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RESEARCH FACILITIES AND PROGRAMS

Particle physics

“In 1961 the federal government spent
S87 million for research, construction,
and equipment in the feld of high-
energy physics. In the current fscal
year, government expenditures for
high-energy physics are estimated to
total §173 million. Studies have indi-
cated that by 1975 the federal govern-
ment may be spending nearly one-
half billion dollars per year to support
this program. The burden, therelore,
rests with the scientists in this feld
to communicate to the Congress and
the public, the objectives, the needs,
and the social benefits of high-energy
physics research.”

The speaker was Congressman Mel-
vin Price of Illinois, chairman of the
Subcommittee on Research, Develop-
ment, and Radiation ol the Joint Con-
gressional Committee on Atomic En-
ergy; the occasion, the opening of pub-
lic hearings on high-energy physics
carly in March. A select gathering ol
some three dozen scientists, including
several Nobel laureates, science admin-
istrators and advisers, and specialists

particle-physics research, had been
called to explain to Congress and the
public why it is important to spend
some hundreds of millions of [ederal
dollars annually for bigger and more
intense multi-BeV probes to deal with
small distances in-
volved in exploring the nature of
subnuclear particles.

"Scientists should not [orget,
gressman Price warned,
pays for the research, there must be
adequate repayment to society. This
can take the form of increased na-
tional security or economic well be-
ing, as well as other national or in-
ternational benehts. . I cannot em-
phasize too strongly that since your
support depends on public funds, the
public must be able to understand

the exceedingly

Con-
“that il society

the purpose of high-energy physics re-
search and the reasons why expensive
tools are required in this research.”
During the ensuing four days of
well-organized testimony, the history,
status, and objectives of particle phys
ics were thoroughly reviewed and ex-
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planations were offered of its signifi-
cance as a [rontier science devoted to
understanding the most fundamental
problems in physics. Discussions ol the
possible benefits to society of research
in particle physics were generally con-
cerned with long-range effects. W.K.H.
Yanofsky of Stanford went perhaps fur-
ther than most in declaring that all
other physical sciences, and probably
all life sciences as well, must ult-
mately rest on the findings of elemen-
tary-particle physics. It would violate
our past experience in the progress of
science, he suggested, to find rhat na-
family of phe-
nomena to govern the behavior of
elementary particles without at the
same time establishing any links be-
tween these phenomena and the large-
scale world which is built from those
very particles. In another vein, there
was the unsettling conjecture by Luke
C. L. Yuan of Brookhaven, who specu-
lated that if quarks (the postulated
bur as yet undiscovered heavy triplets)
should turn out to be stable, then both
charged quarks and antiquarks might
“easily” be separately stored and then
brought together to annihilate with an
energy release ol the order of 20 BeV,
about a thousand times greater than

ture had created a

in the thermonuclear conversion ol
hydrogen to helium. In terms of more
immediate practical from
the field of particle physics, references
were made to various byproducts of
accelerator technology, including
transmitting tubes, better
vacuum  pumps, improved electronics
systems, and on-line computing tech-
niques. It was also argued (by Panof-
sky) that high-energy physics has pro-
duced more well-trained students at
the doctorate level than it has ab-
sorbed, and thus has been a net pro-
ducer of such talent for industry, edu-
cation, and government.

The [fear that particle physics may
receive more support than it deserves
was expressed by two ol those who
made statements at the hearings. Eu-
gene Wigner did not doubt that high-
energy phenomena are worth explor-

dividends

high-power

ing or that they should and will he
explored. “If there is a question in my
mind,” he said, “it concerns the rite
of exploration, that is, whether or not
the proposed rate is so fast that it
entails a less effective use of the ex-
penditures and  seientific marlpower.
than could be attained in other areas,
Il that should be the case, progress
in other areas, which are also impor-
tant because ol their interactions with
our general body of knowledge, or bb
cause of their practical or defense ap-
plications, would be unnecessarily ham-
pered.” Philip H. Abelson, director of
the Carnegie Institution’s Geophysi-
cal Laboratory and editor of Science,
said that an improved method of al-
locating the nation's research resources
more effectively can be arrived at
“through applicition of intelligence.”
To illustrate, he stated that he had
compared the relative merits of highe
energy physics, materials science, un-
manned space exploration, and mo-
lecular biology by employing a raf
scale ranging from 0 (for none).

