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FOREWORD

Reports of Research and Facilities Programs - 1964 contains brief

technical summaries of the principal research and facilities efforts under

way in each of NCAR's scientific divisions. The summaries were prepared

by the Division Directors as an instrument for our own planning and co-

ordination. We are aware, however, that the reports bring together a

great deal of information on the current state and progress of the re-

search of NCAR that is of interest to scientists outside of NCAR. Con-

sequently, we are happy to provide copies of this document on request to

research workers in other organizations.

The year 1964 saw a good deal of progress at NCAR in two principal

directions. First, our staff reached a size and stability where, in

concert with visitors to NCAR, we could begin to concentrate a more co-

herent effort on the larger interdisciplinary problems. This progress

is seen in the description of work in the Laboratory of Atmospheric Sci-

ences, of which William W. Kellogg became director in July, and in the

Advanced Study Program, which was formally begun in July under the leader-

ship of Philip D. Thompson.

Second, NCAR's ties with, and services for, the universities were

strengthened in 1964 in these ways:

* Expansion of NCAR's visitor program (a full list of visitors

is given at the end of this report);

* Post-doctoral appointments in the Advanced Study Program,

under which new Ph.D.s and others spend a year or two at
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NCAR en route to permanent positions in the universities

or in other research groups;

* The expansion of NCAR's management corporation, the Univer-

sity Corporation for Atmospheric Research, from 14 to 19

member universities (and to 21 in April 1965);

* The full operation of NCAR's first joint-use facility, the

NCAR Scientific Balloon Facility, and the beginning of two

new joint-use facilities, in computing and aircraft, for

atmospheric research.

In 1964, we also began discussions to extend the visiting programs

by members of the NCAR scientific staff to the universities, including

consideration of how NCAR staff members might create regular ties with

universities for periods of three years or so. We expect that this pro-

gram will be considerably extended in 1965.

NCAR's over-all purposes, as we interpret them, should perhaps be

repeated here:

NCAR is a basic research establishment dedicated to the advancement

of the atmospheric sciences for the benefit of mankind.

The perspectives and the scientific activities of NCAR are those of

a research laboratory devoted to achieving a fundamental understanding of

natural phenomena. The scientists in NCAR recognize, nonetheless, that

the public funds on which NCAR operates are given in anticipation of pub-

lic benefit, and they acknowledge an obligation to organize their research



V

with a view to such ultimate benefits, and to cooperate with other

agencies in achieving them.

NCAR pursues its goals through the conduct of basic research and

through cooperative planning and operation of joint research and facili-

ties programs. These are designed to assist and to extend the atmospheric

research and educational efforts of the universities and other research

agencies of the nation.

The specific means by which the staff of NCAR seeks to achieve its

objectives may be listed as follows:

1. By creating within NCAR a broadly based, interdisciplinary re-

search center whose functions are to pursue the fundamental understanding

of atmospheric processes, to encourage postdoctoral education, and to

attract talented students to the atmospheric sciences;

2. By serving as a research and facility planning center to aid

the development of large-scale research programs involving a number of

institutions, or to bring about the creation, under NCAR auspices or other-

wise, of needed major facilities for use by several institutions jointly;

3. By managing and operating joint-use facilities, generally in

response to the university community, where clearly established national

interest dictates, and where no other institution is in a position to

provide such facilities more efficiently.

The earth's atmosphere is a crucial world resource and a major deter-

minant of the environment of man. The atmosphere and its variations

affect every nation and every walk of life. Improved understanding, pre-

diction, conservation and control of the atmospheric environment assume

ever-increasing urgency.
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Major advances will not come quickly or easily, but the potential

social and economic rewards are so great as to justify an accelerated and

continuing national effort. In particular, NCAR shares with other re-

search groups four interrelated long-range objectives that ultimately

provide justification for major expenditures of public and private funds:

* To ascertain the feasibility of controlling weather and cli-

mate, to develop the techniques for control, and to bring

about the beneficial application of this knowledge;

* To bring about improved description and prediction of astro-

physical influences on the atmosphere and spatial environ-

ment of our planet;

* To bring about improved description and prediction of atmo-

spheric processes and the forecasting of weather and climate;

* To improve our understanding of the sources of air contam-

ination and to bring about the application of better prac-

tices of air conservation.

Walter Orr Roberts

Director
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Report of the

ADVANCED STUDY PROGRAM





INTRODUCTION

The NCAR Advanced Study Program was established in the summer of

1964 in response to a widely expressed need to draw into the atmospheric

sciences additional talented and highly trained people from the mother

sciences of mathematics, physics, and chemistry. More specifically, the

purpose of the Advanced Study Program (ASP) is to expose such people to

a wide variety of problems in the atmospheric sciences, to provide them

with opportunities to pursue some of those problems in depth and, over a

period of one or two years, to bring them to the stage of active research

contribution. Opportunities for mathematicians, physicists, and chemists

to move laterally into the atmospheric sciences have, of course, always

existed at NCAR; the Advanced Study Program is simply a more systematic

and highly organized effort to make use of a supply of scientific man-

power potentially larger than that trained specifically for research

careers in meteorology, aeronomy, and related atmospheric sciences.

Philip D. Thompson

Director



PROGRAM

Each year about ten selected people will be offered one-year visit-

ing appointments to participate full time in the ASP. The majority of

these will be relatively young people who have only recently completed

their doctor's degrees, whose acquaintance with the atmospheric sciences

may be very recent or very slight, and whose backgrounds in mathematics,

physics, and/or chemistry are broad enough that the transition from one

field to another can be made without further basic education. Some few,

however, will be people whose degrees lie five to ten years behind them,

whose teaching duties may have limited their ability to carry out original

research and who might profit from intensive exposure to a new and chal-

lenging field. With regard to these relatively senior individuals, we

are particularly anxious to attract teaching faculty members of under-

graduate colleges, whose student bodies are not easily accessible except

through direct contact with their own professors.

Through comprehensive and regularly scheduled courses and through

shorter, irregular series of seminars, the participants in the ASP will

be acquainted with a broad range of problems in atmospheric dynamics,

atmospheric physics, and atmospheric chemistry, with special emphasis

on the body of theory that is common to many fields. These courses and

seminars will generally be conducted by the permanent and visiting staff

of the ASP, but some (particularly those dealing with experimental prob-

lems) will be given by members of the Laboratory of Atmospheric Sciences

or the High Altitude Observatory. Participants will also be encouraged



to pursue their own research, either in association with members of the

ASP staff or with one or more individual programs of the scientific divi-

sions of NCAR. In the normal course of events each participant would be

expected to seek a position in a university or some other research organ-

ization after a year of study and research, except in those instances

when his value would be very considerably enhanced by a second year with

ASP. It is neither planned nor expected that any significant number of

participants in the ASP would remain as permanent members of NCAR.

ASP SEMINARS

The first series of lectures under the ASP is now being given by

Dr. Thompson and by Drs. E. R. Benton and W. L. Jones of the LAS staff.

This series, titled "Statistical Hydrodynamics," includes discussions

of the closure problem, statistical approaches to problems of non-linear

instability, the Kolmogoroff-Batchelor theory of homogeneous isotropic

turbulence, and Kraichnan's "direct-interaction" hypothesis. This course

of lectures and discussions is attended by about 25 people from NCAR,

from the Joint Institute of Laboratory Astrophysics (JILA), and from the

Aerospace Engineering Sciences Department of the University of Colorado.

It will be completed in the middle of April. Later in the spring of

1965 Dr. Fjdrtoft will give a series of lectures on integral methods for

solving stability problems, and Dr. Haurwitz will conduct a working semi-

nar on the theory of internal gravity waves.

In the fall of 1965 the ASP will institute longer and more compre-

hensive series of lectures on fields that have undergone rapid and recent
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development or fields in which several aspects of the same general problem

should be brought into closer relationship -- e.g., aerosol physics,

cloud physics and dynamics, the role of turbulent exchange processes

in the general circulation. The principal purpose of courses of this

type will be to delineate the frontiers of existing knowledge and tech-

nique and to outline the outstanding problems, rather than to carry out

a textbook review of everything that is known in each field. For this

reason the ASP will draw heavily on the services of visiting staff and

members of the NCAR scientific divisions.

ASP RESEARCH

In addition to participating in seminars, each member of the ASP

is pursuing research in some aspect of the atmospheric sciences. Dr.

Haurwitz is extending his earlier work on the theory of internal gravity

waves, with particular regard to their apparent connection with the

occurrence of noctilucent clouds. This work will be described in a forth-

coming volume of Advances in Geophysics.

Dr. Blumen has undertaken a theoretical study of the structure of

lee waves, the propagation of energy of internal gravity waves, and the

statistical effect of mountainous terrain on the large-scale circulation

of the atmosphere. This work has been submitted for publication and will

be presented at the meetings in Vancouver this spring.

Dr. Ehhalt is actively taking part in the LAS research work in iso-

tope geophysics, directed by Dr. E. A. Martell. Dr. Ehhalt's work will

be reported at the Symposium on Atmospheric Chemistry to be held at



Gotland, Sweden this summer. Under a similar arrangement, Dr. Powers

is participating in the LAS work in photochemistry, headed by Dr. R. A.

Cadle, and is assisting with laboratory studies of reaction rates for

photochemical processes involving atomic oxygen.

In connection with the current ASP seminars on statistical hydro-

dynamics, Dr. Thompson has developed an approach to the problem of

relating the statistical properties of turbulent Couette flow to the

Reynolds number. The results of this study, the most surprising of

uhich is that the fluctuating velocities decrease relative to the im-

pressed velocity as the Reynolds number is increased, will be submitted

for publication in the Journal of Fluid Mechanics.



ADVANCED STUDY PROGRAM STAFF, 1964

At the present time the permanent staff of the ASP are Dr. Philip

D. Thompson, Director; Dr. Bernhard Haurwitz; and their assistants

Mrs. Ann E. Day and Mrs. Ann Cowley. The staff is supplemented by one

visiting member, Dr. Ragnar Fj rtoft, Director of the Norwegian Meteo-

rological Institute and Rossby Fellow for 1965. Owing to the fact that

the ASP is a new program and was thus not included in the original

budget estimates for FY 1965, only three postdoctoral appointees are

officially assigned to the ASP. They are: Dr. William Blumen, recently

with the University of Oslo; Dr. Jack Powers, chairman of the Chemistry

Department at Ripon College; and Dr. Dieter Ehhalt, University of

Heidelberg. In addition, however, six postdoctoral appointees in the

Laboratory of Atmospheric Sciences are also actively participating in

the ASP. It is planned to increase the permanent staff by one senior

scientist in FY 1966 and to replace our visiting member when Dr.

Fjdrtoft returns to Norway in the summer of 1965. The number of post-

doctoral appointments will be increased to about eight in the fall of

1965.



ADVANCED STUDY PROGRAM PUBLICATIONS, 1964

Haurwitz, Bernhard, and L. Avery: "The Solar Semidiurnal Pressure Wave
over North America," Monthly Weather Review 92, 79-83, 1964.

Haurwitz, Bernhard: Tidal Phenomena in the Upper Atmosphere, World
Meteorological Organization, Technical Note No. 58, 27 pp., 1964.

Haurwitz, Bernhard: "Atmospheric Tides," Science 144, 1415-1422, 1964.

Haurwitz, Bernhard: Comments on Wave Forms in Noctilucent Clouds,
Scientific Report of the University of Alaska, UAG-R-160, 35 pp.,
December 1964.

Thompson, Philip D., (with Robert O'Brien): Weather, Time-Life Science
Series, New York, 1964.
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FACILITIES DIVISION
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INTRODUCTION

Since NCAR is intended to serve the research needs of the entire

community of atmospheric scientists, and not merely of its own staff,

it receives a considerable number of suggestions for research facilities

which it might provide. When such proposals appear to have real merit

they are carefully analyzed by groups of prominent scientists from out-

side NCAR, in consultation with the NCAR staff. A number of requirements

must be satisfied before NCAR proceeds with plans to establish a facility

for joint use with other scientists and institutions: The proposed

facility must not exist elsewhere, and yet must be clearly essential to

the continued advancement of the atmospheric sciences. Further, it must

be so extensive, complex, or specialized that individual universities

have found it impractical to establish similar facilities for their own

use.

At present NCAR operates three such major joint-use facilities. The

NCAR Scientific Balloon Facility was established in 1961. In March 1964

the NCAR Research Aviation Facility was established, and in July the com-

puting group from the Laboratory of Atmospheric Sciences was tranferred

to the Facilities Division and formally organized as the NCAR Computing

Facility.

The performance of each NCAR joint-use facility is reviewed periodi-

cally by an Advisory Panel for that facility, composed of atmospheric

scientists from various universities and research institutions. The
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Advisory Panels also help determine guidelines for the further develop-

ment of the facilities.

NCAR also operates a number of facilities in support of its own

research activities. These include the NCAR Library, Machine Shop,

and Electronics Shop, and a field observing support facility.

In addition, the Facilities Division is studying the possibility of

providing support for NCAR work, and for university research more generally,

in atmosphere simulation, data conversion and networks for observation

on the less-than-synoptic scale.

The operation of each of these facilities and support activities

during the year is discussed in some detail in the following sections of

this report.

Daniel F. Rex

Director
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NCAR SCIENTIFIC BALLOON FACILITY

Improvements in balloon technology in recent years have permitted

longer and higher flights, with heavier payloads, and scientists have

responded to these new capabilities by greatly increasing their demands

for ballooning services. At the same time, support costs and the opera-

tional complexity of balloon flights have increased, until individual

scientists and research groups usually find it impractical to handle

their own launches and recoveries.

The NCAR Scientific Balloon Facility was established in 1961 to

provide these operational services, and also to conduct a continuing

program of improvement in balloon technology. From its primary launch

station at Palestine, Texas, and its secondary station at Page, Arizona,

the Facility handles flight operations, including launch, tracking,

telemetry, and instrument recovery.

ADVISORY PANEL

The NCAR Panel on the Scientific Use of Balloons met twice at

Boulder during 1964. The Panel continues to review the performance of

the facility, and to assist in planning its future activities. Members

of the Panel are: Dr. Edward P. Ney and Dr. John R. Winckler, Department

of Physics, University of Minnesota, co-chairmen; Dr. James K. Angell,

U. S. Weather Bureau; Dr. J. Allen Hynek, Dearborn Observatory, North-

western University; Dr. Urner Liddell, National Aeronautics & Space

Administration; Dr. Peter Meyer, Enrico Fermi Institute, University of
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Chicago; Dr. Homer T. Mantis, Department of Physics, University of

Minnesota; Dr. John Strong, Laboratory of Astrophysics and Physical

Meteorology, The Johns Hopkins University; Mr. Charles Tilton, Air Force

Cambridge Research Laboratories.

1964 FLIGHT OPERATIONS

During 1964, the first full year of flight operations from the

Palestine station, 83 flights were launched, of which 68 were scientific

flights, and 15 were balloon development or test flights. Of the scienti-

fic flights, 48 were successful in producing significant data. Twelve

of the twenty failures occurred in the critical ascent region between

30,000 and 60,000 ft.

Except for these failures on ascent, the flights generally went

smoothly. Equipment was adequate, tracking was excellent, -and recovery

was prompt on nearly all flights. There were no incidents or near misses

with respect to either ground or air safety.

Raven Industries, Inc. of Sioux Falls, S. D., maintain and operate

the Palestine Flight Station under supervision of NCAR, with Frank E.

McCreary, Jr. of NCAR as superintendent. Sixteen employees of Raven are

now in residence at the site. The United States Weather Bureau provided

excellent weather support for the Facility with two forecasters experi-

enced in balloon launch and trajectory forecast techniques.

Experience at the Palestine station so far indicates that this site

is suitable for year-round launches, with the reservation that a secondary

site further west is required for those experiments requiring long
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duration, extreme altitude flights during the winter months. To fill

this need, the site at Page, Arizona was used for a few launches last

year, and will be further developed with modest facilities as a part-time

station.

Experimenters whose projects were flown in 1964 included scientists

from twelve universities, six government agencies, and one private firm

under government contract.

ELECTRONICS SUPPORT SYSTEMS

Until recently, command and telemetry for scientific balloon flights

was usually provided by the individual experimenters. This involved

tremendous duplication and waste of effort, and a major activity of the

NCAR Scientific Balloon Facility has been to develop a standard command

and telemetry system which can be provided ready-made to the experimenters

for most balloon flights. This system, suggested by the NCAR Panel on

the Scientific Uses of Balloons, has been developed and was successfully

used during 1964. It consists of a fixed ground station at Palestine,

and two mobile ground stations, plus a recoverable airborne system. The

system provides both pulse-coded modulation (PCM) and analog channels,

so that telemetered data can be supplied directly to computers for re-

duction. The airborne component of this system weighs from 70 to 100 lb,

and is more elaborate than necessary for some flights. A simplified

version weighing 11 lb exclusive of batteries has also been developed

and is satisfactory for many flights. These systems, or modules of them,

can be supplied to experimenters while they are planning their flights,

to make sure that equipment and command telemetry systems are compatible.
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LAUNCH HAZARDS

Large balloons encounter hazards both in launch and in flight.

Those connected with ground operations are proving the easiest to remedy,

although at some cost. A balloon launch often requires that the payload

be placed on a truck, which is then driven across the launching area as

the balloon itself rises, to allow the payload to be lifted cleanly and

gently, and thus to prevent damage to the instrument package until the

entire system is airborne. A number of expensive instrument packages

have been wrecked, and flights thereby wasted, due to the instability

developed by ordinary trucks when adapted for this purpose. In 1964 a

large launch vehicle, "Tiny Tim," designed by NCAR especially for balloon

operations, and built by Le Tourneau, was put into service at the Pales-

tine station. This vehicle has greatly improved the efficiency of launch

operations at the station during the year.

A more general hazard of ground operations has been the interference

of even light winds with inflation and launch procedures. The proposed

solution will be the erection of an inflation and launch shelter at the

Palestine station. This cylindrical-shaped aluminum building, 140

ft high and 120 ft in diameter, is to be mounted on circular rails

and driven by electric motors, so that it can be opened 180 degrees,

clamshell fashion, in any direction. The shelter will make it possible

to double the number of launchings per year at the station by shortening

the wind-free time required from several hours to a few minutes per
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launch. It will increase the reliability of ballooning at the station,

and will save substantial amounts of money in materials and many man-days

of waiting time on the part of scientific teams involved in flights.

Thus the shelter's cost is expected to be repaid through safer, more

efficient operations. The wind-free area provided by the shelter for

layout and inflation of balloons will thus make possible: (1) more

careful handling of delicate balloons; (2) inspection and repair of de-

fective balloons without further damaging them; (3) rapid accommodation

to wind shifts as launch time approaches; (4) deflation and subsequent

re-use of balloons (which may cost as much as $50,000 each) when weather

or flaws in the balloon system or instrument payload preclude launching;

(5) simpler balloon construction through the elimination of extra in-

flation ducts.

IN-FLIGHT FAILURES

At present balloons can lift payloads up to a few hundred pounds

to altitudes of 130,000 ft or higher. To do so, however, requires larger

balloons than we commonly employed a few years ago. About 50% of the

balloons in this load and altitude range have failed by bursting in

flight, usually as they pass through the tropopause. The NCAR Scientific

Balloon Facility is conducting a program to determine the causes of

such failures. As part of this program, late in 1964 the facility suc-

cessfully flew a test balloon system with a downward-looking camera.

The system involved two balloons, the uppermost carrying cameras which

continuously photographed the lower, main balloon, recording its
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performance and eventual failure. The photographs thus obtained were

analyzed geometrically, yielding excellent data on the location and size

of the distressed areas in the balloon material. By inflating model

balloons with Freon 12, we have been able to duplicate on the ground the

stressing as seen in the down-camera photographs. We are planning addi-

tional camera flights with better quality cameras and well-marked balloons

during the coming year.

PROPOSED WORLDWIDE ATMOSPHERIC DATA GATHERING SYSTEM

Superpressure balloons, which will float for several months at a

constant-density level, offer the possibility for a considerably enhanced

worldwide atmospheric data gathering system. The proposed GHOST (Global

HOrizontal Sounding Technique) system would provide horizontal wind

sounding data and temperature, every two hours, from a continuously

replenished fleet of balloons designed to float at several different

constant-density levels, with a random distribution covering a complete

hemisphere or the entire globe.

During 1964 the balloon facility staff conducted flight tests from

Boulder of the basic balloon electronics for this proposed system, with

excellent results. The electronics system consists of a Morse-code-letter

identifier keyed by a sun-angle locator which increases the transmission

rate as the sun angle increases. Later, 14 superpressure balloons were

launched from Japan to test both balloon performance and the transmission

range of the electronics. On several flights, the balloon signal was

received simultaneously at Tateno, Japan (the launch site) and at tracking
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stations in Honolulu, Hawaii and Livermore, California. On at least one

occasion, the signal was received in Pittsburgh, Pennsylvania and the

balloon tracked over the Atlantic Ocean before cut-down. Inconsistent

balloon performance proved the need for adequate pre-flight testing

prior to launch. Therefore, a test chamber has been built at Boulder to

'prefly" superpressure spheres.
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NCAR COMPUTING FACILITY

Support facilities established by NCAR to serve its own needs have

the potentiality of becoming NCAR joint-use facilities. The NCAR Com-

puting Facility, headed by Dr. Glenn E. Lewis, is actually the first to

evolve in this way. This group, originally set up within the Labora-

tory of Atmospheric Sciences, has attracted demands for outside use as

its capabilities expanded. In March 1964, the UCAR Board of Trustees

approved its establishment as an NCAR Facility to serve the research

needs of the atmospheric science community at large. With the con-

currence of the National Science Foundation, the Director of NCAR

transferred the computing group from the Laboratory of Atmospheric

Sciences to the Facilities Division on 1 July 1964.

In April an NCAR Computing Facility Advisory Panel was appointed

with Dr. Cecil Leith of the Lawrence Radiation Laboratory serving as

Chairman. Other members of the Panel are Dr. Arthur N. Cox of the Los

Alamos Scientific Laboratory, Dr. Eugene Isaacson of the Courant Insti-

tute of Mathematical Science, Professor Yale Mintz of the University of

California at Los Angeles, Professor Norman Phillips of the Massachusetts

Institute of Technology, and Professor Aksel Wiin-Nielsen of the Uni-

versity of Michigan. The advisory panel provides a continuing critical

review of facility operations, recommends desired changes to the

Director of NCAR, assigns priorities among prospective users of the

facility, and provides technical counsel and advice to the head of the

facility.
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CDC 3600 OPERATIONS

During the last half of 1963 we developed a program monitor to

exercise traffic control in programming the CDC (Control Data Corpor-

ation) 3600 computer. This monitor was used throughout 1964 and has

proved to be of great value. We also devised a sampling technique to

determine the efficiency of programs being run on the CDC 3600. The

sampling operation yields the percentage of multiplications, additions,

etc., as well as the percentage of time spent in the named subroutines

listed in the program. It has been used to good effect in reducing the

running time of some existing programs by indicating how to organize

them more efficiently.

The CDC 3600 computer was installed on 24 November 1963. By

January 1964 the machine had begun to function reliably and was used

approximately 50 hr during that month. The demand has grown steadily,

and in December the machine was used for nearly 300 hr of useful com-

putation, as shown by the internal clock. The system was actually

operated, however, well into the third shift in December since the clock

registers only time used by the main frame.

FUTURE COMPUTER NEEDS

The NCAR scientific program is already becoming computer-limited.

As an interim solution we require a five- to ten-fold increase in com-

puting power to support a realistic attack on the general problems of

atmospheric dynamics. After careful study of proposals submitted by

RCA, Philco, Burroughs Corporation, IBM, and Control Data Corporation,

the CDC 6600 was selected as the most suitable machine to provide the
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desired immediate increase in capacity.

With the strong endorsement of the Computing Advisory Panel and

concurrence of the UCAR Board of Trustees, we have requested FY 1966

funds to lease a 6600 and plan to install it in July 1965. The initial

system, although of moderate size, represents a significant improvement

over the CDC 3600.

The only addition we plan to our present peripheral equipment in

the coming year is a high-speed graphical output device called the

dd80, which will produce graphs or printed matter as part of the machine

output. Since this output is on film, it can also be adapted to pro-

duce motion pictures directly from the machine.
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NCAR RESEARCH AVIATION FACILITY

The initial planning for NCAR recognized the need for this new

national center to employ its own aircraft for research purposes. How-

ever, specifying the exact nature of NCAR's Research Aviation Facility

was difficult for two reasons: first, the great variety of problems

which atmospheric scientists might wish to attack by using aircraft as

instrumented platforms, and second, the considerable range of available

aircraft capabilities and costs. The problem was to fit these two sorts

of variables into an effective program for NCAR.

