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FOREWORD

The following pages contain brief technical summaries of the

principal programs of research and facilities development in progress

at NCAR. The following sections summarize the individual programs in

each of NCAR's three divisions. They are intended primarily for inter-

nal use, for planning and for coordination. We are aware, however,

that they can serve a wider information mission, and are pleased to

provide them on request to scientists outside NCAR who may wish to know

about the current state of work in progress here.

One of NCAR's main objectives is to conduct basic research in areas

where a detailed understanding of atmospheric processes demands the in-

tegration of research in a wide variety of disciplines. This report

collects some of the elements of such broad studies. Though it does

not concern itself with their synthesis into an integrated attack on the

larger problem, we are keenly aware that such syntheses must be achieved

with the help of the whole atmospheric science community.

We have made no effort here to describe our visiting scientist

program, the UCAR fellowship program, or other cooperative programs in

progress or projected. Nevertheless, we attach high importance to de-

veloping a mature program of service to universities and other private

and public atmospheric science groups, and are already engaged in coopera-

tive programs between scientists at NCAR and other institutions. NCAR

was created to focus leadership and to provide service to the whole

national effort in the atmospheric sciences° Our success must ultimately
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be judged not solely by the quality of our research, but also by the way

in which our over-all activity augments, envigorates, and broadens the

whole science.

Needless to say, we welcome expressions of interest from our col-

leagues if there are areas of work in which they might wish to join

efforts with us. Similarly, we welcome criticism if there are points

at which our work appears to need strengthening.

Walter Orr Roberts

15 March 1963
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LABORATORY OF ATMOSPHERIC
SCIENCES

Scientific Report for 1962

INTRODUCTION

Although the National Center for Atmospheric Research has of-

ficially been in existence since the summer of 1960, the nucleus

of the scientific staff of the Laboratory of Atmospheric Sciences

was not assembled until early in the summer of 1961. In the inter-

vening year and a half, the Laboratory's scientific activities

have grown to include fourteen independent programs, each loosely

organized around the work and interests of a single individual.

The reports that follow this introduction are intended to give a

general view of each of these programs.

Since NCAR is a potentially large institution with a broad range

of interests in the atmospheric sciences, its policy has not been to

lay out a pre-determined scientific program, organized around a rigid

divisional structure of projects and sub-projects, or to maintain a

balanced effort across all fronts. Rather, NCAR's policy has simply

been to select and bring in productive or potentially productive and

original scientists, preferably with interests in more than one

branch of atmospheric science, and to let their own interests and en-

thusiasm provide the impetus to their work. It is not very surprising,

therefore, to find that the research program of the Laboratory of
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Atmospheric Sciences is out of balance. This is particularly notice-

able, for example, when one compares the relatively strong effort now

being given to atmospheric chemistry and physical meteorology with the

weaker effort being given to dynamical meteorology and geophysical

fluid dynamics. As indicated earlier, however, this is no cause for

immediate alarm, simply because the Laboratory of Atmospheric Sciences

has reached only about forty per cent of its full strength. In the

next year or two, such imbalances will be adjusted through greater

selectivity as regards subject interest. Moreover, since a large part

of the scientific staff is and will be made up of visitors from U. S.

universities and abroad, it will be possible to focus interest and

effort on fields in which NCAR's permanent staff is now deficient.

At the present time, the various components of the Laboratory's

scientific program fall under four major headings: (1) Physical and

chemical processes in the atmosphere, corresponding to what is generally

called "physical meteorology"; (2) Dynamical meteorology and geophy-

sical fluid dynamics; (3) The study of interactions between the atmosphere

and the underlying land or sea surface; and (4) Solar effects on the

earth's atmosphere.

The first of these loosely defined categories includes work in

radiation physics, cloud physics, some related studies in the physics

of ice and liquid water, and various aspects of atmospheric chemistry.

The program in radiation physics is centered around the work of

Dr. Jitendra V. Dave, formerly at the Imperial College of Science and

Technology in London, and Dr. Hans U. DUtsch, formerly at the observatory
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in Arosa, Switzerland. Dave's program is concerned with the design of

a high resolution ultra-violet spectrophotometer, to be used for the

measurement of radiation at various altitudes and at various angles from

the zenith, and with theoretical calculation of absorption and scattering

by various gaseous and particulate constituents of the atmosphere. Dltsch's

program, which is closely related to Dave's and which differs primarily

in emphasis, is concerned with indirect measurement of ozone concentration

by the umkehr method and with direct measurement by chemical methods.

In the general field of cloud physics, Dr. Patrick Squires (formerly

of CSIRO in Australia) has undertaken a considerable effort aimed at

determining the number and size spectrum of condensation nuclei. Squires's

group is also studying the dynamics of convective clouds and is engaged

in the design of a dropsonde especially suited to measuring conditions

in the interior of clouds. Working independently but in parallel with

Squires, Mr. J. Doyne Sartor, visiting from the RAND Corporation, is

studying the effect of electric fields on droplet coalescence and the

effect of local electric fields produced by collision.

Closely related to the program of research in cloud physics are

the studies of Dr. Guy G. Goyer on the effect of shock waves in mix-

tures of gas, liquid water and ice, and the work of Dr. Charles A.

Knight, who is studying the crystallographic structure and changes of

structure in ice.

At present, three out of the fourteen programs under way in LAS, and

a rather larger proportion of the total effort, lie in the field of at-

mospheric chemistry. Dr. James P. Lodge, Jr. has built up a growing program

-5-



of sampling and microanalysis of the chemical and particulate constituents

of the atmosphere and has begun a series of experiments designed to con-

firm or refute the reality of the Piccardi effect. In the field of isotope

chemistry, Dr. Edward A. Martell's group is designing a high altitude

rocket sampling system and has completed special laboratory facilities

for studying nuclear chemical reactions. Finally, an independent group

working with Mr. Jan Rosinski is studying the generation, transport,

coalescence and deposition of small particles in the atmosphere.

Under the general heading of dynamical meteorology, Dr. Aksel C.

Wiin-Nielsen has undertaken several theoretical studies of the dynamics

of very large scale atmospheric motions and is designing numerical ex-

periments with mathematical models of the general circulation. This

work is closely related to that of Dr. Philip D. Thompson, who has de-

vised a very simple parameterized model of the general circulation.

Dynamical studies closely connected with Squires' work in cloud physics

have been undertaken by Dr. Douglas K. Lilly, visiting from the U. S.

Weather Bureau, who is carrying out experimental and theoretical studies

of intense vortices.

In the third major category, Dr. James W. Deardorff is designing

laboratory experiments for measuring convective heat transfer and

other relevant statistical characteristics of turbulent convection.

As an adjunct to these studies, Deardorff has also carried out numerical

integrations of the Navier-Stokes equations for large Rayleigh number.

In conjunction with the latter, Thompson has also carried out theoretical

studies of turbulent thermal convection and turbulent shear flows. More
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immediately and directly connected with question of air-sea interactions

is the work of Dr. George M. Hidy, who is carrying out experimental

studies of the effect of a moving interface.

Most of NCAR's program of research in the fourth and last category,

concerning solar effects on the earth's atmosphere, is concentrated in

the High Altitude Observatory. Nevertheless, since it is highly desirable

that the research programs of the two scientific divisions of NCAR

should overlap, the Laboratory of Atmospheric Sciences has begun a

modest effort in ionospheric physics and solar plasma physics. The

latter has been undertaken by Dr. Friedrich Meyer, a visitor from the

Max Planck Institute for Physics in West Germany, working in cooperation

with Dr. Andrew Skumanich of the High Altitude Observatory.

This completes a general description of the scientific program

of the Laboratory of Atmospheric Sciences. The various components

of this program are described in greater detail in the reports that

follow.

Philip D. Thompson

15 March 1963
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ATMOSPHERIC OPTICS AND RADIATION

Jitendra V. Dave

Dr. Jitendra V. Dave joined NCAR on 1 February 1962. However, he

continued his stay at the Imperial College of Science and Technology,

London, England, until October 1962 because of visa problems and also

in order to complete the work which he had started there earlier.

The work of this program has been done in cooperation with Prof. Z.

Sekera (of UCLA ) from the very beginning,and he has been directing the

research work as a visiting consultant.

Other persons on the program are: Mr. Irving H. Blifford, Research

Engineer, who joined the program in February 1963; Mr. Paul Furukawa,

Physical Meteorologist, who joined the program in December 1962; and

Mrs. Marcia H. Weinberg, Research Assistant, who joined the program in

November 1962.

PAST WORK

During his stay in England, Dave completed the analysis of sky

emission measurements taken with a high resolution infrared spectro-
-i

meter in the spectral region 900 - 1200 cm . The results of analysis

showed very clearly (a) a significant contribution by atmospheric aero-

sol to the emission by water vapor continuum in this region and (b)

errors in the vertical distribution of ozone as inferred from emission

measurements in 9.6 region because of continuum variations and uncert-

ainty in the ozone transmission function. The results have been pub-

lished as a Technical Report entitled "The Vertical Distribution of
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Atmospheric Ozone Methods of Infrared Spectrography and Related Problems

of the Atmospheric Continuum" by J. V. Dave, P. A. Sheppard and C. D.

Walshaw. A paper entitled "Ozone distribution and the continuum from

-I
observations in the region of the 1043 cm band" has been submitted by

the same authors to the editors of the Quarterly Journal of the Royal

Meteorological Society.

Work is practically completed on the optical design of a new U. V.

spectrophotometer to be used for the measurements of the intensity of

downward scattered radiation in the spectral region below 3200A.

This instrument has a variable slit-width of 2-10A and will be used

for scanning the radiation from any part of the sky as a function of

wave length. These measurements will be analyzed to obtain vertical

distribution of ozone above the site of observation. Dr. W. T. Welford

(of the Technical Optics Division, Imperial College) is assisting us

on the design problems in the capacity of a consultant.

Theoretical and computational work was started on the following

problems:

1) Evaluation of secondary and tertiary scattered radiation and

ground reflection corrections to the observed umkehr measurements.

2) The physics of the iterative process used by Prof. S. Chandrasekhar

in deriving the solution of the equation of radiative transfer in the

case of a plane - parallel, non-absorbing, homogeneous atmosphere.

3) Development of a general IBM program which can be used to obtain

the intensity and other parameters of the scattered light at any level

in the atmosphere in any wave length, ground or cloud reflection,

direction of the incident radiation.
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PRESENT WORK

A critical examination of the proposed grating - mirror double

monochromator type U. S. spectrophotometer, described in section on

past work, has been undertaken from several directions. Advantages

and disadvantages of several other methods which could be used for

these types of measurements are also being considered.

Work on the problems mentioned in paragraph 3 of past work is

being continued. In addition, work has been also started on the

evaluation of primary and secondary scattered radiation in the case

of a non-homogeneous, absorbing, sperical atmosphere.

The possibility of using the visible channel (0.55 to 0.75)

radiation measurements of TIROS series satellites for studying the

reflectivity of the ground, ocean and clouds as a function of the

direction of the sun and of the direction of observation, is being

looked into.
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ATMOSPHERIC OZONE AND GENERAL CIRCULATION IN THE
STRATOSPHERE AND MESOSPHERE

Hans U. Dutsch

Dr. Hans U. Dutsch joined the NCAR staff as a program scientist on

October 15, 1962. However, due to visa regulations he did not arrive

in Boulder until November 1.

His program is a continuation of work done in Switzerland, and of

work done during a one-year visit to the High Altitude Observatory in

1959-1960.

PAST WORK

From 1956 through 1959, and again since March 1961, a program of

routine observations of the vertical ozone distribution by means of the

umkehr effect was undertaken in Arosa, Switzerland. The results have

shown that above 20 mb the seasonal variation of ozone is governed main-

ly by photochemical processes, while below about 30 mb the influence

of the redistribution of ozone by the general circulation is predominant.

Two types of shorter time variation of ozone were found, one apparent-

ly related to tropospheric events, while the other was connected with dis-

turbances of stratospheric origin. The results were mainly discussed

in two technical reports and two papers now in press.

--Evaluation of the umkehr effect by means of a digital electronic

computer, Scientific Report No. 1, A. F. 61(514)-905, Zurich, 1957.
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-- Vertical ozone distribution over Arosa. Ozone and general cir-

culation in the stratosphere, Final Report A. F. 61(514)-905, Zurich, 1959.

--Mittelwerbe und wetterhafte schwankungen des atmospharischen ozon-

genalts an verschiedenen h8hen iber Arosa, Archiv Met. Geoph. Biokl.

--Ozone distribution and stratospheric temperature field over Europe

during the sudden stratospheric warming in January-February 1958. Beitr'ge

zur Physik der Atmosphere.

In addition a certain variation, extending over several years, of

ozone content in the layers above 10 mb, eventually connected with the

solar cycle, has been indicated by the observations at Arosa. (Ozone and

temperature in the stratosphere, Symposium on Stratospheric and Mesospheric

Circulation, Berlin, 1962.)

As part of the observational program at Arosa, three intercomparisons

between different methods for measuring vertical ozone distribution have

been carried out at Arosa in the summers of 1958 and 1961, and in the

spring of 1962.

Publications: Jointly with A.W. Brewer, J.R. Milford, M. Migeotte,

H.K. Paetzold, F. Piscalar and E. Vigroux: 1) Distribution verticale de

l'ozone atmospherique. Comparison de diverses methodes, Annales de

Geophysique, Tome 16, 1960; and 2) Vergleich verschiedener methoden zur

bestimmung der vertikalen ozonverteilung. Verhandlungen dex Schweiz.

Naturforschenden Ges. Schuls, 1962

PRESENT WORK

The umkehr observations at Arosa, Switzerland are to be carried on
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until the end of this fiscal year under a grant from the Office of

Aerospace Research. An improved evaluation technique for obtaining

the vertical ozone distribution from these observations is being

developed,because last spring's intercomparison has shown that the

present technique, though it gives fairly good agreement in the mean

with the results of direct methods, does not show the pronounced secondary

ozone maximum in the lowest stratosphere often occurring in spring.

Also for application in this evaluation of vertical ozone distribution,

we are trying to improve and re-run a program on secondary scattering

influences on umkehr observations, especially with the aim of under-

standing the second umkehr observed at negative sun heights.

The results will also be used in conjunction with work to be

done on a WMO grant to IAMAP for processing all presently available

umkehr observations with the same evaluation technique aimed at making

results strictly comparable.

It is shortly planned to start computations on the photochemistry

of ozone and atomic oxygen in the mesosphere and on the influences of

air motions on the photochemically produced distributions of these

quantities. This is in conjunction with the explanation of a set of

20 all-night observations of total ozone taken at Arosa during last

winter.
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CLOUD NUCLEI AND THUNDERSTORMS

Patrick Squires

Dr. Patrick Squires arrived at NCAR to set up this program in

April 1962. Since that time the following staff members have joined

the program: William D. Booton in August 1962; Dr. Robert H. Bushnell

in September 1962; Marion E. Emmanuel in July 1962; Vincent Glover in

July 1962; Stephen W. Kovacs in December 1962; and Kanwal J. Parbhakar

in November 1962 (Mr. Parbhakar had previously been a member of the

atmospheric chemistry program under Dr. James Lodge).

PRESENT WORK

Work is going on in three areas: the relation between the spectrum

of condensation nuclei and cloud microstructure; a steady-state theory

of thunderstorm updrafts, based on empirical plume theory; dropsonde

program for measurements in thunderstorms and hailstormsi, The first

two items are a continuation of previous work, and the third arose

directly out of the second when it became clear that the extant ob-

servations of thunderstorms and hailstorms were grossly inadequate to

match even a simple theoretical development.

Taking these in turn:

The present work is a continuation of the development of equip-

ment to give reliable measurements of the spectrum of critical super-

saturations of condensation nuclei, which are effective in cloud for-

mation -- that is, which are activated by supersaturations of up to

1% or so. A small :supersaturation is generated between two surfaces

at slightly different temperatures. The aim is to measure the con-
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centration of particles which grow in an unstable fashion at that par-

ticular supersaturation. A dood deal of earlier work was aimed at

directly photographing the particles while still falling slowly through

the air, but it is now clear that this is impracticable because of the

varying growth times of nucei, and the work is being concentrated on

a device in which the particles are allowed to fall out of the super-

saturated region and are then counted. One of the chief problems here

is sampling accuracy.

Work on thunderstorm theory is being carried out jointly with

J. S. Turner, presently at Woods Hole. A paper describing a simple

entraining steady-state updraft has recently appeared in Tellus.

Present work is aimed at improving, in a simple manner, the profile

resulting from lateral turbulent transfers, so that the model is no

longer homogeneous horizontally; there is much evidence that a good

deal of the vertical motion in thunderstorms is concentrated in nar-

row and relatively laminar, adiabatic updrafts embedded in a turbulent

environment, and an attempt is being made to model this as two coaxial

plumes.

The idea of using a dropsonde in cumulo-nimbi has been considered

by several people, but (except perhaps in Russia) never attempted. The

attractive features of this notion, compared using aircraft are:

1) Operational safety.

2) Although it seems clear that an aircraft would be the most

convenient way to introduce the dropsondes into a cumulo-nimbus, this

aircraft does not need very much in the way of special instrumentation,

so that the aircraft commitment is greatly reduced.
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3) Lower speed.

4) Several sondes dropped in rapid succession will give a two-

dimensional pattern of observations. This can be achieved only by the

use of several aircraft.

The dropsonde program is in the early planning stage. It is already

clear, however, that a central problem is that of tracking. This is

more complex when several sondes are used simultaneously, but although

this increases the cost, it also increases the power of the method, by

at least an order of magnitude.

At present, effort is being concentrated on the basic problems of

releasing the sondes, controlling their falling speeds (within rather

crude limits), locating them in height (by a pressure measurement) and

in the horizontal (by electromagnetic tracking). With the addition of

a measurement of relative air speed (by a pressure measurement), the

vertical air velocity could be found; the next aim will be to measure

liquid (or liquid plus solid) water content.

We are now receiving proposals from manufacturers on engineering

service and delivery of test dropsondes and the associated ground

stations. We will evaluate these, choose one company and sign a

contract to proceed. This contract will call for delivery of a test

model dropsonde before 30 June 1963 along with some parts of one ground

station. We will determine whether or not a transponder is needed in

the sondes.

Our laboratory is being equipped for study of portions of the

dropsonde circuits and to test the system to be delivered by the
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contractor. We expect to use a small wind tunnel to test the heating

method which will be used to keep ice and water out of the pressure

sensors.
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INTERACTION OF ELECTRIFICATION IN CLOUDS
WITH PRECIPITATION GROWTH

J. Doyne Sartor
(Visitor from The RAND Corporation)

The program started in August, 1962, with the outfitting of a

laboratory with generally useful small electronic equipment, tools and

standard laboratory furnishings. The laboratory is now ready for the

experimental laboratory program. In October Mr. Jack Tefft joined the

group. In November Mr. Alan Miller arrived and helped to start some

small coalescence experiments. Under NCAR sponsorship Dr. Uri Shafrir

of UCLA visited Boulder and the University of Illinois to further

theoretical studies on the hydrodynamic interaction between cloud drops.

PAST WORK, RESULTS AND CONCLUSIONS: GENERAL STATEMENT OF THE PROBLEM

Stated in general terms, this research program is designed to

determine the role of particle interaction in the electrification of

clouds, and the effect of electrification on the growth of droplets

by collision. Past work has indicated that the coalescence and col-

lision of cloud drops exhibits a dependence on a superimposed electric

field. Previous work also indicates that the induction charging of

colliding cloud particles in an electric field enhances that field and

that this process could explain much of the observed charge distri-

bution in electrified clouds. Other research organizations, in

particular the University of Illinois, the Illinois State Water Survey,

UCLA, and Arthur D. Little, Inc., have instigated further studies, and

we plan to work closely with them.
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A long-term goal in the investigation of the reported correla-

tion between world-wide thunderstorm activity and major solar flare

disturbances. It is possible that this correspondence is brought

about by the role the electric field of the atmosphere plays in

particle accretion and the induction charging activity in clouds

when influenced by solar flare activity.