(for very important), He foun
high-energy physics trails the ofl
three fields, even though he ra
Very important to practitioners, s
cant to scientists in other fields,
important in its intellectual values, of
significant  interest  to  nonscientists
and important for international pres:
tige. He found, however, that high-
energy physics makes only moderate
contributions to defense, slight ¢
butions to health, and no cunmhu.
tions at all to the international mﬂb
balance of payments or to such needs
of society as energy, food, clothing
shelter, or transportation. “For
sons of its importance to Science. aljg
because of philosophical values" he
concluded, “high-energy Phlﬁ@;
should be supported. However
highest priorities should be as
elsewhere,”

Nobel laureate Edwin M. Mc
lan suggested that particle ph
should not be considered as a
and isolated field of inquiry but rat
as the latest chapter in the ant



r Why CEC

‘has become the name to rely on
for Residual Gas Analyzers

More than a quarter-century of leader-
ship in the field of mass spectrometry
enables CEC to provide the most com-
prehensive Residual Gas Analyzer back-
ground available today—and back it up
with instruments having the best per-
formance and reliability for the price.

CEC is the only RGA manufacturer
supplying complete cracking patterns
and relative sensitivity data for a wide
variety of gases. Such data is compiled
by CEC for each analyzer design, and is
included in the manual. This means that
you may use a CEC instrument up to
several months sooner since it is not

necessary to conduct lengthy project
studies to secure initial calibration data,

CEC conducts RGA training courses
throughout the nation. These compre-
hensive courses include the operation of
CEC RGA’s in vacuum systems, meth-
ods of computing qualitative and quan-
titative analyses, and applications of the
instruments. On-the-job instruction of
operators is conducted at the time of
installation as well.

CEC's Analytical & Control Division
maintains the most complete RGA sales
and service organization in existence.

There are offices in Pasadena, Palo Alto,
Denver, Chicago, Dallas, Houston,
Columbus, Boston, Philadelphia, New
York, Washington D.C., and Atlanta,.
And CEC Field Engineers are available
to service all points in between.

The above offices provide thorough
pre-sale application analysis, personal
supervision of installation, instruction of
operator personnel, and fast, dependa-
ble service or repair. Result: you can
rely on CEC to supply the right instru-
ment, ensure its proper use, and keep it
in operation,

What 1s your need? Check these leading CEC RGA’s

CEC 21-612 RESIDUAL
GAS ANALYZER

Although low in cost (only $4450), the
21612 provides a degree of sensitivity
and resolution superior to any existing
RGA at this price. Simple to operate, reli-
able and rugged — it features a dial that
tums automatically to indicate the mass
being registered.
Applications include: Evaporator Work,
P & Trap Performance, Nuclear Re-
;'?mh. Military & Space Research, Thin-
.Smdles, Cryogenics, Metallurgy, and
Physical & Chemical Research,

e BASIC SPECIFICATIONS

: al;rzerAm_mbly: Diatron - 20, 180

e:‘“’;l_ng type with ion source and analyzer
mbined in single, easily serviced unit.

Eressure Detection: Will detect partial
Pressures of 3 x 10™ torr, or better, for
Most gases in its mass range.

Mass Range: The dia] scans mass 2 to 10

90 one range, and covers th
) e mass range
from 10 o 80 on the second range, A full-

{ Tange scan js accomplished in one revolu-

mass-indicating dial.

Resolution: Unit resolution up to mass 20,

Scan Time: One complete revolution of
dial (e.g., m/e 10 through 80) in six min-
utes.

CEC 21-614 CYCLOIDAL
RESIDUAL GAS ANALYZER

For applications where there can be no
compromise, the 21-614 (at $7450) is the
obvious answer. Unlike single-focusing
RGA's, the 21-614 employs a double-
focusing cycloidal analyzer that registers
the true mass-to-charge ratio. This analy-
zer provides wide mass range, high resolu-
tion and greatest accuracy of all medium-
priced RGA's.

Extremely versatile, the 21-614 may be
used with a wide variety of readout devices
— including the CEC 5-124 Recording
Oscillograph which records 5 traces simul-
taneously with a dynamic range of 10,000
to 1.

Applications include all those covered
by the 21-612 RGA with greater sensitiv-
ity, resolution and range.

