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ABSTRACT

Previous, and more recent, comparisons of electronmicroscopic and conventional nuclei
counts show that the Aitken counts are deficient. Special experiments revealed that the cause
for this deficiency lies in the rapid decay of nuclei in the time lapse between sampling and
counting nuclei. It was found that a lapse of 30 seconds reduces the nuclei concentration in the
counter by roughly 50%. When this decay is considered, the Aitken and electron microscopic
counts can be brought into good agreement.

HE Aitken condensation nuclei counter
is based upon the following principle: If
a small volume of air in a chamber is supersaturated with respect to a plane water surface,
water will accumulate around each condensation
nucleus present. The nuclei thus grow to sufficient sizes that they will be deposited on a counting stage under the influence of gravity. It is
assumed that the observer will be able to count
the number of these droplets on the counting
plate. The droplets are magnified approximately
ten times and appear as pin points of light. Several expansions and subsequent compressions of
the chamber air are made and the number of
droplets is counted upon each expansion, until
no more are seen to fall out. It is assumed, then,
that all of the nuclei have been used up and were
counted as they fell out. Essentially all nuclei
counts which have been made in the past have
employed this same system of counting with some
minor modification in the detail of sampling
[1, 41.

T

In the course of an investigation of condensation nuclei that has been in progress for several
years, a great number of photographs of natural
and artificial condensation nuclei have been obtained through the use of the electron microscope.
These photographs have made possible the determination of nucleus size and shape, and in some
cases the nuclei have been identified according
to their chemical nature. Throughout these investigations, it has been noted that the number of
nuclei observed in the electron microscope was
consistently higher than the number counted in
an Aitken pocket counter in the same air. In a
controlled atmosphere containing only sodium
chloride nuclei, the difference between the two
types of nuclei counts was very large [31. Comparative counts made in the free atmosphere under

as nearly natural conditions as possible demonstrated that the discrepancy between the two types
of nuclei counts still existed, only to a lesser degree. The number of nuclei counted in the electron microscope always exceeded the number
counted in the Aitken counter. T A B L E I shows
TABLE I.
RESULTS OF SIMULTANEOUS NUCLEI COUNTS
WITH AN AITKEN COUNTER ( N a ) AND WITH THE
ELECTRON MICROSCOPE ( N e m )
Na/mm 3

Nem/mm 3

F = Nem/Na

19
34
36
38
53
56
70
101

52
104
177
208
104
166
234
104

2.8
3.1
4.9
5.5
2.0
3.0
3.3
1.0
F=3.2±1.0

the results of a series of simultaneous Aitken and
electron microscope counts made out of doors
in State College, Pa. The electron microscope
counts were made by placing a screen covered with
a collodion film on the counting plate of the Aitken
counter [3, 5], Four of five screens were exposed
during each set of ten Aitken counts. The Aitken
count ( N a ) , the electron microscope count (Nem)
and the ratio Nem/Na are shown in T A B L E I.
All nuclei concentrations are per mm.3 For this
group of counts the ratio Nem/Na varies from 1.0
to 5.5 No relation was evident between this ratio
and the nuclei concentration or the air mass type.
As will be mentioned later, on the occasion on
which the electron microscope and Aitken counts
were comparable, that is, where the ratio was
1.0, a fog was present.
The method of obtaining and counting nuclei in
the electron microscope is quite involved and
tedious, and the sample counted is rather small.
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It was therefore anticipated that the discrepancies
might be inherent in the electron-microscope technique. Several tests, and the very consistent
results, led us to believe that the electron microscope counts were correct, at least insofar as the
order of magnitude of the counts was concerned.
The conditions under which the Aitken instrument yields valid results may be partly summa-^
rized as follows:
In order for nuclei to be countable in the
Aitken counter, visible drops must form on the
nuclei. The visibility of the droplets is dependent
upon their size when they strike the counting
plate. If the droplets evaporate as they fall, which
is quite apparent in many cases, it is likely that a
great many of the droplets are so small when they
approach the counting plate that they are no longer
visible when they strike it. Frequently, when the
nuclei concentration is very high, a mist appears
in the counter when the first expansion is made,
although none, or only a few, of the droplets are
seen to strike the counting plate. This is presumably due to evaporation of the droplets, and
the evaporation is probably hastened when the
minute droplets enter the fog-free space immediately above the counting plate [8]. Some of these
nuclei remain suspended and fall out during subsequent expansions; however, some may have
sufficient momentum to be carried to the counting
plate, but escape the notice by the observer because of their small size. It is difficult to ascertain
the importance of this process in the final nuclei
count obtained; there is, however, another process
leading to deficient nuclei counts, that can be
evaluated.

