Research
Support

Activitzes

The National Science Foundation
supports scientific research primar-
ily through grants to colleges and
universities for projects proposed
by the scientists who will conduct
the research. Activities covered in
this chapter are divided into four !
major categories:

e Research grants to institutions
for scientific investigations by
individual scientists or groups of
scientists.

e Grants to academic institutions
for acquisition of specialized re-
search equipment and facilities.

@ Support of cooperative National
(and International) Research
Programs.

e Support of National Research
Centers funded by the Founda-
tion and operated under univer-
sity management.

SCIENTIFIC RESEARCH SUPPORT

In fiscal year 1970, the Founda-
tion awarded 3,817 grants for re-
search projects amounting to a total
of $161.7 million. Comparable fig-
ures for fiscal 1969 were 4,053 grants
for a total of $176.0 million. Table
1 gives the distribution, number,
and amount of grants according to
fields of science for fiscal years 1968,
1969, and 1970. Of all the actions
taken by the Foundation on research
project proposals in fiscal year 1970,
47 percent were awards as compared
to 51 percent in 1969. Grants were
awarded to 410 institutions, includ-
ing 310 colleges and universities, in
all 50 States, the District of Colum-
bia and Puerto Rico. Ninety-five
percent of the funds went to aca-
demic institutions. Of these, 211
received two or more research grants
and 117 received at least $200,000.

1 Research undertaken in connection with
the National Sea Grant Program and com-
puting activities in research are discussed in
separate chapters.

SPECIALIZED R ESFARCH FACILITIES
AND EQUIPMENT

The purpose of the Specialized Re-
search Facilities and Equipment Pro-
gram is to help institutions obtain the
scientific equipment and facilities
required for the conduct of very ad-
vanced research projects. These range
from facilities such as nuclear ac-
celerators and oceanographic ships to
equipment of a specialized nature,
such as electron microscopes, mass
spectrometers and cryogenic equip-
ment, required for common use by
several investigators at an institution.
The availability of these facilities and
equipment enables research scientists
to be more productive as well as to
make possible the conduct of some
scientific investigations which would
not be possible otherwise.

NATIONAL AND SPECIAL RESEARCH
PROGRAMS

National Research Programs are
specifically identified as major re-
search efforts undertaken to accom-
plish a designated objective related
to one or more fields of science.
Some of these programs include
aspects of applied science, and some
may be interdisciplinary in nature.
In some cases, the work may be per-
formed in a specific geographical
area, and some activities involve in-
ternational cooperation and coordi-
nation. In some instances the Foun-
dation has been assigned responsi-
bility for these programs by the
President, or by the Congress, or by
agreement  within the Executive
Branch of Government.

Table 3 which summarizes grants
and contracts for National Research
Programs over the past 3 years, in-
dudes the first awards for Inter-
disciplinary Research Relevant to
Problems of Our Society (IRRPOS),
a new program initiated by the
Foundation in fiscal year 1970.
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Table 1
Scientific Research Projects
Fiscal Years 1968, 1969, and 1970

[Doliars in millions}

Fiscal year 1968 Fiscal year 1969 Fiscal year 1970
Number | Amount MNumber | Amount | Number Amount
Astronomy :
Optical _ .. ... $4.06 $3.85 ... - $3.71
Radio . - o eaaes 2.14 2.96 |.......... 2.09
Subtotal .. .. .. ... 119 . 19 125 6.82 108 5. 80
Atmospheric Sciences:
Aeronomy. ... ... [N P 1.89 [ . 1.65 | ......_. - 1.69
Meteorology. ... ... |eei_.. 394 ... 4.32 |.......... 3.95
Solar-Terrestrial . . _ ... ). ... L74 |- ... 2.25 | ... 2.28
Subtotal. ____ ... 103 1.57 11 8.21 118 7.9
Biology:
Cellular Biology_.____ ... . . . |.o...._.__ 10,02 [___...._. 9.28 ... 8.68
Ecology and s{stematic Biology. .. ... . {...._...__ 8.65 |____._._.. 7.96 (... 8.60
Molecular Biology .- 10.34 |__. 9.88 |. ... ____ 9.76
Physiological Processes. . 11.18 |._ 10.04 | ... __ 9.53
Psychobiology ... _.... . 4.27 |__. 4.02 ... 4.30
Subtotal ... __ ... 44.46 L3, 41.18 1,072 40. 87
Chemistry:
Chemical Analysis_ - . - _ . oo e 107 | ... 1.48 | __.....__ 1.71
Chemical Dznamics ................................. 373 .. 4.16 {...._.__._ 3.58
Chemical Thermodynamies....... ... __.{.._.______ 1.60 [__. 1.56 |.......... 1.86
Quantum Chemistry. __ ... ... [ 3.38 [__...... 3.54 | ... 3.39
Structural Chemistry_ __ ... ... | ... 3.73 |-.... 3.22 ... 2.80
Synthetic Chemistry___ .. .. ... ... 4.26 |..__. 3.90 |.._.....__ 4.05
Subtotal . __ . _______ .. 454 17.77 48 17. 85 449 17. 40
Earth Sciences:
Geology 1.56 |.._. .31 | ... 1.42
Geochemistry_ 2.97 |__._..... 3.31 |....... 3.07
Geophysics____ 3.28 | 3.30 ... 3.36
Subtotal ____ .. .._.. 7.81 200 7.92 196 7.85
Engineering :
Engineering Chemistry_ _ ... ... ...l .. ______ 2.84 |_ ... 2.73 | ... 2.8
Engineering Energetics_ _ ... ... .| _____.___ .11 2294 | . __. 2.86
Engineering Materials_ . _ _.____.. ... . .|........_. 3.44 | ... 3.23 | ... 3.29
Engineering Mechanics_ . _.___..___ .. .____ .| _..____.. 593 |___....... 6.39 {.___...... 6.55
Engineering Systems. . _ __ . . _ | _________ 3.44 |__....... 3.00 | ... 1
Special Engineering Programs. .___________..| ._.._.__. X .98 |.... ... 1.17
Subtotal ... ... 506 19.40 81 19.27 453 16.70
Mathematics :
Algebra and Topology . _ ... __......_...__._|....___.__ 4.44 |__ . 4.39 | ... 4.49
Analysis, Foundations, and Geometry___.____| ___ . ____ 4.32 | ... .37 [.......... 4.34
Applied Mathematics and Statistics_ ... .________ 3.94 [ ___ ... 3.94 | .. 3.83
Subtotal . ___________ ... 405 12.70 62| 12.70 489 12. 66
Oceanography: 2
Biological Oceanography _ ... _________[..____..__ 241 | ___. 3.66
Physical Oceanography . . ____._ .. _______._|.___._____ 1.94 | ___ 2.07
Geological Oceanography._........._ ... . .0 _________ 291 | ____. 3.18
Support, Ship Operations_...___.______.____[_____.____ 6.88 |___.. 3
Subtotal .. __ .. . 239 14.14 280 8.91
Physics: .
Atomic, Molecular, and Plasma Physics._....| ... _.___ 233 |._......] 246 |____..._._.. 2.72
Elementary Particle Physics..__.... ... .| .. ______ 6.48 |____.._._| 1.53 |_.__._.__. 11. 24
- Nuclear Physics__._._ ... ... ... . __|....___.. 9.07 [._......_. 8.0y |_.__ . .. 6.45
Solid State and Low Temperature Physics._ __|._________ 440 |_____. .. 461 | _.________ 4.42
Theoretical Physics____ ... ... ... .. _________ 3.63 |_........] 373 |_.__..._.. 3.3
Subtotal . ____________ ... ... 236 25.90 283 30.35 245 28.18
Social Sciences:
Anthropology__ ... .. . | 3.50 |_._......] 342 |..__..... 3.48
Economies.... . e .58 j____.... 429 |____...__. .34
Geography_________________ .| ;I D 1 % I S .48
Sociology and Social Psychology...._.._..._.| ...___ 373 |-l 329 |..._...... 3.35
Political Seience_________ .. ... ... . |.________ 16 1oL, 1.28 |_......... .19
History and Philosophy of Science.._..__.___|.__.____._ I & N PR 87 ... .83
Special Projects_.__ . ____ . ... L76 ... L8O {.......... 1.74
Subtotal .. . ... ... 426 14,67 | 15.24 45 15. 42
Totad_ .. _..._. 3,832 170.61 4,05 | 176.02 3,817 161. 71

1 Included in National and Special Research Programs for FY 1970.

? Includes marine biology

2 Included in Nationa! and Special Research Programs for FY 1970,



Table 2
Specialized Research Facilities and Equipment

Fiscal Years 1968,

1969, and 1970

{Dollars in millions]
Fiscal year 1968 Fiscal year 1369 Fiscal year 1970
Number | Amount | Number | Amount | Number | Amount
AStIONOmMY . . e $0. 662 51 $0.34 5 $0. 190
Atmospheric Sciences.._..............ooo..- 1 .788 8 .298 4 .19
Biological and Medicat Sciences. . _...... ... 30 1.709 3 . 880 11 . 918
Chemistry_ . e eieeeiaiccice e 113 . 296 57 1.700 63 1. 697
Earth Sciences. __ .. ... i 0 0 0 0 3 . 103
Engineering. _ ... ieiiiciiciieccaamaa- 43 1.073 26 . 880 28 . 600
0ceanography . _ - ooeienicceeicmmmae 9 4711 1 1.397 1 1
PhysSiCS - e et m e an 19 4,697 25 1.300 12 2.49
Social Sciences.______. eeemcc——ann 3 1.006 .438 1
) 1 R 232 18.942 158 7.216 127 6. 504
1 Included in National and Special Research Programs for FY 1970,
Table 3
National and Special Research Programs
Fiscal Years 1968, 1969, and 1970
[Dollars in millions]
Fiscal year 1968 Fiscal year 1969 Fiscal year 1970
Number | Amount | Number | Amount | Number | Amount
Arctic Research program.. ..o -.. 0 0 0 0 2 $0.13
Ocean Sediment Coring program_..__.___..___.. 4 $4.17 5 $2.43 25 6.56
Global Atmospheric Research ?rogram ___________ 1 .20 9 .54 19 1.49
interdisciplinary Research Relevant to Problems
of Our Society. __ . _._.......o...o..... 0 0 0 0 21 5.98
International Biological program_.__...______... 1 .70 16 1.22 24 4.00
U.S. Antarctic Research program____..____ . ____. 149 7.64 145 6.88 128 1.28
Weather Modification program _....... .. _._... 32 YA 24 2.43 27 2.63
Engineering Systems ... _..coo oo ommommmeafioo e s 92 3.30
Oceanographic Ship Operations and Facilities. .. {.. -« o feeeumommi o frmiens 3l 7.60
Total o oo s 187 15.48 199 13.48 369 38.97

Foundation support for National
and Special Research Programs more
than doubled in fiscal year 1970 over
the previous year. Most research sup-
ported by these programs is associated
with the environment, an area of ex-
panded emphasis in many other
Foundation programs as well in fiscal
year 1970. In addition to the pro-
grams listed, the Foundation in fiscal
year 1970 was designated lead
agency for the International Decade
of Ocean Exploration (IDOE), an
international program proposed by
the United States and endorsed by
the General Assembly of the United

Nations. Initial planning for IDOE
places emphasis on environmental
quality, environmental forecasting,
and seabed assessment. It is expected
that the first awards for IDOE will
be announced early in calendar year
1971.

NATIONAL Rrszarcse CENYERS

The National Science Foundation
provides support for the develop-
ment and operation of National
Research Centers established to
meet national needs for research in
specific areas of science requiring
facilities, equipment, staffing, and
operational support which are

RESEARCH SUPPORT ACTIVITIES 1]
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beyond the financial capabilities of
private or State institutions and
which would not appropriately be
provided to a single institution to
the exclusion of others. Unlike many
federally sponsored research labora-
tories, the NSF-supported National
Research Centers do not perform
specific research tasks assigned by
or for the direct benefit of the Gov-
ernment. They are established and
supported for the purpose of mak-
ing available, to all qualified scien-
tists, the facilities, equipment,

skilled personnel support, and other
resources required for the perform-
ance of independent research of
their own choosing, in the applic-
able areas of science.

In recent years, the Foundation
has supported three astronomy cen-
ters (Cerro Tololo Inter-American
Observatory, Kitt Peak National
Observatory, and National Radio
Astronomy Observatory) and one
atmospheric research center (Na-
tional Center for Atmospheric Re-
search). In fiscal year 1970, the

Foundation assumed principal fund-
ing responsibility for the Arecibo
Observatory in Puerto Rico, and
established it as a fifth NSF-spon-
sored National Research Center.
This observatory was built with
funds provided by the Department
of Defense and, prior to fiscal year
1970, principal funding support was
furnished by the Department of
Defense.

Funding levels for the National
Research Centers during fiscal years
1968, 1969, and 1970 are given in
the table below.

