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INTRODUCTION 

'.rhe ::::nstitu.te of Atli:oc:;;llcric Pl1~'sics was set up in April, 1954 to conduct 
research in an intensive manner into cloud physics problems in order to provide 
background to any future studies of possibilities of increasing the usable 
amounts of water in the Southwest. A group of prominent citizens headed by 
Lewis w. Douglas, native Arizonan and former United States .Ambassador to Great 
Britian, developed the plans for the Institute and promoted its financing. 

Mr. Douglas and President Harvill of the University of Arizona arranged 
early in 1953 a conference of a number of the world's leading scientists 
working in the field of cloud physics to lay out a program for the establishment 
of a research institute in Arizona to work on these problems. Late in 1953, 
the co-operation of the Department of Meteorology of the University of Chicago 
was enlisted and arrangements were made whereby the University of Chicago would 
assist the University of Arizona in setting up a research program in this field. 
Dr. Horace R. Byers, Chairman of the Department of Meteorology of the University 
of Chicago is serving as an advisor to the Institute in its work. It is 
planned that equipment, particularly airborne equipment will be operated by the 
University of Chicago in the Arizona area as a further aspect of the co-operative 
program between the two universities. 

Support of the Institute, which is an integral part of the University of 
Arizona, comes at present about equally from the State of Arizona and the 
Alfred P. Sloan Foundation which in 1954 announced a three year grant of 
$150,000 to support basic research in cloud physics at the University of Arizona. 
In September of 1954 it was announced that the National Science Foundation 
made an additional grant in support of Institute research. 

Although none of the activities of the Institute will directly concern 
cloud seeding and other weather modification techniques, it is to be emphasized 
that at the present state of knowledge of cloud modification methods, all types 
of fundamental research on clouds and their physical characteristics serve to 
increase man's lmowledge of the potentialities for cloud seeding. The past 
several years' activity in commercial cloud seeding have demonstrated con
clusively that no real progress in this direction can be made until a great 
many intricate problems have been solved by extensive researches. 

REPORT OF PROGRESS 

The Institute of Atmospheric Physics emerged from the formulative stage 
into an active operation on Aprill, 1954 when Dr. J.E. McDonald assumed his 
duties as Associate Director and reported to the campus of the University of 
Arizona, Under his direction the ensuing three months were spent largely in 
the matters of securing a staff, ordering equipment and preparing the physical 
plant for future operation. This latter operation involved modifying two 
buildings on the University campus to provide some four thousand square feet 
of office, laboratory, and shop space. In addition, observing platforms for the 
radar equipment and other observing instruments were constructed on the roof 
of the Engineering Building and a convenient radar control room and small 
maintenance shop were set up in unused attic space of the Engineering Building. 

Although many of the details of setting up the physical facilities for a 
working organization were not, and still are not completed, it was possible to 
start actual scientific investigations about the first of July. At the present 
time:, the activities of the Institute can be divided into four categories. 
These might be labeled "Synoptic Climatology", "Cloud Census", "Nuclei 
Detection", and "Solar Radiation Measurements". 
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The objective of the synoptic climatology program is to build up, as 
quickly as possible, a statistical description of the seasonal variation of the 
prevailing states of the atmosphere over Arizona and the Southwest and the 
relation of those variations to cloudiness and precipitation. "Statistical 
description" is used in a very broad sense here. Mr. R. B. DesJardins has 
devoted the past four months to a compilation of precipitation and cloudiness 
statistics for Tucson. In order to determine the possible importance of the 
recently advanced hypothesis of cloud nucleation by meteoric dust, over fifty 
years of Tucson rainfall data was tabulated in such a form as to yield mean 
daily rainfall for every calendar day of the year. The resulting rainfall 
graph does in fact exhibit distinct peaks of the sort that led E.G. Bowen to 
his meteoric dust hypothesis, but most of them lie several days ahead of the 
peaks for other parts of the world, suggesting possible average descending 
currents aloft over Arizona. The agreement with Bowen's curves is not 
uniformly good, deteriorating somewhat for the summer months. This study was 
done as bacl~ground for the nuclei counts to be taken during the coming winter. 