The first sort of difficulty cannot be "solved": atmospheric

scientists will continue to demand aircraft to investigate the widest

range of conditions. These might include, for example, studies of jet

streams, thunderstorms, sea breezes, the climatology of vast remote

areas, raindrop size and distribution, the distribution of carbon di-

oxide over a large range of altitude and latitude, etc., etc.

No one research topic on such a list is clearly "most important,"

and the aircraft most suitable for one experiment will not always be

the most suitable for other experiments. Some experiments will require

light planes, others will require heavy, costly, high-performance jets.

Still others will require intermediate performance characteristics, or

specialized aircraft such as helicopters or U-2s.

In searching for a suitable role in this situation, NCAR enlisted

the help of a formally appointed group, the NCAR National Aircraft
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Facility Survey Group, headed by Professor Robert A. Ragotzkie, Chair-

man. After five months of detailed study, this group in March 1964

recommended to the UCAR Board of Trustees the establishment of an

NCAR Research Aviation Facility. The survey group felt that, in view

of the many variables which might be studied with the use of aircraft,

the type of aircraft should determine the nature of the NCAR facility

to be established. They noted that light aircraft are readily available

to scientists throughout the nation, while high-performance aircraft

are restricted in usefulness and costly to operate, and when made avail-

able for research purposes are most likely to be furnished only tem-

porarily by a government agency. But the survey group noted a definite

need for aircraft in the middle-range of performance to be devoted

exclusively to atmospheric research. To buy or lease such aircraft is

beyond the means of most university research budgets, but can be done

by an organization such as NCAR which, in turn, could hardly afford the

cost of routine operation of heavy, four-engine jets.

In March, following a presentation of the NCAR National Aircraft

Facility Survey Group report (NCAR Technical Note 64-1), by Professor

Robert A. Ragotzkie, Chairman, the Executive Committee of the UCAR

Board of Trustees approved the creation of an aviation facility. In

April, the NCAR Research Aviation Facility was established with John

W. Hinkelman, Jr. as its Manager.

At that time the Director of NCAR appointed an NCAR Aviation

Facility Advisory Panel, with Professor Roscoe R. Braham, Jr. of the
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University of Chicago as Chairman. Other members of the Panel are Dr.

Charles E. Anderson of the U. S. Weather Bureau (formerly with Douglas

Aircraft Company), Professor Fred C. Bates of the St. Louis University

(formerly of the University of Kansas), Dr. Armin J. Deutsch of the

Mount Wilson and Palomar Observatories, Dr. R. Cecil Gentry of the

U. S. Weather Bureau, Professor Robert A. Ragotzkie of the University of

Wisconsin, and Professor Herbert Riehl of the Colorado State University.

FLIGHT OPERATIONS

The Aviation Facility leased, and later purchased, a new all-

weather Queen Air 80, and provided a total of 290 hr of flight support

with this aircraft during 1964, for seven research programs. The first

flight support was provided during the summer at Key West, Florida, to

two cloud physics projects. An NCAR program, led by J. Doyne Sartor,

involved the observation of radio noise emanating from growing, all-

liquid convective clouds. A University of Wisconsin program, led by

Professor Stig Rossby, was concerned with determining the character-

istics of cumulus-cloud-generated sferics at 610 Mc. Both projects

were completed successfully, with 104 hr of flight support time logged

in the Key West area.

Flight operations continued in the Boulder area in August, and

since then the Facility has provided continuing flight support to a

number of projects. These include cloud physics (Dr. Patrick Squires,

NCAR), thunderstorm studies (Dr. Robert H. Bushnell, NCAR), atmospheric

shock phenomena investigations (Dr. Guy G. Goyer, NCAR), studies of

aerocolloidal systems (J. Rosinski, NCAR), and the Bureau of Reclamation's
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zinc sulfide tracer sampling program to determine airflow and dispersion

in the Steamboat Springs, Colorado area, in preparation for cloud-

seeding experiments to be conducted there next winter.

No difficulties have been encountered either with the aircraft

or its flight systems. The Queen Air 80 is based at Jefferson County

Airport about twelve miles southeast of Boulder, and is maintained under

contract by Combs Aircraft, Denver. The aircraft has been modified to

provide a separate research electrical supply system (including 110-

volt 60-cycle power), special power distribution panels at various

locations, scientific sensor mounting pads, and shielded ducting for

rapid installation of research equipment wiring.

AIRBORNE INSTRUMENTATION

Instruments developed by the Facility include both sensors and

data recording equipment.

1) Sensors: An axial flow vortex thermometer was modified and

installed on the Queen Air aircraft for the 1964 summer Key West program.

Development of a reverse flow thermometer, readable to .10C, was com-

pleted in September. The vortex thermometer was replaced by the re-

verse flow thermometer in October, which is being used currently on all

flight programs requiring outside ambient air temperatures. A Bendix

frost-point hygrometer was procured and modified for Facility use in

November 1964. An atmospheric pressure transducer system has been

built in the laboratory and will be flown early in 1965. A liquid

water contact sensor is under procurement, and a cloud droplet spectrum

sensor is under development in the Facility laboratory.
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2) Data Recording: The specifications for what is to become a

standardized light-weight aircraft data recording system (ARIS) were

drawn up in late summer, and bids were requested in October from indus-

try for development of the system. None of the proposed systems met

the required specifications, and this forced the Facility to undertake

its own development. In addition, parameter storage requirements have

dictated that the recording system have hybrid (both analog and digital)

storage capabilities. A prototype system will be ready for flight test

by June 1965.

IN-FLIGHT RESEARCH INFORMATION EXCHANGE

National responsibility for information exchange among various

research groups involved in atmospheric research from aircraft was

assigned to the NCAR Research Aviation Facility by the Interdepart-

mental Committee for Atmospheric Science (ICAS) in May 1964. To carry

out this function, a catalog of atmospheric research aircraft and in-

strumentation currently in use and planned for the near future is being

compiled. The first issue of the Scientific Aviation Newsletter, a

quarterly, was distributed in December 1964.
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FIELD OBSERVING SUPPORT FACILITY

During 1963 and 1964, requirements for the observation of "standard"

atmospheric variables in the field have evolved from scientific programs

within the LAS and in connection with operations being conducted by

the Facilities Division. In most instances, the desired data are

needed to describe the setting or environment in which some particular

phenomenon or process is taking place. Moreover, these requirements

are in many instances "ad hoc" in character -- exploratory measurements

are required in order to prescribe the desired field observing program.

As a result, a Field Observing Support Facility within NCAR was

established in October 1964 to develop and operate atmospheric research

instrumentation, recording, and data processing devices required in

support of NCAR's scientific programs. The facility will also provide

technical assistance to NCAR scientists in the design and development

of field measuring projects, and will assist members of the NCAR staff

and university community in obtaining the use of necessary equipment

and facilities from other agencies and groups.

MARSHALL FIELD SITE

This site, 4 mi ESE of the new Table Mountain building, consists

of 79 acres of flat land at 5720 ft elevation. It offers an un-

obstructed view to the north, east and south, and is far enough out on

the plains so that radar studies can be made of storms over the eastern

slopes of the Rockies.
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LOW-LEVEL SOUNDING SYSTEM

A program to develop an inexpensive low-level sounding system for

wind, temperature, and humidity was initiated in 1964. The system,

being developed under contract with completion expected in 1965, will

include a vehicle for carrying sensors to 5000 ft, light-weight sensors,

telemetry equipment, and ground-based recording equipment. A wing-

shaped kite, in combination witha balloon, promises to provide adequate

lift even with light winds.

RADAR OBSERVATIONS

Radar has been recognized since World War II as a highly effective

and versatile tool for exploring the atmosphere. NCAR scientists work-

ing on problems of atmospheric electricity, cloud physics, atmospheric

physics, and synoptic meteorology all have support needs that can be

met with appropriate radar equipment.

The initial radar equipment available to NCAR is the Army M-33

(including some early models designated T-33). This equipment consists

of two complementary radar systems operating at 10 cm and 3 cm. Seven

such systems are now available to the Field Observing Support Facility,

and are being modified to meet the requirements of the NCAR staff. One

modification developed for the T-33 radar set enables us to use it with

AN/FMQ-2A (400-Mc radiosonde) equipment to obtain wind, temperature,

pressure, and humidity profiles to 50,000 ft.

As a service to the scientific community NCAR has been designated

a national spare-parts depot for M-33 research radar systems. Assist-

ance in obtaining needed M-33 test equipment and parts is now available
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to individual scientists and research groups in the U. S.

In the summer of 1964, a T-33 radar was installed and operated

at Key West in support of J. Doyne Sartor's studies of cloud electri-

fication.

Dr. Robert H. Bushnell is using an M-33 radar modified to accom-

modate a new 12-ft parabolic antenna. A photo-recorder has been

installed on the PPI scope and was checked out on winter storms moving

through the Boulder area. The modified system will be operated north

of Fort Morgan, Colorado, 75 mi northeast of Boulder, during the 1965

thunderstorm season.

Dr. Daniel F. Rex is conducting a synoptic study of variations in

precipitation rate in the Steamboat Springs, Colorado, area on the

western slopes of the Park Range. This study is closely related to the

Bureau of Reclamation program for cloud seeding in that area. A T-33

radar has been installed on Mount Harris, approximately 25 mi west of

the Park Range near Steamboat Springs. In addition to recording

photographically the movements of storm cells in this area, the video

return signal in certain range gates fixed with respect to ground ob-

serving stations will be recorded on tape for spectral analysis. Wind,

temperature, humidity, and pressure data will be obtained periodically

with the FMQ-type ground telemetry equipment mounted on the radar

control van.
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LIBRARY

AUTOMATED INFORMATION RESEARCH

Early in 1964, the NCAR Library initiated a program for Automated

Information Research (AIR). The first AIR project was the development

of a bibliographical format for the use of keypunched tabulating cards

in the library. In this project, the library produced an experimental

announcement bulletin listing the new books and reports received in

the library. These "automated" bulletins, which replaced the manually

prepared bulletins previously issued, are now issued nearly every week

to keep the NCAR staff up-to-date on new library material. The second

AIR project is the automation of library acquisitions and receiving

processes; this project is now under way. Future AIR projects include

an automated charge-out and recall system, and the production of a de-

scriptor list for use in an information retrieval system.

AREA LIST OF JOURNALS

In mid-1964 the NCAR Library undertook the production of a local

"Area Union List of Journals." This project should result in a merged

list of the combined major science-engineering journal holdings of all

the libraries in our area, extending from the University of Wyoming at

Laramie to the Air Force Academy near Colorado Springs. Such a list

is essential for the efficient exchange of journals among the libraries

and should help reduce the need for duplicating publications already in

other libraries in the area.
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TRANSLATIONS

During 1964 the NCAR scientific staff made increasing demands for

translations of foreign language articles, and the library staff began

to produce such translations. In addition to the routine translation

of the tables of contents of all foreign journals, the library is now

producing three to five complete texts per month. These translations

are made available to the rest of the scientific community by deposit

in the SLA Translations Center (John Crerar Library). We expect the

demand within NCAR for translation services to continue to expand

during the coming year.

LIBRARY HOLDINGS AND ACCESSIONS

At the end of 1964, library holdings totalled about 11,500 items.

These included 3600 volumes of journals, 3800 books, and 4100 reports or

other publications. Of these, 1200 periodicals, 1000 books, and 1200 reports

were added during 1964. The rate of accessions is expected to increase

during 1965 in order to reach the 1966 goal of 19,000 items set for the

Library by the Facilities Advisory Board.
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MACHINE SHOP

During 1964, 143 work orders were completed by the Machine Shop

and Design Group for 26 scientific and facilities programs, and many

smaller items were charged to shop overhead. These jobs included a

number of complex instrumentation designs, and some rather large items

of field equipment. The shop was fully utilized throughout the year,

and was constantly pressed to expand its output, even though new machines

additional machinists, and extra floor space were added during the year.

At the end of the year the shop staff consisted of 13 people, including

six machinists, three designers, and one engineer. Additional machines

and more employees are expected to be added during 1965.
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ELECTRONICS SHOP

Plans for an electronics shop having design, construction, repair

and stockroom functions have been deferred until we move into the Table

Mountain laboratory in 1966, due to budget limitations.

Meanwhile, an electronics parts stockroom was established in 1964,

and had approximately 2000 shelf items on hand by the end of the year.

These items range from standard component parts to specialized test

equipment such as signal generators, oscilloscopes, etc. At present we

are able to fill 90% of requests for common components, and 50% of re-

quests for specialized equipment.
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OTHER RESEARCH SUPPORT ACTIVITIES

ATMOSPHERIC SIMULATION FACILITY STUDY

Dr. George M. Hidy, of the Laboratory of Atmospheric Sciences, will

soon begin a study of the usefulness of atmospheric simulation in re-

search. With a junior scientific assistant and with support from the

Facilities staff, he will devote most of his time for the next year or

more to the problems of atmosphere simulation, visiting installations

now engaged in simulation research, and conducting an NCAR seminar series

on this subject. His findings will provide a basis for determining what

role, if any, NCAR should play in the possible development of a new atmo-

sphere simulation facility, or in more efficient utilization of existing

facilities.

DATA CONVERSION FACILITY

In response to suggestions from atmospheric scientists at the Uni-

versities of Washington, Wisconsin, and Texas, we have begun to study

the potential utility of a large-capacity, generalized data conversion

facility. We are investigating available machinery, and examples of

specific data conversion problems. Preliminary indications are that an

effective data-handling service can be provided.
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MESO-MICROMETEOROLOGICAL FACILITY SURVEY GROUP

In October 1964, Professor Hans A. Panofsky, Chairman of the NCAR

National Meso-Micrometeorological Facility Survey Group,* reported the

results of that group's studies to the UCAR Board. Although certain

deficiencies in the availability of micro-scale and meso-scale observing

facilities were identified, the group did not specify what NCAR's proper

response should be. The group recommended that our present efforts be

focused on specific problems arising within the NCAR research divisions

and on the development of particular instrumentation critically needed

in meso-scale research.

The NCAR staff will continue to study the needs of the university

community for a meso-micro observing network, and stands ready to re-

present university science in future negotiations directed toward the

establishment of such a facility. Meanwhile, the Field Observing Facility

is available to assist university scientists in finding an adequate "test

bed" for particular field projects from among the observing networks now

operating within the United States.

Morton L. Barad, Air Force Cambridge Research Laboratories; Joost A.
Businger, University of Washington; Tesuya Fujita, University of Chicago;
William S. Lanterman, Jr., NCAR; Heinz Lettau, University of Wisconsin;
Donald H. Pack, U. S. Weather Bureau; Charles A. Palmer, Jr., NCAR;
Hans A. Panofsky, Pennsylvania State University; Donald M. Swingle,
U. S. Army Electronics R&D Laboratories.
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COOPERATIVE SUPPORT

The existence of a centralized Facilities Division at NCAR sim-

plifies cooperation among the several facility groups, and allows a

university research program requiring broad facility support to be

given timely and effective assistance through a single contact point.

The first example of extensive cooperation in one field program among

several facility groups arose late in 1964 and will continue into 1965.

At the request of Professor Elmar Reiter, Colorado State University,

elements of the Balloon, Aviation, Field Observing, and Computing

Facilities have become involved in a constant-level balloon tracking

project. Professor Reiter's research objective is to develop a theory

for the generation of horizontal wind shears in the atmosphere, hoping

to find therein a key to understanding the practical problem of clear-

air turbulence.

Operational support includes the inflation and launching in se-

quence of several constant-level balloons by the Balloon Facility,

tracking of these balloons by radar to determine flight trajectories

by the Field Observing Facility, tracking by aircraft at ranges beyond

our radar capabilities by the Aviation Facility, and, finally, re-

duction of the data obtained to determine detailed flight trajectories

by the Computing Facility.
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FACILITIES DIVISION STAFF, 1964

Director's Office

Management:
Rex, Daniel F. (Director, Facilities Division)

Professional:
Morris, Alvin L.
Palmer, Charles A., Jr.

Support:
Miller, Natalie R.
Pearson, Dorrit E. (From March to August)

Pittman, Earle S.
Stitt, Jane S.

NCAR Scientific Balloon Facility

Management:
Lally, Vincent E. (Manager)

McCreary, Frank E., Jr. (Superintendent)

Professional:
Angevine, Jack M.
Bilhorn, Thomas W.
Frykman, Robert W.
Kubara, Robert S.
Lichfield, Ernest W.
Mellor, George P.
Shipley, Alfred
Snyder, Ronald L.
Solot, Samuel B.
Sparkman, John W., Jr.
Verstraete, Marcel L.
Warren, John C. (From August)

Support:
Bishop, Edward E. (From December)
Carlson, Neil (From June)
Fine, H. Eugene
Holdsworth, Elizabeth P.

Prentice, John T., Jr.

Rubinstein, David (From June)

Schwartz, Earl S.

Starry, James L.

Wright, Lettie M.
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NCAR Computing Facility

Management:
Lewis, Glenn E. (Head)

Professional:
Adams, Jeanne C.
Andrus, Evelyn
Biro, Robert P.
Drake, Margaret A.
Ellis, Chester W., Jr.
Gary, John M.
Hargreaves, Sylvia
Jefferies, Charmian (To August)
Kay, Alan C.
Kitts, David L.
Miller, Jack S.

*Miller, Kenneth
Nagle, Frederick N. (To July)
O'Lear, Bernard T. (From April)

*Regener, Eric
Robertson, David (From September)
Rotar, Paul N.

*Sopka, John
Swarztrauber, Paul N.
Wagner, Loren K.
Walker, W. Hugh
Williams, Larry D. (From May)
Working, Robert G. (From August)

Support:
Austin, Donald M. (From April)
Croft, Cynthia H. (To August)
Franks, Wendell A. (From November)
Germann, Edward A.
Hedgecock, Suzanne
Klepac, Benjamin A.
Meeker, Gary 0.
Pearson, Dorrit E. (From August)

*Visiting staff

NCAR Research Aviation Facility

Management:
Hinkelman, John W., Jr. (Manager)
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Professional:
Brown, Edward N. (From February)
Bullock, J. William (From March)
Dascher, Albury J. (From October)
Nagle, Frederick N. (From July)

Support:
Busch, Maxine Maedler (To September)
Busch, Melvin E. (From September)
Denton, Ferne (From September)

Field Observing Facility

Management:
Lanterman, William S., Jr. (Manager)

Professional:
Saum, George H., Jr. (From May)
Tefft, Jack D. (From October)

Support:
Abbot, Charles (To October)
Eis, Roy B. (From October)
Gafvert, Betty L. (From April)
Hagemeier, Gary (From May to September)
Kneen, Glenn D. (From September)
Lewis, Brian W. (From November)
McGuire, James H. (To March)
Sorenson, Alan L. (From October)
Treece, Lawrence (To April)

Library

Management:
McCormick, Jack M. (Chief Librarian)

Professional:
Groodin, Ivan S.

Support:
Althen, Gary (To April)
Dean, Dorothy E.
Kollmann, Judith J.

Lewis, Timothy S.



43

Leyner, Carol
Long, William L. (From February)
McDonald, Terry (From June)
McElhinney, Dora D. (From October)
Minkel, Dorothy C.
Perkins, George (To August)
Posey, Donald (To August)
Sanford, Josephine P.
Sisk, Laury J. (From October)
Vargas, Philip (To June)

Machine Shop

Management:
Hewett, Marvin C. (Manager)

Professional:
Johnson, H. Paul

Support:
Abram, Edmund
Baptist, Page A.
Crowther, Jack W. (From May)
Geisert, Henry P. (From July)
Howard, Michl B. (From August)
Knoblock, H. Fred
Lambdin, Edward D.
Lewis, Richard D., Sr.
Mathews, Hayden F.
Stengel, Charles (To May)
White, Russell D. (From October)
Zimmer, Frederick J.
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STAFF SUMMARY, 1964

Activity

Director's Office

Balloon Facility

Computing Facility

Aviation Facility

Field Observing Facility

Library

Machine Shop

Management

1

2

1

1

1

1

1

Professional

2.00

11.50

17.50

2.50

0.75

1.00

1.00

8 36.25

Support

3.50

5.25

6.00

1.25

3.00

5.75

9.25

Totals

6.50

18.75

24.50

4.75

4.75

7.75

11.25

34.00 78.25
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FACILITIES DIVISION PUBLICATIONS, 1964

Gary, John M.: "On Certain Finite Difference Schemes for Hyperbolic Systems,"
Mathematics of Computation 18, 1-18, January 1964.

Lally, Vincent E.: "Meteorological Instruments--Capabilities and Potential-
ities," Bulletin of the American Meteorological Society 45, 586, 1964.

NCAR Technical Notes 64-1. An Aviation Research Facility for the Atmospheric
Sciences, Report of the NCAR National Aircraft Facility Survey Group,
Robert A. Ragotzkie, Chairman.

NCAR Technical Notes 64-2. Meso-Micrometeorological Requirements for the
Atmospheric Sciences, Report of the NCAR National Meso-Micrometeorological
Facility Survey Group, Hans A. Panofsky, Chairman.

Scientific Aviation Newsletter: No. 1, December 1964.

Scientific Ballooning: Nos. 13-17, 1964.





Report of the

HIGH ALTITUDE OBSERVATORY
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INTRODUCTION

The work at the High Altitude Observatory during 1964 was concen-

trated in three main research areas. First, we continued our effort of

many years standing to understand the average conditions of the solar

atmosphere. The photosphere, chromosphere, and corona each require

different measurement techniques, and a wide range of theoretical tech-

niques must be employed in these various regions. Our work is not so

strictly divided into these various layers of the solar atmosphere, how-

ever. The primary problem facing us is how to understand the transfer

of energy through all of these layers. Before we can even begin to

check theories of energy flow through this region, we must know such

simple facts as the radiative loss in each region of the sun's atmos-

phere and have a reasonable model of thermal conduction throughout the

region. Both the theory and the observations relevant to these questions

are involved, and are at times tedious, but the main goal of understand-

ing the heating of the corona is one of great importance not only for our

understanding of the physical processes in the sun's atmosphere but for

an understanding of the atmospheres of all stars.

A second area of major emphasis at the Observatory has been the

study of solar activity. The time-changing features of the sun's atmos-

phere are manifested not only optically, but in X-ray and UV emissions

which affect the high atmosphere of the earth, and in radio waves, which

we can detect with suitable equipment. In some ways the study of solar

activity is more closely related either to work in thermonuclear machines,
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where it is found that almost any process involving a changing magnetic

field in an ionized gas results in a few fast particles, or to the outer

boundary of the earth's magnetosphere, where once again particles seem to

be accelerated by some interaction between ionized material and magnetic

fields, than to any astrophysical studies of the characteristics of

stellar atmospheres. However, we cannot have a thorough understanding of

solar activity without a full knowledge of the physical characteristics

of the solar regions involved, so our studies of solar activity are com-

pletely intertwined with our studies of the average conditions in the

sun's atmosphere.

The third area of considerable emphasis has been interplanetary

space and the earth's magnetosphere. For our understanding of the pro-

cesses in this region of space, we must of course understand the outer

parts of the solar corona as well as the structure of the regions sur-

rounding the earth. Here the observational techniques are extremely

varied. Instruments employed for this study range from magnetometers

and magnetographs for measuring terrestrial and solar magnetic fields,

to radio telescopes, balloon-borne coronagraphs, and the various satel-

lites which penetrate the region of interest.

In work of this sort the results come slowly. The work on profiles

of emission lines in the solar corona, for example, leans heavily on

observations made during the last decade. In the report which follows

there is a reference to a study of eclipse plates made in 1952. Even

in more modern areas requiring results from satellites, the time lag
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between planning an experiment and the use of the results is very long.

We were especially pleased, therefore, that during the year we were able

to successfully make an observation that had been planned and attempted

for at least six years. The March 1964 flight of our balloon equipment,

which we have named Coronascope II, confirmed our expectations that we

would be able to photograph streamers in the solar corona without a

natural eclipse. We still have work to do and improvements to make on

the balloon equipment, but we are at a point now where we can definitely

say that this is a useful research tool and one which we will employ

during the next several years. Similarly, during 1964 we achieved

successful observations of magnetic fields on the sun. This type of

observation has been made for about 15 years at Mt. Wilson, where Babcock

employed the Zeeman analysis of photospheric Fraunhofer lines and there-

fore detected magnetic fields in the photosphere. Our instrument is de-

signed to work on the weaker and more difficult emission lines seen on

the edge of the sun so as to allow us to measure the height distribution

of line-of-sight magnetic fields. The successful operation of this

equipment in measuring the magnetic field in a prominence late in 1964

was a milestone in our effort to understand this region of the solar

system.

