The original documents are located in Box 7, folder ““9/4/74 HR13999 NSF Appropriation
Authorization 1975 of the White House Records Office: Legislation Case Files at the
Gerald R. Ford Presidential Library.

Copyright Notice
The copyright law of the United States (Title 17, United States Code) governs the making of
photocopies or other reproductions of copyrighted material. Gerald R. Ford donated to the United
States of America his copyrights in all of his unpublished writings in National Archives collections.
Works prepared by U.S. Government employees as part of their official duties are in the public
domain. The copyrights to materials written by other individuals or organizations are presumed to
remain with them. If you think any of the information displayed in the PDF is subject to a valid
copyright claim, please contact the Gerald R. Ford Presidential Library.

Exact duplicates within this folder were not digitized.



J

©
\Q‘® ‘é\b‘ OFFICE OF MANAGEMENT AND BUDGET

c§8

Dlgltlzed from Box 7 of the White House Records Office Legislation Case Files at the Gerald R. Ford PreS|dent|aI Library -

EXECUTIVE OFFICE OF THE PRESIDENT

WASHINGTON, D.C. 20503

AUG 2 8 1974

MEMORANDUM FOR THE PRESIDENT

f%ﬁﬁ& Subject: Enrolled Bill H.R. 13999 - NSF appropriation

"I

¥

authorization, 1975
Sponsor -~ Rep. Teague (D) Texas, and 24 others

Last Day for Action

September 4, 1974 - Wednesday (Recommend that this bill be
~acted on before H.R. 15572, also enrolled, for reasons set
forth in the paragraph at the end of this memorandum,)

'Purgose

Authorizes appropriations for fiscal year 1975 for activities
of the National Science Foundation.

- Agency Recommendations

Office of Management and Budget Approval
National Science Foundation Approval
Department of the Treasury No objection
(Sec. 4)
" Discussion

This is the annual appropriations authorization bill for NSF,
It contains certain undesirable substantive provisions
described below. Several were carried in earlier NSF
authorization: bills, and NSF does not believe they will
create any significant new problems.

H.R. 13999 would authorize appropriations of $807.5 million
for fiscal year 1975 in 12 line-item categories. In addition,
it would authorize appropriations of $5 million in excess
foreign currencies for expenses incurred outside of the
United States. The two authorizations total $812,5 million




or $24,.3 million more than the Administration's proposed

1975 budget request of $788.2 million. However, H.R. 15572,

which is now enrolled, carries total appropriations of
$768.15 million for NSF for fiscal year 1975, or more than
$20 million below the 1975 budget request.

The Administration proposed a lump-sum authorization of
appropriations for NSF, The line-item earmarking in
H.R., 13999, while undesirable, .has been a part of NSF
authorization acts since fiscal year 1972, and has not
greatly affected the agency's activities, Within the
line~item earmarking, however, the enrolled bill also
establishes certain "floors"; i.e., providing that "not
less than" certain specified amounts shall be available
for particular program categories. However, the bill
requires only that funds from the appropriation be made
available for these "floors," not that they be obligated.

We have opposed such floors in the bill since they tend to
divert funds from higher priority programs and to reduce
NSF's overall flexibility in programming its appropriation,
which is usually lower than the authorization.

Several language provisions in H.R., 13999 might be noted
briefly.

(1) One provision requires that no transfers of funds
amounting to more than 10 percent of any line item may be
made unless the Congress is notified 30 days in advance.

A transfer could be made before the 30 days has elapsed if
each committee with jurisdiction has indicated in writing

that it does not object. This provision, while undesirable,

was included in earlier NSF authorization acts and should
pose no new problems,

(2) One provision in this bill which caused us serious
concern when it was first included in the NSP authorization

act for 1970 requires NSF to keep the appropriate substantive
committees "fully and currently" informed with respect to all

of its activities. At that time, the President issued a

signing statement which expressed his concern that "voluminous

reporting of detailed day-to-day activities...can be unduly
burdensome without providing significant assistance to the
Congress in discharging its legislative responsibilities."

He indicated that the provision could raise a constitutional

issue of separation of powers but that he believed that NSF




could comply with it in a constitutionally acceptable way.
The provision was dropped in the 1971, 1972 and 1973
authorization acts but reinstated in the 1974 act., We
understand that NSF has not experienced any particular
problem with the provision.

In its views letter on H.R. 13999, NSF makes the following
recommendation on the order of signing the bills which
contain its appropriations authorization and actual
appropriations:

"Because the Enrolled Bill, H.R. 13999, and
H.R. 15572 (the Appropriation Enrolled Bill)
contain differing minimum and maximum require-
ments and dollar amounts, it is very important
that the President approve H.R. 13999 first,
and that he approve H.R. 15572 on a day
following approval of H,R, 13999,"

OMB's General Counsel concurs in this recommendation.

Wt H. (mels_

Assistant Director for
Legislative Reference

Enclosures



NATIONAL SCIENCE FOUNDATION
. WASHINGTON, D.C. 20550

August 27, 1974

OFFICE OF THE
DIRECTOR

Mr. Wilired H. Rommel

Assistant Director for
Legislative Reference

Office of Management and Budget

Washington, D, C, 20503

Dear Mr. Rommel:

This is in reply to your request of August 23, 1974, for the comments of
the National Science Foundation on Enrolled Bill H, R, 13999, the
"National Science Foundation Authorization Act, 1975,"

The Enrolled Bill, H, R, 13999, authorizes an appropriation of

$812, 5 million, including $5.0 million in excess foreign currencies, for

the NSF for FY 1975, This compares to the $788, 2 million, including

$5. 0 million in excess foreign currencies, that would have been authorized
by H,R. 12816, the Administration's bill as introduced by Congressman
Teague. While the Enrolled Bill thus contains an authorization in excess

of that provided in the President's Budget, H, R, 15572, the Appropriation
Bill containing the NSF appropriation, which has already passed both Houses,
provides for total appropriations of $666, 35 million, including $4. 85 million
in excess foreign currencies. The Energy R&D Appropriation Act,

(P, L. 93-322) additionally appropriates to the Foundation $101, 8 million

for F'Y 1975, This results in a total FY 1975 appropriation to the Foundation
in the amount of $768. 15 million, or $20. 05 million below the President's
Budget.

As it has for the last several years, the NSF Authorization Act contains a
number of minimum dollar amounts to be available for specified purposes,
Limiting the use of funds to not less than certain amounts for particular
purposes, provisions which we have consistently opposed, has two major
undesirable effects. It forces the increase in expenditures for some of the
NSF program elements above the levels considered appropriate by the
Foundation, The second effect is that when the appropriation act is passed,
which is invariably below the total originally requested, we are forced to
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Mr, Wilfred H, Rommel, OMB
Enrolled Bill HR. 13999

divert from programs not subject to minimum expenditure requirements

to make up the difference between the budget estimate and statutory
minima. The result of these two effects is that some important science

is penalized in order to over-support other programs initially considered
less important. The Foundation is further constrained by the introduction
in its appropriation acts of specific maximum expenditure limits as well

as minimum expenditure limits which differ from those in the authorization
act, These limits exacerbate the effects of the minimum limitations con-
tained in the authorization act by further distorting the balance and inter-
relationships of our programs,

Another provision which we have had in authorization acts for the last three
or four years is found in Section 6 of H, R. 13999, This provision limits the
. transfer of funds from one of the 12 line-items to another to ten percent of
the transferree or ten percent of the transferor item whichever is less,
Provision is made for a formal request to the Congress for transfers in
greater amounts, However, to effect a transfer a report with justification
for the requested transfer must be transmitted to the Speaker of the House
and the President of the Senate, as well as to the NSF Oversight Committees
in both Houses. If no action is taken by either Committee within 30 days,

or if specific approval i8 given sooner, then the transfer can be effected.