All cloud obse1'Vations in the regular six-hourly weather observations made 
during the past decade at the Tucson airport Weather Bureau Station are being 
compiled by Mr, DesJardins into a survey of cloud types and frequencies and their 
seasonal variations. These data are needed in the planning of a number of 
Institute activities and are also of great interest in themselves, A surprising 
feature of the cumulus frequency data is the high summertime frequency of 
cumulonimbus or cumulus congestus clouds near Tucson, some 60% of all observa
tions showing one or the other of these types here, in contrast to about 40% 
frequency for Chicago, Illinois. 

Preliminary arrangements are being made with the u. s. Weather Bureau to 
.set up a co-operative punchcard project at the Institute to place on IBM punch
cards a large part of the existing Arizona weather data. 

This phase of the Institute activity is being supported by funds 
appropriated by the State of Arizona. 

The ''Cloud Census" derives its name from the analogy of this investigation 
to a population census. Its purpose is to systematically record the presence 
of each cloud in the observing area and to secure as much data as is possible as 
to preferred places and times of formation, lifetimes, modes of evolution, and 
growth rates. 

The major effort on this phase has been the setting up of the radar 
equipment, An Air Force TPS-10 radar set was received at the Institute on June 
21, following negotiation of the no-cost loan Contract No. AF 19(604)1134 with 
Air Force representatives. This radar, which came from the University of 
Chicago Cloud Physics Project, is now fully operational, and a number of films 
of the radar screen were taken during the last weeks of the summer rainy 
season in this area. 

The radar's function in the cloud census program is to determine in which 
of the clouds ice particles or water droplets of a given size and number have 
formed. This information, presented on the radar screen as a. cross-section of 
the lower atmosphere along a given bearing from the radar set, is vital to the 
problem of determining the mechanism o'f natural precipitation·, The coverage of 
the Institute radar is a circle of seventy mile radius. Clouds to a height of 
sixty thousand feet can be recorded. 
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A second aspect of the cloud census investigation has been the successful 
operation of a motion picture camera modified for use as an automatic lapse
time camera. In this operation; single-frame pictures are taken at intervals of 
from two to ten seconds and then are projected at normal film speeds. Under 
these circumstances the natural processes are observed as accelerated a hundred 
times or more and the cloud motions and developments can be readily studied. 
Events taking hours to occur can be viewed in minutes. In one study, the camera 
was used as a "dome camera 11 to photograph, from directly above, a convex 
hemispherical mirror. This yielded in a single photograph a picture of the 
complete cloud coverage of the sky over Tucson. 

The activities of the Institute in the field of cloud census measurements 
are being supported and will continue to be supported by the grant from the 
Alfred P. Sloan Foundation. 

The Institute's work in the field of "Nuclei Detection" represents a co
operative effort with the Scientific and Industrial Research Organization of the 
Commonwealth of Australia. The objective of the research is to provide a 
conclusive test of the exciting but yet unproven hypothesis of Dr. E.G. Bowen 
that significant amounts of material for the natural nucleation of rain
producing clouds actually comes from meteoric dust from extra~terrestrial sources. 
The observations will be made with equipment constructed by the Australian 
group and given to the Institute for these measurements. The observations will 
be made during the months of November, December and January simultaneously with 
identical measurements being made in the Southern Hemisphere by the Australian 
group. 

Progress in this activity has consisted of investieations of the best 
method of operating this equipment. The equipment is preferably flown, but, as 
a last resort measurements can be made in the mountains surrounding Tucson, 
At the present time both of these possibilities are being carefully examined. 
It seems likely that the measurements will be made from the air. 

The personnel and operational expenses of this activity will also be met 
through the grant of the Sloan Foundation. 

In the field of "Solar Energy Measurements" data accumulated by the 
Institute will be used in connection with studies of cloud absorption of 
insolation and light scattering by atmospheric particulates. In addition the 
Institute will act as a supplier of basic data for other groups now being 
formed who are interested in solar energy, 

Pyrheliometric equipment for making these measurements has been received and 
automatic recording equipment, designed by the Institute, is in the process of 
construction. The basic equipment being constructed for this purpose can 
readily be adapted to the automatic recording of any of the meteorological data 
of interest. 

This portion of the Institute activity is being supported by funds 
appropriated by the State of Arizona. 