John W. Firor

Director
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THE CHROMOSPHERE

STELLAR CHROMOSPHERES

In cooperation with O.C. Wilson of the Mount Wilson and Palomar Ob-

servatories, Skumanich undertook a search for additional evidence con-

cerning the correlation of chromospheric activity with age in main se-

quence stars (a hypothesis advanced by Wilson through his study of ga-

lactic clusters). To this purpose, evidence for chromospheric activity

(i.e., the presence of bright emission reversals in the cores of the

Ca+, H, and K absorption lines) was searched for in the spectra of those

main sequence stars which had been photometrically classified by Strom-

gren and Perry. Out of a sample of 114 stars, 17 were found to show

sufficiently strong chromospheric activity (in order to be detected at

the spectral resolution used) and all but two of these were found to

lie close to the zero-age edge of the main sequence band. This result is

taken as corroborating evidence for the hypothesis that chromospheric

activity of main sequence stars, be they in galactic clusters or free

in the galaxy, decreases with age. Although all known spectroscopic

binaries (which have enhanced H and K reversals) were eliminated, a few

such stars with orbital planes such as to allow them to escape detection

can occur in a sample of stars this size and may very well account for

the two exceptions.

Additional evidence which supports the age-activity hypothesis comes

from the study of the galactic kinematics of main sequence stars which

have H and K emission reversals. A careful search of the literature
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yielded a total of 39 F5 to G5 stars (including the above) for which

kinematic data were available. Their distribution in velocity space

shows the characteristics of young Population I stars, viz., an ellip-

soidal distribution in the galactic plane with a vertex (major axis)

deviation of approximately 200 from the galactic center (believed to be

indicative of spiral arm structure) and a distribution perpendicular to

the galactic plane with very small dispersion (indicating orbits lying

within the galactic plane, again spiral-arm stars). Although the star

sample is small, the fact that the most probable velocity is found to

agree with that usually given for the circular velocity of the stars in

the solar neighborhood lends confidence to the statistical significance

of the results.

A larger sample of stars would be desirable not only to improve the

precision of the above conclusions but also to allow one to discuss

other questions, e.g., the rate of star formation, which can be derived

from frequency distribution in age or emission strength, and its depen-

dence on spectral type (i.e., mass). Continuing effort in this program

will be centered on the design and construction of a wavelength scanning

photoelectric detector which will yield a more accurate emission measure

as well as increased efficiency in observation time. Preliminary studies

indicate the use of a gas-filled Fabry-Perot interferometer, where a

variation of the gas pressure varies the spectral region transmitted.

Such an instrument has been used successfully for observations of the

He absorption line in stars.
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SOLAR CHROMOSPHERE

In connection with this effort to understand the age dependence of

the chromospheric emission reversal in stars, Skumanich initiated a pro-

gram of observing the H and K emission in the flux from the sun (i.e.,

surface-integrated) at Climax. Because the sun has "very weak" activity,

i.e., the emission reversal cannot be seen at 10A/mm dispersion, high

dispersion (better than 1A/mm) is necessary for this study. At present

the program has two objectives: 1) the temporal behavior vis-a-vis the

magnetic cycle, and 2) the correlation of the (surface) integrated emis-

sion with resolved disk structures. Ultimately, knowledge of the pro-

perties of the responsible chromospheric structures will be necessary.

The question of obtaining a birefringent filter for the Ca - K line

for use at Climax is under study. In the sun the emission reversal is

approximately 1/2 A, hence a filter with 1/4 A bandpass would be desir-

able.

In a related work, Hiei studied the intensity variation at the sun's

limb in order to derive the gradient of the temperature in the low

chromosphere. Eclipse observations have previously shown that in the

continuum the height gradients of the total intensity vary systematically

with wavelength; the observed gradient in the red is found to be steeper

than in the blue. This wavelength dependence of the gradients has been

explained by the temperature increase in the low chromosphere.

The continuous emission is known to be mainly contributed by the H

ion. Other contributions, such as electron scattering, Rayleigh scatter-

ing by neutral hydrogen, and free-free and free-bound transitions of
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neutral hydrogen, can be shown to be negligible in the low chromosphere.

The continuous emission, hence, is proportional to the Planck function

of the local electron temperature, Te . The limb profile for a single

wavelength will depend on the density variation as well as the temper-

ature distribution in the chromosphere, whereas the wavelength dependence

of the intensity gradients largely depends on the temperature gradient.

(To the extent that H is responsible for the continuous emission, the

density variation gives the same change in the intensity for all wave-

lengths.) If the temperature increases with height in the low chromo-

sphere, the resulting emission at a greater height will be stronger in

the blue than in the red owing to the Planck function, and the observed

slower emission gradient in the blue can be understood.

Using these arguments, Hiei has determined a temperature model for

the low chromosphere so as to fit the observed wavelength dependence of

the gradients. The derived gradient of the temperature is similar to

that given by Pagel.

Rocket observations of the solar UV spectrum are now sufficiently

good that the rocket data, together with data obtained at total solar

eclipse, can be used to specify the total energy radiated by the chromo-

sphere into space. With this information we can now investigate more

fully the detailed nature of energy losses from the chromosphere --

in particular we should be able to derive, at least in principle, the

energy losses per unit volume by radiative processes as a function of

height through the chromosphere. In the stronger spectral lines formed

in the chromosphere, the chromosphere has high optical thickness so that
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we observe only the accumulated effect of the energy diffusion outward.

Thus, we can specify the energy loss per unit volume only if we know

both the detailed temperature and density structure of the chromosphere

and the detailed manner in which each volume element contributes to the

energy flux finally escaping from the top of the chromosphere.

Athay devoted the major part of his time to these problems, with

particular emphasis on the resonance series radiation from hydrogen,

neutral helium, and singly ionized helium. These ions produce the stron-

gest radiation in the rocket UV spectrum and are therefore of major

interest. Athay developed a new technique for relating the total line

intensity to the differential contribution from each volume element.

This technique, although far simpler than the techniques previously used,

entails extensive calculations of the populations of the various energy

levels in the three ions considered in the absence of thermodynamic

equilibrium. In particular, it was necessary to determine the detailed

relationships between the population of energy levels and the various

microscopic rate processes. The theoretical aspects of the problem and

the extensive calculations needed to apply the theory were complete by

the end of the report year.

Application of the theory and numerical calculations to the actual

chromospheric spectrum is in progress at the end of the year. The

theoretical spectrum of a model solar chromosphere obtained by the

techniques mentioned reveals several surprising results:

1) The observed UV spectrum of hydrogen, He I, and He II can be

matched with a relatively simple model in close agreement with a model

derived earlier by Athay. (This is the first time we have been able to
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incorporate new data without major revisions in the model.)

2) The first-resonance lines (n=2 to n=l) of hydrogen, He I, and

He II, the second-resonance lines (n=3 to n=l) of hydrogen and He I, and

the resonance continua of He I and He II arise in roughly equal propor-

tions in the same volume elements in the chromosphere even though the

opacities vary from above 103 for the resonance line of He II to about

-3
10 for the resonance continuum of He I.

3) The second line of the resonance series (n=3 to n=l) of He II

tends to be formed higher in the chromosphere than the first line of the

resonance series even though the opacity in the 3-1 line is smaller than

in the 2-1 line, a result in direct opposition to previous conclusions.

4) Almost all of the UV radiation of He I and He II and the first

few lines of the Lyman series of hydrogen arise in the so-called helium

shell of the chromosphere.

Athay is continuing work in the radiation losses from the chromo-

sphere prior to his year-long visit to Paris and Munich where he plans

to work on the problem of relating energy losses from the chromosphere

to specific energy input mechanisms.

BARIUM IN THE SOLAR ATMOSPHERE

Last year's report described a study by Tandberg-Hanssen of the

equilibrium of barium in the chromosphere and prominences. Further work

indicates that the strong resonance lines of this ion are formed under

conditions far removed from LTE (local thermodynamic equilibrium), since

for all temperatures T > 50000K, the LTE assumption and the observed

electron density show that all barium would exist as Ba III, which is
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obviously not the case. The line profiles are Gaussian, indicating a

broadening velocity of about 5 km/sec, which is a good measure of the

actual "turbulent" velocity of the prominence plasma.

The ratio of the intensities of the lines of the resonance doublet,

K/H = 1(4554)/I(4934), presents a puzzling problem. In the chromosphere

and also in some prominences the observed ratio is so large that it re-

quires a Boltzmann factor exp (-X/kT), close to unity. This conclusion

has been substantiated by a first perusal of the 1962 eclipse plates.

In order to study the ratio of the intensity of the lines of the

resonance doublet (K/H) in Ba II properly, Tandberg-Hanssen decided to

expand the original program. He therefore analyzed this ratio in the

chromosphere both at the 1952 and the 1962 eclipses, as well as in a

number of prominences observed at Climax. Also, for comparison it was

decided to include studies of the K/H ratio in Ca II and Sr II, which

both show the same type of spectra as Ba II with K and H lines.

The Ca II K/H data clearly bring out how the line intensity ratio

increases from values indicating strong self-absorption in the middle

chromosphere to values corresponding to an optically thin atmosphere

further out. The same holds for Sr II, where self-absorption continues

out through the middle chromosphere.

The Ba II data show signs of self-absorption in the lower chromo-

sphere, and somewhere in the middle chromosphere the K/H ratio reaches

values corresponding to an optically thin atmosphere -- as one would

expect. But as one goes further out the ratio increases to values in
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excess of 2.53, which should be an extreme upper limit. This behavior

was first noticed in the 1952 eclipse spectra and is confirmed in the

1962 data.

Observations of the K and H lines have been made in a series of

prominences of varying degree of activity, using the 5-in. coronograph

at Climax. Only those prominences are included in the study that have

observed line profiles which are well represented by Gaussian curves.

Since no sign of self-absorption is then detectable in the shape of the

profiles, the observed values of the K/H ratio are to be accounted for

in terms of the excitation temperature parameter. This temperature is --

in many instances -- found to be significantly different from what is

considered to be the kinetic temperature of the prominence plasma (as

determined by the Balmer continuum). In other words, departures from

local thermodynamical equilibrium are very marked.

There is also, on the average, a tendency for the excitation tempera-

ture related to the Ca II lines to be lower than the corresponding Sr II

temperature, which in turn is smaller than the Ba II temperature. How-

ever, this conclusion is still statistically quite weak and more obser-

vations are needed. If it should turn out to be confirmed, it will have

important implications.

It now emerges that the K/H ratio really confronts us with two

problems: 1) How can the K/H ratio of Ba II be greater than 2.53 in the

middle chromosphere? 2) How does one explain the extreme values of the

excitation temperature of Ba II as well as of Sr II and especially Ca II

in some prominences? There are several excitation conditions that
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might conceivably result in populating the atomic terms in the ions in

such a way that the Boltzmann factor would approach unity. At the end of

this report period, calculations were under way through which we will

try to determine the role of a possible collisional effect on the re-

distribution of the populations of the levels in the upper term of the

atomic transitions involved (n2atomic transitions involved (n p).
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THE CORONA

CORONASCOPE II-Oc

The first two months of 1964 were devoted to preparation of the

Coronascope system for its first flight to observe the intermediate corona

outside of the solar eclipse. Operational support for the experiment was

given by the NCAR Scientific Balloon Facility, with Shipley and Kubara

having the immediate responsibility of our flight. Detailed calibration,

adjustment, and testing in Palestine required approximately one month.

On 5 March 1964, Coronascope II secured 118 photographs of the solar

corona from 1.8 to 5.25 solar radii from the center of the disk at an

altitude of 100,000 ft. Diurnal motion of the corona as seen from the

alt-azimuth guiding system removes any uncertainty that the streamers

observed in the photographs are truly the corona and not simply artifacts

of scattered light in the instrument. Throughout most of the flight the

instrument was maintained on the sun to an accuracy of + 5 arc-sec, peak-

to-peak excursion.

The first attempt at analysis of these photographs involved pro-

jecting them as a motion picture to allow an easy search for changes

which might have occurred in the corona during the 5-hr observing time.

Although the film shows one streamer apparently to have expanded radially,

the irregularities in the amount of scattered light present in different

parts of the field of the coronagraph make it extremely difficult to

determine whether the expansion is real or simply an illusion.

The complete photometric analysis of the film, which is being carried out

by Bohlin, should allow this question to be settled unequivocally.
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Using the Coronascope II observations and the photographs of the

corona made during the eclipse of 20 July 1963, Bohlin, Wayne Stein from

the University of Minnesota, Sheldon Smith from the NASA Ames Research

Laboratory, and Newkirk attempted to determine the lifetime of coronal

streamers as well as the period of rotation of the intermediate corona.

Unfortunately, the time interval between the eclipse and the Coronascope

II photographs was so long as to prevent any definite identification of

the same streamer on the two dates.

The fact that the Coronascope II observations came near the end of

a very long-lived recurrent geomagnetic storm allowed us to identify the

bright coronal streamer visible on the west limb on 5 March 1964 as the

source of the geomagnetic storm particles. An opportunity for detailed

study of this region is presented by the fact that particle concentrations

and magnetic field measurements in the interplanetary medium were being

secured by the IMP satellite at the same time. Hopefully, the corona-

graphic observations, which allow a determination of electron densities

out along the streamer, measurements of photospheric magnetic fields,

and the interplanetary observations can all be fitted together to create

one consistent picture of a coronal streamer.

Although we are highly pleased with the initial success of Corona-

scope II, we realize that considerable improvement in the quality of the

observations can be achieved. First, it will be necessary to align the

optical system with considerably greater accuracy than was possible for

the 5 March 1964 flight. The limitations in our aligning technique

showed up on the observations in the form of a rather unsightly band of
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instrumentally scattered light. We have designed and are constructing a

device which will enable us to align the optical system very precisely in

the wavelength in which the observations will be made.

Second, we desire to improve the angular resolution of the corona-

graph. Chromatic aberration in the optical system of Coronascope II-,

produced a rather noticeable degradation in the image quality. An optical

system achromatic over the near-IR is presently being designed and con-

structed by the Perkin-Elmer Corporation. Inclusion of polaroids in the

optical train will allow us to make a more precise evaluation of the con-

tributions of skylight, the F-corona, and the K-corona to the brightness

observed.

The solution to one of the difficulties experienced in the 1964

observation is not so clear-cut. Fully one-third of the photographs

showed the bright trajectories of small dust particles floating in front

of the coronagraph. The origin of these particles is extremely difficult

to determine; photographs made with a rocket-borne coronagraph flown by

our colleagues at the Naval Research Laboratory show similar streaks.

If this dust is the result of inevitable sluffing off of particles from

the balloon, parachute, and gondola, there is very little that we can do

to prevent it. However, it may well be that a large portion of the dust

which we observed on 5 March 1964 came from the expansion and distortion

of the insulating material on the Coronascope gondola. If this particular

insulating material was a major source of dust, the substitution of the

more suitable Styrofoam, which is planned, should considerably reduce

the amount of contamination.
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Two flights of the Coronascope II system are planned for 1965.

These flights will have two goals. First, it is desired to make a

balloon-borne test of the prototype of the coronagraph which will be

carried in the AOSO satellite. To this end, the coronagraph is being

modified to reproduce as nearly as possible the configuration which it

must have in the satellite-borne version. Second, the two flights in

1965 will be flown so that their observations may be compared directly

with those obtained during the total solar eclipse of 30 May. By having

Coronascope II photographs of coronal streamers a few days before or

after the eclipse, we hope to be able to infer the three-dimensional

structure of coronal streamers during sunspot minimum. A second flight

approximately one month after the eclipse will, hopefully, yield infor-

mation about the lifetime of coronal streamers.

AOSO CORONAGRAPH

As a logical development of the program to extend our knowledge of

the solar corona by continuous observation, the High Altitude Observatory

hopes to have a coronagraph aboard the Advanced Orbiting Solar Observatory

which is due to be launched early in 1969. The AOSO will be a cylindrical

vehicle approximately 100 in. long and 40 in. in diameter with its axis

maintained accurately at the center of the sun or to any particular

region on the sun. The satellite will be in a polar orbit with a period

of approximately 90 min and will have a capacity to telemeter over 107

bits of information per orbit. This should allow us to obtain from one

to ten complete pictures of the intermediate white-light corona per orbit
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for the expected one-year lifetime of the spacecraft. These pictures

will be invaluable and unique in unraveling the mystery of the three-

dimensional structure of coronal streamers as well as that of their

evolution and connection with surface features. This work is being

carried out by Eddy and Newkirk.

The orbital coronagraph will be designed after the pattern of the

Coronascope II balloon model and will be approximately the same size.

Significant differences in the two systems are: 1) the orbital version

will be completely contained within the tubular heat-shield of the AOSO

spacecraft, and 2) the orbital version will utilize an electronic

imaging system. A program of image sensor evaluation is under way and

early indications point to the use of an image dissector. This detector

is intermediate in sophistication between two other sensor types that

were considered: a mechanically scanned photomultiplier, which has

mechanical disadvantages, and the more elaborate video cameras, which

are electrically more complex and, we feel, unreliable.

Because the design and construction of such an orbiting coronagraph

is rather outside the experience of the HAO shops, the entire coronagraph

has been subcontracted to Ball Brothers Research Corporation of Boulder.

A, significant portion of the report year has been spent on solicitation,

evaluation, and negotiation on this sizeable subcontract and, at the end

of the year, final approval from NASA, the primary funding agency, had

not been secured. Once approval is obtained, work will begin in earnest

to meet a prototype delivery date of late 1966. The test of the overall

concept of the orbital coronagraph optical design will be carried out as

part of the Coronascope II program.
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1965 SOLAR ECLIPSE

Firor and Eddy, in cooperation with Dr. J. M. Malville of the Uni-

versity of Michigan, are developing a photoelectric telescope system to

observe the three coronal lines of Fe XIII at the 30 May 1965 solar

eclipse in the South Pacific. Of the coronal iron ions, only Fe XIII

gives more than one emission line in the near-visible spectrum and thus

permits a detailed study of the excitation equilibrium of the ion.

These three lines arise from the structure in the accompanying sketch;

two lie in the near-IR, at 10747 and 10798 A, and a third in the near-UV

at 3388 A. The IR pair has been observed at Climax in the innermost

corona by Firor and Zirin using a photoelectric image tube. Their con-

clusion was that the 10798 line was roughly half as intense as the 10747

line, although there was considerable scatter in the data.- The 3388 line,

which lies outside the spectral region of most coronal spectrographs, has

been observed only at eclipse and its relative strength is even less

known.
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'E·hyS eclipseh• a good one for coronal observations,

with a maximum duration of totality on land of •it gan compared with

a long-term average eclipse totality of a minute or so. With this long

totality period, the photoelectric telescope thoa_1:yield observations of

the relative strengths of the trhee Fe XIII lines as a function of radial

distance, hence of electron density, from the=f4m-tae- •at-j6==An beyond

the limb. Two photomultiplier tubes attached to a single equatorially

mounted Cassegrain telescope ~~t simultaneously recorc~the data; wave-

length isolation wi-~tbe achieved by rotating interference filters a few

degrees about the optical axis, thus shifting the wavelength of maximum

transmission.| The same experiment will be carried out at two sites to

increase the probability of success. A ground station is planned for

the French island Bellingshausen in the Society Group near Tahiti;

another experiment, to examine coronal line polarization, and constructed

in cooperation with Hyder at UCLA, will be carried aboard the Los Alamos

Scientific Laboratory eclipse aircraft. Totality will be extended to 8

or 9 min for the aircraft, by virtue of its motion along the moon-

shadow path, although angular resolution may suffer somewhat from the

motion of the aircraft.

WHITE-LIGHT CORONAL ATLAS

Eddy has begun preliminary study of the feasibility of an atlas of

the white-light corona from pictures taken by various observatories in

the past century. Although photographs of the white-light corona have

been regularly taken at nearly every eclipse since the introduction of
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photography in astronomy, there has been no major effort to assemble them

in good-quality reproduction. Once assembled and properly oriented and

identified, such a collection would be a valuable aid in other solar

research in such fields as the relation of plumes and streamers to sur-

face events and magnetic fields and, in certain applications, in the

study of the nascent solar wind. Two obstacles have stood in the way of

such a collection in the past: 1) the impossibility of achieving prints

that did justice to the detail present in good coronal negatives (largely

a problem of limited contrast in the printing process), and 2) the

natural reluctance of observers to part with original negatives that were

so dearly obtained. The Fluor-o-Dodge Printer, a patented device manu-

factured by the Watson Electronics and Engineering Company, has recently

made possible controlled dodging in printing to make prints appear to

have optimum exposure in every area. This process, which in effect

flattens the density gradients in the corona, is exactly what is needed

to overcome the first obstacle. The effect is achieved by automatically

making the exposing light brightest under the most dense areas of the

negative (the innermost corona) and dimmest under the thinnest negative

areas (the outer streamers). Thus, while absolute intensity information

is vitiated, structural detail is enhanced. The Fluor-o-Dodge printer

is a portable device that could be transported to different observatories

and, with their permission, used to make high-quality prints from orig-

inal eclipse negatives without the necessity of removing the negatives

from the local archives. With the kind assistance of Jerry Loomis of

the Sacramento Peak Observatory, Eddy has been testing the Fluor-o-Dodge

on actual eclipse negatives to determine the feasibility of the process.



69

LUNAR BALLISTIC ATMOSPHERE

In the attempt to determine whether the frequently mentioned plans

for a solar observatory on the moon are even physically realistic,

Newkirk has studied the optical properties of the lunar ballistic atmo-

sphere. This atmosphere is composed of secondary particles sprayed up

from the moon by the impact of meteorites and micrometeorites upon its

surface. Using some empirical information obtained by workers at NASA

on the impact of very-high-velocity particles in rock, he has concluded

that a significant amount of material will be in ballistic orbits above

the lunar surface at any one moment. Calculation of the optical pro-

perties of these particles shows that the light scattered by them could

be a serious obstacle for the observation of the corona and the zodiacal

light from a lunar-based observatory.

KORONAMETER

The Koronameter has now been operated by Hansen at Mount Haleakala,

Maui for just over one year in a collaborative program with the University

of Hawaii. During this time, observations of the solar electron ("K")

corona have been made on somewhat more than half the days, often to dis-

tances of a solar radius from the limb. As the first stage of analysis,

synoptic maps are being prepared showing the isophotal distribution of

the electron coronal features during 1964. This work is still in progress

but the regions of enhancement seem to be associated with plages and

filaments, as has been frequently suggested by eclipse observations of

the corona over the past century. The close association between the
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solar filaments and K-corona is shown in Fig. 1. This diagram, adapted

from the Fraunhofer Institute Solar Map for 9 March 1964, has added

isophotes derived from Haleakala observations. The northernmost contour

surrounds the location of a large prominence that was observed during

limb passage when the Koronameter observations were being made, but had

gradually disappeared. The other contour is seen to surround a well-

defined filament. The line marked by X's shows the location of a very

sharp minimum in K-coronal brightness constituting a "Boulevard of

Avoidance," so to speak, of electron concentration away from the other

solar features. The unique contribution which will be made with the

Koronameter should result in our opportunity to study the morphology of

the K-coronal features as compared to the overall development of specific

centers of activity. With most of the problems attendant on the estab-

lishment of a program at a new observatory now resolved, it should be

possible to devote a much greater amount of our attention to analysis of

these observations during tie forthcoming year.

CORONAL LINE PROFILE

Donald Billings, of the University of Colorado, and Lilliequist have

continued their study of line profile shapes. Preliminary reduction and

analysis of a set of graded-height red-line spectrograms indicates that

the observed half-widths are probably enhanced by a patterned flow of

the emitting gas in the coronal structure. The shape of these profiles

appears to be affected by both wing-width enhancement, due to a temper-

ature distribution in the line-of-sight, and shoulder-width enhancement,
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due to coherent motion of the emitting coronal gas. To assist in the

quantitative evaluation of these data, Billings and Lilliequist are

analyzing several series of repeated spectrograms of the same location

in the corona. Refinements to the computer programs for profile analysis

have contributed both to the efficiency of handling data and the accuracy

with which they are interpreted.
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SOLAR ACTIVITY

HELIUM LINES IN FLARES AND PROMINENCES

During the report period Tandberg-Hanssen initiated a program to

observe selected helium lines in flares and prominences. The project is

based on the following considerations: The ratio between corresponding

lines of the triplet and of the singlet series is close to 3 when the

lines are formed under LTE conditions. It is known that in the chromo-

sphere these ratios are about 40, indicating strong relative overpopu-

lation of the atomic levels in the triplet structure (due to a radiative

leak in the singlets). Very few reliable observations are available on

the value of the triplet/singlet ratio in prominences and flares. The

indications are that the ratio is large (~30) in quiescent prominences

and small (^3) in flares.

Our project falls into two parts:

1) Secure adequate spectra of different types of prominences and

flares'so that the triplet/singlet ratios can be studied. A determined

effort is being made to include the lines 7065 and 7281 A.

2) Calculate the excitation conditions necessary to give the ob-

served triplet/singlet ratios. In particular, we would like to deter-

mine the relative importance of collisional excitation and optical

depth effects on the ratios in active prominences and flares.