Despite the existence of these statutory minimum requirements and the
limitation on transfer of funds between line-items, we recommend that
the President approve H.R. 13999,

Because the Enrolled Bill, H.,R, 13999, and H,R. 15572 (the Appropriation
Enrolled Bill) contain differing minimum and maximum requirements and
dollar amounts, it is very important that the President approve H.R. 13999
first, and that he approve H, R, 15572 on a day following approval of

H.R. 13999,

A section-by-section comparison of the Enrolled Bill and the Administration
Bill, H, R, 12816, is enclosed,

well J. Paige
cting Director
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August 27, 1974
SECTION BY SECTION COMPARISON

ENROLLED BILL H.R. 13999 ADMINISTRATION BILL H.R. 12816

~Section 1: This section authorizes by line Section 1: This section authorizes NSF
item amounts (12 line items). NSF appropri- appropriations for FY 1975 in the
ations for FY 1975 totalling $807.5 million. amount of $783. 2 million (with no

line item amounts).

Section 2: This section sets minimum amounts

to be available for certain NSF programs, as No comparable section. =

follows: Of the total amount authorized under -
. §1 of the Enrolled Bill, not less than $10

million for ''Institutional Improvement for

Science, " not less than $15 million for

"Graduate Student Support, ' and not less than

$70 million for "Science Education Improve-

ment;' of the amount authorized in §1(2),

'""National and Special Research Programs,"

not less than $1.6 million for ""Experimental

R&D Incentives' and not less than $4 million

for "Ship Construction/Conversion;' of the

amount authorized in §1(6), "RANN", not less

than $1 million for "Fire Research' and not

less than $8 million for "Earthquake Research

and Engineering;" and of the amount authorized

in §1(10), "Science Education Improvement, "

not less than $1.5 million for "Science Faculty

Fellowships for College Teachers, ' not less than

$3.8 million for "Student Programs" (including

"Undergraduate Student Projects' and "Student

Originated Programs'') and not less than $2

million for "High School Student Projects."

See §5, below. Section 2: Identical to §5 of the
Enrolled Bill,

Section 3: This section permits appropri- Section 3: Identical to §3 of the

ations made pursuant to the Act to be used Enrolled Bill.

in amounts not to exceed $5, 000 for
official consultation, representation, or
other extraordinary expenses, to be
expended at the discretion of the Director.
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SECTION BY SECTION COMPARISON (cont'd) 2.

ENROLLED BILL H.R. 13999

Section 4: This section authorizes, in
addition to funds authorized by section 1,
~an authorization not to exceed $5 million
for FY 1975 for expenses of the Foundation
incurred outside the United States, to be
financed from foreign currencies which are
determined to be in excess of the normal
requirements of the United States.

~ Section 5: This section provides that
appropriations made pursuant to sections
1 and 4 shall remain available for obli-
gation and expenditure for the period of
time specified in appropriations acts.

Section 6: This section provides that no
funds may be transferred to or from any
line item listed in section 1 from or to any
other line item in section 1 if the total so
transferred would exceed 10% of either,
unless:

A. 30 legislative days have passed after
the Director has notified, in writing,
the Speaker of the House, the Vice
President, and the Senate and House
NS F Authorization Committees of the
nature of the transfer and the reason

- therefor, or

B. each authorization committee, before the

above 30 day period expires, has

notified the Director in writing that the
Committee has no objection to the proposed

action.

Section 7: The Director of NSF is required

to keep the NSF Congressional oversight
committees ''fully and currently' informed
of all NSF activities.

Section 8: This section cites the title of
the authorization act, '""The National
Science Foundation Authorization Act,
1975,

ADMINISTRATION BILL H.R. 12816

Section 4: Identical to §4 of the

Enrolled bill.

Section 2: Identical to §5 of the

Enrolled Bill,

No comparable section.

No comparable section.

Section 5: Identical to section 8 of
the Enrolled Bill.



THE GENERAL COUNSEL OF THE TREASURY
WASHINGTON, D.C. 20220

AUG 23 1974

Director, Office of Management and Budget
Executive Office of the President
Washington, D.C. 20503

Attention: Assistant Director for Legislative
Reference

Sir:

Your office has asked for the views of this Department -
on the enrolled enactment of H.R. 13999, "To authorize
appropriations for activities of the National Science Foundation,
and for other purposes."

The only provision of the enrolled enactment of interest to
this Department is section 4 which would authorize the
appropriation of not to exceed $5 million for expenses for
the National Science Foundation incurred outside the United
States to be paid for in foreign currencies which the Treasury
determines to be excess to the normal requirements of the
United States.

The Department would have no objection to a recommendation
that the enrolled enactment be approved by the President insofar

-as section 4 is concerned.

Sincerely yours,"

o I s

General Counsel




AUG 20 1974

Director, Office of Management and Budget
Executive Office of the President
Washington, D.C. 20503

Attention: Assistant Director for Legimlative
Refereance

84y

Your office has asked for the views of this Department %
on the enrolled ensctment of H.R. 13999, "To suthorize T R

sppropriations for aetzviazoa of the National Science Poundstion, mm%ﬁﬁa.

and for other purposes.”

The only provision of the enrolled snactment of interest to
this Department is section 4 which would authorize the
appropriation of not to exceed $5 miilion for expenses for
the National Scisnce Foundation ineurred cutside the United
States to be paid for in foreign currenciss which the Treasury
detsxmines to be oxcess to the normal requirsments of the
United States.

The Department would have no objection to a racommendation
that the snrolled snactment be approved by the Preaident insofax
as section & is econcernad,

Sincerely yours,
" ®, Alprechb’

s T T O )
{93 R R N i
\ \ - .

General Counsel







THE WHITE HousE
WASHINGTON

8/28/74

TO: _WARREN HENDRIKS

Robert D, Linder






THE WHITE HOUSE

WASHINGTON

September 3, 1974

FROM: WILLIAM E. TIMMONS%W\

SUBJECT: Action Memorandum - Log No.
Enrolled Bill H. R, 13999 - NSF appropriation
authorization, 1975,

MEMORANDUM FOR: MR. WARREN HENDRIKS \,/\, ,(
548

The Office of Legislative Affairs concurs in the attached
proposal and has no additional recommendations.

Attachment



THE WHITE HOUSE

ACTION NMEMORANDUM WASHINGTON .- LOG KO.: 548
Date: August 29, 1974 Time: 10:00 a, m,
FOR ACTION: Mich Duval cc (for information): Warren K. Hendriks
Byl Buchen Jerry Jones
ill Timmons

FROM THE STAFT SECRETARY

DUE: Date:

Tuesday, September 3, 1974 Time: 2:00 p.m,

SUBIECT:

Enrolled Bill H. R, 13999 - NSF éppropriation authorization,
1975 ‘

s
ACTION REQUESTED:
e For Neceszory Action XX For Your Recommendations
— . Prepare Agendc and Brief — Draft Reply
— For Your Comments - Draft Remarks

REMARKS:

Please return to Kathy Tindle - West Wing

PLEASE ATTACH THIS COPY TO MATERIAL SUBMITTED.

If you have any guestions or if you anficipcie a
e ES

delay in submiiting the required matericl, please

telephone the Staff Secreiary immediately.

Warren K. Hendriks
“For the President




THE WHITE HOUSE

ACTION AMEMORANDUM WASHINGTON LOG NO.: 548

Date:  August 29, 1974  Time: 10:00 a. m,

FOR ACTION :%el Duval cc (for information): Warren K, Hendriks
hil Buchen Jerry Jones

Bill Timmons

FROM THE STAFF SECRETARY

DUE: Date: Tuesday, September 3, 1974 Time: 2:00 p.m,
SUBJECT: Enrolled Bill H, R, 13999 ~ NSF appropriation authorization,
1975 ‘

ACTION REQUESTED:

——_ For Necessary Action XX For Your Recornmendations
— . Prepare”Agenda and Brief Draft Reply

~—— For Your Comments oo Draft Remarks

REMARKS:

s s
MY é.

Please return to Kathy Tindle - West Wing

PLEASE ATTACH THIS COPY TO MATERIAL SUBMITTED.

