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INTRODUC1rION 

The Institute of Atmospheric Physics is a division of the University 
of Arizona whose primary objective is that of gaining fundamental knowledge 
of the weather and climate of Arizona, of the Southwest, and of arid regions 
in general. The Institute was established early in 1954, primarily through 
the efforts of Mr. Lewis w. Douglas, Chairman of the Board, Southern Ariz
ona Bank and Trust Company, Dr. R:1.chard Harvill, President of the University 
of Arizona and Dr. Horace R. Byers, Chairman of the Department of Meteorology 
at the University of Chicago. The details of the organizational phase of 
the Institute were covered in Progress Report No. 1, October 1, 1954 and in a 
General Information Bulletin released April 15, 1955. 

The financial support of the Institute comes from the State of Arizona, 
from the Alfred P. Sloan Foundation, and from the National Science Founda
tion. The grant from the Alfred P. Sloan Foundation was announced in 1954 
and is in the amount of $150,000 for a three year period. The National 
Science Foundation grant is a two year grant in the amount of $50,000 cover
ing the calendar years 1955 and 1956. The support from the State of Arizona 
is only slightly less than that from the combined foundation grants. 

As was pointed out in Progress Report No. 1 and in the General Informa
tion Bulletin, it is the basic philosophy of the Institute of Atmospheric 
Physics that any real success in the matter of increasing rainfall can only 
come from a more complete understanding of the be.sic physics and chemistry 
of the natural precipitation processes. The program of the Institute, there
fore, has been organized in such a way as to further our knowledge along these 
lines. None of the activities of the Institute are directly concerned with 
cloud seeding or weather modification attempts. 

The present report has been prepared in order to summarize the scientific 
activities of the Institute since the period of the last report, October 1, 
1954. 

SCIENTIFIC ACTIVITIES 

Natural Precipitation Mechanisms. 

The supposed role of natural ice nuclei in the production of rain is well 
known. Attention was first called to the possible importance of these sub
stances by Bergeron and Findeisen, who concluded that is was likely that the 
majority of heavy rains in mid-latitude regions result from the growth of ice 
particles within clouds. It was reasoned that undercooling of cloud droplets 
was a common occurrence and that any ice-formtng materials with:tn an under
cooled cloud would grow, in accordance with well known physical principles, at 
a rate much faster than the individual cloud droplets. As a result, after 
some period of time the cloud would contain large snow flakes and clumps of 
snow flakes which would fall downward through the cloud and emerge below the 
melting level as rain. 

During the last decade there has been a vast increase in the amount of 
observational material bearing on the characteristics of precipitating clouds. 
It has come to be realized by observers in tr_?ptcal regions (although not al
ways appreciated by fellow workers in mid-latitudes) that much, if not most, of 
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the rain in those regions falls from clouds entirely warmer than the freezing 
temperature. As a result, the Bergeron-Findeisen mechanjsm has been supple
mented with the so-called condensation-coalescence mechanism to account for 
such natural precipitation. 

Observers in mid-latitude continental areas, however, are finding con
flicting evidence.In these regions the freezing level is lower, the cloud 
bases higher, and the cloud liquid water contents lower, with the result that 
clouds apparently build up through the freezing level before precipitation 
processes have had time to produce rain regardless of whether or not ice 
nuclei are involved in that process. 

Inasmuch as Arizona lies in an arid zone of the type found in many parts 
of the world between tropical and mid-latitude regions it is particularly 
difficult to anticipate, and particularly important to fin, the exact nature 
of the precipitation processes active in this region. Renee the Institute 
has undertaken research along several lines in an effort to obtain added in
formation relative to this perplexing problem. Thie research covers both 
measurements pertaining to natural precipitation formation in Arizona clouds .. 
and also measurements of the natural ice nuclei population. The measurements 
of the levels of first formation of precipitation in clouds in Arizona are 
described below. The tests to determine the natural ice nuclei were carried 
out in conjunction with the Commonwealth Scientific and Industrial Research 
Organization of Sydney, ~ustralia, and are described in a later paragraph. 

The measurements pertaining to natural precipitation in cumulus clouds in 
.the state of Arizona., supported chiefly by Sloan Foundation funds, have been 
carried out during the past summer making use of a combined system of radar 
and cloud cameras in conjunction with a network of surface rain gauges. The 
Institute has, on loan from the Air Force, an AN/TPS-lOA radar which has been 
mounted on the roof of the Engineering Building on the campus of the University. 
This radar is a height-finding, 3-cm wavelength set which enables one to look 
inside a cumulus cloud and thus to discern the presence of a precipitation 
core, This core, if present, is then presented on the scope of the radar in such 
a fashion as to enable one to tell the time of first formation, the height of 
first· formation, its location in space, and its dimensicns as a function of time. 

The radar observations of the rain cores within clouds were supplemented 
with photographs from a pair of stereographic cameras in order to obtain data 
concerning the location, dimensions, rates of growth, and durations of the 
corresponding visual clouds. The stereographic cameras are of a type used by 
the Air Force for aerial mapping, Known as Type K-17, these cameras have a 
focal length of six inches and permit one to photograph a field of about 75 
degrees on roll film nine inches wide. As operated during this past summer, 
one of the cameras was mounted on the roof of the Engineering Building near the 
radar. The second camera was mounted 6850 ft. away, on the roof of a warehouse 
building. Both cameras were sighted on the same azimuth and both camerae were 
fired by a single electrical pulse from an intervalometer located near the 
radar. Through the device of simultaneous photographs on the same heading, one 
is enabled to use stereo-viewing techniques for analysis of the cloud data. 

Also on the roof of the Engineering Building were located a panoramic 
camera (loaned by the University of Chicago) for photographing the entire 
horizon of the sky, Bolex cameras for making detailed time-lapse photographs 
of small segments of the sky, and an observation post continuously manned by 
a trained meteorologist during the hours of operation. 
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Routine operations of the 1955 summer season were begun July 11 and were 
continued through September 26 with the exception of a two-week period in early 
September when operations were suspended in view of the overwhelming amount 
of good data being collected. The resumption of operations late in September 
was in an effort to detect what, it any, differences might exist between the 
clouds of early and late summer. During these operations the life histories 
of an estimated 5,000 to 7,000 rain cores were photographed by the radar 
cameras. Approximately 3,500 pairs of stereo photographs of clouds in the 
radar field were obtained. The Institute was favored by having one of the 
rainiest summers in the history of Tucson for this first summer field program. 