The first part of the program is well under way. A series of

spectra of prominences has been obtained at Climax and for the first

time reliable data on the singlet line 7281 A are available.
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FLARE PREDICTION

The study by Billings and Avery of limb prominence activity as an

index for flare prediction was completed during the year. The conclusion

was that the index is as good as any of the several others commonly used,

better than most, and has the advantage that it is accessible as soon as

the potential flare region comes over the east limb. Next, the decameter

solar radio noise records were examined and a maximum found in the number

of Type III bursts per hour from 10 to 14 hr before Type IV flares --

i.e., flares that exhibit Type IV radio noise. However, it was not

possible to demonstrate the usefulness of Type III bursts as flare pre-

dictors.

Billings and Avery, at the close of the year, were studying the

time intervals between flares in an active region. Since existing flare

theories generally involve the buildup of either magnetic or particle

energy between one flare and the next, with the catastrophic discharge

of that energy during the flare, any statistics that can be assembled on

buildup time and its relation to the level of activity in the region, the

type of the flare preceding the buildup interval, and the type of flare

following the buildup will be useful.

During the year, Firor and Lilliequist undertook to summarize the

present state of knowledge concerning the prediction of solar flares.

Although many studies have been made showing, from historical data, that

a single parameter is correlated with later flare occurrence, almost no

attempts have been made to use optimally all of these "predictors" in

actual predictions. A further problem is that when a worker claims a



75

certain success rate in prediction, he rarely if ever goes on to discuss

whether or not this success rate represents the demonstration of any im-

provement over random or average prediction schemes.

As a feature of the International Year of the Quiet Sun, three solar

physicists have agreed to issue forecasts of solar activity for periods

of up to four weeks in advance. Two of these workers issue forecasts of

the general level of solar activity, while the third predicts sunspot

number and flare number. Firor and Lilliequist have been able to devise

two methods of "forecasting" the general level of solar activity which

equal the success rate of the published forecasts. One of the methods

involves a random selection of a forecast from a list of possible fore-

casts distributed according to the yearly average distribution of the

occurrence for days of different activity. The other method consists of

mechanically predicting according to a strict 27-day recurrence. They

conclude from this study that, except possibly for forecasts one week

in advance, the published forecasts do not demonstrate any "skill," in

the weather forecasting sense of the word. At the close of the report

year an attempt was being made to devise similar tests of the sunspot

forecasts.

SOLAR RADIO BURSTS

The Observatory has for some years made observations of solar radio

emission at wavelengths between 7 and 40 meters. Very preliminary

scalings of these data have appeared on a monthly basis in the CRPL-F-

Series, Part B. However, in those rapid scalings it is almost impossible
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to make significant conclusions on the detailed positional shifts of the

emission, or on its correlation with optical solar activity as observed

at various points near Boulder. During the year Warwick studied care-

fully a dozen or so of these major events from the point of view of the

radio positions as well as the optical emission observed at Climax. One

event in particular, of 20 July 1961, which occurred in connection with

a proton event observed over the polar cap of the earth, was remarkable

for a slow-drifting Type IV outburst that crossed the entire spectral

range from 41 Mc to nearly 8 Me. This Type IV emission, drifting from

high to low frequencies, was not so remarkable for that fact as it was

for the fine structure of bursts that appeared superposed against it.

Even this phenomenon was not unique in our data. However, the positions

of these bursts, whose frequency drifted down along with the underlying

Type IV continuum, were displaced systematically away from the source

of the continuum toward the surface of the sun. As has been observed

by other astronomers, the Type IVs seen in Boulder generally move out

away from the limb of the sun. The fine structure of the Type IV

emission apparently occurs at the center of the sun despite the distant

source of the underlying continuum. Warwick concludes that the Type IV

burst structure is generated in the Type IV source at high elevations

above the sun, but is directed toward the surface of the sun. The

emission must reflect off the surface of the corona at the X = 1 plasma

level. This level is removed by several solar radii from the source of

the continuum radiation itself.
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The 20 July event is also remarkable for the moving Type III burst

that occurs early in the event. This burst shows, at a single frequency,

an outward motion of the source of emission at a rate of a few hundredths

the velocity of light. One interpretation might be that the emission is

stimulated in an outward-moving cloud. The slow drift, Type II bursts

in this same event appear to move from the sun outward, in the classic

way discovered by Wild and his associates in Australia. However, in con-

trast to Wild's conclusions, in the Boulder data it appears that the Type

II fundamental and harmonic are not, respectively, far from the sun and

close to the sun. Unlike Wild, we are able to study the positions of

the fundamental and harmonic simultaneously, as well as at a given fre-

quency and different times. Quite generally, on other records of Type II

as well as the Type II of the 20 July event, the fundamental appears to

lie closer to the center of the sun. Finally, it has been possible to

study the relation between optical events in the early stages of flares

and corresponding Type II events observed by the decametric spectrograph.

The apparatus which permits this comparison with special relevance

is the Climax full-limb H-cY prominence patrol. With pictures taken at

10-sec intervals, and with wide-band sensitivity to moving events and

faint prominences, the equipment is able to record extremely rapid

phenomena in the first few minutes of limb flares. On a number of

occasions the Climax instrument records a faint and extremely rapid loop-

like structure rising through the corona in the few minutes immediately

preceding the Type II radio event. When the speed of the prominence is

extrapolated to the time interval between the prominence and the Type II



78

burst, we conclude that the prominence would have reached the Type II

levels at about the same time as the observed decametric II does actually

take place. A check on this hypothesis is possible on the basis that

we have burst positions in a number of these Type II events. In these

instances, it is possible to eliminate the uncertainty in coronal models

that has troubled such studies in the past. We find that we observe on

one occasion or another a variety of possible density models ranging

from the Baumbach-Allen corona to the much more dense Newkirk corona.

The topology of these small expanded loops, which should be deci-

sively distinguished from the quiescent and static post-flare loop

systems that so often appear following major events, suggests that we

are looking at a hydromagnetic wave phenomenon. Suppose that the dipole

moment which produces a poloidal line-of-force system in the corona

suddenly changes in magnitude. The question is, how does the change in

magnitude of the dipole moment propagate into the corona? The lines of

force of a dipole are strongly concentrated in the polar regions of the

dipole. If, for example, you increase the dipole moment, you create

new lines of force in the polar regions. There is just one singular

line of force, precisely at the poles. The remaining lines of force are

connected to the old lines of force by a junction line of force which

lies at a sharp angle to the static configuration of lines of force.

This kink in the lines of force propagates out along the polar and inter-

mediate latitude lines of force. The hypothesis for the expanding group-

like configurations is that they represent material trapped on such a

kink in the lines of force as the kink moves through the low chromosphere.
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In examining earlier prominence records -- for example, the major

eruptive prominence of 10 February 1956 -- Warwick a number of years ago

concluded that magnetic lines of force were trapped in the moving mate-

rial. In that prominence in particular, the loop structure in the frag-

mented spray prominence was quite striking. According to the present

view this loop structure does not represent a line of force, but rather

is the locus of the kinks in a hydromagnetic shock wave propagating out

through the corona. The loop configuration results from the fact that

along the lines of force the wave propagates slightly more rapidly than

in intermediate or oblique directions.

Such a wave may not be a shock wave in the hydrodynamic sense. In

that case, the physical phenomenon is a piston which drives through a

region of low density and is followed by a region of higher density and

temperature. In the present case of the hydromagnetic effect, no such

piston exists. In fact, Warwick showed that such a piston, if comprised

of solar prominence material moving with great speed, would not have

sufficient energy to distend the lines of force in solar atmospheric

magnetic fields beyond some nominal but quite low height. The actual

waves observed, although perhaps not shock waves in the hydrodynamic

sense, still might be called shocks in the hydromagnetic sense. These

might then, to distinguish them from hydrodynamic shocks, be called

Alfven shocks.
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THE SOLAR SYSTEM

JUPITER

In January we received on loan from the Department of Terrestrial

Magnetism, Carnegie Institution of Washington, a decametric spectrograph

designed by Rihiimaa. Under the general guidance of Gordon, our objec-

tive was to modify this equipment for use as a fast radiospectrograph-

polarimeter. The display units were thoroughly revised to permit us to

record three separate channels of information: both left and right

circularly polarized intensities, and left plus right combined through

a delay line of some length. This modification required adding two

oscilloscope units and an oscilloscope camera to the receiver. In

addition, the sweep repetition rate was increased to about-100 sweeps/

sec, and the tracking improved to smooth the output signal as a function

of frequency. For testing the equipment in Boulder, a ground-plane an-

tenna consisting of two orthogonal bow-tie antennas was erected at the

antenna site north of town. In June the equipment was put on the air,

and soon recorded several instances of Jupiter decametric emission.

Our intent in borrowing this equipment was to install it at the

prime focus of the 1000 ft spherical radio telescope at Arecibo, Puerto

Rico. Late in August, Gordon and Kuhn took the equipment to Arecibo

and installed it on the dish. One further loan of equipment made this

installation particularly straightforward. Scientists from the Air

Force Cambridge Research Laboratory were also planning to use the big

dish for low-frequency studies. They had had the Collins Radio Company
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design a decametric, log-periodic antenna with orthogonally crossed

polarization characteristics, and they graciously allowed us to use this

feed. Starting in October, our equipment recorded through the end of

November some 17 instances of Jupiter radio emission with fast time reso-

lution and complete polarization characteristics. Operating in the range

24 to 37 Mc, the equipment has completely verified the conclusions made

with the Boulder equipment on the stability of the polarization in that

frequency range. There is no evidence for any switch-over or even very

drastic change in the character of the polarization above the rather

high frequency for Jupiter studies.

One quite interesting feature seems to be typical of these records,

both the ones made in June in Boulder and those from the Arecibo in-

stallation. It will be recalled that George Dulk, of the University of

Colorado, and Warwick made use of the Boulder spectrograph data to show

the existence of a strong terrestrial ionospheric Faraday effect on the

records made with the large corner reflectors. This work was described

in last year's report. The Faraday effect in the terrestrial ionosphere

is a function of the phase path difference between signals polarized in

the right circular and left circular modes. The characteristic modu-

lation of the Boulder records resulted from the rotation of the major

axis of the elliptically polarized signals from Jupiter as a function

of frequency. We had expected that signals received on circularly

polarized antennas would differ in intensity but would otherwise be

perfectly smooth as a function of frequency, inasmuch as no Faraday

effect from the terrestrial ionosphere could remain. The striking
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feature of both the Boulder and Arecibo records is that characteristic

Faraday modulation occurs even on the circularly polarized channels.

There is some evidence in the Arecibo data that the modulation is out

of phase on one record with respect to the other. Our conclusion is

that the Faraday effect that appears in the right and left circular

channels is a residual Faraday effect caused by the phase path difference

in elliptically polarized radiation in Jupiter's ionosphere. By impli-

cation, we are dealing with a characteristic mode which is not circular,

but rather strongly elliptical. This conclusion is consistent with that

of Dulk and Warwick on the characteristic modes for the decametric

emission from Jupiter.

Fast time structures have appeared on some of the records from

Arecibo. These variations are extraordinarily complex, not only as a

function of frequency, but as functions of polarization. In sweeping

from 24 to 37 Mc, we have the distinct impression that we are covering

the gamut of interesting effects. It may well be, of course, that

toward lower frequencies new phenomena would be revealed. For the

moment, however, nature has provided us with a wealth of data even in

this high-frequency range and we are eager to get to it.

The second major study undertaken was analysis by Dulk and Warwick

of the Io effect discovered in Boulder records by Keith Bigg, visiting

in Boulder from CSIRO, Sydney, Australia. From the outset we felt ex-

tremely pessimistic about the reality of the correlation discovered by

Bigg, not only because it was so unexpected, but also because a plausible

physical mechanism for understanding the influence of such a small object
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on the decametric emission seemed to be lacking from Bigg's discussion

of the phenomenon. Therefore, we felt that an extremely critical atti-

tude on the type of analysis used was important. The result is that in

confirming the effect we feel that we are on strong ground. For example,

we have supposed that the correlation discovered by Bigg was a purely

artificial effect of the fact that data were analyzed from just one

station-- Boulder, Colorado. As a consequence, there should be strong

diurnal modulation of the emission as Jupiter rises and sets. To test

this hypothesis we constructed "observing functions" from our data,

representing the rate at which Jupiter appears as a function of local

time, throughout the apparition. We multiplied this observing function

times the previously established radio rotation profile and analyzed the

results according to the scheme of periodograms employed by Bigg. We

used the resulting synthetic lo profiles to determine what features, if

any, of the Bigg profile we could duplicate. However, it has proved

impossible to reproduce artificially any of the features of the Bigg

histogram.

In carrying this analysis still further, Dulk has discovered subtle

relations between the position of Io in its orbit and the character of

the dynamic spectrum of decametric emission. Finally, he is involved in

a discussion of physical mechanisms which might modulate the decametric

emission in the observed way. One of these possibilities was recently

proposed by Gold, of Cornell University, to account for the existence

of the terrestrial lunar magnetosphere. This, discovered by scientists

studying the IMP satellite data, was, according to Gold, a consequence
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of movement of the moon through the lines of force of the magnetic field

carried past it by the solar wind. These lines of force would, if the

moon were completely non-magnetic and non-conducting, simply pass through

it. However, if the moon is mildly conducting, the lines of force become

trapped and slightly compressed within it, and thus distort the configu-

ration of lines of force in the vicinity. Gold has worked out no quan-

titative details of the mechanism, but it seems quite clear that con-

ditions at Jupiter would favor the operation of such an effect to a great

extent. The satellite Io moves within a magnetic field undoubtedly on

the order of magnitude of at least 0.1 gauss.
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UPPER ATMOSPHERE

GEOMAGNETISM AND THE IONOSPHERE

Matsushita and Maeda undertook to study the current systems causing

the daily variations of the magnetic field. Rather simplified currents

had been derived by Chapman many years ago, but no modern analysis of the

measurements had been made.

The geomagnetic solar-quiet daily variation field, Sq, was studied

separately for three longitudinal zones during each of three seasons

using the IGY data obtained at 69 stations. Equivalent external (over-

head) and internal (induced within the earth) electric current systems

responsible for Sq variations with respect to dip latitude were esti-

mated by the method of spherical harmonic analysis in each zone for each

season. Because of the good coverage during the IGY, it was possible

for Matsushita and Maeda to discuss not only the seasonal variations of

the current systems, but also the geographical distribution. They

found that the current intensity is particularly large during the equi-

noxes and that an asymmetry exists between the northern and southern

hemispheres for the equinoctial months and even for the yearly average.

The geomagnetic lunar daily variation field, L, was also studied

using all available results of lunar analysis of geomagnetic data from a

total of 37 stations, and equivalent external and internal current

systems were estimated by spherical harmonic analysis for each season.

These current systems for a mean lunation show more plausible current
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patterns with more reasonable total current intensities than any pre-

viously obtained. One important conclusion of this study is that both

Sq and L external currents seem to flow in the same ionospheric zone,

contrary to the conclusion given by previous workers.

Chapman and Raja Rao extended to other longitudes the studies of

Onwumechilli and others of the daily geomagnetic variation under and

near the equatorial electrojet.

Maeda also estimated electric fields in the magnetosphere associ-

ated with the geomagnetic Sq field, and discussed their effects on

trapped particles. He found that the radial convection in the magneto-

sphere associated with the Sq electric field was outward in the morning

and inward in the evening, so that trapped particles gained energy

during the night. This result may be important in the interpretation

of the nighttime occurrences of airglow or the red aurora.

Maeda continued a study of the geomagnetic effects of the Starfish

high-altitude nuclear explosion. This explosion produced a distinct

geomagnetic effect at stations all over the world. By analyzing the

worldwide data, it was found that the initial phase began within several

seconds after the shot, and was caused by the propagation of ultra-low-

frequency electromagnetic waves; whereas the main phase reached a maxi-

mum a few minutes after the shot and was explained by a superposition

of different effects.

Chapman and Ashour completed their study of the geomagnetic effect

of meteors, and made progress in their study of island anomalies in geo-

magnetic variations. Chapman and Kendall studied orbits of particles in
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a weak magnetic field and made progress on a Legendre expansion of the

vector potential of various types of ring currents symmetrical about the

earth's axis. In the study of orbits, they concluded that a region of

weak magnetic fields in the earth's magnetosphere (possibly arising from

the interaction between the geomagnetic ring current and the geomagnetic

field) could certainly lead to pitch-angle scattering of spiralling

charged particles and hence to the production of a continuous aurora for

at least several minutes. Chapman and Kendall also obtained a "fool-

proof" method of deriving the Legendre polynomial expansion of the mag-

netic field and of summing it at every field point, even where it is

slowly convergent. This should enable us to obtain more accurate shapes

for the magnetopause and more accurate plots of the magnetic field lines

within the magnetosphere, taking into account the geomagnetic field, the

ring current, and the currents at the magnetopause. The work should

also be of interest to cosmic-ray physicists interested in certain types

of cosmic-ray trajectories. Akasofu of the Geophysical Institute, Uni-

versity of Alaska, and Swartztrauber collaborated in the work on

Legendre expansion.

NOCTILUCENT CLOUDS

Kendall and Chapman studied the rates of diffusion of small dust

particles in the thermosphere. It appeared that thermal diffusion is

unimportant for the formation of noctilucent clouds and it was suggested

that, instead, their thinness can be accounted for if they are formed by

the condensation on dust particles of ice from water vapor which is
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diffusing upward from the thermopause and dissociating under the action

of UV radiation. It appeared that the support against gravity of a dis-

tribution of ice-coated dust particles is a serious problem unless the

ice coating is flakey. Kendall and Chapman showed that a sharp increase

in the coefficient of turbulent diffusion at the turbopause can lead to

the formation of a dust ledge there, and they developed a mathematical

approach to the transient diffusion problem. It was suggested that

noctilucent clouds are formed when the turbopause descends to the thermo-

pause, at a time when there is an exceptionally low temperature there

and water vapor diffusing upward.

ATMOSPHERIC RADIATION

Recent studies have confirmed the view that in the troposphere

turbulent heat transport and diabatic heating from condensation combine

with net radiative cooling to produce the observed quasi-steady tem-

perature distribution in the atmosphere. In the stratosphere these

processes are at minimum and radiative equilibrium obtains, at least

over long periods of time. As the time and space scales become shorter,

however, dynamical processes such as vertical adiabatic motion or hori-

zontal advection continuously disturb and help to recreate the mean

temperature distribution. Radiative transfer tends to damp these dis-

turbances and generally produces a mean temperature distribution which

is regarded as being in thermal equilibrium.

Sasamori attempted to study the effectiveness of radiative transfer

as a damping mechanism. He assumed that a small temperature perturbation
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is superimposed on a steady equilibrium temperature distribution, and

obtained the time-dependent equation for radiative transfer in the earth's

atmosphere. Assuming an exponential type of solution, Sasamori investi-

gated the lifetime of the temperature perturbation with reference to its

dependence on the scale of the perturbation. He also studied the

relative importance of various IR-active atmospheric gases, such as

water vapor, carbon dioxide, and ozone.

For the case of grey absorption, the lifetime depends on the scale

of the perturbation in a manner similar to ordinary thermal diffusion.

For line and band absorption, however, which is the case in the terres-

trial atmosphere, it is different, and the dependence of the lifetime

on the scale of the perturbation is much weaker than in the case of

thermal diffusion. It turns out that the effective diffusivity of

thermal radiation in the atmosphere is small (10 to 100 cgs) for small-

scale (wavelength of 10 to 100 m) perturbations and large (10 to 105

cgs) for large-scale perturbations (wavelength 104 to 105 m).

In the lower atmosphere water vapor is important, but in the

stratosphere, and for large scales of the perturbation, carbon dioxide

is more important. In all cases studied, the damping factor for ozone

seems to be relatively small.

OZONE

Analysis of the photochemistry of atmospheric ozone indicates that

the half-restoration period is at a minimum (about 1 hr) at about 50 km

and increases strongly with decreasing height. Above 50 km the half-

restoration period increases again, but more slowly. Thus, studies of
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the photochemical distribution of ozone should, in most cases of appli-

cation, involve analysis of the time-dependent variations. The time

variations below 50 km show marked seasonal effects whereas those above

50 km give rise to large diurnal variations. The research efforts of

London and Godbole have been concentrated on a study of these variations

in the mesosphere, and represent a continuation of part of our research

program as reported last year.

If one assumes an atmosphere in which only oxygen is photochemically

active, there are five basic reactions which describe the production and

destruction of atomic oxygen and ozone. These lead to two interdependent

differential equations for the time variations of atomic oxygen and

ozone and involve as parameters the pressure and temperature distribution

in the atmosphere, the solar UV radiation incident at the top of the

atmosphere (principally in the spectral region 1700-3000 A), and the

recombination rate coefficients applicable to the pertinent reactions

referred to above. The two differential equations were set up as dif-

ference equations and solved numerically on the CDC 3600 computer.

Ozone is destroyed principally by photodissociation in the Hartley

bands (2200-3200 A) and is produced by recombination of atomic and

molecular oxygen. Thus, at sunrise there is a rapid decrease of ozone

since there is not yet sufficient atomic oxygen present to balance the

strong dissociative effects due to the onset of solar UV radiation. At

sunset, on the other hand, ozone may be destroyed by collision with

atomic oxygen but this is a slower process than recombination between
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atomic and molecular oxygen to form ozone. As a result, just after the

sun goes down there is a rapid rise in the ozone concentration in the

mesosphere. These rapid changes mean that the time steps necessary for

a stable numerical solution must be very small indeed at the time of

sunrise and sunset (of the order of 3 to 6 min). During the daytime and

nighttime the photochemical processes are better balanced and the

changes both in ozone and atomic oxygen are less rapid. Also, since

the nighttime value of ozone depends, in part, on how much atomic

oxygen is liberated during the daytime, and the daytime ozone concen-

tration depends in large part on how much atomic oxygen is used up dur-

ing the night, the iteration procedure normally runs over two to about

ten daily cycles before a steady diurnal pattern is established.

The results of our analysis show a very slight diurnal variation

of ozone at about 50 km, which increases sharply with height. The max-

imum diurnal range occurs near 80 km where the computed ozone concen-

tration varies from about 7 x 10
0 molecules/cc just before sunrise to

about 3 x 108 just after. During the day the computed concentration

increases, albeit slowly, until sunset and then suddenly rises toward

its maximum value. During the daytime the ozone concentration is always

below its equilibrium value -- and always above it at night.

The computed variations of atomic oxygen show large changes at

the lower levels (where the atomic oxygen and ozone concentrations are

comparable), but small percentage changes at levels above 75 km where

the amount of atomic oxygen becomes appreciably larger than that of

ozone.
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It is planned that further study will involve analysis of diurnal

variations of heating as a result of absorption of solar radiation by

ozone in the mesosphere.
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LABORATORY STUDIES

T7ie VACUUM UV SPECTROSCOPY

TtcJo , program, under House, has as its goal the production,

identification, and interpretation of lines in the vacuum UV spectrum

of the sun. During the year a major expansion in laboratory facilities

was undertaken. There are three facets to the expansion: 1) construc-

tion of a high-energy plasma device to serve as a new light source,

2) construction of an X-ray spectrometer to extend the wavelength cover-

age of observation, and 3) modification to improve the previously

existing high-voltage spark source and grazing incidence spectrograph.

It is well established, by our work and that of others, that a

high-energy plasma device provides an ideal light source for the study

of radiation in the vacuum UV. Temperatures of the order of a few

million degrees can readily be attained, thus making it possible under

laboratory conditions to produce the highly ionized species of elements

present in the solar atmosphere. In particular, House and Lacey have

designec, with the guidance of several members of the Project Sherwood

staff at Los Alamos, a theta-pinch plasma device. The plasma will be

generated in the following manner: a bank of 16 low-inductance, 14-mfd

capacitors (224 mfd) will be charged to 20 kv. This amounts to a stor-

age of 44.8 kilojoules. When this bank is discharged, a current of

approximately 1.5 x 106 amp, with a period of 16 microsec, will flow

through a single-turn coil. Inserted into this coil will be a ceramic
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tube containing a background gas, hydrogen or deuterium, salted with

the impurity whose spectra is to be studied. The current flowing through

the single-turn coil will set up a magnetic field of the order of 5 x 105

gauss which will compress and subsequently heat the gas to a kinetic

electron temperature of approximately 106 OK.

The efficient operation of such a capacitor bank depends primarily

on a low inductance and well-matched circuit so that the energy transfer

from the capacitors to the magnetic field of the coil will be as rapid

and as complete as possible. In association with this design, a com-

puter program was developed so that various circuit parameters could be

optimized. The mechanical design under the direction of Lacey is

especially critical because forces in circuit elements of a few tons/sq

in. develop during the discharge. The construction of the electronic

circuit and setting up the equipment and putting the machine into oper-

ation is under the direction of Wolfe. It is expected that the plasma

device will be in operation by spring 1965.