It is planned to attack these problems on three fronts at the

same time. Thus there will be a coordinated laboratory program, a

field program and a theoretical program.

PRESENT WORK AND IMMEDIATE PLANS

Theoretical Program

The theoretical program will be a continuation and extension of

the theoretical work that was begun at RAND. It is being actively

pursued with the assistance of a programmer at RAND. This work con-

sists mainly of the computations of the droplet collision efficiencies

as influenced by both the hydrodynamic and electrostatic forces arising

from the presence of electric fields in clouds. With the arrival of

Dr. M. H. Davis from RAND during the month of May, 1963, it is planned

to incorporate forces due to charges on the droplets and to put these

forces together in a more efficiently operating program. It is planned

to transfer this part of the effort to NCAR when local programming

support becomes available,

A second and major portion of the theoretical program will be the

investigation of the effect of solar flare disturbances on the earth's
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electric field at lower altitudes between 20 and 1 km, and to compare

these with the observed relationships between solar flare activity and

world-wide thunderstorm activity. This will eventually tie in with a

portion of the field program.

The theoretical calculations of the growth of the electric field

will be compared with the field data obtained in the field portion of

the program. Finally, it is anticipated that the results of the drop

coalescence studies, to be described in the laboratory program, will be

fitted into the theoretical studies of particle accretion.

Laboratory Program

Some of the results which have already been obtained in the

laboratory have provided us with considerable incentive for further

investigation of radio signal from cloud drops. We have studied the

electromagnetic signals from colliding mercury drops and have confirmed

a previous study which was done some 12 years ago, to the effect that

charged mercury drops on colliding with a probe emit microwave signals

in the cm to mm region in wave lengths which are a function of the

diameter of the drops. Recent studies at Bell Labs have found anoma-

lous noise in the cm region when looking at clouds containing rain.

These signals are one or more orders of magnitude larger than the back-

ground thermal noise or thermal noise from the maximum expected atmos-

pheric water content. The possibility that these signals may also be

the result of electrical interaction between cloud and precipitation

particles has set us working close to full time on this problem at

present. With 3 cm and 1 cm and eventually millimeter wave length
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equipment, it is planned to look at the electromagnetic disturbance

created when charged drops collide or when uncharged drops collide in

an electrostatic field. In this way the electromagnetic signals may

tell us something about drop size and electric activity in a cloud

without entering it. The laboratory experiments involving drop coales-

cence and rebound have begun and, although no quantitative results have

been obtained, the problems are much better understood. We will eventu-

ally introduce a controlled humidity environment for the experiments,

a means of shielding the entire experiment from external fields, a

small vertical wind tunnel and a mechanism for suspending the drops

in controlled jets of air, while taking high-speed motion pictures of

the subsequent interactions.

Field Program

We have started planning the field program with a study of warm-

cloud electrification together with Dr. Bernard Vonnegut and Charles

B. Moore at Key West this summer.
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THE EFFECT OF SHOCK WAVES ON METEOROLOGICAL
PARTICULATES AND THE ROLE OF LASER METEOROLOGY

Guy G. Goyer

Dr. Goyer joined NCAR on 4 September 1962; shortly after, in

October, Mrs. Sonia Gitlin joined the group as secretary. Finally,

Mr. Robert Watson, from the National Bureau of Standards, has been

hired as a research assistant and will join the group in March, 1963.

The work of the group since its formation consisted solely of

literature surveys and of theoretical studies in two main areas of

interest. No experimental work is foreseen until the laboratory

assigned to the group is completed by the beginning of February.

EFFECT OF SHOCK WAVES ON METEOROLOGICAL PARTICULATES

Through the ages reports have been published on meteorological

observations attributed to shock waves or sonic waves transmitted

through air. In the Middle Ages the ringing of church bells was often

called upon to reduce the damage due to heavy storms. During the

First and Second World Wars several reports indicated the occurrence

of heavy rains immediately after ferocious artillery battles. Today

explosive charges are used to generate shock waves in clouds in an effort

to reduce crop damage from hail, mostly in Italy, Austria and France.

In spite of the continuous recurrence of such reports in the literature,

no fundamental study of such effects has ever been performed. The few

results of exploratory research in this area published in the modern

literature need to be confirmed. The development of modern technology
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makes new tools and new methods available for such research. Shock-

tubes and explosive technology permits the generation of shock waves

of known strength and known duration applicable to the study, in the

laboratory, of their effect on meteorological particulates. The develop-

ment of the supersonic aircraft and its supersonic boom, makes possible

the sweeping of enormous volumes of clouds with shock waves and opens

up a new area in field investigations. If shock waves have an effect

on meteorological parameters, an obvious corollary to this study is the

study of the effect of lightning flashed on such particulates. Light-

ning flashes are natural generators of strong shock waves, and it should

be expected that their effect should be readily observable in field

observations. Indications of such effects have been reported in the

literature from time to time.

The effect of shock waves on meteorological particulates can be

divided in five groups:

1) Hail

Rockets carrying a one kilo charge of TNT are used on a wide

scale in Europe to reduce crop damage due to hail. The effect of shock

waves has been explained by Vittori by the triggering of cavitation in

the liquid phase of the hailstones. The strong shock waves generated

by the cavitation phenomena are claimed to soften or even to shatter

the hailstones. Goyer and Favreau established the threshold shock

strength to produce cavitation in synthetic hailstones, consisting of

ice cubes containing water pockets. Their proposed theory depends

heavily on the cubic shape of the exposed synthetic hailstones, and
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its confirmation is thus necessary for hailstones of shapes other than

cubic.

2) Supercooled droplets

The triggering of the freezing of supercooled water through

impact has been reported in the literature as early as 1912. Bulk

water was made to freeze instantly as a result of impact. Cavitation

was also proposed to explain that mechanism, which is, however, still

controversial. Exploratory results on supercooled water droplets,

published by Demon, are claimed to be "perfectly conclusive." Maurin

and Medard determined, through icing experiments, the threshold shock

wave strength to trigger the freezing of supercooled natural fog droplets.

These exploratory results have never been confirmed.

3) Ice crystals

Ice crystals may be expected to be shattered or splintered by

shock waves. If so, shock waves should be expected to increase the

concentration of freezing nuclei in a growing cumulus cloud. Such an

effect has never, to our knowledge, been investigated.

4) Raindrops

If cavitation is suspected of shattering hailstones, it should be

expected to have a similar effect on large raindrops. Microscopic air

bubbles are present in large raindrops, as in the liquid phase contained

in hailstones. Consequently, cavitation could also shatter large rain-

drops. If the triggering of precipitation depends to a large extent

on the concentration of large cloud drops, the breakup of large rain-

drops by shock waves should be expected to favor precipitation.
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5) Lightning discharges

Finally, lightning discharges are natural generators of shock

waves. To our knowledge, lightning discharges have never been looked

at from that standpoint, and consequently, their effect on meteorological

particulates never studied. Vittori is setting up a network to study

shock waves from lightning discharges. Such studies will be extremely

useful in determining the range of action of lightning strokes, once

laboratory studies have established the threshold strength value of

shock waves for the different effects expected.

It thus appears that a fundamental study of the effect of shock

waves on meteorological particulates is warranted at this time. The

development of the supersonic aircraft as a powerful new tool for

sweeping large volumes of clouds with shock waves opens up new possibi-

lities for field operations. If thresholds for the different effects

can be ascertained, supersonic aircraft or tailored explosive charges

can be used to sweep clouds with shock waves in a field program. Con-

sequently, a study of shock waves as a new source of energy applied to

meteorological particulates is proposed.

LASER METEOROLOGY

The detection of the effect of shock waves on atmospheric parti-

culates is, in our opinion, the major difficulty in this study. The

accuracy of radar meteorology is not yet sufficient to distinguish

between ice crystals or rain droplets and the detection of any phase

change is, as yet, impossible. Laser meteorology might be an answer
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to the detection problem.

In the past decade, laser technology has lead to the development

of new infrared radiation sources which open up a new wave length range

for the study of atmospheric particulates in clouds. Lasers are different

from previous light sources in their coherent beam of a very narrow

wave length spectrum, in their high intensity and in the new wave length

range in which they operate. Modern lasers now cover a wave length range

from about 0.5 microns way up to 8.0 . The scattering of these

radiations is still unexplored and may lead to new methods of exploring

the size spectrum of ice or liquid water particulates in clouds. How-

ever, several problems will have to be solved before a suitable technique

can be developed. Because of the high absorption of water vapor in the

infrared region, suitable windows will have to be found for wave lengths

of laser radiation. If suitable windows exist at these wave lengths

it is expected that, because of the high intensity of the laser beams,

and of the very narrow wave length spectrum, analysis of cloud droplet

size distribution may be possible. Moreover, discrimination between

solid and liquid phase particulates in clouds may be possible by the

difference in scattered intensity from each phase. Finally, the liquid

water content of clouds might be determined in regions of high absorp-

tion.

PAST WORK

Shock Waves

Pending the availability of the laboratory, the work has consisted
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solely in literature surveys in the two main areas. Theoretical calcu-

lations have been made to determine the strength of shock waves as a

function of distance in the case of the supersonic boom and in the case

of explosive charges.

Laser Meteorology

In this area the literature survey is under way to find out the

properties of infrared radiation at the higher wave lengths and the

transmission of such radiations through the atmosphere. Preliminary

calculations of light scattering parameters have also been done in the

new wave length range.

PRESENT WORK

Shock Waves

A shock tube has been designed and is being built. The new design

will permit the use of four types of shock wave generators interchange-

ably: small explosive charge, gas expansion, electric discharge or

exploding wire. The main tube is seven feet long and twelve inches in

diameter, and it is provided with sample and observation ports at every

foot. Properly insulated against sound and temperature, it is lined

with cooling coils to permit its operation down to a temperature of

o
about -10 C° Special care has been taken to minimize the generation

of secondary shock waves through reflection, in order to expose the

samples to a single well defined pressure pulse.

The shock tube is being instrumental for the measurement of

shock wave parameters.
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An impact machine has been designed and built for the generation

of weak shocks in ice cubes. The instrument will be calibrated and used

to determine the effect of weak shocks on the strength of ice chunks

of various shapes.

Laser Meteorology

The characteristics of laser beams available at the present

time are being studied together with the light scattering parameters

of atmospheric particulates in the hope of designing an instrument for

measuring the droplet size distribution and/or detecting the presence

of ice particulates in distant clouds.

Preliminary theoretical studies indicate the possibility of obtain-

ing such data,

a) by measuring the ratio of back-scattering intensities at

two neighboring wave lengths around 1.0 f for fogs and 32.i for clouds.

b) by measuring the ratio of the back-scattering intensity from a

radar beam at 3.2 cm to that from a laser beam at 1.0 in clouds.

The study is continuing and laboratory experiments are being

planned to establish the feasibility of such methods.

-28-



FREEZING PROCESSES

Charles A. Knight

Dr. Charles A. Knight joined the staff in April 1962. By mid-

summer, he had basic microscopic equipment and in late September, a

cold room was completed. Later, microscope equipment was borrowed to

start quantitative work on ice spherulites. Thus, by the end of the

year the laboratory was essentially complete.

PAST AND PRESENT WORK

The main aim is to study ice growth and crystal growth in general.

Although ice is the principal interest and focus, it is valuable to the

understanding of ice to know in what respects it behaves differently

from,and in what respects similarly to, other substances. From such

knowledge one gains insight into the reasons for ice's uniqueness.

The experiments will in general deal with other materials as well

as ice.

When the first shipment of microscope gear arrived, being without

a cold room, it was decided to attempt to extend some previous ice work

("Curved growth of ice on surfaces," J. AE. Phys. 33, 1808-1815) to

other substances. Curved, dendritic growth turns out to be a general

phenomenon, restricted only to materials which one can supercool

sufficiently. It soon became evident that this was the key to the

problem of spherulite formation, with which workers on the crystalliza-

tion of polymers have been concerned for many years. When the cold

room became operational, work was started on ice spherulites (frozen
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from 1 per cent gelatin solution), which proved to be exceptionally

amenable to quantitative investigation. Most work to date has been

on spherulites, with the following general terms.

A definition of a spherulite might be as follows: a spherical,

crystalline body grown from supercooled liquid, in which the crystal

orientation is largely spherically symmetric. (When grown in thin films,

as is most convenient, "spherical" becomes "circular" and "spherically"

becomes "radially." The thin discs are sometimes called cylindrites.)

Spherulites are not strictly either single crystals, polycrystalline, or

amorphous, but form a separate classification. They nucleate as single

crystals and the problem is to explain the growth process that spreads

out the orientation to the ultimate symmetry. This explanation must, by

the nature of the problem, consist of a mechanism to introduce systematic

imperfections into the crystal. At present, work is in progress to

check one possible mechanism.

In freezing supercooled liquids, the rate of crystal growth can be

plotted against amount of supercooling. In general, the growth rate is

zero at zero supercooling, rises to a maximum with increasing supercooling,

and then falls back to zero again (if the material is "supercoolable" to

this point). It is tentatively concluded that spherulites grown on the

low supercooling side of the maximum grow by means of curved dendritic

growth, having the dendrite axes disposed radially; spherulites grown on

the high supercooling side of the maximum grow with a smooth, rounded

freezing interface and show a different crystallographic direction radial;

and spherulites grown in the vicinity of the maximum may consist of

alternating shells of the two. Ice spherulites of this alternating type
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have been carefully studied and the mechanism of alternation has been

worked out. What remains is to generalize the results and to isolate

the mechanism of introduction of the imperfections. This problem

has been the chief concern of this program so far.

Along with this, Knight has started working on the initiation

of freezing in lake ice--seemingly a very simple problem. Lake ice usually

starts freezing in one of two distinct orientations. An "obvious"

explanation is that the orientation depends on the shape of snowflakes

that fall into the lake just as the water reaches 00C. Needles would

give rise to a c axis horizontal orientation, plates to c axis vertical.

Experiments seem to show this idea to be incorrect, and this leaves a

most perplexing problem, for which no reasonable solution has been

suggested. Knight has been unable to reproduce results of some

very simple freezing experiments which have been published, and has been

unable to reproduce results of some of his own experiments, indicating

that some delicate factor is significant but is not being taken into

account. This seems worthy of further work.

Publication: "Migration of liquid inclusions parallel to the c

axis in ice single crystals: an origin for some striations," a note

in Canadian Journal of Physics, 40, 1681-1682. Written at NCAR on work

done elsewhere.
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ATMOSPHERIC CHEMISTRY

James P. Lodge, Jr.

This group began its activities in August, 1961. Staff increase

has been rapid, having risen beyond the capacity of the laboratories

when NCAR was still housed in the Armory, and producing its first

publishable material very soon after the move to the present quarters.

The laboratory spaces were put into usable condition very early

in the occupancy of the 30th St. building. Some minor modification of

facilities continues--for example, the installation of the electron

microscope--but no future changes of existing spaces will be necessary

during the occupancy of the present quarters.

The staff now consists of Dr. James P. Lodge, Jr., who arrived in

August, 1961, and his assistants: Dr. William H. Fischer, August, 1962

and Dr. Farn Parungo, June, 1962. Also working on this program are

Blair E. Ammons, August, 1962; Humberto A. Bravo, October 1961; Evelyn R.

Frank, August 1961; Helen A. Huitt, September, 1961; Michael P. Neary,

April, 1962; John B. Pate, November, 1961; David C. Sheesley, November,

1962; and Glenda A. Swanson, January, 1963.

PAST WORK

Lodge brought with him two problems on which some work had been

done during his employment with the U. S. Public Health Service. The first

of these was the carbon dioxide analyzer, on which one paper had already

been published. A second model was built, incorporating changes suggested
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by previous work. A paper was presented on this instrument at the Air

Pollution Control Association meeting in Chicago, May 24, 1962. The

instrument was subsequently field tested at Point Barrow, Alaska, and

found still to be insufficiently stable for independent field operation.

Consequently, the paper presented at Chicago has been withdrawn from

publication pending the solution of these problems.

The second research lead was a very small amount of work on a micro-

chemical technique for formaldehyde associated (presumably by adsorption)

with air-borne particulate matter. Further work was done on this project

and it was largely reduced to practice. A paper on the subject was

given at the Czechoslovak Conference on Aerosols in October, 1962, and

will appear in the proceedings of that meeting. Some additional work

remains to be done to attempt to increase the sensitivity of the tech-

nique, but it has been shelved at the moment because of the pressure of

other work.

An improvement over the Australian method of measuring freezing

nuclei on Millipore filters was devised and published in the Bulletin

de l'Observatoire du Puy de Dome, April-June, 1962. The technique has

already attracted a great deal of attention. Its particular attraction

lies in the fact that the size of the equipment is small, and has no

particular bearing on the size of the sample which it is possible to

take. This has not been true of the previous "cold box" methods.

An investigation was undertaken of the possibility of using im-

pregnated membrane filters as media for gas sampling. It was shown

that nearly quantitative retention of sulfur dioxide was possible on



bicarbonate impregnated filters. As by-products of this work, a basic

investigation was conducted of the nature of flow through the membranes.

It was also necessary to learn more concerning the role of the para-

rosaniline dye used as a reagent for sulfur dioxide. This work has

resulted to date in two oral presentations at the American Chemical

Society meeting in Atlantic City, September, 1962, one published paper,

Analytical Chemistry, November, 1962, and two additional papers in

press.

Work is substantially completed on a new method for the ultra-

microchemical determination of particulate sulfate. Writing of the

final paper remains to be done. An additional paper on the mechanism

of the test for sulfur dioxide involving pararosaniline is in the very

late stages. A manuscript should be forthcoming within a month.

PRESENT WORK

A final model of the carbon dioxide instrument is presently being

assembled. It is believed that this will contain solutions to all

problems experienced to date. It is hoped that in the relatively near

future the assembly will be completed and a field test arranged. A

final manuscript covering the instrument will then be prepared.

The delivery of the electron microscope will open this area of

research to our group. The possibility will be investigated that the

previously mentioned method for sulfate can be extended into the

electron microscopic range. It will be necessary to devote a consider-

able time, of course, to familiarizing the operator with the instrument
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and to developing experience with such tools as selected area electron

diffraction, which can be of enormous assistance in specific identifi-

cation of airborne fine particles. Another early plan is for applica-

tion of a published technique for determining whether fine particles

were collected as solids or as aqueous droplets. The possibility of

applying this method to various problems in cloud physics will be in-

vestigated as soon as practical.

Research on organic freezing nuclei is progressing very satisfac-

torily. We now feel that it is possible to make predictions concerning

nucleating activity on the basis of the physical properties of the

nucleant. A publishable paper should result from this work within the

next few months. The Millipore method for freezing nuclei was subjected

to a field test at Old Faithful during the Yellowstone Field Seminar in

January, 1963. This pointed out several uncertainties concerning oper-

ating parameters which require further investigation. Much more impor-

tant, on the positive side, it was demonstrated that this technique can

be used, at least in snow, to demonstrate the presence of artificial

nucleants in the individual snow crystals. After an additional field

test of the method, this will be the subject of a note, probably to be

offered for publication in the Bulletin de l'Observatoire du Puy de Dome.

Despite the very gratifying retention of trace gases on impregnated

membrane filters, it was found impossible to recover the collected gases.

This is probably caused by the chemical reaction of the collected mate-

rial with the substance of the filter. Research will start shortly to

investigate a new membrane filter material composed of polyethylene.
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If this is promising, it is entirely possible that work on this can be

completed by, or shortly after, the end of the present fiscal year. An

entirely new technique has been discovered for the determination of

atmospheric ozone, which appears to be specific for that substance.

The two most likely interferences are materials which are unstable,

which cannot be bought on the open market, and which cannot be readily

shipped from one place to another. In each case, there is only one

known laboratory in which any quantity of this material is available.