In order to obtain information concerning the rain received at the ground 
for comparison with the radar data, the Institute has established a rain 
gauge network in southeastern Arizona. This network is concentrated around the 
Santa Catalina and Rincon Mountains and to a lesser degree around the Whetstone 
and Dragoon Mountains. Reports are being received from an area of about 8,000 
square miles. 

There are in this network 102 gauges from which reports are received. Of 
this number, 76 are Larson-type gauges provided by the Institute, while the 
remainder are gauges belonging to the observers. In addition to this network, 
there were about 30 United States Weat:t:Er Bureau cooperative observers whose 
reports are made available on a monthly basis by the Phoenix office of the 
Weather Bureau. Excellent cooperation from the personnel of the Saguaro 
National Monument and of the Coronado Division of the u.s. Forest Service 
permitted data to be obtained from some twenty five lookouts in southeastern 
Arizona mountains. 

Analysis of all of these data is already underway. The analysis is taking 
two different approaches. One of the first objectives of the analysis will be 
to determine the fraction of the clouds of any given height which develops 
natural precipitation. This study is patterned after similar ones carried out 
by the University of Chicago during operations in the Caribbean and in the 
Midwest. Fi·om this study one will learn the relative efficiency of the pre
cipitation process in cumulus clouds in this area. In addition it will enable 
one to assess the regional differences in natural precipitation mechanisms. 

The second phase of the analysis involving the radar film is that of 
determining the characteristics of the radar echoes which form inside the 
clouds. From the radar films alone one can determine the height of first 
formation, the duration of individual rain cores, the fraction of rain cores 
which reach the ground (a very important point in understanding the rain economy 
of the Southwest) and many other important factors. This analysis has pro
ceeded to the point where approximately 1,000 individual rain cores have been 
studied. Of these, valid echo measurements are available on approximately 300 
and duration data have been worked up for a somewhat smaller number. It is 
hoped that this study can be brought to a conclusion wi.thin the next few weeks 
at which time it will be submitted to one of the scientific journals. 

The results of the analysis completed to date are summarized in table 1. 
These data are to be considered as provisional although it is doubtful that 
the completion of the analysis will materially alter the figures presented. 



'Hiule .l. Characteristics of Arizona convective cloud rain cores as revealed by 
I.A.P. radar studies. 

Average height of Per cent "cold" Fraction of Fraction of 
Date initial rain echo. Tops and echoes reaching echoes showing 

formation* bases** the ground*** growth of top 
Top Base Top Base after formation 

July 11, 1955 24,000 19,000 100 % 71 o/o 54 % 46 % 
July 13, 1955 25,000 16,oco 89 39 44 46 

July 14, 1955 20,000 13,000 81 14 64 65 

July 15, 1955 20,000 15,000 87 35 26 60 

July 19, 1955 20,000 16,000 100 60 21 63 

July 20, 1955 20,000 11,000 20 31 

July 21, 1955 19,000 13,000 63 10 55 42 

July 26, 1955 18,000 11,000 40 20 

August 25, 1955 17,000 12,000 64 04 62 28 

August 26, 1955 25,000 18,000 100 65 88 100 

* The values given for the height of first formation of rain is the best estimate from 
the data available for each individual day. The elapsed time between successive 
scans of the radar varies slightly from day to day with the result that figures given 
reflect the initial height of the rain echo plus whatever change may have occurred in 
the first few minutes of the life of the echO::--

** By "per cent of cold tops and bases" is meant the fraction of the echoes whose top, or 
base, was higher than the freezing level at the time of first formation. 

*** The "fraction of echoes reaching the ground" also includes those echoes which extend 
down to the region where the radar beam is shadowed by foreground mountains. The 
actual fraction of rain echoes reaching the ground must almost certainly be less than 
the figures given. 

I 

+ 
I 
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There are many aspects of the data summarized in table l which reveal 
hitherto unknown features of the convective processes in Arizona. The data 
for average height of the initial rain formation show that, on the average, 
precipitation forms at a greater height in Arizona than either in the Midwes~ 
or in the Caribbean areas. Likewise, the fraction of the first rain cores 
forming at temperatures colder than freezing is greater than the correspond
ing fraction than has been found for clouds in the other two areas. It is 
not yet clear, however, just how well these new data compare with the measure
ments reported several years ago fram New Mexico, In the latter study the 
height of the visual cloud was measured and no measurements were made on the 
height of the echo within the visual cloud. A comparison with the New Mexico 
data will have to await the completion of the analysis of the K-17 steorographic 
photographs. 

It is not evident in these data just what fraction of the precipitation 
develops due to the ice crystal as opposed to the all-water mechanism. On most 
days the majority of echoes, when they first form, exactly straddle the freez
ing level. Since the entire first echo forms at once, it seems unreasonable 
that the top of the first echo forms through one process and the bottom through 
another. Unfortunately, however, both the ice crystal and all-water mechanisms 
could account for the facts as we now know them. Further progress on this prob
lem must come from the analysis of the data taken by the University of Chicago· 
airplane in this region this past summer. 

One of the most surprising feature of these data is the fact that approxi
mately one half of all precipitation cores which form within cumulus clouds in 
summer in Arizona fails to reach the ground before evaporating. Although alarm-. 
ing in terms of Arizona's water economy, these figures go a long way towards 
accounting for the reasons why Arizona has a summer rainfall approximately one 
half that of a state in the midwest, in spite of the fact that Arizona has many 
times more bulging cumulus forming and going through the precipitation process. 
Still another aspect of this same matter is revealed by the statistics on the 
relative number of rain cores which continue to develop after first forming. 
The figures in the table show that approximately one-half of all the rain cores 
have their maximum size at the time rain first forms! This is in contrast to 
cumulus clouds in non-arid regions where it is found that there is considerable 
grO"Wth of the clouds after precipitation first forms. These data already taken 
from the summer 1955 radar observations will provide valuable working tools for 
further studies of the rain problems in arid areas, but they constitute only 
the first of a munber of analyses of these radar observations that are to be 
carried out. In addition, data will soon be extracted from the radar records 
to shed light on mean cloud-core lifetimes, relationship of cloud-forming up
drafts to mountain topography, correlation between radar echo frequency and 
rainfall as actually measured at the ground in the special raingauge network 
set up by the Institution this year, and other such details of the structure 
and dynamics of the Arizona summer rainclouds. 

