likeli- 
hood of the subject using this power varied with the circumstances. He 
was less likely to use threat power when his opponent had equal power 
than when the balance was one-sided. Under conditions of equal power, 
the subject was more likely to use hi power when the threat was of me- 
dium intensity than when it was of very high or low intensity. In general, 
however, subjects use such weapons when they are available, and their 
use makes it more difficult to resolve the conflict cooperatively. 

In a number of experiments, the effects of having or not having com- 
munication facilities were examined. It was consistently found that 
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cooperatively oriented pairs did not need such facilities to work out effec- 
tive agreements, and competitively oriented pairs could not use them 
effectively or with honest intent. Individualistically oriented subjects 

were more likely to benefit from the opportunity for communication of 
intentions and expectations. 

It is also of interest to note that communication was more effectively 
utilized if it was allowed only after the players had experienced a series 
of deadlocks, than if it was initiated prior to the deadlock. 

The introduction of inspection procedures, it was found, facilitated 
cooperation, for it enabled the players to reveal to one another their 
cooperative efforts and prevented them from concealing competitive 
efforts. There was most competition, least cooperation, and smalhzst 
joint payoff in the no-inspection condition. 

Analysis of International Trude 

H. G. Georgiadis of the National Bureau of Economic Research has 
been engaged in a systematic analysis of international trade data in an 
effort to assess objectively the competitive position of the United States 
in world trade. 

The first part of his research effort involved finding the most appropri- 
ate concepts and statistical techniques for identifying shifts in the com- 
petitive position of a given country, and the development of a feasible 
“end-use” commodity classification system. After these measures were 
worked out and used, several important findings emerged. “Price-rise” 
countries are defined as those which experienced a rate of price increase 
higher than that observed in the United States. “Price-fall” countries 
are those which experienced a lower rate of price increase. The anal&s,is 
of data demonstrated that when the United States share of the market 
in the leading foreign countries changed, the change in both “price-rise” 
and “price-fall” countries was in the same direction. 

This observation suggested that : 

l Factors other than relative price changes contributed to gains and 
losses in the U.S. share of export markets. 
l There was no significant positive correlation between rates of 
growth of domestic production and rates of growth of domestic 
prices on the one hand, and of changes in imports on the other. 
l The original export share of a market supplied by a given country 
did not prejudice the subsequent behavior of the market shares of 
that country in any significant way. 

An investigation was also made to determine whether the products in 
which individual exporting countries registered their highest market 
gains were those! in which they also registered their highest expansion in 
domestic productio.n._ In. the event this proved to be true, further 



research would be undertaken to determine whether the ranking of 
domestic rates of production would be considered as a good proxy for 
technological innovation. 

rood-Guthering in a frimifive Society 

In a recent study, Richard Lee and Irven DeVore of Harvard Univer- 
sity lived in southern Africa among 430 Bushmen of the Kalahari Desert, 
Bechuanaland. The Bushmen comprise one of the few groups left in 
the world among whom hunting and gathering---once the way of life 
for all men-still persists as the basic means of subsistence. Agriculture 
is lacking, and there are no domesticated animals except the dog. 

%rre L-A Harvard anthropotogzd Aas found that African Bushmen such aa 
those shown gathering ostrich eggs live a relatively routine and securelife in 
spite of the fact that their existence depends solely upon huntirsg and 
gathering. Surprisingly little is as get known about this kind of economic 
system, though modern man as a species developed in group8 with hunting and 
gathering economies. 
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As one part of the research, the daily food habits of two groups were 
recorded over a period of 15 months. Detailed observations were made 
on the seasonal activity cycle, including what foods were eaten and what 
movements about the countryside were necessary in the quest for food. 
Bushmen food resources were found to be both varied and abundant, 
including 85 edible plant and animal species. The basic food staple, the 
wild mongongo nut, alone accounted for twethirds of the vegetable diet. 
AMeat was of secondary importance in the diet, comprising between 20 
and 40 percent by weight. 

The Bushmen were highly selective in their food habits, eating only the 
tastiest of their foods and bypassing the less desirable ones. Most birds, 
small mammals, reptiles, and insects were virtually ignored as food. 
Wild foods were so plentiful that, for most of the year, the Bushmen could 
satisfy their subsistence requirements within a few miles of standing water. 

Theirs was not a free-ranging nomadic way of life. They moved out 
to seasonal water sources during the summer rains and each year returned 
to permanent waterholes. Although the Bushmen did not amass a food 
surplus, securing a food supply was not a matter of daily necessity. The 
women were observed to gather foods only 2 or 3 days each week, and the 
men hunted 3 or 4 days each week. Most of their time was spent in 
visiting, resting, talking, and working around the camp. 

Previous observers of the Bushmen have tended to focus on their ardu- 
ous and dramatic subsistence techniques, fostering the notion that the 
Bushmen live precariously close to the starvation level. They can survive 
terrible privation, but according to Lee’s and DeVore’s observations, ex- 
cept for a few weeks each year, Bushmen subsistence is routine and secure. 

In short, their findings suggest that there has been an underestimation 
of hunting and gathering as a persistent and substantial way of life. This 
study is significant- as well as interesting in its own right-because for the 
greater part of human history by far (until 12,000 years ago), all men 
were hunters and gatherers, and the biological evolution of modern man 
as a species took place when every human society was dependent on this 
type of economy. Yet we still know surprisingly little about the com- 
prehensive effects of this kind of economic system on human groups. 

The Efiecfiveness of Langucrge in Communication 

Language as a social phenomenon is an area of interest for many social 
scientists. Not only is the structure and analysis of the world’s various 
tongues of scientific interest in itself, but the language of a people tells the 
anthropologist much about its culture and origins. To the sociologist and 
psychologist the language of an individual speaker reveals much about 
him-his social status, his geographic origin, his personality. 

Social scientists are interested in such questions as: How does a child 
learn his language 3 How do children or adults learn more than one lan- 
guage? How are thought patterns translated into speech? (It &ll. be 



recalled that one of the criteria of mastering a foreign language is that 
“you can think in it.“) 

Thesaurus of World Languages-Languages are univedy used as 
the basic unit of classification of linguistic science, yet there exists no com- 
prehensive or satisfactory listing of the languages of the world. Just as 
the scientific classification of plants and animals gave order to the bio- 
logical sciences and made possible fruitful research efforts, the systemati- 
zation of language including dialects, language families, and areal 
groupings will fill a major research need in linguistic studies. A major 
award was granted to Thomas Sebeok at Indiana University to prepare a 
thesaurus of the languages of the world, necessary for the evolution of a 
computerized bibliography and retrieval system in linguistics. Four 
thousand languages will be covered, with a total of about 50,OOO entries, 
representing such items as phyla, area groupings, and local variants. 
Now nearing completion, the thesaurus will enable an investigator not 
only to identify a language or language group but to locate literature 
relevant to the item in question. 

The Uses of Hesitation -Collaboration between linguists and psy- 
chologists on problems of verbal phenomena and language learning is 
one of the most active areas of research. Percy Tannenbaum of the 
University of Wisconsin has been working on “the hesitation 
phenomenon.” 

He has found that silences in speech tend to both precede and follow 
words of low predictability. This suggests two reasons for hesitation in 
speech. One appears to be a groping phenomenon where the speaker 
is faced with a critical decision. The other may be a feedback result, 
that is, the speaker is reacting to something he bimseif has just said. 

Dr. Tannenbaum has also investigated the occurrence of hesitation 
phenomena in the speech of people who speak two languages well. He 
has noted that the relative frequency and locus of hesitations vary from 
one language to the other, and that these phenomena were in agreement 
with other indices of relative language proficiency. Preliminary results 
indicate a relationship between relative hesitation occurrences in two 
languages and interlingual word association. A biial person who 
changes his hesitation pattern when he moves from one language to the 
other is likely to be a person who is inclined to give different word associ- 
atim responses in each language. On the other hand, if he maintains 
a constant hesitation pattern, he also tends to give word association 
responses in one language that are translation equivalents of their 
responses in the other language. 

Biological and Medical Sciences 

New concepts and techniques promise an understanding of life at 
more profound levels than had been previously thought possible. The 
~Js of life being studied range from the smallest virus to the giant red- 
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I wood, from the simplest bacterium to man in all his complexity. These 
studies may deal w&h the life processes of a single cell, of a whole orga- 
nism, or of a community of organisms. 

A new era in biology was opened in the 1950’s with determination of 
the structure of DNA (deoxyribonucleic acid-the molecular canier of 
hereditary traits). Many of the remarkable and rapid achievements 
in molecular biology that occurred during this period were supported by 
the Foundation. The consequences of this expansion of fundamental 
knowledge, particularly in molecular genetics, are now a concern not only 
of science, but of public policy, because of man’s potential, but as 
yet undemonstrated, ability to control his heredity, development, and 
evolution. 

As a result of the rapid advances in molecular biology, disciplinary 
boundaries are breaking down. Many biologists are extending their 
interests from population or whole organ&m levels to the molecular level ; 
and conversely, molecular biologists are anxious to apply their knowledge 
and techniques to problems of whole organisms or populations. Increas- 
ingly, biologists are becoming oriented to the problems that must be 
solved irrespective of disciplinary boundaries-in fact more and more 
noteworthy advances are coming from multidisciplinary approaches. 
Each new discovery meshes with the interest of investigators in different 
areas. 

Seemingly scattered and distinct pieces of information can be inter- 
related and used to simplify man’s view of nature. In the realm of prac- 
tical a&in, each advance in understanding life processes gives mankind 
additional tools to use in solving the problems of increasing populations, 
food production, and environmental pollution. 

In the following discussion of research findings, a number of examples 
have been selected that show how these advances in fundamental know’ 
edge can contribute to the well-being of mankind. 

Juvenile Hormones us Insecticides 

Carroll Williams of Harvard University is investigating the behavior 
of juvenile hormone, an insect substance essential for larval growth. 
Metamorphosis of the larva requires that production of this hormone 
cease, allowing another hormone, ecdysone, to initiate transformation 
to the adult form. Application of juvenile hormone to a larva can 
prevent its metamorphosis into a sexually mature adult. This suggests a 
method of controlling insect populations that is safe because the hormone 
is inactive on other forms of life. Possibly of great practical importance 
is the fact that there is little chance of resistance developing, as is the 
case with such insecticides as DDT. Insects can scarcely afford to de- 
velop resistance to their own hormones on which they are dependent for 
growth and development. To date, juvenile hormone is difficult to ob- 
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Figure 2.-A Harvard scientist working with a Czechoslovakian colleague haa 
extracted from balsam-fir paper a compound with very high juvenile hormone 
activity that ha8 a deadly effect on an insect related to pests such as the “red 
cotton bugs” of India, Africa, and Australia. Normally, an advanced larva 
(left) of the insect, Pyrrhocoris apteruq develops into the winged, sexuallg 
mature adult (right). However, when exposed to the “paper factor,*’ the larva 
grows larger (center) and invariably die8 without maturing to the stage where 
it can reproduce. 

tain in quantity, and it has not yet been synthesized. But its potential 
utility assures a great increase in efforts to make it available. 

The Czechoslovakian scientist, Mama, who works with an insect species 
similar to that used by Williams, found that applications of juvenile 
hormone obtained from Williams did not interfere with the metamor- 
phosis of his European form, Pyrrhocoris uptertcs. Slama came to 
Harvard and found, to his amazement, that here his Czechoslovakian 
insects reacted like American forms and failed to become adults. But 
it was not Williams’ juvenile hormone that prevented the metamorphosis. 

Careful study revealed that the basic difference between the Prague 
and Harvard experiments was in the rearing of the animals. Harvard- 
raised insects were grown in jars with paper toweling, whereas Prague- 
raised insects were not. The paper was made from common balsam fir, 
which strangely enough contains a product with extremely high juvenile 
hormone activity. Equally astonishing was the discovery that the sub- 
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stance was without effect on any other insect tested except Slama’s 
PyrYhOCOris. 

These findings suggest that: ( 1) Preparation of hormone materials 
highly specific for different kinds of insects is possible, and (2) the 
“paper factor,” or a modification of it, may be an important insecticide 
for such insects as the red cotton bug, a highly destructive insect in India 
and close kin to the Czechoslovakian bug. 

Research of this nature opens a whole spectrum of possibilities that 
may revolutionize pest control through biological rather than chemical 
means, thus eliminating chemical pollutants that have led, in many in- 
stances, tograve pollution problems. 

Chemicully In~uenclng Insect Behovlor 

Related to these hormone studies are the recent advances in our under- 
standing of chemical communicators or pheromones that influence insect 
behavior. Secreted by one individual, these social chemical messengers 
elicit specific responses in other individuals of the same species. Ex- 
amples of these substances are sex attractants, the “queen substance” of 
honey bees, and trail markers of ants and termites. They have re- 
markable effects on insect behavior and may well be the definitive 
substances upon which biological control efforts should be concentrated. 

Pheromones of only a few harmful insects have heen isolated thus far. 
The amounts available for field testing are extremely small. The ‘gypsy 
moth sex attractant, studied for 30 years, has only recently been identi- 
fied. It required 500,000 females to obtain 20 milligrams (0.0007 
mnce) of the substance. 

Interest centers on the chemical structure of these compounds, their 
modes of action within insects, and possible methods for their synthesis. 
The entire gamut of biology is concerned with the development of such 
knowledge, and a number of NSF-supported laboratories are actively 
involved, including that of W. L. Raelofs and E. G. Taschenberg, of 
Cornell Univemity, working on the chemistry of pheromones in moths; 
E. J. Eisenbaum and W. A. Drew, at Oklahoma State University, investi- 
gating ant pheromones; and R. Barth, at the University of Texas, study- 
ing behavioral responses of sexual attractants in c&roaches. 

J. Law of the University of Chicago is studying the pheromone cycle 
between queen and worker bees by means of radioactive labeling. The 
fatty acid being studied is not only used by the virgin queen bee as a 
sex attractant but is also distributed by her to worker bees to prevent 
development of their ovaries and thus their ability to compete with the 
queen’s rearing activities. 

These broadly based attacks, oriented primarily toward a fuller under- 
standing of the biological role of pheromones, will certainly lead to 
significantpractical contributions relating to insect control. 
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Figure 3.--An Oregon State University scientist use8 thin trap tn the study of 
attractant suktance8 of the DougZa8.fir beet&, un insect that kiZ& a large 
number of vaZwbZe tree8 each gear. 

Controlling feat Metabolism 
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I celI organelle responsible for the photosynthetic process, and the 
1 mechanism by which chloroplasts convert light to energy. 
6 I. Zelitch of the Connecticut Agricultural Experiment Station, who 

has been using enzyme inhibitors for investigation of leaf metabolism, 
unexpectedly found some of these to be most useful in gaining insight into 
the control of carbon dioxide absorption from the atmosphere and of 
water loss by the plant. Spraying the plant leaves with alkenylsuccinic 
type compounds makes possible chemical control of the opening of the 
stomates-tiny pores on the leaf surface through which carbon dioxide 
enters and water escapes from the plant. By extension such control might 
well ,result in a greater efficiency of photosynthetic carbon dioxide 6xa- 
tion and of water utilization. The results could be more food per acre 
and a radical decrease in the amount of water needed, thus, enormously 
extending the cultivable land areas of the world. 

Mathematical and Physical Sciences 

The mathematical and physical sciences constitute the bedrock upon 
which the entire scientific enterprise ultimately rests. About one-third 
of the Foundation support in basic research during fiscal year 1966 was in 
mathematics and the physical sciences, including astronomy, chemistry, 
and physics. 

Astronomy is one of the oldest of the sciences. Throughout history, 
astronomy has repeatedly occasioned profound revolutions in man’s view 
of nature. Concurrently, astronomy has not only provided practical 
dividends, such as navigation aids, guidance systems, and the data that 
guide and support the present space programs, but it has also enriched 
all other sciences. Today, astronomical observations are being made 
of celestial objects of such an extraordinary nature that in order to 
account for them it may be necessary to make new hypotheses about 
the laws of nature that will have as great an impact on physical theory 
as did the discovery of nuclear energy. 

Chemistry is also an ancient science, and throughout history chemical 
research has produced much systematic knowledge that has been in- 
corporated into the structure of other scientific fields, such as biochemis- 
try, geochemistry, atmospheric chemistry, and the practical arts of medi- 
cine, industry, and agriculture. Today chemical research is undergoing 
a veritable renaissance, largely because of the effective use of concepts 
and instrumentation drawn from modern physics, and in turn is in- 
creasingly providing guiding concepts to the interpretation of biology. 

Physics already underlies most df modern engineering and serves 
as a source from which much new technology springs, Physics re- 
search continually provides insights, instrumentation, and techniques of 
central importance to other scientific disciplines; physicists are pres- 

! ently finding a host of developing connections between physics and 
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other areas of the modern natural sciences.. Indeed, in several of the 
brief accounts of recent research which follow these introductory para- 
graphs, it is- clear that physics as well as other major disciplines was 
involved in a fundamental manner. For example, in the study of the 
expanding universe, physics, astronomy and engineering played a part. 
The study of the energy levels of organic molecules was carried out in 
a solid state physics laboratory, but the results are clearly of interest to 
chemists. 

The past 20 years have produced a noticeable flourishing in all 
branches of mathematics. As mathematicians have pushed in the 
direction of a more unified undemtariding of mathematical structures, 
they have evolved techniques and ideas that have permeated not only 
the natural sciences but also the social sciences, as well as the manage- 
ment of large business organizations. 

The research findings in the mathematical and physical sciences 
reviewed here are indicative of the manner in which these most central 
of sciences reinforce and systematize their interactions among them- 
selves and with other areas of science and technology. 

The Exploding Universe 

The manner in which basic research and practical engineering bene- 
fit from each other’s accomplishments is exemplified by the interaction 
between activities in the fields of radio astronomy and radio communi- 
cation over the past three decades. Indeed, the science of radio as- 
tronomy owes its origin to the discovery of the existence of cosmic radio 
sources made in the early thirties by Karl Jansky, an engineer attempt- 
ing to understand and minimize the effect of extraneous radio noise in 
decameter-wavelength transatlantic communication circuits. Con- 
versely, the sensitive receivers developed by radio astronomers for use 
in detecting faint celestial radio sources have been highly useful to radio 
engineers interested in equipment capable of receiving weak communi- 
cation signals. 

Another example of this interaction may be found in recent studies 
of the origin of the universe which tend to confkm the hypothesis that 
the universe is exploding. The possible models of the origin and struc- 
ture of the universe permitted by the Einstein equations of general rela- 
tivity have led scientists to two sharply conflicting views regarding the 
origin of the universe. One holds that the universe at an earlier stage 
in its history was highly contracted and posxsxd a temperature in 
excess of 10 billion degrees ; it is thought that it then expanded rapidly 
from this highly condensed state. The second view of the history of 
the universe holds that it has been steadily expanding for all time. 

The latter view constitutes the basic model for the “steady state uni- 
verse” proposed by H. Bondi, T’. Gold, and F. Hoyle, while the foxmer 
has been called the “e.xploding universe” or the “big bang” theory. Up 
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until the last several yean astronomical observations provided little in- 
forxnation with which to choose between these models. 

During the past year R. H. Dicke and his cokagues at Princeton 
University pointed out that another research group led by A. A. Penzias 
and R. W. Wilson of the Bell Telephone Laboratories may have observed 
cosmic radio noise which was generated at the beginning of the expan- 
sion of the universe some 10 billion years ago. The Bell Laboratories 
group had been conducting satellite communications experiments m 
the microwave region of the radio spectrum in an effort to track down 
and compensate for all extraneous sources of radiation that obscure the 
signal under study. After all known sources of noise had been taken into 
account, there remained an unexpected background signal. The Dicke 
group showed that this residual noise is of the strength which would be 
expected if the universe has evolved from a high-density, high-tempera- 
ture state of the sort proposed by the proponents of the exploding uni- 
veme hypothesis. They then carried out their own experiments, which 
confirmed and extended the Penzias-Wilson result. 

The hot radiation of the primordial fireball is thought to have ex- 
panded rapidly, and as it did so the temperature of the photon gas 
decreased, essentially as an ordinary gas cools upon free expansion. An 
important test of this theory is whether or not the amounts of radiation 
at different frequencies in the cosmic background noise all correspond 
to the same present temperature of the now ancient fireball. The Bell 
Telephone Laboratories and Princeton University results are in agree- 
ment that this temperature appears to be about 3 degrees above absolute 
zero. This result is confirmed by recent measurements (at NSF’s Kitt 
Peak National Observatory) of the spin temperature of interstellar 
cyanogen gas, which is thought to have about the same temperature 
as the cosmic background radiation at optical frequencies. It may also 
be noted that computations by P. J. Pecbles, also at Princeton University, 
connect the present temperature of the fireball with the relative abun- 
dance of helium created in the earliest moments of the cosmic expansion. 
The result is in agreement with the abundance now ,observed in outer 
layers of certain stars (where the abundances are believed not to have 
been significantly altered from the original values by subsequent thermo- 
nuclear reactions). 

Image Infensiff efs 

An image intensifier is a device capable of converting an optical image, 
such as that produced by a camera lens, into another much brighter (i.e., 
intensified) image. Using a camera that contains an image intensifier, 
one can take a picture in a much shorter exposure time than would be 
possible without the intensifier. 

Since astronomers frequently wish to observe very faint celestial ob- 
jects, image intensifiers can be particularly useful to them. Representa- 
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tive of such faint celestial objects are the very distant quasistellar radio 
sources, often called quasars. Approximately 50 of then strong emitters 
of radio energy have now been identified on optical photographs. In 
appearance they are essentially starlike in character except when exam- 
ined with the largest telescopes, where, in some cases, faint gaseous mate- 
rial is seen to be present in their vicinity. 

The bright lines in the spectra of the quasars, which indicate their 
gaseous character and identify the chemical constituents of the gas, are 
found to be strongly displaced toward the red end of the spectrum. If, 
as most astronomers believe, this line shift is the result of rapid motion 
of the object away from the earth, it is possible to infer something about 
the distances of the quasars. In the spectra of ordinary galaxies, a simi- 
lar redward shift has been noted which increases with the distance of the 
galaxy. Distances of ,the quasars derived from the red shifts in the same 
way suggest that they are the remotest objects known. Thus, if in fact, 
quasars are at these distances, to be seen they must also he the brightest 
objects in the observable universe. 

If they are, indeed, at great distances, the quasars may well furnish 
information bearing on the question of the type of universe we live in. 
Of equal interest is the problem of the nature of the quasars themselves 
and especially the source of the tremendous energy which they would 
have to radiate in order to be observed at such distances. This would 
exceed by many times the output of a great galaxy such as the Milky Way. 

It is particularly timely that a new image-intensifying device, which is 
especially designed to intensify the telescopic images of faint astronomical 
sources, is now being made available for use by the Image Tube Com- 

i mittee of the Carnegie Institution of Washington. This device has been 
developed by several industrial groups under the guidance of the Depart- 
ment of Terrestrial Magnetism of the Carnegie Institution, headed by 
Merle A. Tuve. As an example of its performance, 6 hours were needed 
to photograph the spectrum of the quasar 3C48 (No. 48 in the third 
catalog of radio sources by the Cambridge University radio astronomy 
team) with the 200-inch Palomar telescope, whereas the same result 
could be obtained with the smaller 72-inch Perkins telescope at FlagstafT, 
Ariz., in less than 50 minutes with the aid of an image intensifier. As a 
consequence of this, astronomers using these image intensifiers on mod- 
erate-sized telescopes have already made many contributions to the study 
of the spectra of quasars and other faint astronomical sources. 

The Behavior ‘of Corbonium Ions 

A major goal of chemical research is to understand in detail the struc- 
ture and reaction properties of intermediate chemical products which 
exist very briefly during chemical reactions. Such knowledge is impor- 
tant both in developing and refining theories of chemistry, and in allow- 
ing careful control of chemical processes which are used in chemical 



technology. Techniques for studying short-lived chemical species have 
improved markedly in the last decade; in fact, the recent availability of 
new and more sensitive instruments has revolutionized chemical research. 
Chemists are now able to make direct observations on ephemeral molec- 
ular fragments which have been the subject of speculation for years. 

One of the most common, and elusive, intermediates in organic reac- 
tions is the carbonium ion. This is a fragment of an organic molecule 
which hears a positive electrical charge on one or more carbon atoms. It 
can he formed either by breaking off a part of a larger molecule, during 
which process an excess electron accompanies the leaving group, or by 
adding a positively charged fragment (such as a hydrogen ion) to a neu- 
tral molecule. In the past few years considerable controversy has de- 
veloped about the carbonium ion. The major question comes down to 
this : Must the effective positive charge remain localized at a single 
carbon atom, or can it be spread out over several nearby carbon atoms? 

A Foundation grantee, William LeNoble of the State University of 
New York at Stony Brook, has applied a somewhat neglected but power- 
ful technique to this problem. By determining the changes in the vol- 
ume of a solution while a reaction involving a carbonium ion intermedi- 
ate is in process, he was able to show that the charge can be shared. This 
technique makes use of the fact that molecules in solution occupy a defi- 
nite amount of space; when molecules react with each other the volume 
they occupy changes in a predictable way. Thus, when a molecule splits 
apart, it takes up more space as the chemical bonds holding the constit- 
uent atoms together are loosened. On the other hand, if electrical 
charges are developed during the splitting process, molecules of the sol- 
vent are attracted to the charged centers and the volume of the solution 
is decreased; the more localized the charge, the greater the decrease. 

Reactions accompanied by a volume increase occur at a slower rate 
as externally applied pressure increases. LeNoble’s experimental 
method of determining volume changes in reacting solutions makes use 
of this principle. From the observed changes in the reaction rate, it is 
possible to calculate the actual volume of activation and infer the nature 
of the intermediate chemical species. Dr. LeNoble has applied this 
approach to several problems with considerable success; in some cases 
his results have refuted conclusions which have been generally accepted. 

Of course, an alternative approach to the study of unstable compounds 
is to try to find means of stabilizing them so that they can be observed 
by direct methods which require more time. An exciting advance of 
this kind was made in 1962 by George Olah of the Dow Chemical Co., 
who found that a variety of carbonium ions could be prepared and 
kept for relatively long periods of time in an antimony pentafluoride 
solution. Dr. Olah, now at Western Reserve University, has continued 
his work and, in collaboratioq with Paul Schleyer of Princeton University 
and Martin Saunders of Yale University, has used modern instrumental 
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techniques to learn a great deal about the properties of the ions. Crystals 
of the carbonium ion salts with antimony pentafluoride can also be 
isolated; Norman Baenziger, at the University of Iowa, is determining 
the detailed structure of some of the most interesting of these salts by 
X-ray diffraction. With the clue provided by Dr. Olah, other investiga- 
tors have made simple, stable carbonium ions in a variety of highly acid 
solvents, such as the fuming sulfuric acid used by Norman Deno of 
Pennsylvania State University. These and other studies supported by 
the Foundation have already produced some surprising results, as well 
as a deeper understanding of important chemical intermediates in many 
chemical reactions. 