Consequently, Lodge will make trips to the two laboratories where these

substances are prepared and perform the tests there. Assuming that no

interference is found, the paper will probably be ready for presentation

near the end of the fiscal year. It will probably be offered to the

Fall Meeting of the American Chemical Society, although this is not

yet certain. A comparative study of the membrane filter and gelatin

methods for determining chloride particles was conducted during Lodge's

recent visit to the laboratory of Dr. Ottavio Vittori in Italy. When

the data are received from Vittori, a comparison will be made, and the

results will probably be published., Simple studies in terpene photo-

chemistry will be initiated within the next month, in preparation for

the visit this summer of Dr. James N. Pitts from the University of

California, Riverside. Dr. Pitts will carry out detailed laboratory

studies of this interesting reaction with the assistance of a post-

doctoral student who is accompanying him.

A study of air pollution in Denver, now under way, will result in

a report and, perhaps, a paper by mid-year. The basic aim of this study
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is to determine the significant pollutants present in the atmosphere

of Denver as a guide to future, and more highly instrumented studies,

presumably by state or local personnel. To the best of our knowledge,

this is the first time this particular approach has been taken in an

air pollution study, and it therefore seems appropriate to offer a

paper to the Air Pollution Control Association at some suitable time.

The studies of the Piccardi effect are now reaching a critical

point. Within the next few months, it will be clearly demonstrated

whether the effect has any reality or not. If it is impossible to

duplicate Dr. Piccardi's data, of course, a brief note will be

published to that effect and other work will be selected. In the

event that we are able to demonstrate effects identical with

Piccardi's, it would be desirable to publish a note to this effect

and to divide the studies into two portions--the first of these, of

course, would be a continuation of data-taking identical with Piccardi's

to provide comparative data. This would, of course, be continued

over a long period. It would also be desirable to make more funda-

mental studies of the effect to attempt to understand its causes.

Piccardi himself is working in this area, but there are several

experiments of a crucial nature which he has not undertaken. It is

hoped that a preliminary report backed by adequate statistical evidence

will be ready for the September, 1963 American Chemical Society

meeting.
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ISOTOPE GEOPHYSICS

Edward A. Martell

An isotope physics and chemistry research group is in process of

buildup with Dr. Edward A. Martell and Mr. Arnold E. Bainbridge as

principal investigators.

INTRODUCTION

1) Investigation of distribution and reactions of trace gases in

the atmosphere will be carried out using methods of stable and radio-

isotope analysis. These studies will be concerned primarily with the

isotopic geochemistry of hydrogen, oxygen and carbon, including inves-

tigation of H2, CH4, H20, and CO2 in particular.

2) Studies of trace radioactive and inert aerosols of the atmos-

phere will be conducted by neutron activation and radioisotope analysis

methods. Investigations will include selected studies of fallout, nat-

ural radioactivity production, and the composition and origin of strat-

ospheric aerosols.

3) Emphasis will be placed on upper atmosphere studies, by labora-

tory analysis of aerosol and gas samples collected by aircraft, balloon,

and rocket-borne sampling systems. This work will be supplemented by

laboratory investigation of gas reactions and by selected studies of

the surface air distribution of trace gases and their exchange with the

biosphere and surface waters.

4) Although the objectives of these studies are largely self-evident,

emphasis will be placed on the use of aerosol and gas trace distribution



for the evaluation of large scale atmospheric transport and mixing

processes. Isotopic analysis of stratospheric water vapor should give

insight on the origin of the excess water in the high stratosphere and

other features of the atmospheric water cycle. Distribution of aero-

sols and gases of common origin will give insight into the role of

attachment, growth and sedimentation on aerosol transport. Isotopic

analysis of selected constituents of air samples from rocket altitudes

should provide direct experimental insight on diffusive separation

processes and on the influx or escape of high atmosphere constituents.

Following the arrival of Martell and Bainbridge some progress has

been made in the buildup of research facilities and staff, as follows;

E. A. Martell, nuclear chemist; A. E. Bainbridge, nuclear physicist;

E. H. Denton, instrument engineer; Richard A. Lueb, electronics tech-

nician; Ronald J. Richman, chemist, assistant.

Progress has also been made in the development of research facil-

ities. Three laboratory rooms (approximately 1800 sq. ft.) have been

furnished, supplied and equipped for radiochemistry, high vacuum work,

instrumentation and low-level counting. Instrumentation for low-level

gas counting of tritium and carbon-14, for low-level solid beta meas-

urements, and for cosmic ray neutron flux measurements is nearing com-

pletion. Some final components of the systems, including counter sup-

ports and printing registers are under construction. Vacuum lines for

processing tritium samples and for separating the CH1 and H2 fractions

of large air samples are under construction.
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PAST WORK

Some of the more recent reports and publications by Martell and

Bainbridge which bear on various aspects of the research program are

listed below:

A. E. Bainbridge, P. Sandoval and H. E. Suess, "Natural tritium

measurements by ethane counting," Science 134, 552 (1961)

A. E. Bainbridge, H. E. Suess and I. Friedman, "Isotopic compo-

sition of atmospheric hydrogen and methane," Nature 192, 648 (1961)

A. E. Bainbridge, H. E. Suess and H. Wanke, "The tritium content

of three stony and one iron meteorite," Geochim Cosmochin Acta;

A. E. Bainbridge and B.J. O'Brien, "Levels of tritium in a vari-

ety of New Zealand waters," Paper TTS/75, Symposium on the Detection

and Use of Tritium in the Physical and Biological Sciences, I.A.E.A.,

Vienna, (May 1961)

A. E. Bainbridge, "Tritium in the North Pacific," Conference on

Nuclear Geophysics, Woods Hole, (May 1962)

A. E. Bainbridge, "Variations of tritium in the North Pacific,"

Utrecht, August 1962 (In press, Jour. Geophys. Res., (1963)

E. A. Martell, "Atmospheric circulation and deposition of stron-

tium-90 debris," Science 1292 1197 (1959)

J. R. Arnold and E. A. Martell, "The circulation of radioactive

isotopes," Scientific American 201, 3, (September 1959)

E. A. Martell and P. J. Drevinsky, "Atmospheric transport of

artificial radioactivity," Science 132, 1523 (1960)

E. A. Martell, "Evidence for high stratosphere holdup of nuclear

bomb debris," in Proceedings of the Upper Atmosphere Sampling Symposium,

Sandia Corporation Report SCR-420, (July 1961)
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P. J. Drevinsky and E. A. Martell, "Preliminary results on the

size and vertical distributions of residual nuclear debris in the

stratosphere," in Proceedings of U. S. Atomic Energy Commission Con-

ference on Radioactive Fallout, Germantown, Maryland, November 1961;

E. A. Martell, "On the inventory of artificial tritium and its

occurrence in atmospheric methane," Utrecht, August 1962 (in press,

Jour. Geophys. Res., 1963)

PRESENT WORK

1) The first objectives of the experimental program include the

determination of the T/H and D/H radios of molecular H2 and CH4  in

tropospheric air samples; of H2, CH4 and H20 in stratospheric air

samples and possibly of formaldehyde (CH20) in precipitation samples.

These measurements should contribute significantly to the knowledge of

the origin and atmospheric exchange reactions of these trace gases.

For a detailed discussion, see last reference above.

2) The main experimental problems which must be solved in the

early phases of this investigation are the quantitive separation of

the methane hydrogen and molecular hydrogen from large air samples

without significant trace water contamination. The adsorption prop-

erties of molecular sieves are being tested and a vacuum line is being

built for testing gas chromatographic separation methods. Techniques

for collecting and storing or processing large surface air samples

also are being investigated.

3) The gas sampling program will include surface and upper air

samples. It is planned to obtain a limited number of large air
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samples collected in the upper troposphere and stratosphere by use of

compressors on B-57 and U-2 aircraft. Rocket sampling possibilities

are heavily dependent on the success of future flight tests of the

cryogenic whole air sampling system designed by Aerolab Development

Company, Pasadena, California under Air Force Contract AF 19(604)7341

under the supervision of E. A. Martell.

4) Much time and effort necessarily must be devoted to the further

development of laboratory facilities and instrumentation as well as to

recruiting and training of research assistants.
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AEROCOLLOIDAL SYSTEMS

Jan Rosinski

Mr, Jan Rosinski joined the NCAR staff in August 1962. His associates,

Mr. John Pierrard and Mr. Takeshi Nagamoto, both came to Boulder in

October 1962.

PAST AND PRESENT WORK

The nucleus of a colloid research group has been established to

study problems in the atmospheric sciences involving colloidal dispersions.

The group consists of scientists educated in related fields who have

considerable experience in research on particulate matter.

Some apparatus for experimentation with liquid/gas and solid/gas

dispersions has been obtained. Other items of equipment are being

designed or are on order. It is hoped that laboratory facilities for

preliminary experimental work will be ready by March 1963.

This initial series of experiments will involve studies of particle

impingement and deposition on spherical bodies. A low-speed wind tunnel

of circular cross-section has been built for these studies of particle

motion. Experiments later will be extended to include studies of tra-

jectories and deposition on shapes simulating raindrops, snowflakes, and

other natural objects of interest. These experiments are intended to

provide the basis for realistic calculations of removal of suspended

particles of different sizes by raindrops and cloud droplets. Design

of the experiments using spherical bodies is complete, and the theoretical

analysis for this case is finished. Completion of this first phase of

the program awaits completion of laboratory facilities.
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Theoretical work on a modification of Bowen's hypothesis is being

continued. A manuscript is being prepared which examines possible means

of downward transport of particles which could serve as freezing nuclei

in the atmosphere. The possibility of a causal connection between meteor

activity and noctilucent clouds is also being studied.
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DYNAMICAL ASPECTS OF ATMOSPHERIC CIRCULATION

Aksel C. Wiin-Nielsen

The staff in the group consists at the moment of the following.

persons: Dr. Aksel C. Wiin-Nielsen, Mr. John A. Brown, Jr., Dr.

George M. Hidy, Dr. Douglas K. Lilly, Mrs. Charmian Jefferies.

Only Wiin-Nielsen and Jefferies were on the staff in January 1962.

Both Brown and Hidy joined the staff on June 1962. Brown remained at the

National Meteorological Center (NMC), Suitland, Maryland, for one

month. His work during this period was to assemble a library of com-

puter programs from the programs available to NMC. Dr. George P.

Cressman gave us permission to copy any program we might find of use

to us. Brown obtained, in addition, copies of the routine hemispheric

analysis of heights and temperature for several levels in the atmosphere

and for many months. Arrangements have been made to obtain the analyses

also in the future. These data are of great value in the observational

studies of the momentum and heat transports in the atmosphere in which

we are engaged, and are further the basic data for our studies of the

energy generations and transformations in the large-scale flow of the

atmosphere.

Hidy remained at Johns Hopkins until September 1962, partly to

finish work started in the Department of Chemical Engineering and partly

to do planning studies for his work at NCAR.

Dr. Douglas K. Lilly of the General Circulation Laboratory of the

U. S. Weather Bureau joined NCAR as a visiting scientist for at least
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one year in September.

Dr. Akira Kasahara, formerly at the University of Chicago, joined

the permanent NCAR staff last summer. He is presently on leave of

absence at the Courant Institute of Mathematical Science at New York

University, but will move to Boulder during the summer of 1963.

Mr. Harry van Loon has recently accepted an appointment as a

staff member at NCAR. He comes from the Weather Bureau in Pretoria,

South Africa,where he has been for a number of years doing mostly

synoptics and climatologic studies of the circulation in the southern

hemisphere.

PAST AND PRESENT WORK

The work in the program: "Dynamical Aspects of Atmospheric

Circulations" has been mainly concerned with studies of the dynamics

of large scale motion in the atmosphere. The studies have been of two

different kinds, partly observational and partly theoretical. The

following paragraphs contain a summary of the main results and

conclusions.

1) The maintenance of the vertical mean flow.

It is well known that the flow which results after the wind has

been averaged in the vertical direction is, by and large, non-divergent.

The vertical mean flow represents, in a manner of speaking, the baro-

tropic component of the atmospheric flow. Even the vertical mean flow

has some dissipation due to the frictional forces in the atmosphere.

It follows therefore that the vertical mean flow must receive its energy

from somewhere.
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An investigation has been made of the mechanism by which the

vertical mean flow is being maintained. It turns out that the kinetic

energy obtained by transformation from available potential energy main-

tains the kinetic energy of the deviation from the vertical mean flow,

the so-called shear flow. It is further found that the kinetic energy

of the vertical mean flow is maintained due to a transformation of

kinetic energy from the energy of the shear flow. The mathematical

expression for the latter energy transformation has been found.

It follows from this formula that it is a dynamical necessity that

the temperature field lags behind the pressure field in the isobaric

surfaces in the atmosphere.

Data from January 1959 for the isobaric surfaces 850 mb and 500 mb

were used to obtain preliminary numerical values of the energy trans-

formation. The computations were arranged in such a way that we have

obtained not only the total amounts of the energy conversion, but also

the contributions from the different scales of atmospheric motions

(through Fourier analysis) and the contributions from the different

latitude bands. It has furthermore been possible to separate the

contributions from the non-divergent and divergent parts of the hori-

zontal velocity in the atmosphere. The main conclusions from the

study are:

-- Only about 30% of the energy which is converted to kinetic

energy of the vertical shear flow from the available potential

energy is transformed into kinetic energy of the vertical mean

flow.
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-- The conversion carried out by the divergent part of the horizon-

tal wind is about 10% of the conversion carried out by the non-

divergent part of the wind, verifying the quasi-non-divergent nature

of large scale atmospheric flow.

-- The wave numbers 4 to 8 (corresponding to horizontal wave-

lengths of 7000 to 2500 km) are responsible for the bulk of the

energy transformations.

The study, summarized above, has been published under the title:

A. Wiin-Nielsen: On transformation of kinetic energy between the

vertical shear flow and the vertical mean flow in the atmosphere,

Monthly Weather Review, Vol. 90, No. 8, pp. 311-323, 1962.

2) Heat sources and generation of potential energy

Brown has made diagnostic computations of atmospheric heat sources

and sinks for seven months from the years 1959, 1961 and 1962. A

simplified two-level dynamical model utilizing objective analyses of

the 850 mb and 500 mb levels for a large portion of the northern

hemisphere was employed. Computations of the generation of available

potential energy of the zonal and eddy forms have also been made and

are presently being evaluated.

Preliminary results indicate that the average values of the zonal

and eddy generations for January 1962 are similar in the gross aspects

to those obtained earlier for January 1959. The results for the re-

presentative spring and fall months indicate that the mean zonal po-

tential generations are positive while the mean eddy potential gener-

ations are negative. However, the magnitudes of the quantities are
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significantly less than those obtained for the representative winter

months. Similarly, the magnitudes for July 1961 and July 1962 are

considerably less than those obtained for the other months.

In the future an attempt will be made to further relate the

heating patterns to predictable quantities. Furthermore a search

will be made in an attempt to obtain a more suitable diagnostic model

which will produce a reasonable estimate of the vertical variation of

the diabatic heating field.

3) Vertical resolution in dynamical studies.

Most theoretical and numerical studies of the large scale atmos-

pheric motions have been carried out using only two information levels

in each vertical column. The reason for this is naturally both the

complexity of the dynamic equations and the limited capacity of the

available electronic computers. In numerical experiments concerned

with the general circulation and also with developments in the atmos-

phere on a much shorter time scale, there has, within the last couple

of years, been a tendency to increase the vertical resolution. It is

conceivable that the mere increase of the number of information levels

without any change in the physical processes which are incorporated

in the model may change the developments on the smaller and larger

time scales significantly.

A study of the changes in wave-velocity and in the intital develop-

ments of atmospheric disturbances due to the vertical truncation errors

has been carried out in order to throw some light on the above question.

In very simple model atmospheres without any vertical wind shear, it is
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possible to find wave-solutions to the linearized, quasi-geostrophic

equations expressed in elementary functions. The same equations can

also be solved after introduction of finite differences in the vertical

direction, and it is, therefore, possible to find the truncation error

in the wave speed.

The main conclusion from this part of the study is that the wave-

speed is rather insensitive to the vertical resolution, the error being

-I
only of the order of magnitude of 1 m sec , resulting in an error of

less than 100 km in the displacement of the way in one day. However,

if we proceed to atmospheric models which are more realistic in the

sense that the vertical wind shear is different from zero, the picture

changes.

Unfortunately we cannot, in this case, obtain wave-solutions ex-

pressed in elementary functions or in a closed form, but it is at least

possible to compute the initial development even in the case of a

continuous variation of the meteorological variables in the vertical

direction. This is also possible when the variables are known in only

a few points in each vertical column.

We find, as a result of this part of the study, that the error in

the horizontal displacement of the disturbances is still small, but the

error in the amplification rate of the disturbances turns out to be

very large for a low vertical resolution. The error in the initial

amplification can be as large as 40 to 50 per cent in the case of a

two-level model. The indications are that the error is somewhat reduced

in a three-level model, but it is still an open question as to how many

information levels we need to reduce the error to less than 10 per cent,
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say, at all levels.

The study summarized above has been published under the title:

A. Wiin-Nielsen: On truncation errors due to vertical differences in

various numerical prediction models, Tellus, Vol. 14, no. 3, 261-280,

1962.

4). Filtered and non-filtered atmospheric models

The increased understanding of the large-scale dynamical processes

which has been gained over the past two decades has been possible mainly

because theoretical meteorologists have succeeded in deriving a set of

equations which has solutions corresponding to the type of motion we

observed on weather maps. The unmodified, hydrodynamic equations are

in a sense too general because they have solutions corresponding to

sound waves, inertia waves, internal and external gravity waves in

addition to the meteorological waves observed on weather maps. It has

been possible through different modifications to derive a set of equa-

tions which does not allow solutions of the first three kinds, but

retains solutions of the last kind. The modified equations are usually

referred to as the quasi-geostrophic equations, and their solutions are

called Rossby waves.

Although one can clearly distinguish the different types of solutions

mentioned above, it is obvious that there will always be an interaction

between the different types of physical processes going on at the same

time in the atmosphere. It is, for example, conceivable that the in-

ternal gravity waves whose speeds and frequencies are larger, but not

an order of magnitude larger, than the meteorological waves, might
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interfere with the large-scale motions.

In order to investigate questions of this nature it was decided to

construct an atmospheric model which is so general that it contains

gravity wave and Rossby wave solution. A comparison of the solutions

of this model with the solutions of a model allowing only Rossby waves

will give an answer to the question concerning interference between

different wave types.

It turns out from the study that the Richardson number is the

deciding quantity. If this number is large there is very little inter-

ference between the internal gravity waves and the Rossby waves, but

the interference becomes important if the Richardson number is large.

It has so far only been possible to carry out the investigation for a

minimum vertical resolution, a two-layer model. Even with this mini-

mum model it has been possible to investigate the importance of a

horizontal variation of static stability, a variation which has usually

been neglected in simple quasi-geostrophic models. The main conclusion

is that the horizontal variation of static stability shifts the wave

length of greatest instability towards smaller wave lengths.

Since the most general model which was allowed in the investigation

was based on the primitive equations, it has also been a key point to

look into the importance and distribution of the deviation from the

geostrophic wind, the so-called ageostrophic wind. It was found that

this component of the total wind amounts to 15 to 20 per cent and has

a characteristic distribution relative to the height field, making the

wind supergeostrophic in the upper level ridge and subgeostrophic in

-52-



the upper level trough, while the distribution in the lower part of

the troposphere is by and large opposite.

The results of this study have been written as a paper:

"On baroclinic instability in filtered and non-filtered numerical

prediction models" by A. Wiin-Nielsen.

The paper has been accepted for publication in Tellus and will be

published in the first issue of this journal in 1963.

5) Condensation by mixing

Hidy has completed a study of fog formation in free jets contain-

ing condensable vapor. Measurements were taken of mean temperature

and concentration, and these were used to determine the expected dis-

tribution of supersaturation. The experimental results were compared

with predictions based on turbulent boundary layer theory with generally

good results. The calculated regions of supersaturations were further

checked by visual observations of glycerine fog in the jet. The results

showed that downstream of the point where condensation first began, fog

filled the region where the supersaturation was greater than unity.