the result that the nuclei will begin to grow almost
immediately upon introduction into the chamber.
If they begin to grow, they will also fall out, and
at a rate dependent upon their initial size and their
rate of growth. The number of nuclei counted
in the Aitken counter would be expected to be a
function of the time elapsed between the introduction of a fresh sample of air into the chamber,
and the time when the actual counting occurred.
The importance of time lapse between charging
the chamber and expansion of the air in it has been
investigated by making several sets of nuclei
counts in the conventional manner, with one exception: Certain specific time periods were permitted to lapse between the aspiration of the new
sample and the first expansion. These time
periods ranged from two seconds (the shortest
possible period for manipulation of the instrument
by an experienced observer) to two minutes. It
was found most convenient to use the periods of
2, 4, 8, 15, 30, 60, and 120 seconds. In order to
eliminate the possible effect of changes in the
total nuclei number which might occur over the
period of observation, the individual counts were
made in alternating order of increasing and decreasing time lapses. Mean nuclei concentrations
were obtained for the individual lapse periods.
The mean concentration value for the lapse period
of two seconds in each set of observations was
taken as one hundred percent concentration and
the mean values for the other lapse periods were
expressed in percent of this two-second value.
F I G U R E 1 shows plots of three groups of observations.
These three sets of observations
represent a wide range of nuclei numbers and, in
all probability, a wide range of nuclei types. The
"Pittsburgh" curve is derived from data from
several of the industrial valleys around Pittsburgh,
Pa. Kane, in northern Pennsylvania, is far from
major industrial activities and located at an elevation of about 2,000 feet. State College falls in
between Pittsburgh and Kane with respect to the
nuclei concentration. Roughly thirty individual
counts were made for each point plotted in F I G U R E
1, a total of over 600 counts. The time lapse is
plotted as abscissa, and percent of the nuclei concentration at two seconds as ordinate. Extreme
values of the ordinate varied from five to ten percent on either side of the average points plotted.
The importance of the time lapse is obvious from
F I G U R E 1. Even if the time lapse is limited to 20 to
30 seconds as many as half of the nuclei may be
lost before counting is begun. This is also the reason why Courvoisier [2] did not note any significant change in nuclei concentration with time; for

In order to make a nuclei count, a sample of
air must be introduced into the chamber, the intake valve must be manipulated, the mirror must
sometimes be readjusted for proper illumination,
and the pump must be operated to achieve the
necessary expansion. In most directions [1, 4]
for nuclei counts, the partial sample is supposed to
be mixed with the clean air in the chamber by
means of a stirrer. This feature has been omitted
in our count [8]. All this consumes time, during
which it is assumed that all of the nuclei except
for insignificantly few remain in the air. This
assumption, however, cannot possibly be fulfilled.
Hygroscopic nuclei take on water and grow at
humidities below 100%. The humidity inside the
chamber is dependent upon the rate of diffusion
of water vapor from the chamber walls to the
air in the chamber. This diffusion, resulting in
complete saturation of the air in the chamber,
probably takes place in a fraction of a second, with
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Effect of pre-expansion lapse on measured nuclei
concentrations