PERSONNEL 

The regular staff of the Institute now consists of the following persons: 
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Roscoe R. Braham, Jr., Director. 
Dr. Braham received the Ph.D. degree from the University of 
Chicago and has wide experience in the field of cloud physics, 
having contributed many papers and articles to the field. 
He shares his time with the University of Chicago where he is 
Senior Meteorologist of the Cloud Physics Project. 

A. Richard Kassander, Jr., Associate Director. 
Dr. Kassander received the Ph.D. degree from Iowa State 
College. His experience has been in the field of geo
physical instrumentation and automatic data analysis. Dr. 
Kassander supervises the applied aspects of the Institute 
program. 

James E. McDonald, Associate Director. 
Dr. McDonald received the Ph.D. degree from Iowa State College. 
His main interest is in the field of theoretical meteorology 
and cloud physics where he has made many contributions. Dr. 
McDonald supervises the fundamental theoretical aspects of 
the Institute program as well as the meteorological 
interpretation. 

Robert B. DesJardins, Assistant in Meteorology. 
Mr. DesJardins received the M.S. degree from Florida State 
University where he was a teaching assistant in synoptic 
meteorology. Mr. DesJardins is conducting investigations in 
the area of synoptic climatology. 

Lee L. Sims, Assistant in Meteorology. 
Mr. Sims received the M.S. degree from the University of 
Wisconsin where he was project assistant in the field of 
micrometeorology. His investigations with the Institute have 
been mainly in instrumentation in connection with the cloud 
census program. 

Irving M • .Ames, Electronic Technician. 
Mr. Ames received the B.S. degree from Cincinnati University. 
He was formerly with Hughes Aircraft Company. Mr. Ames has 
been responsible for the construction, maintenance and 
operation of the radar equipment. 

Lyle L. Knowles, Electronic Instrument Maker. 
Mr. Knowles comes from a similar position with the .Ames 
Laboratory of the Atomic Energy Commission. His experience 
has been in the general field of electric and electronic 
instrumentation. He is presently engaged in designing and 
constructing the recording equipment for the solar energy 
measurements. 

Marlene L. Runyon, General Secretary. 

In addition to these persons, the Institute was very fortunate to have had 
the services of Mr. Merle Wittmeyer during the summer months •. Mr. Wittmeyer is 
an Assistant Professor of Electrical Engineering on the University staff. His 
assistance in the initial phases of the radar program was invaluable. 
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SCIENTIFIC ACTIVITIES 

One of the very significant activities of the Institute in its early life 
was the part it played in connection with the President's Advisory Committee 
meetings. For the purpose of permanent record, a detailed discussion of these 
meetings is included here. 

A three-day meeting of scientists and members of the President's Advisory 
Committee on Weather Control was held at the University of Arizona, August 9 to 
11, 195l~. The meetings were devoted to discussions of current problems in cloud 
physics research. 

Members of the Advisory Committee who attended were the following: 

Capt. Howard T. Orville, (USN-Ret) Friez Instrument Division, 
Bendix Aviation Corporation, Baltimore, Md., Chairman. 

A. M. Eberle, Dean of Agriculture, South Dakota State College, 
Brookings, South Dakota, Vice Chairman. 

A. A. Brown, U. s. Department of Agriculture. 

Hon. Lewis W. Douglas, Prominent rancher and miner, Sonoita, 
Arizona. 

Earl G. Droessler, Secretary, General Sciences Committee, 
Research and Development, Department of Defense. 

Brig. General Joseph J. George, USAFR, Superintendent of 
Meteorology, Eastern Airlines, Atlanta, Georgia. 

Dr. Paul E. Klopsteg, Associate Director, National Science 
Foundation. 

John Ludwig, Division of Water Pollution Control, U. s. Public 
Health Service. 

Jack Oppenheimer, U. s. Interior Department. 

Kenneth c. Spengler, Executive Secretary, American Meteorological 
Society. 

Dr. Alan T. Waterman, Director, National Science Foundation. 

Charles Gardner, Jr., Acting Executive Secretary. 

Dr. A. N. Dingle, Ohio State University, Consultant to the 
Advisory Committee. 

Scientists who were brought to the conference with the aid of travel funds 
generously provided by the Rockefeller Foundation were the following: 

Dr. E.G. Bowen, Commonwealth Scientific and Industrial 
Organization of Australia. 

Dr. R. M. Cunningham, Air Force Cambridge Research Laboratories. 