The main conclusion from the study is that condensation in a

turbulent jet takes place according to the following mechanism: Embryos

formed by homogenous nucleation near the nozzle are distributed by

eddies throughout the mixing zone where they serve as condensation

centers.

6) Air-sea interaction

Hidy has completed a review of the existing information concerning

transfer of energy, matter and momentum across the air-sea interface.
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The theoretical treatment of this problem is incomplete, and detailed

experimental studies under controlled conditions are almost non-existent.

As a result of this review study, Hidy is planning an experimental

program in air-sea interaction.
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INTERACTION STUDIES

James W. Deardorff

PAST WORK

Review

Interaction between the lower atmosphere and its underlying surface

gives rise to turbulent transport, mainly in the vertical direction, of

heat, momentum, and moisture. There is much that is not yet understood

about these turbulent processes which involve motions on all scales.

It appears evident that until turbulent transfer under controlled labora-

tory conditions is much better explained and understood than at present,

there is little hope for more than a purely descriptive understanding

of atmospheric turbulence. For in the lower atmosphere in which turbu-

lent fluxes are most pronounced the boundary conditions are generally

unknown, the largest scale of turbulence is unknown, the direction of

the mean wind is unknown (in advance), and horizontal homogeneity (the

average case in the east-west direction) rarely occurs at any specific

location. This is not to say, however, that our descriptive knowledge

of turbulence in the earth's boundary layer is as complete as it could

be.

Two of the most basic types of turbulence realizable in the lab, in

which the above uncertainties are absent, are free convection and plane

Couette (shear) flow. The more general case, also of interest, is

plane Couette flow with the two horizontal boundaries maintained at

different temperatures. No quantitative studies have yet been made of

this general case; and even in the two special cases no measurements
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are available of the vertical distribution of turbulent kinetic energy

or of any more complex statistical properties.

In reviewing literature on the present state of knowledge on turbu-

lent transfer, one may note that theories concerning free convection

between horizontal planes have recently begun to appear. The theory of

W. V. R. Malkus predicts the mean temperature profile rather well, but

was found by A. A. Townsend to be inadequate in other respects, as was

an earlier theory of C. H. B. Priestley. In addition, Malkus' theory is

difficult to follow logically and does not appear to be of the type which

can be extended to predict more detailed properties of turbulence. A

recent theory by R. H. Kraichnan is the mixing-length type and requires

experimentally determined values at several points in the theory as

well as for the mixing-length evaluation. P. D. Thompson's forthcoming

theory has some interesting innovations, but suffers from the two-dimen-

sional restriction and does not treat the vertical variation of properties.

The only theories available for plane Couette flow are of the

mixing-length type which do not really "explain" anything, and which

deal only with the mean velocity profile.

Considering this meager state of existing knowledge, it seems worth-

while to try to improve our knowledge of free convection and simple shear

flow both experimentally and numerically.

Experimental

Air will be used as the working fluid for experimental studies of

free convection and plane Couette flow so that the advantages of hot-wire

anemometry can be employed, and so that the equipment and experience

gained from it may be utilized later in atmospheric field studies. The



choice of instruments has largely been made. For temperature measurement,

a fine wire of diameter .000025 in and length 1.5 mm has sufficient fre-

quency response and sensitivity. When placed in a simple bridge circuit

and amplified with a wideband DC amplifier (Electro Instruments A-15),

signals of frequency from DC to 3000 cps, and of amplitude down to

.020 C would be faithfully reproduced and ready for tape recording.

For measurements of velocity components, a Miller constant-tempera-

ture hot-wire anemometer amplifier has been tested and found satisfactory

provided a V-probe, rather than an X-probe, is used for measuring trans-

verse velocity components. Because in this system the wire temperature

is kept practically constant, the hot wires need not be excessively thin

to have excellent frequency response.

For monitoring signals, and checking that what is being put on tape

is not "garbage", an Offner two-channel DC amplifier and strip-chart

recorder was purchased. It has a gain of 400,000, and is capable of

recording signals of frequency up to about 100 cps.

The problem of analyzing the large amount of data which will arise

from these laboratory studies has apparently been satisfactorily solved

thanks to an analogue data analysis system initiated within the Civil

Engineering Department of Colorado State University. Because of

their investment of $25,000 and ours of $33,000 the necessary electronic

equipment is on hand at CSU to take hot-wire or resistance-wire data

stored on magnetic FM tape and perform averaging, squaring, multiplica-

tion, frequency analysis, probability analysis, and auto-or cross-corre-

lation. Fifty per cent of the data-analysis operating time is available
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for NCAR's use, or for any universities or other research organizations

which choose to work through us.

Numerical Studies

The studies on convection which have been carried out so far are

two-dimensional. The Boussinesq approximations are employed, and mole-

cular values of viscosity and conductivity are used. The plan was to

start with given initial conditions of temperature (T) and stream

function on a dense grid network and to continue the numerical integra-

tion until a statistically steady state is reached. The vertical dis-

12
tributions of T and T , among other quantities, and the total heat

flux for a variety of Rayleigh and Prandtl numbers are to be compared

with available observations. Discrepancies will probably be associated

mainly with limitations of the two-dimensional assumption. The effect

of increasing the molecular values of viscosity (D) and conductivity

(k) to represent larger (constant) eddy coefficients will be a byproduct

of the results; for in the method of non-dimensionalization used, an

increase in D and k, holding the Prandtl number constant, is equiva-

lent to looking at the results at a correspondingly smaller Rayleigh

number and at a correspondingly earlier "real" time.

Much time and effort was spent in removing machine program errors

and in establishing a stable model for finite differencing (A. Arakawa's

method). Preliminary results indicate that a grid density of 50 x 50

is probably sufficient to avoid serious truncation error for Rayleigh

numbers (Ra) less than 1 million. However, a steady state was not

reached owing to an (unstable) lateral asymmetry which developed from
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amplification of small iteration errors in the solution of Poisson's

equation. During the past three months the bugs have been worked out

of a program which utilizes symmetric lateral and mid-channel boundary

conditions and which effectively quadruples the grid density.

In reviewing the literature on free convection and Couette flow,

it became apparent that uncertainty still exists as to whether or not

turbulent Couette flow arises from instability of small perturbations,

as does turbulent convection at a sufficiently large Ra. Therefore I

submitted this classical perturbation problem to machine calculation,

and by use of 150 x 150 determinants extended the analysis to larger

Reynolds numbers. The results showed that fully developed plane Couette

flow is definitely stable to infinitesimal perturbations at and beyond

a Reynolds number (Re) at which H. Reichardt's 10-meter Couette flow

channel showed a turbulent profile. The growth of turbulence in this

case is, I believe, probably a result of instability in the upstream,

non-fully developed section where the mean velocity profile has an in-

flexion point. The results will appear in the Journal of Fluid

Mechanics.

The more general problem of the instability of plane Couette flow

with heated lower boundary and cooled upper boundary was also submitted

to the IBM 709 and 7090. The results, for two-dimensional rolls lying

athwart the flow direction, show that as Re is increased from 0 to 400

the critical Ra, (Ra)c, increases rapidly from about 1700 on up. This

agrees with qualitative studies reported by Brunt (Compendium Meteor.

p 1260), and can be explained as being due to the stabilizing influence

-59-



of a constant shear, since plane Couette flow seems to be stable. In-

creasing the Prandtl number, Pr, for a given Re, increases the required

value of (Ra)c for instability. The increase of (Ra)c with Re is very

marked for Pr=10, the largest value considered. For the range of Re

considered, the neutral disturbance moves at a speed equal to that of

the flow at mid-channel. These results are probably not of much prac-

tical importance, however; for as has been pointed out by H. Kuo, if

one considers two-dimensional longitudinal rolls, instead of lateral

rolls, the effect of Re is automatically removed and the value of (Ra)c

remains at 1708 independent of Re.

PRESENT WORK

Experimental

1) Present plans for the convection chamber are to proceed without

trying to incorporate a rotating metallic belt (for Couette flow studies)

at lower boundary, but to allow in the present design for the possible

future addition of such a belt. The construction of a 30 ft combination

wind-tunnel-flume at CSU available for our part-time use by July, 1963,

offers the possibility of its employment as a Couette flow channel whose

lower boundary (water) may be heated.

The convection chamber will be 3 ft by 12 ft, with the vertical

spacing, h, between plates adjustable from 0 to 2 ft. Both upper and

lower boundary may be either heated or cooled to give a maximum tempera-

ture difference of about 300 C. For h=l ft the maximum Ra attainable

is then about 8 x 10 7 .

The measuring probes will enter from one end of the chamber and

will be moved uniformly and horizontally at a speed, U, across most of
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the 12' length by an actuator mechanism. Plans are for U to have a

range of from 5 to 30 cm/sec. This procedure will enable the V-probe,

connected to two hot-wire anemometer amplifiers, to measure u' and w';

Ou'/Ox and Dw'/ax will be given closely by the measured values of

(1/U) au'/at and (1/U) 8w'/8t respectively. Several runs at each

level will be recorded successively on tape until the data sample

at each level is long enough for a statistically significant analysis.

The tapes will be taken to the data analysis center at CSU for determi-

- 2 22 2
nation of quantities such as w'T' , T' , w'T' , u' , w' ,(8u'/8x) ,

(8w'/Ox) , and (8T'/ax) . An additional probe containing two hori-

zontal resistance wires, separated vertically, will be necessary to

estimate (8T'/8Z) . Simultaneous use of this probe and one for u'

will be necessary in order to obtain aw'/aZ * 8T'/aZ = - 2 8u'/x a- T'/az.

2) A method is being worked out for successful etching of the very

fine resistance wire which will permit good measurements of 3T'/8x.

The etched wire is 4 times thinner than the one used in a study by

Thomas and Townsend in 1959.

Numerical

1) Numerical results are being obtained from the two-dimensional

problem for a sinusoidal, "large-scale" initial temperature perturbation,

zero initial stream function, and 40 x 40 grid points extending from

floor to mid channel and laterally a length which is one half of the

initial temperature wave.
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2) The three-dimensional convection problem, with rigid boun-

daries on all sides, has been prepared for programming. The velocity

is given by V = x A and the restriction is imposed that A - A = 0.

2
The vorticity vector is then given by Z = - VA . Boundary conditions

are A = 0 (or constant) on boundaries, 8A/DX. = 0 on boundaries, and

8T/8n = 0 on lateral boundaries (n is normal to the boundary). The

program will first be checked out on the IBM 7090 with a grid density

of 9x9x9 (the most that can be handled without using tapes). Later,

attempts can be made to extend the machine storage with tapes. The

program could run on the CDC 6600 computer with grid density about

3
(20) without tapes.

3) Suitable assumptions are being sought which might enable the

neglected third-dimension terms to be simulated within the two-di-

mensional framework described above.
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MAGNETO-HYDRODYNAMICS

Friedrich Meyer

Dr. Friedrich Meyer joined the NCAR staff in January, 1962, on

a visiting appointment from the Max Planck Institute for Physics in

West Germany.

The propagation of periodic shock waves in a gravitating atmos-

phere has been investigated in the isothermal approximations. The

problem has applications to the heating of the solar chromosphere

and to the atmospheres of pulsating stars. The nonlinearity and the

partial differential character of the hydrodynamic equations have

usually forced limitation of the treatment to weak shock waves by

using the approximation of Brinkley and Kirkwood, or to numerical

computations which broke down before a cyclic state was fully developed.

In this investigation, an analytical approach is made starting from

solutions that are uniquely singled out as invariant under the same

groups of transformation that leave the equations and shock conditions

invariant. To each given frequency with which the shocks follow each

other there exists exactly one such solution. This establishes a def-

inite relation between the frequency and the corresponding shock strength

or Mach number, the spatial extent, the distribution of velocity and

relative density in the flow, and the effective scale height, which in-

creases with increasing shock strength. This provides an apriori tool

to determine all relevant quantities for these periodic shock waves

from the knowledge of the generating frequency alone if it can be shown
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that all other solutions develop in course of time into those invariant

solutions. This is proved by linearizing the equations for small devi-

ations. The underlying feature of this dynamical stability is the exist-

ence of a peculiar pattern of the characteristic lines. It shows the

successive decoupling of the progressive shock waves from their initial

conditions and suggests that the stability is not limited to small dis-

turbances.

Another investigation concerned the relations between nonlinear

undamped exact solutions of Vlassov's equation for an electron plasma,

found by Bernstein, Green, and Kruskal, and Van Kampen's treatment of

Landau damping for linearized plasma waves on the one hand, and Denisse's

derivation of an undamped linear solution on the other hand. It can be

shown, that Denisse's solution is contained as a special case in both

other treatments and thus does not contradict the existence of Landau

damping, which concerns a more general kind of solutions.

The generalization of the virial theorem in magnetohydrodynamics

is tried in an investigation not yet concluded. By multiplying the

equation of motion by the gradient of any coordinate function and

integrating, a form of the virial theorem is derived that contains

the classical and the tensor virial theorem as special cases and should

allow a broader range of applications. This still has to be worked out,

and it should be pointed out that the first order moments, i.e. the

classical and the tensor virial theorem are singled out by the simplicity

of their integrals.
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THE COMPUTER FACILITY

Glenn E. Lewis

The computer facility at LAS, which services all of NCAR, has been

expanding steadily. The facility was started two years ago in the spring

of 1961 with the acquisition of the IBM 1620. Four programmers--Miss Astrik

Deirmendjian, Mrs. Charmian Jefferies, Mrs. Jeanne C. Adams, and Mr. David L.

Kitts--were added to the staff during that year. In May of 1962, NCAR

started renting time on the University of Colorado's graduate school

computer, an IBM 709. Use of the 709 increased steadily from 5 hours in

May to 75 hours in August 1962. In September 1962, the National Bureau

of Standards acquired an IBM 7090, and it was agreed that NCAR should rent

approximately one-third of a shift. At first NCAR's usage was somewhat

less than one-third of a shift, but in two months one-third of a shift

proved inadequate. Now NCAR is using approximately 80 hours per month

on the 7090 with every indication that more time will be needed in the

near future. Once the 7090 was installed, the 709 was used only for

debugging, so that use of this machine has fallen to approximately

20 hours per month.

The problems that have been placed on the machines so far have been

many and varied. Almost every group has done some computing on the

machines. Following is a list of problems run for various groups on

the 709 and 7090 computers.

No. of Programs

Dynamic Aspects of Atmospheric Circulation 63
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Visitors 18

Practice Problems and Systems Work 27

Cloud Physics 7

Scattering in the Upper Atmosphere 7

Radiation Chemistry 4

Navier-Stokes Equation 16

High Altitude Observatory 25

TOTAL 167

The computing staff has expanded correspondingly. In August 1962,

Dr. Glenn E. Lewis joined the staff to relieve Dr. Wiin-Nielsen of the

duties of heading the facility. Four more programmers were hired through-

out the year--Miss Margaret Drake, Mrs. Sylvia Hargreaves, Mrs. Ruth C.

Mossman, and Mr. Loren K. Wagner,

In the future we anticipate that machine usage will continue to grow.

It is expected that this usage will more than double in a year. By the

fall of 1965 it is expected that the build up will be such as to demand

a machine of the post-STRETCH category. The staff must increase appro-

priately. By the summer of 1963 we expect to have hired five more

programmers as well as a secretary and a mail boy. By the summer of

1965 we expect to have a staff of over 60 people.

A great deal of time has been spent in trying to determine the machine

which will best suit the needs of NCAR on a permanent basis. After an

extensive trip in the spring of 1962, Dr. Wiin-Nielsen of NCAR and

Dr. Fernbach of Lawrence Radiation Lab tentatively recommended CDC 6600

but this recommendation was never confirmed. Since some manufacturers



felt they had appropriate machine configurations which we had not considered,

they were asked to give presentations of their machines. We received

presentations from IBM, CDC, Burroughs, Honeywell, and Univac. It turned

out to be very difficult to compare the data given in their presentations.

Therefore, to make possible easy comparison and to make certain no new

developments have occurred in the field with which we are not acquainted,

a questionaire has been sent the twelve leading computer manufacturers

requesting information on their most advanced machines. It is hoped that

a decision about the permanent computer can be reached sometime in May.
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HIGH ALTITUDE OBSERVATORY

INTRODUCTION

For two decades the work of the High Altitude Observatory has been

to study and understand the sun, the space between the sun and the earth,

and the sun's influence on the tenuous outer regions of the earth's at-

mosphere. The tools which we have adapted and developed for this work

are varied, ranging from telescopes and photometers placed high in the

Rocky Mountains to electronic flare detectors at locations from Europe

to the Far East. The staff, too, has grown in number and in the variety

of its interests. During this year, for example, we have worked on

topics ranging from the Van Allen belts of the earth and of Jupiter,

to rainfall in Colorado, and a new model for the lower solar atmosphere.

The report which follows displays some of this variety. Although

the work has been grouped under a few headings, some of the individual

reports are placed in a particular category more through convenience

than by logic. This situation makes an annual report difficult to

assemble, but it represents, we think, a healthy situation for a research

laboratory--a situation in which the individual staff member works on

topics selected by his interests and his sense of appropriateness, and

in which joint work by several staff members on the same problem is

arranged in an informal and flexible manner.

During the year two new influences have begun to affect the research

work of the Observatory. The growth of the Laboratory for Atmospheric

Sciences has brought to Boulder a scientific staff with enthusiasm and
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competence in fields close to our own, thus bringing to us new points

of view on our own problems. This interchange will certainly grow in

future years. The second major influence was the rapid progress of

the scientific space program. Direct measurements are now possible in

the region in space between the sun and the earth, and in the years to

come this new possibility, if properly managed, can only increase the

challenge to the HAO staff member.

This report, which was prepared by the staff members of the

Observatory to give a summary of our year's work, already shows the

effects of these new influences.

John W. Firor

15 March 1963
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THE CHROMOSPHERE

Eclipse Studies

The study of the solar chromosphere continued to be vigorously

pursued at the HAO. In cooperation with our colleagues at the Sacra-

mento Peak Observatory and the National Bureau of Standards an

expedition was sent to Lae, New Guinea to attempt to photograph the

flash spectrum with a "jumping film" spectrograph. About 550 spectro-

grams were obtained under almost ideal observing conditions and with

quite perfect operation of the equipment. The spectral range covered

was from 3300A to about 9300A, with 3 frames per second recorded for

the region 3300A - 6300A and 1 1/2 per second for the 3600A to 9300A.

During totality a slit was inserted in the coronal image and exposures

made, but the resulting spectrograms were seriously underexposed.

The remainder of the year was spent deriving calibrations from

exposures made of the solar disk and of a tungsten lamp, modifying the

Sacramento Peak microdensitometer to follow the curved image on the

film, and adding digitalizing equipment to the densitometer output.

All of the reduction and analysis is planned to be a continuing coopera-

tion between the three research organizations involved.

Prominence Spectra

Many other lines of study were applied to chromospheric problems.

Athay and Dr. John B. Zirker of Sacramento Peak worked on the problem

of explaining the intensities of Ca II in the solar spectrum, with

more direct applications to spicules and prominences. Their major

conclusion was that Ca II emission in spicules and in some prominences

-71-



must arise from regions where the kinetic temperature is below

15,0000 K. This is important in the interpretation of spicule and

prominence phenomena in that these same spicules and prominences

exhibit helium lines that must come from regions with temperatures

closer to 50,0000K. Thus, even in the simple case of a spicule, one

is forced to consider a non-homogeneous structure. A further con-

clusion from the work on Ca II was that the approach used by Jefferies

and Thomas in their paper on the Fraunhofer H and K lines was inade-

quate because it neglected essential energy levels in the treatment

of the problem.

As a follow-up to this work, Athay and Tandberg-Hanssen are

studying lines in the solar spectrum from ions having an H and K type

energy level configuration. The important ones, other than Ca II, are

Sr II and Ba II.