If you have any guestions or if you anticipate a

delay in submitting the required matericl, please W K. Hendri
arren K. Hendriks

telephone the Staff Secreiary irnmedialely.
P rary s Y ‘For the President




THE WHITE HOUSE
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ACTION MEMORANDUM WASHINGTON LOG NO.: 548
Date: Augui?/ﬂa?zi Time: 10:00 a. m.,
FOR ACTION: ichael Duval cc (for information): Warren K, Hendriks

Phil Buchen Jerry Jones
Bill Timmons

FROM THE STAFF SECRETARY

DUE: Date: Tuesday, September 3, 1974 Time: 2:00 p, m,
SUBJECT: Enrolled Bill H. R. 13999 - NSF appropriation authorization,
1975

ACTION REQUESTED:

wroer. For Necessary Action XX For Your Recommendations
— Prepare Agenda and Brief — Draft Reply
—— For Your Comments _____. Draft Remarks

REMARKS: @ lz W . %M ’//

27

Please return to Kathy Tindle - West Wing

PLEASE ATTACH THIS COPY TO MATERIAL SUBMITTED.

If you have any questions or if you anticipate a o

delay in submitting the required material, please

telephone the Staff Secretary immediately. Warren K. Hendriks

For the President



93p CoONGRESS HOUSE OF REPRESENTATIVES ReporT
2d Session No. 98-995

AUTHORIZING APPROPRIATIONS TO THE NATIONAL
SCIENCE FOUNDATION

APRIL 15, 1974.—Committed to the Committee of the Whole House on the State
of the Union and ordered to be printed

Mr. TeaGuUE, from the Committee on Science and Astronautics,
submitted the following

REPORT

together with
ADDITIONAL VIEWS

[To accompany H.R. 13999]

The Committee on Science and Astronautics, to whom was referred
the bill (H.R. 13999) to authorize appropriations for activities of the
National Science Foundation, and for other purposes, having con-
sidered the same, report favorably thereon without amendment and
recommend that the bill do pass.

PURPOSE OF THE BILL

The purpose of the bill is to authorize appropriations to the Na-
" tional Science Foundation for fiscal year 1975 in the amount of $783.2
million out of money in the Treasury not otherwise appropriated and
$5 million in foreign currencies which the Treasury Department de-
termines to be excess to the normal requirements of the United States.



CONTENTS

Summary of committee recommendations .. ... ___________._____________
NSF funding history . __ . e ___
Explanation of budget categories_ ___________________________________
1. Scientific research project support..__________________________
Atmospheric sciences - _______________ . ___._______ -

Earth sciences___. . _____ . __ . ______ .. ___
Oceanography____ . __ o _______
Biological seiences. ... _____ . _________________________.
Physics. e
Chemistry . _ . e ._
Astronomy .. _ ___ .
Mathematical seiences . _ _ .. ______ .. ___.________.__

Social seiences_________________________________.._____.
Engineering . .. _____ . ___
Materials research__ . ______________________________.__.
Computing activities_ ______._____________.___________.__

2. National and special research programs.________________ N
Global atmospheric research program (GARP).___________
International decade of ocean exploration. __.___.__________

Ocean sediment coring program . _____.._.__..___.____.___

Arctic research program._ ______________________________.

U.8. Antarctic research program____________ ___________.
Oceanographic facilities and support ... __________________
Science and technology policy research_ ... _______________
Energy R. & D. policy research_._____._________.________
National R. & D. assessment program___________________
Experimental R. & D. incentives program...______._______.

3. National research centers. .. _____ . _________________________
National Astronomy and Ionosphere Center..._.__._______

Kitt Peak National Observatory (KPNO)._.______________

Cerro Tololo Inter-American Observatory (CTIO)_________
National Radio Astronomy Observatory. _________________
National Center for Atmospheric Research ________________
National Scientific Balloon Facility.______________________

4. Science information activities. . _____________________________
Research_____ ... ________ L _______.__
National information systems . ... ___________________.____

User support - . . .
Foreign science______ . __ ______________________________.

5. International cooperative science activities_ __ _________________
Cooperative science program_ __ ________________________.
Scientific organizations and resources program_ __ __________
International travel program. ___________________________
Support for special foreign currency projeets_ _ __ ____.______

6. Research applied to national needs.____________._____.________
Energy research and technology_ _ .. _____________________
Environmental systems and resources._ ... _______________
Advanced technology applications_ . _.______________._____.

Social systems and human resources .. _____ __._____________
Exploratory research and problem assessment__ . __________
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SUMMARY OF COMMITTEE RECOMMENDATIONS

BUDGET REQUEST

The President’s budget included a request for $788.2 million for the
National Science Foundation. This represents an increase in the Foun-
dation’s budget over F'Y 1974 obligations of $142.0 million, the bulk of
which is associated with new initiatives in energy-related research
and development.

COMMITTEE RECOMMENDATIONS

The Committee on Science and Astronautics recommends that the
full amount of the anthorization request, $788.2 million be authorized.
H.R. 13999 authorizes that sum, but with certain adjustments within
the twelve budget categories.

INCREASES IN BUDGET CATEGORIES

Reflecting the Committee’s desire to adjust the priorities reflected
in the recommended budget, the following increases in five of the
twelve line items contained in Section 1 of the bill were made:

Science Education. The Committee added a total of $15 million
to the three line items covering science education. This increase is
distributed as follows: for Institutional Improvement for Science,
an increase of $7 million bringing the total to $10 million ; for Gradu-
ate Student Support an increase of $.5 million, bringing the total to
$13.2 million; and for Science Education Improvement an increase
of $7.5 million, bringing the total to $68.9 million.

Experimental R. & D. Incentives. The Committee increased the pro-
gram category “National and Special Research Programs” by $1.2 mil-
lion 1n order to provide $2.2 million for the Experimental R. & D. In-
centives Program.

Science Information Activities. The Committee restored $3.3 mil-
lion to this category bringing the total authorized to $8.3 million.

DECREASES IN BUDGET CATEGORIES

To offset the increases which total $19.5 million, the Committee made
the following reductions which also total $19.5 million in two of the
line items:

Scientific Research Projects. The request for this program category
was reduced by $9.7 million to $354 million. This leaves an increase in
th_eil'Scientiﬁc Research Project Category over last year of $62.7
million.

Research Applied to National Needs (RANN).The request for this
program category was reduced by $9.8 million to $139.1 million. This
leaves an increase in the RANN category over last year of $64 million.

(1)
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MINIMA FOR HIGH-PRIORITY PROGRAMS

The Committee, in order to insure that certain program activities
which are judged to be of high priority be funded, placed the minima
in the amounts shown on the following items:

Millions
Institutional improvement for science___ —— $10.0
Graduate student support-- - - 13.2
Science education improvement e 68.9
Experimental R. & D. incentives.. .- 2.2
Fire research e m—————— _ 20
Science faculty fellowships e 1.5
College student science education.-_ e ——— e e 3.8
High school student projects. o oo _ 20

NSF FUNDING HISTORY

The history of authorizations and appropriations for the NSF in
the previous 5 years is contained in the table below:

NATIONAL SCIENCE FOUNDATION FUNDING HISTORY

[in millions of dollars]

Fiscal years—
1970 197 1972 1973 1974 1975
Authorizations:
Administration request_____..___ 1490,000 2500.000 1622.000 3653.000 1582.600 11788.2
House committee recommenda-

£ION. oo e 1480.605 2527.630 1622.000 3680.800 1612.9 11 788.2
House authorization______._.___. 1480.605 2527.630 1622.000 3680.800 1612.9
Senate committee recommenda-

tion i 1490.150 2550.000 1706.500 3727.000  1646.1
Senate authorization_______. 1490.150 2550.000 1706.500 3727.000  1646.1
Total authorization______.__ 1480,605 2539.730 1655500 3703.900  1635.6 -

Appropriations: 4
Administration request 1500.000 2513,000 15623.150 210687.318 1582.600 11788.2
House committee recommenda-

L 2420.000 2497.060 1585000 37652.320 1564.6 . __.______.
House appropriation__.__________ 2420.000 2497.000 1585.000 37652.320 15646 __.o__._._-
Senate committee recommenda-

0N e 1461,000 2513,000 1623.150 38633,160 1594.6
Senate appropriation TT 161,000 2522.500 1648.150 38639.160 1594.6
Total appropriation__._._.__ _ 2440.000 2513.000 1622.000 39645.740  1569.6

Obligations___ ... __.___.____._- 2462.618  2496.400 1600.720 ¢9615.000 12577.4

1 Includes $3,000,000 excess foreign currency.

2 Includes $2,000,000 excess foreign currency.

3 Includes $7,000,000 excess foreign currency.

4 Includes national sea grant program obligations: fiscal year 1970, $8,974,000; fiscal year 1971, $13,188,000; fiscal year
1972 and following: None.