Spectroscopic Studies of Energy Transfer in Molecules 

The energy of a molecule is describable in terms of its external bodily 
motions (rotation and translation) and the internal motions of its atoms 
and electrons with respect to one another (vibration and electronic mo- 
tion) . The transfer of energy from one to another of these four types 
of motion can determine the course of important chemkal processes. 
This is the case, for example, in the science of photochemistry which is 
concerned with the effects of light, particularly ultraviolet radiation, on 
materials. Absorption of light can increase the electronic energy con- 
tent of a molecule to such an extent that it will decompose, unless alter- 
nate and competing processes occur. For example, through energy 
transfer, the electronic energy is converted into the other forms of motion 
and, ultimately, is lost as heat. 

Spectroscopy presents a unique, and possibly the most powerful, tool 
for the study of energy transfer processes. This advantage is based on 
the fact that, in accordance with the laws of quantum mechanics, the 
electronic, vibrational, and rotational energies can only assume certain 
discrete values. Similarly, the radiant energy which is absorbed or 
emitted by a molecule is quantized in an amount which is inversely pro- 
portional to the wave length of the radiations, and consequently subject 
to precise measurement. Because of this fact, it is possible to determine, 
from quantitative measurements of the absorption and emission of radia- 
tion by the molecules of a specimen which is being studied, a great deal 
about the energy levels it possesses, and the rates at which they are ac- 
cepting energy from or releasing it to their environment. By inference 
one can also determine the manner and rate at which energy is being 
transferred internally from one form of molecular motion to another. 

Further information can be obtained if observations are made while 
the specimen is observed at different temperatures and pressures. Since 
such changes affect the energies with which the molecules collide with 
one another and the mean distance between them, the forces that the 
molecules exert on each other are altered. Consequently, the rate at 
which energy is transferred between them varies, and the observed-varia- 
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tion in the rate of collisional energy transfer with temperature and pres- 
sure can be used to obtain information on the forces which molecules 
exert on each other. 

Encouraging progress on the spectroscopic study of energy transfer 
has been made recently by D. Bradley Moore, an NSF grantee at the 
University of California, Berkeley. Moore and his coworkers observed 
the emission spectrum from hydrogen deuteride molecules which had 
been raised to a single excited electronic energy state by monochromatic 
ultraviolet radiation ( 1066 A). The observed emission spectrum was 
generated by transitions from the single excited state to various vibra- 
tional levels of a lower electronic state, thereby providing information on 
the relaxation of the vibrational excitations through the collision process, 
and on the nature of the intermolecular forces. 

This same group of researchers has observed the time it takes for a 
molecule of methane to effect an internal redistribution of the energy it 
receives from an incoming quantum (the relaxation time). Radiation 
from a helium-neon gas laser, operating at a wavelength of 3.34 microns, 
was used to preferentially increase the vibrational energy associated with 
the stretching of the carbon-hydrogen bonds of the methane molecules. 
The relaxation time was measured by observing the emission of infrared 
radiation caused by a decrease in the vibrational energy of the bending 
vibration, which falls in the 6.7-micron region of the spectrum. This 
observation is the first direct proof that higher frequency vibrations can 
transfer their energy first to lower frequency vibrations, which energy 
in turn is converted to rotational and translational energy. 

Although these advances are still preliminary in nature, they provide 
invaluable guidelines for future, more detailed, studies which should lead 
to a better understanding of chemical kinetics and collisional mecha- 
nisms. The availability of such basic knowledge could very well lead 
to important technological advances in such areas as the improvement 
of radiation-resistant materials, the generation of power by magneto- 
hydrodynamic methods, the development of chemical lasers, and meth- 
ods of photochemical synthesis. 

Fixation of Atmospheric Nitrogen 

Since the chemical element nitrogen is one of the essential ingredients 
of plant tissue, the problem of supplying it in adequate quantities for 
agricultural purposes is a matter of major economic concern. Central 
to this problem is the fact that plants are only able to absorb nitrogen 
when it is made available to them in the form of chemical compounds 
(except possibly in the case of leguminous plants). Such compounds, 
when they are added artificially to the soil, are called fertilizers. 

The principal source of the nitrogen which is used as a raw material 
in the manufacture of fertilizer is ordinary air, which contains 75 percent 
pure molecular nitrogen by weight. The chemical inertness of this sub- 



stance is such, however, that the most successful commercial process now 
in use for the fixation of atmospheric nitrogen into a chemical fertilizer 
requires the use of a catalyst and the employment of high temperatures 
(450”-600” C.) and pressures (200-600 atmospheres). These severe 
manufacturing conditions are, of course, reflected in the price of the 
product. One such product is chemical ammonia which is used exten- 
sively not only as a fertilizer, but also as a precursor for many other 
important industrial chemicals. According to information from the 
U.S. Department of Agriculture as summarized in Chemical and Engi- 
neering News 44, August 15,1966, the U.S. output of ammonia has been 
growing at an annual rate of more than 10 percent over the past 15 yean. 
In the year ended June 30, 1966, production climbed 22 percent to an 
estimated 9.7 million tons. Between 70 and 75 percent of all ammonia 
produced is, used in agriculture. 

The development of more efficient catalysts for the fixation of nitro- 
gen under less extreme manufacturing conditions would result in sub- 
stantial financial and agricultural benefits. One approach that appears 
to offer the greatest promise of lower cost production of ammonia in 
the near future involves the search for a catalytic compound that could 
adsorb and activate atmospheric nitrogen; the activated nitrogen could 
then combine with hydrogen to form ammonia (and concurrently regen- 
erate the original catalyst ) at lower temperatures and pre~ums. Until 
recently the systematic development of such catalysts was hampered by 
the fact that no compounds capable of chemically adsorbing molecular 
nitrogen were known. Within the last year, however, compounds of 
this type have been reported by one American and two foreign investiga- 
tors, all working independently. The American investigator, James P. 
Colhnan of the University of North Carolina, with Foundation support 
of his research, has discovered two compounds in which molecular nitro- 
gen is bound to a metal ion derived from the element iridium. Although 
the nitrogen in these compounds was introduced in an indirect manner 
by a series of rather complex chemical reactions not involving the use of 
atmospheric nitrogen, the results of these investigations are nevertheless 
very encouraging forward steps. One may even hope *that eventually 
catalysts will be found which, when added to the soil, will adsorb nitrogen 
from the air continuously and release it in a form that can be utilized by 
plants in a process similar to the nitrogen-fixing reactions which occur 
in leguminous plants. 

Energy Levels of Orgunic Molecules 

The study of energy transfer and charge transfer in organic molecules 
has been of interest for many years, since many life processes, such as 
Photosynthesis, cannot be understood without a detailed knowledge of 
these mechanisms. The structure and electronic properties of relatively 
simple organic crystals have been the subject of numerous investiga- 
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I tions-first, because the regular arrangement of molecules making up 
the crystal facilitates certain measurements, and second, because the # 
simpler chemical systems are more amenable to theoretical inter- 0 
pretation. 

In the past one of the methods used for observing photon-induced 
processes in crystals has been to irradiate the crystal with a beam of 
light containing photons of a known energy, and to measure the current 
generated in the crystal by means of electrodes attached to it. A major 
drawback of this method has been that the juxtaposition of the electrodes 
to the crystal introduces unknown and variable disturbing potentials 
which invalidate the measurements. 

Recently M. Pope of New York University, an NSF grantee, developed 
a new method which makes the use of attached electrodes unnecessary. 
He suspends tiny fragments of the crystal which become electrically 
charged by friction. They are introduced into the apparatus in a verti- 
cal external electric field having enough strength to produce an upward 
force which counterbalances the force of gravity. The fragment is then 
irradiated with photons of gradually increasing energy (frequency) 
until photoemission occurs. The more highly charged fragment then 
accelerates upward in the electric field. The electric field strength is 
then adjusted until the particle is again suspended motionless, and from 
the amount of the adjustment the charge alteration can be determined. 
By using measurements of this kind, and employing other rather sophis- 
ticated experimental and theoretical techniques, Pope has been able to 
determine almost all the energy levels of both anthracene and tetracene. 

The results thus obtained not only have established a minimum for 
the conduction band energy (which is twice the value previously derived 
from data plagued by electrode problems), but have also established for 
the first time, experimentally, the existence of an energy state known as 
the charge transfer exciton. 

A Unique Facility for Nuclear Structure Physics Research 

Studies of the arrangement of the particles which compose an atomic 
nucleus and the forces which bind them together are usually made by 
bombarding nuclei with energetic particles (such as protons) and ob- 
serving with great precision the directions and energies of the physical 
entities emitted from these collisions. This experimental procedure re- 
quires, however, that the energies imparted to the bombarding particles 
by the particle accelerator also be very precise. Until recently this has 
been done principally by means of electrostatic accelerators, which are 
limited in existing designs to maximum energies of the order of 20 million 
electron volts ( MeV) . Some work has also been done at higher energies 
by using a small portjon of the beam from a circular accelerator (i.e., that 
part having the desired energy). Because of the small number of par- 

B titles in a partial beam, however, the experiments which employ them 
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are very long and tedious, and frequently have led to inconclusive results. 
Recently construction of a new type of particle accelerator, calkd a 

variable-energy sector-focused cyclotron, was completed at Michigan 
State University with NSF support. The new machine wiIl aIlow preci- 
sion measurements to be carried out at bombarding energies up to 55 
MeV. Tests with it indicate that an ultimate precision of 0.01 percent 
in the energy imparted to protons will be p”sible in an energy range from 
14 to 55 MeV. At the same time that this precision is being achieved, 
the intensity of the accelerated beam is about 100 times that of a partial 
beam of equal precision obtainable from older machines. 

The unique features of the new machine result from the fact that prior 
to its construction the essential design and operating parameters of the 
machine were calculated in precise detail with the aid of computing ma- 
chines. Also contributing to the very high resolution and intensity of the 
particle beam is the use of a slit system near the center of the machine 
which selects the desired particles while they still have a very low energy. 
As a result a very high proportion of the seleeted beam reaches the tar- 
get, and only a small part strikes the interior of the machine and generates 
undesired radioactivity. 

New IO-Billion-Volt Electron Synchrotron 

The Atomic Energy Commission has been, and continues to be, the 
Federal agency which provides the major very high energy accelerators 
which are essential tools for research in elementary particle physics in 
the United States. (The name “elementary particle” is given to the 
fundamental units from which atoms are constructed, and to other tiny 
physical entities which are generated and destroyed when these particles 
interact with one another.) Recognizing this fact, the Foundation has 
not provided facilities of comparable size for this area of research. It 
has, instead, generally allocated relatively limited funds to support the 
research of a number of university-based high-energy physicists (and 
their students) who perform their research as visitors at AEC-supported, 
high-energy accelerator facilities. 

The major exception to this policy was the decision in fiscal year 1965 
to provide funds to Cornell University for the construction of a 10 billion 
volt electron synchroton. The high duty cycle (fraction of the time the 
pahle beam is on) of this accelerator, which permits the study of cer- 
tain types of multiparticle reactions to be carried out much more eco- 
nomically than is possible with any other U.S. electron accelerator of this 
energy, constitutes the principal scientific justification for the new facility. 
Further incentive for initiating the project was the fact that it could be 
carried out by a single major university physics department, thus involv- 
ing the faculty and students intimately and imaginatively in the design 
and use of the machine. When completed, a substantial portion of the 
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ii operating time of the accelerator will be available for use by scientists 
throughout the country. f I Although completion of the facility is not expected until fiscal year 
1968, in view of the anticipated cost of the project (about $12 million) 
it is appropriate to report here briefly on progress to date. 

Construction of this accelerator was begun in fiscal year 1966. The 
accelerator tunnel has been completed and installation of utilities al- 
most completed. More than two-thirds of the accelerator magnets have 
been fabricated, and more than one-half of the magnets and their asso- 
ciated power supply components, vacuum components and control units 
have been placed in the tunnel. Construction of the laboratory build- 
ing, including the experimental area, was begun in March 1966. Be- 
cause of some construction difficulties, the building schedule has been 
delayed 2 months and the initial part was occupied in December 1966. 
This delay will not affect the overall time schedule for completion of the 
accelerator. 

In order to minimize costs, a decision was made to build the alternating 
current components of the magnet power supplies at Cornell; this deci- 
sion has permitted Cornell to utilize the latest developments in solid state 
technology in the design of the high-power rectifiers and inverters. A 
prototype unit of the accelerating structure has been successfully tested 
at full power, and no delays are anticipated in the completion of the 
remaining components of the radio-frequency accelerating system. The 
first section of a linear accelerator which is to be used as an injector has 
been tested and found satisfactory, and delivery of the components for 
the remaining sections is nearly complete. Using the first section of the 
linear accelerator as a temporary beam injector, tests of one-third of the 
magnet ring were begun in late October 1966, and a good electron beam 
over this portion of the magnet ring was achieved almost immediately. 

Completion of the magnet ring is expected in March 1967, and low 
power tests of the electron beam around the completed ring will begin 
shortly thereafter. Salaries, components, and construction items rep- 
resenting more than 80 percent of the anticipated total costs of the facility 
have either been paid for or are under fixed-price contract. Completion 
of the project on schedule and within the contract funds is expected. 

The Radius of the PI-Meson 

The pi-meson, or pion, is known to play a central role in determining 
the structure and properties of nuclei and nuclear matter, It therefore 
is considered to be one of the most important of the elementary particles. 
Many of its characteristics (e.g., mass, lifetime, and spin) have been well 
established for some time. The physical “size” of the pion, however, has 
been extremely difficult to measure because of its short lifetime and its 
strong interaction with nucleons. Until recently, only an inadequate 
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upper limit for the pion radius (several times larger than the radius of the 
proton) was known. 

During the past year an NSF grantee, K. Berkleman, measured the 
rate of production of pions when protons were bombarded by electrons 
accelerated by the Cornell 2BeV electron synchrotmn. Using previous 
theoretical studies of Fubini, Nambu, and Wataghin the observed pm- 
duction rate can be related to the “size” of the pion. 

Berkleman’s work indicates that the electric charge of the pion is dis- 
tributed over a region of approximate radius 7 X 10-l’ cm. which, within 
the accuracy of experiment, is the same as the proton radius. 

The Relation of Partial Differential Equofions to the Globul Properties 
of Topological Manifolds 

A system of partial differential equations is a set of mathematical 
expressions which describes the behavior of a particular type of mathe- 
matical function in terms of its behavior as one changes the values of 
the independent variables by infinitesimal amounts. The solutions of 
such differential equations are functions which exhibit the prescribed 
behavior. Another (seemingly quite different) field of mathematics 
called topology is concerned with the behavior of a function as one 
makes major changes in the values of the independent variabl-uch 
as, in the case of a function y of one variable x plotted in the ~,y plane, 
does the curve representing the function form a loop and close back on 
itself? A fundamental connection between these two conceptually 
rather dissimilar areas of mathematics has been discovered by M. Atiyah 
and I. Singer. They have obtained an “index theorem,” which gives a 
computable formula for a numerical index describing properties of a 
system of partial differential equations of a given type. It turns out 
that the same index can be computed as a function of purely topo- 
logical properties of another system of algebraic equations with co&i- 
cients obtained from the system of partial differential equations. 

The result is particularly interesting for two reasons. On the one 
hand, the proof of the theorem involves a recently developed part of 
topology, called K-theory, and there is a surprisingly intimate relation 
between K-theory, a branch of topology, and elliptic equations, a branch 
of partial differential equations. On the other hand, the theorem can 
be applied to manifold theory in which are found many natural elliptic 
operators. The formula extends and contains a number of well-known 
theorems: namely, the Riemann-Roth theorem, the Hirzebruch index 
theorem, Chern’s generalized Gauss-Bonnet theorem, and the A-genus 
integrality theorem. 

Partly in recognition of this outstanding work Dr. Atiyah was one of 
the four recipients of the Fields Medal at the International Congress of 
Mathematics in August 1966. He is on the faculty at Oxford Univemity 
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I visits to the United States. Dr. Singer, an NSF grantee, is at the Massa- 
I chusetts Institute of Technology. 
8 

Environmental Sciences 

Man has so carelessly treated the surroundings in which he lives that 
he may be endangering his survival. As the population of the earth 
increases, wise and cautious use of the earth becomes imperative. The 
major environmental problems faced by man today, such as the pollution 
of the earth’s air and water resources and the depletion of its soils and 
minerals, can only be solved through the application of the scientific 
knowledge and methods of chemistry, physics, biology, and mathematics. 
Through scientific investigations of his environment, many interdiscipli- 
nary in nature, man should be able to gain the knowledge necessary for 
adapting himself to his environment and for adapting the environment 
to his need. Fortunately, advances in related scientific and engineering 
fields have opened up new opportunities for productive study of our 
environment. 

Some of the unsolved problems being attacked by scientists concerned 
with the environmental sciences programs are those of the physical and 
chemical properties of the oceans, the details of ocean currents, the circu- 
lation of the upper and lower atmosphere, and the actual physical and 
chemical makeup of the earth itself. Scientists are also seeking to dis- 
cover the basic mechanisms that generate hurricanes and earthquakes. 
Others are performing research on the impact of pollutants on the earth’s 
resources. 

Recognition of the increased importance placed on the environmental 
sciences by the Foundation is evidenced by the establishment in fiscal year 
1966 of a Division of Environmental Sciences, which includes atmos- 
pheric sciences, the solid earth sciences, and oceanography. Also under 
the jurisdiction of this division are a number of national research pro- 
grams (see page 45)- U.S. Antarctic Research Program, Weather 
Modification, and the recently completed International Years of the 
Quiet Sun, and the International Indian Ocean Expedition. 

Illustrative of the range of environmental sciences being supported by 
the Foundation are the following examples of recent research findings. 

Global Atmospheric Circulation 

It has long been recognized that continuous meteorological observa- 
tions over the entire earth are needed for weather prediction purposes. 
This is true not only because storms tend to move in on the western side 
of continents from oceanic areas where observations are sparse, but more 
findamentally because the large-scale motion of the atmosphere governs 
many localized phenomena. For example, readjustments of strato- 
spheric wind patterns in the Arctic may influence the position of the jet 

1 i stream over central United States, and the position of the jet stream is the 
t 
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earth’s surface. An operational GHOST system would include at least 
t two relay satellites, which would interrogate each GHOST transmitter in 
1 turn and would automatically relay the weather data and the balloon 

location back to a ground station. 
Through the 3 1st of October 1966, approximately 50 experimental 

balloon flights have been launched from Christchurch, New Zealand, to 
test the general concept of using long-lived balloons. Tracking of these 
flights, which are designed primarily as technological tests of balloon 
performance, is accomplished by determining position in relation to the 
sun. Each balloon carries a miniature (about 3 ounces) solar-cell pow- 
ered transmitter, and a device that measures the sun’s elevation. The 
signals are broadcast continuously and are monitored by several tracking 
stations in the Southern Hemisphere. Under good radio propagation 
conditions the signals, which have a power of less than 1 watt, can be 
heard halfway round the world. The simple electronic system has proven 
reliable and has provided some important temperature and environ- 
mental information that is useful to the design of the more complex sys- 
tem that will be required in an operation system to communicate with 
a satellite. 

These flights -have confirmed the possibility of long lifetimes, and 
, ! hence favorable economic ‘considerations, at the higher levels-40,000 

feet. Several balloons stayed aloft for periods of 50 to 100 days. Three 
balloons have exceeded 100 days--balloon X in its seventh month has 
achieved over 14 orbits of the earth, and the other two are at 158 and 
140 days as of the end of October. Global circuit times range from 
&out 10 days to 15 days. 

Com@&r Model of Atmospheric Flow-NCAR has participated in 
the development of mathematical models of the general circulation which 
heve been run successfully on a computer in simulation of large-scale 
flow patterns. As higher speed computers become available, the models 
can be extended. In fact, work is now in progress on the development 
of computers with greatly expanded storage and processing capabilities 
to cope with the complexity of atmospheric circulation on a global scale. 

These various research efforts are expected to be completed at about 
the same time so that data gathered by the GHOST balloons will be fed 
into this newer advanced computer, which has been programed with 
the general circulation model. Success in these activities will provide a 
method for improving weather prediction over the entire earth. 

Origin and Evolution of the Paciffc Ocean Basin 

HOW old are the oceans? Have they existed since the early days of 
earth’s history? How have they changed? Are they still changing? 
These and many more questions perplex geologists and oceanographers 
today. In their search for the answers to these questions concerning the 

I history of the earth, geologists and oceanographers are now probing the 
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depth of the oceans and aredrilling into the islands that break the 
surface of the seas. 

-Until recently, most of the answers kere sought from the 2 1 percent 
of the earth’s surface that constitutes land. Earth scientists now realize 
that many of the secrets of the earth’s origin and its subsequent evolu- 
tion may be discovered in the depths of the oceans or in the seamounts 
which rise above the ocean floor. 

Although clues to the solutions of these problems are being discovered 
in all of the oceans, during the past year two significant finds were made 
in the largest of all ocean basins, the Pacific. Seventy-five million years 
was added to the known age of the Pacific, and new light was thrown on 
the manner in which the ocean basin has changed through recent geologic 
time. 

Age of the Pa+c Ocean Basin-Until recently, the oldest rocks col- 
lected from the ocean basins were of late Cretaeeous age, about 100 mil- 
lion years old. However, on laud the geologic record shows sedimentary 
rocks at least 2 billion years old. But these rocks, although they are of 
undoubted marine origin, were deposited in comparatively shallow water, 
such as that.presently covering the continental shelf or under the shallow 
seas that once covered interior areas of the continents. 

Does this mean that the present ocean basins are only about 100 mil- 
lion years old. 3 Were there deep sea basins throughout the history of the 
earth or were the earlier seas all shallow? These questions may be 
answered by the continuing search for older sedimentary rocks in the 
deep oceans. 

During the 2 1st cruise of the Vema, scientists from the Lamont Geo- 
logical Observatory of Columbia University found evidence that pushes 
the age of the Pacific Ocean back at least to 175 million years. 

A core collected from the Shatsky Rise (31”51’ N. 157’20’ E.) be- 
tween the Emperor Seamount chain and the Japan Trench is of early 
Cretaceous age, 106 to 110 million years old-the oldest sediment thus 
far recovered from the ocean basins. By using a seismic profiler ( a device 
similar to an echo sounder that probes for reflecting layers in sediments), 
it was found that these old sediments, that have been uplifted and exposed 
at the core locality, dip down and are covered in adjacent basins. More- 
over, the profiler records indicate that at least 200 meters (650 feet) of 
older sediments lie between the lower Cretaceous beds and the harder 
basement rocks. 

Deep-sea sediments of the type found in the core accumulate at a rate 
of about 0.1 inch per thousand years. At this rate 200 meters represent 
Some 60 to 80 million years of deposits, giving a minimum age of about 
175 million years for the Pacific Ocean basin. It may even be much 
older, for the inferred “basement” may in fact be harder consolidated 
sedimentary rocks. 
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Ii This new evidence has important bearing on ideas of the age and origin 
of ocean basins in general. The relatively thin layers of sediments above I , the harder basement in the deep seas are only about 0.5 kilometer (1,640 
feet) thick in the Pacific, and but slightly thicker in the Atlantic Ocean 
basin. Assuming that the rate of oceanic sedimentation has held fairly 
constant, all of this sediment could have accumulated in the last 100 mil- 
lion years. If the Pacific is at least 175 million years old, either the as- 
sumptions about rates of sedimentation must be altered or older sediments 
that may go back much farther into geologic time are buried in the 
recesses of the deep. The Foundation-supported Deep Ocean Sediment 
Coring Program may throw light on this question. 

GeoZogicaZ His&ry of Midway Ato&-The Hawaiian Islands are part 
of a’ northwest-southeast seamount chain extending some 1,600 miles. 
Volcanic activity is thought to have started at the northwest end and to 
have progressed southeastward to the island of Hawaii, where is persists 
today. As lavas erupted to build individual islands, the load of volcanic 
rock depressed the crust of the earth and the islands slowly subsided. 
Meanwhile, corals and other reef-building organisms maintained some 
of the islands as coral atolls. 

Midway Atoll, near the northwest end of the Hawaiian chain, is one 
of the oldest of the Hawaiian group, and preliminary geophysical surveys I i 
indicated that it might contain a thicker and older sedimentary record 
than the younger islands to the southeast. 

From August to October 1965 a project to drill through the coral of 
: the atoll and into the underlying volcanics was carried out under the aus- 

pices of the Hawaii Institute of Geophysics of the University of Hawaii, 
supported by the National Science Foundation. Collaborating on the 
project were the U.S. Geological Survey and the Office of Naval Re- 
search. The drilling was planned and directed by H. S. Ladd of the U.S. 
Geological Survey, with G. P. Woollard and G. A. Macdonald of the Uni- 
versity of Hawaii as coinvestigators. Scientists from other institutions 
also participated. 

Chief objective of the drilling was to obtain samples of the coralline 
limestone and volcanics that would reveal the early history of the Midway 
Islands and, by inference, the history of other parts of the Hawaiian 
group. The core samples are still being studied, but the results to date 
have provided a good outline of Midway’s history. 

Midway started as a volcanic island in the Tertiary Period, some 30 to 
40 million years ago. For several million years this island persisted, its 
volcanoes spitting forth lava intermittently, much as Mauna Loa and 
Kilauea do today. During this time, Midway was rimmed by a zone of 
shallow water in which thrived a great variety of plant and animal life. 
About 25 million years ago, its volcanic vents long since quiescent, Mid- 
way was partly planed off by marine erosion and slowly sank beneath the 

1 
waves. As the volcanic &land subsided, marine plants and animals, 
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Figure S-Rock cores obtained near Midway Atoll in the Pacific Ocean indicate 
that the Midway IShd8 have undergone a complicated history related to 
volcanic activity, ice ages, biological activity, and marine erosion extending 
some 3040 million gears into the past. 

notably the corals, were able to build the reef and keep it at or near sea 
level, until finally about 1,200 feet of reef limestone capped the now sub- 
merged lavas. 

At some later time, perhaps 5 to 10 million J 
emerged or sea level dropped, and the upper part OI me umesrone was 
exposed to leaching and alteration by the atmosphere and fresh waters. 
The island, standing several hundred feet above sea level, persisted long 
enough to be inhabited by land snails such as are found today on the 
higher islands of the Hawaiian chain. After this period, the island was 
again submerged. 

In the Pleistocene glacial epoch (starting about 1 million years ago) 
the island emerged several times as a result of the worldwide lowerings of 
sea level during the <great glacial eras. Finally, in very recent time 
( 10,000 to 20,000 years ago), the island again sank entirely beneath the 
sea and the existing reefs were built around the rim of the platform. The 
relentless attack of the waves reduced dead parts of the reef to a lagoon- 
filling sand, and storm waves built some of this sand into the two Midway 
Islands that rise today above the lagoon on the southern part of the atoll. 
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I Changing Desetf Chafes 

, 
, An investigation of the atmosphere over India and parts of eastern 

Asia is attempting to answer the riddle of the Rajasthan Desert where, ac- 
cording to the moisture content of the winds passing over the area, the 
climate should be much wetter than it is. Reid A. Bryson, University of 
Wisconsin meteorologist, noted in 1962 that dust is sometimes so thick 
in this area that it reduces visibility to as little as 1 or 2 miles. This 
quantity of dust, Bryson believes, may account for discrepancies between 
the known characteristics of the atmosphere and theoretical explanations. 
It appears that the dust originates from the surface of the desert and 
is carried aloft by the winds. The airborne dust causes an increase in 
the cooling rate of the air. The cool air .sinks to the surface, thus, 
suppressing any rain shower activity, even though moisture is avail- 
able. The desert is maintained then by a self-perpetuating feedback 
mechanism. 

