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on rain are generally confined to the quantitative determination of the
amount of precipitation. In several
instances however, other characteristics of the rain have been determined,
as for instance, the size of rain drops
and the frequency distribution of the
various sizes (28, 20, 14, 2, etc.)*, the
fall velocity (17) and the electrostatic charge (23, 26), the number (23)
and form (14, 15, 24) of the falling
rain drops, chemical composition (12),
pH (19), the temperature (1, 8) of
the rain and the intensity (22) of the
rain.
Of all these various characteristics
of rain, this paper will deal with only
one: rain-drop size, and the available
methods of measurement. The most
frequently used method of measuring
the size was that introduced by Wiesner (28) in 1895, in which raindrops
were allowed to fall on a piece of
blotting or filter paper. The size of
the raindrop was measured by comparison with spots made by drops of
various known sizes. The thickness
of the blotting paper used for measurement, had to be exactly the same
as that used for the calibration. Moreover, the size of the spot on the blotting paper is also a function of the
fall velocity, for drops heavier than
0.7 mg., as shown by Niederdorfer
(20). According to Niederdorfer, another reason for the very low accuracy of this measurement is the difference in fibre quality of the individual
sheets of blotting paper. He pointed
out that the blotting paper had to be
completely dry before use to give a
sharp outline of the spot.
Lenard (14) used Wiesner's method
and improved it by dusting the spots
on the blotting paper with eosin in
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order to obtain a permanent record
for later evaluation. In Lenard's further studies of the deformation of
rain drops he kept the drop floating
in an upward directed air stream.
He observed that the drops caught in
this fashion showed a deformation,
due to circulation of the water in the
drop itself when the stream of air
passes over its surface. His experiments suggest the possibility of retarding the fall velocity of the rain
drops by means of an air current, in
order to prevent splashing. The vapor pressure of the opposing air
stream must be in equilibrium with
the vapor pressure of the drops if the
latter are not to change in size due
to evaporation (5) or condensation.
Another difficulty is that this air
stream is only of value for breaking
the fall velocity of larger rain drops.
The oscillatory deformation of falling drops in vitro was first noted by
Lenard (15). In the course of this
deformation the drop varies in shape
from an oval with its long axis vertical to the earth to one with its long
axis horizontal to the earth. Schmidt
(24) concluded from his observations
of the reflection of sunlight on true
raindrops that the latter also oscillate
during their fall.
Mache (17) photographed rain
drops in front of a black background.
The length of the trace produced by
the falling rain drop on the picture
and the shutter speed of the camera
permitted him to determine the fall
velocity. Simultaneously, he determined the size of the drops by means
of the filter paper method.
Kohler (9, 10, 11, 12) who made
many investigations on the size of
cloud elements and their size distribution, also measured microscopically
the size of drizzle droplets caught in
oil. Obviously this method is not suit-
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able for catching1 larger rain drops as
they would splash on contact with the
surface of the viscous oil. According
to Hageman (6) fog elements do not
splash when penetrating the oil surface. The small droplets however, do
coalesce and flatten at the bottom of
the receiving vessel or glass slide as
well as when they come in close contact during their fall through the oil.
Thus it is apparent that the oil
method is suitable only for determinations of smaller drops and even then
the drops have to be fixed photographically or otherwise during their passage through the oil.
If only the average size of drops
during a given rain fall is to be determined, the method used by Schindelhauer (23) can be applied. He
counted the number of rain drops per
unit area per unit time and this number together with the measured
amount of precipitation in the same
period permits the calculation of the
average size of the drop, assuming
that the drop is spherical. In order
to record the number of drops falling
per unit area, Schindelhauer made use
of their kinetic energy. The sound
produced when the drop impinges on a
membrane was amplified electrically
and operated a recording apparatus.
This method is limited to drops producing sufficiently large impact to set
the membrane in vibration. Also
simultaneous arrival of more than one
drop cannot be distinguished on the
record. Both effects lower the total
number of drops counted and thus increase the apparent average size of
the drops.
Defant (2) and others (20) carried
on investigations by the filter paper
method on raindrops and stated that
the most frequently occurring sizes of
the drops are in the proportion
1:2:4:8, etc. with 3, 5 and 7 appearing
rarely. An objection has been raised
that these size groups are caused by
psychological selection during spot

evaluation (27). This objection however, has been refuted by Niederdorfer (21). Other attempts at the explanation of this mass-grouping
(25,18) are either incomplete or not
in agreement with results of colloidmeteorological research (3, 4, 6).
Findeisen (3) points out that an explanation of the regularity must
necessarily include considerations regarding condensation and evaporation (5) of drops during their fall in
addition to coalescence during the
cloud element stage of the drops.
Kohler found the mass grouping
confirmed with regard to cloud elements, which he measured mainly by
means of an optical method (angular
diameter of coronas) and by microscopic analysis of frozen and liquid
droplets deposited on thin greased
wires, (11, 13). His chemical analyses of the salt content of the cloudelement deposits showed that the salt
contents also have frequency maxima,
occuring in proportions corresponding
to those of the drop sizes (12).
More recent investigators (4, 7, 6)
of heterogeneous natural fogs claim
lack of evidence for this mass grouping; however, at closer examination,
some of the frequency curves reported
by Hageman (6) indicate a mass
grouping, at least within the size intervals given.
Measurements of frozen rain drops
taken during a sleet storm in 1938 by
Landsberg and Neuberger (16) also
give some indications of Defant's mass
proportions. This sleet fall suggested
to the author the possibility of more
accurate measurement of rain drops
by freezing them artificially to form
sleet. The following experiment was
performed: a liquid of low freezing
point, immiscible with water, was used
in a cylinder to catch the rain drops.
The liquid had to maintain a low viscosity at low temperatures, in order to
prevent spattering of the rain drops
entering the liquid. The liquid was
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cooled from outside by a mixture of
dry ice and alcohol (approximately
-70°C) ; toluene and several other
hydro-carbons were tried. The rain
drops collected in the liquid froze instantly. When frozen, the rain drops
can be measured in a cold cell with a
microscope arrangement. Two difficulties are encountered when the
liquid is uniformly cooled throughout
to a low temperature. One is that
the rapid cooling of the drops causes
them to split in two practically perfect hemispheres. The drop freezes
from its surface in, and the consequent strains set up when the drop's
core freezes, causes splitting. Also,
if the temperature of the surface of
the collecting liquid is very low, a thin
ice foil is formed by the sublimation
of water vapor from the air. Therefore, an attempt was made to set up a
temperature gradient throughout the
liquid with the surface at a temperature above freezing and a very low
temperature at the bottom. This, however, led to a crystalline growth on the
freezing rain drops. For successful
application of this freezing method for
collecting rain drops, it is necessary
to determine the proper temperature
gradient relative to the fall velocity
of the drop. This condition would be
in imitation of the natural sleet forming process.
To freeze rain drops in an air
stream would not be suitable, as evaporation would be a factor difficult to
control (5). Methods of measuring
rain-drop sizes by weight are gener-

ally impractical as any method sensitive enough to measure the drop accurately is too sensitive to withstand
outdoor conditions.
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Washington Observatory have
carried on investigations1,2 on
the nature and structure of rime since
•Paper presented at the Washington meeting
of the American Meteorological Society, April
4, 1942.

1933 and methods of measuring the
density and liquid water content of
rime have been developed. The work
was extended during the past winter
to include microscopic examination of
rime as it formed on various surfaces.
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