5 Greater than authorization request due fo Federal salary increase of $1,150,000.

6 Includes $5,000,000 excess foreign currency.

7 Includes $26,320,000 for 4 Antarctic airplanes in supplemental.

8 Includes $13,160,000 for 2 Antarctic airplanes in supplemental.

9 Includes $19,740,000 for 3 Antarctic airplanes in supplemental.

1¢ {ncludes $1,418,000 due to Federal salary increase, and $32,800,000 for 5 Antarctic airplanes in supplemental.

11 Includes $5,000,000 excess foreign currency.

12 Includes $3,000,000 excess foreign currency plus $2,657,000, prior year carryover in this category.

EXPLANATION OF BUDGET CATEGORIES

1. SCIENTIFIC RESEARCH PROJECT SUPPORT..... _.__...__. $354, 000, 000
Authorization, fiscal year 1975

Atmospheric Sclences . __ 14, 200, 000
Earth Sciences .. ____________________ — 13: 300' 000
Oceanography _. _ 15, 500, 000
Biological Sciences --__...._..___._____ __ 83,100, 000
Physies - 43, 600, 000
Chemistry _...__ e et e e e e e 36’ 100’ 000
Astronomy  ______________________TTTTTTTTTTTTTTTTTTTTTTTTTT 11, 200, 000
Mathematical Sciences . e e 16, 600’ 000
Social Sciences . 28’ 300’ 000
Engineering __. . _______ e 36, 900, 000
Materials Research _______________ —— 44’ 200, 000
Computing Activities ___._ e e e 11: 000: 000

Total e 354, 000, 000

The major objectives of the Scientific Research Project Support
(SRPS) program are to strengthen the scientific research potential
of the Nation, to promote the progress of science, and to help to pro-
vide the broad base of scientific understanding needed to address
major problems confronting the Nation such as energy, environmental
quality, and others. These objectives are achieved by supporting a sub-
stantial portion of the Nation’s fundamental research in the various
fields of science.

The Scientific Research Project Support program serves to:

Augment our stock of knowledge and understanding of natural
laws and phenomena, fundamental life processes, fundamental
processes that influence man’s environment, and the forces im-
pacting on man as a member of society, as well as on the behavior
of his societies.

Support a general purpose national capability in all fields of
science by providing for continuing research on the frontiers of
knowledge, by modernizing instrumentation, and by developing
research resources. '

In FY 1975 the Scientific Research Project Support activity will
provide support for the physical, environmental, biological, engineer-
Ing, computing, and social sciences. In each of these scientific areas
special attention will be given to that fundamental research that shows
promise of augmenting our knowledge of energy sources, processes
and uses. ’ ,

The basic reason for support of scientific research projects is to
augment our stock of knowledge and keep our country in the forefront
of human understanding, so that it will be better able to deal with the
changing problems of a modern industrialized society. Such knowl-
edge is a fund of capital from which information can be drawn for
applications leading to future payoffs and the avoidance or mitigation

(3)
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of mistakes in all fields of human endeavor. Scientific .res,earch 18
undertaken to expand the general competence of the Nation’s people
to use and live with nature, and to obtain the answers to specific
questions regarding natural and social phenomena. Studies of phe-
nomena, whose understanding has some potential for improving our
discovery, production and thoughtful utilization of energy, are among
the specific questions addressed in this research program.

While scientific research is undertaken to answer questions about
phenomena and unknowns in man’s natural and social environment,
new knowledge is also relevant to his present and future needs. New
products, new processes, and new applications do not emerge full
grown. Basic science is a long-term investment in the national welfare
and has a continuing payoff. Some short-term payoffs result, but more
important are the longer-term payoffs that result from the accumula-
tion of permanent additions to our stock of knowledge. These payoffs
are founded on new principles and new conceptions which in turn are
painstakingly developed by research in basic science. ]

Fundamental research is important not only to provide solutions to
some specific or general class of scientific problem, but also to increase
the options that decision makers can apply in the future.

The National Science Foundation is the only Federal agency charged
with maintaining the general overall health of the science enterprise
of the United States. The Scientific Research Project Support activity
provides support for the most outstanding research proposals sub-
mitted from universities, colleges, and other research oriented institu-
tions located throughout the U.S. The individual scientists and groups
of scientists provide an effective capability to capitalize on new scien-
tific understanding, to be ready for the new problems the future will
bring, and to exploit new scientific knowledge generated throughout
the world. Because of this strong research base we are in a position to
expand our short and long range efforts on 1important energy-related
problems. o ] .

The FY 1975 Budget for Scientific Research Project Support 1s
based on a considered judgment on opportunities and priorities identi-
fied by the National Science Board and the scientific community which
have been evaluated in the light of recent Administration and Con-
gressional guidance, These considerations have served to emphasize the
priority of Scientific Research Project Support as a whole and have
helped establish current priorities among the various fields of science.
Among the considerations were important needs for more fundamental
research to help solve energy-related problems, new and unusual scien-
tific opportunities, and the problems of maintaining a high quality
of research in the several disciplines on a national scale as the shorter
range needs of other agencies for research in these disciplines change.

The fundamental inquiries undertaken through general research
have a key role to play in the Administration’s goal of achieving a
national self-sufficiency in energy requirements. Research efforts will
be conducted which have potential relevance toward solving both
short-term and long-term energy-related problems. The long range m-
vestment of energy-related general research to be supported in this
program complements our shorter range efforts. Such research will
open up new options. Existing technologies cannot keep up with the
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habits and demands of the population. We cannot afford to gamble
that either our short- or long-term energy needs will adequately be
covered by even the most clever use of presently known materials and
processes.

Several technologies for energy which are “nearly” developed still
depend crucially on a few pieces of information or on special materials
not now available. Other processes depend on discoveries which we
hope will be made in the course of a planned research program. A re-
liable coal liquefaction program, for example, cannot be developed
without concurrent vigorous studies of catalysis, organic chemistry,
sulphur chemistry, chemical kinetics, thermodynamics and materials.
Fusion reactors depend on behavior of plasma under conditions not
yet established in the laboratory. We must increase our understanding
of the behavior of people under various kinds of incentives or regula-
tions and different types and supply of energy. Furthermore, we must
mcrease our understanding of the impacts of various energy supply
and utilization patterns on world economic, ecological, and environ-
mental systems. ’

While the Scientific Research Project Support activity supports re-
search usually related to many objectives, a more selective approach
will be used in FY 1975 to orient some of the research to those inquiries
evaluated as most likely to have a potential impact or promise on
energy resource discovery, production, conservation and use. Parallel
research will be conducted on environmental effects.

Energy-related general research support in this Budget Activity
will be directed to the following areas as recommended in the report
to the President, The Nation’s Energy Future: Materials research;
chemical, physical, and engineering studies bearing on energy; basic
biological research; plasmas; mathematical and social studies; pol-
lutant characterization, measurement, and monitoring ; environmental
transport systems; and environmental effects and assessment.

Today’s strong technology has been made possible by research done
years ago. The future health of the nation’s economy depends on an
appropriate investment in research today. : .

The various modes of research support include: grants supporting
individual scientists, coherent area groups, large-scale organized proj-
ects, instrumentation centers and biological research collections: and
support provided for visiting scientists at National Research Centers.
The more aggregative modes of research support are utilized when
the nature of the science makes team or organized approaches bene-
ficial. Also many grants to individual scientists enable them to utilize
the facilities of observatories, accelerators, and other laboratories. Re-
search by individual scientists is expected to continue to be the major
type of research support because of its appropriateness for much of
the science proposed, its inherent flexibility, and its broad suitability
to the academic environment.