During the year Athay returned to the study of the emission from

He I in the sun. He extended the work of Johnson and Athay, but the

new calculations did not change the essential conclusions of the

earlier work; namely, the helium spectrum in the chromosphere can be

explained only by assuming temperatures of around 50,0000K. This work

led to the further result that departures from spherical symmetry ex-

tended into the very low chromosphere and that spicules must have a

hot envelope of about 50,0000K covering a colder core of 15,0000K or

less. Also, it re-affirms a suggestion by Athay that the electron

and proton densities in spicules are constant with height. The

necessity of using a spicule model for the helium data invalidates all
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previous considerations of the solution to the transfer equations for

chromospheric He I.

Athay and Hyder finished up calculations on the probability of

ionizing coronal type ions by two-step collision processes, in which

the electron is first raised to an upper level by collisional excita-

tion and then ionized by another collision. It turns out that this

process may be important in a number of coronal ions. If true, this

lowers significantly the temperatures derived from ionization equi-

librium theory and adds the possibility that the ionization may be

density dependent. The predicted spectrum of ions was flatter than

that normally given by the ionization theory and was more in agreement

with observational data than the previous theory had been. This work,

although aside from the central aim of understanding the chromosphere,

resulted directly from similar results obtained for such chromospheric

ions as He I, Ca II, Mg I and even hydrogen.

Similarly, House and Athay extended the calculations for Mg I;in

the chromosphere along the lines of those in House's thesis. However,

again it was found necessary to extend some of the computations, and

these had the effect of changing somewhat the initial interpretation

of the Mg I data. The earlier conclusion that the chromosphere is

close to spherical symmetry at 500 km but departs strongly from it at

750 and 1000 km remained unchanged.

Athay is currently working on problems related to the wiggly line

structure observed at Sacramento Peak and Mount Wilson. This work has

been directed towards specifying the height in the solar atmosphere
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where the various lines are formed, and the heights where different

wavelengths in a given line are formed. An important result from this

work is that the vertical oscillatory motions discovered by Evans and

Leighton are certainly not a direct observation of sound waves. This

work was still in progress at the end of the year.

Athay and Dr. Robert J. Bessey of the University of Wyoming con-

ducted a study to see if there is any discernible spectroscopic differ-

ence between spicules observed at the poles of the sun compared with

those observed in the equatorial regions. All results so far indicate

that the only discernible difference is in the greater line of sight

velocity shift of the equatorial spicules. Line profiles seem to be

the same at poles and equator. However, there are many low lying

prominences in the equatorial regions that could be mistaken for

spicules unless graded height observations are made and the prominences

separated from the spicules by means of their vertical extent.

Tandberg-Hanssen has continued a study of the 10830 A line of

helium, a study dating back several years. The chromospheric profile

of this line and the profile in quiescent prominences can be accounted

for on the naive assumption of a constant source function through the

region where the line is formed. The line is self absorbed, the optical

depth being of the order of 2 to 4. However, for the most active

prominences and for flares the simple assumption of a constant source

function breaks down. In general, the source function can not be con-

stant either through the region where the line is formed, i.e., with

optical depth, or across the emission line, i.e. as a function of wave
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length. The line in active prominences can be accounted for by a

source function which decreases with optical depth, while it remains

constant over the profile. The optical depths required to explain the

active prominence lines are only slightly greater than the chromo-

spheric values. Finally, to account for the profiles in flares one

requires a source function which, in addition to being variable over

the profile, also decreases slowly with optical depth.

The lines of the resonance multiplet of Ba II (4554A and 4934A)

furnish some of the strongest metal line emission in many prominences.

Also in the chromosphere the Ba II lines are quite strong, both

multiplets No. 1 and 2. Even so, a study of the equilibrium conditions

for barium in the solar atmosphere has never been undertaken. Since

most of the pertinent atomic data (cross-sections, f-values) are known

for Ba II, Tandberg-Hanssen decided early in 1962 to undertake a

thorough study of the Ba II emission. The aim was to determine the

equilibrium of this element and to investigate the problem of a possible

departure from thermodynamical equilibrium in that part of the atmosphere

where the Ba II lines are formed. The study, although slowed down due to

difficulties in obtaining some atomic data (bound-bound collision

strengths) has led to the discovery of peculiar line intensity ratios,

the interpretation of which is still in the intriguing exploratory

stage. It is found that the lines of the resonance doublet -- which

may be called the k and h lines in analogy with the case of Ca II --

are strongly self-absorbed in the lower chromosphere as well as in

dense prominences. Even so the line intensity ratio k/h is close to
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the optically thin case value of two in the chromosphere, but only

slightly greater than unity in many prominences.

Zirin, working with Dr. Hans E. Hinteregger of AFCRL and Dr. L. A.

Hall, AFCRL, has studied the extreme ultraviolet spectrograms of the

sun obtained by Hinteregger in rocket flights in 1960 and 1961. These

data provide a wealth of information arising both from the wavelength

region measured, which covers the resonance lines of many chromospheric

and coronal ions, and the quantitative nature of the measurements. In

particular it was shown that there was a marked absence of emission

lines from ions that should exist at temperatures near 200,000°K. In

turn, this result puts an upper limit on the thickness of a transition

zone between chromosphere and corona.

Extending this work, Zirin and Dietz have constructed a tentative

model of the photosphere-to-corona region which makes use of a sudden

transition from a region at 1000 km above the photosphere at 70000K to

the million degree corona. The spicules have temperatures in the range

20,000°K to 50,000°K and stick up into the corona, and provide the ob-

served 0 III, C III emission and the Lyman continuum. This tentative

model is consistent with the radio observations of limb brightening,

although the radio results are not very sensitive to the details of the

model. But in addition this model gives the correct qualitative be-

havior of the 10830 angstrom line of helium, which is seen as a Fraun-

hofer line near the limb and in emission just above the limb. This line

is quite weak near the center of the disk. We have also obtained

information on this zone from large scale Ha spectroheliograms obtained
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by Howard and Cragg at the Mount Wilson Observatory. Counts of

spicules on the disk made from these show about 3,000 spicules in

clumps over the sun.
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THE CORONA

Line Width Temperatures

Billings completed a study of several years' duratiop to determine

the temperature of the corona from the widths of coronal emission lines.

From this study, he concluded that in coronal features showing strong

emission in both the red and green lines, the green line width typi-

cally corresponded to about 2.6x1060K temperature, the red line width

to 1.9x106 0K. This observation led to the definitive conclusion that

whether the width of the two lines resulted from thermal broadening

only, or from a combination of thermal and macroscopic motion, the

emission could not come from identical volume elements, no matter how

much that seemed to be the case. In an attempt to explain this re-

sult, Billings postulated a thermal model for the coronal region and

showed that certain conditions for dissipation of energy could lead to

a difference between electron and ion temperature, with the electron

temperatures somewhat lower. The model was worked out for a plane-

parallel case. Later in the year, Lilliequist carried out correspond-

ing computations for the cylindrically-symmetrical case.

The coronal emission in the red and green lines is recorded at

Climax as a function of height in the corona. Line widths can, there-

fore, be used to determine the temperature gradient in the corona, on

the assumption that the line widths are thermal. Billings and

Lilliequist measured these, then applied the gradient using a theory

by Parker to determine the resulting solar wind. It could be shown,

as Yallop had done previously, that broadening of the line profiles due
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to the solar wind would not be as significant as Yallup had indicated.

Heating of the Corona

The mechanism by which the corona is heated has not yet been sat-

isfactorily understood. Billings has approached this problem from the

point of view that the various structures in the corona are heated by

hydromagnetic waves that are transported through the photosphere and

chromosphere by magnetic filaments of which loop prominences are the

primary evidence. Any successful theory must consider the evidence

from the distribution and line widths of green, red and yellow line

emission, and the observed agitation in loop prominences. Furthermore,

there are limitations on the wavelength and frequency of the proposed

hydromagnetic oscillations imposed by the observed constancy, with

time, of the profiles of a given line, the lack of gross Doppler

shifts in most of the emission corona, and the observed energy output

of the corona.

One positive piece of evidence pointing toward coronal oscillations

has been found in the line profiles. The deviations of the profile

from Gaussian is in agreement with sinusoidal oscillations of about 12

km/sec taking place in the coronal gas. Such oscillations, if they are

to explain the heating of the corona, must be at frequencies of about

1/sec. They can involve an entire coronal structure without too-large

displacements of the coronal line, and if such is the case, travel with

the velocity of hydromagnetic waves through a field of about one gauss.

Solar Rotation

Two results concerning the rotation of the sun and the corona were

-79-



found in studies of the routine data. Billings and Cooper studied the

rotation of an unusually long-lived (more than 24 months) emission

feature in the corona. They were able to determine, with quite high

precision, the rate of rotation and confirm the observations by

Trellis and Waldmeier that the polar corona rotates more rapidly than

photospheric features at the same latitude. However, the region

studied at HAO rotated more rapidly than regions at the same latitude

studied by other investigators. One possible explanation is that

coronal emission regions near the pole have magnetic attachment to

features near the equator, the attachment varying from feature to

feature.

Using chromospheric as well as coronal activity, Billings and

Trotter found a longitudinal zone on the sun that was unusually prone

to have activity, and which persisted for about three years. During

that time the latitude of maximum activity would have been expected

to change considerably, resulting in an increased rate of the rotation

of the zone several times as great as that actually observed. This

observation was presented as evidence that the differential rotation

of the sun is a superficial phenomenon.

The White Light Corona

Heynekamp succeeded in obtaining a good series of measurements of

the white light corona with the K-coronameter at Climax. Between

October, 1961 and May 1962 the utilization of the available clear sky

was almost perfect. With a long, consistent set of measurements it is

possible to correct for non-linearities in the instrument and to dis-

-80-



tinguish between instrumental polarization and polarized sky scattering.

These corrections are nearly complete at the end of the report year,

and the data are being prepared to study the position, in solar coordin-

ates, of coronal condensations, the rotation period of the corona as

a fuction of height and latitude, and the lifetime of condensation and

streamers.

Even with an observer in constant attendance at Climax, the

measurements with the K-coronameter tend to be sporadic, because of

the excellent observing conditions required for successful operation

of the instrument. The emission line measurements are more continu-

ous in time, but are restricted to within 0.1 radius of the solar limb,

as compared to about one radius for the K-coronameter.

Two problems of the white light corona seem to be worthwhile

attacking at the present time. The first is that of slowly varying

changes in the corona and the possible connection of coronal streamers

to geomagnetic activity. Because of the long lifetime of such an

instrument, a satellite-borne coronagraph seems to be the most suitable

for attacking this particular problem. A second problem of great

interest is that of the more rapidly developing transient phenomena in

the solar corona out to several solar radii above the solar limb. The

balloon-borne coronagraph which is able to obtain high resolution

photographs of the corona out to a few solar radii and many images of

the corona per hour appears more suitable for this paricular problem.

Newkirk and Bohlin have worked on the development of a coronagraph

which will be suitable for both balloon-borne and satellite-borne use.
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The attempt to find a lens medium which could be polished into an

objective lens of exquisite quality which would scatter a negligible

amount of light proved to be fruitless; the best lenses still scattered

approximately 6x10-7 of the brightness of the mean solar disk. The de-

velopment has therefore shifted back to the externally occulted corona-

graph such as was originally designed by Evans and flown during the 1960

Coronascope flights. The 1960 version of the instrument scattered ap-

proximately 10-8 of the mean solar disk. However, the use of the multiple

occulting disk or a toothed-wheel occulting disk appears to reduce the

scattered light in the coronagraph to approximately 10 9 of the mean solar

disk. Since this value is approximately the same as the brightness of the

sky encountered during total eclipse, it seems possible to construct a

coronagraph which will see the corona out to approximately 6 solar radii

when flown in a satellite, and almost as far when balloon borne.

The immediate plans for such an instrument are to fly it in a

balloon up to approximately 93,000 feet during the summer of 1963.

This coronagraph will be an externally occulted system with a multiple

occulting disk held on a boom about eight feet in front of the ob-

jective lens. This instrument should be capable of photographing the

corona out to about four to six radii.

Although we do not expect to see any rapid changes during the

summer of 1963 when the solar activity is negligible, we hope to per-

fect the instrumentation so that it may be flown at rather short notice

during the coming solar maximum. We might then be able to see what

changes develop in the corona far from the sun during a solar flare.
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During the 1963 flights, however, we hope to be able to say something

about the lifetimes of the fine structures of the corona such as polar

brushes and the fine structure of coronal streamers. The length of

observing time during any one flight (8 hours) is to be contrasted

with the maximum observing time of a couple of hours obtained during

natural eclipse. We have also proposed to fly one of the externally

occulted coronagraphs in the Advanced Orbiting Solar Observatory.

Such a coronagraph would have the advantage of monitoring the corona

on an essentially continuous basis.

Cross Sections

In cooperation with Dr. Sanford B. Schwartz of the Martin Company,

the attempt to calculate electron collision cross sections for coronal

ions was continued. At the end of the report year the formulation of

the problem and the computer program were essentially completed and

preparation was being made to begin the actual calculations. The ion

Fe XIV will be the main object of study.

Vacuum Ultraviolet Spectrograph

Diagnostic work on high temperature plasmas and satellite ob-

servations of the solar spectrum in recent years has aroused a renewal

of interest in vacuum ultraviolet spectroscopy. There is an obvious

need for additional laboratory studies in this region of the spectrum,

especially in relation to astrophysical problems. It is with this

purpose in mind that House joined the HAO staff and the new project has

been undertaken.

The long range goal of the project is to produce a hot plasma
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(electron temperature = 100 ev) which may be used as a light source in

the vacuum ultraviolet and soft X-ray region. The plasma would be

"salted" with impurities to produce spectra of the highly ionized atoms

that one desired to study. In addition to the important task of line

identification work, the plasma would provide an exceptionally inter-

esting laboratory source in which the general non-LTE theory can be

used for theoretical analysis. The study of the nature of line form-

ation processes in the plasma, for example, might be directly applied

to aid in understanding the nature of the corona-chromosphere boundary,

one of the foremost problems in solar physics.

The initial phase of the project involves the construction of the

spectrograph and a spark light source. This part of the project will

be completed by the end of January, 1963. A rocket spectrograph loaned

to us by Hinteregger of AFCRL is being converted to laboratory use by

mounting it in a vacuum tank and adapting it for film. The spectro-

graph is a grazing incidence (860), Roland-type mount with a grating

of two meters radius of curvature. Two gratings have also been loaned

to us by Hinteregger, one ruled with 30,000 lines per inch providing a

range from 60A to 300A and the other ruled with 7500 lines per inch

covering 250A to 1300A. The dispersion will be 1A to 2A per mm.

The light source which is now in operation is a vacuum sliding

spark. Energy for the spark is provided by charging a 0.5 mfd to 10

to 50 kv. After an air-gap switch breaks down at a preset voltage, a

current surge of 4,000 to 20,000 amps is carried to a pair of electrodes

in an evacuated chamber mounted on the spectrograph. The spark between
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the electrodes produces highly ionized atoms of the electrode material.

This light source will be used basically for line identification work.
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SOLAR ACTIVITY

Limb Flares and Prominences

The difficulty in interpreting the spectrum of a flare seen

against the disk of the sun led us some years ago to concentrate our

efforts, both observationally and in the analysis of spectra, on limb

events. Although spectrograms of quiescent prominences are fairly

easy to obtain, active limb events are sufficiently rare to make high

quality spectrograms rare and "before and after" observations almost

nonexistent. In a search through the complete HAO file of coronal

observations going back two decades, supplemented with some Sacramento

Peak observations, Hansen and Dr. Josip Kleczek (visitor from Ondrejov

Observatory) found only three cases which related to the question of

the changes produced in the corona by the passage of eruptive limb

events.

However, in the last several years, we have obtained spectral

observations of several limb flares. Zirin has studied the 20

November 1960 event in some detail. This event (one of those also

studied by Hansen and Kleczek) is of interest because of the intense

ionospheric event produced, apparently by the coronal X-ray emission,

since the flare proper was mostly beyond the limb. Zirin found a

density of 1011 cm- 3 for the whole flare, and about 5 x 1010 cm- 3 for

the coronal part. The ionized helium lines fall into two components,

a hot component of about 5x10 5 °K which matches the corona in distri-

bution, and a cooler, brighter part in the Ho! flare. A study of the

two yellow lines was made with the hope that the ratio of these lines
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to each other and to the continuum would add to our understanding of

this event. As yet we have insufficient data to be able to use these

lines either to give densities or the abundances of Ca XV. The data

for the 20 July 1961 and 10 November 1961 events are still awaiting

analysis.

The work on prominences during the year was characterized by an

attempt to find a spectroscopic criterion for differentiating active

prominence and limb flares. For the past several years, Tandberg-

Hanssen and Zirin used the strength of the metal line emission

relative to the emission from neutral and ionized helium to classify

objects in the solar atmosphere. A particular line of Ti II (occasion-

ally Fe II or Sr II) described the metal line emission adequately,

since, by and large, it has been found that all metal lines behave

similarly in flares and prominences. By this is meant that the

strengths of the metal lines all increase relative to the helium lines

in quiescent prominences, whereas they all decrease relative to the

helium lines in flares and active prominences. This method did not

distinguish, therefore, between flares and active prominences.

In the fall of 1961 Tandberg-Hanssen found evidence on Climax

spectra that there might be systematic differences in the excitation

of metal lines in flares and in prominences. A study of this selective

excitation was continued through most of the report year.

The main result has been the introduction of the "M-criterion,"

which distinguishes spectroscopically between flares and active promin-

ences and which states that the intensity ratio between a suitably
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chosen Fe II line and a Ti II line is distinctly different in flares

and in active prominences. The ratio chosen for this purpose was

M = I(Fe II, 4584)/I(Ti II, 4572), and M > 1 for flares, M < 1 for

prominences. A theoretical interpretation is being tried but has so

far met with difficulties, mainly because the atomic data, for Ti II in

particular, are not known well enough to permit a detailed analysis of

the equilibrium of titanium in the solar atmosphere. This work was

continuing at the end of the year.

As a by-product of this study of selective excitation it became

clear that a study of the physics of prominences confronts us not only

with the "Ti II-Fe II anomaly" (so well recognized in stellar spectro-

scopy) but also with the problem of "specific quiescent prominence

elements." By this is meant that not only are many Ti II lines

stronger relative to Fe II lines in quiescent prominences as compared

to their strengths in active prominences as in flares, but there seems

to be a group of elements whose lines show up preferentially in

quiescent prominences. It would be premature to try to draw final

conclusions regarding this program, but it seems as if "typical promi-

nence lines" belong to elements of the first sub-groups in the periodic

system, i.e., Sc, Ti, Y, Zr and possibly La and some lanthanides. Cr

and Mn do not show particularly strong lines, and may behave more like

Fe.

A quite different study of prominences was begun by Warwick and

Hyder, in this case a theoretical study of prominence emission line

polarization. The idea is to use an advanced theory of resonance
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polarization to interpret Lyot's observation of prominence polari-

zation. Lyot's observations have, since 1935, stood alone except for

a few additional results at HAO by Newkirk using the Climax K-corona-

meter. This polarization depends on the line properties, such as

multiplet structure, as well as on physical conditions in the prominence,

such as excitation temperature. Another factor is the presence of a

gradient of the magnetic field; the possibility of measuring this, of

course, represents one of the big motivations in making the study.

Sunspot Spectra

With Warwick, Dr. Dino Zei of Ripon College is undertaking an

analysis of sunspot spectra on plates made by Warwick at Sacramento

Peak six years ago. These spectra are unique in providing a detailed

analysis of the state of polarization of the emergent spot spectrum

as a function of angle of inclination of the spot to the line of sight

over a range of some 500 from central meridian to the limb. As a

first project, Zei is comparing equivalent widths of spot lines in two

states of polarization, the linear states parallel and perpendicular to

the limb. The intercomparison of these equivalent widths provides a

measure of magnetic intensification of the absorption lines. The

first analysis of some three dozen lines has demonstrated, although not

unequivocally, that magnetic intensification is indeed present to a

considerable extent. This work is continuing at the end of the year.