Table 4
National Research Centers
Fiscal Years 1968, 1969, and 1970

Fiscal year 1968 Fiscal year 1969 Fiscal year 1970
i Research Research Research
Capital operations Total Capital operations Total Capital operations Total
obligations and support obligations and support obligations and support
services services services
Cerro Tololo Inter-American
.Observatorz....._,..‘_.‘_._._‘._ $1, 502, 000 $823,000 $2, 325,000 $3, 449,000 $1, 101,000 $4, 500, 000 $365, 000 $1, 535,000 $1, 900, 000
Kitt Peak National Observatory______ 8,331, 176 4, 144,192 12, 475, 368 1,137,700 4, 561, 809 5, 699, 510 46,000 , 379, 6, 425, 000
National Radio Astronomy
Observatory.__.___.__ " ______ . 874, 300 3, 989, 700 4, 864, 000 483,212 6,795,001 7,278,214 675,000 5, 125,000 5, 800, 000
Arecibo Observatory______________ et LT T T PRTT RPN RO AR 150, 000 1, 400, 000 1, 550, 000
National Center for Atmospheric
Research.. ... ... ___ . _ . 2,041, 100 9, 758, 612 11,799,712 425,000 10, 611,736 11,036,737 212,840 11, 367,000 11, 536, 800
Total ___._ . .. ___ ... 12,748, 576 18, 715, 504 31, 464,080 5,494,912 23, 069, 547 28, 564, 461 1,448, 840 25, 857, 960 27,211, 800
physical sciences from the scientific While it is never possible for the
MATHEMATICAL community was the increased num- Foundation to predict what area of
AND PHYSICAL ber of proposals from scientists research will produce the answer to
SCIENCES trained in other disciplines. For a particular significant problem,

The pressure from the scientific
research community for support of
research projects in all of the mathe-
matical and physical sciences—
mathematics, physics, astronomy,
and chemistry—rose sharply during
fiscal year 1970. This was attributed
largely to reorientation in the priori-
ties of other Federal agencies sup-
porting similar research. Another
element adding to the increased
pressure on the mathematical and

example, sugar and protein chem-
istry projects were proposed by
biologists, and a number of proj-
ects in mathematics was proposed
by engineering faculty. Insofar as
the total amount of funding avail-
able has remained nearly constant,
a larger number of the proposals
received was necessarily declined.
While the last few years of basic
research in the physical sciences
have not been easy ones, nonetheless
progress continues to be made.

some approaches and techniques ap-
pear to have greater possibilities of
fruitfulness within a broadly defined
problem area. Without receding
from its policy of supporting high
quality fundamental research across
the disciplinary spectrum, certain
areas are receiving special emphasis.

A major factor in a whole class of
important chemical reactions is cata-
lysts, a group of substances which
influence the reaction rate without
being permanently changed them-



selves. Perhaps the most important
of these catalytic materials are the
enzymes which regulate many of the
chemical reactions of living systems.
It is believed that most catalysts
perform their chemical magic by
providing a physical surface which
temporarily holds and positions the
reacting molecules so as to facilitate
their combination. In enzymes,
which are themselves large mole-
cules, the catalytic surface is thought
to be a particular segment or “active
site”’ on the molecular chain. The
physical structure and properties of
these active sites can now be studied
by a promising new technique
known as spin labeling. In this tech-
nique, a molecule is synthesized to
have properties similar to those of
the molecules on which the enzyme
operates and in addition to have
magnetic properties. Detailed study
of the magnetic properties of the
artificial molecule when bound to
the enzyme gives detailed informa-
tion about the properties of the
active site on the enzyme.

In physics, concomitant advances
in astrophysics, general relativity,
and gravitational radiation are
bringing improved understanding
about the universe and the nature
of its evolution.

The technological areas associated
with physics—long a source of ad-
vanced technology and instrumen-
tation for other sciences, pure and
applied, and for industry—have ad-
vanced steadily. In cryophysics, the
study of physical behavior near tem-
peratures of absolute zero, studies
made for the improvement of par-
ticle acceleration and the detection
of gravitational radiation have
markedly increased our ability to
deal with low temperature pheno-
mena such as superconductivity on
a large scale. The latter phenom-
enon will eventually find major
applications in the generation and
transmission of heavy-load elec-
tricity and in higher speed com-
puters.

Technology relating to the con-
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finement of plasmas—hot ionized
gases—has . produced several new
developments raising hopes for
eventual production of electric
power by nuclear fusion, a pollu-
tion-free technique which also will
draw upon hydrogen rather than our
diminishing supply of fossil fuel as
a source of energy.

In astronomy, new techniques of
working in the far infrared—Iight
of very long wavelength merging
into the microwave segment of the
radio spectrum-—have enlarged the
scientist’s view of the universe con-
siderably. The successful flight of
Stratoscope II, a balloon-borne,
high-resolution telescope, has mar-
kedly increased our ability to study
the planets of our solar system—
knowledge which will not be im-
proved upon until planetary probes
“fly by” these planets in the late
1970’s. For the observing astron-
omer, a new technique of computer-
guidance will cut drastically the
time now spent in aiming telescopes
at desired sectors of the sky and
increase efficiency and actual observ-
ing time—in some cases by as much
as 50 percent. Discovery of the water
molecule and several new poly-
atomic organic molecules in inter-
stellar space has broadened our view
about the conditions under which
life itself can evolve.

In applied mathematics, which
uses the highly abstract tools of
pure mathematics for applied ends,
new techniques of nonlinear analy-
sis are being applied to problems
such as multiple inputs of munici-
pal effluent into the Hudson River
and the flow mechanisms of blood.
The theory of differential games is
being used in economics and in the
study of transportation and traffic
problems. Statistical theory is being
applied to quality control testing in
industry, experimental design in the
laboratory, and to studies of genetics.

Eventually, many of the abstract
relationships discovered in pure
mathematics facilitate man’s con-
ceptual mastery of real phenomena

RESEARCH SUPPORT ACTIVITIES I3

in all of science, which in turn finds
concrete form in physical instru-
mentation and experiments. Finally,
these relationships emerge, with reg-
ular and lasting impact, as new proc-
esses, new instruments and mecha-
nisms, and new materials. The avail-
ability and relative cheapness of
paint and plastic, of solid state cir-
aiitry, of long distance telephone
and television communication, of
improved traffic and transportation
control all find their roots in basic
research in the mathematical and
physical sciences.

CHEMISTRY

The Association Reactions
of Borane

The relation between the nature
of a chemical species and the reac-
tions it undergoes has always been
amajor research thrust in chemistry.
There are two levels at which one
can understand a chemical reaction.
The first level of understanding in-
volves knowing what stable products
are produced from stable reactants
under the specified conditions of the
reaction. A second and deeper level
of understanding is achieved when
one can answer the question: What
is the detailed motion of the atoms
in the chemical species during the
course of an overall reaction? An
approach to answering this question
is to break down a given chemical
reaction into smaller steps that can
be scrutinized individually.

There are many ways to break
down a chemical reaction into
smaller steps. One simple and direct
way is by detecting intermediate
chemical species. These are species
which are formed and subsequently
destroyed during the course of the
reaction. They are neither reactants
nor products. Knowing the struc-
ture and the speed with which these
intermediates react is equivalent to
having “snap shots” of the atomic
motions which control the total
chemical reaction. The identifica-
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tion and characterization of impor-
tant types of intermediates has his-
torically had a large impact on
chemistry.

Thomas P. Fehlner of the Univer-
sity of Notre Dame is currently in-
volved with the characterization of
a new kind of intermediate, borane
(BH3), and the comparison of its
unique qualities with those of re-
lated, yet different species. In most
stable boron compounds, the boron
atom is surrounded by eight elec-
trons, usually shared in chemical
bonds with other atoms. Borane has
only six electrons, so it seeks other
molecules which can share two elec-
trons with it. Because of this charac-
teristic, it is so reactive that it does
not normally exist in a free state for
a lifetime of more than a fractional
part of a second.

Two things were prerequisites to
the study of borane: a pure and
intense source of borane, and a sys-
tem suitable for observing its reac-
tions. The first requirment was
fulfilled after much effort in quali-
tatively examining the production
and destruction of borane in a
variety of systems. By heating com-
plexes where borane was weakly
bound to compounds which would
readily give up a pair of electrons,
Dr. Fehlner produced quite pure
borane at relatively high concentra-
tions for long times /0.001 seconds)
compared to the measurement time
(0.00005 seconds) .

Dr. Fehlner was able to observe
the reactions of borane by con-
structing a mass spectrometer sys-
tem and coupling it directly to a
borane production device. The mass
spectrometer acts by converting all
of the chemical species entering it
into ions, which are then separated
according to their mass, and
counted. The relative numbers of
ions of various masses yield informa-
tion both as to the identity and the
number of the species ionized. Con-
sequently, as borane is reacted with
various species, this instrument can
be used (1) to identify unambigu-

BORANE CARBONYL

BEHAVIOR OF BORANE,
A REACTIVE CHEMICAL
FRAGMENT

RS

BORANE

“Snapshots” of the behavior of borane, a reactive chemical fragment. In the reaction
on the left, borane is released, along with carbon monoxide, by heating borane carbonyl.
It reacts rapidly with another borane fragment to form diborane, with its unusual
hydrogen-bridged structure (top). Borane also reacts with ethylene, which has an

extra pair of electrons in its central bond.

ously the products and (2) to meas-
ure the amounts. Finally, the time of
reaction can be varied so as to meas-
ure the speed of the reaction.
During the past year the Notre
Dame group succeeded in observing
some of the characteristic association
reactions of borane. The first reac-
tion examined was the combination
of two borane fragments to form
the stable compound, diborane
(BoHg) . As far as chemical reac-
tions go, this reaction is very effi-
cient in that about one out of every
ten borane-borane collisions yields
the product. The second reaction
Dr. Fehlner has examined is the as-
sociation of borane with electron
pair donors to form complexes. The
products are already known in most
cases, but measurements of the rela-
tive reaction speeds will characterize
those aspects of borane reactivity
involving the acceptance of elec-

trons. The product of the reaction
of borane with ethylene, a com-
pound containing a double bond,
has recently been observed. The
product, ethyl borane (C,H;BH,),
was itself a previously unknown
compound. This type of reaction is
important in the synthesis of many
new chemical ompounds. Dr. Fehl:
ner's work will significantly broaden
our understanding of fast reactions
in general and the relationship be-
tween chemical reactivity and elec-
tronic structure.

Nitrogen Fixation

Life on earth would not be pos-
sible without the fundamental bio-
logical process by which certain
plants convert atmospheric nitrogen,
which is chemically inert, into am-
monia (INHj;). From this ammonia,
proteins are constructed which are



essential components of all living
cells. In nature, the conversion of
nitrogen to ammonia is accom-
plished by nitrogen-fixing bacteria
through the agency of a compli-
cated enzyme catalyst called nitro-
genase. Industrially, the fixation of
nitrogen to ammonia is done by a
high temperature (300°-600° C.)
high pressure reaction (several hun-
dred atmospheres) known as the
Haber process.

Chemists have long sought a way
to reduce molecular nitrogen to am-
monia under moderate conditions
without requiring the high tempera-
ture or pressures of the Haber proc-
ess. Research to date indicates that
iron and molybdenum, which are
present in mmany natural systems,
seem to play animportant transition
role in the process of fixation and
reduction of nitrogen to ammonia.
Apparently, these transition metals
form a metalnitrogen complex
which weakens the bond which
binds the inert nitrogen molecule
together.

Although a number of well-char-
acterized metal-nitrogen complexes
have been made, it has not been pos-
sible to reduce the nitrogen in these
systems down to the ammonia stage.
The difficulty undoubtedly lies in
the thermodynamic stability of
molecular nitrogen and the relative
thermodynamic instability of the
intermediate chemical species neces-
sary in the successive stages of re-
duction.

Recently, Fred Basolo and Ralph
G. Pearson at Northwestern Uni-
versity made a discovery which bears
on the reduction problem and prom-
ises to throw light on the require-
raents for a metal ion catalyst which
can reduce molecular nitrogen to
ammonia. Drs. Basolo and Pearson
prepared two different metal salts,
one containing the element ruthen-
ium and the other containing the
element iridium each of which con-
tains a nitrogen complex cor-
responding to one of the apparently
required intermediate chemical spe-

cies. This intermediate product can
be reduced to ammonia complexes
by mild reducing agents. The secret
of success apparently was to start
with metal in the reduced (having
a surplus of electrons) rather than
oxidized (deficient in electrons)
form thereby enabling the reaction
to proceed towards ammonia rather
than reverting back to the stable
molecular nitrogen stage.

The new metal-nitrogen com-
plexes have some analogy to the
molybdenum-iron system which is
presumed to be the catalyst in the
enzyme nitrogenase. It will be of
interest to see if iron can be used to
replace ruthenium. While a system
capable of fixing nitrogen in this
manner has not been developed,
systems are now available in which
the several stages of reduction of
nitrogen can be studied.

The work by Drs. Basolo and
Pearson appears to be a significant
step forward in the elucidation of
the complete mechanism ‘of biologi-
cal nitrogen fixation which, once
achieved, may ultimately make pos-
sible breeding of nitrogen-fixing
powers into crops such as wheat
and corn, minimizing the problems
of run-off of excess fertilizer, a pos-
sible cause of river and lake pollu-
tion and an uneconomic use of
fertilizer.

Chemical Instrumentation

The acquisition of modern instru-
ments is recognized both by the
Foundation and chemistry depart-
ments at institutions of higher
learning to be of crucial importance.
During the past year the Foundation
received 202 requests from colleges
and universities for purchase of
chemical instrumentation. Highest
priority requests totaled $10.4 mil-
lion, with lower priority items
bringing the total request to over
$30 million. The Foundation was
able to support 63 of these requests
by contributing $1.7 million toward
the purchase of $3.39 million worth
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of instrumentation. The difference
of $1.69 million was provided by
institutional contributions, which
this year were 25 percent higher
than the average contribution over
the past 6 years. These very signifi-
cant contributions provide substan-
tive evidence that colleges and uni-
versities recognize the importance
of complex instrumentation in
chemical education and the pursuit
of basic chemical research.

PHYSICS

The Solid State Physics
of Pulsars

Pulsars, the recently discovered,
rapidly pulsatmg radio sources ob-
served in the sky, have attracted
interest outside the domain of the
astronomers who first observed
them. These phenomena appear to
represent such an extreme form of
behavior that what they do and are
may be of fundamental importance
to our understanding of the basic
physical laws of the universe.