The Scientific Research Project Support program in FY 1975 will
provide $354.0 million in research projects to extend scientific under-
standing. In FY 1975 some 4,500 research projects will have shown
such progress as to warrant continuation. About 35 percent of the
program or some 2,500 new research efforts will be initiated. Each year
as projects are completed some older and less competitive facilities are
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also phased out. In this way the program is geared to the continual
production of new knowledge. Some recently completed research proj-
ects are listed in the sections that follow along with new program
thrusts and emphases.

The 6,790 research grants to be awarded in FY 1975 will support
5,500 scientific man-years and about 8,700 graduate students. In addi-
tion some $28.6 million will be provided for purchase of permanent
equipment and modern instrumentation.

At present, support of projects by the Scientific Research Project
Support activity 18 concentrated in academic institutions and in cer-
tain non-profit research institutions which function essentially as a
part of the academic science community. Most of the research sup-
ported is basic in character, although a few research projects of a more
applied nature are also supported, especially in disciplines such as en-
vironmental science and engineering, where the boundary line between
basic and applied research 1s even less definite than that in most areas
of science. Even here, however, the Scientific Research Project Sup-
port program generally supports research for application to a class of
problems, not for a solution to a specific problem.

Although most industrial research is more directed to product de-
velopment rather than to the fundamental and methodological research
supported in this Budget Activity, every effort is being made, through
such instruments as workshops and conferences, to insure that re-
search, in such areas as engineering, include studies of unknowns and
problems that industry foresees but does not find profitable to study
currently because of pressures for immediate and near term payoffs.
Furthermore, efforts will be undertaken to expand industrial par-
ticipation in energy research both because of energy’s direct importance
to industry and because of certain special capabilities applicable to
energy problems.

The National Science Foundation’s activity of Scientific Research
Project Support for 1975 helps to achieve the important national ob-
jectives of science previously stated. The activity also helps accom-

lish specific research goals that have been identified by the National
gcience Foundation and the scientific community for the various
major science disciplines. These goals are set forth in the detailed state-
ments that follow.

ATMOSPHERIC SCIENCES _____ . $14, 200, 000

The objective of the Foundation’s Atmospheric Sciences research
program 1s to build a base of fundamental knowledge about the atmos-
phere to encompass the entire range of atmospheric phenomena. Re-
search includes studies of the atmosphere from the surface of the sun
to the surface of Earth as well as the atmosphere of other planets.

In FY 1975, the research emphasis in the lower atmosphere will con-
tinue to be on the dynamics of regional scale weather and the physics
of clouds including some energy related reseach. In the upper atmos-
phere, research will begin on work related to the International
Magnetospheric Study proposed for 1976-79. The International Mag-
netospheric Study (IMS) is a developing international cooperative re-
search effort designed to gain a thorough understanding of the dynam-
ical processes operating in the plasma and field environment of the
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earth. The IMS would be a broad scale coordinated research program
of observatloqs made from the ground, aircraft, balloons, and rockets.
As a cooperative interdisciplinary program, IMS would constitute by
far the largest element in the total effort in Solar Terrestrial research
for the rest of the decade.

_ Considerable atmospheric sciences research is energy related. Addi-
tional climatological research efforts are needed for better utilization
of our natural systems as energy sources. The climatic effect of air
pollutants is a long-term problem about which there is much discus-
sion and speculation. The perturbation caused by man-made pollutants
may well be an important item. One of the critical assessments of
environmental concern for decision making regarding energy is that
of regional climatic trends. More must be known of the most effective
ways to use improved weather prediction for energy use. Research
studies are required on the turbulent mixing in the atmosphere and in
the oceans, variations in solar radiation, and the reduction of solar
input by clouds and precipitation.

Aeronomy

. The objective of the Aeronomy program is to develop an understand-
ing of the upper atmosphere of the earth and the other planets. In the
upper atmospheric region the ionosphere controls radiowave propaga-
tion, spectacular displays of northern lights occur, and the night sky
glows. To gain understanding of the many complex physical phe-
nomena involved, the program supports a broad spectrum of labora-
tory, theoretical, and field studies, involving processes of ionization,
recombination, chemical reaction, photoemission, and transport. In-
vestigations of atmospheric composition and plasma instabilities are
supported. Funds are provided for research on the coupling of the
%)orllosphere to the magnetosphere above and to the denser atmosphere
elow.

Meteorology

The Meteorology program supports a broad spectrum of research on
the dynamics, physics, and chemistry of the lower atmosphere and
stratosphere. The objective of the Foundation’s Meteorology program
is to increase fundamental knowledge on the behavior of the lower
atmosphere and the stratosphere of the earth and the atmospheres of
other planets. Studies in the related fields of fluid dynamics, chemical
reactions, remote measuring techniques, radiative transfer and nuclea-
tion are also supported when the results will clearly be applicable to
the advancement of our knowledge of the behavior of the lower
atmosphere.

. The program supports studies of cloud physics including the mecha-
nisms of rain, snow, and hail formation and of lightning production.
The major reason for the increase in FY 1975 is to strengthen the na-
tional program in cloud physics research by university groups. Sev-
eral cloud physics programs that previously were funded under
weather modification projects will be included.

The Meteorology program also supports several energy-related
studies. Examples are the chemical studies involving sulphur dioxide
reaction, the formation of aerosols, and the global increase in trace
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gases such as carbon dioxide. Also energy-related are climate studies,
including both global and regional climate. Understanding the basic
mechanism of climate change is an important factor for predicting
energy requirements and water availability.

Solar-Terrestrial

Solar-terrestrial research is concerned with the particle, field and
radiation environment of the sun and earth, their origin, interactions,
and the dynamical processes involved. The objectives of this research
are:

To achieve a physical understanding of the quiet and disturbed
sun, its transfer of matter, energy, and fields into interplanetary
space, and the resultant effects on the terrestrial environment.

To increase the level of quantitative knowledge about the cause-
and-effect relationships among the dynamical processes which oc-
cur in the earth’s magnetosphere, its coupling to the ionosphere
below and to interplanetary space above.

To utilize the earth’s magnetosphere as a unique space labora-
tory for observing fundamental plasma processes which are diffi-
cult to simulate in terrestrial laboratories.

EARTH SCIENCES_ e $13, 300, 000

The earth is limited in size and total resources. We must, therefore,
conserve and utilize its resources for the benefit and survival of man.
Research in the earth sciences is predicated on the principle that the
more we know about the earth the better we will be able to use it with-
out destroying it or making it uninhabitable. Thus, the objective of the
Earth Sciences program is to provide a better understanding of our
planet, for both scientific and very practical reasons. )

During the past few years, the science of geology (or Earth Sci-
ences) has undergone a major revolution. Commonly referred to by
terms such as “sea-floor spreading” or “plate tectonics,” this revolu-
tion has provided us for the first time with a working model for the
earth as a whole, with a working hypothesis of how the major features
of the earth’s surface have been formed and changed, why mountains
are where they are, how they relate to earthquake zones and ore de-
posits and, more importantly, a possible key to the basic driving forces
that regulate the dynamic processes affecting the outer crust of the
earth. The concept has enormous scientific and economic potential to
explore the origin and locations of earthquakes, volcanoes, faulting,
and the formation of mineral deposits.

This concept holds that the earth’s outer shell is made up of a small
number of very large plates that move relative to each other. They
diverge at ocean ridges where new material rises from the depths to
fill the void. In areas like Alaska they collide and the old lithosphere
is underthrust. In California they slide horizontally against each other.

Recognizing the potential of this new theory, the International
Union of Geodesy and Geophysics (IUGG) and the International
Union of Geological Sciences (IUGS) joined in 1970 in proposing an
international scientific effort, the International Geodynamics Program.
This program has been endorsed by the International Council of
Scientific Unions, and some 45 nations are participating.
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Because the new plate tectonics theory (and the International Geo-
dynamics Program) involves the most fundamental bases of geologic
thinking, it is all-pervasive in the Foundation’s Earth Sciences pro-
gram, and is easily subsumed under the old rubrics such as structural
geology, earthquakes, ore deposits, volcanism, etc. But the focus of
many projects is now on how these studies fit or do not fit the new
theory, where the theory is accurate, and where it misses the mark.