BASIC SPECIFICATIONS

Analyzer Assembly: Cycloidal focusing
mass analyzer for m/e 12 to m/e 200.
Auxiliary 180° collector for m/e 2 to
m/e 11.

Pressure Detection: Will detect partial
pressures of 5 x 10°" torr N; (21-614-1)
or 5 x 10°* torr N: (21-614-2).

Mass Range: The dial scans mass 2 to 11
on one range and covers the mass range
12 to 200 on the second range, switched
electrically.

Resolution: Unit resolution to m/e 150
(21-614-1) and m/e 44 (21-614-2).

Scan Time: 7 minutes per octave to 10
seconds per octave in 5 steps.

For further information, including all
specifications, call or write for CEC
Bulletin Kit # 7046-X3.

CEC

Analytical & Control Division

CONSOLIDATED
ELECTRODYNAMICS

A Subsidiory of BELL & HOWELL / Pasadena, Calif, 91109
International Subsidiaries: Woking, Surrey, Englond and
Friedberg IHessen), W. Germany
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search for an understanding of the
ultimate forces and structures of the
universe—a search that has been and
continues to be the spearhead of all
science. For particle physics to con-
tinue its exploration of the far [ron-

tier, he said, the step to the next
energy range must be taken; other-
wise, we will eliminate the [rontier

and kill the field, or badly cripple it.
Failure to proceed to higher energ
in McMillan's view, would have these
long-range results:

1. The discouragement ol advances in
particle physics would put  houndaries
around the central search for knowledge
for the first time in United States his-
tory. We would lock the door on furture
discoveries at the heart of matter.

2. The vitality and dynamism that have
characterized American science in the last
thirty years would be adversely alfected.
The long-range feedback from this kind
of frontier research will cease. The other
sciences have much to explove. There is
much to do in expanding understand-
ing of the phenomena at the nuclear,
atomic, and molecular level. But the im-
portant facts will gradually become
known, and the present sciences would
grow increasingly technological, There
will be no prospect of going deeper:
of understanding phenomena in funda-
mental terms, unless we get our feed-
back from Europe or Russia. There is
also an intangible factor in this effect
on American science. Even though he
may not have a present awareness of its
significance, every good scientist must be
affected by the knowledge that somcone
15 asking the ultimate questions of na-
ture. We have neyer had a closed horizon
in science in this country. We cannot
measure the potential effect of the elimi-
nation of the herizon, but I am con-
vinced it will be important.

3. The impact on technology is po-
tentially disastrous. We cannot predict
what, if any, new technologies may arise
from particle physics, but we can look
at the past and the present to see how
our present technology has derived from
the basic research of the past.

4. Closing the horizon would affect
American lﬁrL-stigc, Particle physics is a
field in which the United States has had
a clear world leadership. For thirty-five
years this country has attracted some of
the world's best scientists through its
strength in the search for an understand-
ing of matter, and this immigration has
greatly strengthened American science and
education.

5. Europe presently has under study
a machine of 300 BeV. Russia is building
an accelerator of 70 BeV. In view of
these projects American leadership could
not be expected to continue. We might
expect an exodus of some of our best
brains to Europe.
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6. American science might be expected
to return, over a period of time, to the

secondary position it occupied until the
late 1920's, when a vigorous broadly based
American science began to develop, Un-
til that, time, the United States relied
primarily on Europe for new knowledge
Irom the frontiers of science. In today's
world, when scientific discoveries are
sometimes quickly translated into tech-
nology, this could have tragic conse-
quences.

McMillan's views concerning the ur-
gency of the situation are widely
shared. Just two years ago, the report
ol the Panel on High-Energy Accelera-
tor Physics of the President’s Science
Advisory Committee and the AEC's
General Advisory Committee, under
the chairmanship of Norman Ram-
sey, listed as its foremost recommenda-
tion that the construction of a proton
accelerator with an energy of approxi-
mately 200 BeV be authorized “at the
earliest possible date.” The Ramsey
report further recommended that in-
tensive design studies be conducted for
an accelerator in the range of 600 to
1000 BeV. Design studies for both ma-
chines have been in progress, and
specifications for the 200-BeV accelera-
tor are expected to be submitted to
the AEC early this summer by the
Lawrence Radiation Laboratory, where
a preliminary study was carried oul.
Edward J. Lofgren of LRL, at the
time of the hearings, estimated that
the accelerator could be turned on six
years after its authorization and that
its experimental program could be
started in the following year. Thus, if
authorization were given in the fiscal
year 1968, the machine could be placed
in operation in fiscal 1974, [ourteen
years after the completion of the 33-
BeV alternating gradient synchrotron
at Brookhaven.