the shortest interval that he used between sampling
the air and expanding it was 90 seconds. It is
also evident that standardization of the lapse time,
as Courvoisier suggested, does not solve the problem of the comparability of nuclei counts. The
few counts represented by these data show that
for a given time lapse, the number of nuclei lost
varies greatly, being apparently dependent upon
the nature of the nuclei. It seems logical to expect that the rate of loss of larger or more hygroscopic nuclei is greater than that of the smaller
or less hygroscopic ones.
It must be emphasized that the loss of nuclei
with time lapse, as indicated here, is only relative,
since the original concentration at zero time is not
known. The two-second value must, therefore,
serve as the "original" value. Another, as yet
unexplored, factor must also be considered,
namely, the possibility of a certain loss of nuclei
between successive expansions, i.e. the total lapse
of time between intake of the sample and the last
expansion, which most likely will make the actual
loss of nuclei greater than indicated in F I G U R E 1.
The discrepancies between the Aitken and electron microscope counts can be largely explained
on the basis of these lapse-time data. Several
tests indicated that the average time lapse involved in the outdoor counts listed in T A B L E I
was 30 seconds. Thus the factor by which the
two counts differed would be expected to average
about 2 , according to F I G U R E 1, and when the
losses of nuclei in advance of the two-second period
and those occurring between expansions are also
considered, it is not difficult to account for an
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average factor of 3. Also, of course, since the
data in T A B L E I and in F I G U R E 1 were not taken
at the same time, but separated by about a month,
there may have been differences in the slope of
the lapse time curve due to changes in the type
of nuclei.
The slow rate at which the nuclei fall off in the
curve for Kane, Pa., and the fact that the last
count listed in T A B L E I was practically the same
by both methods, suggest that the foggy and
saturated conditions of the air attending both of
these observations may be pertinent. Perhaps all
of the nuclei of large size had already been removed from the air or had formed fog droplets,
so that only smaller, less hygroscopic nuclei were
available for the count. It may also be that the
larger nuclei were of such a size under the conditions of high humidity that they fell out prior to
the two second periods, and the whole curve has
been moved to the upper left on our plot, eliminating the steep part of the curve.
The nuclei losses owing to lapse-time would
account for at least part of the difference between
the two types of counts made by Hosier [3] under
artificial conditions, and using sodium chloride
nuclei. In this case, the nuclei were all of the
same type and thus were uniformly hygroscopic.
The time elapsed between admitting air into the
counter, and expansion, was doubly long, perhaps
amounting to two minutes, since it was necessary
to remove the counter from the interior of a
sealed chamber. It is to be expected that the rate
of loss of nuclei with time would be very great in
the case of nuclei which were highly hygroscopic,
and that the rate would not diminish with time
to the extent that it does in the case of most
natural aerosols. This, plus the extended time,
would be expected to lead to a great loss in nuclei.
Most certainly, the Aitken-type instruments do
not count all of the potential nuclei in a given
volume of air. In the atmosphere, the natural
utilization of nuclei will, in all probability, be
selective. However, there is no indication that the
same selectivity will be effective in the atmosphere
and in the Aitken counters. Presumably, all types
of nuclei will be important in atmospheric processes, depending, for example, upon the extent of
lifting of moist air. The larger and more hygroscopic nuclei would be expected to be used at
lower levels, while the less active nuclei may
subsequently become just as important.
The
Aitken counter detects some fraction of this total
number of nuclei, and as shown by the data presented here, this fraction is not constant, but is a
function of the type of the nuclei themselves and
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perhaps of their concentration. The most active
of the nuclei are probably not counted because
they fall out prior to the first expansion.
The best method of determining the total number of nuclei present seems to be a further development of the electron-microscope technique.
However, this technique is entirely too tedious for
routine measurements. For this reason, it seems
desirable to attempt salvage of the Aitken method
by further investigation of the principles involved.
The fog-tube method [6,7] may also be mentioned
as a possible substitute.
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REVIEW
Workbook for Weather Forecasting. By E. S. Pulk
in collaboration with E. A . Murphy.
Prentice-Hall,
Inc., 1950. vi + 66 pp, with map series kit in back
pocket.
College courses in elementary weather analysis and
forecasting have suffered for lack of a suitable manual
containing the weather codes, principles of analysis and
forecasting, and a series of plotted charts ready for practice analysis. The workbook by Pulk and Murphy was
conceived for just this purpose.
In the first three chapters it explains the essential
features of the codes for surface-map reports, pilot-balloon
observations, radiosondes and rawinsondes, and airway
observations. Coded reports and blank charts are provided for practice in decoding and plotting.
Principles of analysis are explained in Chapter 4 and
weather forecasting in Chapter 5. The final chapter
is devoted to a discussion of the analysis and forecast for
a series of plotted charts that are provided in the back
pocket of the workbook. Thus the student is guided
through the sequence of operations every beginner should
learn: from codes to the forecast.
Although there is a real need for a book of this type,
its preparation is a hazardous undertaking. In the first
place, codes are often changed, sometimes it would
seem for the sole purpose of verifying the adage that
nothing is permanent but change itself. In the second
place, meteorologists are inclined to be dogmatic about
their own personal methods of analysis and forecasting,
so that a book may please one and poison another.
Nothing can be done about the first hazard except to
issue a new edition when a new code is proclaimed. A s

far as the second hazard is concerned, the authors seem
to have decided to explain the principles of analysis and
forecasting from their own point of view without fear
or favor. For the most part their point of view should
be acceptable to the great majority of meteorologists.
There are, however, some places where the authors have
exposed themselves to criticism.
For example, on p. 18: " A finished map should be an
artistic presentation. Smoothness of lines, neatness in
appearance, and accuracy of detail are important features
in helping the analyst to make a good forecast." This
approach to weather analysis is rather likely to blur the
fine distinction between beauty and truth.
On the same page the authors state that isobars are
drawn "to see how the weight of the air is distributed"
and to "show the flow of the air on the chart." It is not
clear what use is to be made of the distribution of weight;
and it is not true that the isobars show the flow of the
air.
Following up their plea for smoothness of lines the
authors explain that "isobars should have a regular, more
or less parallel pattern because the air is a fluid and
should be distributed in a smooth, even-weighted manner."
Now what must the beginner think when he sees a
highly-embroidered barograph trace?
On p. 27: "Information present on surface and upperlevel pressure charts appears to be quite sufficient. Unfortunately this is not enough, because the data available
are still too scarce and also too inaccurate to achieve a
complete analysis of such a complex phenomenon as the
weather." The question remains: Is the information sufficient or isn't it?
There is no need to continue criticisms of this sort;
doubtless some readers of the criticisms will prefer to
side with the authors against the reviewer.
The authors are to be congratulated on their effort to
fill a real need in meteorological education.—James E.
Miller.
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