_ The plate tectonics theory has given us a fundamental understand-
ing of the global aspects of earthquakes. This new knowledge, coupled
with a rapidly increasing knowledge of the mechanism of earth-
quakes and the properties of rocks has rekindled optimism that it may
someday be possible to predict earthquakes accurately.

~Much of the current Earth Sciences program is related to the inves-
tigation of phenomena that bear on the plate tectonics theory. About
$2.5 million is so directly focused on major components in FY 1974
that it can be considered a part of the proposed U.S. International
Geodynamics Program. $1.9 million of the increase for the FY 1975
program will be used almost entirely in support of new projects that
also would be suitable for a possible International Geodynamics Pro-
gram plus projects in the closely related field of earthquake study
and prediction.
_ Research in the earth sciences contributes to the energy program
in providing a better understanding of vital energy-related environ-
mental problems (i.e. the siting of dams and power plants, transport
of pollutants through the near surface environment) as well as con-
tributing to a fundamental understanding of the occurrence of such
natural energy resources as fossil fuels and geothermal energy.

_The Foundation’s research program in the Earth Sciences is sub-
divided into three programs, Geology, Geochemistry, and Geophysics.
These three subfields are parts of an integrated whole, all of which is
pervaded by the new plate tectonics theory.

Geology

. The objective of the Foundation’s Geology research program is to
increase understanding of the rocks of the earth’s crust and the proc-
esses that formed them. The studies range from investigations of the
most ancient rocks in the centers of continents to modern environments
along present-day beaches, rivers, glaciers, and volcanoes. An increas-
Ing emphasis in geological research is on studies providing data of
direct bearing on the testing of plate tectonics theory.

. The Geology research program also supports a varlety of investiga-
tions that attempt to model or duplicate in the laboratory certain
natural geological phenomena. Such research is aimed at gaining a
better uhderstanding of complex and important environmental prob-
1ertr}s such as, for example, those involving stream erosion and sedimen-

ation.

Many of the Geology program field-oriented studies bear impor-
tantly on problems involving our natural resources—where ore de-
posits occur, why they occur where they do, and how they came into
being. In addition, studies of modern and ancient environments are
revealing a fundamental understanding of natural energy resources
by providing data not only with regard to ancient strata as energy
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reservoirs but also to processes by which certain materials (plant
debris) are transformed into energy resources (coal).

Geochemistry

The objective of the Geochemistry program is to apply chemical
theory and methods to problems in earth science, in order to determine
the compositions, ages, histories, and origins of natural materials, and
experimental studies in order to understand such problems as the
melting of rocks deep within the earth, the formation of ore deposits,
and the cycles of chemical species through the earth, Practical results
from these studies help to understand present-day volcanoes and geo-
thermal systems, to find and develop ore deposits, and to detect, trace.
and control hazardous pollutants in the biosphere.

Major progress in geochemical research has resulted from the spec-
tacular improvements in instrumental and analytical capability during
the past few years. Chemical elements whose concentration is less than
a part per million can now be measured and used as chemical tracers to
understand natural processes. Isotope ratios of elements can be de-
termined precisely enough to give accurate measurements of the ages
of rocks or of the temperatures at which they were formed. New ad-
vances in equipment design now allow scientists to reproduce in the
laboratory the pressures and temperatures prevailing deep within the
earth. Studies with such equipment will contribute to our knowledge
of plate tectonics.

The Geochemistry program supports basic studies which contribute
to energy utilization and pollution control: new instrumental tech-
niques for pollution analysis; studies of hydrothermal and ionic solu-
tions; transport of pollutants through the near-surface environment.

The Geophysics program supports research concerned with physical
properties of thesolid earth—its dimensions, structure, force fields and
dynamic processes. Interpretation of field magnetotelluric measure-
ments, seismic wave velocities, and of gravity and heat flow delineate
the structure and physical properties of the earth at depths below
which we cannot drill. Seismicity studies outline the plates that make
up the earth’s surface and trace the descending portions to great depths
beneath the surface. Magnetic studies determined the rate of sea floor
spreading whereas paleomagnetic studies determine the latitude and
orientation of the plates in the past. Laboratory studies of the physical
properties of earth materials at the pressures and temperatures exist-
ing deep in the earth are a necessary complement to field measure-
ments. Conduct of the above studies, which would constitute the heart
of the proposed International Geodynamics Program, is a major ob-
jective of the Geophysics program. . Lo

Earthquake research constitutes the second major objective of the
Geophysics program. Plate tectonic theory, together with rapidly in-
creasing knowledge of earthquake mechanisms and rock properties
now make earthquake prediction a possibility. )

Studies of continental heat flow, geothermal noise, magnetotelluric
studies in thermal areas, and volcanoes are fundamentally related to
the exploration for geothermal energy. In the environmental effects
area, seismicity and earth motion studies are directly related to the
siting of large dams, nuclear power plants and other such installations.

OCEANOGRAPHY ___ e $15, 500, 000
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The Foundation’s research program in Oceanography provides sup-
port for basic research projects that promote the understanding of the
origins of ocean basin features and marine life and that promote the
discovery of the natural laws that govern the movement and chemical
transformation of ocean waters and sediments. Physical Oceanog-
raphy research extends from mathematical description of global ocean
circulation down to small scale processes that determine the character
of bays and coastal ocean areas. Chemical Oceanography research
ranges from studies of processes in seawater to the basic chemical re-
actions mnvolved in man-made alterations of bays and harbors. Sub-
marine Geology and Geophysics cover the history of the ocean basin,
including sea floor spreading and plate tectonics, as well as processes
that produce mineral deposits. Biological Oceanography research is
concerned with analysis of food chain dynamics and ecosystem energet-
ics and studies of life cycles and ecology of individual species.

In Fiscal Year 1975, the oceanography research program will em-
phasize selected aspects of the various sub-fields. An increase in sup-
port is planned for studies of physical and chemical processes in coastal
areas. Support for studies of geological materials from polar regions
will also be increased. These increases represent an effort to build on
recent advances. The increases will also take advantage of recently ob-
tained samples of the cores obtained through the Foundation’s Deep-
Sea Drilling Project (Ocean Sediment Coring Program) and will per-
mit a greater scientific return from these valuable samples.

Adaptations of marine organisms to the high pressures in the oceanic
depths will be studied and new instruments will be developed to detect
and capture organisms living at mid-depths in the oceans.

An increase in support is planned for energy related basic research
and for studies of environmental effects. These studies will include
processes controlling pollutant movements, physical properties and
geochemistry of sediments, and biological effects of toxic substances.

Physical and Chemical Oceanography

Research activities in physical and chemical oceanography are con-
cerned with the physical properties, chemical composition and trans-
formations, and the movements of waters in the oceans and large lakes.

Specific objectives of this program are to support research on:

Physical processes of the ocean and air-sea interaction.

Physical and chemical processes in large lakes.

Chemical processes in seawater, involving naturally occurring
and man-made compounds.

Transport processes controlling thermal and other pollutants
in coastal and estuarine waters.

Submarine Geology and Geophysics

The research program in marine geology and geophysics seeks to
add to man’s understanding of the history of seawater and the ocean
basins, the sediment deposits in them, and of ancient marine life. Ma-
rine geophysical research contributes to the knowledge of the oceans,
ocean basins, and deposits using various physical techniques.
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The major objectives of this program are to provide support for re-
search on:

Physical, chemical, and biological processes involved in the
formation and alteration of the sediments of the ocean floor and
continental margins.

Crust and upper mantle in ocean basins with emphasis on plate
tectonics and interactions between the plates.

The correlations between variations in the geomagnetic field
strength, climatic variations, volcanic activity, and abrupt evolu-
tionary changes in marine micro-organisms.

Biological Oceanography
Biological oceanography supports basic research on the nature and
distribution of life in the ocean and marine ecosystems as well as
studies of interactions between organisms and the marine environment.
The objectives of this program are to support research on:
The kinds of organisms living in the ocean and their distribu-
tions, behavior, interaction, and nutrition.
Interactions between marine organisms and their environment.
Functioning of marine ecosystems and development of simu-
lIation models that can predict the behavior of marine ecosystems.
Rates and mechanisms of transfer of metals and other toxic
substances into organisms and adaptations and tolerances of
organisms and ecosystems to toxic substances and thermal stresses.