The lead time required for the 600-
to 1000-BeV machine would be ap-
preciably longer, The design study is
currently being carried out at Brook-
haven in the expectation that the ac-
celerator can be authorized for con-
struction in fiscal 1971 and placed in
full operation in fiscal 1980.

The costs of construction alone have
been estimated at $240 million for
the 200-BeV machine and $800 mil-
lion for the larger accelerator. During
last year's AEC authorization hearings,
the Joint Congressional Committee on
Atomic Energy took note of the rapid

request of r.he ]onn
AEC then tackled th
formulating a longrange
ment.

The resulting document,
cides closely with the

visory Cnmmittee, and
Committee on ng.. 2

ly pub]ished toge‘therw
nem material, as a Jum

! n
policy report, the p
the texts of the Bac
1954, the Haworth

ports of 1958 and
sey Panel report o
cludes a 1964 letter to
mittee in which Do
divector of the 0-

policy.
In discussing fu
ticle-physics resear

tant paramett‘:r ﬁm
much of the
review of g
swered only b}'
celerating. euevgx
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Model 3A Framing Camera

The BNK rotating mirror camera has a unique
optical system which gives a maximum rate of 2.5

% 10% frames per second with a relatively slow

mirror speed of 230 rps and an exposure time of

150 nanoseconds. The exposure time approxi-

mates 1/3 the time between frames at any speed.

Slower rates are readily produced by means of a

motor speed control.

Two outputs from the control unit permit the
photographing of various portions of the event
being produced. One is a trigger pulse used to
activate the event to be photographed. The other
is a pulse train whose rate is equal to the rotational
speed of the mirror. The mirror speed can be
obtained by means of an electronic counter or by
comparing the mirror speed with a known fre-
quency. In addition, a micrometer activated delay
allows a variation of 140 microseconds. Greater
delays can be built in upon request.

10 frames in less than 4.5 microseconds

A sample print as produced by the BNK framing camera.
The 10 frames are secured on one 4x5 size print. The
back is a standard 4x5 Graflex back which will take cut
film and Polaroid accessories. Backlighted picture of 0.5
mm Cu wire exploded at atmospheric pressure in air. The
capacitor bank of 45 .f was charged to 8 kV. The end
effects are seen first and later the vapor cloud can be
seen to be deionizing. The first five frames show the
rapid expansion of the wire at rupture,.

Write for Bulletin 3-A.

TWO INSTRUMENTS FOR THE PRICE OF ONE!

A precision instrument which can be operated as a variable devi-
ation or as a constant deviation spectrometer by a simple inter-
change of prisms. The scale supplied is 10 inches in diameter
and does not require a magnifier to read.

‘_ FEATURES:
1. Large scale and vernier. Ten inch diameter scale graduated
in degrees, no need to use special magnifier. Vernier reads
3 to 2 minutes of arc.
. 2. Prism table rotates and is graduated in 120 divisions for
' I reflection measurements.
Esabia: davidtian 3. Visible spectrum spread over a 12 inch scale, for constant
deviation measurements.
! 4. Convertible from variable deviation to constant deviation in
! a minute.
d 5. Continuously variable collimator slit width,
: 6. Bronze bushings, special precision gears.
' 7. Laboratory manual available, outlining in detail 19 experi-
ments in optics that can be performed with this instrument
I; and attachments.
". Write for Bulletin SS-1
!
.
¥
y BNK INSTRUMENT COMPANY
|
l’;‘ EQUIPMENT FOR INSTRUCTION AND RESEARCH
( SECOND AND WYOMING AVENUE
i

Constant Deviation

PHILADELPHIA, PA. 19140
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NO.1 on the “Most Wanted” list of clean high vacuum systems and evaporators is
the Veeco 775 Series. It i being sought world-wide for outperforming all other hrands.
All laboratery and production users of thin-film deposition processes should be alerted
to the 775's potential.

DESCRIPTION: Distinguishing features of this self-cleaning vacuum system
include: nicro-brazed stainless steel components — diffusion pump, 7" gate valve,
water baffle plus liquid nitrogen cold trap; attractive pump-down curve with repeat-
able ultimates in the 10°% torr range; modular concept permits easy adaptation to
changing needs.