Less than 2 years ago, Malvin
Ruderman of Columbia University
pointed out that pulsars would most
likely exhibit phenomena such as
superconductivity and superfluidity
which are more normally associated
with materials that are manipulated
by solid state physicists on labo-
ratory bench tops.

Recently, physicists and astrono-
mers have leaned strongly toward the
theory that these objects are the
long predicted neutron stars (first
postulated by the Russian physicist,
L D. Landau, and the American
physicist, J. Robert Oppenheimer
in the late 1980%). The reason for
this is the short time-scale of the
“pulsations.”” Just as a pendulum
has a characteristic period which is
determined by its length and the
gravitational field strength at the
surface of the earth, any astro-
nomical object will have pulsation
periods which are uniquely deter-
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A theoretical model of a pulsar, pictured
as a rotating neutron star with magnetic
and spin axes out of alignment. It is
thought that intense surface magnetic
fields in such an object would be respon-
sible for beaming electromagnetic radia-
tion along the direction of the magnetic
axis. If the star is properly oriented, this
beam would sweep through the observer’s
line of sight once (or twice) for every
rotation of the star, thus giving rise to the
“pulsar” effect. Other models which have
been suggested differ in detail and involve
emission regions further out from the sur-
face of the star and “beaming” perpendic-
ular to the field axis, but all current
theories emphasize the rotating searchlight
effect as the basic source of the pulses.

mined by its density. In order to
pulsate once a second, it must have
a mean density of 108 to 101© grams
per cubic centimeter. The densities
of the heaviest naturally occurring
elements are of the order of 20
grams per cubic centimeter.
Because of the unique way in
which atoms are being “squeezed”
at these densities, such an object
would not be'stable, and it would
continue to collapse to a density of
103 to 104 grams per cubic centi-
meter, at which point the individual
nuclei would be touching each other
and would cease to exist as separate
entities. At this higher density, pul-
sation periods would be only 103
seconds, but such a collapsed star
with these properties could easily
be in rotation once a second with-
out being disrupted by centrifugal

forces, and it is now commonly ac-
cepted that it is the magnetic field
(which the neutron star is likely to
have associated with it if it has
evolved from a normal star) rotating
with the star which somehow pro-
duces the periodic radio bursts.

At these high densities, the indi-
vidual nuclei are expected to break
up, and the most stable form of
matter will be a neutron “liquid”
with perhaps a few percent of pro-
tons and electrons, also in a “liquid”
state. The solid state physicist com-
monly describes the liquid and solid
states of normal matter in terms of
interacting atoms, but he can also
discuss the interactions of large
numbers of particles independent of
their  precise  internal  nature.
Through the use of such techniques,
Dr. Ruderman was able to conclude

that a typical neutron star should
have a coremantle structure much
like that of the earth. In the outer-
most layer, where the density is not
yet as high as the density of the
nucleus, one would expect the indi-
vidual nuclei to form a crystal lattice
structure, just as atoms commonly
form such structures at normal den-
sities. As one goes further toward
the center, the density continues to
increase and the number of sub-
nuclear particles or nucleons in each
individual lattice nucleus decreases,
until finally the lattice is made up
solely of unbound nucleons. Deeper
into the star, the still higher density
of nucleons forces them to have suf-
ficiently large kinetic energy so that
they will no longer be fixed on indi-
vidual lattice sites. The proton,
neutron, and electron components

The pulse period of a pulsar in the constellation Vela is plotted as a function of time.
Up until February 24, 1969, the period is steadily increasing. One week later it has
decreased drastically, and in following weeks again shows a gradual increase at a
slightly different rate. If the model of a pulsar is correct, the pulsar had to undergo
a sudden increase in rotational velocity during the week of February 29—March 3.
This could have been triggered. by a “starquake.” (Courtesy of P. E. Reichley and
G. 8. Downs at the California Institute of Technology Jet Propulsion Laboratory)



will then all be in the liquid state,
and it is highly likely that the
neutron component will be super-
fluid and the proton and electron
components will be superconduct-
ing.

Two new observations made dur-
ing the past year and a half have
given increasing weight to this theo-
retical picture. The first of these was
the report of the sudden increase in
rotational velocity or “spin up” of
the pulsar located in the constella-
tion Vela. Observations made 1 week
apart indicated that its period had
decreased by one part in 105 or
equivalently, that its rotational
velocity had increased by that
amount. After this “spin up” oc-
curred, the object was again ob-
served to follow a gradual slowing-
down law, but at a different rate
than it had prior to spin-up. A
sudden change in the moment of
inertia of the pulsar appears to be
the most likely explanation; a 1-
centimeter decrease in the mean
radius would be sufficient to account
for the observations, and Ruderman
and collaborators suggest that the
speed-up is due to a “starquake”
which occurs in the solid crust of
the pulsar when the centrifugal
forces which would cause it to bulge
after its initial solidification have
relaxed enough to make sufficiently
large stress. They find that the ob-
served changes in period and rate
of slow-down are consistent with
this picture, provided they make
one additional hypothesis about the
viscous forces which tend to damp
out motions of the pulsar’s crust
relative to the fluid core—they must
be so small that the core can only
be interpreted as existing in a super-
fluid state. A number of months
ago, another pulsar “spin-up,” this
time of the pulsar in the Crab Neb-
ula, was observed by an NSF-spon-
sored research team at Princeton
University. The observed data were
again in agreement with the super-
fluid model.
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LIQUID HELIUM

Spectrum of ultraviolet (u.v.) radiation observed from liquid helium bombarded by
160 keV electrons, showing the broad range of photon energies emitted. For com-
parison, the narrow line spectrum of neon (from a calibration lamp) is also shown, to
illustrate typical atomic u.v. spectra. For many industrial and scientific applications, a
broad emission spectrum and high efficiency are required of a u.v. source.

Ultraviolet from Liquid
Helium

Liquid helium is of interest to
scientists in widely separated fields
because it is the coldest fluid known
to man. Liquid helium is also of
interest because it is a superfluid;
that is, it has no viscosity and no
surface tension—which means that
it can flow through holes no other
liquid can permeate, and can climb
the sides of containers in which it
is placed. Further, liquid helium is
practically a perfect conductor of
heat, which makes it an ideal re-
frigerant for super-cold applications
since it quickly removes heat from
the object being cooled. Finally, it
is of interest to scientists because
it shows forms of behavior (super-
fluidity, superconductivity, etc.) on
a gross or ‘““macroscopic’’ scale that
are usually only associated with be-
havior of matter on an atomic scale.

Interested in learning more about
the physical properties of this liquid
and what it could reveal about the
structure of the atoms of which it

is made, a young scientist W. A.
Fitzsimmons of the University of
Wisconsin has been probing the
effects of shooting an electron beam
into a container of liquid helium.
Dr. Fitzsimmons is interested in
what the helium does after absorb-
ing energy from the electron beam,
since this reveals to him something
of the nature of the helium im-
mediately surrounding the atom
which has absorbed energy and then
released it.

In his apparatus the beam enters
the liquid through a thin foil (which
separates the liquid from the vac-
wum of the electron source), and
the light then emitted is observed
at a 90° angle with a specially de-
signed monochromator, a device
which measures the intensity of light
at a given wavelength.

The light emitted from the liquid
along the path of the beam was
found to be characteristic of various
excited states of the helium (He)
atoms and He, molecules formed by
the beam. The latter is in itself of
interest since helium is usually
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thought of as so totally inert as to
never form molecular combinations.
The subsequent interaction of these
excited atoms and molecules with
the body of the liquid serves as a
probe of the microstructure of the
liquid helium.

A surprising result was an efficient
and intense production of ultra-
violet light. Dr. Fitzsimmons’ first
measurements showed that about 10
percent of the electron beam energy
appears as such light. He estimates
that his first experiments have pro-
duced an ultraviolet source on the
order of 100 times the intensity of
previous ones operating in this por-
tion of the ultraviolet spectrum. He
observes that the helium can tolerate
an intense local absorption of energy
without boiling because as a super-
fluid and an unusually good con-
ductor of heat, the heat deposited
by the beam is carried away before
local boiling can occur.

An ultraviolet source of this
novel type would be inexpensive,
compact, and efficient. It could be
operated steadily, or pulsed on
quickly. Its intensity can be easily
and continuously changed over a
wide range. In addition to a number
of scientific uses, this source could
be considered for application in
industrial processes where it can
serve to initiate bulk chemical re-
actions or to heat the body of a
liquid from within or to sterilize
liquids.

Cornell Electron Accelerator

Since the Cornell Electron Syn-
chrotron reached its design energy
of 10 billion electron volts (BeV)
in 1968, a vigorous experimental
program has been pursued. This
machine is the latest in a group of
pioneering electron accelerators
built and used at Cornell under the
direction of Robert R. Wilson, now
Director of the National Accelerator
Laboratory in Batavia, Ill.

The Cornell synchrotron, pres-
ently under the direction of Boyce

Experimental arrangement of the 10 BeV spectrometer and wide aperture magnet and
spark chamber. This arrangement is used for the detection and identification of deep
inelastic scattering electron interactions with production of hadrons.

D. McDaniel, has a capability which
is unique in the world—it produces
photon and electron beams of up
to 10 BeV energy which are suffi-
ciently uniform in time (compared
to the one-thousandth of a second
beam bunches presently available
in linear accelerators) to permit
the detailed study of interactions in
which several particles are detected
simultaneously.

This property of the accelerator
gives Cornell a unique capability
to study many interesting funda-
mental processes. Among the most
interesting of these is the phenom-
enon called “deep inelastic scatter-
ing.” This is a process in which the
scattering of a high energy electron
by a target nucleon produces ener-
getic particles known as hadrons.
Hadrons are the particles which are
involved in the ‘strong” inter-
actions (one of the four basic inter-
actions of nature, which include
also the “weak,” the “electro-
magnetic,” and the “gravitational”
interactions) . This deep inelastic
scattering is now the subject of
much theoretical investigation be-
cause the probability for such scat-
tering occurring is inexplicably sub-
stantially higher than for particle

collisions without hadron produc-
tion (“elastic scattering”). One
theory to explain this high prob-
ability proposes that the target
nucleon (proton or neutron) is
made up of parts rather than being
a single elementary particle. Such
a composite structure for the proton
would require modifications to our
present interpretation of experi-
mental data and major revision
of our theoretical ideas, which
presently view the proton as a
fundamental building block of
matter and truly elementary in
nature. Hadron states of consider-
able interest are now being observed
at Cornell, providing data on what
is now one of the most important
unsolved problems in particle

physics.

Major Physics Research
Facilities

Research in the technology of ex-
tremely low temperatures is an es-
sential part of the work of William
M. Fairbank, H. Allan Schwett-
man, and collaborators at the High
Energy Physics Laboratory of Stan-
ford University. This has led to
major advances in the areas of high



efficiency power transfer systems for
particle acceleration and large-scale
refrigeration near absolute zero
with superfluid helium.

Superconductivity is that phe-
nomenon which manifests itself at
extremely low temperatures by the
disappearance of resistance to the
passage of electric currents. Extreme
efficiency in power transfer and
large voltage gradients, as much as
8 million volts per foot, have already
been achieved. The Stanford group
has also pioneered in the use of
superfluid helium as a refrigerant
on a large scale. The high heat
capacity and remarkable mass trans-
port properties of superfluid helium
lead to applications on a scale im-
practical with ordinary liquid
helium. A closed-cycle superfluid
helium refrigerator capable of
liquefying 450 liters of helium per
hour at 1.8° K. is now in operation,
a major advance in low-temperature
technology. One possible applica-
tion of these developments is in the
use of superconducting systems for
confinement and acceleration of
plasmas, with potential conse-
quences of the highest significance
for the development of new power
sources.

A novel type of beam collection
and focussing channel is also being
developed at this laboratory to pro-
vide high-intensity beams of pi-
mesons, particularly suited for
cancer radiation therapy. This is
being designed in conjunction with
the construction of a 500-foot-long
superconducting linear accelerator,
which represents the fruition of
many years of research in low
temperature technology, and is a
development that will have con-
siderable impact on future particle
accelerators. The anticipated per-
formance characteristics are a con-
tinuous electron beam with a cur-
rent of at least 100 microamperes,
energy spread and stability of one
part in 10,000, and final energy

above 2 billion electron volts. The
initial stages of this system are now
being tested. Beams at intermediate
energies will be available for re-
search purposes in 1971.

Work is also progressing on the
design of superconducting systems
for the acceleration of protons and
heavy ions, both at Stanford Uni-
versity and the California Institute
of Technology. Preliminary results
indicate that these techniques show
great potential for a practical solu-
tion to the problem of obtaining
intense beams of heavy ions.

ASTRONOMY

KitT PEARK NATIONAL OBSERVATORY

Kitt Peak National Observatory
(KPNO), with headquarters located
in Tucson, Ariz, and telescope in-
stallations on Kitt Peak on the
Papago Indian Reservation, is oper-
ated under contract with the Na-
tional Science Foundation by the
Association of Universities for Re-
search in, Astronomy (AURA), Inc.

150-inch Telescopes

Construction of the two 150-inch
telescopes—the world’s second larg-
est—one for Kitt Peak and one for
the Cerro Tololo Inter-American
Observatory in Chile has progressed
during fiscal year 1970 according to
plan. On Kitt Peak, the building
and dome are nearing completion
and are scheduled for acceptance
from the contractor by the end of
September 1970. Fabrication of the
mechanical mountings for these
telescopes is well underway and
optical “figuring” on the GE fused
quartz mirror blank for the Kitt
Peak telescope is almost completed
in the KPNO Optical Shop in Tuc-
son. After completion, grinding and
polishing of the blank for Cerro
Tololo will begin on the same
grinding machine.
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KPNO Research Projects

Stellar Astronomy

Much of the research done using
the smaller telescopes is in photo-
electric  photometry. KPNO staff
significantly increased the capa-
bilities in this field by the develop-
ment of pulse-counting techniques,
and by the introduction of equip-
ment suitable for work in the near
infrared region of the spectrum. A
major part of the bright-moon time
schedule of the 50-inch reflector was
used for infrared spectrophotometry,
with the auxiliary equipment of
visiting  scientists. These studies
obtained new evidence of radiation
from circumstellar dust shells.