BIOLOGICAIL SCIENCES $83, 100, 000

The Biological Sciences program supports research and research-
related activities that have among their principal objectives:

Advancing understanding of the structure-function relationships
of biological molecules and their organization in cells which underlie
the activities of living organisms. Such studies are especially pertinent
for a full understanding of enzyme catalysis, energetics and
metabolism.

Advancing understanding of the properties and interactions of cells
and their changes with time. This knowledge is fundamental for pro-
viding insights into such complex problems as gene expression, the
immune response, neural behavior, and aging. .

Advancing understanding of organisms and their interactions and
organization at population, community and ecosystem levels. Insights
from this research are applicable to environmental pollution, food pro-
duction and the effective use of resources in energy production and
conservation.

Within the broad scope of the programs presented in the following
section, the environmental areas will receive a major increase in
funding for population biology, tropical ecology and evolution, the
biological bases for the control of pests, and research needed to assess
productivity and environmental impacts of energy production schemes.
The support of research collections and genetic stock centers will be
augmented. In the cell area, funding for biosynthesis, for assembly
and function of organelles and for work on plant, animal and human
cells will be increased. Major increases will be provided for research
on molecular studies of enzymes to extend our understanding of catal-
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ysis and on mechanisms of photosyntheses and energy capture and
utilization in plants and microbes.

Cellular Biology

The program emphasizes research which will augment our under-
standing of how cellular components are organized to form a coordi-
nated but flexible unit—the cell. We can think of different classes of
cells as being programmed to express certain capabilities. The broad
objectives are to understand these programmed capabilities and the
dynamic control of their expression. They are promoted through re-
search in three primary areas: Genetics, which emphasizes mecha-
nisms of genetic transmission and expression ; Developmental biology,
which focuses on mechanisms underlying cell changes in organisms as
they pass from the embryonic to adult state ; and Human Cell Biology,
which examines features of animal cells in culture with special em-
phasis on human cells.

Ecology and Systematic Biology

The program encompasses research to develop a thorough knowl-
edge of organisms, mechanisms of evolution, and ecological systems.
Essentially all of the research in systematics and ecology is oriented
toward understanding the ecosystem and hence underpins our knowl-
edge of environmental changes associated with energy production.

An effective policy of energy production and utilization must take
into account the many factors that operate in the ecosystem. Assess-
ment of the consequences of disturbing natural systems, changing the
physical environment, or introducing new or increased amounts of
chemicals must be based on a knowledge of the plants and animals
originally present and of the way in which these are influenced by
each other and by environmental factors. Knowledge presently avail-
able has proved to be inadequate, and will become increasingf; SO as
greater attention is given to solving the nation’s energy problem. Con-
sequently, an increase in the level of the collective research efforts
described below is required to provide the framework from which
energy and natural resource problems can be approached more
effectively.

In Systematics work will be done on the identification and charaec-
terization of biotic diversity and its classification into higher order
categories reflecting the evolutionary inter-relationships of organisms.
Objectives in supporting Systematics are to:

Continue balanced support of research within the spectrum
of organisms through descriptive, experimental, and populational
approaches.

Foster projects carefully designed to sample endangered biotas
including baseline descriptive accounts focused on improving en-
vironmental impact studies.

Expand the base of support for systematic collections and de-
velop a plan for their management and utilization at a national
level including increased use of electronic data processing in pro-
viding greater accessibility to the vast amounts of data available.

In General Ecology, an understanding of the interactions of com-
ponent species populations within various terrestrial and inland water

31-373 0 -74-2
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ecosystems is emphasized. This includes population ecology, com-
munity interactions, and regulation of populations within undisturbed
and/or man-modified environments. The objectives of general ecology
are to promote research on the :
Dynamic attributes of the component species populations; regu-
latory, behavioral, ecophysiological, and ecogenetic.
Interactions between species populations with regard both to
their biochemical basis and their adaptive significance.
Ecosystem dynamics, including the regulation of pest popula-
tions in agro-ecosystems, and responses of natural ecosystems to
manipulation, biogeochemistry, and paleoecology.

In ecosystem studies, data gathering and analysis center about those
things which together form systems—processes and variables in state.
Studies of state variables are oriented toward the quantification of the
amounts of commodities (e.g. nutrient elements, carbon, and water)
present in the system, and how they are partitioned among compart-
ments (e.g., plant and animal biomass, dead material, and soil water).
Process studies deal primarily with the manner and magnitude of the
flow of the commodities among the compartments and the physical and
biological constraints which mediate the flow.

Ecosystems are commonly classified according to their geographic
location, the most prominent vegetation, and the amount of water
present. The objectives of ecosystems research are to analyze the strue-
ture and function of individual ecosystems and compare diverse eco-
systems. From the study of system similarities principles will emerge
which form the core of ecosystem theory. Analysis of differences can
elucidate the nature and implications of specific adaptation and modi-
fication of component parts or entire ecosystems to meet the constraints
of a particular locale.

Molecular Biology
Molecular Biology is concerned with the chemical and physical prop-
erties and complex interactions of molecules involved in biological
function. At one end of the spectrum it deals with the isolated and
purified molecule, at the other with the aggregation of one or more
classes of molecules into complex structures in an attempt to under-
stand the mechanisms whereby cell structures achieve high degrees of
internal order and coordinated function. Knowledge from this class
of research relates directly to energy transduction and catalytic mech-
anisms used by living organisms and ultimately should find applica-
tion in the development of innovative energy-conserving processes.
The objectives of the program are to:
Acquire and interpret data to improve our understanding of the
chemical interactions of macromolecules.
Improve knowledge of biological catalysis, biochemical reac-
tions, and the energetics of the associated chemical change.
Advance instrumentation and analyses applicable to the study
of macromolecular systems.

Physiological Processes

Metabolism constitutes the sum total of all processes of living orga-
nisms involved in the building up and destruction of protoplasm. Each
of the two phases of metabolism is individually important, but the
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pathways and physiological mechanisms by which these processes are
integrated and regulated within cells and organisms remain an elusive
problem. Most metabolic processes involve chemical changes in which
energy is provided for reactions and/or synthesis of new materials
utilized in the repair of existing cells or the creation of new cells. En-
ergy is required also for such processes as growth, reproduction, move-
ment, etc. The broad objectives of the program focus on research which
has the greatest potential for contributing to our knowledge of the
physiological control and energetic processes associated with these
phenomena. Such knowledge is required to obtain the maximum net
energy yield from managed biological systems.

The adaptiveness and remarkable efficiency of biological systems can
be mimicked for innovative energy production and utilization schemes
only if adequately understood. Two key examples may be given: use
of biological nitrogenfixation can lead to reduced requirements for ni-
trogen fertilizers and therefore a consequent reduction in energy ex-
penditures required for the removal of nitrogen compounds which
accumulate in soil and water. Improved understanding of the basis
for differing efficiencies of utilization of solar energy by plants should
contribute to reduction in the energy required for agricultural produc-
tiomn.

Psychobiology and Neurobiology

How does a homing pigeon find its way home? How'does a rat
learn to avoid poisoned bait ? How different are the cognitive abilities
of apes from those of man? How can we solve problems requiring the
visualization of objects not physically present? How can we enhance
children’s learning abilities or the techniques used to teach them?
Increasing our knowledge of such behavioral phenomena is the objec-
tive of the Psychobiology program, which supports field and laboratory
research of human and animal behavior. Such research is leading to
exciting new conceptions of the psychological processes and physi-
ological mechanisms underlying behavior, of the genetic and environ-
mental determinants of behavior in the individual and in the species,
and of the role of behavior in adapting individuals to physical, bio-
logical, and social aspects of their environment.