-6-

Dr. Walter Hitschfeld, McGill University, Montreal, Canada. 

Dr. H. G. Houghton, Massachusetts Institute of Technology. 

Dr. Joseph Kaplan, University of California. 

Dr. Sverre Petterssen, University of Chicago. 

Prof. s. E. Reynolds, New ~exico Institute of Mining and Technology. 

The first session was held on Monday morning, August 9. While Advisory 
Committee met in executive session, visiting scientists met with Institute 
staff members and technical consultants to the Advisory Cozmnittee for a very 
informal discussion of research matters of mutual concern. Principal interest 
developed around the question of potential effects of cloud seeding on the 
intensity of cjrclonic storms. Dr. s. Petterssen discussed the dynamical and 
thermodynamical considerations that have led him to believe that seeding can 
have only negligible influence on the course of any circulations of the scale 
of extratropical cyclones. 

At noon, the Advisory Committee joined the scientists and Institute staff 
members for lunch. Also present were about thirty persons representing 
industry, commerce, and public utilities in the Southwest. Following lunch 
the Institute staff briefed this combined group on the research program.that 
has been undertaken at the Institute of Atmospheric Physics. Dr. H. R. Byers 
outlined briefly the nature of the co-operative arrangements that have been set 
up between the University of Arizona and the University of Chicago in the 
pursuit of cloud physics research. Dr. R.R. Braham, Director of the Institute, 
then explained details of the Institute's "cloud census", which will be carried 
out using radar and motion picture cameras. He also described plans being made 
to bring the Chicago research airplanes to Arizona next surnmer to make the many 
in-cloud measurements that will be needed to understand the physical processes 
involved in precipitation mechanisms in the arid Southwest. Dr. J.E. McDonald, 
Associate Director of the Institute, spoke on the synoptic climatology 
studies which have been begun in an effort to elucidate the relationship 
between rainfall and general circulation over the Arizona area. He also 
described a program of measurement of freezing nuclei which will be conducted 
in the Santa Catalina mountains at an elevation of about 0000 feet during the 
coming winter. These measurements will be made in co-operation with Australian 
meteorologists in an effort to check the hypothesis that meteoric dust may be 
seeding clouds. Finally, Dr. A. R. Kassander, also an Associate Director of 
the Institute, sketched briefly the instrumentation development that lies ahead 
in the Institute's program, 

At the end of the session just described, the group inspected the 
Institute's newly completed office, laboratory, and shop facilities on the campus. 

After a group dinner, the party met at the Pioneer Hotel to see a number 
of unusual cloud physics research movies. A documentary film, prepared by 
staff members of the University"of Chicago's Cloud Physics Project to show the 
nature of its flight program and its laboratory program, was shown by Dr. R.R. 
Braham, who is Principal Investigator of that Project as well as Director of the 
Institute of Atmospheric Physics. Dr. J.E. McDonald discussed time-lapse 
movies of Arizona clouds which have been taken as part of the Institute's 
census work. He also showed and discussed ultra-high-speed motion pictures of 
water-drop collision processes taken at the University of Chicago as part of a 
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study of the coalescence of raindrops and the effect thereon of electric fields. 
Professors. E. Reynolds of the New Mexico Institute of Mining and Technology 
presented several reels of time-lapse motion pictures taken at Socorro, New 
Mexico, as part of a thunderstorm electricity project. The evening program was 
completed when Dr. w. Hitschfeld of McGill University presented unusual 
radarscope motion pictures of snow cells taken in Montreal last winter. 

On Tuesday morning, August 10, the Advisory Committee, the invited 
scientists, and the Institute staff met to hear the individual scientists 
discuss their respective research programs in cloud physics. The session was 
informal and afforded the members of the Advisory Committee an unprecedented 
opportunity to question some of the leading workers in the field. Dr. E.G. 
Bowen told the group of the current status of his new hypothesis concerning the 
role of meteoric dust in natural precipitation processes. The picture still 
remains a puzzling one, but additional evidence in favor of the hypothesis was 
presented by Dr. Bowen during the meeting. Results of current research in 
Australia on the deactivation time of silver iodide particles formed with low 
ambient temperatures (cloud temperatures) retain their nucleating efficiency for 
a much greater period of time than do particles formed in air of high 
temperatures (surface temperatures). These new results have altered considerably 
the Australian group's views on silver iodide nucleation and Bowen related 
details of current field activities designed to test some of these results. 