The radiation from the plasma will be observed from along the axis

of the discharge tube simultaneously by a grazing incidence spectrograph

and an X-ray spectrometer. The grazing incidence spectrograph, which

was"-des'ired-n-lt year' ~Lpert, covers the range 1100 to 60 A, and

the new X-ray spectrometer will extend this wavelength coverage to

essentially 0 A. Blake has designed the spectrometer to be a flexible

multipurpose tool since it will be possible to use it as either a crys-

tal or grating instrument. The spectrometer consists of two precision
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(+ 6 arc-sec) rotary tables, three Soller plate collimators, either a

crystal or plane grating analyzer, and a photomultiplier detector. A

Soller collimator is a stack of closely spaced thin plates used to limit

the vertical or horizontal divergence of the X-ray beam from the plasma.

One rotary table is used to position the analyzer relative to the dir-

ection defined by the entrance collimators -- the other to position the

detector and exit collimator. With a crystal dispersing element, the

spectrometer functions as a Bragg single-crystal spectrometer. However,

as a plane grating instrument it differs from the typical plane grating

spectrometer in that the beam is not focused to a line on the exit side

since a large number of slits are used in the collimator rather than a

single entrance slit.

It is necessary to have some means of determining the temperature

of the discharge, especially when measurements are being taken with the

X-ray spectrometer. With the spectrometer the wavelength must be

scanned, which therefore requires one discharge of the capacitor bank

for each point in wavelength. Each measurement must then be normalized.

This we propose to do by two methods. First, we will monitor two

points in the X-ray continuum by using two photomultipliers with dif-

ferent thicknesses of absorbers facing the plasma. The ratio of inten-

sities in the X-ray continuum provides a measure of the electron tem-

perature. This monitor will be an integral part of the dual-purpose

X-ray monochromator. The second method for normalization of the dis-

charge conditions will be tried when using deuterium as a background

gas. In this case, provided the temperature is sufficiently high, we
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can monitor neutrons from reactions in the plasma. The instrument will

consist of four Geiger counters wrapped in silver foil and embedded in

a block of paraffin which, in turn, will be shielded by a thin cadmium

jacket. Any high-velocity neutrons from the D(d, n)He3 reaction pass

109into the paraffin, are thermalized, and then captured by the Ag in

the foil to form Ag110 which decays by B with a 22-sec half-life. The

- will be counted to give an indication of the temperature attained.

Because the capacitor bank must be discharged several hundred

times to acquire a complete spectrum with the scanning spectrometer, a

simple survey instrument has been designed for the X-ray region. The

instrument is a modified Debye-Shearer X-ray camera, such as is used in

powder diffraction work. The dispersing element is a cylindrical plug

with a thin leaf of crystal or a series of soap film layers deposited

on its surface. Concentric with the dispersing cylinder is a larger

cylinder on the inside of which is placed the recording film. The en-

trance beam to the instrument will be defined by a Soller collimator.

The previously existing high-voltage, vacuum sliding-spark source

has been rebuilt under the guidance of Deutschman. Two factors are of

great importance in the design of a spark source used to produce radi-

ation in the vacuum ultraviolet: 1) the circuit must be low in induc-

tance so that a large fraction of the energy will be transferred from

the capacitor to the spark gap, and 2) to produce high stages of ioni-

zation, a high voltage across the spark gap is required. Both of these

factors have been improved over the earlier spark source. The new

system is all coaxial, leading to a low-inductance circuit and, with
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the purchase of a new capacitor and power supply, the voltage at which

the system operates has been increased from 20 to 60 kv. Plans are under

way for the construction of a 100 kv, low-inductance capacitor. With

these two new light sources House, Deutschman, and Blake plan to make a

comprehensive survey of the spectra of ionized species in the iso-

electronic sequences -- of importance to the identification of solar

lines in the vacuum ultraviolet.

The analysis of the spectra has been improved by automating some of

the steps in the process. The plates are now traced on the digitizing

microphotometer at Sacramento Peak Observatory. The digitized data,

along with data on several standard lines, are introduced into a com-

puter program. The standard lines are fitted to the grating equation by

a general non-linear least-squares program, and then the wavelength and

intensity of each line on the plate is computed. The major source of

difficulty arises from the lack of available standard lines.

Deutschman is in the process of adapting the vacuum spectrograph so

that it will resolve the time dependence of one or more lines photo-

electrically. Several other minor modifications have been made on the

spectrograph to improve its operation.

The analysis of the spectra taken at Los Alamos in cooperation with

Dr. George Sawyer and described previously (1963) has been extended and

improved. The new neon VII and VIII wavelengths described before have

now been measured to an accuracy of 0.02 A. Additional lines in Si X

previously unobserved under laboratory conditions have also been measured.

The latter measurements now correct extrapolations made by others in the

identification of the Si X lines in the solar spectrum.
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The spectrum of iron in the vacuum UV has now been obtained at Los

Alamos using the Hinteregger spectrograph and the Scylla III plasma as

a light source. Again, this work was done in cooperation with Sawyer.

A group of unknown solar lines observed from rocket and satellite exper-

iments in the 150 to 200 A region is especially strong. Observations of

the Zeta plasma in England have shown a coincidence between several of

these strong lines and laboratory plasma lines. Many of the lines were

presumed to be iron, because the plasma is contained in a stainless

steel discharge tube. In the Scylla III plasma device, the discharge

is contained in a ceramic discharge tube, and we were therefore able to

independently introduce iron into the plasma, thus confirming the iron

identification of many of the lines in the solar spectrum. The diffi-

culty still remains, however, in the classification of the stage of

ionization and the particular transition. Figure 2 shows tracings of

the basic laboratory spectrum, the spectrum with Fe(CO)5 added, and the

photoelectric recording of the solar spectrum taken by Hinteregger. A

comparison of the two laboratory spectra shows that many new lines are

introduced when the iron compound is added, several of which are in co-

incidence with the solar lines.

These iron lines do not yield to immediate identification because

of the lack of basic atomic data, particularly along isoelectronic

sequences ending in the higher stages of ionization of iron. Therefore,

in the coming year we intend to concentrate our efforts on making full

use of our two new light sources in an attempt to fill in some of the

gaps in the atomic data and, in particular, to concentrate on the iden-

tification of these iron lines.
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THEORETICAL STUDIES

MAGNETOHYDRODYNAMICS

During the past year Meyer has concentrated on waves and oscilla-

tions in the solar atmosphere.

The fast-traveling chromospheric disturbances, with speeds of

around 1000 km/sec, as recorded on time-lapse motion pictures made at

the Lockheed Observatory, have been interpreted as a coronal wave pro-

pagation. A particularly fine example was caused by the explosive phase

of a flare on 20 September 1963. In the blue and red wings of the Hal-

line this phenomenon shows as a circular wave consisting of a receding

line-of-sight motion followed by an approaching one and traveling within

a 300 sector at a velocity of some 750 km/sec. The distance between

maximum and minimum determines a horizontal wavelength in excess of

100,000 km. Such a fast motion, if it would propagate within the chromo-

sphere, is highly supersonic, i.e., a strong shock wave. This must lead

to a substantial dissipation and slowing down, contrary to the observa-

tion. Likewise, the sectorial confinement favors a wave pattern as

opposed to a strong shock wave spreading out into all directions. Thus

the disturbance must be the visible chromospheric trace of a coronal

wave propagation. From the three coronal MHD-modes only the fast mode

travels freely across the lines of a magnetic field with Alfven velocity

which is of the right order of magnitude. Due to the decreasing density,

the propagation velocity increases with height and produces downward
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refraction of upward-traveling disturbances. If one then approximates

the corona-chromosphere interface by an infinite jump in density, it is

perfectly reflecting and becomes the bottom of a coronal layer to which

the disturbance remains confined. The effects of finite sound velocity

and non-perfect reflection can be considered in the next order. A par-

ticularly simple solution results if the magnetic field is vertical. It

involves an eigenvalue determination as a root of Bessel functions for

the height dependence. The result seems to agree well with the obser-

vations. Higher-order approximations have still to be investigated.

During an extended visit with Hermann Schmidt at Sacramento Peak

Observatory, Meyer joined in a study whose purpose was to show that

individual granular photospheric disturbances will cause, and the solar

atmosphere will propagate, oscillations as they have been observed in

photospheric and chromospheric Fraunhofer lines by Leighton and by Evans

and Michard. The large spatial correlation length of several thousand

km, and the relation between granule brightening and onset of oscilla-

tions, indicate the relevance of true propagation in contrast to other

suggestions about the nature of these oscillations. It was hoped and

confirmed that the dispersion of modes develops a train of oscillations

out of the original non-periodic disturbance, singling out the basic

eigenperiod of the atmosphere. In an isothermal model atmosphere topped

by a reflecting coronal surface, the time- and space-dependent solution

was computed for the case of a granular upwelling of the lower photo-

spheric boundary. The numerical procedure used the decomposition of

the initial and boundary conditions into free and forced oscillations
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of the atmosphere, taking advantage of the analytical nature of these

oscillations. The program was thereby made feasible for Sacramento Peak

Observatory's IBM 1620 computer. The result shows a strong dependence

of the oscillation on the characteristic time of the granular distur-

bance. If this time is about double the observed lifetime of a typical

granule, the disturbance reproduces a single rise and fall throughout

the whole medium. Half the observed lifetime as the characteristic

time leads to irregular short-period oscillations of small amplitudes.

A characteristic time close to the observed lifetime of a granule pro-

duces strong, nearly undamped oscillations in regions extending several

thousand km from the source. The solution shows a gradual disappearing

of originally sonic phase lags between layers of different height and a

period approaching the atmospheric eigenperiod from below, in good agree-

ment with the observations. The numerical solution has been presented in

the form of a motion picture film showing the time-dependent displacement

of all grid points.

Waves in the solar atmosphere were also studied by Uchida. In par-

ticular, he studied the propagation of gravitated-hydrodynamical waves

(gravitated-acoustic wave mode and compressional gravity wave mode) in

the photosphere-chromosphere-corona structure of the solar atmosphere.

He was able to show that this layered structure shows a variety of

responses to waves with various sets of wave numbers and frequencies in

a two-dimensional treatment, especially for low frequencies around the

cutoff, Wa E yg/2co, where y is the ratio of specific heats, g is the

surface gravity, and co the sound velocity. At this frequency the ver-

tical wavelength becomes comparable with the thickness of the chromosphere.
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One characteristic behavior of this region demonstrated by Uchida

is as a resonant "well" (using a quantum mechanical terminology, because

the forms of reduced equations are exactly the same, and the wave char-

acter is stressed, as opposed to the usual short-wavelength ray treatment)

for the compressional gravity wave mode with wave numbers and frequencies

near those of observed chromospheric oscillations. Other interesting

behaviors appearing in this overall wave propagation problem are the

resonant enhancement of penetrability of the acoustic wave mode and the

penetration of waves with frequencies even below the cutoff frequencies,

Wa, for classical ray treatment, through the chromosphere to the high-

temperature corona. The former corresponds to the well-known Fabry-

Perot's interference filtering in wave optics, and the latter corresponds

to the tunneling effect in quantum mechanics.

This problem of wave propagation in the outer solar atmosphere is

obviously of interest in connection with the coronal heating problem.

The computation, assuming some simplified model atmosphere, is under way.

CONVECTION

Late in 1964 Musman began theoretical studies of cellular convection

produced in the laboratory and its application to astrophysics. Two areas

are being investigated: 1) convection in a layer of ice water where the

density maximum at 40C divides the layer into a stable and an unstable

portion; and 2) modification of thermal convection by surface tension

effects. These studies are performed numerically on the CDC 3600 using

a relaxation technique similar to the Henyey method used in studies of

stellar interiors.
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RADIATION TRANSFER

Hearn has continued the calculations started at the UK AEA Culham

Laboratory of the line intensities emitted by an optically thick hydrogen-

like ion plasma in a steady state. These calculations are an extension

of the optically thin calculations of McWhirter and Hearn and include the

effect of photo-excitation and stimulated emission in the emission lines.

The calculations effectively include all the bound levels of the hydrogen-

like ion, but solutions have been obtained only for a finite uniform-

plane parallel plasma with a maximum optical depth measured at the center

of the Lyman c line of 100. For such a plasma, photo-ionization is not

significant where there is no radiation incident on the plasma from an

external source.

In continuation of the calculations of the radiation properties of

the laboratory plasma, additional computer programs are in progress. In

particular, House has developed a general program for the computation of

hydrogenic-type spectra. At present this only computes optically thin

spectra, but the importance of the transfer problems can be investigated

within the net radiative bracket formulation. The only parameters

necessary to feed into the computer are Z, Te, ne, and the number of

levels one wishes to include in the calculation. If one desires, the

net radiative brackets for the radiation field can also be introduced.

The output consists of ratios of populations or intensities and the non-

LTE parameters bi. All calculations of rate parameters are self-contained.

We plan to extend this calculation to He- and Li-like ions and then
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eventually introduce the time dependence of the solutions so the line

intensities can be compared with the observed time-varying intensities

of the laboratory plasma. These calculations will be used in the inter-

pretation of laboratory as well as solar data.

Dietz and House worked on the theoretical problem of the formation

of the Lyman continuum in an isothermal atmosphere under non-LTE con-

ditions. The hydrogen atom with only one bond level plus a continuum

was used as a model. One significant feature of the work was to find

the optimum quadrature to take into account the frequency distribution

in the continuum. This work has demonstrated that serious errors have

been made in the work of others by the neglect of continuum frequency

distribution or by use of an inaccurate quadrature. In addition to

numerical calculations, a convenient and accurate form of analytic

solutions was developed. The work is being extended by Dietz. The

extension includes a variable temperature and density atmosphere and the

effects of additional levels in the model atom. The ultimate goal is to

provide an interpretation of the rocket measurements of the solar Lyman

continuum.

The work described in last year's report on the time-dependent

coronal ionization was completed by House and Billings. The results of

the calculations, when compared with observational evidence, favored a

coronal-type heating with periodic disturbances on the time scale of the

Evans-Michard cells rather than the more infrequent fast-mode hydro-

magnetic waves of Osterbrock. This conclusion was based on the results
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of the calculations which showed that periodic heating on the time scale

of the fast-mode waves would give significant time variations in the

coronal ionization conditions, and the fact that such variations are not

observed.

STELLAR POPULATIONS

In order to resolve the conflicting population classification of the

sun (1963 report), the distribution of the UV color excess (or deficiency)

of the "weak-line" and "strong-line" stars has been studied by Skumanich.

The designations "weak-line" or "strong-line" imply distinguishable dif-

ferences in the star spectrum (e.g., strength of the CH band and Hy line,

or of the metal lines in general) for the same spectral type. These

spectral differences appear to separate stars into groups with differing

kinematic and spatial properties, i.e., into populations or age groups.

On the other hand, the UV color of a star is related to its metal content

(the metal absorption lines occur primarily in this portion of the spec-

trum). Thus a knowledge of the UV color excess (hence a metal deficiency

relative to some standard) yields information on the metal content of

stars.

Skumanich has found that the "strong-line" stars (younger Population

I) have a UV color excess distribution that differs only slightly from

the "weak-line" stars (older Population I). In particular, both groups

of stars have the same dispersions while their mean color excesses differ

by only twice the mean error. Consequently, considerable overlap occurs

in the distribution of metal composition. Thus any attempt to assign a
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star and, in particular, the sun to either of the two population sub-

groups (i.e., "weak-line" vs "strong-line") on the basis of UV color

excess will be inconclusive. This finding is supported by the results

of colleagues at Mount Wilson and Palomar who found that large differ-

ences in UV color excess are necessary to distinguish stars kinematically.

STELLAR STRUCTURE

In our continuing effort to study the structure of intermediate

main-sequence stars, a numerical program for the CDC 3600 is being

written with Ellis. So that the program can be useful for more general

questions, we are attempting to keep the equilibrium structure calcu-

lations as general as possible by requiring particular equations of

state, transport properties, surface boundary conditions, etc., to be

treated incidental to the major program (i.e., by subroutines) whose

content remains flexible. The selection of basic variables and numerical

relaxation scheme has been completed and coding of the general structure

equations is under way. Opacity and equation-of-state data were obtained

(through the kindness of A. N. Cox, LASL) for a large variety of mixtures

and have been prepared for our use. In addition, since many problems

require the use of non-adiabatic convective boundary conditions, we have

adopted an extant stellar envelope code (through the kindness of N.

Baker, NYU) to generate suitable "boundary" conditions for use with the

interior calculation. The present work is continuing with the active

collaboration of Dr. N. Devine of the National Bureau of Standards and

Dr. J. Cox of the University of Colorado.
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CLIMAX OBSERVING STATION

OBSERVATIONS

The High Altitude Observatory's Solar Observing Station at Climax,

Colorado was operated in 1964 utilizing three fundamental instruments

for either routine data collection or basic research. The instrumenta-

tion and auxiliary coupled equipment consisted of the following:

1. 5-in. Coronagraph

a) Spectrograph

b) Infrared Image Converter

2. H-Q Disk and Limb Flare-patrol System

3. 16-in. Coronagraph

a) Spectrograph

b) High Resolution H-a System

c) Solar Magnetograph

On a yearly basis the Climax site affords approximately 10.9 hr

between sunrise and sunset. Roughly 20% of this time yielded low-scatter

skies, i.e., conditions under which solar coronal spectroscopy is feasible.

The H-aY flare patrol is capable of photographically recording images of

the solar disk through significantly higher scattering skies. Consequently,

we had flare-patrol coverage during approximately 53% of the sun-lighted

hours. Conversely, the limited experience gleaned from the solar magneto-

graph (put into operation the latter part of October) indicates it does

not have the stringent sky requirements of coronal observations; however,
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it cannot tolerate high scatter as does the flare patrol. We are,

therefore, anticipating an operating potential somewhere between that of

these two instruments.

As in 1963, solar activity of any magnitude continued to be at a

premium. Throughout the year, a plage -- no matter how small -- or even

a moderately dense prominence was cause to instigate many of our special

observing programs. One noteworthy active region in March produced

small flares on the disk and loops on its west limb passage. This region

was observed using the flare patrol and the 16-in. coronagraph feeding

the high-resolution H-ca system as well as the polarimeter. In October

an active-region study carried out with the 5-in. coronagraph yielded

moderate emission in X4686 A (He II). This is the first time 4686 has

been observed in over a year. It is interesting to note that in the

latter part of the year a subjective analysis of solar activity indicated

that plage and prominence frequency as well as complexity was again on

the increase.

5-IN. CORONAGRAPH

The 5-in. continues to be a versatile research tool. The simplicity

and ease of operation lends itself to utilizing all available sky time.

One may photograph usable spectra in patches of coronal sky of very short

duration. This past year, spectroscopy has been accomplished from the

Balmer Limit (3646 A) through the helium line at 10830 A.

Most of the previously established observing programs were continued.

This included observations of the coronal lines of Fe X, Fe XI, Fe XIII,

Fe XIV and Fe XV as well as Ca XV. Many prominence lines were under
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scrutiny; however, emphasis was on K- and H-type lines and Balmer and

Paschen limits. Chromospheric spicule observations in H-c and D3 were

continued on a monthly basis in order to compile data over a solar cycle.

Also spicule observations in 10830 A were attempted using hypersensitized

Kodak 1Z emulsion. A program to observe spicules directly on the disk

was also instigated. The wavelengths involved were H-01, D3 , and the

hydrogen and helium lines of 3888 and 3889 A.

New observing programs initiated during 1964 also include a study

of triplet and singlet lines in helium to determine line ratios in active

and quiescent prominences as well as in flares.

Another study area involves the discontinuity in the continuous

solar spectrum at about 4000 A as a function of distance from the center

of the disk. Finally, the 5-in. was also used to study Ca-II, K, and H

lines integrated over the solar disk. We hope to monitor these wave-

lengths throughout a solar rotation (full month of good coverage) and

then to extend the program to periodically sample K and H over a solar

cycle.

Instrumentally, no major problems were encountered or major modifi-

cations made to the 5-in. New singlet secondary optics to replace

doublets were completed and have been tested in the instrument, and Rush

realigned the entire instrument. The new optics are not yet in routine

operation; however, we now anticipate the limiting instrumental factor

in working down in the UV to be the image rotator. The 2160 lines/mm

grating was sent back to Bausch and Lomb for cleaning. It was reported

that the grating reflectivity was high but resolution has been diminished.
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Finally, difficulties with the triplet objective lens for the small coro-

nagraph continued. The lens was re-oiled twice during the year; each

attempt was only partially successful in that element separation was

experienced. The decision was made to have the lens polished and then

cement the elements together.

H-c FLARE PATROL

The flare-patrol system was operated throughout the year with no

major breakdowns or modifications, although the concept and operation of

the entire system has received much investigation. The most noteworthy

endeavor associated with the flare patrol was the decision to fabricate

a birefringent filter passband monitoring spectrograph -- one that could

be used with the flare-patrol system in situ. Kirkpatrick has completed

the prototype spectrograph.

16-IN. CORONAGRAPH

The 16-in. coronagraph was essentially completed during 1963; however,

modifications to the Fl-occulting disk housing, light trap, and polar-

axis seal were accomplished this year. Also, an electrostatic-cleaner

and filtered-air system was put into full operation. Slow-velocity

filtered air is introduced into the system with the intent to minimize

the effects of thermal irregularities as well as to reduce the number of

dust particles falling on the objective.

The large coronagraph was used either to complement other obser-

vations or as the sQle instrument of several research projects. These

included:
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1) High-resolution H-ac filtergrams. In conjunction with this

project, Fisher designed and installed a device that monitored the image

excursions on the guider head. A predetermined level of image stability

could be programmed into the system. When the stability reached this

level, the photograph was taken. An interesting offshoot of the above

observational program came about through a private conversation with

Howard DeMastus, of the Sacramento Peak Observatory. DeMastus had

successfully improved seeing conditions by spraying the ground outside

the dome with water. A comprehensive sprinkling program was instigated

below the spout of the Climax large dome. As a consequence, the early

morning stable-seeing conditions were prolonged about two hours each

day. We attempted to isolate that component of the wetting process

(the ground, the dome, or the air path immediately forward of the tele-

scope) that made the major contribution to the stability of the image.

It was concluded the significant gain in image stability was directly

associated with introducing fog-like water particles just below the path

through which the instrument was looking. A comprehensive study of this

phenomenon will be attempted at Climax in the summer of 1965.

2) Charles Hyder of UCLA observed with the 16-in. January through

March in an attempt to detect linear polarization of prominence emission

lines. His polarimeter was installed near the prime focus. Fringes were

detected in prominences both visually and photographically. Fortunately,

the system was in operation during the loops that occurred in March and

polarization measurements were obtained.
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3) Don Liebenberg and Ken Williamson, both of Los Alamos, used

the 16-in. to feed coronal light to their Fabry-Perot pressure-scanned

interferometer. The green-line (5303 A) profile study continued at

intervals over a seven-month period. Low coronal intensities, for the

most part, made the study quite difficult. However, at least two

attempts were successful.

4) The spectrograph to accompany the 16-in. system was completed

in Boulder under the guidance of Rush and moved to Climax in the~^aOT'

par_-er - he- same9. The instrument was fully assembled at Boulder and

necessary "debugging" and minor modifications carried out. In July it

was taken down and reassembled at Climax. This work was completed in

late August, and since that time the instrument has been used for testing

the magnetograph. The spectrograph is now complete except-for the per-

manent slit assembly, film transport, and H-Qa monitoring system; these c1e P~sac

o It is equipped

with three Bausch and Lomb gratings: a 6-in. 600-line, a 6-in. 900-line,

and an 8-in. 300-line. p-uaq-e-eaa l f Qin. _grainh a-bee^d red

ped my. Optical performance of the instrument

is excellent, and very good results can be expected when the film trans-

port is available.

5) The solar magnetograph was assembled under the guidance of Lee

and made ready for testing and debugging in February. Tests, modifi-

cations, and calibrations were carried out over a period of several

months. This included a test on the spectrograph when it was assembled

in Boulder.
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TheAmagnetograph was installed at Climax in late October and has

been used successfully on a number of prominences. A few measurements

have also been made on plages and small sunspots. The instrument is

specially designed to measure weak fields at low light levels, and it

appears that fields of the order of 10 gauss can be detected in prom-

inences. ,M'$ -+I e i ^ s la1 e^, -Sh^ 0"6 u^ (i a- c.-^ t\^^^^

Data output is on a four-channel strip-chart recorder which normally

displays magnetic field strength (longitudinal), brightness, Doppler

shift, and a calibration signal. Future plans call for improvements of

the data handling, with at least part of the data being presented in

digital form. A major remaining problem is to find a well-matched pair

of multiplier phototubes that will stay matched. Several phototubes are

on order and the search will continue.