Man has long been fascinated with the most complex, and probably
least understood of his bodily structures, the brain. Since virtually
all activities of the body are regulated or influenced by the nervous
system, a fundamental understanding of neural processes is of im-
mense importance. Neurobiology supports research which spans levels
of inquiry from the subcellular to the behavioral in order to acquire
such understanding. The diversity in the level of inquiry is reflected
in the broad array of methods and techniques, e.g., nuclear magnetic
resonance procedures, radiotracer and autoradiographic techniques,
as well as organ and tissue culture techniques, electron microscopy,
and spectroscopic techniques. New methods of surgical and lesioning
procedures, electrophysiological recording techniques, and microchem-
ical procedures have been developed. Despite this broad base, neuro-
biological research is coherent in its relatively narrow focus upon
neural functions.
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PHYSICS e e

The objective of the Physics research program is to continue to
increase knowledge and understanding of the basic properties of
fundamental forces and elementary constituents of matter. Emphasis
is placed on studies of the interactions of the very simplest constituents
of matter, as a basis for understanding larger and more complicated
systems. These studies range from the elementary few-body inter-
actions of particles and fields to the collective phenomena exhibited
by large aggregates of matter. The answers which these investigations
yield then provide the understanding of phenomena basic to advances

in other sciences, in engineering, and in technology, including energy-

related research.
A major increase in this program stems from increased support

for user groups at the National Accelerator Laboratory (NAL), the
Clinton P. Anderson Meson Physics Facility (LAMPF ), the Indiana
Cyclotron, the Columbia-Nevis Synchrocyclotron and the Bates Elec-
tron Linear Accelerator. Atomic physics research has spawned a few
large groups and institutes, each devoted to the various aspects of
one field, which will be supported. The Cornell Synchrotron will be
upgraded to 15 GeV and there will be improvements in the associated
on-line computing facility. Energy-related research will be substan-
tially increased.

Elementary Particle Physics

The objective of the Foundation’s program in Elementary Particle
Physics is to provide support for research directed toward under-
standing the most fundamental laws of nature which govern the be-
havior of particles and fields, the elementary constituents of all matter
and manifestations of energy.

The experimental study of three of the four basic forces which
underlie these fundamental laws—the strong, electromagnetic and
weak—involves the search for new fundamental particles, determina-
tion and classification of their characteristic properties, and uncover-
ing of the symmetry principles which govern their interactions. Ex-
perimentation in the field is highly dependent upon the availability
of very high energy particle probes for the study of particle structure
and interactions.

Intermediate Energy Physics

In prior years, this program was a part of the Nuclear Physics
program. Significant crystallization of interest in this field, and the
development of new major facilities such as the Clinton P. Anderson
Meson Physics Facility (LAMPF), the Bates Electron Linear Accel-
erator, the Indiana Cyclotron, and the Columbia-Nevis Synchrocyclo-
tron have created special opportunities for research which merits
separate program status beginning in FY 1975,

The availability of these new facilities with intense beams of
electrons, protons, mesons, etc., at intermediate energies, has opened
up new domains of research in fundamental laws of particle inter-
actions, nuclear structure and dynamics, and atomic structure. The
facilities have in some cases outgrown capabilities of a single uni-
versity and must be centered at national laboratories. Users groups
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from universities now work away from their own campuses at these
national or regional facilities. Requirements for support of users
groups at such facilities and for the direct support of facilities are
expected to increase considerably as they approach their optimum

operation level.

Nuclear Physics

The Nuclear Physics program supports the experimental study of
atomic nuclei and their interactions. The objective of this study is to
establish their relationships with the basic forces of nature. Nuclear
phenomena are rich in their diversity. Some are common to all stable
nuclei; others appear only in small subsets of nuclei. Some are evi-
dent at low excitation energies; others only at higher energies. In
order to understand the rules > verning such phenomena a panoply
of study methods must be used. The intrinsic complexity of nuclel,
i.e., their many-particle interactions via complex forces, often re-
quires that a given aspect of nuclear structure be viewed in di~ ‘rse
and complementary ways, if a definite understanding of the particular
process is to be obtained. This is an essential attribute of nuclear
physics investigations, and it explains the wide variety of nuclear
reactions brought to bear on specific nuclear excitations. Naclear
phenomena are also rich in their potential applications. The Nuclear
Physics program seeks to stimulate and encourage such applications.

Atomic, Molecular, and Plasma Physics

This program’s objective is to support research aimed at under-
standing the laws governing matter at the atomic level and at increas-
ingly complex levels of aggregation. At the atomie level, the proper-
ties of atoms and simple molecules are explored in the regime in which
the internal structure of the constituent nuclei does not play a signifi-
cant role. More complex aggregates of molecules, with long-range
coherence and order, are studied as well, involving phenomena in the
gaseous, plasma, and liquid states.

A broad and varied program of experimental research, together
with accompanying theoretical research and calculations, studies the
fundamental aspects of “extra-nuclear” physics over a broad range of
conditions and temperatures. Such studies have, at each level of com-
plexity of matter, yielded dramatic new understanding of and control
over nature, and have spawned within the last decade entire new
sciences (such as parts of chemical physics and laboratory astro-
physics) and technologies (the laser).

Theoretical Physics

The objective of this program is to promote a quantitative under-
standing of the basic building blocks of all matter and of the way in
which these building blocks determine the properties of all physical
systems, from nuclei to stars.

In his work, the theoretical physicist tries to make sense out of
the observations made by experimentalists in the laboratory. The
theorist attempts to find a hypothesis about how nature behaves which
will explain what is observed. He then uses the hypothesis to predict
the results of new experiments, which will test whether the hypoth-
eses or theory represents a correct understanding of nature after
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all. Thus, the theorist not only endeavors to interpret the clues which
nature has already provided in the past, but also plays an important
role in suggesting new directions for research aimed at uncovering
new clues.

Gravitational Physics

Gravity, the fourth basic force underlying the fundamental laws
of nature, is the weakest of all forces in the universe, yet, paradoxi-
cally, it is the only one of literally cosmic importance. Since gravity
acts across unlimited distances, it controls the birth and death of
stars, like our own sun, of the more exotic pulsars, and even of the
vast collection of galaxies which make up the universe. The under-
standing of gravity is therefore not only fundamental to a basic
description of nature, but vital to uncovering both the past and
future evolution of the cosmos. o

Gravitational physics is now in its most exciting phase since the
time of Newton. Experimental measurements, both on the earth
and in satellites, have finally begun to supply precise data document-
ing the failure of Newton’s classic theory. This in turn is enormously
stimulating to theorists who work at interpreting these experimental
advanees and extending the consequences to suggest new observations.

This program has as its objectives the support of basic gravitational
experiments and theory. The experiments involved measure non-
Newtonian gravitational phenomena, while the theoretical investiga-
tions supported study the consequences of general relativity or other
modern theories of gravity, the properties of matter in enormous
gravitational fields, and the cosmological effects of gravitational forces,

CHEMISTRY __ - e $36, 100, 000

The objective of the Foundation’s Chemistry research program is to
promote the understanding of the structures, properties, and chemical
‘transformations of matter. By developing these concepts on a molec-
ular basis, chemistry provides a resource for other experimental sci-
ences analogous to that provided by mathematics for quantitative
scientific thought.

In addition, it is by application of the knowledge gained from such
basic research that, for example, the chemical industry is able to
tailor molecules to control disease, alleviate pain, control fertility, and
to increase the efficiency of energy conversion.

The major increase in the Chemistry program is $9.2 million for
new research that is specifically energy-related.

The remaining increase will be used by individual investigators to
replace obsolete equipment and to provide frontier-type instrumenta-
tion for general use in outstanding chemistry departments. The in-
crease also will permit an added emphasis on studies of liquids and
solutions, and surface interactions. In addition, there will be an
explicit increase in the general support of research concerned with
improved understanding and better utilization of chemical catalysis.
This support will consist of new research projects, as well as assist-
ance in the acquisition of recently developed instrumentation for the
characterization of catalytic surfaces.

Much of our present technology is fundamentally dependent on a
knowledge of chemistry, since chemical reactions are, directly or in-
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directly, the principal source of energy for industrial processes. Many
of the energy production and utilization processes currently employed,
as well as those envisioned for the futfure, are strictly chemical in
nature. Hence, the Foundation will place special emphasis on expand-
ing existing basic research projects, and initiating new ones, that bear
directly on the chemical aspects of energy production, utilization and
conservation. This will include studies designed to uncover the molec-
ular basis of energy producing reactions, to determine the role of
reactive intermediates, to obtain necessary thermodynamic data, to
disc