The Rajasthan was not always desert. Archeological evidence indi- 
cates it was once rather heavily populated by people who practiced agri- 
culture and kept domestic animals. University of Wisconsin scientists 
David A. Baerreis and Harvey Nichols are now exploring the possibility 
that ancient inhabitants of this region, the Harappan people, may have , : inadevertently created the desert. As the Harappans expanded fields 
and pasture lands, they may have broken the protective cover of vegeta- 
tion over a sufficiently wide area to permit winds to pick up enough dust j 
to trigger the desert conditions. 

In theory, the present-day monsoon circulation in the area is perpetu- 
ated by the curious conditions over the Rajasthan Desert. Changes in 
the desert conditions should bring rains to the Rajasthan, just as they 
occur over the rest of India during the monsoon season. A strong pos- 
sibility exists that broad-scale dust control by surface manipulation in the 
Rajasthan might once again allow the monsoons to sweep into the desert, 
reestablishing the area as an arable region. 

Since the Rajasthan lies near the Punjab and the Indian State of Uttar 
Pradesh, an area of enormous population, expansion of the arable land 
would be of tremendous benefit. 

Engineering 

In engineering as in other areas, the Foundation supports fundamental 
research projects. These engineering projects deal with such varied 
subjects as the separation and purification of chemicals, fluid turbulance, 
soil mechanics, design of earthquake-resistant structures, metallurgy, 
energy transfer (e.g., plasmas, lasers, thermoelectrical devices), materials 
processing, bioengineering, information theory, and operations research. 
The nature of engineering, however, differs from that of other disciplines 

i: 
in that research engineers commonly deal with the application of scientific 
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knowledge to the solution of technological problems. Indeed, many 
successful engineering research projects have led to economically feasible 
re&ts, either in the form of improved existing technology, or through 
entirely new approaches to the solution of existing problems. 

An engineer thus finds that the specific research problems facing him 
may be microcosms of larger problems of an economic or technological 
nature facing an industry, society, or the Nation as a whole. Conversely, 
these larger problems pose many a challenge for research engineers. In 
the first two projects discussed below, r&earch engineers working with 
fundamental engineering concepts developed, in each case, technological 
advances of potentially great economic importance. The third project 
describes the development of a new machine for simulating earthquakes 
to permit testing of scaled-down models of building structures for their 
resistance to earthquakes. 

3-D Color Phofographs Through Holography 

George Stroke and Antoine Labeyrie of the Univertsity of Michigan 
have developed a new technique for reconstructing three-dimensional 
holographic images with white light instead of a laser beam. Working 
with Keith Pennington and Lawrence Lin of the Bell Telephone Labora- 
tories, they have produced multicolored 3-D images. 

In holography, unlike the ordinary photographic process, the image 
of an object is not recorded directly on the film. Part of the coherent 
light from a laser beam illuminates the subject and is reflected onto the 
front of the film. The other part of the light from the laser beam (the 
reference beam) is aimed by mirrors directly at the front of the same 
film, where it interferes with the reflected beam from the subject. An 
interference pattern resembling a moir6 pattern is recorded on the Glm 
as disturbances in the photographic emulsion set up by the interfering 
wavefront. 

By reversing the technique, that is, transmitting a laser beam through 
the film, a visual image can be produced from the film. Just as penpec 
tive changes when a person changes his position, the resulting picture 
can be modified by changing the position of the light source, the film, 
or the viewer. In other words, a three-dimensional image is produced 
exhibiting parallax and perspective just as a solid object would. 

Stroke has developed a reflection technique differing from the conven- 
tional one just described, in that the reference beam strikes the back 
rather than the front of the film. The subject beam, however, falls on 
the front of the film. The two sets of waves travel in opposite directions 
through the photographic emulsion. Thus, standing waves are. created 
and stored in the emulsion along the direction of propagation of the two 
sets of waves, or perpendicular to the surface of the plate. A series of 
stratifications are fornxd in the thick emulsion parallel to the plate’s 
surface, ra,$her than at right angles as in the conventional technique. 
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Figure 6.-Holography i8 a lensless photographic process that producee three- 
dimensional images using a laser beam a8 a source of coherent light. Object8 
can be seen that would normally be hidden if the viewer were restricted to the 
single perspective of ordinary photography. Holography has now advanced to 
the stage where three-dimensional multicolor images CM be produced. 

The stratifications act as a color filter similar to the antireflection coat- 
ing on a camera lens. When ordinary white light illuminates the plate, 
these stratifications filter all colors other than the one with which the 
holographic image has recorded. 

Teaming up with Keith Pennington and Lawrence Lin, the two re- 
searchers from the Bell Telephone Laboratories, Stroke and Labeyrie are 
using their reflection technique for colored holograms. Two gas lasers- 
one emitting in the blue and the other in the red-have been used to pro- 
duce multicolor holograms with white light. In this case, the reference 
beams from both lasers are made to impinge on the back of the photo- 
graphic plate, and the same color-filter stratifications are set up in the 
emulsion. 

Further Develofnnents- Another NSF grant awarded this year to, 
Thomas E. Everhart and Steven E. Schwarz at the University of Cali- 
fornia, Berkeley, is aimed at extending further the uses of holography by 
developing an electron interferometer which can also be used to produce 
electron holograms rather than visible light holograms. A? electron 
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microscope will be modified to incorporate a coherent electron source and 
a Mollenstedt biprism. The advantage of this proposed technique is 
that the image can be magnified by electron optics before it is recorded 
photographically. 

Advances in Tecftnology of Sheet Steel Rolling 

More than 20 million tons of cold-rolled, low-carbon, strip steel are 
produced annually in the United States. Products made from this ma- 
terial range from automobile and refrigerator bodies to barn roofs and 
food containers. 
ments in the 

Due to the size and output of steel mills, improve- 
basic process technology are apt to result in multimillion 

dollar economies. Consequently, any basic improvements in the proc- 
essing of sheet metal could result in large savings. 

The bulk of low-carbon strip is produced in a dead-soft, annealed state 
ta obtain maximum ductility in forming operations. In this condition 
the steel is inherently prone to form irregular and unsightly surface 
patterns during stamping, or sharp creases when bent, resulting in rejects 
and disrupting production. Existing preventive measures for dealing 
with these defects, known as Luders bands, are costly and often incon- 
sistent in their effect. 

Figure 7.-@088 8trtIh defect8 are clearly vbible on thi8 pressed autontvbile 
Pmt. For years, such defect8 in rolled metal strip have caused production 
difictities and resulted in rejected mater&&. Under an NSF research grant, 
an Illinois Institute of Technology engineer hag found a method of rolling 
sheet metal that map eliminate the strain thut contribute8 to such defects. 
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In the course of an investigation of mechanical processing of metal 
strip, N. H. Polakowski, of the Illinois Institute of Technology, explored 
the effect of tension leveling on the yielding behavior of mild steel. In 
this process, the strip is pulled along a sinuous path between a series of 
staggered rollers. Although the strip thus treated develops numerous, 
light, visible, and equidistant Luders bands running across the sheet, the 
metal develops no undesirable strains in subsequent forming processes. 

From his study, Polakowski concluded and proved that the parallel 
Luders bands can be refined and their spacing reduced by using leveler 
rolls of much smaller diameter than now used and, at the same time, 
increasing the speed of the mill. The resulting Ludem bands are nearly 
invisible. 

Among the practical advantages of this technique for reducing the 
effect of Luders bands is that the appearance of the strip is not affected 
by roll wear since the surface texture is intrinsically generated in the 
strip rather than being imprinted on it by the rollers. 

Earthquake Simulation Machine 

An “earthquake machine” that can be electronically programed to 
the sequence of an actual quake is nearing completion at the University 
of Illinois. The machine’s fury will be unleashed on scaled-down build- 1 
ing models to simulate the effect of an actual earthquake. 

N. Norby Nielsen and Mete A. Sozen, who head the research project, 
state that the electric hydraulic system will be able to move a lo-ton 
test structure up to i inch at an acceleration 3 times gravity and reverse 
: 1 ,‘.*b*;.. ,,.., ,, “I -,.., ,.. ,,*A, ._ .I .,.” “~“~,~~ ;a, * *oi -T”~t<““,*” ‘C ‘“‘vy.~~,?~~,“:“l~ rr’ 

kigure %-An earthquake machine now being completed at the University of 
Illinois will simulate, on scaled-down buildings, the effect of tremendously 
destructive forces such a8 those that destroyed this building during the Alas- 
kan earthquake of 1964. 



the movement within one one-hundred-twentieth of a second, or at an 
acceleration 7.5 times gravity reversing 60 times a second. Scale models 
will be on a quake table 12 feet long and 5 feet wide. The machine will 
also be able to produce steady vibrations at any frequency. This will 
enable the Illinois engineem to reproduce on a model of a five-story re- 
enforced concrete building tests that have been made on the actual build- 
ing with vibration machines. Comparing data from the model tests with 
those from the full-size tests will provide correlation for interpreting 
results when the model is later subjected to intense arti6cial earthquake 
effects. 

From the point of view of earthquake engineering research, the oc- 
currence of an actual earthquake can be viewed as a full-scale proof- 
test of great significance to the engineering profession in promoting public 
safety and welfare. The Foundation has, therefore, provided support 
to the National Academy of Engineering to arrange for immediate on- 
site investigation of damage following destructive earthquakes before 
rehabilitation and damage clearance have destroyed the evidence. The 
inspection team project is directed by George Housner of the California 
Institute of Technology and Nathan Newmark of the University of 
Illinois. 

NAT;IONAL RESEARCH PROGRAMS 

The Foundation is responsible for a number of widely varied research 
programs of national significance, which ordinarily are so iarge or so 
complex as to require coordinated planning and funding on a national 
basis. In the case of each, NSF has been assigned the management or 
coordinating responsibility by the President, the Congress, or as a result 
of agreement within the Executive Branch. As with other NSF activi- 
ties, most of the funding of national research programs is in the form of 
grants to colleges and universities. 

U.S. Antarctic Research Program 

The scientific activities of the United States in Antarctica are funded 
and organized through the National Science Foundation, with the De- 
partment of Defense providing logistic support through the U.S. Naval 
Support Force, Antarctica. In keeping with Antarctic Treaty principles, 
the United States maintains a high level of international cooperation 
through exchanges of personnel, data and publications, joint research 
Programs, and cooperative logistic arrangements with other treaty sig- 
natories--Argentina, Australia, Belgium, Chile, France, Japan, New 
Zealand, Norway, South Africa, the United Kingdom, and the U.S.S.R. 

Research Stations 

The establishment in January 1966 of Plateau Station at a 12,000-foot 
elevation in the central part of East Antarctica, the major ice sheet of the 
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Figure %--Plateau Station, a small eight-man scientific outpost, located high on 
the continental plateau 630 mites from the South Pole, was established in 
January 1966.’ Four U.S. Antarctic Research Program scientists conducted 
research in upper atmosphere physics at the station during the past year. 

continent, opened an uninvcstigated area to scientific research. This 
small station, probably the most isolated inhabited site in the world, was 
occupied by four scientists and four support personnel through the past 
austral winter. 

The construction is a major achievement in the design and fabrication 
of a compact installation. It is of modular construction and was trans- 
ported by air in preconstructed units. Special programs in meteorology, 
glaciology, geomagnetism, aurora, and very low frequency propagation 
will continue until the closing of the station in January 1968. 

In West Antarctica, Eights Station was closed in December 1965 after 
nearly 3 years of continual operation in conjunction with the research 
activities of the International Years of the Quiet Sun. Byrd, Pole, 
McMurdo, and Palmer Stations continued as permanent U.S. installa- 
tions, while Hallett Station was reopened for the summer in cooperation 
with New Zealand. 

Operations on Land 

With the support of U.S. Army turbine helicopters, the exploration of 
the vast Pensacola Mountain system, first discovered by a U.S. Navy 
reconnaissance flight in 1956, was completed and the area mapped. 

This year geologists, geophysicists, biologists, and topographic engineers 
coordinated their programs in an activity involving at one time 40 per- 
sons, about equally divided between scientific investigators and logistic 
support personnel, at the remote base camp. What may be the largest 

46 



mass of layered gabbro in the world was located by the geologists. Lay- 
ered gabbro, which occurs in very few places on the earth, is a valuable 
source material for studying the processes of emplacement and crystalliza- 
tion of igneous rock. The rock mass is a minimum of 6,600 feet thick, 

. 

and aeromagnetic profiles indicated that the gabbro body extends over an 
area of at least 3,000 square miles. 

Fossils located in the Pensacola Mountains indicate sedimentary rocks 
that range in age from Precambrian through Paleozoic. 
among the richest fossil beds yet found in Antarctica. 

They are 

The 15th major U.S. oversnow traverse, the second of a series of four 
designed to explore the area between the South Pole and Queen Maud 
Land, covered 7 14 miles. Starting at the Pole of Inaccessibility, where 

Figure IOcSampLecr from thh deep enow pit at Bgta Station, Antatctica, are 
bemg ana&zed to determine the concentration of common lead precipitated 
from the atmosphere during the laet 60 year& 
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/ I last year’s traverse terminated, the 11 scientists and engineers with their 3 
1 Sno-Cat vehicles traveled northwest for about 435 miles, then northeast 4 : to Plateau Station where the journey ended. Their scientific equipment \ 

included a radio sounder to measure ice thickness, used for the first time 
on the oversnow traverses. They crossed an unexpected under-ice ridge, 
rising more than 4,000 feet over a horizontal distance of less than 5.5 
miles, at the western part of the area, getting its depth profile accurately 
by the continuous records of the sounder. 

Research on the ionosphere, using the 21-mile antenna near the Byrd 
Station, was enhanced by the construction of a small substation and the 
installation of a IO-mile antenna at right angles to the original unit. 
These antennas are presently being used in the 3- to 30-kilocycles-per- 
second range to investigate the height variation and ion’densities of the D 
region of the ionosphere. Signals transmitted to a receiver near Seattle, 
Wash., will permit analysis of the electron density. 

One of the most promising advances for the exploration of the Ant- 
arctic ice sheet occurred not in Antarctica but in Greenland. Sponsored 
by the Foundation, engineers from the U.S. Army Cold Regions Research 
and Engineering. Laboratories completed a drill hole through the 4,500- 
foot thick Greenland ice cap and penetrated 13 feet into the morainal 

I ! material beneath the ice. The ice-moraine interface was well below 
freezing, with a temperature of 9” F. ( - 13” C.) and in the last 50 feet 
of ice much dirt material was found. 

i This achievement, which involved first a thermal drill and finally an + 
electromechanical drill, will greatly advance our knowledge of the i 
mechanism of movement of the vast ice sheets of Greenland and Antarc- 
tica. The study of the ice cores obtained should give a continuous record 

i of late Pleistocene climate ( about 10,000 years ago). 
The drill and accessories are now in Antarctica for a similar program 

at Byrd Station. 
Shipboard Operations 

The research vessel Eltanin made five cruises during fiscal year 1966, 
Cruises 19 through 23. Three of the cruises crossed the Pacific Ocean 
between Chile and New Zealand, one was in the southeastern Pacific 
Ocean, and one was in the Scotia Sea. In all, 35,795 nautical miles were 
covered in 284 days at sea. A wide variety of programs, about equally 
divided between the physical sciences and the biological sciences, was 
continued on all cruises. The introduction during the past year of paleo- 
magnetic studies of the sediment cores, using known times of paleomag- 
netic reversals as an absolute age datum, will help significantly in estab- 
lishing dates of sediment core deposition and rates of sedimentation. 

Eight programs were carried out on the Eastwind during a IO-week 
cruise from Marguerite Bay to the South Orkney Islands in the Antarctic 

f 
Peninsula area. These programs included hydrographic stations and 
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studies of marine fungi, phytoplankton, bacteria, and sea-bottom fauna 
in.the channels and fjords, and ornithological and entomological CO&X- 
tions at land sites. 

During fiscal year 1966, through an arraugement with the U.S. Mari- 
time Administration, a contract was let for the constniction of a 125-foot 
wooden vessel designed especially for use in the Pensinsula area. 

Admfnisfrution 

The bimonthly publication, Antarctic Journal of the United States, 
was issued for the first time in January 1966. It replaces both the Bul- 
letin of the Antarctic Projects O#icer of the Deparment of Defense and 
the Antarctic Report of the Foundation, and should contribute materially 
to the dissemination of information on the Antarctic activities of the 
United States. 

During fiscal year 1966, a total of 135 grants and contracts were 
awarded at a cost of $8.4 million for Antarctic research activities. The 
number of participants in Antarctic fieldwork, exclusive of ‘the supporting 
military personnel, was 167 during the summer months and 38 during 
the winter. The scientific and technical complement on the Eltanin was 
about 38 on each cruise. 

Weather Modifkdon 

During fiscal year 1966, the science of weather modification assumed 
an increasingly important role in the national planning for water re- 
sources. For.example, existing cloud-seeding techniques are considered 
of sufficient value to make possible the production of increased snowpack 
in the mountains of the West, which will lead to increased water supplies 
“downhill.” This possibility brings with it, however, the problem of 
developing an engineering system that will yield enough additional snow 
to make the effort economically feasible. 

Unfortunately, the atmosphere is not always cooperative, and it is 
necessary carefully to select for seeding those clouds which contain the 
proper structure and water content to respond gainfully tb modification 
efforts. The proper choice of the clouds to be seeded depends not only 
on an understanding of the critical facton involved, but also on the 
ability to quickly and accurately evaluate the suitability of the clouds for 
seeding as they mOrve into the target area. 

This has placed additional emphasis on the need for further basic 
research to produce the desired knowledge in the shortest possible time. 

Special Wmfther Modiftcation hpoffs 

The urgency for increased activity in the field of weather modification 
research was highlighted by the publication of two reports during the 
Pat year. One was prepared by the National Academy of Sciences’ 
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Panel on Weather and Climate Modification; the other, by the Nationa 
Science Foundation’s Special Commission on Weather Modification. 

The NAS Panel report states that “The field of weather modification 
cannot progress independently of basic understanding leading to mor 
refined predictability of the state of the atmosphere. The immediat 
scientific and engineering steps toward this composite goal are cleal 
They amount to a new research and development program for weathe 
and climate modification of a kind and scale very different from tha 
which exists today.” 

The NSF Special Commission report recognizes the human dimension 
aspects of weather modification, and explores the social, economic, legal 
biological, and international facets of the problem, as well as those of th 
physical sciences. It concludes that these problems are of great immedi 
ate urgency because “weather and climate modification is becoming : 
reality. The daily activities of man influence the atmosphere in a num 
ber of ways, and his ability to induce deliberate changes in measurabll 
magnitude by artificial means is progressing.” 

New NSF Approaches 

In accordance with the national need for increased effort in all aspect 
of research in weather modification, the Foundation has remained corn 
mitted to the continuation of a vigorous and expanding role in this field 
Indicative of this commitment was the expenditure of almost half of thl 
fiscal year 1966 weather modification allocation of $2 million for nev 
and imaginative approaches to the subject under the guidelines pro 
vided by the two authoritative reports. These approaches included the 
formation of three new university groups for the study of hail suppres 
sion, the establishment of a Task Group on Human Dimensions, the initia- 
tion of a broad program of research in the basic principles of weather 
modification by the Rand Corp., the provision of support to a number 
of commercial weather modification operators to permit them to obtain 
scientificaliy useful information from their commercially sponsored op 
erations, and the expansion of university research effort in the electrical 
aspects of cloud formation and precipitation phenomena. 

During September 1965, a working conference on hail suppression waz 
convened at Dillon, Colo., by the National Center for Atmospheric Re- 
search under Foundation auspices, to establish the framework for the 
preparation of a plan for a National Hail Suppression Research Project. 
This conference was called in accordance with the request to the Foun- 
dation for the preparation of such a plan by the Federal Council on 
Science and Technology’s Interdepartmental Committee on Atmospheric 
Sciences. A steering committee under the chairmanship of Verner Suomi 
of the University of Wisconsin was charged with the responsibility for 
preparation of the planning document. 
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Figure ll.-University of Arizona scientists record lightning 8troke on a tower 
during a study aimed at reducing the severity of lightning discharges. The 
inUe8tigatiOn includes 8tkdg Of the structure Of thunder 8tOrm8, location Of 
charge centers, and the amount of charge generated. 

As part of this plan, the Dillon Conference sparked the interest of the 
scientific community in the possibility of a cooperative hail research proj- 
ect during the summer of 1966 in which’sorne 23 separate research teams 
pooled their facilities and talents to concentrate on the same hailstorms 
in the Great Plains area. The South Dakota School of Mines and Tech- 
nology in Rapid City was selected as the host university. Twelve rep 
resentative hailstorms were studied under Project Hailswath, between 
June 10 and July 10, 1966, ’ 
Colorado. 

m the area ranging from North Dakota to 
This project was a unique experiment to determine whether 

a community effort of scientists could be successfuIly organized and car- 
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t 
1 ried to completion. Approximately 12 aircraft and 81 technical and 

scientific personnel demonstrated the feasibility of assembling a critical 1 
mass of manpower and facilities to study a large storm system of con- I 
siderable complexity and extent. 

The National Center for Atmospheric Research, in keeping with its 
responsibility as a national laboratory, contributed facilities and equip 
ment. These consisted of an aircraft, radar sets, a high-gain antenna, 
and other items of support equipment. NCAR also made time available 
for computer analysis of the data obtained. In addition, seven NCAR 
scientists participated in the field experiments. 

Weather Modiffcation Research Accomplishments 

Under Project Hailswath, a new technique for the continuous moni- 
toring of ice nuclei from an aircraft and from a roving ground vehicle 
was tested for the first time, and provided a means for accurately tracing 
the silver iodide plumes from ground and airborne generators. It was 
interesting to note that the chimney discharge from a local cement plant 
provided approximately the same nuclei count as the silver iodide from 
one of the ground generators. 

Project Whitetop of the University of Chicago completed a second a : 
successful summer at Bemidji, Minn., by studying the role of ice nuclei 
in the formation of precipitation from large air mass types of storms in 

I i the Minnesota area. It was found that precipitation from these storms 
was heavily influenced by natural seeding from ice-crystal showers origi- 

, nating in high-level cloud decks above the relatively low-lying stratoform 
clouds. I 

Research on the mechanism of nucleation by materials such as silver 
iodide continues at the University of Arizona, Colorado State Univer- 
sity, and Lehigh University. The importance of trace impurities and 
crystal surface defects in ice nucleation capability is leading to a better 
understanding of the mechanism of operation of artificial nucleation ma- 
terials, and may lead eventually to a cheaper and more effective substitute 
for silver iodide. 

The adaptation of mathematical models for studying possible modifi- 
cation techniques of global circulation patterns continues at the Uni- 
versity of California at Los Angeles. The hurricane model at New York 
University shows promise of pointing out possible modification techniques 
for treating these severe tropical storms, and the tornado model at the 
University of Oklahoma is providing increased knowledge of the me- 
chanics of tornado formation. Much remains to be learned, but high- 
speed electronic computers are bringing closer the solutions to such 
important national weather problems as drought, floods, hurricanes, and 
tornado control. 



i 
Figure 12,This “tornado in a tank” 8ptem wa8 developed bg Univereitg of 

Oklahoma scientists and is now providing increased knowledge of the mechan- 
ics of tornado formation. 

Advance Notice of field Operations 

‘ In accordance with its reporting responsibilities under Public Law 85- 
510, the Foundation published a regulation, which became effective on 
January 1, 1966, requiring notification of intent to modify the atmos- 
phere at least 30 clays prior to actual field operations, submission of 
quarterly activity reports, and retention for 5 years of logs of field activity 
subject to examination upon request. As of June 30, 1966, notification 
of 92 projects had been filed with the NSF. 
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United States-Japan Cooperative Science h-ram 
, 
1 

This program, now ending 5 years of operation, has proven to be 2 
successful experiment in binational scientific exchange. Originally de 
signed to foster a closer collaboration in scientific investigations of muta 
interest to the two participating nations, the program has succeeded ir 
utilizing talent and special devices developed in both countries to bring 
about valuable scientific discoveries that are of mutual benefit. In man) 
instances the equipment and techniques so brought together are uniqut 
and promise exciting future developments. 

Operationally, the program is guided by a joint committee consisting 
of distinguished scientists from both countries. This group annuals) 
reviews and evaluates projects underway, with the aim of determining 
new areas that are of mutual scientific interest and thus should ‘be in- 
vestigated cooperatively. The NSF, as the implementing agency fat 
the United States, has benefited from this guidance. 

Much of the success of the program lies in the insistence upon shared 
support; each country funds the activities of its citizens. During the past 
year there has been some effort to support more U.S. scientists of 

, ’ Japanese ancestry, on a short-term basis, to enable them to work in 
J~P= 

Three types of activities can be identified under the program : coopera 
! tive research projects, visits by scientists of one country to the other for ; 

research or factfinding in a specific field, and scientific seminars, con- 
: 1 ferences, and planning meetings. During fiscal year 1966,3 10 United 
1 , States and 335 Japanese scientists participated. Thirty new coopcra- 

tive research projects were initiated during the year and 28 meetings were 
sponsored, mostly in Japan. 

Broad areas of cooperative work include : exchange of scholars, ex- 
change of scientific and technological information and materials, earth 
sciences of the Pacific area, atmospheric sciences of the’ Pacific area, 
biology of the Pacific area, medical sciences, education in the sciences, 
hurricanes and typhoon research, and pesticide research. 

Perhaps a major result ofI the program has been the stimulation of 
greater interest by Americans in Japanese science; historically, Japanese 
scientists have closely followed progress in American science. A common 
reaction from an American scientist following visits to Japanese labora- 
tories is one of amazement at the scope of the work and the progress of 
the Japanese scientists. The realization has come that the United 
States has as much to gain as the Japanese in a cooperative venture of 
this type. 

DuI-ing fiscal ykar 1966, program expenditures for the U.S. portion of 

I 
this venture totaled $701,700. 
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International Years of the Quiet Sun (WY) 

The IQSY covered the period from January 1964 to December 1965, 
and provided for cooperative observations of the sun and its effects upon 
the earth during the low activity period of the solar storm cycle. It sup- 
pl.emented the observations made during the International Geophysical 
Year (IGY) from July 1957 to December 1958-a period of high activ- 
ity in the sun’s 1 l-year cycle. 

Since the conclusion of the observational period of IQSY on Decem- 
ber 3 1, 1965, efforts have been devoted to reducing and analyzing the 
large amount of data collected around the world by individual investiga- 
tors and made available to all through the World Data Centers. From 
these studies should come new insights into solar processes and their rela- 
tionship to the solar and terrestrial atmospheres, and into the interaction 
between these two atmospheres. 

Results of the Program 

The academies of science of the participating countries are now pre- 
paring for the IQSY Final Assembly to be held in July 1967, when the 
results of this international interdisciplinary research effort will be pre- 
sented. Publications of consolidated scientific results will appear in 1968 
and 1969 so that the new knowledge of solar effects on the earth’s environ- 
ment will become widely available. 