The major part of the bright-
moon time use of the 84-inch re-
flector was devoted to spectroscopic
studies of the chemical composition
of the stars, of their rotational
velocities, radial and orbital veloc-
ities, and dynamics of their atmos-
pheres. Quasars, galaxies, and faint
stars were subjects for study during
dark-of-the-moon use of this instru-
ment. During a collaborative study
of optical counterparts of radio
sources located with the 210-foot
Parkes telescope in Australia, an
object having a red shift of record
size was observed. This object is
receding at more than 80 percent
of the velocity of light, and the
radiation now being observed left
the object when the universe was
one-tenth its present age.

Solar Astronomy

Continued improvements and
new additions to the McMath Solar
Telescope make it one of the world’s
most powerful and versatile instru-
ments for the study of the sun’s sur-
face and atmosphere. With the addi-
tion this year of the auxiliary mir-
rors the installation is now really
three telescopes in one, and has the
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capability of providing simultaneous
studies of the same solar pheno-
menon with different tools and tech-
niques. For example, the structures
of the solar atmosphere can be
photographed with one instrument,
their spectral characteristics re-
corded with a second instrument,
and a third can obtain the magnetic
fields in the same region.

After 3 years’ work, the 40-chan-
nel magnetograph has been brought
into operation. It worked from the
first flick of the switch, and gives
detailed maps of solar magnetic
fields. Simultaneously the bright-
ness and velocity fields of each area
are plotted.

A Harvard University graduate
student from Australia detected
fluorine in the sun. This is an im-
portant observation since it Tepre-
sents the first halogen detected. A
search will now be made for chlo-
rine in the farther infrared portion
of the spectrum.

The eclipse of March 7, 1970, was
successfully observed by Solar Divi-
sion staff at instrument sites in
southern Mexico and from Kitt
Peak.

Planetary Sciences

Although the major emphasis of
staff work is on other planetary at-

mospheres, additional contributions
come from a program of terrestrial
aeronomy. Investigations included
studies of the production and trans-
port of atomic nitrogen and nitric
oxide in the upper atmosphere, and
the maintenance of the earth’s night-
time ionosphere. Related rocket
flights have observed the day air-
glow, and twilight observations
from Kitt Peak contribute similar
information for certain emissions.

Three Aerobee sounding rockets
were launched at White Sands Mis-
sile Range, N. Mex. Two of these
were successful in returning scien-
tific data on galactic X-Tays, spec-
trometry and photometry of day-
glow emissions,

Exterior view (March 17, 1970) and interior cut-away drawing of the 150

-inch telescope installation on Kitt Peak.

(KPNO photo)



Previous solar rocket spectra of
this wavelength region gave ques-
tionable photometry, since they
were measured piecewise, photo-
graphically with different instru-
ments on different rocket flights.
Thus, good photometry of this re-
gion of the solar specrum is of
particular importance in determin-
ing the albedos, the ratio of re-
flected to incident radiation, of the
planets. Although several good UV
planetary spectra are available,
there is still skepticism that their
analysis is satisfactory because of the
available solar comparison spectra.

In planetary aeronomy, much of
the KPNO work used information
from the Mariner and Venera space
probes, and from observatory rocket
flights by visitors and staff. M. B.
McElroy’s studies of the thermal
structure of CO, atmospheres have
been fundamental to nearly all re-
cent work on Mars and Venus.

Rocket work, partly by visitors,
has produced calibrated ultraviolet
spectra of Venus, Mars, and Jupiter.
Scattering and absorption by CO,
dominate the Mars spectrum; for
the other two planets it has been
shown that scattering by aerosols
suspended high in their atmospheres
is clearly important.

CeERrro ToLOLO

INTER-AMERICAN OBSERVATORY

The Cerro Tololo Inter-American
Observatory  (CTIO) was estab-
lished and is operated in the Re-
public of Chile by the Association
of Universities for Research in
Astronomy (AURA), Inc., under
contract with the National Science
Foundation. At a southern latitude
of 30°, CTIO provides astronomers
with opportunities to observe scien-
tifically relevant southern sky ob-
jects.

The observing facilities are
located at an elevation of 7,200 feet
on Cerro Tololo in the foothills of
the Andean Cordillera. Astronomi-
cal observing conditions at Cerro
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The Cerro Tololo Inter-American Observatory 60-inch /7.5 Ritchey-Chrétien reflector
was used with a Schulte-designed field corrector to obtain this wide-field photograph
(by V. M. Blanco) of the Tarantula nebula in the Large Magellanic Cloud. (Photo
CTIO)

Tololo are superb, as at other
nearby sites where other organiza-
tions have followed CTIO’s ex-

ample.

CTIO Research Projects

During fiscal year 1970 visitors
and staff carried out photometric,
spectroscopic, and photographic re-
searches on the moon, planets, as-
teroids, stars, pulsars, gaseous nebu-
lae, clusters, quasars, and galaxies.
For example, T. McCord of the
Massachusetts Institute of Tech-
nology investigated the optical prop-

erties of lunar and planetary sur-
faces. His observations of the Sea of
Tranquility, Mare Serenitatis, yield
reflectivity properties identical to
those found in the Apollo 11 soil
samples. M. F. Walker of the Uni-
versity of California at Santa Cruz
did a photometric study of faint
stars in globular clusters of the
Magellanic Clouds. With image
tube techniques, he was able to
observe stars to visual magnitude
987, the faintest so far reached in
these mearby galaxies. Finally, an
example of the cooperation between
CTIO and KPNO is Malcolm
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Smith’s observation of gaseous nebu-
lae in the Carina region with Kitt
Peak’s pressure scanning Fabry-
Perot interferometer. Dr. Smith’s
preliminary findings indicate that
the great Carina nebula is formed
by a single expanding gas cloud,
rather than by two or more gaseous
bodies in the line of sight.

Facilities

The principal construction effort
during fiscal year 1970 was aimed
at completion of the building to
house the 150-inch telescope. All
basic structural work on the build-
ing was completed. Fabrication of
the telescope mounting is progres-
sing satisfactorily in the United
States, and first shipment of mount-
ing parts is expected during fiscal
year 1971. The 150inch mirror
blank has been cast, and grinding
and polishing will begin as a next
step at the KPNO Optical Shop.

Six telescopes were operational
throughout the fiscal year. The
largest of these is a reflector with a
60-inch aperture, specially designed
to be used in a wide variety of
investigations. Other telescopes have
apertures of 36, 24, and 16 inches
(two of the latter) and classical
Cassegrain optics. The sixth tele-
scope has Schmidt-type optics with
a 24-inch aperture and is on loan
from the University of Michigan.

A computer-controlled data ac-
quisition system was developed dur-
ing fiscal year 1970. The more rapid
data collection possible with this
system will result in a marked in-
crease in the productivity of the
telescopes.

During fiscal year 1970, a total
of 69 astronomers and graduate stu-
dents observed at Cerro Tololo, in-
cluding 55 visitors from the United
States, seven of whom were graduate
students. Thirteen of the visitors
were from Latin America, princi-
pally from Chile and Argentina;
these included four graduate stu-
dents. Altogether, visitors were as-

signed 68 percent of the total avail-
able observing time; the rest was
used by the resident staff, KPNO
staff, and for maintenance work.

NATioNAL RApIO
ASTRONOMY OBSERVATORY

The National Radio Astronomy
Observatory (NRAO) is a national
research facility funded by the Na-
tional Science Foundation under
contract with Associated Universi-
ties, Inc. Now in its 14th year of
operation as a national center for
basic research in radio astronomy,
the observatory has two observing
sites—Green Bank, W. Va., and
Tucson, Ariz.

NRAO Research Projects

Very Long Baseline (VLB)
Interferometry

In October 1969, the 140-foot
radio telescope in Green Bank was
linked together in an interconti-
nental experiment with a 72-foot
radio telescope in the Crimea,
U.S.S.R,, over 6,000 miles away. For
this experiment three NRAO staff
members took the VLB equipment
into the Soviet Union.

The purpose of the experiment
was to observe two dozen quasi-
stellar radio sources to determine
the angular diameters of the sources
and to investigate their fine struc-
ture. These radio sources of very
small angular size are of great in-
terest because radio sources are ap-
parently born small and expand
with increasing age. In order to
understand the physical processes
associated with the births of strong
radio sources, many of which may
be located at the edge of the observ-
able universe, it is necessary to know
more about their physical proper-
ties. From the variations in inten-
sity of many of these sources, it may
be inferred that their linear diam-
eters often do not exceed a few
light-months and once their angular

diameters are measured, their dis-
tances can be determined. Then,
from observations of their radio
spectra, their magnetic field strengths
can be calculated.

Discovery of More Interstellar
Molecules at NRAO

Following their discovery of the
carbon-12 isotope of formaldehyde
(H,C120) in ionized gaseous regions
of the Milky Way and in many dark,
cool nebulae, David Buhl (NRAO),
Lewis E. Snyder (Virginia), Patrick
Palmer (Chicago), and Benjamin
Zuckerman (Maryland) discovered
another concentrated source of
formaldehyde containing the carbon-
13 isotope, H,C130, toward the cen-
ter of the Milky Way and in many
of the ionized regions in which the
carbon-12 isotope had been found.
The normal amount of carbon-13 in
our solar system is one atom for
every 90 carbon-12 atoms. In our
galactic center, however, apparently
the ratio is | to 10. The investiga-
tors believe that the over-abundance
of carbon-13 in the center of our
galaxy indicates that formation and,
later, explosion of massive stars is
taking place in our galactic nucleus
since large quantities of carbon-13
can be produced in the cores of very
massive stars as a by-product of the
cycle which converts hydrogen to
helium in a stellar interior.

The 36-foot millimeter wave tele-
scope was first used for radio spec-
trum line work during the spring of
1970. Keith B. Jefferts, Arno A.
Penzias, and Robert W. Wilson of
the Bell Telephone Laboratories,
discovered a radio emission line
from carbon monoxide (CO), the
sixth atom or molecule to be
detected in inter-stellar space, using
a receiver built jointly by Bell
Laboratories and NRAO. The CO
line was seen in the galactic center
as well as in a number of other
Milky Way sources where other
molecules had previously been
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The NRAO 36-foot telescope at Kitt Peak was used to record 3.5 mm. contours of the sun. A solar magnetogram is shown at the

right for comparison. (NRAO photo)
found. The CO line in the Orion
Nebula is exceptionally strong and
extends over an angular extent
much larger than the nebula itself.
The great strength of the CO line
shows that the molecule appears
in great abundance among many
of the stars of our galaxy. The
CO line at 115 GHz (2.6-millimeter
wavelength) is observable only with
a radio telescope that has an ex-
tremely precise paraboloidal surface.
The 36-foot telescope is the largest
such telescope in the world and
affords scientists a unique oppor-
tunity to pursue the discovery still
further. On another telescope run,
the same group of scientists discov-
ered a seventh molecule, CN, as
well as two other isotopes of carbon
monoxide, C12018 and C13016,
Finally, Buhl and Snyder de-
tected an eighth molecule, hydrogen
cyanide (HCN) in a number of
galactic sources, including the Orion
Nebula and the galactic center.

Facilities

The major observatory telescopes
include a 300-foot meridian transit
telescope that after November 1970
will have a new surface capable of

operating down to wavelengths of
10 centimeters; an interferometer
which operates at 3- and 11-centi-
meter wavelengths consisting of
three 85-foot telescopes with a port-
able 42-foot telescope for remote
operation; a 140-foot fully steerable
telescope that will operate at 1 centi-
meter wavelength; and a 36-foot
millimeter wave telescope that will
operate down to wavelengths of 1
millimeter. The 36-foot telescope is
located at Kitt Peak, Ariz., while
the other systems are located in
Green Bank, W. Va.

Each telescope is equipped with
an on-line computer for limited an-
alysis of data as they are received.
Data are usually recorded on mag-
netic tape and are later processed in
a general-purpose computer.

During the past fiscal year a new
traveling feed was installed at the
300-foot transit telescope for use at
low frequencies. This new feed
moves at the telescope focus in such
a way that a radio source can be
tracked at transit, trebling the time
during which a source can be
studied at each meridian passage.

A new dual channel, low noise
spectral line receiver was placed in
operation at the wavelength of the
18-centimeter OH line which per-

mits any two of the OH lines to be
observed simultaneously.

The interferometer was con-
verted during the spring of 1970
to a two-frequency system and is
now operated at a 3-centimeter
wavelength as well as 11 centi-
meters. Maps of radio sources may
be made at 3 centimeters with a
resolution of 2 seconds of arc by
aperture synthesis techniques for the
study of the detailed structure of
astronomical objects.

Computer programs have been
completed that enable observers to
use the 413-channel autocorrelation
receiver to improve baselines and
increase the overall efficiency of the
receiver. A new antenna measuring
instrument has been built and tested
that will monitor the shape of an
antenna surface using a continuous-
wave radar, and promises to be of
value in studies of thermal deforma-
tions and other surface calibrations
of antennas.