6) At the end of the year a raster-scan device was ready for in-

stallation at Climax. This will enable the magnetograph, or other instru-

ments, to systematically scan a rectangular area on the sun. The scanning

will be in incremental steps rather than a continuous motion. Final

design and most of the construction was done by David Green.

SOLAR DATA REPORTING

The collection and reporting of solar data remained under the super-

vision of Trotter, assisted by LaVelle. Data were received directly from

the Climax station, from the Sacramento Peak Observatory, from the radio

spectrograph of the High Altitude Observatory, and from the radio helio-

graph of the Stanford Radio Astronomy Institute. In addition, data
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reported from other stations around the world were received through the

cooperation of the Central Radio Propagation Laboratory (CRPL) of the

National Bureau of Standards in Boulder.

Reporting of data continued on daily, weekly, monthly, quarterly,

and annual bases. The daily reporting consisted largely of routine

messages of observations made at Climax and Sacramento Peak to the North

Atlantic Radio Warning Service in Fort Belvoir and to CRPL. In addition,

daily preliminary coronal measurements made at the Climax and Sacramento

Peak stations continued to be used by K. O. Kiepenheuer in the preparation

of daily maps of solar activity by the Fraunhofer Institute in Germany.

In the event of a large flare, several groups were alerted immediately.

During the quiet conditions that have prevailed over the last year, this

service was performed only a few times. As the solar cycle progresses,

this function will become more important.

The Preliminary Report of Solar Activity, prepared every Friday,

continues to be the principal fast summary of solar phenomena. It is a

selected compilation of all solar data that are available from some thirty

stations for the preceding seven days. Phenomena include sunspots, plages,

flares, prominences, coronal emission, radio emission, auroras, geo-

magnetic indices and storms, ionospheric disturbances, and polar cap

absorption. Probably, we will be able to add measures from our K-

coronameter now located on Mt. Haleakala, Maui, Hawaii. We are striving

to add other relevant information that we can be sure of receiving regu-

larly. As of the end of 1964 the reports were being distributed to 360

persons and institutions.
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We prepare monthly provisional coronal indices and quarterly final

coronal indices of the X5303 and 6374 A emission lines for publication in

the CRPL Solar-Geophysical Data, Part B. We publish Integrated Indices

of the Solar Corona annually in the HAO Report series. Four times a year

we submit drawings of isophotal contours of the X5303 A coronal emission

line for publication in the IAU Quarterly Bulletin of Solar Activity.

The IQSY World Data Center A for Solar Activity is a function of

the High Altitude Observatory. The Data Center has primary responsibility

for the archiving of prominence information and measures of optical obser-

vations of the corona and for publication of these data. In addition,

it acts as subcenter for the archiving of data on solar magnetic fields,

calcium plages, flares, daily sun maps, comet tails, and particle emis-

sion obtained from rocket and satellite flights. Reduced data are

received monthly from some 60 observing stations. Interested persons

may use the data on loan or can have the material copied.

Flare data and flare patrol hours are sent to the CRPL for publica-

tion in Solar-Geophysical Data, Part B. During the past year, the Data

Center published six reports which were distributed to about 300 persons

and institutions.
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Director

John W. Firor

Scientific Staff

Athay, R. Grant (Back from leave on 6 June 1964)
Chapman, Sydney (Combined appointment with the University of Alaska)
Eddy, John A.
Hansen, Richard T.
House, Lewis L.
Julian, Paul R. (Transfer to LAS, 1 July 1964)
Matsushita, Sadami
Meyer, Friedrich
Newkirk, Gordon A., Jr.
Rush, Joseph H.
Skumanich, Andrew
Tandberg-Hanssen, Einar A.
Trotter, Dorothy E.
Zirin, Harold (To 11 September 1964)

Visiting Scientists

Ashour, Attia A. S. (To 31 August 1964)
Burnett, David (To 30 September 1964)
Godbole, Ramesh V. (To 30 November 1964)
Hearn, Anthony (From 14 October 1964, joint appointment with JILA)
Hiei, Eijiro (From 1 September 1964)
Kendall, Peter C. (24 June to 30 September 1964)
London, Julius (8 June to 8 August 1964)
Maeda, Hiroshi
Musman, Steven (From 28 September 1964)
Raja Rao, K. S. (To 30 September 1964)
Sasamori, Takashi (1 January to 30 September 1964)
Schmidt, Hermann (From 1 September 1904)
Uchida, Yutaka (From 15 July 1964)
Warwick, James W. (8 June to 8 August 1964)
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Engineering and Instrumentation

Braidwood, Harold T.
Broomell, Stephen H.
Davidson, Lendell W.
Eichenseer, Heinz (From 7 December 1964)
Green, David E.
Hansen, Dale L. (To 30 November 1964)
Hanson, Robert G.
Hull, Howard K.
Hultquist, H. David
Kuhn, Philip S.
Lacey, Leon B., Engineer-in-Charge, Machine Shop
Laramore, Loren D. (From 19 October 1964)
Lee, Robert H., Engineer-in-Charge, Electronics Shop
Rogers, Stephen R. (From 27 July 1964)
Southward, Bryan B.
Thompson, Gerald J. (To 14 February 1964)
Travis, Mary C.
Wendler, Robert F.
Windbergs, Werner (From 2 December 1964)
Wyman, Clyde M.

Research Assistants

Bruce, Leslie B.
Canfield, Karen
Collins, Peter
Cowley, Ann (Transfer to Advanced Studies on 6 June 1964)
Cutler, Albert B. (1 June to 28 August 1964)
Deirmendjian, Astrik
Durand, Raymond A., Jr. (From 15 June 1964)
Few, Arthur A.
Fields, L. Jean (Transfer to LAS, 1 July 1964)
Fisher, Patricia A.
Fuery, Patrick R.
Gay, Marjorie E. (To 15 September 1964)
Glasco, Helen P. (To 5 May 1964)
Goff, John E.
Gold, Robert (15 June to 20 August 1964)
Haag, Lois A. (8 June to 31 August 1964)
Hatt, William (30 June to 7 September 1964)
Heynekamp, Christiaan E.
Hudson, Gerry (From 1 March to 20 August 1964)
Hummer, George 0. (From 18 May 1964)
Komito, Peggy H. (To 28 December 1964)
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LaVelle, Kathryn P.
Lavie, Aharon (From 28 December 1964)
Lee, Ralph D. (From 29 October 1964)
Lilliequist, Carl G.
McKean, Kathryn
Minor, Wallace G.
Newton, Harriet R. (3 February to 1 October 1964)
Phillip, Charles W.
Richard, Earl R. (To 19 October 1964)
Ringstad, Jean
Stevenson, Peter R. (From 26 August 1964)
Tanton, Dallas E.
Wagner, David L. (26 August to 1 October 1964)
Werner, Susan E. (22 June to 15 September 1964)
Wightman, D. Adelle (To 15 September 1964)
Wolfe, Charles P. (From 14 September 1964)

Corbett, Jean P., Assistant to the Director (1 February to 20 August 1964)
Hill, Barbara L., Assistant to the Director (To 17 January 1964)
Watson, D. Keith, Assistant to the Director (From 17 August 1964)
Lister, Florence C., Librarian (Back from leave on 29 July 1964)
Goss, Georgia B., Acting Librarian (To 31 July 1964)

Office Staff

Boll, Marian (To 28 February 1964)
Callahan, Clara G.
Croft, Cynthia (Transfer from Facilities, 22 August 1964)
Fisher, Doris G.
Fulk, Ruby L.
Hulett, Darlene A.
James, Mary Lou (From 1 August 1964)
Scheopner, Nancy K. (Transfer to Administration, 1 August 1964)
Williams, Cintra (9 March to 30 June 1964)
Workman, Eileen R.

Graduate Assistants

Acton, Loren W. (To 7 February 1964)
Altrock, Richard C.
Anderson, Gerald F. (To 7 September 1964)
Avery, Lorne W.
Blake, Richard L. (From 10 September 1964)
Bohlin, J. David

Canfield, Richard C. (From 10 June 1964)
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Davies-Jones, Robert P. (From 10 September 1964)
Deutschman, Elaine M. (To 31 January 1964)
Deutschman, William A.
Dietz, Richard D.
Fisher, Richard R.
Gordon, Mark A.
Harvey, John W. (From 10 September 1964)
Henze, William, Jr.
Kreiss, William T. (To 21 August 1964)
Kuhn, William R. (From 10 June 1964)
Lund, Donald S. (To 9 June 1964)
Rust, David M.
Schoolman, Steven
Switzer, Billy A.
Tarpley, J. Dan, Jr. (From 10 September 1964)

Climax Observing Staff

Armstrong, Jerry E. (6 June to 16 September 1964)
James, Robert B., Observer-in-Charge
King, William D.
Kirkpatrick, John W. (From 6 June 1964)
Lindscheidt, Werner H. (From 5 November 1964)
Porter, Chester B. (From 3 August 1964)
Ross, Charles (From 18 June 1964)
Sanchez, Angelina (From 27 July 1964)
Sanchez, Juan F.
Stevenson, Peter R. (To 29 January 1964)
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HIGH ALTITUDE OBSERVATORY PUBLICATIONS, 1964

Akasofu, Syun-Ichi and Sydney Chapman: "On the Asymmetric Development
of Magnetic Storm Fields in Low and Middle Latitudes," Planetary and
Space Science 12, 607, 1964.

Ashour, Attia A.: "An Integral Equation for the Associated Legendre
Function of the First Kind," Journal of Mathematical Physics 5, 1421,
1964.

Ashour, Attia A.: "On Some Formulae for Integrals of Associated Legendre
Functions," Quarterly Journal of Mechanics and Applied Mathematics 17,
Part 4, 1964.

Athay, R. Grant and R. J. Bessey: "Doppler Shifts and Line Broadening
in Spicules," Astrophysical Journal 140, 1174, 1964.

Athay, R. Grant: "Source Function Equality in Multiplets," Astrophysical
Journal 140, 1479, 1964.

Athay, R. Grant: "The Challenge of Chromospheric Physics," Science 143,
1129, 1964.

Athay, R. Grant: "The Chromosphere," Encyclopedia Americana C, 1964.

Avery, Lorne and Bernhard Haurwitz: "The Solar Semidiurnal Pressure Wave
over North America," Monthly Weather Review 92, 79, 1964.

Billings, Donald E.: "The Shape of Coronal-Line Profiles," Astrophysical
Journal 139, 710, 1964.

Billings, Donald E. and Walter 0. Roberts: "The Origin of M-Region Geo-
magnetic Storms," Astrophysica Norvegica 9, 147, 1964.

Boardman, William J.: "The Radiative Recombination Coefficients of the
Hydrogen Atom," Astrophysical Journal, Supplementary Series 9, 185,
1964.

Chapman, Sydney: "The Energy of Magnetic Storms," Geophysical Journal of
the Royal Astronomical Society 8, 514, 1964.

Chapman, Sydney and W. L. Hofmeyer: "The Solar and Lunar Daily Variations
of Atmospheric Pressure at Kimberley, 1932-1960," NOTOS 12, 3, Pretoria
Weather Bureau, 1964.
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Chapman, Sydney and Syun-Ichi Akasofu: "The Aurora," Chapter 15 in
Research in Geophysics, Vol. 1, Hugh Odishaw, ed., MIT Press, 1964

Chapman, Sydney, Syun-Ichi Akasofu and A. B. Meinel: Handbuch der
Physik 49, Springer Verlag, pp. 1-158 (to appear later in National
Academy Volume on IGY/c), 1964.

Fisher, Richard R.: "A New Measurement of the Chromospheric Emission Line
X10830," Astrophysical Journal 140, 1326, 1964.

Glasco, Helen P. and Harold Zirin: "Average Recombination Gaunt Factors,"
Astrophysical Journal, Supplementary Series 9, 193, 1964.

House, Lewis L. and George A. Sawyer: "Neon VII and VIII Wavelengths in
the Vacuum Ultraviolet," Astrophysical Journal 139, 775, 1964.

House, Lewis L., William Deutschman and George A. Sawyer: "Comparison
of Solar and Laboratory Iron Spectra in the Vacuum Ultraviolet,"
Astrophysical Journal 140, 814, 1964.

House, Lewis L. and Donald E. Billings: "Time-Dependent Coronal loni-
zation," Astrophysical Journal 140, 1182, 1964.

House, Lewis L.: "Ionization Equilibrium of the Elements from H to Fe,"
Astrophysical Journal, Supplementary Series 8, 307, 1964.

Jacobs, J. A., Y. Kato, S. Matsushita and V. A. Troitskaya: "Classifi-
cation of Geomagnetic Micropulsations," Journal of Geophysical
Research 69, 180, 1964.

Lee, Robert H. and James W. Warwick: "A Spectrographic Interferometer,"
Radio Science Journal of Research 68D, 807, 1964.

Maeda, H., A. J. Shirgaokar, M. Yasuhara and S. Matsushita: "On the
Geomagnetic Effect of the Starfish High-Altitude Nuclear Explosion,"
Journal of Geophysical Research 69, 917, 1964.

Maeda, H.: "Electric Fields in the Magnetosphere Associated with Daily
Geomagnetic Variations and their Effects on Trapped Particles,"
Journal of Atmospheric and Terrestrial Physics 26, 1133, 1964.

Maeda, H.: "An Atmospheric Dynamo Theory of the Daily Geomagnetic
Variations," presented at the Second Benedam Symposium on Earth
Magnetism, Pittsburgh, Pennsylvania November 24, 1964.

Matsushita, S.: "Ionospheric Storms," Radio Science Journal of Research
68D, 574, 1964.
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Matsushita, S.: "Geomagnetic Storms and Relative Phenomena," Chapter 18
in Research in Geophysics, Vol. J, Hugh Odishaw, ed., MIT Press, 1964.

Newkirk, Gordon, Jr. and J. A. Eddy: "Light Scattering by Particles in
the Upper Atmosphere," Journal of Atmospheric Science 21, 35, 1964.

Newkirk, Gordon, Jr. and David Bohlin: "Scattered Light in the Externally
Occulted Coronagraph," Applied Optics 3, 543, 1964.

Newkirk, Gordon, Jr. and David Bohlin: "The First Flight of CORONASCOPE
II," Sky and Telescope 28, 16, 1964.

Newkirk, Gordon, Jr.: "Solar Optics," Applied Optics 3, 1319, 1964.

Rush, Joseph H. and George K. Schnable: "High Altitude Observatory's
New Coronagraph and Spectrograph," Applied Optics 3, 1347, 1964.

Saito, Kuniji and Donald E. Billings: "Polarimetric Observations of a
Coronal Condensation," Astrophysical Journal 140, 760, 1964.

Schmidt, Hermann U.: "On the Observable Effects of Magnetic Energy
Storage and Release Connected with Solar Flares," Proceedings, AAS-NASA
Symposium on the Physics of Solar Flares, p. 107, Goddard Space Flight
Center, Greenbelt, Maryland, October 1963 (published 1964).

Singleton, Donald G.: "Broadband Radio-Star Scintillations, Part I.
Observations," Radio Science Journal of Research 68D, 867, 1964.

Singleton, Donald G.: "Broadband Radio-Star Scintillations, Part II.
Interpretation," Radio Science Journal of Research 68D, 10, 1964.

Skumanich, A. and 0. C. Wilson: "Dependence of Chromospheric Activity
Upon Age in Main-Sequence Stars: Additional Evidence," Astrophysical
Journal 140, 1401, 1964.

Tandberg-Hanssen, Einar: "The Equilibrium of Barium in the Solar At-
mosphere," Astrophysical Journal, Supplementary Series 9, 107, 1964.

Tandberg-Hanssen, Einar: "A Spectroscopic Study of Quiescent Prominences,"
Astrophysica Norvegica 9, 13, 1964.

Trotter, Dorothy E. and Kathryn LaVelle: Integrated Indices of the Solar
Corona 1963, High Altitude Observatory Report HAO-60, 15 May 1964.

Warwick, James W. and George Dulk: "Faraday Rotation on Decametric Radio
Emissions from Jupiter," Science 145, 380, 1964.

* University of Queensland, Brisbane, Australia; visitor during 1963.
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Warwick, James W.: "Radio Emission from Jupiter," Annual Review of
Astronomy and Astrophysics 2, 1, 1964.

Warwick, James W.: "Radio-Star Scintillations from Ionospheric Waves,"
Radio Science Journal of Research 68D, 179, 1964.

Weinberg, Jerry L.: "On the Use of a Pile-of-Plates Polarizer -- The
Transmitted Component," Applied Optics 3, 1057, 1964.

Zirin, Harold: "The Limb Flare of November 20, 1960: A Coronal
Phenomenon," Astrophysical Journal 140, 1216, 1964.

Zirin, Harold: "Identification of Extreme Ultraviolet Solar Emission
Lines," Astrophysical Journal 140, 1332, 1964.

PUBLICATIONS OF WORLD DATA CENTER A - SOLAR ACTIVITY

Dodson, Helen W. and E. Ruth Hedeman: "Working List of Flares and Daily
Flare Index for 1962," IGY Solar Activity Report Series, No. 25,
April 1, 1964.

"Intermediate Report of Prominence (filament) Activity," IGY Solar
Activity Report Series, No. 26, May 1, 1964.

Trotter, Dorothy E. and De Arlis Henderson: "Occurrences of the Yellow
Coronal Line May 1, 1957 - May 31, 1964," IGY Solar Activity Report
Series, No. 27, August 3, 1964.

Warwick, James W. and William T. Kreiss: "Observations of Jupiter's
Sporadic Radio Emission in the Range 7.6-41 Mc/s for the Years
1960-1963," IGY Solar Activity Report Series, No. 28, November 2, 1964.

Warwick, Constance S.: "Normalized Solar Flare Data, July 1955 Through
June 1957,1' IGY Solar Activity Report Series, No. 29, November 16, 1964.

"Addenda to Reports of Prominences, 1960-1963," IGY Solar Activity Report
Series, No. 30, December 15, 1964.
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THESES BASED ON RESEARCH PERFORMED AT THE OBSERVATORY

Acton, Loren W.: "X-Radiation of the Sun," unpublished doctoral thesis,
University of Colorado, Boulder, Colorado, 1964.

Macar, Pierre J.: "A Thermal Model for the 'Gradual Rise and Fall'
Bursts of Solar Radio Emission," unpublished master's thesis,
University of Colorado, Boulder, Colorado, 1964.

Shutt, Robert L.: "The Zenith Brightness of a Rayleigh Atmosphere at
a Point Intermediate in the Atmosphere," unpublished master's thesis,
University of Colorado, Boulder, Colorado, 1964.
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INTRODUCT ION

The Laboratory of Atmospheric Sciences (LAS) was created shortly

after NCAR was formed, in 1961, to fulfill recommendations of the Cor-

poration (UCAR) and of the National Academy of Sciences for a broad re-

search program in the atmospheric sciences within NCAR. Since the High

Altitude Observatory (HAO) was already in existence and had a strong

program in upper atmosphere and solar physics, the emphasis in LAS has

tended to be on studies of the physics, chemistry, and dynamics of the

lower and middle atmosphere. We do overlap HAO in a few places, and we

point to these overlaps as demonstrating that the sun and the upper and

lower atmosphere are all inseparable parts of one magnificent whole.

In the LAS we have tried to concentrate in certain areas where an

interdisciplinary approach seems needed, since we are a large enough

group to take on a number of related things simultaneously. Some have

called this "the team approach" to research, but the LAS scientists do

not necessarily think of it that way. It just turns out that, when

scientists with diverse backgrounds start communicating with each other

about a common set of interests, they become intrigued with the "inter-

faces" between their fields of competence, and they begin to complement

each other in their work if the environment is right and the communica-

tion continues. So one of our chief missions is to create the right

environment and to bring to NCAR -- as staff members and as visitors --

as many competent people as we have room for.

There are three broad areas of research on which we are concen-

trating. First, the general circulation of the atmosphere is a complex
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subject that holds the key to long-range weather forecasting and to a

more complete understanding of the large-scale interactions involved in

weather and climate control; it is a subject that is woven in one way or

another into nearly every aspect of meteorology and atmospheric physics.

A second broad area is that of cloud physics, which deals with the inter-

play between the dynamics of cumulus clouds and the formation of cloud

droplets and rain at the small end of the size scale and, at the other

end of the scale, the role of cumulus convection in the heat balance of

the entire atmosphere. The life cycles of the trace gases and aerosols

in the atmosphere, our third broad area of study, is a subject whose im-

portance is growing rapidly, since it is now clear that air pollution,

cloud modification, the radiative balance of the atmosphere, and many

other questions depend on an understanding of their behavior.

The focus of the LAS research program on these three research areas

has become sharper in the past year, and a conscious effort will be made

in the coming years to concentrate our resources on the gaps in our pro-

gram -- the blind spots. Examples of such gaps at present are the sub-

jects of air-sea interactions and the dynamics of ocean circulation

(very large gaps indeed), and the interactions between radiative pro-

cesses in the atmosphere and the general circulation.

We are sometimes asked whether LAS is working on problems of weath-

er modification, air pollution, weather prediction, etc. The only an-

swer we can give is "yes and no." Of course, we trust that our studies

will lead to a better understanding of the atmosphere, and we firmly be-

lieve that this will lead to practical benefits in the long run. While
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we have no programs yet that bear those popular labels, it will be clear

that several of our research efforts have direct applications. We are

now taking steps to direct more of our effort on some important practical

and immediate problems, and at the same time our basic research will con-

tinue to be devoted to solving some of the tougher problems in atmospheric

science.

This does not mean that in the past we have turned our backs on applied

research. On the contrary, when we have seen an opportunity for our sci-

entists to help out in some important area we have encouraged them to do so.

For example, we are actively cooperating with the Bureau of Reclamation in

planning studies of electrification and of electrical effects on the coal-

escence of droplets in building comulonimbus, in connection with their

applied weather modification program; we have sent a team of chemists to

Panama to assist the U.S. Army's Tropical Research Center in sampling trace

gases and aerosols, part of a study to determine (and possibly control)

corrosion rates of materials in the tropics; we have experimented with

a novel kind of numerical forecast model, testing its ability to make

prognostic analyses using real weather inputs; we have assisted the

National Academy of Sciences in its study of the requirements for a

worldwide operational weather observing system (an effort to which the

Facilities Division also made important contributions). The list could

be longer, and it will grow with time. We received no extra income for

these jobs. It is part of our mission under the National Science Foun-

dation.
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THE LAS RESEARCH PROGRAM

The last annual report of the Laboratory of Atmospheric Sciences de-

scribed the LAS scientific program in terms of 14 seemingly independent

programs, each with its own leader. These programs are all continuing,

most of them with the same leaders, but this time we will describe the

overall effort in terms of broad areas of research mentioned earlier.

There is a good reason for this. The LAS is, in fact, working on certain

very large and complex problems, and the individuals and their separate

endeavors are aimed at cooperating on these problems. Furthermore, the

lines of demarcation between problem areas are unclear. They should be,

since the atmosphere draws no boundaries for itself.

William W. Kellogg

Director
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ATMOSPIERIC CHEMISTRY

The trace gases and aerosols in the atmosphere play a major role as

tracers, as nuclei for the formation of liquid cloud droplets and ice

crystals, as governors of the radiation balance of the atmosphere, as

causes of air pollution and reduced visibility, as corrosive agents, etc.

The LAS work in atmospheric chemistry is devoted to determining the life

cycles (sources and sinks) of these so-called "minor constituents," and

to defining the roles that they play.

TRACE GASES

The trace gases that are usually of concern in the atmosphere are

CO2 , H20, 03, CH4, SO2 , H2 S, and the oxides of nitrogen. Part of our

effort is concerned with methods for detecting these various constit-

uents, and Lodge and his colleagues in the chemistry program, Huitt,

Bravo, Pate, Wartburg, and Neary, have developed a number of new tech-

niques for field use in detecting some of the more interesting trace

gases of concern in air pollution, particularly SO2 , H2S, and 03. (Ozone

is actually the main object of another program, under Dltsch, to be de-

scribed below.) Bainbridge and D. Ehhalt (a visitor from Germany) are

studying the trace gases of hydrogen and carbon (H2 , CH4, H20, CO2, CO,

etc.) by radiocarbon, tritium, and stable isotope measurement. Supple-

menting this work, Bainbridge and Heidt are extending gas chromato-

graphic methods for the analysis and separation of trace gases. Martell,

Bainbridge and Denton also are developing cryogenic pumping equipment

for large air-sample collection in surface air and from aircraft. This
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work will be extended to rocket altitudes, with NASA support under Con-

tract NASr-224.