Many discussions of results by individual investigators have already 
appeared in the journals of research. 

During the IQSY, significant new information concerning outbursts of 
energy from the sun was achieved through the combined use of optical 
flare patrols, solar radio and radar telescopes, ultraviolet measurements 
using rockets, and infrared observations from balloons. These measure- 
ments have shown that flare activity on the unseen portion of the sun can 
be detected by observing the reaction in the outer part of the corona not 
hidden by the solar disc. This technique gives w?rning of solar flares up 
to 1 to 2 days ahead of their effect on earth. 

The concept that the solar corona exists as an outward-flowing solar 
atmosphere to well beyond the earth’s orbit has been confirmed. 

The recent knowledge concerning the characteristics of the “solar 
wind” and its effect on twisting and distorting the geomagnetic field have 
come from satellite observations, and from the analysis of audiofrequency 
waves called “whistlers” generated by lightning impulses. The whistler 
waves propagate from one hemisphere of the earth, along the geomag- 
netic field lines to distances up to several earth radii, and then to the other 
hemisphere at a conjugate point. It is possible, through subtle interpre- 
tation of the complex up-and-down frequency change with time char- 
acteristics of “whistlers”, to learn about the electron density distribution 
in the space through which the whistler has traveled. 



The IQSY program has revealed a new feature of the electron density 
distribution in the magnetosphere about the earth. A study of very low 
frequency radio noises disclosed that the electron density distribution 
through the ion layers is not always uniform. It varies with time and the 
amount of solar activity. This may be a very significant observation 
because it is a possible method by which energy is coupled into the 
atmosphere. This phenomenon was not predicted by theory, and thus a 
new and more complicated model of the magnetosphere and the plasma 
must be developed. 

Energetic particles emitted from the sun during a flare, with a wide 
spectrum of energy levels and confined as a moving plasma by electric and 
magnetic field reactions, have been observed to intersect the geomagnetic 
field. By comparing the results obtained from the IQSY program with 
those from the IGY program, it was possible to determine that the num- 
ber of protons per unit volume emitted by the sun appears to vary by a 
factor of five between active and quiet sun conditions. 

Extensive studies were made of the reaction on the terrestrial magnetic 
field and the resulting selection and guidance of the particles along the 
field lines and their precipitation in the earth’s atmosphere to form aurora 
and airglow. Ground-based cameras and television systems were used 
to obtain the form distribution and spectrum in the optical wavelengths. 
Radio wave techniques were used to measure electron density. Chemical 
species formed by the particles and the energy spectrum of the incoming 
particles were obtained by balloon, rocket, and satellite measurements. 
By these techniques, significant contributions were made to the knowledge 
of the specific energy levels of the electrons and protons spiraling in along 
given magnetic field lines. 

It is now known that the aurora and airglow phenomena resulting 
from the particle bombardment are tied directly to the still mysterious 
mechanisms by which these particles are injected from the solar wind into 
the terrestrial magnetic field and atmosphere. 

Particle interactions at polar latitudes resulting in blackouts of com- 
munication systems were also investigated by a number of metbods. 

New techniques employing electromagnetic waves interacting in a 
nonlinear medium, have been used to investigate electron and ion char- 
acteristics in the lowest part of the ionosphere. These characteristics are 
especially important to understanding the interaction between the lower 
and upper atmosphere. 

Because the terrestrial and solar phenomena cannot be measured in 
the laboratory or even in space without disturbiig effects, subtle ana- 
lytical techniques are required to derive fundamental informaticm from 
the gamut of solar-terrestrial interactions. This basic research wilI 
eventually allow an understanding of solar processes, of conditicms of 
interph.neta~ space, and of the variations in solar effects on the tcr- 
restrial atmosphere that affect man in many ways, A full understanding 
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of these complex interactions is not yet Possible, but the IGY-IQSY 
programs have added greatly to the understanding of many of the 
fundamental processes involved. 

Administration and Funding 

The program was supported by more than 60 nations. Overall coor- 
dination of this vast program has been through the IQSY Committee 
of the International Council of Scientific Unions, and in the United 
States by the U.S. Committee for the IQSY of the Geophysics Research 
Board of the National Academy of Sciences. The U.S. research effort 
involved scientists from both the universities and the Federal agencies. 

NSF coordinated participation by Federal agencies and provided all 
special funding. From fiscal year 1963 through fiscal year 1966 the 
Foundation supported 143 IQSY projects at a total cost of approximately 
$10 million. 

International Indian Ocean Expedition 

The international effort to explore scientifically the Indian Ocean, 
probably the least known of the world’s large bodies of water, was com- 
pleted by the end of 1965. This brought to a conclusion an interna- 
tional effort initiated in 1959, with U.S. participation beginning in late 
1960 when scientific responsibility was assigned to the National Academy 
of Sciences Committee on Oceanography, and the National Science Foun- 
dation was directed to plan and coordinate Federal support for U.S. 
participation. 

The United States had 13 ships participating in the program; in all 
there were 41 vessels from 13 nations, manned by scientists from 28 
nations. The U.S. institutions participating extensively in the expedition 
included Woods Hole Oceanographic Institution, the Universities of 
Rhode Island, Michigan, and Hawaii, Stanford University, Lamont 
Geological Observatory (Columbia University), and Scripps Institution 
of Oceanography (University of California). In addition, scientists 
from more than 40 other American universities, private research institu- 
tions, and government organizations took part in various phases of the 
program. 

The support for U.S. participation derived principally from NSF with 
some assistance provided by the Navy, the Bureau of Commercial Fish- 
eries, the Weather Bureau, and the Coast and Geodetic Survey. NSF 
support for the entire period (fiscal years 1961-66) amounted to $15.5 
million; the total U.S. effort cost about $20.3 million. 

The U.S. scientific programs followed the general outline of aims set 
forth in the original objectives of the Expedition; namely, ( 1) geophysi- 
cal and geological examination of the Indian Ocean basin, ( 2) chemical 
and physical description of the waters of the Indian Ocean and their 



motions, ( 3) study of plant and animal populations of the ocean, and 
(4) analysis of the interaction between the ocean and the atmosphere. 
The meteorological studies included land-bawd as well as shipboard 
activities and entailed the use of research aircraft. 

Data Collection 

Responsibility for collecting and puMishing the results of this massive 
international scientific activity rests with the International Oceano- 
graphic Commission. To date, 2 volumes of collected reprints of indi- 
vidual articles have been published containing a total of 129 articles. 
This, of course, represents only a small portion of the scientific output 
which is anticipated. 

Several at1 ases-meteorological (United States), physical and chemi- 
cal (United States), geological (U.S.S.R.), and biological (Ger- 
m=ly)-- are under preparation. A physiographic diagram has ahvady 
been published by the Lamont Geological Observatory. 

Sorting centers at Cochin, India, and the Smithsonian Institution in 
Washington, D.C., are processing and identifying vast collections of bio- 
logical materials taken during the expedition. The Smithsonian Center, 
for instance, received about 5,400 unsorted samples. To date, about 
1,200,QOO specimens have been sorted and 375,000 sent for identification 
and description to about 50 systematic specialists. Those figures include 
about one-fifth of the plankton and one-fourth of the bcnthic and mid- 
water trawl specimens. 

Expedition Resulfr 

Final assessment of the Expedition is still several years off but a number 
of discoveries and developments have occurred that are worthy of special 
comment. 

Diicovery of the East Indian Ocean R&lge----The existence of a major 
ridge running south from the Bay of Bengal approximately 3,600 miles 
has been confirmed from echo-sounding records of some 20 ships. It is 
generally about 8,000 feet in height and has been named the East Indian 
Ocean Ridge. Records of other ridge systems in the Indian Ocean show 
their connection with the Mid-Atlantic and East Pacific Ridges, and their 
topographic features suggest that they were formed by similar processes. 

Numerous other bottom features have been delineated in this once 
little-known ocean, including a series of canyons in sediment drainage 
planes and what may be the steepest continental slope in the world (more 
than 45 degrees). 

Ocean Currents, UpweUings, and Monsm-Nearly all participat- 
ing countries studied the various tinta of the Indian Oceain. Of 
particular interest were data on the subsurface countercurrent and certain 
areas 0f upwdling. The equatorial countercurremt was shown to be 
similar to those in the Atlantic and Pacific, though not as well developed. 
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Figure 14.-Scientists and technician8 of the Smithsonian Oceanographic Sort- 
ing Center process and identify hundred8 of thousands of biological specimen8 
taken during the International Indian Ocean Expedition. Later detailed 
identiiication and description by specialists will provide new knowledge of life 
form8 in this vast body of water. 

Studies of areas of marked upwelling, particularly off the Arabian and 
Somaliland coasts, indicate that they are related to the monsoon patterns 
and that they have a distinct bearing on the biological productivity of the 
area. . 

The U.S. vessel Anton Bruun reported extraordinary seafood catches 
in this upwelling area, where previously a Russian vessel had reported a 
sea of dead fish (the result most likely of an oxygen deficiency in the 
water), It may be that the monsoon winds in that region are respon- 
sible for dramatic cyclic changes in the water composition and, there- 
fore, its biological content. 

These same upwelling observations have also clarified longstanding 
questions concerning the temperatures in the northeast corner of Africa. 
The typically lower temperatures are now thought to be related to the 
strong upwelling of deep ocean waters. 
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Figure 15.Qmithuonian Ocea~~ographic Sorting Center techniciane i&ntif# 
small sea-dwelling creatures, some of them previously unknown, magnified 
many time8 by this instrument, 

Establishment of the lndiun National Institute of Oceanograflhy- 
Discoveries of potential fisheries may eventually assist in the alleviation of 
food shortages in this overpopulated region of the world. Another more 
immediately demonstrable benefit of the IIOE to India itself has been the 
development of centers for environment-related studies and observations 
out of which has come the establishment of a National Institute of Ocean- 
ography. U.S. scientists played a major role in assisting India with these 
endeavors (notably the Marine Biological Sorting Center at Cochin and 
the Tropical Meteorology Center at Poona). As a result of the IIOE 
programs India has taken a long step forward in applying research in 
the environmental sciences to the solution of economic problems. 

Typical of the cooperation received by DOE participants from local 
laboratories was the arrangement between the Centre d’Oceanographie et 
des Pkhes at No& Be, Madagascar, and the U.S. Program in Biology. 
Some 28 scientists from the U.S. program utilized the facilities of this 
installation over a period of 17 months during 1963 and 1964. At the 
conclusion of the activity, the laboratory was given all the IIOE equip- 
ment and supplies in exchange for services received. 



. ; 

! 
: ! 

j 

8 I 

/ 
i 
j 
t 

1 
i 
’ 

In addition to the many direct benefits deriving from the expedition, 
and the excellent example it set for future cooperative international 
scientific endeavors, IIOE undoubtedly served to highlight the impor- 
tance of ocean-related scientific and technological efforts and provided an 
incentive for expanding worldwide oceanographic research activities. 

Deep Crustal Studies of the Earth (Project Mohole) 

Steps to terminate Project Mohole were undertaken by NSF in Sep- 
tember 1966 following congressional action disallowing further funding 
of the project. The House Appropriations Committee report on the NSF 
budget for fiscal year 1967 stated that, “In view of the current world 
situation and the need to continually review priorities, the committee has 
not allowed additional funds for Project Mohole.” 

‘This unique research program was aimed at penetrating the earth’s 
crust in order to permit scientific scrutiny and analysis of the mantle. It 
was to involve drilling in the deep ocean basins to a depth of about 35,000 
feet below sea level from a stable, dynamically positioned and self-pro- 
pelled floating platform. 

During fiscal year 1966, a number of major system and component 
contracts were awarded. The largest of these was the subcontract for the 
drilling platform which was awarded October 6, 1965, to the low bidder, 
National Steel & Shipbuilding Co. of San Diego, Calif., for approximately 
$30 million. 

At the time the project was discontinued, most of the research and 
development work had been completed, but construction of the drilling 
platform and fabrication of certain other equipment were in their very 
early stages. 

A number of signficant contributions in the field of engineering had 
already resulted from the work completed. These will undoubtedly have 
a considerable impact on the drilling industry, and on the possible devel- 
opment of stable platforms for heavy work at sea. Among these con- 
tributions are the design and model-testing of the unique Mohole drilling 
platform and of the platform positioning system; the design, fabrication, 
and testing of a coring turbodrill and the design and fabrication of the 
prototype of a revolutionary retractable diamond coring bit; the design 
and fabrication of a deep-ocean untended digital data acquisition system; 
and the design of a method of sonar hole reentry. 

From March 1962, when Project Mohole was initiated, through the 
end of fiscal year 1966, approximately $54.5 million had been obligated. 
Of this amount, $19.3 million was expended. It is estimated that an 
additional $10 to $15 milli(on will be required to close out contracts and 
properly preserve the technical information developed. 
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SPECIALIZED UNIVERSITY RESEARCH FAClUTlES 
AND EQUlPMENT 

Ever more sophisticated facilities and equipment are required to keep 
pace with scientific progress. The Foundation provides limited support 
for the acquisition of specialized facilities and equipment essential for 
the advancement of basic research. 

The table below shows the number and amount of grants in this pro- 
gram during fiscal year 1966. Two of particular interest are then dis- 
cussed in some detail. 

Numbsr Amount 
Biological and medical sciences research facilities and 

equipment . . . . . . . . . . . . . . . . 31 %042,396 
University atmospheric research facilities . . . . . . 19 799,776 
Social science research facilities . . . . . . . . . 7 771,200 
University computing facilitiw . . . . . . . . . 30 8,899,lOO 
Oceanographic research vessels and facilities . . . . . 7 2,370,718 
University nuclear research facilitier . . . . . . . . 23 6,495,768 
Chemistry research instruments . . . . . . . . . 45 2,360,003 
Engineering research facilities . . . . . . . . . . 45 1,175,ooo 
University astronomy research facilities . . . . . . . 7 1,362,750 

Total . . . . . . , . . . . . . . . . 214 $28,276,711 

Support for science facilities and equipment is also available through 
other. NSF programs: 

1. The University Science Development Program. In fiscal year 1966, 
about 59 percent of the $36.4 million obligated was for facilities and 
equipment. (See page 115.) 

2. The Graduate Science Facilities Program which allows up to 15 
percent of the grants to be used for general-purpose laboratory apparatus. 
Of the $16.2 million awarded in fiscal year 1966, about $3 million was 
for laboratory apparatus. (See page 117.) 

AZpho Refix--Early in 1966, the Scripps Institution of Oceanography 
dedicated the Alpha Helix, the first U.S. vessel devoted to marine 
physiological investigations. 

Until this vessel was zxlilt, scientists who were interested in the study 
of plants and animals in their natural environment in remote areas of 
the world were severely handicapped by the lack of adequate research 
facilities and equipment. Under the direction of Per F. Scbolander of 
Scripps, a plan was developed for a floating laboratory that c&Id be 
used anywhere. She was tobe fully air conditioned to withstand tropical 
climates, and she was to have a reinforced hull to protect against polar 
ice floes. She was to be fully equipped with machine tools and the 
electronic gear necessary for the fabrication of sophisticated apparatus 
as needed. 

A grant from the National Science Foundation made possible the con- 
struction of this floating laboratory, the Alpha Helix. It took 5 years 
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for the design and construction. The 133-foot ship has a 3 1 -foot beam 
and weighs 300 gross tons. A controllable-pitch propeller gives her a 
continuous speed control from zero to a normal cruising speed of 11 to 
12 knots. She berths a scientific party of 10 and a crew of 12, 4 of 
whom may be students to assist the scientific party when the ship is not 
in transit. 

As befits her design criteria, the heart of the ship is in her laboratories. 
One large main deck area, 24 by 26 feet, houses the analytical laboratory 
and a “wet” laboratory that can be maintained at any temperature down 
to 41” F. (5” C.). Below deck is an electrophysiological and optical 
laboratory with adjacent photographic darkroom. Next to these are a 
-4” F. (-20” C.) f reeze laboratory and a special machine shop, corn- 
pletely equipped. 

During this first year of operation, the Alpha Helix is located off the 
northwest coast of Australia in the fabulously rich biological areas of the 
Great Barrier Reef. During 1967, its second year, an extensive program 
is planned in the vast basin of the Amazon River. The third year will 
develop around an expedition to northern latitudes, most likely the 
Bering Sea region. 

, 

Figure 16.~Designed for marine physidogid invecrtigation8, the 233.foot float- 
ing laboratory, Alpha Helix, was constructed under an NSF Specialized Science 
Facility grant. The ve88el provide8 seaborne scientist8 with complete facili- 
ties and equipment for studying plant8 and animals in their natural environ- 
men t. 
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In general, each expedition is subdivided into scientific programs which 
require field operations of at least 3 months. The scientific parties are 
flown to and from the ship. As a rule, there will be at least three major 
programs each year and each program is to be headed by a senior scientist 
on the ship. Usually the shipboard scientific party can be augmented by 
an independent shore camp centered around a prefabricated shore 
laboratory. 

Because this vessel is considered a national research facility, an ad- 
visory board has been established, composed of distinguished physiologists. 
This board oversees the entire program. Members include: T. H. 
Bullock (Chairman), and R. 0, Peterson, University of California, San 
Diego; E. G. Ball, Harvard University; L. R. Blinks, Stanford Univer- 
sity; W. 0. Fenn, University of Rochester; K. Schmidt-Nielsen, Duke 
University; and H. B. Steinbach, University of Chicago. 

The cost of construction of the A&ha Helix was approximately 
$1,540,000 -which included funds for the design, construction, and re- 
quirements for instrumentation, outfitting, and equipment. The first 
year’s operational costs amounted to $437,000. 

Research Triangle Com@ter--The modern digital computer, ca- 
pable of performing automatically a preselected sequence of arithmetic 
operations, was first developed in the middle 1940’s. Since that time 
the speed, capacity, and general utility of computers has been so increased 
that by January 1965 the cumulative value of installed computers in the 
United States was about $7 billion and the annual growth rate was about 
25 percent. A corresponding growth in the use of computers for re- 
search and education in univemities has occurred, and many educators 
now feel that every college student should have some contact with a 
computer as a part of his general education. 

It may eventually be necessary for universities to spend as much an- 
nually for the support of their computer facilities as they do for their 
libraries. In the case of many institutions, particularly smaller ones 
which do not have the staff and financial resources to permit them to 
operate computer facilities of their own, it appears that the institutions 
can best meet their needs by sharing a single, large, central facility with a 
group of neighboring institutions. Each institution would have a num- 
ber of operating stations on its own premises which would be connected 
to the central facility by public or private communication links. 

A very large facility should be able to provide essentially simultaneous 
service to gS many as 200 remote operating stations. 

To help explore such possibilities, the Foundation this past year granted 
$1.5 million in support of the Triangle Universities Computation Center 
(TUCC) . Chartered by the State of North Carolina, TUCC is a con- 
sortium of the University of North Carolina, North Carolina State Uni- 
versity, and Duke University. The central computer is an IBM system 
366/75 capable of storing half a million characters (letters or digits) in 
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Figure 17.-A chemical enigneet at Clemson University operates a hybrid com- 
puter used in graduate and research program8 in chemical engineering. 
Purchase of the computer was made pOSSibZe, in part, through an NSF grant 
for 8peciaZized research equipment for engineering. 

its fast memory and up to 400 million characters in its slowest memory. 
On each of the campuses of the parent universities a smaller system 
360/30 has been provided which solves the simpler problems and refers 
the more difficult ones to the main unit. 

Additionally, the North Carolina State Board of Higher Education has 
initiated a campus orientation project centered about TUCC’s facilities. 
All North Carolina institutions of higher education, through the use of 
local operating’ stations connected to the TUCC facility by telephone 
lines, will be afforded the opportunity to explore the uses of the digital 
computer in the educational process. These remote terminals will have 
no computational capability of their own but will operate entirely through 
TUCC’s main facility. 



NATIONAL 
RESEARCH 
CENTERS 

Four “National Research Centers” essential to the basic research effort 
of the Nation in astronomy and the atmospheric sciences are funded 
by and under the control and supervision of the Foundation. Such cen- 
ters are established when the need for large and specialized facilities to 
serve the entire academic community or for large-scale concerted attacks 
on special problems create requirements that go beyond those that 

*logically can be met by single academic institutions. The centers. are 
open to all qualified scientists regardless of their institutional affiliations, 
subject to priorities based on scientific merit and feasibility. 

The centers, which are operated under contract by independent, non- 
profit corporations composed of universities, are as follows : National . 
Radio Astronomy Observatory (Green Bank, W. Va.), operated by 
Associated Universities, Inc.; Kitt Peak National Okrvatory (Tucson, 
Ariz.), and Cerro To1010 Inter-American Observatory (Chile), both 
of which are optical astronomy observatories operated by Associated 
Universities for Research in Astronomy, Inc.; National Center for 
Atmospheric Research (Boulder, Cola ) ; operated by the University 
Corporation for Atmospheric Research, Inc. 

The astronomical observatories were established primarily to provide 
large and costly telescopes and associated equipment for use by the 
scientific community at large. They are staffed by a limited number of 
outstanding resident astronomers and by the requisite number of engi- 
neers, technicians, and service personnel. The resident astronomers give 
continuity and cohesiveness to the program, do advance planning for new 
facilities, etc., as well as contributing to the research itself. However, 
a majority of the time available on the telescopes is assigned to visiting 
astronomers and graduate students, the selection being based on the 
scientific promise of the work that they propose to do. 

The National Center for Atmospheric Research (NCAR) serves sev- 
eral important functions. It is a laboratory at which a sizable staff of 
highly qualified scientists from many disciplines investigate the atmos- 
phere in all of its phases, working espeklly on problems of a complex 



nature that require broad, concerted attacks. Significant parts of the 
work are done by visiting scientists primarily from academic institutions, 
who thus have opportunity to utilize special equipment or to take part in 
projects of broader scope than would be possible at their home institu- 
tions. NCAR also organizes and coordinates major programs partici- 
pated in by other institutions, especially universities. In addition to 
participation in NCAR’s own research program, scientists from other in- 
stitutions are provided special facilities, such as aircraft, a balloon-launch- 
ing facility, and a large computing center, for the conduct of their own 
experiments. 

NATIONAL RADIO ASTRONOMY OBSERVATORY 

The National Radio Astronomy Observatory (NRAO) was estab- 
lished at Green Bank, W. Va., in 1956 to provide large radio telescopes 
for radio astronomers from all institutions. The NRA0 has three 
sites : Charlottesville, Va., where the headquarters, the computer divi- 
sion, and some administrative offices are located, and where the research 
staff works when not using the telescopes; Green Bank, W. Va., the 
main site where the majority of the radio telescopes are located; and 
Kitt Peak, Ariz., where a 36-foot radio telescope is located at the Kitt 
Peak National Observatory. NRA0 is managed by Associated Uni- 
versities, Inc. (AU1 ) , under contract with the NSF. 

1 j Facilities and Instrumentation 

The major NRA0 Green Bank facilities include a 300-foot radio 
telescope movable in a north-south direction, the new 140-foot fully 
steerable radio telescope which can be used down to a l-cm. wavelength, 
two 85-foot radio telescopes operating as a variable baseline interferom- 
eter,l and a variety of radiometers that operate at wavelengths from 
1;5 meters down to 3 millimeters. A 36-foot radio telescope operating 
at millimeter wavelengths is under construction on Kitt Peak and is 
expected to be available for visitors in 1967. 

Auxiliary technical facilities at Green Bank include machine shops, an 
electronics division responsible for the design, construction, and mainte- 
nance of receivers; a telescope operations division responsible for run- 
ning and servicing the telescopes; and a small library, photographic, 
and reproduction section. A larger library and an IBM 360/50 com- 
puter are located in Charlottesville. 

New radiometers operating at wavelengths between 2 and 21 centi- 
meters were developed during the year; other radiometers operating 
at 3.5- and 9.5~mm. wavelengths have been completed for use on the 
36-foot radio telescope. Detailed design of a 416-channel digital 

* An interferometer uses wave interference phenomena to increase the resolving 
power of the combination of telescopes above that of either telescope alone. 



auto-correlation receiver for spectral line observation is complete and 
construction has begun. In addition, NRA0 is concentrating effort 
on producing receivers which will be quickly operational for short, rep- 
etitious programs, such as the investigation of lunar occultations (when 
the moon passes in front of celestial objects) and the fluctuations 
of the intensity of radio sources as observed over various time intervals. 
A third 85-foot antenna will shortly be added to the interferometer 
to provide data at close antenna spacings, and a 42-foot portable an- 
tenna is being added to the interferometer system to make possible the 
acquisition of data at baselines up to 27 miles. 

The equipment for a very long baseline interferometer experiment 
is under construction for use at 6 10 megacycles per second (a wave- 
length of 49 centimeters) and operable between any two radio Me- 
scopes capable of working at that frequency. Initial operation is, cx- 
petted between the Arecibc l,OOO-foot telescope in Puerto Rico and the 
NRA0 140-foot telescope early in 1967. The effective baseline between 
these two sites (about 1,500 miles) will be 5.2 million of these wave- 
lengths, making it possible to discriminate between radio sources sepa- 
rated by a few hundredths of a second of arc (a few millionths of a 
degree). 

Very Large Antenna Array (VLA) Project-Development of an 
engineering plan for the VLA is being undertaken by a group comprised 
of scientists from the NRA0 staff, universities, and industry. The 
VLA would produce angular resolutions of 3 seconds of arc (about one- 
thousandth of a degree) in its initial phase. 

Largest Feasible Steerable Telesco@e (LFST) Project-A small en- 
gineering group is investigating various design concepts for ‘a large, 
steerable telescope, of parabolic or equivalent type. A number of these 
designs are presently available including : ( 1) a feasibility study of an 
air-supported floating sphere inside of which the structure of the re- 
flector could be built, (2) a similar concrete shell, floatable on water, 
(3) a large, fixed-focal-point telescope, and (4) a “homology” tele- 
scope whose surface would deform from one paraboloid of revolution 
into another when the telescope is tilted in elevation angle. 

Research Programs 

K. I. Kellermann and I. I. K. Pauliny-Totb have made a large num- 
ber of observations of sources at various times at 2,6, and 11 cm. with 
the 140-foot telescope. Significant variations in intensity were found 
for a number of these sources. The quasi-stellar source 3C 273, which 
had been increasing at a rate of 10 percent per year as observed at a 
:‘-cm. wavelength, was found to have changed its rate of increase to 
about 50 percent per year near the end of 1965. Several sources were 
found to have anomalously high intensities at short wavelengths, while 
others were found to have maximum radio intensity at longer wave- 
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Figure l&-The Great Nebula in Andromeda, the nearest spiral galaxy to our 
own Milkg Wag, as photographed through an optical telescope . . . . . 

lengths in the region between 20 and 60 centimeters. These two sci- 
entists confirmed the discovery of radio radiation from the planet Uranus 
, (found earlier by Kellermann in Australia) and observed for the first 
time radio radiation from Neptune. 

The evolution of radio source spectra has been investigated by Keller- 
mann, who has concluded that the observed variety of source spectra 
can be understood if high velocity electrons are injected in a series of 
recurring bursts. In a separate study made at the NRA0 a visitor, 
H. Van der Laan, of the University of Western Ontario, has advanced 
a theory that predicts the evolutionary history of a variable radio source. 
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Figure 19, . . . . The 8ante galuxg a8 re8olved bg the 300-faot radio telewope 
at the National Radio Astronomy Ob8ervatorg. This map 8hOW8 the amount 
of neutral hydrogen in the galaxy with the greatest concentration near the 
center. 