Flare Theory

During the year Warwick re-examined some of the fundamentals of

the phenomenology of flares, towards the end of discovering whether
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the flare is basically an atmospheric phenomenon. There is scarcely

doubt that the optical phenomena are restricted to the lower corona

and upper chromosphere. With, however, the rich data now provided by

upper atmosphere and space studies of particle emission from solar

flares, it appears that the energetics of flares make a source of the

energy of flares in this region of the sun's atmosphere quite unlikely.

Several investigators have thought that only the magnetic fields

of the sun's atmosphere near active centers conceivably possess enough

energy to account for particle emission. On the other hand, there are

indications from both the Hc phenomena and direct magnetic measurements

in regions underneath flares, that field changes during a flare may be

quite minor. If this is so, perhaps the fast particles originate else-

where in the sun, say below the photosphere where the energetics prob-

lem is very considerably reduced. An estimate of the range of typical

subrelativistic protons in the photosphere leads to the conclusion that

they may originate as far as 400 km below the surface of the sun.

The Explorer XII observations of the small proton event on

7 September 1961 caused Warwick to examine the Boulder radio and optical

data for possible associated solar activity. Only one major event

could be found: a Type II-Type IV sequence starting around 1730 UT on

6 September 1961. Since the Explorer XII data showed the proton event

beginning no earlier than 2400 UT on 6 September, and no later than

1200 on 7 September, there appears to be some embarrassment involving

the long time delay between activity that we observed and, if it is

connected at all, the subsequent arrival of protons at the earth.
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There were clearly no major flares at any time during the day on 6

September. However, one would wish to know whether activity occurred

during the first half of 7 September. Since this part of the UT day

is covered rather poorly by existing observatories, it is always pos-

sible that we have missed some activity. However, only at 0235 UT, at

Sydney and at Kodaikanal was anything the least unusual observed. At

both of these stations decidedly minor activity occurred. This is in

contrast with the major event observed in Boulder. Warwick concluded

that this event of major radio importance was probably associated with

a subsequent fast proton shower at the earth, but was not associated

with any other optical phenomena within the day preceding the particle

observations. Therefore it seems that the Type IV burst is both a

necessary and sufficient condition for the occurrence of fast protons.

As a by-product of these studies of solar flares, Warwick pro-

posed a theory of the Hu phenomenon that depended on the extreme

density of these sub-relativistic protons in magnetic fields near the

sun. Whenever we observe a proton shower from the sun, the tacit as-

sumption has been that our measuring equipment is connected to a major

part of the solar particle output. For example, Gold's theory of

these events presupposes that an efficient connection must be estab-

lished along lines of force from the flaring region to the earth.

On the other hand, it seems much more likely that any escape at

all of particles from the sun is a marginal proposition. The sun is

surrounded by very complex magnetic fields, in addition to its probable

over all poloidal or perhaps quadrupoloidal field. This extended set
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of magnetic structures hampers the escape of isolated particles. There-

fore, it seems that a very considerable enhancement of the proton

densities near the sun might be possible, if not probable. Therefore,

the flare, as we observe it optically, may represent merely the geo-

metrical point in the solar magnetic field near an active center where

these extremely hot protons can cluster together and produce their

emission in the optical spectrum. If that is the case, however, one

would expect a flare region to be a hotbed of nuclear reactions. This

3
conclusion may be related to the recent discovery of He in the casing

of a recovered satellite.

If this observed He3 comes directly from the sun, one can infer

the time duration of its residence in the flaring region. One notes

3
first that the ratio of He to subrelativistic, energetic protons is

observed near the earth and this ratio by inference is the same in the

solar flare. There, however, the He3 is produced as the protons bom-

bard, for example, He4 . With the known cross sections of the several

possible nuclear reactions, we can determine the residence time of the

He and protons in the flare region.

An alternative interpretation that is consistent with these data

is that there is a just-subrelativistic plasma in the flare region.

The isotope abundances in this plasma are set up by the temperature of

the plasma and the density of the particles. It may in time be pos-

sible, on the basis of satellite and optical observations, to infer

the density of the fast protons at the sun. The limited data available

at the moment do not permit this conclusion. However, studies of the

fast particles may well be of crucial importance in the theory of flares

and solar activity.
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INTERPLANETARY SPACE

Aurora

Several programs of study of the aurora were continued through

the year. S.-I. Akasofu of the University of Alaska and Chapman

continued their study of the ring current in the Van Allen belts and

of auroral forms seen on all-sky camera photographs. J. C. Cain of

the Goddard Space Flight Center participated in the Van Allen belt

studies.

P. C. Kendell of Bedford College, London, and Chapman studied

the scattering of pitch angles by non-adiabatic motion of charged

particles in weak magnetic fields, relevant to the Chapman-Akasofu

theory of auroral morphology.

Jupiter

Warwick completed an analysis of the 1961 records of Jupiter's

dynamic spectrum. This work had two major subdivisions: the analy-

sis of the Boulder observations and the development of a theory to

explain all of the decametric observations with the decimetric ob-

servations.

It was assumed that the low-frequency emission is generated at

the gyrofrequency near Jupiter's surface. Initially, the radiation

moves towards the surface of the planet, from which it reflects back

out into space and towards the earth. Starting with a poloidal field

structure and using the decimetric observations, it was possible to

establish the position and strength (and later the sign as well) of

Jupiter's magnetic moment. Already, the prior decimetric observations
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from Caltech had established that at 2000 radio longitude, the pole of

Jupiter's magnetic field, lying in Jupiter's northern hemisphere, was

tipped towards the earth by 9 . Essentially, Warwick's theory now

states further that the pole is removed about 0.7 Jupiter radii from

the center of the planet into the southern hemisphere quite near the

axis of rotation. The magnetic moment is directed parallel to Jupiter's

axis of rotation, unlike the earth's magnetic moment which is anti-

parallel to the earth's axis of rotation.

The strength and variety of the radio emission from Jupiter raises

the question of whether Saturn also has non-thermal radio effects, or

indeed if any of the other planets ever produce such radiation. Warwick

examined the existing measurements of radio radiation from Saturn at

centimeter wavelengths. He concluded that the ring emission cannot be

neglected in estimates of the radio temperature of the planet. After

correction for this effect, it appears that Saturn, unlike Jupiter,

has a radio brightness about the same as one would compute from the

optical albedo and the solar flux at Saturn's distance.

A re-examination of Jupiter, on the other hand, and a comparison

between the earth and Jupiter suggests that terrestrial emission analo-

gous to Jupiter's has not yet been observed, however likely its existence

may be on the basis of the remaining close analogies between the two

planets' magnetic fields, radiation belts, etc. This suggests that

the radio emission from the earth occurs in a spectral region not

accessible to direct observation. Possibly, the VLF emission observed

on earth fills that category, although its characteristics seem quite
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distinct from the characteristics of Jupiter's decametric emission. A

deeper discussion of the problem suggests that instead we should expect

the terrestrial analogue to Jupiter's emission to lie in the broadcast

band, where, uniquely, terrestrial conditions disallow any studies of

cosmic radio radiation. Turning the argument around, we can conclude

from this point of view that Jupiter's radiation occurs at the gyro-

frequency, since the broadcast bands are set close to the terrestrial

gyrofrequency and below it.

Artificial Radiation Belts

For several years HAO has operated, in cooperation with other

groups, indirect flare detectors at several locations, including Boulder

and Hawaii. Early in the report year an additional detector was in-

stalled in Baguio, near Manila, in the Philippine Islands. This detector

is operated by Father Francis Miller of the Manila Observatory. A new

installation is planned in Rome in early 1963 in cooperation with the

Osservatorio di Roma. This ring of stations will provide a 24-hour

watch for the ionospheric effects of solar flares.

The principal result from these detectors during the report year

did not arise however from a solar effect. Warwick compared the Manila

and Honolulu JFD records at 18 Mc during and after the high altitude

nuclear event of 9 July 1962. A steady enhancement of the radiation

received, persisting for weeks, was seen at both stations. This en-

hancement was interpreted as the synchrotron emission from relativistic

electrons trapped at low levels in the earth's magnetic field. These

electrons, produced by fission products of the blast, lay at elevations



below some 3000 km. The height range was established by intercomparison

of the results at Honolulu, which is at a geomagnetic latitude of 210,

with those at Baguio, which is at 50.

The rubidium vapor magnetometer at our radio astonomy site north

of Boulder also recorded strong magnetic field pulsations at the time

of the 9 July blast and at the time of other nuclear blasts, but these

records have not yet been carefully analyzed.
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UPPER ATMOSPHERE

Geomagnetism

Matsushita continued his studies of correlations between the

ionosphere and geomagnetism. During the year the work fell into

four areas: micropulsations, ionosphere during magnetic storms,

lunar variations, and sporadic E. A broad study of the geomagnetic

micropulsation was made and its general behavior described. In

addition the sudden commencement was re-examined to describe its

relation to cosmic noise absorption, X-ray bursts, and micropulsa-

tions. The study included the so-called "sudden impulse." In the

area of ionosphere during magnetic storms, an effort was made to

explain a density increase of the stormy ionosphere at low lati-

tudes. Other work was designed to revise the Chapman and Bartels'

lunar current system and to establish electromagnetic drift

effects in the ionosphere.

Radio Emission

Warwick assembled measurements made during several years which

point to low-frequency radio emission (e.g., 18 Mc) of terrestrial

origin. Such emission events are almost impossible to identify

on a single station record since man-made signals are so intense

at these frequencies. However, one case in particular was found

in which stations at the McMath-Hulbert Observatory, the Sacramento

Peak Observatory, Boulder, and Honolulu showed enhancement with the

same detailed character at all stations. Furthermore, inter-

ferometer records in Boulder showed the source to be distributed

over a large part of the sky.
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Radio Star Scintillations

During the year Warwick placed major emphasis on the study of

the Boulder radio star scintillation data. We had suspected from

the outset that dynamic spectra of scintillations would indicate

the broadband character of ionospheric effects in the low-

frequency range. This expectation was more than just fanciful,

inasmuch as the Roberts and Wild discussion of scintillations at

Sydney, Australia, reported observations in the 40-70 Mc range which

established precisely that. It has been clear from the outset of

the observations that virtually all of the Boulder scintillation

data were, in fact, broadband, a two-to-one frequency range being

quite common. The decisive new information that emerged from the

records was involved with positional shifts during the scintilla-

tions. These are, it develops, decidely nonrandom as a function

of frequency during the scintillation. Position shifts during

scintillations and as a function of frequency during scintillations

are most prominent on the Boulder records when the radio star,

Cassiopeia A, is to the west of the meridian and setting. At

ionospheric heights, this turns out to lie in such an orientation

that the magnetic field is apparently perpendicular to the west-

warddirection and roughly parallel to the fringe direction. In

the first place, the broadband character of the scintillations

suggests that the source of scintillations acts as a lens, in

one dimension. However, the shifts in position of the radio

source were suggestive of a rapid motion of the source of scintilla-

tion to the east at high frequencies, and to the west at low
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frequencies. Furthermore, the duration of the scintillations appears

often to be minimal at some intermediate frequency. Finally, the

scintillation often forks or splits on the low-frequency side of

the region of minimum duration. These features appear completely

consistent with a focusing effect generated in a one-dimensional

lens. At high frequencies, the observer is inside the region of

focus and first observes rays from the leading edge of the lens,

then rays from the trailing edge of the lens. At low frequencies,

the observer sees just the reverse situation. The fact that

motions of this sort are observed characteristically after

meridian passage of the source, when it is to the northwest of

our Observatory, suggests that, near Boulder, motions of the lens

region are characteristically to the west. Furthermore, the observa-

tions show structures lined up with the magnetic field, which is

approximately broadside to the sight line in Boulder. The presence

of forking on the low-frequency side of the focus region can be

interpreted naturally in terms of the shape of the regions of

irregularity. These, if they have cusps, would produce lens-like

spherical aberration forming a caustic surface inside of the region

of best focus. Such cusp-like focusing regions would be produced

for example, by a column of overdense ionization.

The caustic surface thus described is inconsistent with our

observations. Instead, these observations indicate a caustic

formed outside or beyond the region of best focus. This implies

lens-like structure in which the surfaces of equal electron content

have points of inflection rather than convex surfaces such as formed
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in columns of overdense ionization. A sufficient phenomenon to

explain the points of inflection would be wave-like structures in

the electron density surfaces. Therefore, Warwick infers from the

observations that the observed scintillations do not result from

locally compact columns of enhanced ionization, but from coherent

wave-like formations. Estimates can be made of both the electron

density contrast in these waves and the distance of the waves

from the Observatory. The density fluctuations are of the order

-3
of 10 , the range on at least one occasion was 500 km from Boulder,

and the wavelength from crest to crest of the lenses was 30 km.

A related effect arises in studies of Jupiter's decametric

emission as seen during Jupiter's occultation by the solar corona

in February, 1962. Observations similar to this were carried out

several years ago by Gardner and Shain in Australia. At that time,

they felt that the observed lengthening of the Jupiter burst

structure, from characteristic one-second structures to fluctuations

one minute or even longer in duration, might be understood in terms

of multipath propagation of bursts between irregulatities in the

sun's corona. A re-analysis of the phenomenon of occultation of

radio sources by the corona strongly suggests that the necessary

enhancement of burst durations by a factor of 100 cannot be met

within an order of magnitude by Gardner and Shain's proposed

mechanism.

Instead, it is inferred that either of two causes could be

responsible for the smoothing: Jupiter certainly appears much

larger when seen through the corona than when seen in the ordinary
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night sky. Its radio waves are scattered through angles up to

more than a degree. This implies that Jupiter seen through the

corona is an extended source. Such an object is well known to

respond less sensitively to scintillations. However, this implies

that the modulation that produces Jupiter bursts in the first place

is locally induced, namely in our own ionosphere.

An alternative explanation of the smoothing is simply that

ionospheric scintillation is less prominent during the day, any day,

whether Jupiter is close to the sun or not. Observations of Jupiter

have been made in Boulder during the day when it was far from the

sun. These are indeed very smooth in character, which suggests

that the latter explanation is at least partially correct.

Atmospheric Scattering

During the year a major part of Newkirk's work, and some of

Eddy's, was concerned with the continuation of the interpretation

of the 1960 Coronascope observations. From the analysis of the

angular distribution of skylight close to the sun at altitudes up

to 25 km, the following major conclusions have been reached:

1) A layer of aerosol particles exists at an altitude of

approximately 20 km in the earth's atmosphere. This substantiates

the conclusion of Junge and his collaborators. It was found, however,

that the character of a "source layer" where the concentration of

particles is lower both above and below the layer appears only for

particles with a radius of approximately 0.15 microns. The very

small particles show a very steep decrease in concentration with

altitude. The particles with radii of the order of 1 micron show the
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the slow decrease of concentration with altitude which one would

expect if they were settling out of the aerosol layer at 20 km.

2) From the height distribution of the aerosols from 20 to 25

km we can conclude that the vertical eddy diffusion coefficient is

2
approximately 5000 cm per second. This determination agrees well

with those made from the vertical distribution of ozone and the

dispersal of radioactive debris.

3) At an altitude of approximately 20 km the concentration of

particles of meteoric origin is quite small compared to the

concentration of terrestrial particles. Although the exact fraction

of meteoric to total concentration depends upon the size of the

particle, the rough conclusion is that no more than one-tenth of

the particles at this altitude are meteoric.

4) The distribution of particles in the stratosphere with respect

dN = Nr-3.5
to radius can be described by a law - Nor . Most of the

particles have radii between 0.3; and 3.0t.

5) Most of the particles in the stratosphere appear to be con-

centrated into thin layers. These layers seem to be approximately

100 to 150 feet thick and to contain a concentration which is about

20 times that of the local smooth concentration.

6) The optical depth produced by particles above 25 km is approxi-

mately 2 x 10 in the visible. This value completely precludes the

existence of any scattering layer above 25 km with as large an

-2
optical depth as the value of 10 suggested by Link and his co-

workers.

7) Our determination of the rate of influx of meteoric particles

-102-



from outside the atmosphere agrees roughly with that determined by

rockets and satellites. A significant difference, however, does

appear in the sense that our influx rate for the smaller particles

is somewhat lower than the rocket and satellite determinations. We

interpret this to mean that the meteoric particles detected by the

rockets and satellites are in closed orbits about the earth and

only a fraction of these orbiting particles is flowing into the

atmosphere at any one time. Our measurements thus give an estima-

tion of the real influx rate.

8) We can also estimate from our measurements the concentration

of particles in interplanetary space. A comparison between this

estimate and that arrived at from the studies of zodiacal light

shows our concentrations to be of the order of 1,000 times higher

than the zodiacal light concentrations. A similar result is

arrived at from the satellite and rocket measurements. This is

taken as further evidence for the existence of a local concentra-

tion of interplanetary material in the neighborhood of the earth.

This concentration is a gravitational one, and many of the meteoroids

are in closed orbits about the earth.

In addition to the analysis of the 1960 Coronascope flights,

Newkirk has completed 16 flights with a small photometer mounted on

the top of a 40 ft. diameter balloon. These small zenith photo-

meters which measured the brightness of the zenith sky in the red

were launched to an altitude of 90,000 ft. at selected dates during

the summer of 1962. The purpose of this investigation was to see if

the sky brightness at 90,000 ft. was at all modulated by the influx of
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meteoric particles during the Perseid meteor shower. Of the 16

flights, 14 successfully accomplished their scientific mission.

The two failures were apparently the result of leaky balloons.

Although no obvious change in the sky brightness occurred during

or after the Perseid shower, the observations are being more

completely analyzed at the present time by Bohlin.

Atmospheric Tides

Haurwitz has continued his analysis of the tides in the earth's

atmosphere. An analysis of the planetary distribution of the 24-

hourly surface pressure distribution is nearly completed. Contrary

to the semidiurnal oscillation, the diurnal wave is very irregularly

distributed. Also, its amplitude is smaller than that of the semi-

diurnal wave. This poses certain problems of the theory of these

oscillations. Since both are caused by the daily warming and

cooling, and since in the daily temperature curve the diurnal term

is larger than the semidiurnal term an explanation is required for

the greater magnitude of the semidiurnal pressure oscillation. The

answer is presumably to be found in resonance magnification of the

semidiurnal pressure wave, but the amount of the magnification

remained in doubt as long as the magnitude of the global diurnal

pressure oscillation (freed from its pronounced local disturbances)

was not known. It appears now that the diurnal pressure oscillation

is about half the semidiurnal oscillation. Since the semidiurnal

temperature wave is about one third to one fourth of the diurnal

wave a moderate resonance magnification, six to eight times, seems

sufficient provided that the diurnal pressure wave is not magnified
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at all. Realistic models of the atmosphere give very nearly the

required magnifications.

A point which still requires explanation, however, is the very

regular geographical distribution of the semidiurnal pressure oscillation.

As long as resonance magnifications of 60 times or more were postulated

for it, this regularity was easily understood. But it is very doubtful

that it can be accounted for with a magnification of only about six to

eight fold. In addition to the main diurnal pressure oscillation, the

spherical harmonic analysis shows higher harmonics. These will be

compared with the corresponding higher harmonics of the diurnal tem-

perature wave to obtain a clearer picture of the atmospheric timing.

Both the diurnal and semidiurnal oscillation are rather insignifi-

cant in the lower atmosphere. They become important in the upper meso-

sphere where the amplitudes are of the order of 5 per cent of the mean

values. Here diurnal and semidiurnal oscillations seem to have approxi-

mately equal amplitudes, a phenomenon which calls for further investi-

gation and explanation.

A project has been started to collect more data on these atmospheric

oscillations, especially the lunar semidiurnal tide which is known,

in terms of the surface pressure oscillation, for only about 70 stations.

The stations selected for analysis are all in the United States. Deter-

minations will be made of the solar diurnal oscillations of wind, pressure,

and temperature and their higher harmonics, and of the lunar semidiurnal

oscillations. The nature of the available data will, however, make the

lunar wind determination doubtful and analysis of the lunar temperature
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oscillation impossible.