Since most of the trace gases that have been mentioned are molec-

ular, it is clear that they will be involved in many chemical and photo-

chemical reactions in the atmosphere. Cadle and Allen are engaged in

measuring rates and products of reactions of atomic oxygen, molecular

oxygen, and ozone with various minor constituents. J.W. Powers (from

Ripon College, a post-doctoral fellow at NCAR for a year) is contribut-

ing to this study. They have demonstrated that reactions of atomic oxy-

gen with methane and with sulfur dioxide occur at rates such that these

reactions must occur, to a considerable extent, in the troposphere and

stratosphere. An important finding is that the reaction of atomic oxy-

gen with methane is very much faster (as much as an order of magnitude)

when molecular oxygen is present in appreciable concentrations, as in

air, than when the reaction occurs in a nearly molecular-oxygen-free

atmosphere. This difference was not found for the atomic oxygen--sulfur

dioxide reaction.

Cadle and Dauchess have found that the reaction of ozone with

hydrogen sulfide is fast and produces essentially only sulfur dioxide

and water, probably constituting an important source of atmospheric sul-

fur dioxide. This is a rather surprising result, since plain sulfur was

generally expected to be the main product. Allen is investigating the

mechanism of free radical reactions of a type occurring in the lower

troposphere. Rates of photochemical production of excited (ID) atomic

oxygen from stratospheric ozone have been calculated from literature
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data, and estimates have been made of the extent to which reactions in-

volving such atoms may occur in the atmosphere.

Ozone is a trace molecule of particular importance in the strato-

sphere, both as a possible tracer of atmospheric motions and as a factor

in the radiational heat budget. Under Dutsch the ozone balloon-sounding

program, which had a modest start in 1963, has come into full operation

in 1964 with four to five flights per week from February to mid-June and

three per week for the rest of the time. Much effort has been put into

detecting and avoiding the many little sources of errors which can dis-

tort the measured vertical ozone distribution. The visit of Alan Brewer

(University of Toronto) to LAS during the summer was most helpful in

supporting this effort, since the NCAR ozonesonde is a version of the

chemical instrument originally developed by him. A major U.S. program

during the IQSY is the synoptic ozonesonde network, and in addition to

putting Boulder on the map as a part of the network, Dutsch and his

colleagues have played an important role in obtaining an intercomparison

between various U.S. and foreign ozonesondes. In February 1964 such an

intercomparison test was run at NCAR between six different ozonesondes,

including British and Japanese versions. These tests were disappoint-

ing, and a second, informal comparison was run in October between the

U.S. instruments, making it possible, with the help of a continuing com-

parison between the Boulder and Ft. Collins observations (Colorado State

University at Ft. Collins uses a chemiluminescent type of ozonesonde

developed by V. Regener), to provide corrections for the data obtained

by the U.S. ozonesonde network.
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While the balloon observations can be expected to give the most de-

tailed ozone distribution data up to about 30 km, indirect optical meth-

ods, such as the well known Umkehr technique, are also being employed

and improved by Dutsch and Dave. Carlton Mateer (a visitor from the

Canadian Meteorological Service) collaborated with Ditsch on an improved

uniform-evaluation method for Umkehr observations, and has applied it to

the data collected from the world ozone network, established by the

International Association of Meteorology and Atmospheric Physics (IAMAP).

The development, now under way, of a self-recording Dobson photometer

for such Umkehr measurements will allow continued measurements of this

kind from Boulder and elsewhere with a minimum of manpower. These de-

velopments suggest that the Umkehr method will continue in importance for

monitoring ozone in the upper stratosphere, and possibly show connections

with variability in the solar UV radiation. Dutsch believes that a num-

ber of well-supervised Umkehr stations should operate in different parts

of the world over an extended period (1 to 2 solar cycles).

A new optical instrument is being developed by Shelden and his

colleagues under the direction of Dave. It will permit systematic meas-

urements through the day (when clouds permit) of the vertical distri-

bution of ozone up to 50 km. The technique involves the measurement of

the UV radiation from the sky at several wavelengths by means of a double

monochromator. The mechanical design of this instrument is nearing com-

pletion. In order to acquire the necessary information on the charac-

teristics of the instrument, extensive tests are being conducted on the

optical components, photomultiplier detectors, and prototypes of the
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mechanical subsystems, and a detailed theoretical analysis has been made

to determine the optimum image quality of the Fastie-Ebert optical system.

So much effort on the observation of ozone would be wasted if the

data were not put to use. Barrie Pittock (a visitor, recently returned

to Australia) worked with Dutsch to explain the interesting dip in the

ozone concentration at 50 mb, observed continuously for a full month in

spring, in terms of ozone destruction by the volcanic dust believed to

be present in the stratosphere. Soren Larsen (visiting from Norway)

started interesting work on the circulation in the tropical stratosphere,

trying to link ozone and radioactive tracer data together. When finished,

this will be important for our understanding of the general circulation.

Roy Berggren (a summer visitor from the Swedish Meteorological and

Hydrological Institute) has studied the detailed distribution of ozone

during the period of the ozonesonde intercomparison tests at Arosa in

April 1962. The marked changes in both total ozone content and its ver-

tical distribution during this period are related to the changes of air

masses associated with the passages of fronts extending through the

whole troposphere. This is a good example of the use of synoptic analy-

sis in clarifying the details of the ozone distribution.

Work has been continued on improving the photochemical theory,

which is necessary if maximum benefit is to be obtained from the present

measurement of the vertical ozone distribution, and Dltsch has applied

the theory to estimate the expected diurnal variation of ozone in the

mesosphere. (As mentioned above, Cadle and his colleagues are also

studying chemical reactions involving ozone.)
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The use of optical methods for observing ozone distribution from

the ground (the Umkehr method and that of Dave) has been mentioned. Now

there is a possibility of applying the newest optical tool, the laser,

to the observation of trace gases. Watson and Goyer are studying the

theoretical feasibility of measuring the vertical distribution of gases

such as H20 and 02 by scattering-with-absorption measurements. The

ruby-laser atmospheric probe device designed and constructed at LAS can

be tuned, by temperature control of the ruby rod, through the strong

absorption bands of water vapor at 6943.8 A or of 02 at 6941.2 A. It

is hoped that the ratio of the intensities of the backward-scattered

laser signals in and out of an absorption band can be related to the

concentration of the absorbing gas in the observed column of air. (Such

an observation technique might be applicable to satellites.)

AEROSOLS

The distribution, chemical composition and aerodynamics of the

many varieties of aerosols that float in the atmosphere are subjects of

major importance in LAS. The distribution of radioactive aerosols in

the upper atmosphere has been studied for a number of years by several

agencies, using filters on aircraft and balloons. The study of inert

stratospheric aerosols has been carried out by Junge and others using

impactors and nuclei counters.

This work is being extended at NCAR by Shedlovsky and Martell by

means of high-purity filters on high-altitude aircraft. They will in-

vestigate the composition and distribution of stratospheric dusts and



139

will attempt to resolve the meteoritic and terrestrial components. They

are also following the distribution of selected radioactive tracer aero-

sols which provides insight into atmospheric mixing and aerosol transport

processes.

As reported last year, a most useful set of observations of strato-

spheric aerosol distribution was obtained by Newkirk as a by-product of

the HAO balloon-borne coronagraph flights. Keith Bigg (a summer visitor

from Australia) extended his twilight observations of aerosols in the

mesosphere, working at the Air Force's Sacramento Peak Observatory and

at Boulder.

The use of lasers for observing dust layers at great altitudes has

now been demonstrated a number of times elsewhere, and Watson and Clark

have nearly completed a laser system for extensions of this technique.

Their ruby laser transmitter, incorporating a number of recently devel-

oped refinements, has a peak power of over 50 megawatts, and the light

receiver uses a cooled photomultiplier at the focal point of a 60-in.

reflector. Watson and Goyer, on the basis of computer studies of the

backscattering and forward scattering properties of stratospheric dust

and an assumed size distribution, have estimated that the present sys-

tem can detect single-pulse returns from optically thin stratifications

of dust up to 25 km altitudes. (Pulse integration could give still

greater ranges.) A bistatic experiment at a forward angle of 450 has

also been analyzed, and apparently it can yield optical densities of

aerosol layers and the number densities of particles in such layers.

Since a crucial factor in such an analysis is the ratio of molecular
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to aerosol scattering, and since published measurements of molecular

scattering with a focused ruby laser beam indicate a departure from the

Rayleigh scattering law, the possible non-linearities involved are the

subject of a current experiment using a high-powered unfocused laser in

the laboratory.

The study of the possible influence of aerosols on the shortwave

radiative balance of the atmosphere is an aspect of the experimental

work being conducted by Dave and his group. This will- require rather

precise spectral measurements of both the direct solar radiation and the

fluxes of the scattered light at various levels in the atmosphere. As

a first step in this direction, effort has been concentrated on the de-

sign, development, and construction of a filter photometer under the

direction of Blifford. The work on the instrument is essentially com-

pleted except for the incorporation of some features to make it automatic.

Preliminary observations are expected to be started in the near future.

There are a number of reasons for wanting to learn about aerosols.

One of the major reasons is their demonstrated role as freezing nuclei

and the implications of this role for the precipitation process. Rosin-

ski, Pierrard, Langer, Nagamoto, Lodge, and Bravo have been developing

sampling techniques and conducting surveys of freezing nuclei count in

the surface air of Boulder, Climax, and other parts of the world, and

they have' noticed large variations in the concentration of these nuclei.

Rosinski is endeavoring to explore the celebrated hypothesis that the

occasional large freezing nuclei counts are associated with the presence

of fresh stratospheric air, and that there is also an association with
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certain meteoric showers. This last hypothesis has not been a generally

popular one among meteorologists, but his studies have already revealed

some additional evidence that demands an explanation.

Another class of aerosols is that which occurs frequently in the

air near the ground and which appears to be of organic composition. It

has been demonstrated that there are many sources of such solid or

liquid hydrocarbon aerosols, and it is well known that these aerosols

are important in both the Los Angeles and London types of air pollution,

particularly the former. These aerosols are being studied by Lodge,

Parungo, Fischer, Pate, Bravo, Huitt,and others in the chemistry group.

The complex photochemistry of hydrocarbons in air and the process by

which they form larger aerosols are being studied by Goetz in a collab-

orative program between NCAR and the California Institute of Technology.

Parungo, Rosinski and Pierrard have become interested in the role of or-

ganic compounds from various tree saps as freezing nuclei. Parungo has

extended this line of study and has made a laboratory survey of a var-

iety of organic freezing nuclei, and she and Lodge have found a relation-

ship between their relative effectiveness as freezing nuclei and the

energy of their chemical bonds. Lodge and Frank have done considerable

work on the identification of specific individual compounds and ions in

particulate matter, and their techniques are being applied to studies of

the marine atmosphere in collaboration with Goetz. These particulate

techniques, together with their analysis methods for trace gases, are

expected to be used for studies of the trace chemistry of the tropical

atmosphere during a forthcoming observing period in Panama.
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The origins of aerosols may sometimes be traced to the ground, to

industrial pollutants, or to the free air. The last source has been one

of the least understood, and several of the atmospheric chemical reactions

being studied by Cadle and Allen lead either directly or indirectly to

aerosol formation, and pertain particularly to the stratospheric sulfate

particles discovered by Junge. Squires is concerned with the source of

the aerosol fraction (often a small fraction) that provides the condensa-

tion nuclei responsible for warm-cloud formation. A current theory pro-

posed by Sean Twomey (of the Naval Research Laboratory) and others

suggests that these nuclei may come from certain types of ground at dawn,

when the sun first strikes the surface and causes a sudden heating. This

source of condensation nuclei is being studied by Squires and his group.

An important aspect of aerosols is their distribution in the atmos-

phere, since this is determined by both small-scale (turbulent) and large-

scale mixing processes in the atmosphere. Aerosols are most useful as

tracers for determining the exchange rates in the atmosphere at various

scales of motion, and this is a matter being studied by Martell and

Shedlovsky.

The size distribution of atmospheric aerosols is also important,

particularly to those dealing with air pollution and cloud physics. The

size spectrum of aerosols is largely determined by growth processes such

as condensation or coagulation, and the microscale motions of particles.

It has been observed that the shape of the size spectrum remains remark-

ably similar, even though the concentration of particles can vary over

orders of magnitude. This suggests that the physical processes which
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determine the size distribution act to establish a similar or a self-

preserving distribution. Hidy has verified theoretically this behavior

for the case of coagulation during Brownian motion when X/R •1, where

X is the mean free path of the suspending gas and R is the particle

radius. Currently this study is continuing in hopes that the similarity

theory also will be applicable to coagulation resulting from shear in

the fluid, or from differences in settling velocities. Observations of

changes with time in the size distribution of laboratory aerosols are

also being investigated to check experimentally the existence of self-

preserving size spectra.

The thermal (Brownian) motion of aerosols suspended in uniform gas

has been studied for many years. However, the effects of non-uniform-

ities in the suspending medium, including temperature and concentration

gradients and shear, as well as the effects of external fields of force,

only recently have been investigated. A summer visitor, Brock, from

the University of Texas, developed a theory for the motion of single

particles which are small in radius R compared to the mean free path

of the suspending gas, X. Brock's theory includes the influence of tem-

perature gradients, as well as the effects of ionization in the gas.

This theory predicts that small particles suspended in a non-uniform

ionized gas can experience a transverse thermal force as a result of

the interaction between a magnetic field and temperature gradients in

the gas.

Because of the relative motion induced between particles, collis-

ions occur in collections or clouds of aerosols. The growth of particles
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by coagulation (or coalescence) depends on the dynamics of collision and

the nature of the particle surfaces. In collaboration with Brock, Hidy

has been working on a unified model for the collision and coagulation of

aerosols. For free molecule aerosols (X/R > 10), a general theory has

been developed which predicts the collision frequency. This prediction

takes into account the relative motion induced by thermal agitation,

and the directing influences of electrical charging of particles; of ex-

ternal fields of force; and of non-uniform states in the suspending medium,

including surfaces of discontinuity in the gas.

To verify some of the predictions about the coagulation of aerosols,

an experimental program has been initiated by Hidy and (Paul) Brown. In

a large chamber, coagulation rates are being measured at various temper-

atures and pressures, with different particle compositions,-or with diff-

erent suspending gases. In addition to these measurements, attempts will

be made to observe the particle trajectories during collision with a

microscopic technique suggested by Goetz.
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CLOUD PHYSICS

It is likely that clouds on the planet Earth play a role unlike

clouds anywhere else in the solar system. Certainly they are a key to

our terrestrial "weather," since rain, snow, hail, lowered visibilities,

aircraft icing and turbulence, etc., are all connected with the dynam-

ics and physics of clouds. The scale of sizes involved in this subject

ranges over some 12 to 14 orders of magnitude, from the minute parti-

cles that play such an important role in starting condensation on

droplets or ice crystals to the planetary circulations that maintain

the convective process. These, in turn, depend on the heat released

by convection. It is a broad subject indeed, but it appears necessary

to deal with all parts if we are to comprehend the whole.

AEROSOLS

We purposely repeat this category to demonstrate the overlap among

these various subjects. The role of freezing nuclei in modifying the

coalescence of cold clouds to form rain or snow is so well-known that

it need not be dwelt on here. Also, the concentration of active con-

densation nuclei determines to a large extent whether a warm cumulus

cloud will produce rain or not.

DROPLET GROWTH AND COALESCENCE

The mechanism by which droplets grow and coalesce to form rain is

basic to an understanding of precipitation. It is essentially a
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problem in physics and chemistry, but its full understanding involves

the larger-scale effects in a cloud as well.

A hydrodynamic theory of how small droplets are collected on larger

spherical droplets has been furthered by Pierrard, Rosinski, and

Nagamoto, who made theoretical and laboratory studies of the accretion

of small droplets on larger solid ones. Another important aspect of

the hydrodynamic theory of drop collision is the study of the role of

electric fields and how they affect the collection efficiency of larg-

er cloud drops falling through a distribution of smaller drops, a

study which has been pursued by Sartor and his group, with H. M. Davis

(of The RAND Corporation). Basic to this aspect of the problem is an

extensive numerical analysis of the hydrodynamic interaction between

pairs of droplets in a viscous fluid, and theoretical and laboratory

studies on the deformability of the droplets as a function of their

size under viscous and electrostatic stresses affecting both collision

and coalescence. Relative trajectories of droplets are being observed

by Sartor and Parbhakar in a plastic tank of crystal-clear mineral oil.

These trajectories can be used to check the hydrodynamic theory with

and without applied electric fields.

In the early stages of the growth of cloud droplets, when they

are all small and of relatively uniform size, a major factor may be

coalescence by a combination of turbulence and Brownian motion. The

fundamental studies of particle motion and coagulation by Hidy and

Brock referred to under the subject of Aerosols, thus also apply to

the behavior of clouds.
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ICE CRYSTAL NUCLEATION AND GROWTH

In the tropics, and in mid-latitudes in summer, warm clouds may

develop to produce rain, but in most mid-latitude storms the freezing

process is a critical factor. This has been recognized for many years,

but there are still many uncertainties concerning the details of how a

water droplet freezes, or how ice can form directly on a small freezing

nucleus. A number of programs in LAS deal with this subject.

Most of the studies relating to freezing nuclei themselves have

already been covered. After the crystal begins to grow, the nature

of the ice--air, ice--water, or ice--particle interfaces becomes the

problem of most fundamental interest. Knight (a member of the LAS

staff who has spent the year at Hokkaido University, Japan) is devot-

ing his efforts to studies of crystal growth and the theory of such

interfaces.

In a somewhat less fundamental project, Goyer has evaluated the

efficiency of a new explosive-type of cloud seeding device in which

AgI is incorporated in explosive cord. (This work was done in col-

laboration with L. 0. Grant of Colorado State University, and with

Atmospherics, Inc., of Fresno, California.) Gitlin is studying the

relative effects of impurities (including Agl), size (or curvature)

of droplet, the effects of surface tension, etc., on freezing in

order to better understand the relative importance of the factors

involved.
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Another way to influence freezing of droplets, and to thereby has-

ten droplet growth in a supercooled cloud, is by shock waves. The in-

fluence of shock waves and ordinary acoustic waves has been investigated

by Goyer, Bhadra, and Gitlin in a variety of ways. Bhadra has studied

the acoustic effects on bulk samples of supercooled water. He has con-

cluded that a significant factor is the growth and motion of the air

bubbles produced. A field experiment involved the detonation of cord

explosive in the vicinity of Old Faithful Geyser, which showed a

marked effect by the shock wave on the water droplet population at

above-freezing temperatures and, at below-freezing temperatures, on

the production of "micro-hail pellets" in the supercooled plume.

However, the small number of tests did not permit quantitative data

to be obtained. As a corollary to the study of shock waves,. Goyer is

also studying the data on rainfall characteristics in the presence or

the absence of lightning discharges. The purpose of this work is to

clarify the apparently strong relationship between the lightning dis-

charge and the rainfall rate and intensity, and the raindrop size

distribution. A theoretical evaluation of the possible mechanical and

electrical effects of the lightning discharge on the hydrometeors and,

as a result, on the rainfall characteristics, is under way. The forma-

tion of hailstones has also been studied by Goyer and his group, one

of the main purposes being, again, to determine the liquid water content

and the possible effects of shock waves on hailstones. Their hailstone

collection effort last summer did not yield any fresh hailstones to

study, but Gitlin has developed a sensitive calorimeter which was
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calibrated with specially prepared, partially frozen ice cubes. The

equipment assembled will be used in the next hail season.

CLOUD DYNAMICS

The small-scale aspects of how droplets grow, freeze, and coa-

lesce cannot be studied without some knowledge of the large-scale

effects in a cloud. However, meteorologists have found it most diffi-

cult to study the internal conditions in a cloud, since a cumulus or

cumulonimbus is rapidly changing and often hostile to the experimenter

who would probe its inner workings. In order to obtain better infor-

mation on the distribution of motions in an active cloud, Bushnell is

developing a specialized research dropsonde which can be dropped out of

an aircraft through a cumulus or (cumulonimbus cloud, sampling condi-

tions as it falls. The ground system will provide tracking as well as

recording the telemetry. To supplement these studies, Squires,

Bushnell, and their colleagues (including Roland List, summer visitor

from the University of Toronto) are preparing to conduct laboratory

simulation studies related to the performance of the sonde under various

conditions.

The methods of meso-scale synoptic analysis, using data obtained

by the Weather Bureau's National Severe Storms Laboratory in the Mid-

west, have also yielded important clues about the dynamics of cumulo-

nimbus clouds. J. C. Fankhauser (a visitor from the U. S. Weather

Bureau) has carried out a study of the moisture budget in a case of

an extensive squall line over the Great Plains. Computations indicate
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that practically all of the horizontal covergence of water vapor into

the squall-line region took place below 700 mb. The computed water-

vapor convergence agrees satisfactorily in amount and general geograph-

ic distribution with the observed rainfall. In another meso-scale

analysis Newton and Fankhauser studied the movements of radar storm

echoes. It was found that in typical situations wherein the wind veers

strongly with height, large echoes (around 20 mi diameter) moved up to

600 to the right of the mean wind velocity in the cloud layer, while

small echoes (around 5 mi diameter) moved up to 300 left of the mean

wind. This behavior has been related to the moisture supply-and-

demand requirements for the individual storms.

ATMOSPHERIC ELECTRICITY

Atmospheric electricity is a venerable subject which has received

a renewal of interest in the past few years. Actually, the classical

studies of air conductivity and the potential gradient in the surface

air are not being pursued at NCAR at the moment, but a high-altitude

station for such measurements is being established on Niwot Ridge,

near Boulder. As mentioned earlier, the role of the electric fields

in a thunderstorm is of interest to the cloud physics program, and has

been the subject of a theoretical and laboratory study by Sartor, in

collaboration with M. H. Davis of RAND.

Sartor has recently shifted the emphasis of his work to a some-

what different aspect of atmospheric electricity, namely, the micro-

wave through VHF emissions from a cloud caused by the interaction of
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the droplets. The measurement of these radio emissions from clouds

occupied Sartor, his group, and the NCAR aircraft for a good part of

last summer in the vicinity of Key West. (Stig Rossby, of the Univer-

sity of Wisconsin, joined forces with them part of the time.)

Atkinson and Miller are now working in the laboratory to obtain the

electromagnetic emission spectrum from the collision of charged drops

and drops in an electric field. This information will give vital

assistance to the interpretation of the data collected in the Key West

field studies.
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ATMOSPHERIC DYNAMIC S

Atmospheric dynamics, the study of the various scales of motion

and the energy conversion processes in a planet's atmosphere, is a

theme common to nearly every branch of meteorology and atmospheric

physics. In LAS we are very aware of this, and it may turn out in the

long run that the various research programs will reach their highest

fruition when we see how to incorporate their results in our mathe-

matical models of the atmospheric circulation. The reason for this

is fairly evident: The atmosphere is a complex system in motion, a

heat engine driven by many engines, and each part interacts with many

other parts. The motions and the energy cycles depend on radiation

absorbed and emitted and the latent heat of condensation of water

vapor; these, in turn, are dependent on distributions of clouds and

dust and trace gases. These latter depend on the rates at which gases

(especially water) and aerosols are picked up at the surface, and

these depend on the motions, from whence we started.....the round is

never-ending and infinitely varied. It is clear that long-range

forecasting, long-range weather or climate modification, control of

some kinds of air pollution, and a host of other important national

goals await advances in this all-encompassing area of research.

LARGE-SCALE MOTION IN THE ATMOSPHERE

Meteorologists have two general ways to study the total atmos-

phere: the "synoptic analysis," in which the available observations

of the atmosphere are studied for lessons about how this infinitely
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complex system behaves; and the "numerical-model experiment," in which

the equations governing the motion and energy of a simplified atmos-

phere are integrated, usually with the aid of an electronic computer.

These two approaches must actually go hand-in-hand, since the only way

to test the validity of a mathematical model is to compare the results

with a corresponding synoptic analysis. Furthermore, many of the inputs

to the model must be based on the real atmosphere, and the real sun,

earth, and oceans. For this reason, the LAS programs in these areas

are most closely allied, both physically and spiritually.

General Circulation Experiments

Thompson has worked out a model which describes a long-term fluc-

tuation of zonally and vertically averaged atmospheric flow patterns,

based on a statistical formulation of the relevant dynamical and thermo-

dynamical equations. In the model, the dependent variables are a closed

set of statistics that provide a gross physical characterization of the

state of the general circulation -- e.g., average zonal wind, average

potential temperature, net heat and momentum transport, and the vari-

ances of velocity, vorticity, and potential temperature. The independ-

ent variables are geographical latitude and time. A numerical scheme

for solving this model has been worked out by Washington, who is also

supervising the programming and coding for the CDC 3600.

More elaborate types of general circulation experiments based on

thermo-hydrodynamical models of the atmosphere have been designed and

carried out elsewhere by N. Phillips (MIT), J. Smagorinsky and S. Manabe

(U.S. Weather Bureau), Y. Mintz and A. Arakawa (UCLA) and C. Leith
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(Lawrence Radiation Laboratories). After some study of these models,

Kasahara and Washington decided that is is worthwhile to have at NCAR a

general circulation model which is still different from those described

above. It should be sufficiently general that a number of scientists

can incorporate their findings in the model and test their hypotheses.