G. Westerhout, University of Maryland, is determiniig the pattern 
of the distribution of neutral hydrogen within our own Milky Way 
Galaxy. This is based on over a million individual observations of 
the 21-cm. neutral hydrogen wavelength. When completed, this work 
will be of exceptional value in high resolution studies of spiral arm 
structure and galactic rotation. 

Another hydrogen-line program was pursued by T. K. Menon and 
D. Williams, University of California, Berkelev. who studied absorntion 
in neutral hydrogen clouds lying in f 
The amount of absorption is indicative 
while the velocity of the cloud often yie 
the source itself is located. 



Once even crude distances are available for radio sources within our 
own galaxy, various physical parameters can be determined that lead 
to a more complete understanding of the sources themselves. For ex- 
ample, the absorption toward Tycho’s Supernova indicates a distance of 
about 11,000 light years (66 million billion miles) for this object. Thus, 
from the angular extent of the optically visible remnants one may infer 
that the initial expansion velocity must have exceeded 9,000 km./sec. 
(2 million miles per hour). This, in turn, yields information about the 
energy involved in the initial explosion. The distance determinations of 
gale&c ionized hydrogen regions using the absorption technique com- 
plement the distance measurements by P. Mezger and his collaborators 
based on studies of the radial velocities of these same regions using the 
6-cm. wavelength hydrogen recombination line discovered with the 
140-foot radio telescope last year. 

The 140-foot telescope was used extensively for OH( hydroxyl) line 
observations, particularly by visitors. These observations are of great 
significance in providing a key to the distribution of these elements and 
the OH radical within our galaxy. They also provide information that 
may contribute to our‘ knowledge of the evolution of stars from the 
surrounding galactic gases. A. Barrett and A. E. E. Rogers, Massachu- 
setts Institute of Technology, discovered a line emitted by the hydroxyl 
radical containing the oxygen- 18 isotope, and investigated circular polar- 
ization in the OH line. P. Palmer and B. Zuckerman, Harvard Uni- 
versity, observed OH emission near discrete sources. Menon carried 
out an OH absorption line program, finding significant absorption in 
Cygnus A and 3C 147.1. 

KITI’ PEAK NATIONAL OBSERVATORY 

The Kitt Peak National Observatory (KPNO) provides optical 
astronomers with modern telescopes in a very fine viewing location. The 
observatory islocated 45 miles southwest of Tucson, Ariz., on 6,875-foot- 
high Kitt Peak. Administrative headquarters are located in Tucson. 
KPNO is managed for the Foundation by the Association of Universities 
for Research in Astronomy, Inc. (AURA). 

Instrumentation and Associated Research Programs 

Stellar Division 

The 84-inch reflector is the largest stellar telescope in operation at Kitt 
Peak. Significant additions to its complement of auxiliary instruments 
and control apparatus include an efficient new spectrograph with an elec- 
tronic image-tube system, additional cameras for the large fixed spectro- 
graph, and a new digitally controlled torque motor to drive the main 
8-foot worm gear more precisely over a wide range of angular rates. 
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In its first year of operation, the new spectrograph was used by nine 
visiting astronomers, six graduate students, and the resident staff. Rep- 
resentative visitors’ programs were those of G. A. ‘Dulk and J. A. Eddy, 
University of Colorado, who investigated Jupiter’s atmosphere for aurora- 
like hydrogen emission which may accompany the radio bursts observed 
at predictable locations on the planet’s disk; and of T. Oweli, Illinois 
Institute of Technology, who found .new molecular bands in spectra of 
Uranus and Neptune. Staff spectrographic research by H. A. Abt 
included a search for companions of “magnetic” stars, determination of 
their rotational speeds, a search for companions among 91 sunlike stars, 
and abundance analyses of magnetic or “peculiar A-type” stars whose 
atmospheres contain relatively large amounts of common metals, such 
as iron, magnesium, and calcium, and of rare earths. 

C. R. Lynds and his collaborators have continued their development of 
image-tube techniques, using the 84-inch telescope primarily for the 
systematic spectroscopic investigations of quasi-stellar sources. They 
have independently observed a large fraction of the objects for which very 
large red-shift velocities are now known. 

Figure 20.-A 150~inch telescope to be constructed at Kitt Peak National Ob- 
servatory will provide astronomers with a sorely needed large instrument for 
conducting astronomical research. To be the second largest telescope in the 
wordd when it is completed, the instrument will be available to both staf7 and 
visiting acien ti8 t8. 
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D. L. Crawford and his associates have continued the development of 
photoelectric measuring instruments for the 84-, 36-, and 16-&h tele- 
scopes, with emphasis on multichannel and automatic data readout capa- 
bilities. This equipment will be used for basic investigations of stellar 
ages and composition, and for galactic structure researches. 

Work continued on the 150-inch telescope project, under the direction 
of D. L. Crawford and W. W. Baustian, on a schedule planned to permit 
use of this instrument by visitors in the spring of 1972. Optical Shop 
modifications for work on the primary mirror blank were completed at 
the Tucson headquarters, and the General Electric Co. plant at Cleve- 
land, Ohio, has made satisfactory progress in producing the fused quartz 
blank. Contracts presently in force will produce final design and specifi- 
cations of the telescope mounting, building, and dome. Construction 
should begin in 1967. 

Solar Division 

The McMath Solar Telescope, the world’s largest, has been used on 
a wide range of problems-solar, planetary, and stellar. Dr. Roddier 
from Meudon, France, spent a year at the Observatory studying the mean 
lifetime and velocity of the turbulent elements on the sun’s surface. He 
used a new technique employing a magnetically scanned resonance spec- 
trometer. Other visiting solar astronomers studied the sunspots of the 
new cycle, which should reach its peak in 2 or 3 years. N. Sheeley is 
studying those characteristics of the solar cycle which could best be 
looked for in a search for similar cycles in stars. 

An instrument to measure magnetic fields on the sun,, designed and 
built by W. C. Livingston, has been modified to detect both the transverse 
and longitudinal solar magnetic fields. In conjunction with the on-line 
SDS 910 control computer, detailed magnetic maps of the sun can now 
be obtained; the results are plotted to show both north and south polarity. 

Excellent spectra of the sun have been obtained by two graduate stu- 
dents as part of their thesis work; they show the finest details of the 
gaseous currents and turbulence in the sun’s atmosphere. 

Some of the most exciting and exacting uses of the McMath Solar 
Telescope have been in the study of planets and stars; for example, the 
determination of the abundance of CO2 in the atmosphere of Mars and 
the detection of water vapor in the atmosphere of Venus. Because the 
telescope has very high dispersion spectrographs as auxiliary instrumenta- 
tion, it can provide very detailed spectra of the brighter stars. With the 
SDS 910 computer used as integrator to store and add together hundreds 
of successive scans, high-quality records result. These permit analytical 
studies of stellar atmospheres to be carried out, similar to those long in 
vogue for solar work. 

The Observatory has received from the Corning Glass Works, Brad- 
ford, Pa., replacement blanks for the heliostat and image-forming mir- 
rors of the solar telescope. The mirrors initially available are undersize 
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Figure 21,Although the McMath Solar Telescope at Kitt Peak is used mainlg 
in studying the sun, it has also been used to determine the abundance of car- 
bon dioxide in the atmosphere of Mars and to detect water vapor in the atmos- 
phere of Venus. 

and contain many bubbles and surface defects; they were manufactured 
in 1930 in an experimental program for the 2004nch Palomar telescope. 
The new blanks, 82 and 63 inches in diameter, are of first-quality mate- 
rial. They will provide the telescope with its permanent optics, after 
completion of the grinding and polishing operations that are expected to 
take about 1 year. 

Space Division 

A concentrated effort was made to bring the 50-inch, remotely con- _- 
d telescope into test operation for astronomical programs. So far, 
:lescope, operated by an on-line digital computer, has performed in 
dance with test programs generated at the control center in Tucson 
iles away. The prototype FM photoelectric star finder succesk 
acquired stars to the design limit of 8th magnitude, and work has 
1 on an improved model that will be capable of locating stars to 
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12th magnitude. Fainter objects can be acquired by offset from brighter 
guide stars. A three-channel photometer was built and used with the 
telescope for simultaneous obsehations of stellar U, B, and V CO~OEL A 
closed-cycle Freon refrigeration system for cooling the photomultiplier 
cells has been built, and a lo-channel grating photometer and spectrum 
scanner is under development. 

The Observatory’s Space Division launched Aerohee rockets ~6% 
astronomical telescopes with spectroscopic instrumentation. Unfortu- 
nately, either the rocket or the associated pointing system failed in all three 
flights, and no data were obtained. Telemetry records indicated that the 
payloads would have performed as intended, if the rockets had permitted. 
The experiments will be flown again as soon as possible. 

A program of observations of the planets Mars and Venus has been 
carried out by M. J. S. Belton and D. M. Hunten. Spectra were ob- 
tained with the McMath Solar Telescope and its vertical vacuum spec- 
trograph by means of a photoelectric scanning attachment. Data were 
recorded in a way that facilitated later processing in the computer. The 
first result was a value of the carbon dioxide abundance on Mars, cor- 
responding to partial pressure of 5 millibars, or ~/‘OOO that of the Earth’s 
atmosphere. This number can be combined with other measurements to 
give a value for the total atmospheric pressure of around 6 millibars, 
which agrees closely with the results obtained from the Mariner IV 
spacecraft. 

More recently, the presence of water vapor in the atmosphere of Venus 
has heen confirmed. Full use was made of the telescope’s computer 
to correct for the contaminating light from the day sky and for the 
strong absorption lines due to the Earth’s atmosphere. 

The Space Division also carries out on Kitt Peak a program of ohserva- 
tions of the twilight airglow, both for its own interest and for the pos- 
sible hearing on the atmospheres of other planets. A. L. Broadfoot has 
studied the light scattered by Nz’ ions, of special interest because nitro- 
gen cannot be detected by absorption spectra of planets. He has also 
found sporadic emission from calcium ions; this observation appears to 
provide a new and very sensitive method of observing meteor trails. 

The space astronomy effort is supported by a considerable program of 
theoretical studies. M. B. McElroy and J. W. Chamberlain have con- 
ducted a radiative transfer analysis of a planetary atmosphere whose 
properties vary with depth. Also, they have studied the thermal struc- 
ture of the Martian upper atmosphere, and have tried to reconcile their 
results with the data provided by Mariner IV, J. C. Brandt and M. J. 
Belton have published a catalog of comet-tail orientations to derive data 
concerning the solar wind, which is a continuous but varying stream of 
particles emitted by the sun. The result of this study indicates that the 
solar wind does indeed control the orientations of certain comet tails. 
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R. Goody, a visiting scientist from Harvard University, worked with 
Belton on the problem of the implications of a large carbon dioxide ccm- 
tent in the structure and circulation of the Martian atmosphere. 

Visitors, Students, and Sfaff 

During this fiscal year, 41 visiting astronomers, including 4 from out- 
side the United States, and 16 graduate students made use of the stellar 
telescopes. The McMath Solar Telescope was used by 16 visitors, of 
whom 5 were graduate students and 3 foreign scientists. The resources 
of the Space Division were used by five visiting scientists, including one 
for whom an Aerobee rocket system was provided and a payload 
integrated. 

In addition to receiving advanced graduate students who use tele- 
scope observing time to obtain material for Ph. D. theses, the Observatory 
has conducted each summer during the past 5 years a summer research 
assistant program. These assistants are primarily first- and second-year 
carefully selected graduate students who work with the resident staff. 
These students and staff members have found the experience to be 
mutually beneficial. The students gain experience in actual research 
work, both observational and theoretical, and the staff gets stimulating 
help in their programs and acquaintance with the most promising young 
persons in the field. In the 5 years of operation of this program, 44 
students from 26 universities participated, 16 this past summer. 

As of June 30, 1966, the Observatory staff consisted of 227 full-time 
employees, of whom 46 were scientists or engineers. 

CERRO TO1010 INTER-AMERICAN OBSERVATORY 

The Cerro To1010 Inter-American Observatory is located on a 7,2OO- 
foot mountain in the foothills of the Andes Mountains a’bout 300 miles 
north of Santiago, Chile. The administrative headquarters building is 
in the coastal city of La Serena, about 60 miles from the telescopes. The 
creation of this Observatory, which may be considered as a southern 
counterpart of KPNO, grew out of the desire of astronomers to observe 
the southern part of the heavens which is inaccessible from northern 
latitudes. Here are found some of the most interesting celestial objects, 
such as the Magellanic Clouds (the nearest external galaxies) and some 
of the largest and nearest star clusters. Also, the center of our own 
galaxy, the Milky Way, passes nearly overhead at the latitude of Cerro 
Tololo, 30” s. 

The three telescopes of apertures from 60 to 74 inches heretofore 
available in the Southern Hemisphere are not modern instruments, not 
located in astronomically favorable climates, and not regularly available 
to U.S. astronomers. To rectify this condition, a 3-year survey was 
conducted in Chile with the cooperation of the Chilean Government to 
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Figure 22.-Cerro To1010 Inter-American Observatory, located on a ?,200-foot 
mountain in the Andes in Chile, enables astronomers to study the southern 
heavens inaccessible to observatories in northern latitudes. New telescopes 
planned for Cerro To1010 will permit sci?ntists to study such objects as the 
center of our Milky Way galaxy and the nearest outside galaxies. 

find a site for a new observatory. Cerro To1010 was selected and con- 
struction began in 1963. At present, two 16-inch telescopes are in full 
operation with most of the dbserving time being used by visiting 
astronomers. 

During the fiscal year 1966, the construction of the most important 
permanent buildings on To1010 began; by the end of the year the build- 
ings for the 36- and 60-inch telescopes were completed except for their 
rotating domes. The water and power distribution systems were 
finished, and preparation of the sites for workers’ cottages, dining hall- 
dormitory, and administration-office buildings was well underway. 
Road repair was required during the year because of unprecendented 
storms that devastated many areas of north-central Chile in August 
1965. 

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH 

The National Uenter for Atmospheric Research (NCAR) was created 
by the Foundation in 1960 as part of an increased national research 
effort in the atmospheric sciences. The ultimate goal of this effort is to 
achieve a detailed understanding of the large-scale behavior of the earth’s 
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atmosphere. Such understanding will make possible increased accuracy 
and leadtime for weather prediction and will also provide a sound 
foundation for assessing the potential of weather and climate 
modification. 

NCAR is operated, under contract with the National Science Founda- 
tion, by the nonprofit University Corp. for Atmospheric Research 
(WAR), representing 23 universities with graduate programs in the 
atmospheric sciences. 

Research Programs 

Research programs at NCAR are centered in the Laboratory of At- 
mospheric Sciences (LAS) and the High Altitude Observatory (HAO) . 

Laboratory of Afmospherlc Sciences 

The LAS program emphasizes three main overlapping areas of re- 
search : the general circulation and motions of the atmosphere; the life 
cycles of trace gases and aerosols in the atmosphere; and the physics of 
clouds and precipitation, including the dynamics of cumulus convection 
and studies of turbulence. Highlights of the year’s activities include: 

1. A cooperative study of the chemistry of the tropical atmosphere 
currently underway with the U.S. Army Tropic Test Center in Panama. 
Preliminary results of field studies indicate that a number of preconcep- 
tions about the sources and amounts of trace chemicals in the tropical 
atmosphere were in error and will have to be revised. 

2. Studies of freezing nuclei, which play an important role in the for- 
mation of precipitation from supercooled clouds. Progress was made in 
identifying natural source areas, and laboratory studies of a wide range of 
organic substances have clarified their roles as freezing nuclei. 

3. The acquisition of detailed information on the composition and 
distribution of gases and aerosols in the troposphere and the lower strato- 
sphere, through the use of aircraft and balloons. 

4. An investigation of the scattering of solar ultraviolet and visible 
radiation in a nonhomogeneous atmosphere (one which includes dust 
and other pollutants), taking secondary scattering and absorption into 
account-a major theoretical problem that has been attacked with some 
success. This study is important because radiation scattering affects 
the energy balance of the atmosphere and the portion of the solar radia- 
tion that reaches the surface of the earth. NCAR tables of scattered 
ultraviolet radiation in the ozone absorption bands at selected levels were 
Published in 1966 as an American Meteorological Society Monograph. 

5. Field testing of the dropsonde, a recording instrument which is 
dropped through thunderstorms from aircraft to determine motions 
within the storms. 

6. Laboratory studies on radio emission by droplets colliding in an 
electric field which have led to a quantitative estimate of the radio emis- 
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sion spectrum under a given set of conditkns in a cloud. This work has 
implications for the use of radio techniqub for studying terr&rial cloud 
processes and may inspire a new examination of the microwave emission 
from cloud-covered Venus. 

High Altitude Observatory ’ 

The HA0 program is concerned with the sun, the solar atmosphere, 
and the region between the sun and the earth. 
fiscal year 1966 include : 

Accomplishments during 

1. Analysis of the combined results of three sets of solar measurements 
made by (a) a NASA aircraft over the Pacific during the eclipse of 
May 30, 1965; ( b) the HA0 balloon-borne Coronascope II on flights 
made June 3 and July 1,1965 ; and ( c ) the HA0 K-coronameter in daily 
observations in Hawaii. This analysis has enabled HA0 to define the 
shape of a coronal streamer from the sun and to determine the velocity 
and distribution of electrons in the streamer. Thus, it is now possible to 
determine the distance from the sun to which the solar magnetic field 
governs streamer shape and the point at which the electrons break free 
of the sun’s magnetic field. 

2. A survey of the magnetic fields in 50 solar prominences, using the 
new magnetograph at Climax, Colo. As a result, the range of fields that 
can occur in prominences has ken determined, as well as the manner in 
which the geometry of the field related to the geometry of the prominence. 

3. A detailed analysis of the earth’s magnetic field variations‘which 
showed that ionospheric currents change in phase with the solar cycle. 
However, the currents were larger than could be accounted for solely on 
the basis of increased solar activity as reflected in increased conductivity 
of the ionosphere. The hypothesis that solar activity also affects the 
winds of the ionosphere is being subjected to continuing investigation. 

Facilities 

The NCAR Facilities Laboratory operates facilities in ballooning, avia- 
tion, computing, and field observing, which include sites, equipment, and 
technical staffs to assist visiting scientists. The plans and performance of 
each facility are reviewed by an advisory panel, which includes non- 
NCAR scientists, to assure its continuing response to the developing needs 
of the entire scientific community. 

Scienfifk Bdooning Focilify 

During the year the Scientific Ballooning Facility successfully tested a 
Global HOrizontal Sounding Technique (GHOST) balloon system in 
the Southern Hemisphere. These continuing tests represent a significant 
step in the developments of a global system for collecting meteorological 
data from several levels of the earth’s atmosphere. These data are 
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gathered by super-pressure constant-volume balloons that float at pre- 
determined densities in the atmosphere. They do not float at a constant 
altitude because the density varies with the temperature. Each balloon 
cbes a very lightweight package consisting of a solar navigation sensor, 
s&r cell power source, coder circuitry, transmitter, and other sensor. 
(For further discussion of the GHOST project see page 35.) 

The crew of the NCAR Scientific Balloon Flight Station, at Palestine, 
Tex., launched approximately 90 balloon flights from Palestine and from 
the Naval Air Facility, Litchfield Park, Ariz., during the year. 

Research Aviation Fucilify 

The Research Aviation Facility now operates three Beechcraft Queen 
Airs. The third plane was leased in May 1966, to accommodate in- 
creasing requirements for research support. During the fiscal year, 305 
flights were made in support of 12 NCAR and 9 university research proj- 
ects in such fields as air motions, cloud physics, atmospheric radiation, 
and trace gas and aerosol studies. The facility also conducted sensor 
and research equipment development programs. 

A summer work-study program designed to acquaint graduate stu- 
dents with the capabilities and limitations of aircraft as tools in atmos- 
pheric research, was established in the Research Aviation Facility in 
June 1966, with eight students from seven universities in attendance. 

Other Facilities 

The Computing Facility acquired a Control Data Corp. 6600 system 
early in January. The 6600 was formally accepted in May and is pres- 
ently operating 21 hours a day, 7 days a week. The Field Observing 
Facility supports research projects which require special observations 
not available through the regular synoptic networks. 

Program on Applications Andysir 

A new Program on Applications Analysis was established during the 
year to help bring the results of basic research in the atmospheric sci- 
ences to bear on certain practical problems. The applications group is 
sponsoring a study of human factors in weather modification, and is also 
investigating the astronomical “seeing” problem. 

National and International Programs 

In addition to conducting its own research programs and supporting 
university research projects, NCAR participates in a number of atmos- 
pheric research efforts conducted by Government agencies, university 
scientists, and other research groups on a national or international scale. 
Two of these efforts that will continue to absorb much of NCAR’s 
energies and resources are weather modification research and large-scale 
meteorological experiments. 
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Nafionbl Effort in Weather Modiflcafion 

The national effort will involve rapidly increasing activity, by NCAFL 
as well as by Government and independent research groups, during the 
next few years. Many of NCAR’s ,basic research programs, particularly 
those in the physics of clouds and precipitation, concern atmospheric 
processes which must he understood in greater detail before the weather 
can be deliberately modified on a systematic and predictable basis. 
NCAR’s work in computer simulation of general circulation is also rele- 
vant to weather modification, as is any other effort to improve man’s 
ability to predict atmospheric behavior. The evaluation of the results 
of weather modification experiments is difficult without knowing with 
reasonable certainty what would have happened if no attdmpt at modifi- 
cation had been made. 

NCAR is also interested in the effects of inadvertent atmospheric 
modification, resulting from human activities, which can seriously affect 
weather and climate. Examples of such inadvertent modification in- 
clude the triggering of cirrus cloud formation by jet aircraft contrails 
and ‘the alteration of the radiative balance by the “greenhouse effect” of 
large quantities of carbon dioxide produced by the combustion of fossil 
fuels. 

NCAR’s participation in national programs concerned with deliberate 
weather modification during 1966 included : 

1. Furnishing equipment and technical assistance to contractors of the 
Bureau of Reclamation in field research and pilot cloud-seeding opera- 
tions in the Colorado Rockies. 

2. Cosponsoring with the National Science Foundation, a national 
conference on hail modification at Dillon, Colo., held in the fall of 1965. 
( For further details see page 50.) 

3. Establishing the Program on Applications Analysis (PAA) in the 
Facilities Laboratory. One task of this group will be to undertake anal- 
yses of potential weather modification techniques and the problems that 
will be involved. Such analyses will usually be done at the request, and 
with the support, of the agency which is interested in applying the 
techniques. 

Large-Scale Meteorological Experiments 

Now in progress or in the planning stage are large-scale meteorological 
experiments which should culminate in a Global Atmospheric Research 
Project (GARP) around 1972. GARP will be an international under- 
taking comparable to the International Geophysical Year. 

In addition to the Southern Hemisphere GHOST experiment, 
NCAR’s contributions to large-scale meteorological research included 
acting as host, in May 1966, to a planning meeting for an experiment 
known as TROMEX (Tropical Meteorological Experiment). Although 
planning for TROMEX is still in the preliminary stages, it is envisioned 
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as an intensive observing program to obtain much needed knowledge 
about tropical meteorology. The tropics are the regions where the 
energy falling on the earth in the form of sunlight is transferred to the 
atmosphere; the processes responsible for this are fundamental to the 
whole terrestrial heat balance. TROMEX planners include scientists 
from NCAR, Environmental Science Services Administration, NSF, the 
Department of Defense, and the universities. 

Other NCAR efforts which eventually will contribute to large-scale 
meteorological experiments are development of a realistic mathematical 
model of the general circulation and specification of requirements for a 
supercomputer to handle global atmospheric data. NCAR is one of 
many groups, including ESSA, the Massachusetts Institute of Technol- 
ogy, the University of California at Los Angeles, and the Lawrence 
Radiation Laboratory of the University of California, which are working 
on these or closely related efforts. 

Visitors, Students, and StafF 

The Advanced Study Program (ASP) promotes and fosters the broad 
view of the atmospheric sciences essential to the solution of many basic 
problems, and helps define specific problems that are of first priority 
urgency for the general progress of the atmospheric sciences. 

Starting in late spring of 1966, ASP conducted a 6-week colloquium 
on certain aspects of thermal convection as it relates to problems of heat 
transfer in various atmospheres. This topic is highly relevant to many 
problems of tropical meteorology. 

The UCAR Fellowship Program, administered by ASP, is in its third 
year. The fellowships provide for a year of graduate study at any uni- 
versity that offers the doctoral degree in atmospheric sciences or in any 
closely related fundamental discipline, and include summer research 
appointments at NCAR. Two graduate students were selected in fiscal 
year 1966 to participate in this program. 

Five 1 -year postdoctoral appointments at NCAR were awarded for the 
academic year. The postdoctoral program provides a thorough expo- 
sure to various problems in the atmospheric sciences. This program is 
open to recent graduates as well as to teachers in liberal arts colleges. 

During fiscal year 1965, NCAR began an affiliate professorship pro- 
gram which allows members of the NCAR research staff to establish 
formal ties with universities to visit, teach, and take part in other aca- 
demic activities. Six NCAR scientists accepted afFiliate professorships 
during fiscal year 1966. 

Calculated on a full-time equivalent basis, and including visitors at 
NCAR for 4 months or more, the NCAR staff reached 418 at the end of 
June 1966, including 86 at the Ph. D. level. In addition, some 300 
scientists, from colleges, universities, and private or government labora- 
tories in the United States and abroad, visited NCAR during the year 
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(some briefly and some for extended periods) to discuss scientific prob- 
lems with the NCAR staff and with each other, and to pursue research 
projects on their own or within NCAR research programs. 

NCAR, formerly housed in buildings leased from the University of 
Colorado, moved into its permanent laboratories in the fall of 1966. 
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SCIENCE 
EDUCATION 

The continuing viability of the scientific enterprise depends upon an 
ever-increasing supply of well-trained people-the scient.ist~, technicians, 
and teachers of the future. This, in turn, is dependent upon high- 
quality instruction provided at academic institutions. 

In determining specific aims for science education improvement, the 
Foundation, with the advice of scientists from universities, colleges, and 
research establishments, has set up important goals centered around 
clearly identified needs. The goals have been modified as other educa- 
tional needs have emerged. In a few instances the goals have been 
broadened in scope, while in others the support effort for particular goals 
has been shifted to accommodate new or expanded activities or to dis- 
continue activities that have fulfilled their purpose. 

Primary goals of science education programs are tc+ 
l Further the scientific training of high-quality graduate students 
and scientists. 
l Improve the subject-matter competence of teachers of science, 
mathematics, or engineering at all academic levels. 
l Provide modern materials of instruction and courses of study. 
l Increase the scientific knowledge and experience of talented high 
school students and undergraduate college students. 
l Improve science instruction at the undergraduate level by assist- 
ing institutions in acquiring modern instructional scientific 
equipment. 
l Improve the American public’s understanding of science. 