ALIAS: Also known as “fastest vacuum on the draw” hecause of its high pumping
speed — 500 liters/sec (net, measured at port) for hoth vacuum station and
evaporator,

REWARDS: Fast, reliable, and consistently reproducible deposition of evaporated
films. Plus choice of vacuum system operation: automatic, unattended eyeling fea-
turing exclusive LOC-A-MATIC® module with fail-safe protection; or pushbutton
controlled electro-manual sequencing.

WARNING: The 775 Series is heavily armed with a powerful arsenal of acces-
sories, including electron beam gun and dozens of custom-engineered evaporator
baseplate and feedthrough options.

FOR INFORMATION ileading to purchase, send for technical specs, or contact

the Veeco field engineer in your territory.

eec )

Quality Vacuum Products For Two Decades
VEECO INSTRUMENTS INC.

(FORMERLY VACUUM-ELECTRONICS CORP.)
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
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by the 30-BeV machines ar Brg
haven and CERN. Strong-inte
probabilities, the report emphas
vary rather slowly with proton ener.
gy, and there is only a slow rise iy
the energy available for secondary.
particle production (and in the ener ;
of the secondary particles themselyes)
as the primary proton energy is in.
creased, The Commission thus feels
that accelerator energies must be ex.
tended substantially beyond even the
70 BeV expected [rom the Soviet ac
celerator at Serpukhov, which is now
under construction and is expected tn
be in operation next year. In addi
tion, the report stressed the importance
of extremely high proton intensity in
accelerators operating in the energy
region [rom 10 to 30 BeV. First of all,
the report said, such high-intensity
machines will make available neutrino,
muon, and strange-particle heams of
considerably higher intensity than eyer
before. Second, the higher intensity
will support more experiments rul-
ning in paralle] and sharing the in-
tensity of each machine pulse.

In summary, the following specific
long-range plans were spelled ont i
the Commission’s Teport:

1. Construction of a high-energy proton
accelerator of approximalely 200 -'Ba,":_
in accordance with technical speeifici-
tions developed hy Lawrence Radia:
tion Laboratory, to he operated as @
national facility. This machine should
be authorized for design in [iscal
1967, and for construction in fiscal
1961,

2. Conversion of the Brookhaven AGS.
to a high-intensity facility, Phase I
of this conversion should he authoried:
for design in fiscal year 1966; and for
constriiction in fiscal year 1967

3. Upgrading of the Argonne ?._(;s_b,.
an improvements program which will
include a new experimental ar-‘.’d.i-
large hubble chamber, antd 4 _h;ghr[i_
energy injector. The large hubibl
chamber and cxperimenlnl area !hqq]!ff
be authorized in fiscal year Igﬁﬁ; THC
high-energy injector should be dli=
thorized in fiscal year 1967,

4. Construction of a high-ener
positron storage-ring facility as &
junct to the Stanford LMHI_%@]
tor. This should be authorized
fiscal year 1967.

5. Support of the study Of e
celerator principles and technight
particular, support should he
vided for intensive ign
aimed primarily toward a f
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‘ﬂ .‘.. Anti-coincidence spectrometers have been improved
o ¢t by increasing the diameter of the shield from 8" to 12"
o - with larger units on the drawing board. Sophisticated
iy %, specials have been tailored to fit individual experi-
"_: %, ments:

y '-.‘ s Annulus as optically isolated quadrants

g’ % e 4r sample geometry

1

« Radial sample ports

Inquiries to our physics and engineering design staff
are invited.

THE HARSHAW CHEMICAL COMPANY
CRYSTAL-SOLID STATE DIVISION
1945 East 97th Street « Cleveland, Ohio 44106 « Telephone 216 721-8300

Utrech, Netherlands—Harshaw-Van Der Hoorn N. V.
Frankfurt, W. Germany—Harshaw Chemie GmbH
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If you thrive
on challenge...

The sea has always chal-
lenged man.

Throughout history, bold and
creative imagination has met
the challenge by finding new
ways to control the use of the
sea for maritime advantage.

Today, the age-old challenge
remains. New concepts of
ships and weapons design, of
tactics and strategy are still
needed to assure national
security now and in the
future.