Subsequent to the completion of
the report “A 300-Foot High Preci-
sion Radio Telescope” in June
1969, it was decided to incorporate
the principles of homologous de-
sign of radio telescopes into a
smaller but more precise instru-
ment. In this approach, the defor-
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Aerial view of the Arecibo Observatory showing the feed platform (upper center)
suspended by cables between three concrete towers 435 feet above the reflector surface.
Also shown are the operations, office, and visitors’ quarters complex (lower right),

and warehouse and maintenance buildings (lower left).

mation of the telescope due to the
pull of gravity, different for differ-
ent pointings of the instrument, is
made use of to bring the reflecting
surface to the desired shape to
focus the incoming radio beam. A
design is being made of a 65-meter
(213-foot) diameter, fully steerable
paraboloid designed to operate at
wavelengths as short as 3 milli-

(Photo Cornell University)

meters under stable atmospheric
conditions.

ARECIBO OBSERVATORY

The Arecibo Observatory (AO)
located approximately 12 miles
south of the city of Arecibo, Puerto
Rico, has the largest radio reflector
in the world. It was initially con-

structed with funds supplied to
Cornell University by the Advanced
Research Projects Agency, Depart-
ment of Defense. Commencing in
October 1969, the National Science
Foundation asumed sponsorship of
the AO and it was designated a Na-
tional Research Center with Cor-
nell University continuing to oper-
ate and manage the AO. The AO
itself provides on-site scientific man-
agement and administration, with
additional administration and plan-
ning conducted by the Arecibo
Project Office at the Ithaca campus
of Cornell University.

Research  Projects
Planetary Radar

The program of detailed map-
ping of the surface of Venus has
begun and the first map is now
available. Since the atmosphere of
Venus is optically quite impene-
trable, radar holds out the best
promise of obtaining information
about the structure of its surface.
The resolution obtainable is only
limited by the precision with which
the echo power can be analyzed.
With an improvement of the AO
facilities, one can expect such maps
in the future to have a resolution
much higher than those now being
obtained and therefore to show the
nature of the topography of Venus.

Pulsars

In radio astronomy, work on pul-
sars has been a major occupation at
the AO. After the discovery of the
pulsar in the Crab Nebula and the
further discovery that the frequency
of the pulses decreased with time,
much more attention has been paid
to this object. In addition to giving
the hint that the energy source for
the high energy particles in that
nebula is to be found in the rota-
tional energy of a neutron star, the
detailed observations of the Crab
Nebula have now given much in-



formation about these high density
and high energy regions in the uni-
verse. Details of the variations in
rotation speed of this and other
pulsars are carefully recorded, and
slight changes in the number of free
electrons in the line of sight from us
to the pulsars are also measured.

Facilities

The AO makes available to at-
mospheric physicists and to astrono-
mers a major research instrument
which can function either actively
as a radar telescope, or passively as
a radio telescope.

As a radar telescope, the instru-
ment transmits a pulsed signal, and
receives that portion of the signal
which is reflected back by electrons
in the ionosphere, or from the
moon, or the planets Mercury,
Venus, and Mars. Planetary radar
studies at AO have revealed the
previously unknown rotations of
Mercury and of Venus, as well as
giving most precise distances ac-
curate to about 1 kilometer for
these planets. Surface properties and
topography of the moon and planets
can also be investigated, and a
beginning is being made to obtain
a detailed map of the surface of
Venus.

The beam of the antenna—
located at a position of 18° north lat-
itude—can be swung over an angle
of 20° in any direction from the
zenith. About 40 percent of the sky
can be surveyed and the sun and
the planets can be observed on ap-
proximately half the number of
days in each year.

The AO is the only operational
spherical antenna system in the
world. It has shown itself to be rela-
tively cheap to construct, and con-
venient and versatile in operation.
The general development of this
type of antenna system will be in-
fluenced by the progress made at
the AO.

In a spherical antenna many feeds
can be used at the same time; thus,

At launch, 210-foot main balloon is re-
tained in sheath to prevent ‘‘sailing” in
the wind. Sheath is ripped by expansion of
helium at high altitude. (Photo Princeton
University)
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AO has a large number of dif-
ferent frequency feeds permanently
mounted, and it also has a multi-
beam system where ten beams can
be used simultaneously to speed up
a detailed survey of the sky.

During fiscal year 1970, a total of
91 scientific visitors from 12 dif-
ferent organizations utilized the AO
facilities. At present, a majority of
the telescope operating time is used
by graduate students in residence
and observatory staff.

UUNIVERSITY RESEARCH

Stratoscope II—The Airborne
Observatory

Perhaps the single greatest prob-
lem encountered by astronomers
using telescopes on the ground is
the earth’s atmosphere. Turbulence,
pollution, and absorption of light
at certain wavelengths severely limit
the resolution of even the largest
and most carefully constructed tele-
scope 1MirTorS.

To a very great extent this diffi-
culty has been overcome for at least
one telescope which observes astro-
nomical phenomena while floating
at an altitude of 80,000 feet sus-
pended from a giant plastic balloon.
The telescope, Stratoscope 11, has a
36-inch mirror and, with the use
of photographs with guidance and
radio command from the ground, is
able to obtain a resolution of 0.1
second of arc. This resolution,
roughly equivalent to the ability to
distinguish between two golf balls
30 inches apart at a distance of
1,000 miles, is close to the theoreti-
cal limit for a telescope of this size.

After several flights during the
past few years in which technical
difficulties hampered astronomical
observations, Stratoscope II was suc-
cessfully launched from the Na-
tional Scientific Balloon Flight Sta-
tion in Palestine, Tex., the night
of March 26, 1970, under the direc-
tion of Martin Schwarzschild and
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Airborne 36-inch optical telescope is completely remote-controlled from the ground.

(Photo Princeton University)

Robert Danielson of Princeton Uni-
versity. Dr. Schwarzschild has been
director of the Stratoscope II proj-
ect and its predecessor, Stratoscope
I, since inception of the latter in
1956. The project is cosponsored
by the National Science Foundation
and the National Aeronautics and
Space Administration, following in-
itial support by the Office of Naval
Research.

During the flight of the night of
March 26-27, Stratoscope II ob-
tained  photographs of unprece-
dented sharpness of both the planet
Uranus and of the nucleus of a rare
Seyfert galaxy. Both sets of photo-
graphs will markedly increase the
state of our knowledge of the two
celestial objects.

A Seyfert galaxy—in this case the
one known as NGC 4151, about $0
million light years from the earth—
has a very small but extremely
bright nucleus characterized by vari-
ability in light intensity, emission

of radio waves, and a spectrum of
broad bright lines produced by ex-
tremely hot gases in rapid motion.
The sharpness of the Stratoscope II
photographs establishes the upper
limit of the diameter of the nucleus
at about 12 light years. This volume
of space in the immediate vicinity
of earth contains five stars, includ-
ing our own sun. In contrast, the
same volume in the Seyfert galaxy
contains around ten billion stars.
One implication of this high density
of stars is that there must be colli-
sions between stars on the average
of every 4 months, which may ac-
count both for the very great bright-
ness and the observed variability of
the light from the nucleus, since
such high-speed collisions between
stars can be expected to produce
intense heating and large amounts
of radiation.

The photographs of the planet
Uranus are the sharpest yet ob-
tained. They reveal none of the sur-

face features of the planet occasion-
ally reported by visual observers,
but do reveal the planet as a slightly
flattened disk, sornewhat less bright
around the im. Measurement of
the latter phenomenon, called limb
darkening by astronomers, will pro-
vide a testofa theory that Uranus
—unlike Jupiter and Saturn—has
no clouds in its atmosphere. The
photographs will be further en-
hanced by combining several of
them by means of an electronic
computer, which will compensate
for the known optical properties of
the telescope. This analysis should
conclusively establish whether or
not Uranus has surface features.

UNIVERSITY A STRONOMY
RESEARCH INSTRUMENTS PROGRAM

The erection of the new 120-foot
radio telescope at the Vermillion
River radio observatory of the Uni-
versity of Illinois was begun on July
9, 1970. The 120-foot steerable re-
flector is near completion, with the
mechanical and electrical compo-
nents purchased and in a final state
of assembly. The radio telescope
will be used for sky surveys, con-
tinnum mapping, and spectroscopy
of the OH molecule. Polarization
studies of glactic sources will be
possible, and observing time will be
available to guest investigators.

A 60-inch optical telescope for
the Hale Observatories (Carnegie
Institution of Washington) is set
to be completed in 1970, and there
is auxiliary equipment for modern
operation of this telescope on Palo-
mar Mountain in California.

The fiscal year 1970 funds for
astronomy facilities and equipment
included support of spectrographs
for the New Mexico State Univer-
sity and  the University of Oregon,
a spectrum sanner and a three-
element aperture synthesis radio
interferometer for the Massachu-
setts Institute of T'echnology, mod-
ernization of the 150-foot solar tele-



scope of the Carnegie Institution
on Mount Wilson, and facilities
for photographic plate storage at
Swarthmore College.

MATHEMATICS

Technique for Statistical
Analysis

In almost all real life situations,
there is an element of randomness
to the behavior of parts of the sys-
tem. That is to say that even if all
other factors are relatively constant,
as for example, a group of people of
the same age, sex, ethnic, socioeco-
nomic, and geographical  back-
ground, some element of chance
will enter into their choices, actions,
and answers to questions. If this
behavior is truly random, and if the
sample is large enough, the mathe-
matical laws of statistics describe
accurately certain things about the
distribution of their actions, i.e., a
certain number of the group will
behave in a given manner, another
number in a different manner.
These laws of statistical analysis
have proved wvaluable in making
decisions where there is an element
of randomness in the selection,
evaluation, or compilation of data.
Recently, a new method of testing
has been developed which should
considerably improve the decision
process.

Suppose we wish to make a deci-
sion (e.g., drug B should be adopted
in place of drug A; or a machine
should be stopped and adjusted).
First we establish a criterion in the
form of a hypotbhesis that drug B is
more effective than drug A; or that
the items produced by the machine
are out of tolerance. An experiment
is then designed to select and evalu-
ate samples, and a method of com-
putation of the results established
to accept or reject the hypothesis.
In practice, the hypothesis and
computations are designed so that
if the computed average of the

samples is positive, the hypothesis
is rejected; if it is zero or negative,
the hypothesis is accepted. In the
design of the experiment, a certain
confidence level—a probability that
the decision is correct—is pre-
scribed. In all tests in current use,
the probability of rejection has a
small value when the computed
sample average is close to zero. The
probability of rejection approaches
a certainty when the computed sam-
ple average gets very large. This
means if the average is positive but
small, the probability of rejection
will be close to the prescribed con-
fidence level. However, there is no
way of testing the hypothesis at a
given confidence level which can
take into account the possibility of,
future observations. Thus, for ex-
ample, if we repeatedly test a
hypothesis at a given confidence
level with fresh sets of data from the
same process, we are sure to reject
it due to the cumulative effects of
errors in the data and the continuity
of the computation method for the
probability of rejection.

Herbert Robbins, at Columbia
University, has developed a theory
of testing which is of a radically
different nature. His procedure
starts in the traditional manner, but
he has a new method of computing
the probability of rejection in such
a way that rejection will be certain
for every computed sample average
greater than zero, while the prob-
ability of rejection for any average
not greater than zero will be less
than the (small) probability for a
zero average. The heart of this new
technique lies in finding a sequence
of numbers with certain mathe-
matical properties and such that the
probability that a zero average will
be rejected is less than the given
confidence level. Such sequences
have been known to exist, but it has
not previously been possible to
evaluate the probability that a zero
average would be rejected, and
thereby permit testing at a given
level of confidence.
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To illustrate the advantages of
this new method, consider the
following example. A machine pro-
duces an item which must be within
certain  tolerances. Samples are
drawn to test the hypothesis that the
machine is working properly.
Assume that the machine works
perfectly forever. Under any tests
currently in use, the machine will
be stopped once every hundred
tests, say, because the hypothesis is
rejected. Under the tests developed
by Robbins, there is only a prob-
ability of one in one hundred that
the machine would ever be stopped.

The new method has a wide range
of applications in such fields as
quality control, drug testing, etc.,
and will possess considerable ad-
vantages over current methods in
other important practical problems.

BIOLOGICAL AND
MEDICAL SCIENCES

During fiscal year 1970, the effects
of reorientation and cutbacks in the
support of research in the life sci-
ences by other agencies of the Execu-
tive Branch have become apparent
in proposals to the NSF. At the
same time, the number of proposals
which were successful in obtaining
NSF grants in biology dropped from
1,173 in fiscal year 1969 to 1,072 in
fiscal year 1970.

More proposals have been re-
ceived from investigators who were
previously supported by the Na-
tional Institutes of Health, the
Officc of Naval Research, the Air
Force, Army, and the Atomic Energy
Commission. Since the number of
grants which NSF will be able to
make in 1971 will not be sub-
stantially larger than in 1970, it is
anticipated that the fraction of pro-
posals which it will be possible to
fund will drop substantially below
the figure of 50 percent which has
prevailed in the past few years. The
next few years will clearly be a
time when the National Science
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Foundation should muaintain the
maximum flexibility inn deploying its
funds in order tobe able to respond
to a changing pattern of support by
other agencies.

In spite of the current difficulties
and the uncertainty about the long-
term future, biologists are excited
about the strides their science has
made in the last few vyears, and a
variety of new fields and approaches
which are clearly ripe for further
exploration. Within the biological
programs of the Foundation, it is
planned to place further emphasis
on environmental research. Major
increases in ecological research will
occur within the International Bio-
logical Program (IBP), bringing
the desert, deciduous forest, and
coniferous forest biome studies to
a fully operational level, and initiat-
ing an integrated research project
on the evolution of ecosystems.
Both within the IBP and in other
programs, increased attention will
be given to the biological control
of populations. Some of this re-
search will be directed toward im-
proved understanding of the factors
which operate generally to influence
the balance between different
species of plants and animals, while
other research will be designed to
promote particularly promising ap-
proaches to the biological control

of pests of particular economic
importance.
Other planned programmatic

efforts include an increased empha-
sis on psychobiology and neurobiol-
ogy, reproductive biology, the mo-
lecular biology of the human cell;
and the development of an im-
proved base of support for resource
centers such as museum collections,
genetic stock centers, and controlled
environment laboratories.