Foundation support for education in the sciences was originally re- 
stricted to the graduate level through the award of fellowships to high- 
ability graduate students and advanced scholars. From 1952 to the end 
of fiscal year 1966, the Foundation invested more than $210 million in 
sueb fellowships and traineeships. This represents a total of 42,850 
fellowship awards offered to the most highly qualified individuals identi- 
fied from among 151,625 applicants, and 8,197 traineeships for award by 
the 193 institutions receiving grants. 

It was early recognized, however, that the techniques the Foundation 
had been using to support research at the frontiers of knowledge and the 
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education of students at the graduate level were not adequately strength- 
ening the base of science education, and the Foundation accordingly 
sought new approaches to more comprehensive support for science edu- 
cation. It was determined that the greatest contribution could be made 
in this connection by supporting those efforts where creative scientists 
could improve and stimulate science education at all levels. The cardi- 
nal plan adopted by the Foundation envisaged placing support at those 
points which would have the greatest influence on the system as a whole. 
Instead, therefore, of channeling support below the graduate level to the 
direct science education process, early emphasis was placed on such efforts 
as updating and increasing the subject-matter competence of teachers 
and making modern instructional equipment available. 

To provide sorely needed supplementary teacher training in the 
sciences and mathematics, the Foundation has supported teacher insti- 
tutes since 1953. Such institutes are organized and conducted by the 
colleges and universities with Foundation support. In 1966, some 
2 1,000 high school teachers of science and mathematics attended summer 
institutes devoted to their respective fields; some 1,600 teachers were 
enrolled in full-time institutes covering the entire academic year, and 
13,000 more attended in-service institutes while continuing to teach in 
their schools. 

Improvement of courses of study in science and mathematics and of 
the devices required to teach such courses effectively represents a major 
Foundation educational effort. Its success lies primarily in the involve- 
ment of experts in science and mathematics subject matter working 
cooperatively with expert teachers. Such groups have developed high 
quality courses, textbooks, and other teaching materials, from the view- 
point of both subject matter and methodology of teaching, that could not 
have been produced or tested by individuals working alone. 

Large-scale projects concerned with physics, mathematics, chemistry, 
and biology courses for secondary school students have contributed sig- 
nificantly to modernized science instruction in the Nation’s classrooms. 

Approximately 1,200,OOO students, representing almost every State, 
are now using biology courses developed by the Biological Sciences Cur- 
riculum Study. An estimated 410,000 students are using chemistry 
courses developed by either the Chemical Bond Approach Project or 
Chemical Education Material Study. The commercial version of the 
high school physics text developed by the Physical Science Study Com- 
mittee, published in 1960, is now estimated to have been used by 230,000 
high school students. 

Major emphasis of Foundation support for education below the grad- 
uate level was directed primarily at precollege education, in part, because 
the inadequacies were felt to be greatest there and the need for immediate 
remedial action was strongly evident. 
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Figure 23.-The mgetery of green grocoing things captures the interest of chil- 
dren . . . . With the support of the NSF, the Elementary Science Studg seeks 
to improve science cour8e content. 

In considerable measure the somewhat more recent programs of sup 
port for undergraduate education have been of a similar nature. Cur- 
riculum studies and institutes for college teachers have been important 
components, and to these have been added fellowships for college teachers, 
programs of visiting scientists, etc. NSF has supported many of these 
programs through professional societies, some of which have set up spe- 
cial commissions to study the problems and carry out certain aspects of 
the programs. 

The conditions that formed the basis of current Foundation activities 
in science education are changing rapidly, making necessary certain 
changes in the direction of future efforts. Thus, the Foundation is assess- 
ing all aspects of its educational policies and programs in order to find 
ways of providing more effective assistance for contemporary needs. 

While no drastic or abrupt changes in support programs are contem- 
plated, some reorientation appears necessary and, indeed, shifts in the 
direction of some efforts have already begun. More attention is being 
directed to the problem of increasing academic strength of school systems 
and institutions of higher education. Greater discretion is being ac- 
corded institutional authorities in the development of programs for up- 
grading their curricula, facilities, faculty and students. Increased 
attention is being given to the preservice training of teachers, whereas 
past efforts have focused on the retraining of in-service teachers. New 
authority to the Office of Education is permitting some reductions by the 
Foundation beginning in fiscal year 1967 in undergraduate student. and 
equipment programs. 
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Nevertheless, in looking ahead, the Foundation sees the need for sub- 
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stantially increased attention and institutionally based support for science 
education at the undergraduate level. It is clear that only comparatively 
few undergraduate institutions have benefited from the Foundation’s 
research and education grants designed to strengthen undergraduate aca- 
demic science. To assist more of such institutions the Foundation during 
the year planned, and in its fiscal year 1967 budget requested funds, for 
the College Science Improvement Program. (This program was an- 
nounced in October 1966. ) Main purposes of this program are to 
accelerate the development of the science capabilities of predominantly 
undergraduate institutions and to enhance their capacity for self-renewal. 

An attempt will also be made to broaden support in appropriate pro- 
grams that will benefit the predominantly undergraduate institutions, 
with a particular view toward producing science teachers who are com- 
petent to teach modem-day science. 

In the next decade, if past trends in requirements for scientists and 
engineers can be considered a reliable guide for the future, the Nation will 
be faced with a number of problems. These include meeting growing 
requirements for scientific and engineering personnel, providing for the 
growing numbers of students soon to be in the pipeline, and providing 
maximum education for those yet to enter high school and college. 
Being cognizant of these problems, the Foundation is presently engaged, 
through its various programs, in supporting the development of a broad 
base of institutions capable of providing advanced training in science at 
a level of quality commensurate with national needs. 

GRADUATE EDUCATION IN SCIENCE 

Educational activities at the graduate level represent a key effort of the 
National Science Foundation. Indeed, science education and scientific 
research at the graduate level are so closely intertwined that it is difficult 
to separate the two in a meaningful way. 

Significantly, the leading educational institutions that have emerged in 
the Nation during the past several decades are at the same time outstand- 
ing centers of academic research. 

The nature of this association can best be illustrated by examining the 
process by which a graduate student advances toward his doctoral degree. 
He normally begins his graduate education with a series of formal courses 
that provide, for the most part, the same broad coverage of his major 
field as his undergraduate courses, but in a much more detailed and 
fundamental way. In good graduate departments these courses are 
reshaped each year by addition of the most recent results of on-going 
research. 

Near the conclusion of this period of course work, the graduate student 
faces his most critical decision. Up to this point, his education has estab- 
lished a rather broad base of knowledge. He must now select his research 
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Figure 24.-For high school student8 field work is often the most interesting 
part of science. These students collect marine specimens during a Summer 
Institute in Oceanography at Humboldt State College, Calif. 

specialty and faculty adviser, and undertake his first original research 
problems. 

This initial research experience serves a dual educational purpose. 
First of all, it provides the student with basic experience in the practical 
experimental or theoretical techniques of his specialty. And, as original 
research, it acquaints the student with the current problems in his field, 
allowing him to begin to discern for himself the areas of current and 
future concern. The success ,of this first direct research experience en- 
ables the graduate student to select the topic for his dissertation research 
and, hopefully, to carry it to a successful conclusion. 

This close relationship between education and research is even more 
apparent in the case of the various postdoctoral fellowships; they nearly 
always involve research programs, and the merit of the proposed research 
is an integral part of the evaluation of a fellowship application. 

On the other hand, substantial portions of research project grant 
funds go directly to support educationally valuable research activities of 
graduate students. It, is estimated that from $15 to $20 million of the 
Foundation’s annual obligations for research provides for salaries of 
graduate research assistants (an estimated 5,100 of these assistants par- 
ticipated in NSF-supported research projects during fiscal year 1966). 
Such Foundation support of graduate-level research is necessarily a con- 
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tribution to graduate education, further demonstrating the inseparable 
nature of the two elements. 

In fiscal year 1966, the Foundation supported 8 fellowship and trainee- 
ship programs which provided opportunities for 8,580 individuals to 
obtain training at the graduate and postgraduate level. Table 3 sum- 
marizes data on applicants, awardees, and expenditures. 

TdAe 3 .-NSF Fellowship and Traineeship Progrcms, Fiscd Year 1966 

ROgKlIIl Applicants 

Graduate fellowships. .................... 
Cooperative graduate fellowships. .......... 
Summer fellowships for graduate teaching 

assistants. ............................. 
Graduate traineeships. .................... 
Postdoctoral fellowships. .................. 
Senior postdoctoral fellowships. ............ 
Science faculty fellowships. ................ 
Senior foreign scientist fellowships. ........ 

9,656 
275 

2,915 
15,386 
1,070 

397 
1,078 

61 

Total .............................. 30,838 

Graduate Fellowships and Traineeships 

Awarders 

2,5cxl 
275 

910 
4,193 

230 
95 

326 
51 

Amount 

$12,180,550 
1,471,390 

9Wm 
22,347,909 

1,580,OOO 
1,08!2,550 
4,160,oOO 

672,550 

Fellowship support for graduate students began in the Foundation’s 
first year of operation and has continued as an important program over 
the past 15 years. Predoctoral fellowships are awarded in national com- 
petition on the basis of the candidate’s merit and ability, without assign- 
ment of quotas by scientific field or discipline. 

In case of substantially equal merit, consideration is given to factors of 
geography and-to a lesser extent-field of science in making selections. 

The principal objective of the Graduate Traineeship Program is to 
bring about an increase in the number of qualified individuals who 
undertake and complete advanced study leading to master’s and doctoral 
degrees in the fields covered. Emphasis is placed on making grants to 
institutions where existing facilities and staff can accommodate addi- 
tional first-year graduate students in programs of high quality, or whose 
students can, through traineeships, make faster progress toward an ad- 
vanced degree. 

Graduate trainees to be supported in this program are selected by the 
institutions themselves; the term trainee&p is used to distinguish support 
of such individua,Is from traditional fellowships awarded directly by NSF 
to individual applicants. 

As in previous years, the largest number of fellowship and trainee&p 
awards were made to predoctoral students. In the four programs (Grad- 



I L x uate Fellowships, Cooperative Graduate Fellowships, Summer FelIow- 
ships for Graduate Teaching Assistants, and Graduate Traineeships) a 
total of 7,878 awards (3,685 fellowships and 4,193 traineeships) were 

i 
offered-up from the 6,838 offered in fiscal year 1965. The total num- 

? 
ber of applicants in these programs increased from 26,295 in fiscal year 
1965 to 28,232 in fiscal year 1966. 

I After carefully studying the program of Summer Fellowships for Grad- 
/ uate Teaching Assistants, the Foundation concluded that the support of 

I 
a reasonable number of graduate teaching assistants in the summer 
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months should be continued. However, effective in fiscal year 1967, 
this will be done by means of traineeships rather than fellowships. The 
universities will then have sole responsibility for selecting the graduate 
teaching assistants to receive summer traineeships. 

The Foundation’s Graduate Traineeship Program has now heen in 
existence for 3 years. This year, for the first time, the Graduate Trainee- 
ship Program covered all the fields of science supported by the National 
Science Foundation. Of an estimated 200 institutions eligible to apply 
for these traineeships, 196 schools submitted a total of 2,269 departmen- 
tal proposals for new traineeships. Grants providing for 2,149 new 
traineeships were awarded to 191 institutions. Under continuation 
grants, an additional 2,044 traineeships were awarded, bringing the total 
to 4,193 traineeships that are available to 193 universities for the aca- 
demic year 1966-67. 

Fellowships for Advanced Scholars in Science 

Support for advanced scholars in science is vitally important to main- 
taining the strength of the Nation’s scientific potential. Through its 
fellowships for advanced-level study, the Foundation made a total of 702 
awards in fiscal year 1966 : 95 Senior Postdoctoral Fellowships, 230 Post- 
doctoral Fellowships, 326 Science Faculty Fellowships, and 51 Senior 
Foreign Scientist Fellowships. 

In the Science Faculty Fellowship Program about three-fourths of 
this year’s awards were offered to teachers wtihout a doctoral degree; the 
remainder went to teachers who had completed their formal education 
and desired an opportunity to extend and refresh their scientific knowl- 
edge. Most of the science faculty members who received awards were 
those teaching at an undergraduate level at smaller colleges. 

Careful attention is given to these programs, and NSF attempts to make 
changes in them whenever the need arises. For example, the number of 
institutions participating in the Senior Foreign Scientist Fellowship Pro- 
gram will increase from 80 to about 200 in the next fiscal year. This 
results from the increased interest of American universities in obtaining 
the services of distinguished scientists from other countries to conduct 
seminars, participate in on-going research, lecture, and in other appro- 
priate ways share their specialized knowledge with faculty members and 
students in U.S. host universities. 

Advanced Science Education Activities 

In addition to fellowships and traineeships, the Foundation provides 
support for a number of other graduate education activities. Funds 
available for these activities totaled $3.5 million in fiscal year 1966. 
These activities allow for maximum flexibility and adaptability in assist- 
ing the academic community to adjust to the rapidly shifting volume and 
change in the educational demands being made at the graduate level. 
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Advanced Science Seminars 

A total of 38 of these seminars were supported in fiscal 1966, to sup 
plement graduate school curricula atid enable participants to pursue 
science subjects in depth. Many were highly innovative. For example, 
the Systems Ecology Sequence Project at the University of Tennessee 
stressed the application of mathematical techniques to many environ- 
mental problems, through the use of computers. 

Special Pro/ectr In Graduate Education 

In an effort to maintain educational excellence at the graduate level 
and to provide increased graduate training opportunities, the Founda- 
tion supports special projects at a number of graduate schools-some 
offering only the master’s degree-to help them expand and. alter their 
existing departments in order to upgrade their quality. Emphasis is also 
placed on the development and application of promising new ideas and 
approaches in advanced science education through support of conferences 
and symposia. 

Examples of such conferences in fiscal year 1966 were those dealing 
with graduate education in applied mathematics and in social psychol- 
ogy, and with master of science programs in chemistry at non-doctorate- 
granting institutions. 

NSF-supported projects that may develop into pilot programs for new 
or reoriented graduate curricula include ( 1). the interdisciplinary grad- 
uate curriculum in colloid and surface science at Clarkson College of 
Technology, ( 2 ) programed training in social research (to develop a set crf 
computer-based problems to teach research methodology to students in 
the social sciences) at Johns Hopkins University, and ( 3) the develop- 
ment of a program of graduate education in tropical studies at field sta- 
tions in Costa Rica, under the Organization of Tropical Studies, an 
interuniversity cooperative organization. 

Public Understanding of Science 

Activities in this area have been devoted largely to exploratory projects 
aimed at identifying those devices or techniques that can increase the 
layman’s understanding of science and its role in today’s world. Pri- 
marily, NSF’s concern centers on the lack of understanding of science at 
various levels of American society, where there is a need to reach specific 
groups of the nonscientific public. 

Examples of such projects will serve to illustrate the Foundation’s 
objectives and accomplishments in trying to improve the public’s under- 
standing of science. Seminars and conferences held by colleges and 
universities for science writers, editors, and others connected with the 
mass media of communication have received NSF support for a number 
of years. The total attendance at these programs, which are designed 
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primarily to increase the scientific knowledge of the newsmen, is estimated 
to be about 2,000. 

Support has also been provided for science film series-one, for exam- 
ple, has been presented on 47 educational TV stations. 

The most recent attempt to improve the quantity and quality of science 
writing has been through the support of two graduate-degree programs 
designed to produce science communicators. Open to persons with 
undergraduate degrees in science, these programs will provide training iii 
communication techniques as well as advanced training in science. 

UNDERGRADUATE EDUCATION IN SCIENCE’ 

Undergraduate institutions trying to provide high-quality science 
education commonly find that their most critical problems are recruiting 
and retaining well-trained teachers, modernizing courses and equipment, 
and providing especially challenging courses for youths of unusually high 
aptitude. It is in the national interest for the Government to provide 
assistance in this area because national requirements for scientists and 
engineers are on the increase. Today there are nearly 3 million people 
employed in science and technology (scientists, engineers, technicians, 
and teachers) ; by 1970 it is estimated that 4 million people will be 
required. 

Obtaining adequately trained teachers for the instruction of the future 
scientists and technologists is perhaps the most difficult problem. Com- 
pounding it, however, has been the discovery that many curricula con- 
sidered adequate only 10 years ago are now hopelessly outdated. Not 
only do the colleges find each year that they must present more scientific 
material of ever greater complexity, but they also find that their under- 
graduates, nurtured in the new high school science and mathematics cur- 
ricula, are ready to deal with sophisticated concepts formerly reserved for 
graduate courses. 

Defining the N&d 

As the first step in the area of course content and curriculum improve- 
ment, national and regional curriculum conferences have been held in 
which experts examine current practices in undergraduate science educa- 
tion and define major areas of need. These conferences bring together 
knowledgeable people who, because of diverse interests, usually do not 
associate with one another professionally, including research scientists 
who previously may have been inclined to leave teaching problems to the 
teachers. Conference subjects have ranged from the role of design in 
engineering education to the coordination of junior college and university 
physics curricula. 

To investigate the basis of frequent appeals from undergraduate insti- 
tutions for assistance in obtaining modern instructional equipment, the 



Foundation as long ago as 1960 commissioned a number of scientific 
societies to survey the equipment needs of undergraduate departments in 
their respective disciplines. A sampling of some 300 institution8 pro- 
vided data tihich, in sum, showed that instructional equipment needs in 
the 1961-70 decade would outstrip locally available funds by a ratio of 
4: 1. The initiation of the Foundation’s Instructional Scientifk Equip ’ 
ment program was a direct outgmwth of this “Krauss-Mills Report.” 

The report has subsequently been cited separately by the U.S. Atomic 
Energy Commission in support of the Nuclear Education Assistance Pro- 
gram and by the U.S. Office of Education in support of its Title VI : 
Equipment Program of the Higher Education Act of 1965. 

During fiscal year 1966 several inquiries were made into undergraduate 
science education needs. For example, a proposed “College Science 
Improvement Program” was the subject of intensive discussion at eleven 
regional meetings attended by representatives of 408 colleges and univer- 
si ties. These science teachers and administrators were fully briefed on 
thd Foundation’s plans, and then invited to comment, criticize, and advise 
as to how this program could be made more responsive to existing needs. 
Many of their comments and suggestions have been incorporated into the 
new program’s guidelines, which were announced in October 1966, with 
a budget of $10 million for fiscal year 1967. That more changes were 
not suggested points to the fact that many provisions of the program arose 
from earlier informal discussions between college science faculty and 
Foundation staff. 

This continuing dialog between staff and teaching scientists remains 
one of the Foundation’s most effective mechanisms for monitoring aca- 
d emit: science needs. 

The second step in meeting a need is to initiate a program experi- 
mentaily, and test it to see if it fulfills the purposes intended. In the area 
of undergraduate science education, NSF has emphasized innovative pro- 
grams, that pioneer new training techniques and upgrade old ones in 
science education. These have served as educational research and de- 
velopment efforts for the examination, development, testing, and evalua- 
tion of novel ideas. 

This kind of effort frequently produces valuable dividends. A number 
of the Foundation’s current programs-teacher-training institutes, re- 
search participation, and course content improvement, among athers- 
had their genesis in small experimental projects of this nature. 

The third step is to bring into full operation those experimental pro- 
grams : that have proven successful. Such NSF activities in support of 
undergraduate education in science include programs that assist college 
students with high ability in science, programs that provide supplemen- 
tary training for college teachers, and programs that help undergraduate 
institutions improve their courses and acquire modern tools of instruction. 
Fhd year 1966 activities in each of these areas are described below. 
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Undergraduate Research Participation 

NSF-supported projects for high-ability undergraduate students pro- 
vide them with opportunities to do essentially independent research under 
the guidance of a competent research adviser-and, as a byproduct, to 
prepare themselves for a smooth transition, later on, to graduate work. 
These students may participate as junior colleagues in research projects 
conducted by experienced scientific investigators, or they may engage in 
independent study activities oriented toward the theoretical aspects of 
mathematics, physics, physical chemistry, astronomy, and other subjects. 

The rising interest of the academic community in this activity is 
reflected in the fact that 1,623 requests seeking 3 1,836 student research 
opportunities were received in fiscal year 1966, an increase of 42 percent 
over the number received in the preceding year and by far the greatest 
number in the program’s history. A total of 7 10 grants amounting to 
$6.6 million were made to 592 institutions to provide research experience 
to 6,584 students. 

Research participation projects afford benefits to faculty and cur- 
riculum as well as to students. Summer projects provide opportunities 

Figure 26.-A atudent majoring in chemistry at Ripon College, Wis., uses a “drg 
bon” for weighing chemicals under water-free conditions. She is one of many 
students taking part in NSF’s Undergraduate Research Participation Program. 
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for professowften promising young teachers with vital research inter- 
ests but little research support-to remain in their laboratories and carry 
forward their own scientific investigations while supervising their under- 
graduate research participants. Science departments that have for years 
sent students only to medical and dental schools suddenly find their grad- 
uates entering Ph. D. programs. 

During its 8 years of operation the Undergraduate Research Participa- 
tion Program has provided more than 43,000 opportunities for student 
research experience. Project directors report that a high proportion of 
the student-participants go on to graduate school, many being the recipi- 
ents of awards and fellowships. 

College Teacher Programs 

Faculty-centered activities supported by the Foundation are directed 
toward three major groups : college science teachers whose initial prep- 
aration was once adequate, but whose teaching effectiveness has been 
eroded by years of classroom work unrelieved by adequate refresher train- 
ing; those who were never adequately prepared for their present duties; 
and those whose preparation for their major duties is adequate, but who 
are assigned collateral teaching in subspecialties in which they are not 
fully qualified. Table 4 summarizes College Teacher Program support 
for fiscal year 1966. 

Table 4.-hfCF College Teacher Progrums, Fiscal Yew 1966 

Propals Received 

Program 

College teacher institutes. 
Academic year 

institutes. . . . . . . . . . 
Sununer institutes.. . . 
Inservice seminars. . . 
Conferences. . . . . . . . . 

Research participation. . . 

Total. . . . . . . . . . . . . 
I) 

I 

Num- 
ber 

207 

18 
115 

3 
71 

369 

/ 576 

Grants Awarded 

Par- 
tici- 

pants 
Amount 

6,624 $9,672,274 

467 3, 161,513 
3,692 4,986,518 

96 66,547 
2,369 1,462,696 

893 2, 347,544 

7,517 12,019,818 

Num- 
ber 

Par. 
tici- 

pants 

145 
2,003 

71 
916 
588 

3,721 

Amount 

$3,896,237 

771,391 
2,542,262 

52,060 
530,524 

1,381,023 

5,277,X0 

Teacher Institutes 

Institutes are group-training activities in science, mathematics, or en- 
gineering, offering instruction especially designed for teachers. ‘l’hey 
have proven to be a very effective mechanism for updating the teacher’s 
knowledge of science. 
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Most institutes have been conducted at an advanced level, but a shift 
is now under way toward emphasis on instruction in basic subject matter. 
This is in response to serious and growing imbalance in the supply of men 
and women with adequate training to teach undergraduate science. 

Academic Year Institutes offer full-time, subject-matter programs to 
college teachers on leave from their home campuses, and give the teacher 
a chance to become fully involved with new materials in his field of sci- 
ence. Since its initiation, this program has provided training for 781 col- 
lege teachers. Fiscal year 1966 grants are supporting 145 teachers at 14 
institutions. 

Summer institutes are conducted at a time when college faculty mem- 
bers are free to work at self-improvement, and when graduate facilities 
are not overtaxed by regular enrollments. These institutes have assisted 
more college teachers than any other individual program; about 16,000 
training opportunities have been provided to college teachers during the 
program’s existence. Fiscal year 1966 summer institutes supported a 
total of 1,989 participants at 45 institutions. 

In-service seminars provide part-time training while participants teach 
full time in their home institutions. Usually meeting once each week 
for 2 hours or more, in-service seminars are most appropriate in large 
metropolitan areas where there is a cluster of colleges within commuting 
distance. During its 3-year existence, the In-Service Seminar (formerly 
called In-Service Institute) Program has provided training opportunities 
to 266 college teachers. 

Because of its potential as a program of moderate cost with immediate 
benefit to the college classroom, plans call for an increase in this activity. 

In addition to the college teacher programs discussed here, a Science 
Faculty Fellowships Program provides support for further training of 
college faculty. (See page 92.) The fellowships make an especially 
valuable contribution to improved college and university science instruc- 
tion, particularly at institutions where the primary emphasis is on under- 
graduate instruction. In fiscal year 1966, for example, 82 percent of the 
individuals who were offered awards were teachers from the smaller 
schools. 

Conferences 

Designed for college teachers with good general backgrounds who 
need only an intensive and specialized program, conferences ordinarily 
are of 1 to 4 weeks’ duration and focus on specialized topics or recent 
advances in a given area of science. Most follow traditional disciplinary 
lines, though some are multidisciplinary or interdisciplinary. 

Representative of conferences supported in fiscal year 1966 were a 
Water Resources ConferFnce at New Mexico State University, confer- 
ences on Electronics for Scientists at the University of Illinois and Oregon 
State University, and a Conference on Applications of Systems and Com- 
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munications Models in Political Science at Virginia Polytechnic 
Institute. 

The grants made in fiscal year 1966 in this program supported 916 
participants in conferences held at 30 institutions, and totaled $616,800. 

Research Parficlpcrflon 

The Foundation provides opportunities for college teachers to utilize 
summer recesses for full-time research as associates of experienced in- 
vestigators at institutions that conduct major research programs. Some 
of the participants perform research for the first time; others resume an 
interest long frustrated by heavy teaching schedules. Given this research 
opportunity, many teachers demonstrate considerable promise and de- 
velop a continuing interest in research. 

Additional support through “academic year extensions” during the 
succeeding year is provided so that some of the teachers may go on with 
their projects--with continuing guidance from their research mentors- 
after returning to their home institutions. Experience with the first 2 
years of such academic year extensions has demonstrated that some of 
these teachers show sufficient promise in research to justify a second 
extension of support. A few of these, indeed, have enhanced their com- 
petence to the point where they can, and have, successfully competed with 
established investigators for research funds. 

Research participation projects for the summer of 1966 supported 
159 predoctoral and 236 Postdoctoral science faculty members. 

Instructional Improvement 

Several Foundation activities are designed primarily to help colleges 
improve their undergraduate instructional programs. These involve 
identifying problem areas in undergraduate science education, recruiting 
leading research workers and outstanding teachers to create model 
courses and instructional materials, and bringing about curriculum im- 
provements in the institutions themselves. 

Science Currtculum improvement 

Under this program, the Foundation encourages and supports innova- 
tion and experimentation aimed at improving undergraduate instruction 
in the sciences on a nationwide basis. One of the most important 
achievements of the Foundation’s programs in science education has 
been the development of a cadre of scientists who are willing to devote 
substantial effort to helping solve the educational problems of their 
disciplines. 