Professors. E. Reynolds spent the remaining portion of the Tuesday morning 
session in describing the present position of the thunderstorm electricity 
research at New Mexico Institute of Mining and Technology. Particular effort is 
being made there to settle the long-standing question of whether development of 
thunderstorm electrical fields is antecedent or subsequent to appearance of 
thunderstorm precipitation. This question assumed new importance in the light 
of converging lines of evidence, brought out at these meetings, concerning the 
decisive importance of electrical fields in promoting coalescence of colliding 
cloud and raindrops. 

. At noon the whole group drove to the top of Mt. Lemmon in the nearby Santa 
Catalina Mountains. Following a lunch at Mt. Lemmon Lodge, the party was taken 
to the mountaintop site of the Institute's projected winter studies of the 
freezing nuclei counts in the atmosphe~. On returning to the campus, everyone 
was given an opportunity to inspect the Institute•s observatory and to examine 
radar and motion picture equipment being used in the cloud census. 

No organized program was arranged for Tuesday evening. 

During the morning of Wednesday, August 111 further reports from visiting 
scientists were heard. Dr. v. J. Schaefer outlined progress made this summer 
in his work with Forest Service lookouts in Idaho and Washington as part of 
Project Sky.fire. Schaefer is organizing the lookouts into a net of cloud 
observers for the purpose of studying the properties of cumulonimbus clouds as 
lightning sources. 

Dr. R. M. Cunningham reported detailed results of an elaborate study of 
the life-history of a single cyclonic storm in the New England area. Using 
research aircraft, airborne and ground-based radar, and all facilities of the 
existing surface weather networks in the storm area, Cunningham has worked out 
the successive stages of development of this single storm and has shown, for the 
first time, how intricate an interaction must exist between synoptic-scale 
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phenomena on the one hand, and cloud-microphysical phenomena on the other. 
Particularly surprising results came out of Cunningham's study of the role of 
low scud clouds. According to his calculations, these lower clouds contributed 
a major share of the liquid water content of the rain received at the ground. 
The water in the scud clouds is, on his views, swept out by the raindrops falling 
through these clouds from above. 

The last speaker of the Wednesday morning session was Dr. w. Hitschfeld, 
who explained the work being done by the Stormy Weather group at McGill on the 
problem of snow-generating cells observed in frontal systems over Canada. 

Dr. H. G. Houghton was asked to summarize the meetings. He expressed a 
very optimistic view of the future of cloud physics research and emphasized 
the great importance of basic research in this field. 

The meetings were formally adjourned at noon on Wednesday, August 11, but 
about half of the visiting scientists stayed on through the remainder of the 
day to discuss further research and to visit the Tree-Ring Research Laboratory 
and other University activities. An executive session of the President's 
Advisory Committee for Weather Control was held at the completion of the three
day meeting. 

To summarize, these meetings were held in an effort to bring together the 
members of the Advisory Committee and the leading workers in the field of cloud 
physics in an informal atmosphere of inquiry into the present position of 
cloud physics research. It seemed evident that this objective was achieved to 
the satisfaction of all participants. The members.of the Advisory Committee 
expressed particular appreciation for the opportunity to meet and tal.k freely 
with the scientists who attended under the Rockefeller grant. Their view was 
graciously presented in a resolution entered in the minutes of the executive 
session held on August 11 at the close of the meeting: 

" ••• General George made a motion that the Committee express its thanks 
to the Institute of Atmospheric Physics and others connected with the program 
worked out at Tucson for many courtesies and express al.so its commendation for 
organizing a scientific presentation of the very highest order. The sessions 
were informal and informative and, so far as be knew, the meeting was unique in 
meteorological history. Dr. Waterman seconded the motion and it was agreed to 
unanimously. Captain Orville then said he took the motion to mean that letters 
of appreciation should be addressed to the various persons who had responsibility 
for. organizing and carrying out the session." 

FUTURE PLANS 

In each of the research phases mentioned above a great deal. of work lies 
ahead. In some cases, much planning, construction of equipment, and observing 
work will be required before any real results can be anticipated. 