In addition to the use of radar and cameras it was hop·ed, at the outset of 
the summer program, that considerable information could be obtained about the 
microphysics of the interior of the clouds from the University of Chicago Cloud 
Physics Project airplane based at Davis-Monthan Air Force Base. Unfortunately, 
hO"Wever, the Chicag~ group was plagued with maintenance difficulties with the 
airplane so that very few flights were conducted during the summer period. From 
these few flights, however, it should be possible to learn something of the drop
let size spectra and liquid water contents which characterize the cumulus clouds 
in this region. In view of a total lack of information along these lines even a 
few data will help considerably in tying together some of the other measurements 
of the Institute. 
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Natural Ice Nuclei 

Daily nuclei-count fluctuations.-- For four weeks during January, 1955, 
airplane flights were made from Tucson, Arizona by staff members of the 
Institute for the purpose of observing day-to-day fluctuations in the population of natural freezing nuclei in the free atmosphere. These observations were made in close cooperation with the Radiophysics Division of the Commenwealth 
Scientific and Industrial Research Organization, Sydney, Australia, and were 
carried out entirely wi.th fund from the Sloan Foundation grant. 

The work of Bowen on the hypcthesis that meteoritic dust may nucleate 
clouds and thereby influence rainfall amounts received at the ground has made it desirable to seek all possible means of studying the nature of daily varia
tions in nuclei counts. A fairly direct test of this hypothesis should be afforded by flying suitable equipment well above the surface dust layer and 
counting the numbers of nuclei effective at successively lower temperatures on each of a series of de.ye including several "meteor days", as we may briefly 
term those dates falling about 30 days after passage of the earth through a major meteor stream. To avoid possible bias and error due to any local 
peculiarit:l.es of atmospheric particulates, Bowen has sought to carry out such measurements at more than a single place; so the Radiophysics Division built and generously donated to the Institute of Atmospheric Physics a replica of 
the nuclei counter which was used in their research. In addition to flights in Tucson and Sydney during January 1955, observations were made by the Radiophysics Division in Hawaii using a simpler device set up at an elevation of about 10,000 ft. on Haleakala crater and operated during the same period. 

The Australian nuclei counter consists essentially of a cold chamber having a volume of about 75 liters into which a sample of natural air is introduced and cooled at a rate of about 4C/min. A beam of light illuminates a 10-liter working volume which is continuously observed by the operator as the cooling 
proceeds. A source of water vapor continuously adds fresh vapor to the observation chamber to maintain a cloud of droplets throughout the chamber. Occurrence of freezing in a droplet is made evident by the scintillation of the resultant ice crystal. The operator logs the number of scintillating particles (or spacing between particles) present in the working volume as a function of the steadily decreasing temperature of the cloud. To insure comparability of results, E. J. Smith of CSIRO spent a month at the Institute in November 1954 checking out all flight personnel in the use of the cold chamber. 

For these flights the nuclei counter was installed in a rented airplane with a collection tube pro,jecting through the nose to a point well ahead of the 
propellers. Ram pressure was used to flush out the box and provide a fresh sample for each observation. 

From January 3 to January 31 daily flights were made to 15,000 ft. Collections were made and analyzed by ea.ch of two independent observers at 15,000 ft. and 5,000 ft. One of the two observers also made a single run immediately upon landing, using an air sample collected at the instant of touch-down of the airplane. An example of these data are shown in figure 1. Table 2 swmna.rizes the average temperature-nuclei relationship obtained from these flight measurements. 
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Fig. 1, Temperatures at which ice crystal count reached ten per liter in air samples taken 
at 15, 000 ft. during January, 1955. Dashed Ii ne represents observations made near 
Sydney, Australia by the Radiophysics Division, C,S,l,R,O, Solid lines represent 
observations made near Tucson, Arizona by the Institute of Atmospheric Physics, 
Two observers went on each Arizona flight, hence two solid lines are shown to display 
the range of readings on each day, Average range for month was 2,3°C, 
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':t'.Al3LE 2, Summary of tne average temperatures ( 0c) e.t which the ice crystal 
concentratio~e rose to specified values at three altitudes over 
southern Artzpna during January 3 to 31, 1955. 

Altttucle lee crystal concentrations 
100/I, feet O,l/L 1/L 10/L 

5fc, -25 -27 -28 -30 
5,000 -26 -29 -31 -33 

15,000 -27 -29 -31 -33 

It was found, as a result of these flight measurements, that the Arizona 
nuclei counts of January 1955 do not exhibit fluctuations that support,~ 
any clearly recognizable way, the hypothesis that Bowen has formulated to 
account for certain irregularities in long-term rainfall re~ords. The con
current counts ma.de in Sydney with the same apparatus and observing t~~lmiq~es 
do appear to support the meteoritic dust hypoth~sis, as do also concurrent 
counts taken in Hawaii a~d Panama., as briefly reported by Bowen.* Whether 
some peculiarity in the htgh-level airflow over southwestern Arizona could 
account for a failure to observe such peaks, or whether unrecognized differences 
in observing techniques are basically responsible, or whether some phenomenon 
not related to meteoritic dust is in control here is not yet clear. 

Perhaps the most significant outcome of the Institute1s nuclei ~ounttng ·· 
efforts was the discovery that the Syq.ney, Australia and Tucson, Arizona de.ta 
are in remarkedly g~od agreement as to the average temperatures at which nuclea
tion develops a given ice crystal concentration, Thus, for just the 15,000 ft, 
data one finds that, over Arizona, cooling to -29.lC was required on the average 
during January, 1955, to develop an ice crystal concentration of 1/L, whereas 
the corresponding figure for Sydney was -27.4C, or only 1.7c warmer despite 
the large geographical separation of these locales. An equally sma.11 tempera
ture difference appears from other such comparisons in these two sets of de.ta, 
so one is tempted to conclude that freezing nuclei populations may be much the 
same in all parts of the world, Sµch a conclusion cannot be drawn firmly, how
ever, until very much more infol'Ul-tion is available than is presented here. 

The details of the measurement progra~ and the results obtained were the 
Qubject of a paper presented before the Sept, 7"9, 1955 cloud physics meeting 
~t Woods Hole Oceanographic Institution,** Aq4ttionally a full account of the 
experiment is being offered to one of the scientific journals, 

· Cirrus cloud fluctuations and the meteoric dust hypothesis.-- Interest 
in the Bowen suggestion that rainclouds might be nucleated by microscopic 
meteoritic dust particles prompted the Institute to make an analysis of the rain
fall and cirx·us clouds at Tucson in an effort to see whether these de.ta might 
add support to the basic hypothesis. The results of these analyses are pre
sented in the following paragraphs. 