At the forefront of this effort have been the national college comrnis- 
sions in biology, chemistry, physics, geology, engineering, mathematics, 
geography, and agriculture. A comparable organization, the Union 
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of Social Science Teaching, was organized in 1966 to upgrade instruc- 
tion in that area. These groups of scientists develop course outlines and 
other teaching materials (films, laboratory apparatus, etc.) that are 
highly current and are based on a thorough understanding of concepts 
important on the modern scientific scene. Examples of significant devel- 
opments supported in fkcal year 1966 are: 

l Completion of a film on superconductivity by the Michigan State 
University, continued production of college physics films by Educa- 
tional Services Inc., and the making of two films on symmetry by 
the Polytechnic Institute of Brooklyn, 
l Development of films and textual materials in mathematics under 
the auspices of the Mathematical Association of America. 
l Development of new course outlines for introductory geography 
by the Commission on College Geography. 
l Production of films on electrical engineering and on fluid dynam- 
ics by Educational Services Inc., continuation of engineering case 
studies by Stanford University, and development and dissemination 
of a new, simplified computer language for introductory instruction 
at Cornell University. 
l Two major interdisciplinary writing efforts-one to produce 
textual materials on contemporary natural science for nonscience 
majors (University of California, Berkeley), the other on physical 
science for the nonscientist (Rensselaer Polytechnic Institute). 

In fiscal year 1966 the Foundation’s grants for College Science Cur- 
riculum Improvement projects amounted to approximately $6 million. 
Most of the funds were in support of 6 major projects, while 31 small 
projects also received support. 

lnstrucftonol Sckntitlc Equipment 

Closely related to course content improvement is the NSF effort to 
assist colleges and universities in the purchase of modern instructional 
scientific equipment. Through matching grants for up-to-date labora- 
tory equipment, the Foundation has fostered the updating and improving 
of individual courses, laboratory exercises, and instructional methods at 
the undergraduate level. 

Priority is given to proposals based on informed and effective planning 
for undergraduate instructional improvement, and support is granted to 
those judged to offer the greatest promise of relative improvement of 
instruction. 

Since 1962, when the Foundation’s first grants for instructional scien- 
tific equipment were made, some $37 million has been awarded to a total 
of 957 institutions for the purchase of instructional equipment. Through 
the stimulus provided by the requirement for matching, recipient institu- 
tions have invested a more than equal sum. A total of 970 grants were 
made during 6sca.l year 1966 at a cost of $7.7 million. This provided 31 
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Figure 27.-A senior at Knox College, Ill., participating in the Undergraduate 
Research Program, use8 a gas chromatograph to separate and identify a mix- 
ture of organic compounda. The instrument 10~8 purchased through a Founda- 
tion equipment grant to the college. 

percent of the funds requested and accommodated 43 percent of the pro- 
posals received. Of the 546 institutions receiving grants, 82 were receiv- 
ing them for the first time. 

The future role of the NSF Instructional Scientific Equipment Pro- 
gram is being considered in the light of the provisions of title VI of the 
Higher Education Act of 1965, administered by the U.S. Office of .Educa- 
tion. Title VI offers support through matching-fund grants to institu- 
tions for the purchase of equipment to improve the quality of classroom 
instruction. It is important to point out that while title VI directs that 
consideration be given to enrollment pressures and the financial needs of 
the proposing institution, such pressures are not sufficient justification for 
an award under the NSF Instructional Scientific Equipment Program. 
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The NSF equipment program will continue to assist undergraduate 
institutions with local science curriculum improvement until such time as 
title VI funds provide an effective replacement for the much-needed 
support. 

Special Projects for Undergraduate Education 

The Foundation supports promising experimental projects to develop 
and test new ideas in undergraduate science education. Such projects 
often become pilot models for activities that will enhance the educational 
programs of many colleges and universities when applied on a broad 
scale. NSF made 27 grants totaling $1.4 million in fiscal year 1966 to 
support these varied projects. 

Interinstitutional associations have proved to be effective instruments 
for enabling colleges and universities to pool their resources and thus pro- 
vide more effective instructional programs. For example, with NSF 
support the Associated Colleges of the Midwest and the Wisconsin State 
Universities System are offering their students extensive field study and 
research participation opportunities. The junior colleges of the State of 
New York, together with the State University of New York at Stony 
Brook, have undertaken a program of continuing conferences to improve 
the teaching of physics in the 2-year institutions and to develop new 
courses and curriculum materials in physics for the 2-year college terminal 
student. 

Curriculum conferences range from l-day State or regional sessions to 
meetings of national scope. Of particular interest in fiscal year 1966 
were a conference at the University of Chicago to assess undergraduate 
preparation for the study of medicine, a study of industrial engineering 
education by the American Society for Engineering Education, and a 
series of workshops and information sessions sponsored by the Commis- 
sion on Engineering Education and the University of Michigan on the 
use of computers in teaching engineering design. 

Detailed reports of all conferences are widely distributed and frequently 
have a pronounced impact upon undergraduate instruction. 

Visiting scientist projects represent an important component of the 
Foundation’s efforts to provide sources of guidance to departments that 
wish advice as to helpful directions for change. Professional societies 
arrange for outstanding scientists to visit colleges, where they consult with 
faculty members on local problems relating to course and curricular 
improvement, deliver lectures on their specialities, and assist undergrad- 
uate students in making educational plans. The experience and counsel 
of a senior faculty member from a major institution can be of enormous 
value to professors in a small department who are seeking to update and 
upgrade their science program. 

Other imagiqative projects receiving support in fiscal year 1966 include 
a seminar at Tufts University (supported jointly with the U.S. Office of 
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Education) to devise new ideas for educational experimentation, and an 
experimental program in computer-moderated programed instruction in 
statistics at the System Development Corp., Santa Monica, Calif. 

\ 

PRECOUEGE EDUCATlowL Bl SCIENCE 

A child’s experiences with science and mathematics during the pre- 
college period largely determine whether he becomes motivated and adc- 
quately prepared to undertake a scientific career. For this reason the 
Foundation seeks to support programs that make available the best possi- 
ble instructional materials, the skilled teaching needed to put these mate- 
rials in effective use, and the special opportunities that permit students to 
achieve their maximum learning potential. 

Nationwide interest in increasing the quality of science instruction has 
been sparked by the success of early NSF-supported, teacher-training 
institutes and course content improvement projects. Nevertheless, much 
remains to be accomplished; promising new ideas must be developed and 
tested. The Foundation, therefore, hopes to continue to provide proto- 
types that can be implemented on a larger scale thoughout the Nation 
with funds that are available from other Federal agencies and from non- 
Federal sources. 

Improvement of Instructional Materials 

In today’s classrooms good science instruction is heavily dependent 
upon the use of modern instructional materials. To provide for the de- 
velopment of such materials, the Foundation encourages the active col- 
laboration of leading scientists and teachers, specialists in education, and 
other experts in carrying out course content improvement efforts. 

The fruits of their labor, begun in 1954, are indeed impressive and are 
having an increasing impact on the quality bf science teaching in the 
Nation’s elementary and high schools. While the early efforts were 
centered on the development of materials at the high school level, a num- 
her of major projects at the elementary and junior high school level are 
now well under way. 

By the end of fiscal year 1966, more than 275 definitive editions of text- 
hooks and other printed materials--many now available through com- 
mercial publishers-had been developed by these NSF-supported groups. 
In addition, 5 11 separate scientific topics have been presented in 16- and 
g-mm. films for classroom use in precollege education in science. 

Obviously the Nation’s teachers and school systems have a wide variety 
of up-to-date instructional materials from which to choose. A few 
examples of the on-going projects will exemplify the progress that is being 
mule. 

The Chemical Education Material Study (CHEM Study) group, 
sponsored by the University of California at Berkeley, is completing its 
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Figure 28.-Deeply engrossed student8 at Brooklyn Technical High School ex- 
periment with laboratory equipment in “The Man-Made World,” a new course 
on technology being developed with NSF support by the Commission on 
Engineering Education. 

task of producing instructional materials (textbook, laboratory guide, 
teacher’s guide, achievement examinations, programed pamphlets, wall 
charts, and some 30 films) for a high school course in chemistry. Ar- 
rangements have been made to sell revision rights to three commercial 
publishers. The revised versions will replace the first edition of the 
CHEM Study materials. 

In response to school requests for suitable materials for teaching in the 
earth sciences, the American Geological Institute organized a major 
Earth Science Curriculum Project which is now working with its final 
revision of materials (textbook, laboratory guide, teacher’s guide, new 
apparatus, and a variety of reference and supplementary materials). 
The final version is expected to be published in 1967. 

Two major activities in mathematics have been emphasized by the 
School Mathematics Study Group (SMSG) during the past year: ( 1) 
the National Longitudinal Study of Mathematical Abilities, and (2) 
the planning of a comprehensive mathematics program for grades 7 
through 12. 

The former is a long-range study of mathematical abilities that fol- 
lows the progress of students taking conventional and newer types of 
mathematics curricula over a 5-year period, with beginning points in 
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the 4th ?th, and 10th grades. Its goal is to answer fundamental ques- 
tions in mathematics education and provide a basis for future reform. 

The latter activity will take full advantage of the last 10 years of mathe- 
matics curriculum development and particularly of the information de- 
veloped by the National Longitudinal Study of Mathematical Abilities. 
It is expected that the program will include a full year of calculus, to- 
gether with some of the basic notions of probability and numerical 
analysis. The sequence of topics will probably differ considerably from 
the present grade placement of these topics, with the relationship between 
mathematics and science playing an i-ntegral part. 

A new course in high school physics, jointly supported by the National 
Science Foundation and the U.S. Office of Education, is being developed 
at Harvard University. This project is at the halfway mark in its devel- 
opment of a basic physics course, plus complememary instructional mate- 
rials for variations to suit the needs of individual schools. 

Current work on a High School Geography Project, carried on by the 
American Association of Geographers, is concentrated on the develop- 
ment of a 1 O&grade course in geography concerned with the study of se- 
lection of sites for towns and cities and a study of how they grow. The 
project aims to make finished course materials in this subject and a variety 
of other topics available for widespread use in the 1969-70 school year. 
A total of 26 projects, mostly of a continuing nature, were supported in 
1966 at a cost of $9.9 million. 

Cooperation in School System Improvement 

Curricular reform must ultimately be carried out in the classroom. 
Vastly improved materials, whether supported by NSF or other sources, 
are of vital importance. How well they are used, however, depends pri- 
marily on the local school system. Responsibility for the education of 
students rests with local school boards and school superintendents, and 
their understanding of the requirements imposed by improved curricula 
and the competence of their teachers governs the successful adoption of 
the new materials. 

The Cooperative College-School Science Program provides a means 
for NSF assistance in the complex task faced by a school system when 
adopting improved materials and in other ways improving its instruc- 
tional nrogram. This activity encourages collaborative eff arts between 
school systems and neighboring colleges or universities, including con- 
sultation with experts who are well-versed in modem course content in 
science and mathematics. 

Grants are made only to the cooperating colleges or universities, but 
the active participation of the school system is required for such activities 
as designating the schools and teachers who will be using such materials, 
sharing some of the costs, and arranging for teachers to undertake 
necessary retraining. 
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Each project supported under this program can be individually tailored 
to the needs of the school system benefiting from the activity. Thus, de- 
tailed planning may culminate in intensive training sessions for teachers, 
followed by a flexible arrangement for additional help in adapting the 
new materials after the teacher returns to the classkm. 

Until 1966 the program had been directed primarily toward the sec- 
ondary school level but it has now been expanded to include some ele- 
mentary school science and mathematics. A total of 2,016 secondary 
school teachers, 2,465 elementary school teachers, and 1,544 secondary 
school students participated in 57 projects at 50 institutions. Program 
expenditures in 1966 were approximately $2 million. 

Concentration on the needs of a particular school system permits a 
high degree of involvement by that system and ultimately should satisfy 
the training needs within that system for a reasonable period of time. 
Many schools should then be able to undertake their own teacher im- 
provement programs, using the models and contacts already established 
by the Cooperative College-School Science Program grant. Some ex- 
amples of programs supported in, this area will illustrate the possibilities. 

Physics Teaching in the State of Missouri-Several physicists from 
college faculties in Missouri, with the cooperation of the Missouri State 
Department of Education, surveyed the academic qualifications of the 
State’s physics teachers, and found very few teachers who could be con- 
sidered qualified according to minimal standards of course preparation. 
Four institutions, therefore, collaborated in proposing to the National 
Science Foundation a massive upgrading of the physics teachers through- 
out the State. 

The program began with a series of spring meetings and visits to 
schools, designed to interest the teachers in the program of self-improve- 
ment. Then, during the summer of 1966, approximately 25 teachers 
attended each of the 4 institutions. Those who had the lowest level of 
academic preparation were given introductory background course work, 
while those at the highest level renewed their familiarity with mathe- 
matics and advanced concepts of physics. 

The summer sessions were followed by periodic meetings concerned 
with the introduction of better physics materials and experiments into the 
classroom, with the State department of education retaining a strong 
interest in this aspect. 

The program is expected to continue for 1 or 2 more years, involv- 
ing additional teachers and giving more advanced training in physics to 
the teachers at the lower levels in 1966. 

This coordinated approach toward upgrading the teachers in a single 
discipline within a limited geographical area has already stimulated in- 
taest on the part of other disciplines and other States. 

Elementary School Mathematics in Large Urban Sdwol Systems- 
The Madison Project, now based at Webster College, Webster Groves, 



MO., has developed a coordinated set of materials designed to enrich the 
elementary mathematics program rather than to supplant it. As a result 
of this experience several large cities have decided to start their elemen- 
tary mathematics reform by introducing Madison Project materials. A 
grant was made to Webster College, which conducted intensive famil- 
iarization sessions during the summer in Chicago, New York City, and 
San Diego, followed by frequent contact during the 1966-67 academic 
year. 

At least 1,800 teachers were involved in these sessions. They form a 
nucleus of resource teachers in their own schools. Leaders from among 
them will conduct training for their own school systems with a minimurn 
of guidance from the Webster College staff. At that stage the project 
will become self-supporting, with the school systems assuming full respon- 
sibility for introduction of the program and training of teachers. 

Activities for High School Students 

The principal means through which NSF aids high school students 
directly is the Secondary Science Training Program designed to provide 
challenging classroom work or research participation for very talented 
high school students interested in science, mathematics, or engineering. 
The success of this effort has stimulated summer sessions for superior stu- 
dents in all academic subjects. The Foundation’s program, by working 
through colleges and research laboratories, helps to set a high standard for 
such activities. In 1966,125 grants were made to 109 institutions which 
provided training for 5,738 students at a cost of $1.6 million. 

Only a small proportion of the school population poszsses both the 
ability and the motivation to become scientists and engineers, and it is 
impossible to predict just which students will complete the long and 
rigorous course of ,study. Youths selected to participate in Foundation- 
supported activities are generally felt to press the necessary ability and 
interest. They are given a substantial boost by being brought into close 
contact with mature scientists, thus broadening and deepening their views 
of the scientific enterprise. 

An important incidental result of this exposure is the realization by 
some bright students that they really should not pursue a scientific career, 
that their real interests lie in other areas. 

Classroom instruction in science and mathematics in depth beyond 
that available in high school or early college courses is often a part of this 
training. An example is a project supported in fkcal year 1966 which 
involved 82 carefully selected high school students in an 8-week course in 
mathematics. 

&e&l Summer Mdwmtztics Course for High-Ability High School 
Shsdents-The aim of the COUIW, held at Ohio State University, was to 
stay within the boundaries of mathematics while developing the students’ 
powers of observation and intellectual curiosity. The course was in- 
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Figure 29.-These high schoof student8 are measuring the latent heat of vapor- 
ization of liquid nitrogen in a laboratory. They are participating in the NSF 
Secondary Science Training Program for High-Abill’ty Students. 

tended for students whose ultimate career choices would be in science or 
engineering, as well as mathematics. Number theory was selected as the 
basic vehicle for all students. Problem seminars were held for smaller 
groups. In addition, each students could study higher algebra and take 
part in classes or seminars in logic, group representation theory, combina- 
torial mathematics, or experimental work with the computer. 

Each course was taught by a member of the Ohio State University 
mathematics faculty. The staff also included 12 former participants of 
the Secondary School Science Training Program who are now under- 
graduate mathematics majors. They served as teaching assistants and 
d.ormitory supervisors making their advice and counsel available to the 
young participants almost around the clock. It was obvious that the 
students appreciated the challenge of this intellectually stimulating 
training. 

Several additional activities to stimulate student interest in science are 
supported by the Foundation. (In fiscal year 1966 the expenditures for 
these activities totaled approximately $422,000. ) One highly regarded 
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Figure 30.-A phgSiC8 professor aI the University of Illinois exptain8 the opera- 
tion of the SChOOrS CgCtOtrOm Control Center to high school Student8 taking 
part in the Secondary Science Training Program. 

project is the Holiday Science Lectures--a series of high-level talks by 
outstanding scientists to carefully selected students. These lectures are 
given in about 10 cities during the winter holidays. The American 
Association for the Advancement of Science administer this program 
under an NSF grant. 

Another activity is the research paper-reading sessions of Junior Acad- 
emies of Science. 
DaDem about 

Students are invited, after careful screening, to read 
their own investigations before a professional audience of 

s and scientists. The high school student who has devoted great 
f high quality to a scientific investigation is thus given an oppor- 
o report on his own work and defend it before experts. 
y of the papers read in the spring of 1966 were most impressive in 
and execution of the research reported. 
ts were made in 13 States to Academies of Science, the parent 
itions of the Junior Academies, to support these annual sessions. 
v special projects in science and mathematics designed for dis- 
ged students were supported in the summer of 1966. In tbe 
t is expected that the Office of Economic Opportunity’s Project 
I Bound and similar efforts supported by the U.S. Office of Edu- 
vhich are not restricted to the support of science and mathematics, 
y this important training activity forward. 
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Pm-College Teacher Education Activities 

To a very large extent the quality of education provided for our youth 
depends upon the competence of teachers. Coping with the problems 
that face these teachers is a primary concern of the National Science 
Foundation. Through NSF support of teacher-training institutes an 
effective start was made in providing many of them with necessary sup 
plementary instruction. However, only about half of the secondary 
school teachers of these subjects, and a very small fraction of the key 
elementary school teachers, have participated in the various NSF-spon- 
sored teacher education activities. 

In addition to its concern about the needs of the already active but 
less qualified science and mathematics teachers, the Foundation recog- 
nizes that many new teachers are not fully trained for their tasks. New 
approaches to the solution of such critical problems are being explored, 
while progress continues to be made in the more well-established NSF 
training programs. 

This year approximately 43,400 secondary school teachers of science 
and mathematics were afforded study and training opportunities in 85 1 
NSF-supported instructional projects--’ Institutes, research participation, 
and other special projects. The teacher-participant group represents 
about 20 percent of the Nation’s science and mathematics teachers of 
grades 7 through 12. 

Institutes cover a full spectrum of study opportunities for secondary 
school teachers, including such variety as summer institutes for junior 
high teachers who may have never formally studied the sciences which 
they have to teach, academic year institutes for recent graduates of col- 
leges with inadequate science programs, summer institutes especially de- 
signed for science supervisors, and in-service institutes to prepare teachers 
in the new curricular materials. 

The Research Participation Program permits some of the best pre- 
pared teachers to conduct research under the direction of distinguished 
scientists during the summer. The understanding of the research process 
mained from this activity provides gifted teachers with the kind of ex- 
ierience that greatly improves their effectiveness in the classroom. In 
some cases, the teachers are supported by the grants in continuing their 
research projects during the academic year at their home schools. 

Some 2,000 teachers will receive master’s degrees in the teaching of 
science principally as a result of institute participation and, possibly, 
thesis research under the Research Participation Program. 

Including grants made in 1966, .the Foundation has supported during 
the last 8 years over 500 institutes involving 20,000 elementary school per- 
sonnel in science and mathematics. In these institutes the emphasis has 
been on the training of key individuals who are then prepared to take the 
lead in modernizing the curriculum, and also to conduct in-service train- 
ing for their colleagues., As a result, a cadre of trained individuals is 
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Figure 32.-A high school teacher of physics diSCuSSe8 improved teaching 
methods at the Summer Institute for High School Teacher8 held at the Uni- 
ver8ity of Arkansas. 

to in-service institutes, but of much shorter duration. Significant among 
these were a project of the National Association of Biology Teachers to 
conduct 3-day teacher seminars on the “new biology” at 9 centers in 
various parts of the United States, and a project of the Biological Sci- 
ences Curriculum Study (BSCS) group to conduct 50 intensive, 5-day 
training sessions nationwide, for teachers who will be using the BSCS spe- 
cial materials. Six other projects offered seminars of 1 to 5 days’ dura- 
tion on a statewide or regional basis. . 

In addition there were some special-purpose projects for general sci- 
ence teachers in rural Mississippi, for seventh- and eighth-grade teachers 
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in elementary schools in Appalachian Tennessee, for teachers of a new 
curriculum in earth science in Idaho, and for teachers who wished to 
participate in forestry research in Michigan. 

The following table provides a statistical summary of the f&al year 
1966 teacher education activities: 

Table 5 .-Pre-College Teacher Education Activities, Fiscal Year 1966 

Program 

Secondary school teachers: 
Academic year 

institutes. . . . . , . . . . , 
Summer i&itutes and 

conferences. . . , . . . . 
In-service institutes. . . 
Research participation. 
Special projects.. , . . . , 

Subtotal. . . . . . . . . . , 

Elementary school 
personnel: 

Summer institutes.. . . . 
In-service institutes. . . , 

Subtotal. . . . . . . . . . . 

Total. . . . . . . . . . . , . . 

Proposals Received 
I 

Grants Awzrded 

Num- Par- 
her tici- 

PanB 
-- 

86 2,302 

754 31,455 
366 17,769 
79 661 
29 13,097 

-- 

1,314 65,284 
-- 

124 4,739 
132 8;081 

-- 
256 12,820 

-- 
1,570 78, 104 

Num- Par- 
Amount her tici- 

pants 
-- 

$15,321,284 63 1,547 

37,403,6X) 457 20,528 
4,821, 344 266 13,445 
1,443,244 53 360 

836,586 21 7,646 
-- 

59,826,088 860 43,526 
-- 

4,482,315 26 926 
1,323, 526 55 4,225 

-- 
5,805,841 81 5,151 

-m 
65,631,929 941 48,677 

Amount 

$10,018,706 

22,498,052 
2,916,830 

719,237 
462,656 

36,615 481 

742,687 
458,088 

37,816,256 

Pre-Service Teacher Training 

To help increase the supply of qualified pre-college teachers of science 
and mathematics, the Foundation supports a few projects to provide XX- 
fresher or advanced training for mature individuals who are changing 
careers with the intent of becoming teachers. Projects at Florida State 
University and the University of South Dakota are preparing a total of 
25 retired Armed Services personnel to become teachers of high school 
physics. Another, at Rutgers-the State University, provides part-time 
instruction in mathematics for about 90 housewives who will return to 
teaching careers. 

Four special projects were supported this year to improve the training 
of individuals who themselves train teachers. Two projects involved 
professors of science education from small colleges and were! oriented 
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Figure 33.-Attending a Summer Institute in Experimental P8gchologg, a Aigh 
school teacher uses mirror-drawing to study learning and transfer training. 

toward a survey of new course content materials. A third provided spe- 
cial training to selected high school teachers with master’s degrees so 
that they could assist a State department of education in in-service work 
with elementary teachers. . The fourth project provided the opportunity 
for a few U.S. mathematics educators to observe Soviet secondary train- 
ing in mathematics and computing while they were in the Soviet Union 
for the International Congress of Mathematicians. I 

Seven grants totaling $156,805 were awarded for this activity in fiscal 1 
year 1966. / 
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INSTITUTIONAL 
PROGRAMS 

National strength in science depends largely upon the viability and 
growth of the Nation’s institutions of higher education. While grants 
for individual research projects may serve to strengthen specific segments 
of these institutions, they do not provide the broadly based and compre- 
hensive support needed for the general improvement of science programs. 
To help meet these broader needs, several Federal agencies in recent years 
have begun programs of institutional support. The Foundation shares 
in this activity through its programs of University Science Development 
(formerly Science Development), Graduate Science Facilities, Institu- 
tional Grants, and-added for fiscal year 1967-a Departmental Science 
Development Program and a College Science Improvement Program. 
The departmental program is designed to enhance scientific competence 
in institutions where a department’s research record marks it as a leader 
and an example for its sister departments. The college program is 
directed primarily toward improving science education at predominantly 
undergraduate institutions. 

In all of these institutional programs, the Foundation tries to avoid any 
encroachment upon the autonomy of universities and colleges. Its aim 
is to provide institutions with the means to carry out their own plans for 
development and to adapt to the changing needs of their own institutions. 

UNWERSIM SCIENCE DEVELOPMENT PROGRAM 

Originally called the Science Development Program, this was initiated 
in response to the nationwide need for more outstanding universities per- 
forming distinguished work in science. Through large grants to a lim- 
ited number of strong universities, the Foundation hopes to accelerate 
their development into institutions with broadly based scientific excel- 
lence. Institutions already recognized as excellent are not encouraged to 
apply for the grants. 

University science development grants are made after thorough evalua- 
tion of comprehensive institutional proposals. The evaluation attempts 
to determine that a university applying for a grant has well-conceived 
Plans for reaching its objectives, a sound foundation of quality in the 
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departments seeking support, good administrative leadership, and finan- 
cial resources to maintain the new level of quality achieved under a grant. 

By the end of fiscal year 1966, the Foundation had received 80 pro- 
posals for university science development grants and had completed its 
evaluation of all but 15 of these. Ten grants-one a supplement to an 
earlier grant- were made during the year for a total of $36,375,000. 
In all, 17 institutions have now received these science development grants, 
and the awards total $63,769,000. Each of the grants is for a 3-year 
period. Institutions making good progress toward their goals during the 
grant period may qualify for supplementary assistance for 2 years. 

There are usually three major components in a university science 
development grant: Personnel, equipment, and facilities. As the insti- 
tutions must also make substantial contributions to the development pro- 
gram, they assume the burden of partial or complete financing of one or 
more of these elements. The 10 institutions receiving grants in fiscal 
year 1966 proposed to allocate the funds as follows: ‘Personnel, 41.1 Per- 
cent; facilities, 30.5 Percent; and equipment, supplies, and related items, 
28.4 percent. By area of science, the Percentages of proposed allocations 
were : Physics, 23.2; biological sciences, 16.5 ; chemistry, 12.6 engineer- 
ing, 12.5 ; mathematics, 9.1; astronomy, 4.1; psychology, 3.5; geology, 
3.3; and interdisciplinary programs, 15.2. Six grants contained funds 
for physics, six for mathematics, five for chemistry, three for biology, 
three for engineering, three for interdisciplinary programs, two for geol- 
ogy, one for astronomy, and one for psychology. 

As in the first year of the program, university science development 
grants in fiscal year 1966 were awarded to institutions located in many 
areas of the Nation. Grants were made to institutions in six of the nine 
geographic divisions of the United States. Of the 17 institutions receiv- 
ing grants since the inception of the program, 3 each are located in the 
Middle Atlantic, South Atlantic, East North Central, and West South 
Central divisions; 2 each in the Mountain and Pacific divisions; and 1 in 
the West North Central division. Thus, all but 2 geographic divisions 
(New England and East South Central) are represented by the 17 
institutions. 