In the case of the synoptic climatology program, effort in the near future 
will be directed towards acquiring, as rapidly as possible, a background of 
understanding of prevailing flow patterns in the southwestern u. s. in their 
relation to cloudiness and precipitation. Since very little previous work has 
been done in this direction by any research groups, many problems require 
investigation. Studies of the vapor flux over Arizona and its correlation with 
measured precipitation will reveal the level of efficiency of the rain-forming· 
processes characteristic of this region. Studies of the trajectories of upper 
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air currents in Mexico and the Southwest will, if sufficient Mexican data is 
obtainable, shed light on the typical histories of summer intrusions of moist 
air from over the Gulf of Mexico. Of great interest will be synoptic 
climatological investigations of dry spells during the summer months, and the 
relation of, these to anomalies is the general flow pattern in this part of 
North America. 

By the end of calendar 1954 it is anticipated that the Institute's 
punchcard program will be underway. Arrangements are now being made to secure 
from the state Weather Bureau offices the original data which is to be put on 
punchcards, and as soon as a co-operative agreement with the Bureau is signed, 
punching equipment and operators will be sought. It is expected that some 
million cards will have to be punched to secure the file of data needed to 
carry out adequate machine analyses of Arizona climatic problems. This will 
require two or three years of punching. At the end of that time, the 
Institute will prepare and publish an exhaustive treatment of the climate of 
Arizona for the benefit of persons in many types of activity, but above all 
for the benefit of agriculturalists. 

For the radar aspect of the cloud census work the essentially non
observational winter months will be spent in adapting a surplus Plan Position 
Indicator scope to the equipment to supplement the present Range Height 
Indicator. This will greatly enhance the value of the radar for cloud census 
work. 

In addition it will be necessary to have some sort of photogrammetric 
presentation available in order to be able to make necessary measurements on 
clouds which are not observable by the radar due to the fact that they do not 
contain sufficient liquid water or ice. The fact that they have not developed 
to this stage is tremendously important in theorizing on evolution of 
precipitation-producing clouds. This phase will require a great deal of 
investigation and testing work. 

The nuclei detection equipment is expected to arrive from Australia about 
15 October and this equipment must be prepared and mounted for observation 
work by 1 November. It is anticipated that data will be taken with this 
equipment daily throughout the months of November, December and January. 

It is hoped that two new investigations will be undertaken i.n the near 
future. The first of these, for which $50,000 has already been appropriated by 
the National Science Foundation for a two year study, is termed "Natural 
Resources Survey of the Clouds". In this study it is proposed that the 
Institute make a thorough study of the clouds in Arizona in terms of the 
physical properties or characteristics that make them useful and amenable to 
exploitation by man. It is expected that this activity will commence about 1 
January, 1955. 

The second new investigation is entitled 11A Worldwide Synoptic Stud;;, of 
Fluctuations of the Earth's Albedo as Determined through Observations of the 
Lunar Earthlight." A proposal for this investigation has been submitted to 
the United States National Committee for the International Geophysical Year, 
1957-58. The estimated total costs of this operation were $114,ooo. It is 
hoped that preliminary investigations into instrumentation will be made during 
calendar 1955. 
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FISCAL INF0ffiviATI0N 

As of 30 June 1954, the Institute had expended funds as follows: 

State Sloan 
Funds Funds Total 

Personal Services $3,600.63 $3,040.60 $ 6,641.23 

Operation 1,579.78 7,604.89 9,202.67 
Travel 1,044.65 1,044.65 
Repairs 

,, 
Capital Equipment 13,128.02 533.44 13,661.46 

Total $18,326.43 $12,223,58 $30,550.01 

The operating budget for the period l July, 1954 to 30 June, 1955 is as 
follows: 

State Sloan 
Funds Funds Total 

Personal Services $19,700 $27,800 $47,500 
Operation 12,500 6,000 18,500 
Travel 6,400 6,400 
Repairs 500 500 

. Capital 
Equipment 17,374 9,800 27,174 
Buildings 12,000 12,000 

Total $62,074 $50,000 $112,074 

It should be noted in connection with the above budget that a large part of 
the Capital Equipment and Buildings allocation was encumbered but not disbursed 
prior to 30 June, 1954 and that a substantial fraction of the actual amount 
budgeted is, in fact, part of the initial cost of providing and equipping the 
Institute installation. These amounts do not reflect an annual equipment 
requirement. 
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