* Reported• in an unpublished pa.per by E.G. Bowen at the International Arid 
Lands Symposium, Albuquerque, N.M., April, 1955. 

** Kassander, A,R., Lee L, Sims, and Jamee E. McDonald, ''Observations of 
freezing nuclei over the southwestern u.s.," paper presented at the confer
ence on the Physics of Cloud and Precipitation Particles, Woode Hole, 
Massachusetts,. September 7-10, 1955. To be published in Conference Proceed
ings. 
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The climatological average daily total amounts of high cloud cover and 
the daily total amount of rainfall for Tucson have been computed for the period 
from November l through January 31. The summation was made on the basis of 
calendar days, e.g., all the data for November l were totaled, and similarly 
for each of the other 91 days in the interval between November 1 and January 31. 

The total amount of high cloud cover for each day was obtained by summing 
the tenths of high cloud cover at each of the eight three-hourly observation 
times. No attempt was made to allow for the deteriorating quality of night
time observations and no allowance was made for the effect of obscuration of 
upper clouds by lower clouds. The total daily amounts of high cloud cover 
were computed for the period extending from 1945 through 1953 for the months 
November and December and from 1946 through 1954 for January (periods for which 
complete cloud data were available for Tucson). 

The total amounts of daily precipitation for each of the 92 days in the 
period November l through January 31 were computed from the 60 year precipita
tion record at the University of Arizona. 

These data for total daily high cloud cover and total daily rainfall 
amount have been plotted in graphical form in Figure 2. In addition, the 
dates of the meteor showers, lagged 30 days, have been plotted for reference. 
Figure 2 shows that the total daily high cloud cover and daily precipitation 
exhibits fluctuations of the type which Bowen noted in the rainfall for Sydney, 
Australia. -

Some of the peaks might be associated with particular meteor days; how
ever there are several others for which there are no associated meteor days. 
In general it appears that the rainfall for Tucson does not particularly sub
stantiate the meteoritic dust hypothesis, It is interesting to find that 
there is considerably more fluctuation in the daily high cloudiness than in 
the rainfall, although the record used for the high clouds was only nine years 
in length and hence may not have been long enough to smooth out the random 
sampling flµctuations. 

Allotropic forms of silica as freezing nuclei.-- One of the most objection
able points concerning the Bowen hypothesis concerns the requirement that the 
meteoritic dust which is presumed to nucleate the under cooled clouds must fall 
from other layers of the atmosphere to cloud levels in very nearly 29 to 30 days. 
According to the meteor astronomers the falling time for this material may 
range all the way from about 30 days for the larger size fractions to many months 
for the smallest particles. In a discussion of this problem with Dr. Bowen at 
the time of the Albuquerque Arid Lands Meetings, May, 1955, the idea developed 
that certain allotropic forms of silica might provide the key both to the 
question of a narrow range of active days compared with a long spread-out fall 
period and also to the problem of how meteoritic dust is able to induce the 
formation of ice in the atmosphere. 

The metallic meteorites are known to be ineffective as nucleating agents. 
The stony meteorites, however, contain a high percentage of quartz which, under 
certain conditions, might serve as a rather effective nucleating agent. Low 
temperature quartz is known not to be an effective nucleating agent. However, 
it is known that at a temperature of about nine hundred degrees centigrade, 
quartz undergoes an inversion to an allotropic form such as cristobalite and 
tridymite. Tridymite has a crystal structure very similar to that of ice, and 



400 

300 

:3 
I: 
·.; 200 
~ 

..c 
i: 
.! 
] JOO a 
I-

4 

400 

~ 300 
·u 
l! 
i: 
.! 

200 ] 
a 
I-

JOO 

16 

·+ 

8 12 16 20 24 
November 

20 2 28 4 
December 

28 

8 12 

4 

16 
January 

Page 

8 12 
December 

20 24 

Fig, 2, Relation between daily cumulative amounts of cirrus cloud and precipitation, Solid line represents 
total number of tenths of sky covered by cirrus as summed aver eight observations per day during the 
period 1945-1953 at Tucson, Read scale at left far total cirrus coverage, Dashed line represents 
total number of Inches of precipitation at Tucson during the period 1894-1954, Read scale at right, 
(Examples: Far all January 16ths tabulated, 240 tenths of cirrus coverage and 1,05 inches precipi
tation occurred,) Also shown by bars platted along the time scale are the principal meteor showers 
of this period of the year, displaced 30 days later than time of passage of the earth through each, 

JO, 

8 

7 
C 

6 a 
~ 
.l! 

5 ·o. 
·u ., 
a.. 4 ... a 

3 i u 
C 

2 ] 
a 
I-

16 

8 

7 C 

~ 
.l! 

6 ·a. 
·.; ., 

5 a.. 
0 

4 ; 
..c u 
C 

3 
] 
a 

2 I-

28 32 



'!'!11-

for this very reason it was suggested by Bryson several years ago that it 
might be an effective nucleating agent. It is reasonable to expect that 
tridymite may be found in the stony meteorite fragments. The conditions 
under which it may occur, however, are of Earticule._r interest in connection 
with the Bowen hypothesis. 

These duet particles undergo a deceleration and a consequent heating as 
they enter the earth's atmosphere from outer space. The amount of heating 
is a function of the size of the particle. The largest dust fragments are 
heated to incandescence and cause the well known luminous trail of a meteor. 
The smallest ones are heated only very little and fall to the earth's sur-
face about as they entered the outer atmosphere. There must, however, be some 
intermediate size which will be heated several hundred degrees but which will 
not be heated enough to undergo incandescence. It is speculated that the quartz 
contained in such particles will be converted to tridymite, which then would 
be effective in nucleating the undercooled clouds of the atmosphere. 

Since the amount of heating is a strong function of the size of the 
particle, only the particles in a very narrow size range will undergo this 
transition. These particles b~ing of nearly the same size, will then fall as 
a blanket and arrive at the ground throughout the world on approximately the 
same dates. 

It was recognized that this argument could in no way prove the validity of 
the Bowen hypothesis, nor even prove the necessity for the hypothesis in the 
first place; nevertheless it was thought that a study of the nucleating proper
ties of tridymite would be a natural complement to the January 1955 flights. 
Accordingly a refractory brick, thought to consist of tridymite was obtained 
for laboratory experimentation. Fragments of the brick were ground in a ball 
grinder and dusted into a cold box containing undercooled cloud. These 
experiments consistently showed that the brick dust was an active nucleating 
agent at temperatures as warm as -9C. An X-ray analysis of a sample of the 
dust clearly established that tridymite was present; however it was mixed with 
all other allotropic forms of quartz. 