At present the National Weather Records Center in Asheville is

determining the hourly mean values at different stations for different

seasons and for different lunar phase angles. The harmonic analysis

will be performed here in Boulder.

The investigation is aimed at better knowledge of the solar semi-

diurnal wind oscillation near the ground and at more information about

the lunar tidal oscillation of the wind which has so far only been deter-

mined for Mauritius by Chapman. There are also peculiarities in the

geographical distribution of the lunar pressure oscillation. A more

detailed study of this distribution over an area like the United States

may give some help towards understanding these geographical effects.

It is also planned to continue some earlier work on the dynamics of

the mesosphere. First, wave motions such as evidenced by noctilucent clouds

and by variations of ionospheric parameters will be studied. Secondly,

some earlier work on the meridional circulation at the mesopause will

be taken up again. The original aim of that study was to account for

the remarkably high winter temperature in the polar mesosphere by giving

a dynamic explanation of the required descent of air in terms of mass

convergence in a southerly direction. Consideration of such points as

momentum and energy balance may make it possible to refine the picture

of the meridional circulation at these levels despite the almost complete

absence of observations.

Ozone

During the IGY a concentrated effort was made to extend the number

of ozone observing stations throughout the world. As a result, over 60
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stations were involved in daily ozone observations through the co-

operation of WMO. Since 1959 the list of observing stations has

changed somewhat and has been extended. Knowledge of the distribu-

tion of atmospheric ozone is important because ozone is the major

ultraviolet absorbing agent in the stratosphere and mesosphere, and

to a large extent determines the temperature distribution and the

distribution of energy sources for developing atmospheric motion in

this region. Throughout the upper stratosphere and mesosphere, the

distribution of ozone and the consequent heating of this region are

quite sensitive to the available solar radiation in the spectral inter-

val 1350A - 2200A. Thus variations in solar output in this spectral

region could produce variation in the thermal structure of the upper

atmosphere.

Knowledge of the distribution and variations of ozone is important

also because the major concentration of ozone is at 20 km - 30 km, a

region where it is relatively stable (that is, its half-life or half-

restoration period is of the order of months to years). Therefore,

the distribution of ozone is very closely tied to the circulation of

the upper troposphere and lower stratosphere.

As was pointed out above, observations of total ozone (total amount

of ozone in a vertical column of unit area) have been and are being made

at many places throughout the world. During the year, London continued

his efforts to collect all of the existing total ozone data from 1926 to

the present. It is planned (in conjunction with the Ozone Commission of

IUGG through Dr. Hans U. Dutsch, Secretary) to punch the data of daily
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ozone values on cards so that the information can be preserved in a

useful way for various climatological and synoptic studies. Climatolog-

ical charts have been prepared from all of the available data showing

the ozone distribution over the Northern Hemisphere for each of the

four seasons and for the annual average. These climatological studies

were continued for the IGY data and will be prepared currently as the

post-IGY observations become available. The quality and representative-

ness of the data should improve with time because more observing stations

are being added to the program and the instrumentation and method of ob-

servations are being standardized and improved. The ozone distribution

charts show the expected features, such as increase of total ozone during

the spring and large ozone amounts at sub-polar latitudes. The out-

standing new feature shown by the ozone maps is the marked longitudinal

variation of ozone. Ozone maxima are indicated in the vicinity of the

East Coast of North America and Asia, and through Central Europe. These

ozone ridges are best developed during the spring and least developed

during the fall. It is important to note that the contour charts of

the 100 mb surface show contour pressure troughs at about these same

geographic positions. Since fixed geographic positions of ozone varia-

tions and contour charts must be related to fixed geographic features

at the earth's surface (mountain chains, land and ocean boundaries),

the ozone maps give additional evidence of the vertical propagation of

the influence of the earth's surface, at least through 20 km - 25 km.

It is planned that as post-IGY data are collected and analyzed we will

study the intra-and inter-annual changes in the ozone distribution. This
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will provide a basis for comparison of the ozone distribution during

the IGY period with that of the IQSY period. Also, since the data

will be available for machine cbmputations, various statistical para-

meters of the climatic distribution such as the variance of the ozone

data can be computed. One expects to find the variance highest during

the winter and spring, at high latitude and along the east coast of

Canada and Siberia.

In 1952, it was discovered by Scherhag in Berlin that the tempera-

ture at levels of 25 km - 30 km might suddenly increase by about 200C or

more in 24-36 hours. This type of sudden explosive warming has since

been verified by many observations in many regions of the polar

stratosphere. At the time of the earliest observations, it was

thought by Scherhag and others that the warming was directly caused

by or closely related to solar flares and/or the earth's interception

of large intense solar corpuscular clouds. Many studies in the past

five years, however, have led most meteorologists to the conclusion

that the explosive warmings are the result of adiabatic heating follow-

ing large scale downward motion in some region of the stratosphere.

The vertical motion and heating patterns are invariably associated with

rapid changes in the stratospheric circulation pattern and usually

in a marked breakdown of the strong winter time polar vortex. There

have been many suggestions that the abrupt stratospheric warming should

be accompanied by large increases in total ozone particularly if the

warmings are due to descending vertical motion. London proceeded to

test this hypothesis. One of the most spectacular abrupt warmings in
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recent years was that which developed over Western Europe in mid-

January 1958, and moved westward to northwestern Canada by the end

of the first week in February. In order to study the daily ozone

patterns in a meaningful way, the difference between the daily

observed value and the mean for the month for that station was

calculated for each day. Thus the average seasonal and geographic

influence was eliminated. The results indicated that the total

ozone value increased from 30 per cent to 50 per cent above its mean

value centered in the region of the rapid warmings and that this

positive ozone anomaly moved in the same direction and speed as the

center of warming. A further analysis of the time section of the

vertical ozone distribution over Arosa, Switzerland, indicated that

the increase of ozone was most probably due to vertical motion in

the region of 15 km - 35 km.

For many reasons, it has often been suggested that ozone could

act as a link in an association between anomalous solar activity and

weather. During the year one of our colleagues at MIT attempted to

show a close relationship between the sunspot cycle and the annual

variations of the world-wide average of total ozone. London, together

with Mrs. Marion Haurwitz of NBS, critically reviewed this work and

concluded that there were extreme temporal and geographic biases in the

data used in the MIT study which made the final result less than

convincing.

In the course of the evaluation of this study, it seemed important

that further work be done in a theoretical attempt to calculate the



possible effect that variations in solar radiation could have on the

ozone distribution in the upper atmosphere. At present London is

investigating the influence of varied ultraviolet solar radiation on

the photochemical distribution of ozone in the layers above 50 km.

Absorption of Solar Energy

Along with an interpretation of observations of total ozone,

London is continuing theoretical studies of the photochemical distri-

bution of ozone, particularly in the mesosphere - and the consequent

absorption of solar energy by ozone and molecular oxygen in this region

of the atmosphere.

As was indicated above, ozone has a short photochemical half life

only in the vicinity of 50 km. The photochemical problem has been

formulated as a time dependent one to allow the computation of the

photochemical distribution as a function latitude, height and season.

The differential equation for the time dependent problem has been

set down and the solution will be developed by numerical calculation.

These new ozone distributions will then be used to determine the

distribution of absorption of solar energy in the stratosphere and

mesosphere as a function of latitude and season. These results are

necessary to determine the energy sources for the atmospheric circulation

in the upper atmosphere.

Stratosphere

Julian has continued his synoptic and dynamic studies of the

stratosphere and of the connections between the circulation of the

stratosphere and troposphere.
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The particular research program during the year was concerned

with studying connections between the circulation of the stratosphere

and the troposphere. Such a study would come under the broad heading

of studies of the general circulation of the atmosphere.

Interest in stratospheric circulation has recently been stimu-

lated by the observation of large-scale, vigorous synoptic activity

in the region above the tropopause extending to at least the

altitudes reached by sounding rockets. Prior to about 1935 the

stratosphere had been viewed as a highly statically stable region,

with any circulation present there being the result of some coupling

mechanism with the troposphere. Further, the stratospheric circula-

tions were viewed as "driven" by tropospheric circulation and they

therefore represented an energy sink. Recent theorectical and

observational work has tended to substantiate this view, but has

also raised some additional questions.

For example, recent observations of winds in the arctic and sub-

arctic stratosphere have resulted in revised estimates of the vertical

distribution of kinetic energy and momentum in the atmosphere with

the result that the stratosphere no longer can be treated as con-

taining a negligible fraction of the total atmospheric content.

Thus, in budgetary studies of angular momentum and kinetic energy

of the general circulation, the stratosphere deserves a treatment

heretofore neglected.

And, again, recent observations of stratospheric circulations

that are apparently confined there with no obvious tropospheric

counterpart suggest that the consideration of the stratosphere as
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wholly an energy sink is not correct and that studies of these

circulations are in order.

Aside from these recent developments, theory has yet to explain

adequately the only stratospheric-tropospheric coupling known. Although

an adequate excuse would be that such an explanation would require

a reasonably correct theory of the general circulation itself, there

are certain aspects of this coupling mechanism which can be profit-

ably investigated.

This significant, observed relation between the troposphere and

stratosphere is known as Dines' compensation after its principal

discoverer. Dines analyzed soundings in the free atmosphere taken

shortly after the discovery of the stratosphere and found:

1) The tropopause tended to be lowest in altitude during the

passage of low pressure systems and highest during the passage of

anticyclones.

2) The temperature of the lower stratosphere was warmest during

cyclone passages and coldest during anticyclone passages, while being

just opposite for the upper troposphere. With increased coverage

of balloon sounding networks and better understanding of the three-

dimensional structure of the atmosphere, meteorologists were able

to expand on Dines' explanation for the results. These explanations,

involving the structure of extra-tropical disturbances, do not

qualify as satisfactory explanations because they merely redefine

the problem. It must be admitted that no physical-dynamical theory

has yet been able to account for the presence of a tropopause or to

explain why the distribution of temperature changes should reverse
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at such a layer.

In this context, a brief outline of the plans of this research

program can be given as follows:

1) Statistical studies of the coherence between pressure 'and

temperature fields in the stratosphere and troposphere. (Winds are

unfortunately not observed with enough accuracy to be included.)

2) The computation of vertical motion and estimation of indi-

vidual terms in the equation of motion for selected cases of strato-

spheric circulation.

3) A study of models of the atmosphere suitable for numerical

integration designed to take into account the stratosphere.

Stream Flow

As a continuation of research carried out under contract with

the State of Colorado on the variability of precipitation and stream-

flow in the Colorado River Basin, certain extensions o'f the statisti-

cal analysis performed under the contract seem advisable. This work

by Julian, has as its objective the determination of the spatial and

temporal structure of such climatic elements as precipitation,

temperature, and stream-runoff.

The use of stream-runoff as a climatic parameter has been

suggested in the past but little sophisticated work has been attempted

until recently. Stochastic descriptions of stream-runoff utilizing

precipitation and temperature as parameters are now possible with

a bit of investigation. The utility of such models for design and

operation of river basin systems needs attention, particularly as

long-range forecasts of hydrologic quantities are admittedly a few
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years away.

The three-dimensional (horizontal and temporal) variation of

climatic variables has also received little solid attention to date.

The need for homogeneous (in-time) series of basic observations with

which to accomplish this and for extending, if at all possible, the

short historical series at our disposal is great. Plans have,

therefore, been made to construct a series of homogeneous precipita-

tion temperature and stream-runoff data for as many observing

stations in the U. S. and Canada as prove feasible. This series

can then be subjected to statistical analysis of the spatial and

temporal variability in the series.

It may be possible to use tree-ring widths as supplemental

data in estimating statistical properties of temperature and precipita-

tion. This possibility will be studied in cooperation with Dr. Harold

Fritts of the Laboratory of Tree-Ring Research, University of Arizona.
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THEORETICAL STUDIES

Non-Uniform Gases

Burnett continued his work with Chapman and Cowling on the preparation

of a new edition of their Mathematical Theory of Non-Uniform Gases. Eleven

chapters of the book are now in near-to-final form, some considerably re-

vised and one --on multiple mixtures-- entirely new. Other chapters have

been redrafted but still require discussion.

Several astrophysical applications of the theory have been made.

The general problem of diffusion in the sun, including the mutual dif-

fusion of protons and alpha particles, and the downward diffusion of

heavy ions, has been completely solved. The ring currents set up in the

corona by its differential rotation have been calculated and the magnetic

field produced by them found to be appreciable; the consequences of this

theory require further consideration.

Convection

Skumanich has considered during the year three different problems

dealing in one sense or another with convection phenomena. The first

is concerned with the applicability of the Boussinesq approximation to

thermally induced convection in a gaseous atmosphere. The second deals

with fully developed convective turbulence and represents an effort to

obtain an estimate of the turbulence spectrum. The last is concerned

with the question of the structure of stars which are on the verge of

being convective in their central regions and of the value of stellar

mass at which the switch from radiative to convective equilibrium occurs.

The Boussinesq approximation to the equations of hydrodynamics can

best be summarized by the statement that the flow is such that density
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variations (or alternately dilational changes) may be ignored except in

so far as they give rise to a buoyancy force. Further, the buoyancy

force is due principally to thermal rather than pressure variations.

This approximation is known to be applicable to thin layers of liquids.

Spiegel and Veronis have recently discussed the applicability of

this approximation to gases, although with insufficient mathematical or

physical rigor. These authors claim that as long as the vertical dimen-

sion, d, of the gaseous atmosphere or convectively unstable layer is

small compared to a characteristic scale, H, over which appreciable

changes in state would occur (e.g. vertical distance over which the pres-

sure would fall by a factor 2) the Boussinesq approximation is valid.

This is the requirement for a nearly homogeneous layer. The more rigorous

analysis by Skumanich seems to indicate that several other conditions

must be satisfied in addition to the above condition.

The condition that the convective layer is nearly homogeneous, i.e.,

d/H -1 (1)

is sufficient (as the above authors show) in order for one to neglect

the convection of the slight density differences which are present (top

to bottom) and also to neglect the pressure fluctuations in the buoyancy

force. For steady convection this is sufficient for the Boussinesq

approximation to hold in gases. However, to neglect the density fluc-

tuations arising from the motions occuring in unsteady convection, one

must impose first the incompressibility condition, which restricts the

ratio of the spatial to temporal character of the flow, viz.,

L <<Co  (2)
T
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Here L is a characteristic length for appreciable spatial changes in the

flow field, T a similar quantity for temporal changes, and C the sound

velocity (compressional wave velocity). This condition requires any wave

motion, for which L measures the phase velocity, to be sub-acoustic
T

(i.e. sub-sonic, e.g., gravity waves), or any non-steady convection to

be slow or creeping in character and at the same time of large horizontal

scale (the vertical scale is fixed by the thickness of the layer). This

condition then allows one to neglect the dilational effect of the pres-

sure fluctuations and allows a gas element to remain in pressure equi-

librium with neighboring elements.

Second one must impose the condition that the dilational changes

due to cooling, i.e., heat flow, are negligible, hence

2T >> kd
LT (3)

where k is the thermal diffusivity, d the thickness of the convective

layer and g the acceleration of gravity. This condition seems not to

have been discussed in the literature and represents a new element in

the analysis. This condition is somewhat more difficult to interpret

physically than condition (2). Let us consider a thermal perturbation

(we have seen that we can neglect pressure perturbations) in our unstable

2
layer of size L, then L k represents the lifetime of this disturbance

for in this time, heat flow will cause the temperature fluctuation to

revert to zero. NowfSd7g is the rise time of a bubble or the rise time

of the maximum perturbation allowable ( i.e., one where the fluctuation

in temperature is equal to the temperature). This represents the maximum

time during which buoyant forces will act. Hence condition (3) states
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that a perturbation of size L should exist long enough for its buoyancy

to act (otherwise the problem is not interesting since no motion will

ensue), i.e.,

2 i
life-time - L / d >> (3a)
acting time k V  g

The other part of the condition states that changes in the flow pattern

are brought about by buoyant forces and the time scale of these changes

is long enough for the forces to act, i.e.,

time scale = T/ Fd>> 1 (3b)
acting time V'-

g

Actually condition (3a) and (3b) are not necessary and sufficient alone

but must be combined so that their product satisfies (3).

The next condition arises from requiring the dilational viscous

effects due to pressure and temperature fluctuations to be negligible in

order that the flow be dilation free. These are respectively that

T>> Tcoll (4)

r 1/2
L» (1 Hd) (5)

o

where T, L, H and d are as given above and Tcoll is the time between

molecular collisions, 1 is the molecular mean-free-path. A slightly

different form of condition (5) was first explicitly given by H. Jeffries

3 2
as follows, d >>1 H. A weaker version of (5) is

L > > 10(5)

a
since H>d >> o . In this fashion (5 ) and (4) state that the flow

must be on a bulk scale compared to the molecular scale. Indeed, if it

were not so, the equations of hydrodynamics would be quite inapplicable

themselves let alone some approximation to them.
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Mention should be made of one other condition which is implicit in

the boundary conditions. This is the requirement that the flow fit into

the unstable layer, i.e. that it have a vertical scale of the same order

or less than the thickness of the layer. This condition is used in the

derivation of the Boussinesq approximation. This is the present status

of this investigation. One other effect has yet to be considered, viz.,

the heating by viscous friction and its dilational effects. In linear

theories this term is neglected since it is a quadratic effect.

Turbulent Thermal Convection

A recent statistical theory of highly turbulent thermal convection

in a nearly homogeneous layer by Thompson has stimulated Skumanich's

efforts to attempt to estimate the turbulent spectrum for this parti-

cular problem. Considerable experimental data are available for this

particular case so that comparisons with theory are possible. Since the

convection is statistically steady and departs not too strongly from

the equilibrium state (the Boussinesq approximation is valid here), it

is expected that the principles of irreversible thermodynamics are

applicable. In particular the principal that the steady state is char-

acterized by minimum entropy generation must hold and should constrain

the turbulent spectrum so as to yield this minimum entropy production.

This study, by Skumanich and Emmanuel, is in progress at the end of the

year.

Intermediate Main Sequence Stars

The question of the structure of chemically homogeneous (i.e., main

sequence) stars in which hydrogen is burned into helium by means of the

-120-



proton-proton cycle and, catalytically, by the carbon-nitrogen cycle has

not yet been fully answered. It is for this portion of the main sequence,

i.e., chemically homogeneous stars with masses between 1.0 to 2.5 solar

masses, that the central regions change from a purely convective core

(highly concentrated energy source, viz., the proton-proton cycle). The

mass at which this transition occurs and the structure of stars on either

side of it are of considerable evolutionary interest. Stars with con-

vective cores develop chemical inhomogeneties which are quite different

from those with radiative cores and have different evolutionary histories.

In order to calculate the structure of a given star, the heat trans-

port parameters, in particular radiative opacity and heat generation

expressions, must be known. These depend upon the chemical composition

of the star and, in a complicated way, upon the temperature and density.

At present opacity tables are available only for a limited variety of

chemical compositions, temperatures and densities. Consequently, an

interpolation formula which is valid for the temperature and density

range to be expected has been fitted to the opacity data. This has then

been extrapolated to a chemical composition which is metal rich (4 per

cent metals by mass). Interpolation formula for the p-p cycle relevant

3 4
to our temperature range has been computed in which He -He burning has

16
been included. Similarly for the CN cycle, except here 0 burning has

not been included since the central temperatures are insufficient for

16
p-0 burning.

With the above parameters available, Skumanich has begun numerical

hand integrations of the equations of stellar equilibrium.
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In order to progress effectively in this field, the use of a large digital

computing machine is necessary. However, it was felt that some numerical

experience would be valuable as an aid in planning machine integrations

and as representative test cases.