These initiatives on the part of
the Foundation are matched by
counterpart trends within the sci-
entific community. The “invisible
college” centered on a given prob-
lem area is not new to biology, but

an increased willingness to formalize
such arrangements is appearing.
One example is provided by the
organization of the Integrated Re-
search Projects of the International
Biological Program. Another ex-
ample is provided by the formal
organization of systematic biologists
with the objective of producing a
Flora of North America and at the
same time cooperating in the de-
velopment of a computer-assisted
system for handling taxonomic data
of this type. A more recent group-
ing has emerged among molecular
biologists who are proposing to co-
ordinate their efforts in order to
make an effective attack upon the
problems of the molecular biology
of the human cell.

The prospects in psychobiology
and neurobiology seem particularly
exciting because it now appears to
be possible to approach problems
of learning, memory, behavior, and
perception at the level of mecha-
nisms. The techniques for measur-
ing parameters of behavior have
been greatly refined, recording of
electrical events can be made from
highly localized regions in the cen-
tral nervous system, the mapping of
functional regions and pathways
has progressed to a very substantial
extent, and tools are available for
examining the chemical basis of
structure and function. The identifi-
cation of sensory pathways and
events has opened the exciting pos-
sibility of direct stimulation of the
central nervous system with the
electrical output of a sensory pros-
thesis—an artificial sense organ.
Although recognized as possible in
a speculative sense for many years,
such an undertaking is now clearly
possible with predictable improve-
ments in our understanding of the
functional anatomy of the central
nervous system and the normal elec-
trical output of sense organs. Thus,
by substituting an artificial sensor,
coupled appropriately with the cen-
tral nervous system, it will be pos-

sible to restore some degree of
sight to the blind or hearing to the
deaf.

At the molecular level, we can
now anticipate a developing under-
standing of the chemical basis of
learning and memory, and the basis
of chemical effects on behavior.
Many such chemical effects have
been identified as a part of the
normal regulatory processes of be-
havior and as desired or undesired
effects of drugs, but we do not yet
understand the mechanisms by
which these chemical effects are
mediated. There is, for example, no
understanding of the mechanisms
responsible for drug addiction or
dependence, and until these mecha-
nisms are understood, there is no
hope of dealing in an effective way
with this frightfully expensive
social problem.

Remote sensing techniques have
been applied by ecologists for studies
of the distribution of animals and
plants as rapidly as they have had
access to this technology. There is
great interest in the expansion, im-
provement, and increased access to
these techniques because it is clear
that they will be essential to effec-
tive ecological studies of any sub-
stantial magnitude, as well as to
improved wildlife management,
forestry, and agriculture — when
coupled with the required funda-
mental research.

Finally, although the National
Science Foundation cannot propose
to greatly expand support of tropical
biology in the near future, we wish
to recognize the necessity of con-
tinuing with the modest investment
in this area. Aside from the inherent
interest of the rich flora and fauna
of the tropics to biologists, the
tropics also represent the greatest
undeveloped potential for food
production. The use of extensive
monocultures, which has been so
effective in the temperate zones, has
been less effective or actually
disasterous in tropical agriculture.



Insights currently being developed
into the differences between tropical
and temperate ecology suggest the
possibility of using multicultural
farming methods in the tropics—
the technique of raising several food
crops simultaneously on the same
plot of ground. Perhaps in this way,
food production may be greatly in-
creased without inviting ecological
catastrophe in tropical areas.

INTERNATIONAL
BIOLOGICAL PROGRAM

The International Biological Pro-
gram (IBP) has as its worldwide
theme “The Biological Basis of
Productivity and Human Welfare.”
U.S. participation in this interna-
tional program has taken the form
of multi-investigator integrated re-
search projects dealing with two of
the important topics facing man-
kind in a world of burgeoning popu-
lation—scientific management of
biological resources and human
adaptation to the stresses of the
physical environment.

Rational use of the environment
requires a better understanding of
how ecosystems operate. Such an
understanding has long been sought
by individual investigators probing
important aspects of plant and
animal ecology. The new dimension
added by IBP is the integrated
attack on complex ecological sys-
tems by teams of investigators repre-
senting a variety of disciplines and,
often, many institutions. Each in-
vestigator pursues his own specialty,
but shares his data with scientists
in neighboring fields. The objective
is to achieve a fuller understanding
of the processes and rates of nutrient
cycling, water movement, energy
flow, and population dynamics in
natural and man-dominated ecosys-
tems than can be obtained by indi-
vidual investigators working alone.
This additional knowledge is
essential if man is to cope ade-
quately with the twin challenges of
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producing enough food and fiber
to feed a hungry world and of main-
taining and enhancing the quality
of the environment.

The problem is being attacked
through intensive studies of ecosys-
tems in four distinct life zones, or
biomes: deciduous forest, coniferous
forest, grassland, desert. The inten-
sive study of the Grassland Biome
moved from the planning and pre-
paratory stage into full operation
during the year; expanded field re-
search in the Desert Biome began
in May 1970. Planning was com-
pleted for the other biome studies,
and they are expected to begin
operations during fiscal year 1971.

In addition to the biome studies,
IBP includes a wide range of other
environmental research. An in-
tegrated research program in bio-
logical control of insect pests began
during the year under the direction
of Carl Huffaker of the University
of California at Berkeley. Emphasis
will be put on natural factors regu-
lating key groups of insects, with
the aim of learning how to maintain
pest populations at noneconomic
densities in such a manner as to
optimize cost-benefit relations and
to minimize environmental degra-
dation. Collaborative research is
being undertaken in the ecology of
upwelling areas, which comprise
only about 1 percent of the sea
surface but are responsible for the
productivity of perhaps half of the
world’s  fisheries. = Comparative
studies of upwelling in the Pacific
off Peru and in the eastern Medi-
terranean are in progress.

The human adaptability compo-
nent of IBP has developed more
slowly than the ecosystem research.
A collaborative research effort in-
volving anthropologists, archeolo-
gists, geologists, and marine and
terrestrial ecologists was begun to
study the adaptations of Aleut
Indians to the changing conditions
of the Bering Sea land bridge dur-
ing and since the Pleistocene. Re-
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search in the genetics of South
American Indian populations little
influenced by Europeans continued
under the direction of James Neel
of the University of Michigan. As
Dr. Neel has put it, “This is the first
generation of scientists to have the
tools to do this kind of sophisticated
research in the genetics of primitive
populations, and the last to have
the opportunity to do so.” Dr. Neel
has pointed out that since man’s
genetic diversity arose while he was
living as a hunter and gatherer
with simple agriculture, many in-
sights into the population genetics
of civilized man can be gained only
from primitive tribes. It is impor-
tant to study them before their
genetic  constitution and social
structure have been altered by ex-
tensive contact with other popula-
tions.

Molecular Biology

Two of the most exciting achieve-
ments of the year arose from studies
on the molecular biology of the
gene. A chemist, starting with
simple molecules, and a geneticist
starting with living cells accomp-
lished in principle the same result.
The end product of their respective
experiments was, in tangible form,
a single gene.

In the fall of the year, Jonathan
Beckwith and his co-workers at Har-
vard Medical School reported the
successful isolation of a gene from
the bacterium Escherichia coli. More
recently, H. Gobind Khorana (re-
cipient of the 1968 Nobel prize for
his contributions to unraveling the
genetic code) and his colleagues at
the University of Wisconsin syn-
thesized a gene from elementary
chemical units. In essence, the two
groups exploited the chemical prop-
erties of DNA, the genetic material
to achieve their goals (but from
opposite starting points) .

The Watson-Crick model of DNA
is a long molecule consisting of two
intertwined ‘“‘strands” held toegther
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In the Beckwith isolation of a single gene, DNA from two different bacteriophages is
uncoiled, and single molecular strands from the two sources mixed. The complemen-
tary sections of the two strands which together make up the lactose region are an-
nealed and the unpaired strands digested enzymatically to leave only this region. The

diagram is highly schematic.

throughout their length by specific
pairs of chemical units, thie nucleo-
tide bases. The sequence of these
units in one strand defines the
chemical code for a given gene. Be-
cause of chemical considerations, the
sequence of bases on one strand
dictates the sequence of bases in the
opposite strand. With careful ma-
nipulation, the two strands of intact
molecules of DNA can be separated.
If separated strands are mixed and
placed under conditions which
allow accurate reasociation, a
strand finds its complementary
partner and reforms a normal two-
stranded DNA molecule.

In essence, Dr. Beckwith and co-
workers performed surgery on the
genetic material of the bacteria
using a bacteriophage (virus which
infects bacteria) to dissect out and
carry the bacterial gene to the ex-
perimenters’ test tube. Upon infec-
tion of bacterial cells, certain types
of phage are capable of exising

small pieces of the host cell’s DNA,
incorporating it into their own
genetic material. As the phage
multiplies, this DNA is replicated
together with the phage DNA.

Specifically, the Harvard investi-
gators used two different phages,
both of which are known to carry
in their chromosomes different
bacterial genes and a single region
—common to both—that partici-
pates in the metabolism of the sugar
lactose. The principal difference
between the two types of phage—
and this is the key to the success of
the experiments—is that in one type
the bacterial DNA is incorporated
into the phage DNA in a left to
right direction while in the second
type the bacterial DNA is inverted
by being incorporated into the
phage DNA in a right to left direc-
tion.

The experiments performed by
the Harvard investigators consisted
of extracting the DNA of the two

types of phage separately and treat-
ing each DNA preparation so that
each of the doublestranded mole-
cules uncoiled, permitting the
strands to separate. They then
brought one strand of DNA from
each type of phage together under
conditions in which reassociation
could occur thereby restoring the
double-stranded state of comple-
mentary DNA chains. Since the
region of the DNA strands repre-
senting the bacterial lactose gene
was the only opposite mirror image
or complementary region, only this
part of the mixed chains came to-
gether immediately to form double-
stranded DNA. The neighboring
DNA segments remained dangling
as single strands and were digested
by an enzyme that degrades single-
stranded DNA. This resulted in a
preparation of purified bacterial
DNA segments that represented
only the lactose gene.

Dr. Khorana’s synthetic assembly
of a gene also depended on the
complementarity of DNA strands,
but his experimental approach was
quite different and involved an
additional property of DNA. The
information encoded in DNA is
used as a template and transcribed
by living cells into a chemically re-
lated class of molecues, RNA. The
RNA molecules are also comple-
mentary to the strand of DNA tran-
scribed, so if the sequence of bases
in the RNA is known, one can
deduce the sequence of bases in the
template DNA strand. Given the
sequence of one DNA strand, it is
possible to predict the composition
of the complementary partner
strand by the base-pairing rule.

Several years ago, Khorana began
experiments starting with alanine
transfer-RNA from yeast. The se-
quence of the 77 nucleotides in the
RNA was known from the work of
Robert Holley (see NSF Annual
Report, 1969), and it was a simple
enough matter to visualize the ex-
pected sequence of the 154 paired



nucleotides in the corresponding
segment of DNA which constituted
the gene that codes for the transfer-
RNA.

To achieve the synthesis of this
segment of DNA, however, was far
from simple. Starting with the
simple chemical building blocks,
Khorana synthesized short lengths
of strands of correct sequence, and
for each such sequence, produced a
strand of partial complementarity.
This partial complementarity was
crucial to the success of the experi-
ment. Pairing of the short strands
produced a DNA segment with a
two-stranded middle portion where
the base sequences were comple-
mentary and at each end an un-
paired strand remained. Enough of
these partially two-stranded pieces
of DNA were synthesized to mimic
the entire sequence of the nucleo-
tides in the gene. Thus, when pieces
that occurred in consecutive order
were mixed, a single strand of one
complemented asingle strand of the
other. By mixing the pieces in suc-
cessive order, pairing between the
overlapping ends produced progres-
sively longer two-stranded segments.
After base-pairing had ordered the
short segments of DNA, an enzyme
was used to form the chemical link-
age between adjacent ends, result-
ing, finally, in the intact synthetic
gene for alanine transfer-RINA.

It remains to be shown that these
isolated genes can be reinserted into
a cell and express their chemical
information. However, these suc-
cesses provide biologists with tech-
niques to allow the test tube study
of gene action to proceed at a highly
sophisticated level. It becomes pos-
sible to imagine that we shall soon
have considerable new biochemical
information on how genes are regu-
lated in living cells.

M icrotubules

In the last 20 years, the view of
the cell as an undifferentiated bit
of protoplasm containing a few

specialized microscopic organelles
has given way to a picture of a
highly structured system whose
parts are intricately interdependent.
Improved techniques such as micro-
surgery and better observational
instrumentation such as the electron
microscope have enabled biologists
to see and work directly with the
components.

The study of one such type of
structural component has bloomed
so rapidly that “microtubule biol-
ogy” might now be called a sub-
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discipline of biology. This area of
work deals with a variety of filament-
like structures which have a seem-
ingly wubiquitous distribution in
cells. These structures are assem-
blies of macromolecules and have
been named on the basis of their
diameters: the largest, greater than
200 Angstrom (A) units, are called
microtubules; the next sizes, simply
“100 A filaments” and “50 A fila-
ments.”” (An Angstrom unit is equal
to about four one-billionths of an
inch.)