A large crystal of alpha quartz (a low temperature quartz) was ground 
and tested in the same manner. These experiments merely confirmed those of 
others, viz., that low temperature quartz does not nucleate ice formation at 
temperatures warmer than about ·"'!20C. 

These tests indicate, however, that at least one of the high temperature 
quartz forms serves as an effective nucleating agent. Work on this problem 
was temporarily suspended because of the pressure of the summer program. It 
is planned that this work will be continued during the coming winter. At that 
time it is planned to try to identify which of the quartz forms serve as a 
nucleating agents. 

Observations on evaporation ice nuclei.-- During two of the flights made 
during January 1955, a phenomenon or basic interest in the problem or natural 
freezing nucleation was observed. This phenomenon consisted of unusually warm 
nucleation temperatures for air samples taken within ice-crystal clouds. During 
the flights of January 8 and 9 there were three cases in which the pilot was 
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directed to fly the sampling plane into a small undercooled cumulus from which 
snow virgae were falling. Cloud air samples were drawn into the box which was 
held at about 13C for a matter of several minutes before starting the cooling 
cycle. This was standard operating procedure during the freezing nuclei flights 
to avoid the difficulties introduced by the presence of ice crystals or frost on 
the walls of the box. 

On each of these three occasions the observer noted a large number of dull, 
non-scintillating particles in the box prior to the cooling. On cooling below 
OC it was noted that the threshold temperature for ice crystal formation was 
remarkably warmer than had been found on other days for samples taken in the 
clear air adjacent to the virgae and for samples taken within other non-virgae 
clouds. The threshold temperatures for ice crystal concentrations of 100 parti
cles per liter for the three virgae-producing clouds were -lC, ·-5c and -14c. 
These are to be contrasted with an average temperature of -33C for the other 
flights. 

The only other time that the non-scintillating particles were observed in 
any concentration within the box was in the case of a sample taken within a 
smelter plume in the vicinity of Douglas, Arizona on January 11. This sample 
did not show any unusual nucleation effects (a temperature of -27C was required 
to reach a concentration of 100/L). 

Despite continued search for ice-crystal clouds during the remainder of the 
flight period, it was not possible to obtain additional observations of this 
peculiar effect. The phenomenon is not understood, but is of great interest in 
connection with its possible relation to natural seeding by cirrus clouds. An 
effort was ma.de to duplicate the natural phenomenon in the laboratory through 
the use of a cloud which was intentionally nucleated by cooling to -4oc and 
then warmed to above freezing temperatures and then cooled a second time. Un
fortunately these tests were not sufficiently reproducible to permit firm con
clusions. It is planned that this work will be continued through laboratory 
studies this coming winter. 

Climatological Studies. 

Studies of synoptic climatological problems constitute a significant part of 
the research of the Institute of Atmospheric Physics. During the past year these 
studies have been concentrated along the lines of a statistical summary of 
occurrences of various weather phenomena and a study of the synoptic weather 
conditions which lead to the outbreak of summer thunderstorm activity in Arizona. 
In addition, an extensive IBM punchcard program is developing at a rapid pace. 
All of these climatological studies bear primarily on Arizona and have therefore 
been supported wholly from state (University) funds. 

Cloud statistics.--At the time at which the Institute was organized there 
existed no detailed study of the occurrences of clouds of various types at 
Tucson. It was immediately evident that any serious attempt to learn more about 
physical details of the clouds, would have to start with a historical study of 
the clouds in order to determine the frequency of occurrences of various cloud 
types. Rather than wait an estimated year for the completion of card-punching 
of cloud observations, it was elected to manually tabulate all the cloud observa
tions in the regular six-hourly weather observations made during the past decade 
at the Tucson Weather Bureau Station. This tabulation has been completed and the 
resulting data compiled and analyzed, This study was divided into three main 
parts. The first was necessarily an analysis of the data to determine the effect, 
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on the data as reported, of certain changes in the cloud codes and reporting 
procedures which took place within the period of record. Thia part of the 
study revealed several serious limitations, inherent in the cloud-reporting 
system, which made the data difficult to use in cloud physics research and in 
studies attempting to relate precipitation to given cloud conditions. The 
second part of this study was a statistical examination of the diurnal and 
seasonal variations of the cloud types most frequently observed in Arizona. 
The third part of the study consisted of an analysis of the relationship be
tween the amount of cloudiness and the amount of precipitation, for the past 
10 years at Tucson. This report is entitled "The distribution of clouds at 
Tucson, Arizona with respect to type, amount and time of observaton", by 
Robert B. DesJardins and will be issued as a scientific report from the 
Institute in the near future. 

Synoptic studi~.--The study just described has provided valuable infor
mation as to types and amounts of clouds characteristic of the region in which 
Institute researches are being carried out. It is equally important to know 
the large scale meteorological conditions in which they occur. During the 
past several months a study has been made of the synoptic conditions favorable 
for summer thunderstorms in Arizona. 

The summer rains in Arizona have long been known to be associated with a 
broad tongue of moist air which extends from the Gulf of Mexico into the 
south and southwestern United States. A recent investigation by Bryson and 
Lowryif has shown that the arrival of this tongue of moist tropical maritime 
air is probably related to other large-scale changes in the hemispherical cir
culation pattern. In general, the occurrence of rain is critically related 
to the amount of moisture in the air, and an attempt has been made to assess 
this relationship quantitatively. During the summer rain period, the per cent 
of climatological stations reporting rain on any given day (defined by Bryson 
and Lowry as the "raininess 1ndex11 ) varies from high values to low values in 
irregular periods of several days. This suggested that the moist air flow 
aloft is not a steady feature of the circulation over the state. This feature 
has been examined by Institute meteorologists through the study of trajectories 
of air arriving over the state on particular de.ya studied. Using data for the 
500 mb level (approximately 18,000 ft. mel) it was found that the onset of 
precipitation was associated with a change in the trajectories from a source 
off the Pacific coast to a source in the Gulf of Mexico. This change in source 
region of the air aloft is associated with a change in the amount of water vapor 
in the air, inasmuch as the air over the Gulf of Mexico has a water content 
about twice that of the air off the coast of California. The raininess index 
was further related to the amount of water contained in the air over the state 
of Arizona, and to the amount of rain which was collected at the rain gauge 
sites. These relationships are shown in figures 3, 4 and 5. 