While the program is too new to permit an adequate evaluation of 
its effectiveness, initial investigation has indicated two s&tory effects. 
First is the profound psychological effect on a university of receiving a 
grant. It has’ resulted in other parts of the university, including those 
involved in nonscientific activities, raising their goals and aspirations. 
The other effect is that, even at those institutions failing to receive grants, 
the planning process involved in preparing a proposal for submission to 
the Foundation has stimulated the institution to make an introspective 
examination-to evaluate its own strengths and weaknesses, to take stock 
of its resources, human as well as material, and to consider most seriously 
its overall goals. This has been a very beneficial exercise for most in- 
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&tutbns, and has led to the formulation of more realistic plans than 

fight otherwise have been the case. 

GRADUATE SCIENCE FACILITIES 

The development of institutional strength requires heavy expenditure 
for science buildings. Through its Graduate Science Facilities Program, 
the Foundation assists universities and colleges in constructing or rencwat- 
ing laboratories and other facilities for basic research and graduate 
research training. This assistance, which requires at least equal match- 
ing with non-Federal funds, is sometimes extended in cooperation with 
other Federal agencies, and such joint funding is becoming more fre- 
quent. Since the funds available to the program are far too limited to 
meet the massive needs of colleges and universities for science facilities, 
the Foundation limits support to inst$utions that award graduate degrees 
in science, and places primary emphasis on the existing quality of science 
training and research prog-rams in reaching its decisions. 

In fiscal year 1966, the program received 114 facilities proposals 
requesting $56.6 million. Fifty-two grants were awarded, amounting to 
a total of 16.2 million. Some of these grants are for planning purposes; 
awards for construction would be considered in the following fiscal year. 

The 52 facilities grants were allocated among disciplines as follows: 

Percent Psrcsnt 
Chemistry ____ - ________________ 25 Biophysics, biochemistry, and mi- 

Engineering ___________________ 18 crobiology ______ -_-_- __-____ 7 

Plant sciences _________ -- _______ 16 Earth and atmospheric sciences and 

Behavioral sciences _____________ 15 
astronomy _______-_----_--___ 6 

Physics ___- ______--__-_-______ 2 
Animal Sciences ________ -__ _____ 10 Mathematics _____- ---__--_- ____ 1 

Slightly more than half of the funds were allotted to the Physical sci- 
en-, a drop from fiscal years 1960-65 when nearly two-thirds of the 
funds went to the physical sciences. Although this seems to be a reversal 
of the former upward trend in this program of support of the physical 
sciences, a single year’s experience is not a decisive indication. Diitribu- 
tion of the funds may vary from year to year in accordance with the 
re1at.h merit of proposals and the size of grants. 

Site the inception of the program in 1960, the Foundation has 
made 833 facilities grants; 617 of the projects were completed by June 
30,1966. 
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Figure 34.-Building C of Revelle College, University of California, San Diego. 

Figure 35.-Engtneering Science Building at the University of Texas. 
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Colleges and universities need funds that can be used flexibly to 
maintain the quality of their science programs, to manage adjustments 
to changing conditions, and to take advantage of special opportunities. 
Such funds safeguard institutional autonomy, which is threatened if 
college and university officers lack resources for innovation and for the 
guidance and control of their institutional development. 

The Foundation provides such funds to universities and colleges 
through its Institutional Grants Program. These grants are propor- 
tional to the amount of support the institutions have received from the 
Foundation’s research programs and two programs of research training. 
A tapered formula provides for equal matching of the first $10,000 of 
the base, thus, especially benefiting institutions with small amounts of 
research grants. The institutions themselves determine how the funds 
will be spent for direct costs of scientific activities and report annually 
on the use of the funds. 

In fiscal year 1966, the Foundation made institutional grants totaling 
more than $14.5 million to 401 colleges and universities in all 50 States, 
the District of Columbia, and Puerto Rico. The grants ranged from 
$700 to $154,728. Over- four-fifths of the grants were for $10,000 or 
more, and 50 grants were larger than $100,000. 

Since 1961, more than 550 institutions of higher education have re- 
ceived institutional grants totaling more than $50 million. The median 
award has risen from $1,220 in 1961 to $16,900 in 1966. 

The grants are used for a variety of purposes : faculty research proj- 
ects, student stipends, books and periodicals for science libraries, re- 
search travel, computer costs, and honoraria for visiting lecturers. Nearly 
half of the funds have been spent for research and instructional equip- 
ment. 

The flexibility of the grants, even though they are relatively small, 
makes it possible for institutions to use them for important developmental 
purposes. For example, a university specializing in marine sciences 
accumulated institutional grant funds until it could make an award of 
$100,000 for an interdisciplinary program in ocean engineering. 
Through a combination of basic research and development, the uni- 
versity will attack the problem of marine corrosion, which causes a 
multibillion-dollar loss each year, seek the answers to unsolved questions 
of the flow of ocean currents, and develop new means of exploiting 
marine fisheries as a major source of food for the world’s expanding 
population. Biological and physical scientists and engineers will work 
cooperatively upon fundamental problems whose solutions may result 
in widespread human benefits. 



SCIENCE 
INFORMATION 

The Foundation’s science information activities are directed toward 
making the results of research readily available to this country’s scien- 
tists and engineers. To reach this goal, the Foundation is concentrating 
its efforts on developing effective and comprehensive information systems 
serving the scientific disciplines, and establishing workable relationships 
between the information systems of the professional community and 
those largely mission-oriented systems maintained by Federal agencies. 
In furtherance of these efforts, NSF in fiscal year 1966 awarded 167 
grants and contracts totaling about $11.6 million. Involved were 33 
scientific societies, 34 universities and colleges, 4 library associations, 3 
museums, 6 Federal agencies, and 6 international organizations. 

Nature of the Problem 

Science information has been compared to a natural resource without 
which the Nation’s progress in science and technology would be slow or 
nonexistent. The efficient production, preservation, and exploitation of 
science information is complicated by many factors, including the rapid 
annual increase in scientific and technical literature (it has been said 
that the volume doubles every 15 years) ; the rising tendency toward 
fragmentation and specialization within scientific disciplines; lack of 
effective connections between information systems of one discipline and 
those of others; inadequacy of individual discipline-oriented systems to 
serve multidisciplinary information needs; and shortage of trained pro- 
fessional science information personnel. 

Many scientific organizations and commercial firms operate informa- 
tion systems that serve relatively homogeneous populations of users. 
Many Federal agencies (e.g., HEW, NASA, AEC, Department of 
Agriculture) operate mission-oriented information systems. That much 
duplication of input and output effort occurs among Federal and non- 
Federal systems is accepted as a fact, and there is an urgent need to en- 
large, modernize, and coordinate them. 
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Improving Existing Systems 

It is clear that the role most appropriate for the Foundation is the 
strengthening of discipline-oriented systems, and enabling those respon- 
sible for them to establish interconnections among and between them 
and the Federally operated systems. More than $6 million (52% ) of 
the available fiscal year 1966 funds were expended in discipline-oriented 
activities. 

Support was also given to the study of basic information processing 
problems, to both national and international organizations, involving 
both disciplinary and interdisciplinary infotiation services, and to Fed- 
eral information responsibilities that fall between discipline interests on 
the one hand and the mission interests on the other. Approximately 
$5:6 million were used to support these activities. 

In the Federal area, the Foundation continued its support. of the 
Science Information Exchange, the National Referral Center for 
Science and Technology, and at the same time initiated an evaluation 
and review of these services. It also participated in the activities of the 
Committee on Scientific and Technical Information (COSATI) of the 
Federal Council for Science and Technology. 

In the non-Federal area, NSF provided assistance to the library asso- 
ciations (recognizing that library systems are a significant coniponent 
in the total national information network or “national system”) ; estab- 
lished two university-based science information research centers--one 
at the University of California (Los Angeles) and the other at the 
Ohio State University; and provided funds for the establishment of a 
Committee on Scientific and Technical Communications (SATCOM ) 
in the National Academy of Sciences-National Academy of Engineering. 

The Foundation continued to provide modest financial support to 
the science information programs of international nongovernmental 
organizations, such as the International Federation for Documentation 
and the Abstracting Board of the International Council of Scientific 
Unions. In addition, it kept in close touch with international govern- 
mental organizations such as the Organization for Economic Coopera- 
tion and Development, and provided assistance to Federal agencies 
with responsibility for participation in international scientific and techni- 
cal information activities. Support was continued for translations and 
for the preparation and publication of directories and guides that provide 
the U.S. scientist a.nd engineer with information on foreign scientific 
organizations. 

Developing National Systems 

Largely as a result of the Foundation’s stimulation and encouragement, 
often including financial assistance, considerable progress in the de&- 



opment of national information systems was noted during fiscal year 
1966, including the following: 

Chemistry .-The American Chemical Society continued its develop- 
ment of a chemical compound registry system and related automation 
of chemical information services. With respect to the broader aspect 
of a national chemical information system, the American Chemical 
Society initiated a program to develop an organizational capability to 
design and implement such a system. 

Mathematics .-The American Mathematical Society has undertaken 
a study of communication between mathematicians and their need for 
various kinds of information and services. 

Physics .-The American Institute of Physics has undertaken projects 
concerned with developing improved indexing techniques of the primary 

Figure 37.-The National Science Foundation continue8 to support improvement 
in the storage and dissemination of scientific information. In an experimental 
project at Chemical Abstracts Service, complex chemical information is key- 
boarded directly onto magnetic tape by means of a data recorder. This ia one 
of many steps in the automated system of collecting, analgzing, cataloging, 
and eventually disseminating chemical information. 
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physics literature in order to make it responsive to the requirements of 
different groups of physicists and to apply these techniques to the sec- 
ondary abstracting services that help subsequent retrieval. Such proj- 
ects are particular examples of the AIP’s larger efforts leading to a sys- 
tematic resolution of the physicists’ information requirements. 

Engineering.-The three organizations (Engineers Joint Council, 
United Engineering Trust, and Engineering Index, Inc.) concerned 
with the information needs of the engineering profession have estab- 
lished a committee which has begun work on establishment of a national 
engineering information system. Continued support was provided for 
improvement of present engineering abstracting and indexing services 
during the year. 

EnuironmentaZ sciences.-A cooperative, computer-based biblio- 
graphic service comprehending the earth sciences has been established by 
the American Geological Institute, the Geological Society of America, 
and the U.S. Geological Survey. 

Biological sciences.- A movement toward creation of a Council on 
Biological Sciences Information has advanced significantly. The pur- 
pose of such a Council is to improve biological communications and 
develop practical means of connecting the existing biological society 
information subsystems with each other and into a national biological 
information network. 

Social sciences. -A Committee on Information in the Behavioral 
Sciences was established in the Division of Behavioral Science of the 
National Academy of Sciences, with Foundation support, to consider 
information problems and requirements in the social sciences and to 
recommend necessary programs for their resolution. 

Within the Federal Government, two groups have been actively col- 
laborating with NSF. The Committee on Scientific and Technical 
Information (COSATI) , representing the Federal agencies, is develop- 
ing guidelines for a national network of information services covering 
all areas of science and technology. Its Task Group on National Systems 
has initiated studies of abstracting and indexing services, the nature and 
role of oral informal communications as a significant information chan- 
nel, and of the problems of data collection, reduction, analysis, and dis- 
semination. The NSF provided financial support for the first of these 
studies. 

The Committee on Scientific and Technical Communication was 
established during fiscal year 1966, with NSF support, by the National 
Academy of Sciences and the National Academy of Engineering to pro- 
vide assurance that the total scientific community would have a voice 
in national systems planning. SATCOM has representatives from the 
major scientific disciplines and from the engineering societies. 
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INTERNATIONAL 
SCIENCE ACTIVITIES 

International science activities of the National Science Foundation are 
of two general types: (a) those funded by NSF, which have the basic 
intent of strengthening U.S. science, and (b) those funded by the 
Agency for International Development, which arc directed toward as- 
sisting certain foreign countries to develop their scientific resources. 

Strength&ing U.S. Science 

By far the greater volume of NSF international activities arises withii 
the Foundation’s regular activities. For example, NSF National Re- 
search Programs (see page 45) include several which involve U.S. par- 
ticipation in cooperative international science activities, such as the 
Antarctic Research Program, the International Years of the Quiet Sun, 
and the United States- Japan Cooperative Science Program. The regu- 
lar NSF programs for the support of basic research also afford oppor- 
tunity for American scientists to cooperate in such other international 
programs as the Upper Mantle Project and the International Hydro- 
logical Decade. 

International programs of this type become active when the need and 
desirability for a concerted effort have been given expression by inter- 
national agreement or by the establishment of special international 
bodies to facilitate liaison among the various national efkts. U.S. 
participation in these programs conskts principally of Federal support 
for academic scientists conducting their own research that contributes 
to the objectives of the program. There are, however, numerous in- 
stances of U.S. research in foreign lands and research collaboration 
between American and foreign scientists. 

Research-Reluted Support 

The regular support programs of the Foundation may provide funds 
for research conducted abroad or in collaboration with foreign scientists, 
for attendance at international scientific meetings, for international ex- 
change of scientific information, and for participation in education and 
training programs. Few NSF grants are made to foreign institutions 
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and only when exceptional conditions justify U.S. support to the foreign 
recipient. (I n fi 1 y sea ear 1966, there were 28 awards to foreign institu- 
tions totaling approximately $684,000. ) 

Although NSF awards. are rarely made to international scientific 
organizations, U.S. organizations (principally the National Academy 
of Sciences) are provided support to maintain adequate representation 
of U.S. scientific interests in the deliberations and programs of private 
international scientific organizations, such as the International Council 
of Scientific Unions, the International Federation for Documentation, 
and the Pacific Science Association. 

Education-Related Support 
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Contacts between individual American and foreign scientists are en- 
couraged and supported through fellowship and exchange programs. 
Of the 4,336 fellowships awarded in fiscal year 1966 to U.S. citizens, 
256 provided for tenure at a foreign institution; 66 U.S. citizens received 
NSF-administered North Atlantic Treaty Organization Fellowships for 
study in institutions of other NATO member countries. Under the NSF 
Senior Foreign Scientist Fellowship Program, provision was made for 
5 1 American institutions to be visited by that number of eminent foreign 
scholars. Under the NSF-supported program for exchange of scientists 
between the National Academy of Sciences, U.S.A., and the Academy of 
Sciences, U.S.S.R., there was participation by 18 American and 23 Soviet 
scientists. Travel grants were provided to 67 young American scientists 
for attendance at 41 Advanced Study Institutes sponsored by NATO. 

Other travel grants enabled approximately 646 American scientists 
to visit locations abroad, principally for the purpose of attending interna- 
tional scientific meetings. A total of 121 foreign educators were placed 
in NSF-sponsored teaching institutes held at various U.S. colleges and 
tmiversities. In addition, a number of these institutes were served by 
visiting foreign lecturers. 

Development Assistance Programs 
Under the terms of a general agreement with the Agency for Interna- 

tional Development (AID), the Foundation continues to help advance 
the state of science education in the developing areas of the world. This 
assistance is based in part on experience gained through Foundation- 
supported work in course content development and teacher training in 
the United States. Science educators in many of these nations are being 
helped in their attempts to adapt the new U.S. science materials -for ex- 
perimental use in their own countries. 

Lath America 

With funding from AID, the Foundation has since 1963 administered 
two science eduyation programs, one in Central America, and the other 
in the remaining countries of Latin America. 



The Central American program assists the Superior Council of the 
Central American Universities (CSUCA) to develop basic science and 
mathematics coulse~ in the member univ&ties. This program pmvidq 
for visits of subject-matter specialists and for initiating short regional 
seminars for university professors. 

An ex#mental project in the tea;ching of physics is being supported 
in which young physics professors from the Central American univer- 
sities spend a year at the University of Texas where they receive specially 
designed training in physics courses for the junior and senior years of 
undergraduate education. In the beginning, the participants receivk 
their training in Spanish; later they enter the regular classes of the 
university’s physics department. 

India 

In February 1966, the Foundation was requested by the AID mission 
in New Delhi to assume the responsibility for a program of helping to 
improve science teaching in India. The Foundation’s efforts will build 
upon the summer science institutes AID has sponsored in India for the 
past few years. To carry out its new commit.ments the Foundation has 
opened a liaison office in New Delhi, Foundation ~representatives will 
cooperate directly with Indian science educators and officials of the In- 
dian Government in oqpnizing and supervising the continuing sum- 
mer science institutes, and in developing indigenous science teaching 
materials and projects. 

International Organizatiotts 

The Foundation continues to act as a catalyst in developing more 
significant involvement of U.S. agencies in international organizations 
with broad scientific missions, such as the Organization for Economic 
Cooperation and Development (OECD) and UNESCO. It is respon- 
sible for coordinating the various interests of U.S. agencies in the science 
activities of such international organizations. The State Department is 
responsible for diplomatic activities. 
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SCIENCE 
POLICY 
PLANNING 

The Foundation’s science policy planning activities consist of three 
interrelated aspects: (a) Data collection, processing, and analysis; (b) 
internal agency program analysis, planning, and policy formulation; and 
(c) long-range planning and policy studies. These represent an inte- 
grated effort designed to produce more effective development and utiliza- 
tion of the Nation’s resources for research and education in the sciences. 

In fulfilling this purpose, the Foundation works closely with the 
Office of Science and Technology and with many other Federal and 
non-Federal organizations concerned with science. 

The Foundation’s interest and responsibility in science policy plan- 
ning center on the effective development and utilization of two critical 
national resources for science: (a) Scientific, engineering, and related 
professional and technical manpower, and (b) institutions in which such 
manpower is educated and trained and in which research is conducted. 
Developed over a 15-year period, the continuing program of systematic 
collection and analysis of interrelated data concerning the allocation, 
deployment, and utilization of these science resources provides an essen- 
tial base for science policy studies and program management. The data 
and analyses are of demonstrated value to the many science-oriented seg 
ments of the Executive Branch, the Congress, industry, univemities, pro- 
fessional societies, the scientific community, and the public at large. 

Scientific Manpower Studies 

The Foundation is authorized and directed by its basic act to “provide 
a central clearinghouse for information covering all scientific and tech- 
nical personnel.” Since such data are collected by many Federal agen- 
cies, NSF has also been assigned “focal agency responsibility” to assure 
that projects and systems are coordinated and that the data will interlock. 

Manpower Publications 

During the fiscal year many periodic and special studies of scientific 
and technical manpower were made. Included were the compilation 
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and analysis of data for a review of the entire area of college-trained 
technical manpower by a Congressional subcommittee. A comprehen- 
sive “fact book,” Scientific and Technical Manpower Resources, was pub- 
lished, as were summaries of work in the manpower area in process in 
11 agencies. 

Among the significant findings reported during 1966 was the fact that 
while total earned doctorates awarded per year rose about 70 percent 
from 1960 to 1965, those in engineering rose more than 160 percent and 
in mathematics about 150 percent; however, even with these striking 
advances, total doctorates awarded in physical sciences, mathematics, 
and engineering rose only from 32 percent of all earned doctorates in 
1960 to 34 percent in 1965. 

Nutional Register 

Another major manpower activity required by basic legislation is the 
maintenance of the National Register of Scientific and Technical Per- 
sonnel. Information gathered biennially by questionnaires to individ- 
ual scientists and engineers provides a unique and invaluable source of 
detailed data. National Register information, derived from individual 
replies accumulated in computer systems, permits numerous types of 
cross-sectional, historical, and interrelational analyses. In addition, the 
Register provides a source for the identification and location of special- 
ized personnel to meet national emergency requirements. 

As the fiscal year closed, the 12 professional scientific societies that work 
with the National Register were distributing questionnaires to their mem- 
bers and other scientists. The new registration of scientists is expected 
to rise from about 225,000 to more than 300,000. Additional analyses, 
covering a lo-year span, were made from National Register records. 
These covered the geographical mobility of scientists as well as their 
mobility among fields. Many special tabulations were also prepared for 
use by various Government agencies. 

With respect to engineers, plans were developed to requestion the 
60,000 who were registered in 1964, and to send questionnaires to lOO,- 
000 additional engineers from membership lists of more than 40 engi- 
neering societies. 

Science Funding Studies 

The Foundation has responsibility for preparation and publication of . 
the annual Government-wide Federal Funds for Research, Development, 
and 0th Scientific Activities. The Foundation also conducts or sup- 
ports many other serial or periodic studies, including the annual survey . 
of research and development in industry performed by the Bureau of the 
CENSUS with Foundation support. The latest reports in these series show 
a reduced growth rate in Federal support of research and development 
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with, however, a smaller reduction in the growth rate for basic research 
support than in that for applied research and development. The studies 
also show that financing of research and development by the private in- 
dustry sector has increased considerably. 

Federal Funding for Academic Institutions 

The Foundation has also been heavily involved in the implementation 
of a directive issued by the President on September 13, 1965. This de- 
clared that research support should seek not only scientific results but also 
be administered “with a view to strengthening academic institutions and 
increasing the number of institutions capable of performing research of 
high quality.” In order to provide for implementation of the directive, 
the Federal Council for Science and Technology established a Commit- 
tee on Academic Science and Engineering (CASE), chaired by the Di- 
rector of the Foundation and furnished with NSF staff support. One 
product has been the design and implementation of the first Government- 
wide compatible reporting system concerning Federal support for uni- 
versities and colleges on an institution-by-institution basis. It covers 
funds for research and development, R. & D. plant, institutional sup 
port, other science-related activities, and nonscience activities. The first 
report on these data was issued in October 1966. It shows that: 

l Federal support was relatively heavy in institutions with large 
science and engineering programs. 

l Nearly half of Federal support for colleges and universities was 
for research and development, and about one-twentieth for R. dz D. 
plant. 

l About one-quarter was for undergraduate facilities and other 
educational activities, such as fellowships and training in fields other 
than science. 

Development work was also begun and considerable progress made 
by CASE on a second phase involving Federal funding reports on a 
project-by-project basis that will ‘provide more detailed information in 
a more sophisticated format. This new system will make feasible a wide 
variety of additional analyses for planning and programing purposes. 

The operational requirements of the CASE system emphasized the 
pressing need for a uniform categorization and coding system for aca- 
demic institutions, systems of institutions, and branches. To meet this 
need the Foundation led a cooperative effort in the development of a 
single institutional directory to facilitate the storage and retrieval of all 
types of information relating to academic institutions. Agreements have 
now been reached among key Federal and non-Federal organizations 
on the basic framework for the new system, that initially will encompass 
all institutions of higher education in the United States. 
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Science Education Studies 

Surveys were conducted concerning college freshmen, college grad- 
uates, graduate students, and science doctorates. Further progress of 
science graduates was also traced through career studies. Considerable 
progress was made on the analysis of recently acquired detailed informa- 
tion concerning doctoral education in the sciences-data on faculty, 
graduate students and their financial support, and types and levels of 
degrees awarded. Issued during the year, with partial Foundation sup- 
port, was the American Council on Education study An Assessment of 
Quality in Graduate Education. 

Institutiona/ Development Studier 

Three studies of university growth and development were continued. 
Their objective is the development of mathematical models of university 
cost structure and physical facilities, as well as university faculty, student 
body, and other factors. These and related studies should contribute to a 
better understanding of institutional development, both quantitatively 
and qualitatively. Also work was begun on a 2-year sponsored study 
of “The Outlook for Higher Education to 1980,” including planning 
capabilities and goals, prospects for innovation, and forecasts of changes 
in student enrollments and faculty. 

Studies of Nen-Acackmic Institutions 

A survey was made of science activities in nonacademic, nonprofit in- 
stitutions, including research institutes, professional societies, and philan- 
thropic foundations. Several major surveys and analyses were made of 
industrial research and development. In addition, arrangements have 
been made for improving exchange of policy and program information 
with large research-oriented industrial corporations, the National In- 
dustrial Conference Board, the Industrial Research Institute, and with 
such philanthropic foundations as Ford, Sloan, Rockefeller, Russell Sage, 
and the Carnegie Corp. 

S,tudies are underway dealing with industrial adoption of new tech- 
nological advances. Two conferences were supported by the Founda- 
tion-one dealing with research on creativity, continuing a series ini- 
tiated in 1955 ; the other, with technology transfer and innovation. 

Science Policy Studies 

With respect to fundamental problems in the science policy field, 
studies were conducted by members of the Foundation staff and also 
performed by other organizations with Foundation support and coordina- 
tion. Thus, continuing financial support of the National Academy of 

, 

Sciences’ Committee on Science and Public Policy (COSPUP) has re- 
sulted in three major reports issued during the year: Chemistry: Oppor- 



tunities and Needs (the Westheimer Report), Digital Computer Needs 
in Universities and CoUeges (the Rosser Report), and Physics: Survey 
and Outlook (the Pake Report). 

During the year, a fourth report prepared under the auspices of 
COSPUP, The Plant Sciences: Now and in the Coming Decade (the 
Thimann Report), was also completed. Two new surveys covering the 
mathematical and life sciences were initiated. 

Analytical studies are in process dealing with such policy-oriented sub- 
jects as mechanisms used by the Federal Government to support scientific 
research in universities; the patterns of Federal expenditures for aca- 
demic science; resource allocation processes and decision points in the 
Federal Government; and criteria for resource allocation. Special at- 
tention is being given to the subject of institutional and geographic 
distribution of Federal funds in relation to scientific activities and 
manpower. 

international Science Policy Planning 

A major effort during the year consisted of preparation of a study of 
United States science policy for UNESCO’s Science Policy Division. In 
addition, the Foundation provided the Organization for Economic Co- 
operation and *Development with the United States data for the Inter- 
national Statistical Year- and for the OECD study of international 
migration of scientists and engineers. 

Three studies were completed or published during the fiscal year deal- 
ing with foreign science resources: Scientific and Engineering Manpower 
in Communist China, Women in the Soviet Economy, and Scientific 
Manpower in the Arab Countries. 

Other &tivities 

The Foundation has begun to implement the Planning-Programing 
Budgeting System (PPB) , which was developed originally in the De- 
partment of Defense and had not before been applied formally in the 
civilian Federal agencies. Hence, the Foundation is pioneering in at- 
tempts to apply PPB to programs in support of basic research and edu- 
cation in the sciences. The results of this first attempt should assist in 
further development of the system. The initial effort has aided Foun- 
dation management in determining long-range needs in the allocation of 
resources among progams and activities, and in the evaluation of .the 

- efktiveness of ongoing and future operations. 
NSF also acquired an IBM 360/30 computer system during the year, 

which will be of immense value in data storage, retrieval, and analysis 
of internal NSF and of Government-wide information pertaining to 
science and technology. The system will also provide necessary facile- 
ties for nationwide studies of science resources and programs, and will 
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be of potentially great value for projections of trends and the evaluation 
of probable consequences of alternative program actions. 

Finally, mention should be made of the preparation of special com- 
pilations and studies concerning past and present programs of the Fotm- 
dation for the Subcommittee on Science, Research, and Development 
(Chairman, Representative Emilio Q. Daddario) of the House Conunit- 
tee on Science and Astronautics. The hearings resulted in a bill to 
amend the National Science Foundation Act, which passed the House 
of Representatives but did not come to a vote in the Senate during the 
89th Congress. Its provisions, if enacted, would have considerably in- 
creased the Foundation’s planning responsibilities and activities. In 
addition, recent proposals before the Congress and major problems being 
considered in the Executive Branch and elsewhere! point clearly toward 
an increasingly urgent need for new and more comprehensive informa- 
tion and for important policy and planning studies. /’ 
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