(A)

(B)

“STICKY END”
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Starting with individual nucleotides (A) Dr. Khorana synthesized short lengths of
nucleotide chains (B). Using complementary base pairing, he annecaled part of a
longer chain to a short chain, leaving a “sticky end”’ to which to anneal a third short
length, again leaving a “sticky end” and so on (C). The overlapping produced
progressively longer two-stranded segments which were enzymatically linked to form
the complete gene of 77 nucleotide pairs. The diagram in this case is intended to
show regions of double-stranded DNA as open symbols and those fragments not yet

base-paired as darker symbols.
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The filaments are of special in-
terest because of their probable role
in influencing the shape and move-
ment of living cells eithexr in migra-
tion or displacement of cells from
one location to another or in move-
ment of materials within cells.

The problem of cell shape has
tantalized biologists for many years.
How a definitive cell shape is ac-
quired is a central question in dif-
ferentiation, the event in embryonic
development which, generally, is
the time when a cell attains its
characteristic adult function. The
cell shape problem also bears on a
popular biological generalization;
namely, that there is a correlation
between the architecture of a cell
and its physiological function.

Norman K. Wessells at Stanford
University has provided important
new information on the way in
which  microtubules affect cell
shape. Dr. Wessells has found that
the application of a chemical, cyto-
chalasin, causes the selective dis-
appearance of the 50 A class of fila-
ments. Studies of the salivary gland,
during the differentiating phase of
development reveal that in the
presence of cytochalasin, the gland
does not assume its characteristic
shape. The effect is reversible; when
the chemical is removed the 50 A
filaments reappear and the tissue
undergoes cell rearrangements which
are characteristic of the differen-
tiated tissue. In a second series of
investigations Dr. Wessells has
found that the 50 A filaments asso-
ciated with the growing tip of a
nerve cell are also disorganized by
cytochalasin. In this case the tip of
the cell becomes rounded and
further extension of the nerve cell
axon—the long extension of a nerve
cell that conducts nervous impulses
away from the cell body—is in-
hibited. Interestingly enough, the
microtubules in the axon of the
nerve cell remain intact and except
for the tip, the cell retains its char-
acteristic shape. If a second chem-
ical, colchicine, a drug used in the

Using refined microscopic techniques, Dr. Andrew Bajer at the University of Oregon
is able to trace microtubules from the light microscope level to the fine structure level
of the electron microscope. (The cell shown is Haemanthus, the African blood lily;
the arrow indicates the microtubule and associated (darker) chromosomes.)

treatment of gout, is applied simul-
taneously with cytochalasin to the
nerve culture, the microtubules also
become disorganized and the entire
cell becomes rounded.

Howard Holtzer at the University
of Pennsylvania has found that ap-
plication of cytochalasin also in-

hibits division of the cytoplasm of
cells. In each of the foregoing ex-
amples, the 50 A filaments appear
to have a functional association
with the cell membrane, yet in each
case the biological event affected is
unique to the given cell type.
The understanding and control



over the development and move-
ment of cells gives the biologist a
profound and important tool for
further advances in embryology and
perhaps, in the far future, presents
possibilities for directing the re-
generation of damaged tissues and
even organs.

Ecological Gradients

In disentangling the complex net
of relationships in natural ecological
systems, the techniques of controlled
manipulation, so common in labo-
ratory science, have so far been ex-
tensively used only in lakes and
ponds where manipulation of the
fish stocks can modify the composi-
tion and functioning of the entire
ecosystem.

A generally more useful strategy
for the ecologist pursuing terrestrial
studies has been to analyze the prop-
erties of the system whenever it is
disposed along a measurable gra-
dient, a change in some value per
unit of distance in a specified direc-
tion, in the physical environment.
The addition or removal of a single
species population wherever its
limit of tolerance is reached can
cause a modification in the entire
system. Should this happen, the
nature and extent of the modifica-
tion suggests the ecological role
which that species plays within the
system.

The marked gradient in water
temperatures within hot springs
such as those of Yellowstone Park
provides opportunity for employing
this strategy in the understanding
not only the ecophysiology—organic
processes specifically related to
adaptation to a particular environ-
ment—of the thermophilic or “heat
loving” organisms inhabiting the
hot springs but also the community
dynamics of the limited life forms
of this environment in which most
freshwater organisms would perish.
The water is hottest where it issues
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ADULT BRINE
FLIES ALIGHT

ZONE OF
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CHLOROPHYLL CHLOROPHYLL

PRODUCTION

“MOSQUITO-KILLERS"
MAT SHREDDING  LIMIT POPULATION
BY LARVAE OF LARVAE
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EFFICIENCY

Temperature gradient extends both downstream from hot spring and upwards from
water surface as algae-bacterial mat cools. Perforation of mat by grazing larvae in-
creases efficiency of photosynthesis, so maximum growth occurs at lower temperature
than that of maximum production of chlorophyll. At still lower temperature, popula-
tion of brine fly larvae is limited by predators. Vertical scale in the diagram has been
exaggerated to show detail.

from its underground source. In
some springs the hottest water may
be above 90° C.; only certain fila-
mentous and unicellular bacteria
can exist in such hot water, just a
few degrees below the boiling point.
But photosynthetic blue-green algae
mixed with bacteria flourish, form-
ing thick mats, where the tempera-
tures range between 50° and 75° C.
These mats are colorful — the
browns, yellows, rich greens, and
blue-greens where blue-green algae
predominate contrast with the
oranges, pinks, and reds of the
bacteria.

Richard Castenholz of the Uni-
versity of Oregon has been extend-
ing his field studies of the blue-
green algae by examining the
growth of these simple plants under
controlled laboratory conditions
simulating those of the field. The

research of Thomas Brock of
Indiana University on the ecology
and physiology of the thermophilic
bacteria of Yellowstone springs, and
that of Castenholz on the algae,
have been planned to. complement
each other. While each of these
investigators has also been con-
cerned with the effects of grazers
on the microbial mats, the com-
munity ecology has been the major
concern of Richard Wiegert of the
University of Georgia, who has
worked closely with the other two.

None of the small arthropods that
live in and on the algal-bacterial
mat—ostracods  (small freshwater
crustaceans), mites, and flies—occur
where the temperature is over 50°
C. In the Yellowstone springs, the
most common animal seen on the
mats is a brine fly, the adults of
which can be seen alighting here
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and there on bits of the mat that
prove to have cooled to at least 45°
C. by being raised above the surface.
Radioactive carbon incorporated
into the microbial mat has been re-
covered from both the adults of
these brine flies and their larva,
demonstrating that they do consume
the mat. The adults commonly lay
eggs and feed in those patches where
the mat has cooled to 30°-40° C.
Eggs laid where the mat is hotter
do not survive. But the concentra-
tion of the eggs in the cooler patches
results in a concentration of fly
larvae sufficient to corrugate, in
places even to completely shred, the
mat. Dr. Brock has shown that the
greatest efficiency of photosynthesis
occurs at temperatures bet-ween 40°~
50° C,, despite the fact that the
maximum crop of chlorophyll is
produced between 50°-60° C. He
believes that the greater efficiency
at the lower temperature range is
due to the grazers’ perforation of
the still cooler (30°40° C.) part
of the mat above the water surface.
These perforations promote circula-
tion of the nutrientladen water
and, in part, help the mat to main-
tain its integrity in spite of patchy
grazing.

At a lower temperature level on
the thermal gradient where the
microbial mat grows less well, it is
often saved from excessive consump-
tion by brine fly larvae because these
grazers are subject to predation by
another species of fly, one that be-
comes a conspicuous member of the
community where the mat becomes
cooler and the brine fly laxrvae more
numerous. This dolichopodid (lit-
erally, “long-legged” fly), locally
known as a mosquito killer, by eat-
ing the eggs and larvae of the brine
fly, stabilizes the community by
controlling the excesive develop-
ment of the population of these
insect grazers which might other-
wise destroy the energy-fixing basis
of the system.

ENVIRONMENTAL
SCIENCES

In the environmental sciences
field, as elsewhere in the Founda-
tion, fiscal year 1970 saw an up-
swing in the number of research
scientists applying to the NSF for
support. Also, as elsewhere, the full
impact is expected to be felt over
the next 2 years. The reason for
this delay is the continuing nature
of existing grants from other agen-
cies, which will not run out until
fiscal year 1971 or 1972.

In geology, where the National
Science Foundation has been virtu-
ally the sole support of university
research, retrenchment elsewhere in
the Government was not so deeply
felt—most other Federal agencies
with an interest in field geology
have in-house capability. In other
areas, however, requests for support
were up 50 percent over the previous
year. It should be noted that new
requests in all fields were of the
same or higher caliber as the pre-
vious year.

In spite of handicaps, the fields
dealing with the environment have
made substantial gains during the
past year, and clear lines of possible
advance for the future were iden-
tified.

In the atmospheric sciences, there
has been a definite trend towards

_working on physical rather than

statistical concepts of weather phe-
nomena, particularly through the
process of comparing predictions
from theoretically derived models
to actual results, and using the re-
sults of this comparison to improve
the model. Meteorologists are in-
vestigating methods of monitoring
efluents on a national and global
basis. The subfield of atmospheric
chemistry has been very active in
devoting its attention to pollution-
related research.

In weather modification, a major
program is being launched to learn

how to mitigate the destructive hail-
storms of the Great Plains. Scientists
are also interested in learning more
about warm fogs and warm clouds
in general. Methods of producing
precipitation from cold clouds and
dissipating cold fogs are well known,
and many techniques are opera-
tional and in commercial use. This
is not true of those warm clouds
where the water content is above
the dew point.

The earth sciences are moving
ahead rapidly in organic geo-
chemistry, a relatively new field, and
in seismology. Many aspects of the
earth sciences are rapidly being
pulled together by the unifying
concepts of global tectonics—the
theory of continental drift and sea-
floor spreading. The resounding
successes to date of the Ocean Sedi-
ment Coring Program have added
to the mounting evidence in support
of this theory and also to our knowl-
edge of the geology of dry land.

There is a growing awareness on
the part of urban planners of the
importance of input from the earth
sciences in planning for the most
beneficial and efficient use of land
for our new cities. It is estimated
that by the year 2000, tens of
billions of dollars worth of new
engineering structures will be built
in areas of known earthquake activ-
ity. Knowledge of the local geology
applied to the siting and engineer-
ing of these structures could result
in reducing earthquake losses by up
to 50 percent.

New experimental techniques are
becoming available which permit
subjecting materials to high tem-
peratures at pressures—accurate to
within 1 percent—of up to 150 kilo-
bars (150 times atmospheric pressure
—about 1,000 tons per square inch).
These temperatures and pressures
are equivalent to those deep in the
earth’s crust which cause the meta-
morphosis of minerals to various
crystalline rock formations. The
technique has been developed for



geological ~ experimentation  but
should have profound impact on
research and possible synthesis of
new “mineral-like” materials of ex-
ceptional properties.

In oceanography, new techniques
are coming to the fore such as a
systems approach using theoretical
models, particularly through the
use of on-board computers which
simultaneously record and operate
on multiple sources of data. Ocean-
ographers see the results of their
experience with their traditional
integrated team approaches to re-
search producing even better re-
sults and affecting the methodology
of scientists in a variety of other
fields. New techniques for measur-
ing the physical parameters of the
ocean are continuously being de-
veloped and tested.

POLAR PROGRAMS

Fundamental to the National
Science Foundation role in polar
activities was the assignment to it
in fiscal year 1970 of the responsi-
bility for the development of a
national Arctic Research Program
and for the coordination of the re-
search activities among the several
Federal agencies having an interest
in Arctic research. The Office of
Antarctic Programs was redesig-
nated the Office of Polar Programs
to handle the new responsibility.
The second half of the year was
devoted to an assessment of current
arctic work and the development of
a long-range plan. The Arctic Re-
search Program will focus on. seven
areas: polar pack ice, the delicately
balanced tundra ecosystem, peren-
nial ground ice, glaciology, the
active polar geomagnetic field, the
geological structure underlying the
area, and the complex interrela-
tions between man and his activities
and the arctic environment.

The unpredictability of antarctic
weather was forcefully demonstrated
at the opening of the last austral

season when unusually heavy
deposits of snow were dumped at
McMurdo Station, completely de-
ranging plans for the orderly move-
ment of the parties into the field.

The highlight of the season was
the discovery in the Transantarctic
Mountains of a large number of
tetrapod fossils confirming the evi-
dence for the theory of drifting
continents and the existence of
Gondwanaland, the hypothetical
ancestral supercontinent that broke
up to form the land masses we know
today. Coalsack Bluff, the site of
the discovery, is by far the most
productive fossil locality in Ant-
arctica discovered so far, and un-
doubtedly will be the focus of
further paleontological investiga-
tions.

The oceanographic program suf-
fered two setbacks during the sea-
son: the first was the inability, as
a result of very heavy sea ice, to
recover the current buoys emplaced
in the Weddell Sea in 1967-68, the
second was the damage suffered by
the Argentine icebreaker, San Mar-
tin, which prevented her from join-
ing the icebreaker, Glacier, in the
International Weddell Sea Ocean-
ographic Expedition 1970.

At Byrd Station the cable suspend-
ing the drill in the deep borehole
had to be cut when recovery of the
drill bit which stuck in the 1968-69
season proved to be impossible. The
entrapped atmosphere of past ages
was taken from the upper section of
the hole as well as from other drill
holes at the station for radio-carbon
dating and for assessing changes in
atmospheric composition since the
Great Ice Age.

In the 1969-70 season, 65 indivi-
dual field projects were carried out
by 193 scientists and technicians
representing 47 institutions and
Government bureaus. The geo-
graphic range of the projects was
widespread over West Antarctica.
Three US. exchange scientists ac-
companied foreign expenditions
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while 14 foreign scientists joined the
U.S. Antarctic Research Program.