In figure 3, the raininess index (per cent of stations reporting rain on 
a given day) is plotted in scattergram form against the precipitable water vapor 
for each day as computed from the Phoenix radiosonde observation. The plotted 
points constitute de.ta for the period 20 June to 31 August for two consecutive 
years, 1953 and 1954, each point representing one day. A total of 226 Arizona 
Weather Bureau rainfall-observing stations were used in computing the raininess 
indices. It can be seen from this figure that there is a fairly steady upward 

* Bryson, R.A. and W.P. Lowry, "Synoptic climatology of the Arizona summer 
precipitation singularity." Bull. Am. Met. Soc.,~., 329-339, 1955 



100% 

80 

,p. 
)( • 60 .,, 

.!: 

i 
C ·c 
j 40 

20 

0 0,2 0.4 

Fig, 3 0 

.. 
... 

. . 

• 

. . 
. . . . . 

'I, . . 
0,6 0.8 

Precipitable 

. . 

r.o 
water 

. . .. 
·• . .. 

1,2 • 1,4 

vapar (inches) 

Scattergram of Arizona rainlness Index vs. precipitable water vapar 
(Phoenix radiosonde observations). Data plotted are for 1953 and 
1954 for the period 20 June to 31 August. For explanation, see text. 

. :. 

1,6 

Page 14, 

.. 

... 
. . 

. ... 

1,8 2,0 



I. 

100% 

80 

-~ 
X 60 ., 

""O 
C 

"' "' ., 
C 

40 ·2 
j 

20 

, •. ..-0-··o. 
-· ·. 

J °'·-o r• ;"O\ .O•,Q. ! .!' '\ I 

/.
•,_..4 \ • ' .. o... .4... •\_} 

1
,/ \ 

I \ i •. -' ',,J (I'\ _r . 

J ~ j / .. \ ... \ . /,,. \ \.fl\ ' / 
. !l j \ // \. '· . .,,/· \ . \/ 

R&.i'l\h1ns 

\ 
\ 
\ 

. , 
o ..... · 

Page 15. 

~--o.. Pteci,.iubl-. 

{ ••/ Wa-t.er 
.o . • Vapor 

• \ • 0 o. 
0 .... ;·, \ •• •• ,, 

·•·.. 1 O o.. : ·~· I \ \ .. , •. : , .... ..- '.. :•· . -., • 
I l n . . ·.. ~ •· ·•'\ '. 

(\ j \ / ·~.I ) ~ : . ~ i 

\,) \ \,.i/ ~ / \/ 
I \ . - ✓ 

/
{\.J \_/ •, .I I( •, 'o/j .! \, .,,•-•\ • ,o··"" // 

l,,dc.'ll ~ / \ 

\/ • \ •• / .\ l)' / 

,. \ .. / 
20 24 28 

June 
4 8 12 16 20 24 28 4 

July 
Fig, 4, Time-variations of Arizona raininess index and precipitable water vapor for the period 

20 June to 31 August, 1954. See text for explanation. 

\ -· ., _,,,. 

8 12 16 20 24 28 
August 

2.0 

-"' ., 
1.6 .I:. u 

C 
.0 .. 
8. 
Cl 
> 

1.2 .. • ... 
i 
• :a 

0.0 .e 
'ii. 
·u • !It 

o.4 



X 
cu 

-g 
"' "' cu 
C 
·c 
~ 

100 

80 

60 

40 

20 

0 

.. .. . 
. • • ::···. .. . . .. . . .. - . . . .. .. : .. . 

. .. 

10 

• 

• 
":.. 

• 

.. 

• 

• 

. . .. 
• .. 

.. 
• 

20 

• . 
.. .. . . 
• • 

Page 16. 

• 

• 
• . • . • . . . 

• 
• • . . . 
• . • • 

. 

30 40 so 60 70 
Total inches of precipitation 

Fig. S. Scattergram of Arizona rainlness Index vs. total inches of rain, summed over 
all stations. Each plotted point represents one day In the calendar period 
20 June to 31 August for years 1953 and 1954. 226 stations in sample. 

80 



-17-

trend of raininess index with increasing amounts of precipitable water vapor but that, by and large, the raininess index does not begin to rise above a level of a few per cent until the precipitable water vapor over Phoenix in summer exceeds a threshold value of about o.8 inches, The existence of such a threshold value reflects the almost negligible chance of a cumuliform cloud developing to the precipitation stage unless it is growing in an environment moist enough to preclude dissipation of the cloud by turbulent exchange with the environment. That the points of figure 3 do not all fall neatly on a single trend line is a result of the interplay of other factors than atmospheric humidity in controlling precipitation in Arizona, factors which must be examined systematically in future Institute studies as part of the overall program of exploring all aspects of the southwest's rainfall characteristics. 

The chronological relationships in the ra.ininess index and the precipitable water vapor, concealed in the scattergram of figure 3, are displayed for one year, 1954, in figure 4. The generally similar fluctuations in these two quantities, as shown by figure 4, affirm the conclusion that raininess is strongly influenced by atmospheric vapor contents; but the sometimes notable departures from similarity attest to the fact that other factors (stability, large-scale conve~gence, mean wind speeds, etc.) occasionally enter to suppress or amplify the oscillations assocated with fluctuations in water-vapor content of the summer air currents over the southwest. 

Since the raininess index represents per cent of stations rain without regard to amount of rain ( so long as it exceeds a "trace" at each station), it is of interest to examine the actual relationship between Arizona summer raininess indices and associated rainfall amounts. In figure 5 is plotted a scattergram displaying this relation for 1953 and 1954 for the period 20 June to 31 August. On the abscissa is plotted the total inches of rain summed over all rainfall reporting stations for each day. That a fairly close correlation exists between these two plotted quantities is indicated by the comparatively small scatter about a curvilinear trend which approaches the 100% raininess index asymptotically as rainfall amounts increase to very large values. The closeness of most of these points to a central trend-curve justifies placing considerable confidence in use of the raininess index as an easily computed estimator of actual rainfall amounts in this region. 