Discovery and evaluation of
these new concepts are
among the tasks of the Cen-
ter for Naval Analyses of
The Franklin Institute.

CNA is a private scientific
organization engaged in
operations research and
broad-based studies for the
United States Navy.

A few CNA staff appoint-
ments are available to opera-
tions analysts, mathemati-
cians, physical scientists,
and research engineers of
superior competence. For
more information, write:

Director

CENTER FOR NAVAL ANALYSES
Dept. PT

1401 Wilson Blvd., Arlington 9, Va.

CNA

CENTER FOR NAVAL ANALYSES

OF THE FRANKLIN INSTITUTE

0EG » OPERATIONS EVALUATION GROUP
INS « INSTITUTE OF NAVAL STUDIES
MNAYWAG - NAVAL WARFARE ANALYSIS GROUP

An egual opporfunily employer

y
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tional accelerator in  the range of
GO0 o 1000 BeV. Support and en-
courngement should be given to these
studies for the pursuit of new ideas
which could lead to a more capable
and efficient machine at lower cost,
It s anticipated  that these stuclies
would lead 1o a request for authoriza-
tion of construction in fiscal year 14971
of a 600- to 1000-BeV-class proton ac-
celerator which would be available for
experimentation in  fiscal year 1980,
Consideration of high-energy storage
rings for possible [uture addition
should be included in these design
stuclies.

6. Support for the development and
utilization of new and improved tech-
nigues and  methods of particle  de-
tection and data reduction and analy-
sis, including the strong need for ad-
vanced computational facilities.

o

Continued and increased support of
the productive accelerators at present
in UPL‘I"I“IIII or 1.1]1(1(.‘1' ['Uﬂ.‘%ll'llff.iﬂn
and their associated research pro-
grams, without neglecting the need for
new facilities. This includes taking
steps o increase theiv scientific value
and productivity where needed to
maintain a sound scientific program.
It also includes recognition of the spe-
cial need for substantial operating and
research budgets for the newest ac-
celerator laboratories hefore they come
into full operation.

Construction of large bubble cham-
bers and other accelerator-associated
facilities when justifiable needs arise.

It is anticipated that two to three
large  hydrogen bubble chambers
should be started within the next 1

to 3 years.

9. Increased support of university high-
energy user groups including build-
ings, major equipment, and particu-
larly data-handling and analysis fa-
cilities. The user group concept has
proven to be both feasible and highly
productive and is essential to the fu-
ture of the national program.

10. Close down or rteduce the level of
operation of those accelerators which
become relatively unproductive. The
prime considerations involved in con-
tinuing an accelerator program are its
scientific significance, and the capac
ity of the associated research group to
carry out a worthwhile and significant
program. Additional factors, such as
the educational function served by the
accelerator and its use in preparing
experiments for more costly facilities,
are also important considerations in
assessing the value of a machine.

11. Provide for an overall review and
reassessment of the high-energy physics
programs at suitable intervals.

Whether or not the time schedules
called for by the Commission can be

crease of appropriations approve
Congress for the support of pa
physics rcsearch The AEC nmr

Since 1960, the total annual budgg;
the AEC has remained relatively
stant, but in the same period
amount spent annually on high-en
physics has tripled, and the cu

level of spending is expected to doub

{or the proposed program would reach
a peak of $490 million in 1978, three
times as much as in 1965.

In its statement of policy, the
mission emphasized that it is in
national interest to support vigorous
advancement of high-energy phy
a fundamental field of science,
that the research should he cam
out under a national program ]
lated solely to the mission of an
agency. The report held Lha{_
AEC’s role as executive agent 15
propriate, but stated that partici
by the National Science Foun
and other agencies of the gove
is important for the maintena
a truly national program. It
“The level and character of sup
for high-energy physics 5110!!.1!:1
termined and periodically
in the context of the overall
science program (rather than in
tion to the applied research ti\
velopment programs of the AK@} A
vances and promises of advances in |
field nself and the then existing hS
situation.'

No precise limits have be
govern the ratio of an agency's
research expenditures to the d
its mission-related research and ¢
opment programs. The rap
of high-energy research as
the AEC budget, however,
oughly upset tradition and.
been a cause for concern both
Administration and in Congres
result has been a penetrat
amination of science polie
added strength to the ar
expanding the role of the
Science Foundation in U
basic research in the s
is a vital part of its [

N