The nature of the problem permits division of a star into an inner

core region and an outer envelope region. At present five preliminary

envelope integrations have been obtained by hand integrations. Rather

than compute the core integrations, which are considerably more complex

than envelope integrations, by hand, the equations have been coded for

a (memory-wise) small IBM machine (1620). Difficulty with starting

values has prevented progress in obtaining any solutions so far, but

it is hoped that a more accurate series solution will obviate this problem.
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SOLAR DATA REPORTING

A major effort continued in the collection and reporting of solar

data under the supervision of Trotter. The collection is routine

and has become easier with the decline in solar activity. Reporting

of the summaries of these data is primarily on a daily and weekly

basis. Most of the daily reporting consists of routine messages to

the North Atlantic Radio Warning Service in Fort Belvoir and to the

Central Radio Propagation Laboratory at the NBS in Boulder. However,

there are several persons who receive reports of large flares

immediately, and others to whom advance notice is given of the

possibility of strong flare activity. Also, Trotter has frequently

alerted research groups (mainly persons who want to fly balloons

for cosmic radiation) during a two or three week field test. This

has taken the form of both prediction and reporting.

The main publication of solar activity is the "Preliminary Report

of Solar Activity" which is prepared every Friday. This is a

compilation and selection of all solar data which are available.

The chief sources of information are the Central Radio Propagation

Laboratory of NBS, Climax, Sacramento Peak, the HAO radio spectro-

graph and the Stanford Radio Astronomy Institute. Swarup and

Bracewell of Stanford made their 9.1 cm radio maps of the sun

available to us beginning in the summer of 1962 and these have added

greatly to the usefulness of the reports.

We hope we can add data on other solar features as they become

available. In any case we are anxious to include as much useful
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solar information as possible; at the moment we are not seriously

limited in the amount of data we can handle.

Preliminary coronal measurements from Climax and Sacramento

Peak are used by Kiepenheuer in Germany for the preparation of the

daily maps of solar activity issued by the Fraunhofer Institute.

Tables are also prepared of final 5303A and 6374A coronal

intensities from Climax and Sacramento Peak, and published in the

IAU Quarterly Bulletin of Solar Activity. Beginning with 1961, we

will prepare maps of the 5303A coronal isophotes using data from

many stations included in the Bulletin.

Henderson has been working on a report of yellow line occurrences

to bring up-to-date the information that has already been published.

In September Trotter acquired that part of the World Data Center

A, Solar Activity having to do with the archiving of flares, prominences,

coronal intensities, and sudden disappearance of filaments. This work

is being continued in the pattern established by Hansen.

The Center furnishes CRPL with flare data each month. In

addition it has published five reports during the year. HAO Data

Publications and Publications of the International Geophysical Year,

World Data Center A for Solar Activity are included in a listing

at the end of this document.

At the present time the Data Center is arranging to publish

McMath-Hulbert Observatory's Working List of Flares and Daily Flare

Index for 1961 and 1962, and "Intermediate Report of Surges and Active

Prominence Regions, January-December, 1962" is already in preparation.

The Center is ready and willing to publish other reports for which

there is need and which would not otherwise be sponsored.
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INSTRUMENTS

16-inch Coronagraph.

We had the deep satisfaction of essentially completing the new

16-inch coronagraph by year's end, and cooperating in the first ob-

serving program to be done on it.

Early in the spring, mechanical and electronic repairs and modi-

fications of the 26-foot spar and its control circuitry were begun.

During the summer, mountings and covers for the 16-inch optical system

were installed, and Rush began installation of the optics in September.

Somewhat more than the usual quota of difficulties and delays developed;

but the system was in operating condition early in December.

Atmospheric seeing has been too poor to permit a test of image

resolution. However, the evidence from inadequate observations in-

dicates that the excellent optical performance observed in the Perkin-

Elmer test setup will be realized in the finished instrument. Measure-

ments of background light in tle red indicated instrumental scatter of

about 40 millionths of the disk. This figure probably can be reduced

still further; but it is gratifyingly low, considering the complexity

of the system and the tentative state of the light trap design.

The new guider system for the 26-foot spar was designed and partly

built during the year. It will provide for remote control of the com-

plex stepping and raster scans required by the spectrograph and magneto-

graph, as well as the usual coordinate motions. Equipment for circulat-

ing filtered air through the coronagraph system was installed in

December.

-125-



Spectrograph

Design and construction of the spectrograph and image rotator

were carried forward substantially during 1962. However, the necessity

for completing the coronagraph before another winter prevented completion

of the spectrograph.

The image rotator was designed and manufacture largely completed.

Several significant design decisions were made. We previously had

decided to focus the solar image on the spectrograph slit by moving the

entire spectrograph parallel to the polar axis, since focusing the

coronagraph was impractical. We considered moving only the slit and

the collimator mirror, but coordination of these motions seemed more

difficult than the cumbersome but direct movement of the entire in-

strument. However, detailed design studies of the latter approach

revealed unexpected difficulties. We have, therefore, decided to move

only the slit and collimator, coordinating these motions by means of

a servo link to preserve the internal focusing of the spectrograph.

This arrangement will result in important advantages in the use of

external accessories to the spectrograph.

Earlier plans had involved scanning with the slit for step spectra.

Further study resulted in transferring this function to the guider lens

mount, thus simplifying the slit assembly. Thus both step and raster

scanning will be accomplished by shifting the spar, so that the slit

will remain on the optical axis of the system.

The spectrograph will incorporate a double-pass system to provide

higher dispersion and very low background over small spectral regions.
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This output will be especially advantageous for feeding the magneto-

graph, image tube, or spectrophotometer. A small auxiliary camera

mirror working in single-pass will afford still another output for

narrow-region work. These systems utilize the 40-inch camera mirror

in addition to the primary long-spectrum single-pass system.

Design of the collimator has been delayed for study of various

methods for correcting the aberrations introduced by the spherical

camera mirror. A final decision will be made shortly, and this and

the auxiliary mirrors will then be ordered.
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NATIONAL FACILITIES PROGRAM

SCIENTIFIC REPORT FOR 1962

INTRODUCTION

The discussions and studies which led up to the establishment of

NCAR, as well as the more recent report of the NAS-NRC Committee on

the Atmospheric Sciences ("Petterssen Report"), are unanimous in identi-

fying the need for an aggressive development of large-scale "facilities"

in support of research in the atmospheric sciences. In concept these

facilities would serve the needs of the scientific community quite

generally and would be designed in particular to satisfy research re-

quirements involving outlays of equipment, money and effort beyond the

practical reach of most individual universities or other research groups.

At the same time the importance of directly relating "facility programs"

to active scientific research is universally recognized.

One of NCAR's primary objectives is to provide leadership, and to

participate actively in the development of required national facilities.

Responsibility for this activity within NCAR has been assigned to the

director of Facilities and Administration--one of the three operating

divisions of the National Center. As a result of detailed study during

the past year, a terminology and concept for the orderly development of

NCAR's National Facilities Program has evolved.

We identify a particular facility program in terms of its func-

tional objectives, e.g. the Scientific Balloon Program. In general

each program group, under the leadership of a Program Director will
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(within its field of interest):

1) Support the research activities of the Laboratory of Atmospheric

Sciences and the High' Altitude Observatory.

2) Develop new sensing and control techniques and, where appropriate,

assemble and operate integrated observing systems.

3) Provide consultation and assistance with instrumental and observa-

tional problems.

4) In response to national needs, design, develop and operate national

facilities; e.g., Palestine Scientific Balloon Flight Station, to support

nation-wide research efforts. New facility programs may be inaugurated

within NCAR whenever we have reason to believe they can serve a useful

purpose; existing programs will be discontinued when they no longer

serve their intended purpose.

A "national facility," as the term is used here, includes a

physical plant and a group of people organized to manage the plant.

The plant may consist of buildings, airplanes, radar sets, or any

aggregate of buildings and equipment which has a discrete observational

or other scientific purpose.

NCAR-operated national facilities for common-usage are expected

to develop in a methodical manner from programs in being. The program

staff will plan and supervise the orderly growth of each new facility

and serve as a nucleus around which a competent operational staff may

be formed. NCAR's policy is to develop common-usage national facili-

ties only when:

-- a clear and demonstrable national need exists;
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-- no other agency is in a position to provide them effectively

and economically;

-- there is resident NCAR scientific staff competence concerned

with the use of the facility, so that the facility is subject

to internal scientific scrutiny.
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NATIONAL FACILITIES PROGRAM.

Several facility programs have been suggested, some have been

studied in a preliminary way, and one, the Scientific Balloon Pro-

gram has been established and is now operating the Scientific Balloon

Flight Station at Palestine, Texas. We have learned that there are

practically as many ideas for facility programs as there are problems.

It is relatively easy to document requirements for any reasonable type

of facility, but to show that a facility is in the national interest

is much more difficult since this involves comparing facilities and

choosing those which promise the greatest scientific return for the

investment involved, an investment which must be reckoned in terms

of talent, time and money.

Most of the suggested facility programs share one common feature.

They are designed to enable the scientist to observe atmospheric

phenomena. The information desired must be accurate, representative

and in readily usable form. Furthermore it must be available without

undue time delays.

The ideal "facility" would be one to which the scientist could

turn each time he needed information about the atmosphere. The at-

mosphere, however, is so large and complex and atmospheric scientists'

interests are so varied, that we can never realize this ideal. We can,

on the other hand, attempt to visualize the ideal and to design a

National Facilities Program that approaches it as closely as modern

technology, management techniques and resources will permit.

Observational requirements, of course, cover an infinite range of
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scale. Requirements on the laboratory scale, on the one hand, are

generally satisfied within NCAR and other laboratories on the basis

of individual need. At the other extreme, meteorological data re-

quirements on the global or planetary scale are met relatively well

by the existing international synoptic net. To be sure, there are

many deficiences in this net and NCAR may be able to help overcome

these by developing better observational techniques but it can hardly

expect to add materially to the number of observing stations in the

net.

NCAR can, however, attempt to develop facility programs dealing

with aspects of the observational problem that fall in the scale range

between these two extremes. Plans and progress toward the development

of NCAR's facilities program are reviewed in the following sections.
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SCIENTIFIC BALLOON PROGRAM

The first of our facility programs, the Scientific Balloon Program,

was established in mid-1961 with the appointment of Vincent E. Lally

as Program Director. The program staff numbered 14 persons in December

1962 and is expected to reach a stable size of 16 persons during 1964.

The balloon program will complement other planned observational pro-

grams in providing a means of measuring meteorological parameters at

levels above those reached by aircraft and routine meteorological

soundings and of flying heavy loads for scientific purposes above most

of the earth's atmosphere.

NCAR Panel on Scientific Uses of Balloons.

In order to provide counsel with respect to the conduct of the

balloon program and to advise as to the priority of balloon flights

to be assisted, an advisory panel was formed in 1961. The NCAR Panel

on Scientific Uses of Balloons, under the Chairmanship of Alvin W.

Howell, is made up of ten scientists from other institutions who were

chosen for their recognized competence and interest in the problems of

scientific ballooning.

Improvement of Balloon Systems. A contract has been let to develop

the air-borne elements of a standard telemetry and command system

for scientific balloon use. Ground stations are being fabricated in-

house. By the summer of 1964 we expect to have these units available

for researchers, together with compatible ground data handling

systems.

A consulting contract has been let with Dr. Ray L. Hauser of
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Hauser Research and Engineering Company, Boulder, Colorado to assist

NCAR in establishing its balloon materials development program.

Another contract was let to provide a feasibility demonstration of a

very heavy-load launch system which will be less expensive and more

reliable for field use than existing techniques. A major effort is

planned in the next year to carry this work forward so as to produce

a reliable, proven system. Finally, tests will be made this summer

of superpressure balloon systems for extended flight.

Balloon Safety.

Radar beacon transponders, compatible with the FAA radar network,

have been successfully tested on balloon flights from Palestine and

Glen Canyon. Within the next year we expect to have one of these

devices standard on all major balloon flights, obviating the statu-

tory requirement for tracking aircraft and permitting FAA to main-

tain responsibility for track and collision avoidance.

Conference and Clearing-House Activities.

A workshop was held last summer summarizing the present state

of the art of ballooning. The proceedings are being published in a

600-page issue of NCAR Technical Notes which will be distributed

within the near future. Conferences were held during the year on

balloon stabilization systems and on ozone and water vapor measure-

ments. The balloon program newsletter, Scientific Ballooning, is

now distributed to 460 persons on a 6 times per year basis.

Palestine Scientific Balloon Flight Station.

Out of the efforts of the balloon program has developed the first
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NCAR-operated national facility, a balloon flight station located at

Palestine, Texas. Initial construction at the Palestine Scientific

Balloon Flight Station"was completed in October 1962. An investment

of $250,000 has been made to permit clearing, grading, hard-topping

and building construction. A two-story prefabricated laboratory and

operations building has been erected, which provides office space for

visiting scientists, shop areas, a radiosonde room, communication

center, photo lab, weather station and sheltered staging area. Also,

a "Stratoport" to house the 36-inch Stratoscope II telescope has been

constructed on the site by Princeton University.

Although the station has not yet been opened for general use,

the mounting space requirements of Stratoscope II personnel dictate

a need for expansion. Accordingly, additional warehouse and staging-

area facilities are now being built. Future plans for additional

development at Palestine call for the construction of a 140-foot

high balloon inflation shelter and of permanent helium storage

facilities.

Year-round maintenance and operation of the Palestine facility

will be provided through sub-contract with Raven Industries. The

station should be fully operational and available to all qualified

experimenters by 1 July 1963. An extensive program of over 50 flights

is scheduled for this summer.

Glen Canyon Scientific Balloon Flight Station.

A second flight station for long-duration winter flights is

planned for development at the Glen Canyon Dam near Page, Arizona
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during the coming year. The natural environment is so ideally suit-

able for ballooning that a very modest investment will provide a most

excellent balloon flight facility.

Flight Services.

The Palestine Scientific Balloon Flight Station was made avail-

able for Stratoscope II flight operations. A final test launch was

made in December 1962.

Upon the recommendation of the NCAR advisory panel, responsibility

has been accepted to manage the flight programs of Polariscope (Gehrels

of the University of Arizona and Sekera of the University of California)

and Coronascope II (Newkirk of HAO). Initial test flights have been

made for Polariscope with actual telescope flights scheduled for

October 1963 from Glen Canyon. Coronascope flights will be made from

Palestine during the summer 1963.

NCAR will provide flight services for about 50 other flights

in the summer of 1963 with a major program of water vapor measure-

ment scheduled for September.
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MICRO-MESOMETEOROLOGY PROGRAM

A requirement exists for observing atmospheric phenomena ranging

in scale from those which are ordinarily termed meso-scale down through

those which may only be observed in an atmosphere simulation chamber.

To obtain the needed data one must operate a network of observing

stations much denser than the synoptic net, and many of these stations

must have capabilities well beyond the capabilities of present synoptic

stations. It is obvious from economic considerations that a net of

this type cannot be as large as the international synoptic net. Yet,

if it is to be smaller, no permanent location will permit exposure to

all types of atmospheric phenomena. It must therefore be mobile,

operating in each location just long enough to permit the gathering

of sufficient data for a study of that area's atmospheric features;

or it must be fragmented and operated in several locations simultaneously.

When viewed realistically, it probably should be a mobile net which can

if necessary be broken into several pieces, each capable of operating

independently.

The term "net" has been used thus far in a collective sense to

designate an aggregate of all available means of observing the atmosphere.

This includes ground-based observers and instruments, observers and

instruments borne on aircraft, and balloon-borne instruments, to mention

only a few. For management reasons, such a "net" would probably be

organized into functional groups. Thus while all groups would be

capable of operating together in an integrated attack on problems

peculiar to a given area, each could also be readily operated as a

functional facility in an area remote from all others.
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In subsequent discussion, "net" will be used in a more restricted

sense to indicate a collection of observing stations, temporarily fixed

in an array. The net will include stations for making surface and

upper-air observations (by instruments borne aloft by small balloons).

It may include meteorological tower installations and radar or other

electromagnetic probes. It will not include aircraft, nor will it

include stations for making observations by special instruments

requiring large balloons and extensive preparations.

The spacing of stations within the net must be adjusted to the

purpose the net is to serve. In a small central area, located so as

to be frequently exposed to the atmospheric phenomena under study, the

net should be closely spaced so that minor details can be observed.

In a larger area, surrounding the central area, stations may be spaced

farther apart but still close enough together to permit the phenomena

under study to be positively identified and tracked to and from the

more closely spaced central net. Features large enough to blanket the

dense inner net and yet small enough to be missed in the synoptic net

could be studied in detail in the outer net. The gradation in station

spacing in the series of nested nets may change from time to time, but

at least one net intermediate between synoptic-scale and the most

closely spaced net would be necessary. We have chosen to term the

facility program concerned with observation intermediate between

synoptic- and laboratory-scale, the micro-mesometeorology program.

Because micro-meso observations are required in direct support of

the NCAR scientific program, and because such a net can be moved in
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part or as a whole to serve other purposes, we plan to initiate an

NCAR Micro-mesometeorology Program during mid-1963.
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AIRCRAFT OBSERVING PROGRAM

The one facility program which has been discussed more widely

than any other is an aircraft flight facility. It has many virtues;

it is extremely mobile, it can record important atmospheric para-

meters in a continuous fashion along a line chosen by the observer

on the scene, and it often provides virtually the only means of

making meteorological measurements in remote areas. It can also be

combined effectively with other observational facilities.

Much effort has already been devoted to the development of flight

facilities by various groups in the U. S. During the past year NCAR

and U. S. Weather Bureau appointed a joint group to survey the

in-flight observational requirements of the general scientific com-

munity and, at the same time, to inventory aircraft now assigned to

research activities. The group has obtained information by direct

visits and through a widely-circulated questionaire. A report of

their findings will be distributed within the near future.

NCAR will initiate an aircraft observing program in 1963; our

first efforts will be to attempt to increase the availability of

existing research aircraft to the scientific community-at-large

through the coordination of requirements. A long-range effort to

increase the effectiveness of airplanes as atmospheric observing

platforms through improved instrumentation and data recording systems

will also be initiated. NCAR plans to secure and operate one, and

possibly two, light aircraft in support of its own scientifc require-

ments during late 1963.
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ATMOSPHERE SIMULATION PROGRAM

There exists a scale of atmospheric phenomena, difficult to study

either in the atmosphere or in the conventional laboratory. The growth

of raindrops is an example. To simulate the natural environment for

the study of this class of phenomena, one needs a large enough chamber

so that the influence of walls is negligible. In this chamber, air

movement, temperature, pressure, humidity, electric field gradients,

etc. must be carefully controlled. At the same time one must be able

to examine action in the chamber with instruments as precise as the

microscope. Preliminary planning for the chamber of this sort will

start in early 1964 with the initiation of an atmosphere simulation

program within NCAR.
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UPPER ATMOSPHERE AND SPACE DATA PROGRAM

The national need for an upper-atmosphere data center has been

analyzed by various groups during the past year. Primary stimulus for

action comes as a recommendation made by the National Academy of Science,

Committee on Consolidated Data Center, Dr. A. H. Waynick, Chairman. This

committee studied the problem of consolidating certain scientific data

into a data center from which it would be generally and readily avail-

able to the scientific community. Such a center should be capable of

retrieving stored data rapidly. It should be staffed by scientists who

are competent in the various fields represented by the data and who are

expected to carry on research in these fields using the facilities of

the center. The center should have ample data processing equipment,

including access to a large computer, so as to enable anyone seeking

data to obtain it in the combined or derived form which he requires.

We consider that such a data center would stimulate and facili-

tate certain types of research within the scientific community and

could be operated effectively as an adjunct to NCAR. We have presented

preliminary plans for such a center (to be managed by NCAR) to the

Academy committee and to the National Science Foundation for consideration.
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NATIONAL DATA-PROCESSING PROGRAM

NCAR plans to operate a large-scale computer, of post-STRETCH

capacity, at its permanent site in Boulder. Although the character-

istics of the computer chosen will be largely determined by the

data processing requirements of the Laboratory of Atmospheric Sciences

and High Altitude Observatory, it is intended that these facilities

also be available to the scientific community-at-large.

Daniel F. Rex

15 March 1963
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