One of the most interesting and perhaps most important aspects of this part of the past year's synoptic-clima.tologic research is that relating to the efficiency of the precipitation processes. For this study the precipitation efficiency was defined as the fraction of the water vapor in the air over the state which falls to the ground on any given day. This quantity has been plotted against the amount of water vapor in the air as shown in figure 6. The two important aspects of this work were first, the realization that on the average a rainy day in Arizona rains out only a few per cent of the water vapor in the air over the state for commonly occurring water vapor contents and only 13 per cent even for as much as two inches of precipitable water vapor, and second the discovery that the efficiency (and not merely the absolute amount) of the precipitation processes°appea'rsto increase steadily with increasing water vapor content in the air. This latter fact must have important cloud physical implications which may help unravel the mysteries of arid zone precipitation. 

Punchcard climatological Erogram.-- The program of IBM punchcard climate~ logical studies at the Institute was inaugurated on November 15, 1954 when the University of Arizona and the u.s. Weather Bureau entered into a cooperative project in climatology. Under the terms of this agreement the University will 
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place on Il3M punchcards the climatological data from the u.s. Weather Bureau 
cooperative observers in Arizona. The Weather Bureau will furnish, on a year 
to year basis, current card records for Arizona in exchange for backlog 
records punched by the University. The University plans to punch the records 
for all stations in Arizona having a record of 30 years or longer as of 
December 1955, This includes 88 stations whose records comprise an aggregate 
total of 2800 station years of observations. In addition punchcard records 
of certain selected Weather Bureau stations in other southwestern states are 
being obtained for use in comparison tests and in larger-scale studies. The 
Institute1s punchcard work is being done almost entirely on state funds, the 
only exception being a small portion devoted to certain cloud studies supported 
with National Science Foundation funds. 

Punching started in March, 1955. To date, the data for 10 stations, 
having a total of 425 station-years of record, have been punched. The punch
ing phase of the program as now projected is expected to be completed by about 
June 1957. 

At present, the Il3M machines in use in the Institute program include 3 
Type 0-16 key-punches, 2 Type 052 verifiers, a Type 514 reproducer, a Type 
419 tabulator, and a Type 602-A calculator. These machines are currently 
being used for punching the basic cards, checking the cards for accuracy, 
listing the daily cards, making weekly summary cards, reproducing cards to 
be sent to .the u.s. Weather Bureau, and making preliminary analyses of the 
data. As yet the number of station years of record completed, and the man
power available, has not permitted detailed calculations from the cards. As 
the number of 1·ecords increases it will be possible to increase gradually the 
amount of time devoted to card analysis and a very elaborate investigation of 
many aspects of the climate of Arizona will thereby develop. 

Among the research problems that will be investigated by means of the 
punchcard technique when all of the Arizona data are put on cards, are the 
following, cited merely as illustrative examples: Duration-frequencies of 
spells of drought and of rainy weather will be compiled for all parts of the 
state for the full period of weather records, with a series of graded defini
tions of "dry" and "wet" spells taken as criteria. Similarly, duration fre
quencies of excessively hot and excessively cool periods will be formed. Both 
of the statistics just cited are of fundamental interest in agriculture and 
the second type is of special interest to industrial interests concerned 
directly or indirectly with cooling and heating problems. Statewide figures 
on normals and variations from normal in heating and cooling "degree days" 
will quickly be compiled from the cards, breaking these statistics down not 
only on a geographical basis but also on a month-to-month and a week-to-week 
basis. Long-term trends in precipitation in Arizona and the Southwest and 
their relationship to stream runoff will be investigated and these can then 
be related by Institute meteorologist to studies being made elsewhere on long
term changes in the general circulation of the atmosphere. To implement the 
rainfall-runoff studies, all of the daily mean streamflow records for the 
Salt, Verde, Tonto, and Gila Rivers for approximately the past forty years 
are being placed on punchcards. Much-needed information on the types of 
clouds most closely associated with Arizona's rain will be extracted by IBM 
methods from the available airways observations weich are being obtained in 
punchcard form from the Weather Bureau's punchcard archives. Investigations 
of the relation between solar radiation received at the earth's surface and 
cloud types prevailing in the Southwest will be carried out using the two 
types of card decks containing those types of information. Similarly, statis-
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tics on dependability of solar radiation (i.e., duration-frequencies of runs 
of daily radiation totals greater than specified amounts) will be compiled 
for future use in solar energy researches in the state. These, though only 
a very few of the mny types of previously neglected studies which can be 
done efficiently by punchca.rd methods, should serve to indicate the directions 
in which this pa.rt of the Institute•s climatological program will move. 

Ice-Crystal Cloud Studies. 

One of the goals of scientific research is to enable mankind to make the 
best possible use of his environment. In the field of weather science, the 
"best use of the environment" meant, prior to the last war, nothing more than 
a prior knowledge of the trends in the weather so that day to day planning 
could be more intelligent. With the advent of cloud seeding it appeared that 
man might be able to :make real changes in the weather and thus adapt it to 
the needs of man. Unfortunately the first enthusiastic claims have given 
way to a period of watchful working and waiting as research slowly reveals the 
extent to which science can modify clouds and weather patterns. Although 
there is considerable room for optimism in connection with the matter of 
increasing rainfall from certain cloud types, the possibilities of cloud use 
by man are by no means necessarily limited to rainmaking • 

. 
In an effort to evaluate other possible ways in which clouds may be made 

more useful to mankind, the Institute has undertaken a stuey of the physical 
properties of various clouds in terms of possible useful functions of those 
clouds. This work is under the sponsorship of the National Science Founda
tion. To date, most of the attention has been directed toward the problem 
of rain mechanisms and toward the role of cirrus clouds in the production of 
rain. Meteorologists are becoming increasingly more interested in the role 
of cirrus in the precipitation process. Nothing that mn can dispense into the 
atmosphere could conceivably be as effective in the nucleation of undercooled 
clouds as natural snow particles falling from a cirrus cloud. Canadian 
meteorologists now believe that the majority of snows in their country may come. 
from some type of natural cirrus-seeding of undercooled stratified clouds. To 
date the Institute has not undertaken systematic stuey of the role of cirrus 
in winter clouds but a study of the possible role of cirrus in summer precipi
tation is under way. 

Cirrus seedi~.-- Cirrus clouds might be an important factor in the 
production of summer rainfall if it should be true that there are insufficient 
numbers of freezing nuclei in the atmosphere, and if, further, non-ice pre
cipitation processes are not sufficiently active to exploit fully the potential 
of the clouds. These, of course, are exactly the contentions of the commercial 
cloud seeders who release into the atmosphere material for the express purpose 
of increasing the number of ice-forming nuclei. Information about these points 
is rather scanty, but there is increasing, though by no means conclusive, 
evidence that the number of ice nuclei in the air is frequently too low for 
effective precipitation development. On the other hand there is conflicting 
evidence concerning the relative importance of non-ice precipitation processes 
in mid-latitude areas. 