The Kasahara-Washington model, which, like most of the other numerical

models, is based on an idea conceived by L. F. Richardson in the 1920s,

uses a grid network consisting of five height levels plus the surface

level, with a vertical spacing of 3 km, and covers the globe with a hori-

zontal spacing of 50 in both longitude and latitude. The dependent

variables of the prediction equations are the east-west and north-south

components of wind velocity, total energy, air density, and mixing ratio.

The vertical motion is evaluated from a diagnostic equation. Temperature

is computed from the total energy, and pressure is evaluated with the use

of the hydrostatic equation and the equation of state. The independent

variables are latitude, longitude, height, and time. This model is

fairly general, in that it includes the energy transfer processes due

to short- and long-wave radiations, turbulent and convective motions in

the planetary layer, an effect of the release of latent heat, etc.

Finite-difference prediction equations are formulated, based on the two-

step Lax-Wendroff scheme proposed by R. Richtmyer (New York University).

The machine program has been written for the CDC 3600 and the check-out

of the program is in an advanced state. (It can also be run on the CDC

6600, one of which is to replace our CDC 3600 in 1965.) Jordan is work-

ing on the preparation of initial data to be used in the calculation.
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Finite-difference Integration Methods

Since this is a kind of system development, there is a good deal of

component research and development that must go on to continually advance

the state-of-the-art. (We use engineering terminology here, because to

some extent the mathematical models based on electronic data processing

are "engineered," in the same way that a cyclotron or a radio telescope

is engineered.) One such component that is basic to many kinds of nu-

merical models is the choice of the finite-difference method used to

achieve the stepwise numerical integration of the equations of motion.

Studies of method have been made by Kasahara, D. Williamson (a UCAR

Fellowship recipient from Pennsylvania State University), Houghton, Wash-

ington, and Lilly. As an indication of the importance of selecting the

right system, Houghton, Washington, and Kasahara concluded that in this

kind of general circulation model the "predictability" of the system, i.e.,

the validity of the result, is as much a function of details used in the

finite-difference equations as of the accuracy of the initial conditions.

Effects of Topography

Another important component is the way in which topography is intro-

duced into the model. It has been shown by J. Charney, E. Eliassen, B.

Bolin, and others that the semi-permanent large-scale flow patterns in

the atmosphere are induced by the large continental barriers, such as

the Rocky Mountains and the Himalayas in the Northern Hemisphere and the

Andes in the Southern Hemisphere. The extension of these studies of

the dynamical influence of topography on the large-scale flow patterns,

is being undertaken by Kasahara based on a global barotropic model of

the atmosphere.
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The Atmospheric Energy Cycle

A fundamental consideration in any treatment of the general circu-

lation is the energy budget of the atmosphere, and the cycle in which

the various forms of energy, such as radiation, latent heat, potential

energy, and the kinetic energy associated with many scales of motion,

are transformed. Brown is continuing his effort in the study of energy

diagnostics, the calculation of the energy exchanges between the zonal

flow and the eddies of large-scale atmospheric motions. In order to ob-

tain an estimate of a more complete picture of the energy cycle, it is

necessary to calculate the conversion of available potential energy into

kinetic energy on both the zonal and eddy scales. To accomplish this it

is necessary to obtain the large-scale vertical motion patterns.

Three methods are presently being tested: 1) the so-called omega-

equation method, 2) the adiabatic-thermodynamic equation method, and 3)

the vorticity equation method. Thus far, calculations utilizing the

omega-equation method have been made of the conversion from available

potential to kinetic energy for three winter months. The omega-equation

computer program, which was designed by Brown, has been used in the in-

vestigations being performed by F. Mesinger (a visitor from Yugoslavia)

and Julian. Furthermore, the data obtained from the National Meteoro-

logical Center, U. S. Weather Bureau, and used in this study are incor-

porated ifto our CDC 3600 computer system, and they have already proved

to be of great value to NCAR-associated researchers. Another aspect of

this study of the energy cycle is that of the generation of available
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potential energy due to atmospheric heat sources and sinks. Calculations

have been made for nine months for the troposphere, and the results of

this study will be published shortly.

E. Palmen (a summer visitor from the University of Helsinki) re-

viewed the broad-scale heat balance requirements for the general circu-

lation. Attention was focused particularly on the processes for vertical

transport of heat from the earth's surface, which receives an excess of

heat, into the atmosphere, which suffers a net radiative loss. Indications

are that in the tropics this transfer takes place mostly in convective

clouds, while in higher latitudes it is accomplished by the broad-scale

ascending and descending motions in synoptic disturbances such as cyclones.

Furthermore, in order to account for the seasonal heat balance, it is

necessary to take account of the large heat storage in the oceans.

Van de Boogaard has been extending earlier work on the energy bud-

get of the atmosphere, especially in the tropics. This involves partic-

ularly the transfer of properties and the generation of kinetic energy

both by the eddies and the mean meridional circulation. He has also

begun analyses over the continent of Africa, with a view to computing

the budgets of heat and other forms of energy in that region, and

particularly to establishing the budget of water vapor. In this study,

observations during the IGY are being used, and computations are to be

carried out for every fifth day of one month in each of four seasons.

The use of satellite observations in tropical analyses will also be

investigated.

Since the sun is the principal source of the energy that ultimately

enters into the energy cycle, and thus into the dynamics of the atmosphere,
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it becomes important to understand the means by which this is accomplished.

Directed towards contributing to this goal are the extensive numerical

and theoretical studies by Dave and Furukawa on the radiative transfer

of the shortwave solar radiation in a non-homogeneous atmosphere. As a

result of these studies, Dave was able to provide a physical interpreta-

tion to the analytical solution of the transfer problem which was derived

by Prof. Sekera (UCLA) for a non-homogeneous atmosphere. Furthermore,

the interpretation allows the computation of all orders of scattering to

be more tractable for modern computers. The studies have also served to

I1

improve the Umkehr analyses of Dutsch and Mateer. These studies are being

extended to study the effect of multiple scattering on: 1) the attenu-

ation measurements in the UV region with the sun as the source, 2) satel-

lite measurements of the radiation diffusely reflected by the earth's

atmosphere, and 3) the distribution of energy within the atmosphere.

(See also the description of Dave's work in connection with ozone and

aerosol scattering and absorption.)

During the past summer, Dave also participated with R. S. Fraser (of

the Space Technology Laboratories) in a theoretical-numerical study made

in conjunction with the latter's contract with NASA. The purpose of the

study was to determine the effects of Fresnel reflection by an underly-

ing surface (e.g., a calm ocean surface) on the radiation diffusely

reflected'and transmitted by a plane-parallel, Rayleigh atmosphere. The

results derived from the study are presently being analyzed and evaluated

by Dr. Fraser and will be submitted by him as a scientific report to

NASA.



159

Applications of General Circulation Models

The basis for modern hemispheric weather predictions is the appli-

cation of a tractable mathematical model into which real data can be fed.

Bengt Soderberg (a visitor from Sweden) is working on the formulation of

a hemispheric short-range forecasting model with the use of parametric

representation of the state of the atmosphere. The possibility of reduc-

ing the required number of parameters by the use of so-called empirical

orthogonal functions (rather than constant-pressure levels) is considered

to be of particular interest. In this connection Soderberg is coding

a machine program which will enable him to evaluate horizontal and ver-

tical wind fields from given distributions of geopotential and temperature

at 12 information levels between the 100 and 1000 mb pressure surfaces.

His basic approach to this problem is different from the one adopted

conventionally by many researchers, which includes the use of the balance

equation and the omega-equation, and instead is analogous to the formu-

lation suggested by R. Fj*rtoft (1962). It may be superior to the con-

ventional approach when one takes into account non-geostrophic effects

and deals with many information levels, such as the case that S'derberg

is working on. A short-range forecasting model is also formulated along

lines similar to that of Fjkrtoft's, cited above. Time-integrations up

to 72 hr are to be carried out for a number of realistic initial condi-

tions. The input data will be chosen from analyses made at the National

Meteorological Center, U. S. Weather Bureau (see The Atmospheric Energy

Cycle, above). This forecasting model may be easily modified to incor-

porate stratospheric data.



160

A numerical model can, of course, be used to answer certain kinds

of questions about the atmosphere -- that is the purpose of such models.

One such question is the predictability of weather as a function of ini-

tial conditions; that is, how good does our global observing network have

to be in order to make a good forecast for a given length of time? J.

Charney (MIT) had asked several people at different institutions to help

in preparing a report to the National Academy of Sciences on the future

synoptic (global) data requirements in meteorology. Washington has as-

sisted in this by performing experiments with the Mintz-Arakawa general

circulation model (developed at UCLA) to see how sensitive the forecasts

were to small changes in the initial conditions. The preliminary results

of the experiments indicated that the atmosphere may be somewhat insensi-

tive to small errors up to periods of three or four weeks. Further,

independent experiments carried out elsewhere are in accord with this

finding.

Large-scale Circulations in the Upper Atmosphere

The large-scale circulations in the upper atmosphere are receiving

attention in LAS in a variety of ways. Already described are the work

of Martell and his group in upper atmosphere exchange rates using radio-

active tracers, and the work of Larsen and Dutsch using ozone data in a

similar way to estimate circulations in the tropical stratosphere.

The phenomenon of the stratospheric warming in late winter, which

was first noted about fifteen years ago, has received much attention in

recent years, but the relationship between these violent changes in the

stratosphere and the troposphere has not been at all clear. Julian, in
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cooperation with Karin Labitzke (visitor from the Free University of Ber-

lin) and with Brown, has carried out a study of the energetics of the

January 1963 stratospheric warming. Julian and Labitzke have also in-

vestigated the behavior of the troposphere during and after stratospheric

warmings. A sample of eight winters, four with such a warming and four

without, was studied in an effort to distinguish differences in tropo-

spheric events in each set. The occurrence of high-latitude blocking and

associated decrease in the strength of the high-latitude zonal circulation

is definitely more pronounced in the four winters with stratospheric

warmings than in those without. Such a result leads naturally into diag-

nostic energy studies of the entire atmosphere during relevant situations,

a beginning of which is represented by the cooperative study mentioned

above.

Southern Hemisphere Circulation

Since most of us are used to living in the Northern Hemisphere, and

since this is where the best global weather observation network exists,

the Southern Hemisphere's large-scale circulation has been somewhat ne-

glected. However, it is clearly necessary to study this bottom half of

the globe, and van Loon has been collecting Southern Hemisphere data in

order to make improved analyses of them. Analyses at both sea level and

the 500-mb level show that the summer zonal circulation is stronger than

in the winter (in contrast to the Northern Hemisphere), although the

hemispheric angular momentum is greater in winter when the westerlies ex-

tend to lower latitudes. Especially in winter, the circulation is asym-

metric with respect to the South Pole, and both the zone of strongest
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winds and the zone of most frequent occurrence of fronts show a pronounced

poleward spiral around the hemisphere. Particularly in summer there is

a high correlation between the strongest zonal circulation and the lati-

tude of greatest frequency of fronts and cyclones. The meridional move-

ment of air is much stronger in southern summer than in northern summer,

but only slightly weaker in southern winter than in northern winter.

In both hemispheres the strongest meridional mass exchange in the middle

troposphere takes place near latitude 400 in winter and near latitude

500 in summer.

MEDIUM-SCALE MOTIONS IN THE ATMOSPHERE

Although the atmosphere has a complete spectrum of motions, it has

often been convenient to deal separately with the scale of motions rang-

ing from cumulus cloud sizes to jet-streams, including such phenomena

as mountain and free-air gravity waves and motions at frontal surfaces.

Medium-scale energy transformations (or air-mass modifications) will also

be considered in this category. Some of the mathematical techniques are

similar to those described above for dealing with the general circulation,

and it is believed that eventually both large and medium scales of motion

will be dealt with in a single treatment -- but we are not there yet.

In any case, it is clear that one of the goals of the general circulation

modeling effort described in the previous section is to incorporate as

many of these smaller features of the atmosphere as possible; and it is

also clear that these features are often so complex that the snyoptic

analysis approach, in which we study the real atmosphere, will be needed

for some time to come.



163

Jet Streams

Houghton is undertaking a dynamical study of jet streams in order

to understand their nature and behavior. His present efforts are directed

toward possible non-linear effects in the development of jet streams.

His first study is based on a spectral model for an inviscid, barotropic,

and hydrostatic fluid with divergence. Material surfaces are used as

the coordinate system to delineate north-south variations and the stand-

ard Eulerian representation for the east-west direction. For initial

conditions with a finite north-south displacement in the jet axis, the

solution can be expressed reasonably with only a mean and one harmonic

for each of the dependent variables (two velocity components and the

height of the layer). Therefore, the analysis of jet streams could be

simplified with the use of this semi-Langrangian coordinate system.

His second study concerns the direct numerical integration of the

equations for the model just described. Eulerian coordinates are used in

this study and the relevant equations are solved using the two-step Lax-

Wendroff finite-difference method with initial conditions for a jet flow

comparable to those used in the spectral model. Both geostrophic flow

and a balanced flow with quasi-geostrophic divergence are used as the

initial conditions. In both cases the results showed the development of

two separate jets starting from a single jet flow.

In the synoptic analysis tradition, and working with real data,

inertial oscillations or waves associated with wind speed variations

along the jet stream have been studied by Newton. The periods of these

oscillations, in the core of the jet stream at the level of maximum wind,

averaged very close to a full pendulum day. This provides a framework
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to study the dimensions of wind-speed maxima, which differ with latitude

and with the wind speed. It is planned to study these oscillations fur-

ther with respect to their relation to long and short waves in the

westerlies.

Yukio Omoto (a visitor from Japan) and Newton have studied the rela-

tionship of large-scale meanders in the jet stream to the meanders ex-

pressed by the contours on isobaric charts or on isentropic charts. In

moving wave patterns, the amplitudes of meanders in the jet-stream axis

considerably exceed the contour amplitude, and it is shown that this is

consistent with energy requirements.

fronts

The concept of fronts was introduced into meteorological literature

and practice in the 1920s by J. Bjerknes and others. The theoretical

studies on frontal motions have so far been concerned with either the

kinematical properties of the fronts or the stability characteristics of

frontal motions within the framework of linear (perturbation) theory.

As far as the dynamical properties of frontal motions are concerned,

not so much work has been done in the past. One of the difficulties in

treating frontal motions in the atmosphere lies in the fact that the

thickness of fronts is rather small compared with the distance between

synoptic observation stations, and the magnitudes of meteorological vari-

ables vary abruptly from one region to the other across the fronts.

Kasahara is continuing his numerical study of frontal motions based

on a two-layer model of an incompressible fluid on a rotating earth. The

motion of the front which separates the cold air from the warm air is
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calculated using a fixed Eulerian coordinate system. Successful computa-

tions were carried out to examine the case which simulates the formation

of frontal cyclones. It was shown that the occlusion process, character-

istic for warm and cold fronts, develops from an initially sinusoidal

frontal pattern under the action of the coriolis and gravitational forces.

Air-Mass Modification

Tomio Asai (a visitor from the Meteorological Research Institute of

the Japan Meteorological Agency) is working on the study of air-mass modi-

fication in conjunction with the general circulation experiment at NCAR.

It is well known that the character of an air mass is modified while the

air mass is in contact with the earth's surface. Since G. I. Taylor

(1915) applied a heat conduction theory to the study of an air-mass trans-

formation, the subject has been studied by many others. However, most

of the authors were concerned only about the supply of sensible heat from

the earth's ground (or ocean) surface to the atmosphere by the action of

turbulence in the planetary boundary layer. Recent quantitative estimates

show that the amount of heat supplied from an ocean surface to the atmos-

phere reaches as much as 1000 langleys (gram-calories/cm2 ) per day in some

weather situations. It is difficult to explain this much heat supply

based only on the classical heat conduction theory. Asai has been de-

voting his effort to re-examination of the theory of air-mass modifica-

tion by taking into account the phase change of water vapor, and the heat

exchange between cumulus clouds and their environment. Some numerical

experiments were made to test the model. In the future, meteorological

satellite and aircraft aerial photographs will be planned for use in this

study.
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HYDRODYNAMIC (AND HYDROMAGNETIC) PROBLEMS

The universe is filled with gases and liquids they obey the laws of

hydrodynamics or (when ionized and flowing in a magnetic field) hydro-

magnetics. These laws are now well known, but their application to

problems involving motions of real fluids or gases is often extremely

difficult. Advances in this field are being made by the use of a com-

bined theory-and-experiment method, in which predictions are compared

with observations.

Convection

A good example of this combined theoretical-experimental approach

is the LAS study of the phenomenon of convection. Deardorff has develop-

ed a pseudo three-dimensional numerical model of convection which yields

turbulent properties in good agreement with observed turbulence within

his laboratory convection chamber. The governing equations are speci-

fied on a two-dimensional grid in a vertical plane in order to conserve

computer storage space, and the unspecified third-dimension terms in

the equations are simulated in order that realistic turbulence may de-

velop. In a combined numerical-laboratory convection study Deardorff

has shown that two-dimensional convection of air at moderate Rayleigh

numbers is not turbulent, whereas three-dimensional convection is.

Another approach to the mathematical modeling of convection has

been taken by Washington, who has formulated a finite-difference scheme

for integrating the Navier-Stokes and heat conduction equations to study

thermal convections of either two or three dimensions. A choice was made

to solve the set of relevant equations in the primitive rather than the
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vorticity form in view of computing economy. Successful experiments have

now been completed on the CDC 3600 for two-dimensional convection, and

the results are being compared with those obtained by Deardorff's model.

An extension of either Deardorff's or Washington's work to the true

three-dimensional case awaits a larger and much faster computer.

Lilly is embarking on a long-term study of the interaction between

cloud convection and larger-scale phenomena. This will involve analysis

of existing data and probably new sources, such as satellite observations,

as well as probable extensive numerical calculations. The first phase,

now commencing, is an extension of earlier studies by Riehl, Malkus and

others on the interactions between cloud populations and the quasi-steady-

state regions of the tropics (Northeast and Southeast Trades).

Coalescence of Particles

Additional examples of the combined theoretical-experimental approach

are the attack of Hidy on the coalescence of various kinds of particles

under both molecular and turbulent influences, and the work of Sartor

and Rosinski. These efforts have already been described briefly under

the subjects of Aerosols and of Cloud Physics, although they could be

considered also in the present category.

Boundary Layers

A classical and fundamental problem in theoretical fluid mechanics

has been attacked by Benton. This concerns the boundary layer on a

rotating sphere. The steady-state solution is the subject of some con-

troversy in the literature. Benton's approach is different from others

in that he formulates the problem as an impulsively started initial-
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value problem. In this way the serious disadvantages inherent in the

classical boundary-layer approximation were avoided. The solution ob-

tained analytically has the interesting and important property of

similarity in time for small angles of rotation.

In view of the success in treating the sphere problem as an impul-

sively started initial-value problem, Benton has formulated the well-

known von Karman rotating-disk problem also as an implusively started

initial-value problem and has solved it by a method of successive approxi-

mations. At each stage in time the present solution is compared with

the exact steady-state solution so that the rate of convergence can be

examined. The essential conclusions are twofold: first, the expansion

technique is a convergent one, and second, the rate of convergence is

sufficiently rapid that one can essentially obtain the steady-state

solution by calculating only two or three terms in the expansion series

of non-steady solution. Thus, at least for the problem treated, the

impulsively started initial-value approach provides an alternative and,

in several respects, superior means of studying boundary-layer problems.

In the past calendar year Benton has also taught two courses at

the University of Colorado, one on Viscous Flow Theory (under the Aero-

space Engineering Department) and one on Atmospheric Dynamics (under the

Astro-Geophysics Department).

In the area of shear boundary layers, Lilly has obtained numerical

solutions for the instability in Ekman flow found earlier experimentally

by Faller, Gregory and Walker. Although the solutions pertain formally

to the laminar flow case, they are believed to have important applications

to the turbulent atmospheric and oceanic planetary boundary layers. A



169

significant result is the discovery of an apparently new type of insta-

bility, associated with viscous shear flow in the presence of a rotation

vector with the direction of the flow gradient. An approximate analytic

solution for this instability is being investigated further for the case

of coexisting thermal gradients.

The study of the mechanisms for transfer of heat, water vapor, and

momentum across the air-water boundary has been approached experimentally

and theoretically by Hidy. The systematic investigation of the growth of

air-water boundary layers in a channel has been in progress using a wind-

water tunnel at Colorado State University. The first part of this program

has placed emphasis on the study of mechanical energy transfer from the

air to standing water, and its relation to wave generation. Measurements

of mean air velocities (0 to 16 meters/sec), mean drift velocities of the

water surface, amplitudes of waves, wave velocities, and lengths have

been taken for various water depths in the standing water case. The

mean air flow and its relation to drift in the water and to the frequency

spectra of the waves is being studied. Calculations have been undertaken

to see if the observed growth of waves can be predicted by a theoretical

model for energy transfer from the air flow to the water. Results sug-

gest that it may be possible to relate the channel flow data for very

short fetches to ocean wave behavior.

Atmospheric Oscillations and Vertically Propagating Waves

The problem of wave progagation in a compressible fluid, subject to

both gravitational and hydromagnetic forces, is being studied by Jones.

His work may be divided into three major areas: 1) an explanation of
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the 240- to 300-sec oscillations observed in the low solar chromosphere;

2) a study of dissipative mechanisms, such as viscosity, thermal con-

ductivity, relaxation processes, and especially radiation damping; and

3) an attempt to obtain approximate equations for hydromagnetic waves

under the influence of gravity.

Theoretical approaches to the solar oscillation problem may be divided

into investigations of transient response (as done by Schmidt of HAO)

or steady-state responses to particular disturbances and eigenvalue in-

vestigations of free modes of atmospheric oscillations. Jones has

taken the latter approach. The eigensolutions depend on boundary condi-

tions -- those he has taken are an infinitely deep convective zone and

an abrupt chromospheric-coronal density discontinuity approximating a

free surface. One of the sets of eigensolutions consists of waves with

no velocity divergence, which are essentially similar to deep-water waves.

The theoretical characteristics of such waves are applied to explain the

240- to 300-sec oscillations observed in the low solar chromosphere.

In an ionized atmosphere, waves of sufficiently high frequency and

short vertical wavelength can be approximated by waves in a homogeneous,

compressible fluid. The three modes of hydromagnetic waves for those

cases have been worked out by others. However, both solar and ionospheric

phenomena occur at low frequencies and large vertical scales, where the

homogeneous theory fails. Jones is trying to develop an approximate

theory dealing with the latter case and including the effects of gravity

and density stratification.

We might note that Jones is also preparing the first two chapters

of a monograph on oceanic and atmospheric tides for the American
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Meteorological Society. This monograph is to be written at the level

of high school students. If the first two chapters are acceptable, Jones

will continue with the remainder during the coming year.

A combined laboratory and theoretical study of a different kind of

hydromagnetic wave than that treated by Jones has been undertaken by Naka-

gawa. When a wave propagates into the upper atmosphere, in the absence

of strong damping, it becomes a wave of finite amplitude and eventually

a shock wave as the density decreases with height. Nakagawa, with

Anderson, is studying this problem in the laboratory, utilizing an elec-

tromagnetic shock tube. One of their experiments is designed to study

the structure of a self-ionizing shock wave in rarefied gases. Such

experiments, together with a systematic theoretical interpretation of

the experimental results, which is being organized by Wu with Nakagawa,

will provide the basic information needed to understand the shock waves

propagating in the stallar and upper atmospheres.

Nakagawa and his colleagues are also preparing to study the behavior

of such shock waves as they interact with a magnetic field. This is a

situation similar to that existing in the outer magnetosphere of the

earth when the solar wind impinges upon the earth's magnetic field.

They are cooperating closely with House and others of HAO in the theoreti-

cal interpretation of the results, as well as in the use of various

laboratory equipment.

Circulations in the Solar Atmosphere

Durney, with Nakagawa, has studied the general circulation of the

solar atmosphere in relation to the phenomenon known as the differential
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rotation of the sun. Their study so far leads to the conclusion that if

one accepts the hydromagnetic model postulated by Kippenhahn and others,

no net magnetic field should result from the differential rotation.

Thus "baroclinic" (convective) motions are needed to produce strong

magnetic fields or sunspots. This conclusion favors the similar con-

clusion obtained by V. Bumda and R. Howard, also by R. Leighton, from

their analysis of the solar magnetic field; however, it contradicts

the theory developed by F. Hoyle, I. W. Roxburgh and D. Menzel, who

showed that the general magnetic field of a rotating star is the result

of its differential rotation. This line of research resembles that of

the general circulation of the earth's atmosphere, as the study must

deal with a non-linear system, and it requires successive development

of more refined models to achieve enough realism to explain- the observed

phenomena.
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