In November 1969 at 75°55'S.
83°55’W. a new U.S. station, Siple,
was established for upper atmos-
pheric research particularly on the
plasmapause. The station was
named after the late Dr. Paul Siple,
who first gained fame as the Boy
Scout on Admiral Byrd’s 1928-30
expedition to Little America, and
who devoted most of his scientific
career to the Antarctic.

Ionospheric rockets were
launched for the first time by the
United States at Byrd Station to ob-
tain information on particle bom-
bardment, geomagnetic  effects
and ionospheric structure. Balloon
launchings were also made for the
same purpose.

The R/V Hero completed its sec-
ond year of activity in the Antarctic
Peninsula and southern South
America areas. Logistic support was
provided by Hero for cooperative
projects in biology and geology
with Chilean and Argentine scien-
tists during the course of the year.
The USNS Eltanin continued her
crcumnavigation of Antarctica with
multidisciplinary cruises in the Pa-
cific and Indian Ocean areas.

U.S. ANTARCTIC RESEARCH
Projects

Antarctic Vertebrate Fossils

One of the most significant
scientific events during 1970 was the
discovery of fossils of land-dwell-
ing amphibians and reptiles in cen-
tral Antarctica, in rocks of Triassic
age. This fossil deposit was found
by David Elliott of the Ohio State
University and Edwin Colbert of
the Museum of Northern Arizona.
The fossil locality is in cross-bedded
sandstones of the Beacon Formation
at Coalsack Bluff in the central
Transantarctic Mountains. Several
of the fossil types, particularly the
reptilian genus Lystrosaurus, are
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especially characteristic of the low-
est Triassic period in South Africa.
Lystrosaurus and several of the
other fossil types, including genera
of the amphibian group, Labyrin-
thodont, are key fossils for this parti-
cular period throughout the ancient
supercontinent of Gondwanaland.
The presence of the same genera of
land-dwelling and freshwater-dwell-
ing amphibians and reptiles in vari-
ous parts of Gondwanaland, and in
particular, in Antarctica, which is
so widely separated from any other
continent by deep ocean basins,
would seem to definitely indicate
the former existence of Gondwana-
land as a single continent, made up
of all or major parts of present
Antarctica, Africa, South America,
India, and Australia. Gondwana-
land broke up and the fragments
drifted apart subsequent to Trias-
sic time, and some of this continen-
tal drift seems still to be underway.

Productivity of Antarctic
W aters

The study of the productivity of
the Antarctic waters could have pro-
found significance with regard to
the world’s food supply. It is well
known that the food chain in the
Antarctic waters is simple and di-
rect. Baleen whales thrive mainly
on a shrimp-like organism named
krill (Euphausia superba), which
also furnishes food for a vast host
of animals, including winged ma-
rine birds as well as penguins, crab-
eater seals, squid, and fish. These
krill are in turn supported by
phytoplankton, free-floating micro-
scopic marine plants. Thus, the
productivity of these waters resides
primarily in the food-building activ-
ities of these minute plants.

In studying food chain relation-
ships in the Antarctic ecosystem, it
is imperative to know the amount
of carbon fixed annually by the
marine phytoplankton. Based on
the extensive observations made in

the Atlantic and Pacific sectors of
the Antarctic during the past 5
years, Sayed El-Sayed calculated the
annual production of the Antarctic
waters as 3.03X10° tons of carbon.
This estimate does not take into
account the amount of organic pro-
duction in the pack ice region—a
region which fluctuates between 10
million square miles (in late win-
ter) and 1 to 2 million square miles
(in late sunmer). Recent investi-
gations on the productivity of the
water in the pack ice regions, using
icebreakers, suggest that it is much
higher than hitherto suspected. The
enormous bloom of phytoplankton
off the Filchner Ice Shelf (in the
southeast Weddell Sea) encountered
during the International Weddell
Sea Oceanographic Expedition
(February 1968), seems to bear this
out. Dr. El-Sayed’s primary produc-
tivity studies in the Antarctic under-
score the striking differences be-
tween the productivity of the
oceanic (offshore) and neritic (in-
shore) regions. This had led to the
conclusion that the proverbial rich-
ness of the Antarctic waters is true
only with regard to coastal and in-
shore regions, but not with regard
to the oceanic regions.

ATMOSPHLERIC
SCIENCES

NATIONAL CENTER FOR
ATMOSPHERIC RESEARCH

The breadth of activity at the Na-
tional Center for Atmospheric Re-
search (NCAR) allows scientists
from diverse disciplines to join in
attacking complex atmospheric
problems. Interdisciplinary study
and combined observational tech-
niques are necessary to deal with
atmospheric processes whose dimen-
sions vary widely and escape defini-
tion from a single viewpoint. Dur-
ing fiscal year 1970 NCAR concen-
trated much effort on theoretical re-
search and on the development of

measuring systems to deal with at-
mospheric problems on scales appro-
priate to their complexity.

NCAR continues to be involved
in activities to attract students into
the atmospheric sciences and to in-
clude visiting scientists in its re-
search activities. Predoctoral and
postdoctoral fellowships are offered
to scientists from the United States
and abroad, and nine NCAR scien-
tists serve as affiliate or adjoint pro-
fessors in university research and
teaching. The Research Aviation
and Computing Facilities hold work
study programs to teach students
practical research skills. Each sum-
mer the Advanced Study Program
sponsors a colloquium to explore
some topic related to atmospheric
science—in 1970 the topic was
microphysics and dynamics of con-
vective clouds.

NCAR is sponsored by the NSF
and operated by the University Cor-
poration for Atmospheric Research
(UCAR), a nonprofit consortium
of 27 universities which have grad-
uate programs in the atmospheric
sciences. The principal laboratory
is at Boulder, Colo.

Research on the Atmospheres
of the Earth and Sun

Global Modeling. — Numerical
simulation of atmospheric motions
and weather behavior has progressed
steadily at NCAR to include an in-
creasing number of interacting
processes. A new method for treat-
ing the effects of mountain ranges
on largescale flow patterns has
added realism to the diagnosis of
high and low pressure areas. Expan-
sion of the model to six vertical
layers has allowed closer study of
motions in the lower stratosphere,
and has improved the simulation of
tropospheric motions by depicting,
for example, the separation of the
westerly and polar jets. The model
is used with observational data for
studying short-term weather proc-



esses, and for exploration of special
problems such as the influence of
southern hemisphere meteorologi-
cal data on weather predictability
in the northern hemisphere.

Progress in modeling oceanic cir-
culation continued in preparation
for developing a combined atmos-
phere-ocean model applicable to
studies of climate change. NCAR
ocean models now include the main
features of the North and South
Pacific ocean flow, the Antarctic cir-
cumpolar current, and the effects
of ocean bottom topography. Dur-
ing the summer of 1969, NCAR
held a symposium on physical
oceanography to gain a unified view
of recent research trends in a field
that has grown increasingly spe-
cialized.

Tropical Convection—The trop-
ics often develop massive down-
draft systems which bring cool, dry
air to lower levels and cause sharp
contrasts in temperature and dew-
point; warm updrafts in turn accel-
erate the rate of heat and water
vapor transfer from sea to air.
Studies of tropical disturbances,
using satellite and conventional
data, showed that the water and
energy budgets of updraft and
downdraft cycles closely resemble
those of a Midwest squall line about
300 kilometers in length; further
exploration of these parallels can
thus reveal important details about
the transfer of energy through deep
layers of the tropical atmosphere.

Turbulence.—Accurate measure-
ment of turbulent air motions
whose wavelengths are larger than
I or 2 kilometers was for the first
time made possible by an airborne
system developed jointly by NCAR
and the University of Nevada Des-
ert Research Institute. Installed on
NCAR’s Buffalo aircraft, the system
can measure air velocity to an accu-
racy of 10 centimeters per second
for the duration of a flight. External
sensors measure angles between the
airstream and the aircraft, true air-
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External ducts on NCAR Sabreliner jet aircraft bring air samples to the filter and
impaction collectors located inside the cabin. Measurement and analysis of particulate
matter in the atmosphere is necessary to characterize the global distribution of natural

trace constituents and manmade pollutants.

speed, and temperature; an iner-
tially stabilized reference platform
is coupled to the sensors and con-
tinuously measures the velocity and
orientation of the aircraft. The sys-
tem has already been used in two
research programs.

Theoretical studies of turbulence
have shown that in some important
respects the large-scale atmosphere
behaves like a two-dimensional
rather than a three-dimensional

(NCAR photo)

fluid. Two-dimensional turbulence
theory therefore allows simpler but
no less rigorous exploration of many
of the atmosphere’s characteristics.
One of its important applications
has been the investigation of how
errors grow in predictions of the
flow field, a topic crucial to assessing
the general limits on long-term at-
mospheric predictability.
Atmospheric Chemistry.
—Ground-based laser equipment
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and aircraft sampling devices were
used to study the stratospheric sul-
fate layer which lies over most of
the earth at an altitude of about 18
kilometers, Some investiga tors have
questioned whether the layer is pre-
dominantly sulfate, and various
sources have been suggested to ac-
count for particulate accumulation
at such a high altitude. Airborne
sampling, carried outin cooperation
with the USAF Air Weather Serv-
ice, verified that most particles con-
sist of sulfate, and that mmost are
formed in the stratosphere by oxi-
dation of sulfur dioxide gas from
manmade sources and volcanoes.

In addition to cllecting and
analyzing air samples over several
continental and maritime regions,
NCAR chemists completed a de-
tailed study of the trace chemistry
of moist tropical air in Panama. A
primary objective of the study was
to determine the amounts and vari-
ability of constituents in the atmos-
pheric nitrogen and sulfur cycles,
and their correlation with meteoro-
logical conditions.

Wave Cloud Experirrent. —
NCAR studies of the processes that
lead to precipitation fromn convec-
tive clouds require broad applica-
tion of theoretical, field, arnd labora-
tory research, including investiga-
tion of nonconvective clouds. A
series of flight operations has dem-
onstrated that mountain wave (len-
ticular) clouds can serve as steady-
state cloud ‘“laboratories” for a vari-
ety of aerosol and cloud physics ex-
periments. Lenticular clouds form
at the peaks of large waves that fre-
quently develop when strong winds
blow across mountain  barriers.
These clouds remain at relatively
stable positions but lose moisture
on their downwind sides and are
replenished on their upwind sides.
Air operations have shown that pro-
longed flights in and around these
isolated clouds are feasible. Release
of chemical vapors from aircraft on
the upwind side was found to re-
tard the rate of droplet evaporation

Cloud physics investigators at NCAR fly in and around mountain wave clouds to
study basic cloud processes. Wave clouds are convenient natural laboratories because
they remain stationary but continuously lose and replenish their moisture content.
During the winter of 1969—-1970 investigators from NCAR flew missions at several

altitudes to study clear-air turbulence associated with mountain waves.

photo)

on the downward side. This tech-
nique provides a tracer for investi-
gating cloud droplet migration; it
has also given support to the theory
that surface impurities may affect
droplet lifetimes.
Granules—Granules on the sur-
face of the sun’s visible disk are
frequently thought to represent
convection cells flowing upward at
their bright centers and horizontally
outward away from their centers.
To determine the average flow pat-
tern within a granule, NCAR in-
vestigators devised a new technique
of ‘“velocity-grams” averaged for 1,-
100  observed granules which
yielded a picture of the flow pattern
accurate within 20 meters per
second, and allowed separation of
the wvertical and horizontal motions
of material. Upflow had been estab-
lished observationally before, but
the existence of outflow has now
been clearly established for the first

(NCAR

time. Maximum upflow velocity
was found to be 0.5 kilometer per
second, and maximum outflow vel-
ocity 0.3 kilometer per second.

Facilities O perations

The Scientific Balloon Facility
conducted theoretical and experi-
mental studies of balloon design,
flight dynamics, and inflation and
deployment systems. Eighty large su-
perpressure balloons were launched
for university and Government
scientists in support of astronomy
and physics programs.

The Computing Facility pub-
lished the first of four atlas volumes
on the climatology of the southern
hemisphere, and added to its com-
puter-assembled set of microfilm
analyses and grids. A 26-minute
computer-generated film derived
from the atlas was made available
for purchase or loan.



The Field Observing Facility
supported numerous field programs
during fiscal year 1970; the largest
of these were the High Altitude Ob-
servatory eclipse expedition to
Mexico in March 1970, and Colo-
rado State Universitys VIMHEX
field operation in Venezuela from
May to October 1969. Both involved
logistics support and field manage-
ment.

Extensive testing by staff of the
Global Atmospheric Measurement
Program (GAMP) at its Christ-
church, New Zealand, flight station
showed that constant-level balloons
are capable of flying for longer
than 6 months in the stratosphere
above 100 millibars (53,000 feet)
to measure large-scale circulation
patterns. Nine constant-level bal-
loons were flown from Ascension
Island in the equatorial Atlantic in
preparation for testing a balloon-
satellite location system.

WEATHER MODIFICATION

Unintentional Modification of
the Weather

The effect of man’s activities
upon the weather is receiving in-
creasing attention following the ob-
servations that rainfall patterns ap-
pear to have changed in the wake
of large urban and industrial de-
velopment. The University of Illi-
nois has started a search of clima-
tological records of eight urban and
industrial areas to determine
whether changes similar to those
discovered at La Porte, Ind., and
St. Louis, Mo., have occurred. The
University of Washington has con-
ducted a series of aircraft measure-
ments using nuclei counters, and
has determined that paper mills and
other industrial plants are prolific
sources of cloud condensation
nuclei. Clouds are often observed to
form downwind of these industrial
sources and particles large enough
to fall as rain appear to form read-
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A paper mill at Port Angeles, Wash. (far left), is emitting cloud condensation nuclei
and water vapor into the air. Efluent from the mill fills the river valley in the center
of the picture for many miles. Regions adjacent to paper mills in Washington State
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