In an effort to pursue this matter further, a stuey has been made of the 
relationship between the occurrence of summer convective rains at Tucson and 
the presence of cirrus clouds prior to the advent of the rain. Admittedly, 
one has to be careful in such a study lest the raining convective clouds be 
the very cause of the cirrus, thus implying that the ci~rus have no real 
causal effect on the rain. For this reason the statistics on the occurrence of 
cirrus was determined from the hourly observation prior to the start of rain. 
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The study employed all hourly observations from the Tucson Airport station 
for the period 1951-1954 and was limited to the months of July and August. 
These data were divided into days with rain and no rain and each of these 
into two groups -- one with less than 0.3 cirrus cloud cover and the second 
with 0.3 or more cirrus cloud cover. The tetrachoric correlation between 
the rain-cirrus vs. non-rain non-cirrus days was 0.62. The probability of 
precipitation on a day with more than 0.3 cirrus (one hour prior to rain) 
was 79 per cent and the probability of the converse was 36 per cent. These 
data suggest a relation between the cirrus and the rain from cumulus. It is 
by no means obvious, however, that the cirrus play any causative role in this 
relationship. This matter is the subject of continuing research. Should 
it be possible to further. substantiate the existence of evaporation ice nuclei, 
the suggestion of cirrus seeding will be strengthened very considerably, so it 
will be seen that current work of the Institute concerns this basic problem 
in more ways than one. 

During the course of the preceding rain study, it became apparent that 
there were serious omissions in the cloud reports for nighttime hours during 
the dark of .the moon. This led to a short survey of this proble111. The re
sults offer enough warning concerning interpretation of nocturnal cloud ob
servations that they have been plotted here as figure 7. It can be seen that 
the number of cirrus reports follows the phase of the moon in a regular manner 
in such a way as to indicate quite clearly that reported cloud frequencies 
vary directly with the lunar altitude above the observer's horizon; the higher 
the moon, the better the cha.nee of the observer detecting the high, thin cirrus 
clouds. 

Contrail studies.-- Another part of the Institute•s study of ice crystal 
clouds is an investigation concerning artificial cirrus (contrails) in the 
vicinity of Tucson. Condensation trails are abundant in the vicinity of Tucson 
due to the presence of B-47 jet bombers opera.ting in the upper troposphere 
from Da.vis-Monthan Air Force Base. These trails in the atmosphere undergo the 
same physical transformations as do natural cirrus clouds and thus make ideal 
subjects for experimentation. In the winter the trails frequently persist for 
long periods of time and spread over large areas of the sky. In summer the 
trails are less persistent, primarily because the airplanes fly too low for 
effective contrail fonration. 

In the Institute study, the problem of accurately determining altitudes 
of the contrails posed serious difficulties until arrangements were ma.de with 
the authorities at Davis-Monthan Air Force Base to permit the Institute to 
operate a camera from the radio station of the Sahuarita Bombing Range. B-47 
airplanes made level passes over this bomb-scoring range, radioing down their 
exact altitude, heading, radar winds and air temperature. These data, plus 
qualitative information as to the intensity of clear-air turbulence will be 
obtainable for every contrail photographed, so substantially more accurate 
estimates can be made on contrail spreading rates, vertical motions etc. A 
second camera is located at the Engineering Building approximately 20 miles 
north of the bombing range. The camera at the site is used for detecting 
horizontal changes in the contrail pattern. The camera at the campus is used 
for studying the vertical changes in the trail. The two cameras are mounted 
on bases which permit measuring the central vertical and horizontal angles 
to about one-half degree, an adequate precision when, as here, true heights 
are independently known to great accuracy. 
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In the Institute study of contrails the contrail is the means to an end 
rather than an end in itself. Fortunately several groups have made studies of 
contrail formation and the role of the airplane and the ambient atmospheric 
conditions favorable for their.formation is relatively well known. The 
interest of the Institute in contrails stems from what these contrails can 
tell us about the atmosphere and from the possibility that man may be able 
to create sheets of cirrus cloud through the use of the contrail principle. 
Such an artificial cloud sheet would effectively reduce evaporation - trans
piration losses from the terrain and might have other even more beneficial 
effects. Clearly the problem merits the exploration now being made at the 
Institute. 

Solar Energy Meaaur~ment~ 

Although the interest of the Institute in solar energy matters is very 
broad, the activi.ty in this area has been limited to date. The intensity of 
direct solar radiation plus diffuse sky radiation on a horizontal plane is 
measured and recorded automatically on a year-round basis. These data are 
summarized in conventional fashion and forwarded to the u.s. Weather Bureau 
for inclusion in its periodical publication of solar energy values. 

A novel and highly efficient system for automatically processing these 
radiation data has been developed by Institute staff members. The Institute 
uses an Eppley pyrheliometer for sensing the incoming radiation. The signal 
from the pyrheliometer is recorded on a Brown recorder. Geared to the drive 
of the recorder is a Genisco analog-to-digital converter. By means of a suit
able programming unit, the value of the solar radiation is tape-printed on a 
Clary adding machine every two minutes. Every twenty minutes these values are 
automatically sub-totalled and the time of day is printed. At the end of the 
day all the readings are totalled and the machine is turned off automatically 
to be turned on again before dawn the next day. 

In the pa.at, the task of totalling the radiation has conventionally been 
done by planimetering the record from a suitable recorder such as the Brown 
Recorder. The advantage of the system devised by the Institute is that it 
:f.s completely automatic. It saves at least an hour a day of an analysist 1 s 
time, it gives a printed record of the results, and the results are probably 
slightly more accurate than those evaluated manually, 

The Institute would like to expand its work in the field of solar energy 
studies. Under consideration is a system whereby rapid fluctuations in the 
water vapor content of the atmosphere might be measured by a system of con
tinuous daytime spectrophotometric observations of the sun. In this way one 
could gain considerable insight into the matter of the "grain size" of moist 
parcels of air as they pass the station. This is a matter of great concern in 
understanding the growth, development and precipitation of clouds. 

Staff members of the Institute are taking an active role in planning the 
forthcoming Conference on Solar Energy to be held at the University this fall. 
Atmospheric physical phenomena play so basic a role in the budget of utilizable 
solar energy that it is deemed essential that the Institute maintain close 
contact with all aspects of the growing interest in the exploration of solar 
energy in the Southwest. 
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