sion and boiling-point elevation; there is
no connotation of absolute measurements
but only of relative measurements. The
freezing point of a pure solvent is, in
effect, that temperature at which a liquid
phase and a solid phase can coexist
without change of mass of the individual
phases. The freezing point of a solu-
tion is that temperature at which a
solid, pure-solvent phase can coexist
with a liquid-solution phase without
change of mass of the individual phases.
The difference between these two tem-
peratures is the freezing-point depres-
sion. In other words, the temperature
of a solution and of the pure solvent must
be decreased below the freezing point of
the pure solvent in order to establish
equilibrium with respect to the solvent
between the solvent in the solution and
solvent in the pure solid phase. Similar
remarks apply to boiling point elevation.
Osmotic pressure is then simply the pres-
sure increment that must be imposed
on a solution in order that pure solvent
phase and solution phase, separated by an
appropriate barrier permeable only to the
solvent, can coexist without change of
mass of the individual phases. In other
words, osmotic pressure as a pressure dif-
ference is similar to the freezing-point
depression and to the boiling-point ele-
vation.

This should provide an adequate nega-

tive answer to the often asked question:
“Does osmotic pressure exist as such in
a solution?” A negative answer is also
provided from the derivations we have
given. It may be pointed out, in addition,
that Gibbs referred to the “so-called os-
motic pressure” and indicated clearly that
the pressure calculated by the laws of
Boyle, Charles, and Avogadro for the
solute in the space occupied by the solu-
tion was calculated and not experimen-
tally found (10). Pressure can be meas-
ured in a single phase, just as temperature
can. But just as the determination of
freezing point or boiling point requires
the coexistence of two phases, so does
the determination of osmotic pressure re-
quire the coexistence of two phases (11).

One does not subtract freezing-point
depression from the actual temperature
of a solution to calculate an “effective
temperature.” No more should one sub-
tract osmotic pressure from the actual
pressure of a solution to calculate an “ef-
fective pressure.”

It is. recognized, as Haldane pointed
out a number of years ago (12), that the
concept of osmotic pressure as something
which exists in solutions even when no
external pressure is applied is firmly en-
trenched. It is hoped, nonetheless, that
this discussion may help to clarify the
meaning of osmotic pressure and that the
concept of osmotic pressure as the bom-

World-Wide Travel of
Atomic Debris

L. Machta, R. J. List, L. F. Hubert

For centuries meteorologists have
thought of exploring large-scale atmos-
pheric circulations by means of tracers.
The literature describes how man has
successfully tracked fluorescent particles
to a distance of 100 miles (1), used
radioactive tracers across the United
States (2), and followed volcanic ash
and forest fire smoke over distances of the
order of 1000 miles (3). Only the dust
from a major volcanic eruption, such as
Krakatao, has been tracked on a truly
global scale.

During two of the nuclear test periods
in the Pacific Proving Grounds of the
U.S. Atomic Energy Commission, suffi-
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cient radioactive debris was thrown into
the atmosphere to be deposited in both
hemispheres. Measurements of the de-
posited radioactivity were obtained from
exposed sheets of gummed film. The de-
tails of the network and the sampling
and measurement techniques have been
described by Eisenbud and Harley (4).
It should be noted, however, that the
deposition of particles on the adhesive
surface depends either on the presence of
precipitation or, in dry weather, on tur-
bulence to assist the impaction of the
particles on the horizontal surface of the
paper. It is thus possible to have a cloud
of radioactive particles pass two stations

bardment pressure of solute molecules
against an impermeable barrier will
eventually be abandoned.
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simultaneously and have only the station
with rain note the presence of the par-
ticles overhead. The gummed-film
method of collection is recognized as
being as crude as it is simple.

The nuclear explosions are treated in
this article, the Mike shot on 1 Novem-
ber 1952 and the Bravo shot on 1 March
1954. The shots were similar in that both
are described as having had energy in
the megaton range, both were detonated
at or near the earth’s surface on a coral
island, and both had atomic clouds that
penetrated into the stratosphere. To the
meteorologist, the main difference of in-
terest between the two events is the
season.

Winds

The winds acting on the two atomic
clouds at the time of detonation are il-
lustrated in TFig. 1. The wind structure
has been estimated, when necessary, from
observations at nearby locations and
times. On both days the tropopause was
found at an altitude of about 55,000 feet,
and it separated winds blowing from dif-
ferent directions. The easterly winds

The authors are on the staff of the U.S. Weather
Bureau, Washington, D.C.

SCIENCE, VOL. 124



above the tropopause increased in speed
to the highest altitude of the available
wind information for the Bravo shot,
while for Mike the easterly winds de-
creased in speed and ultimately changed
to westerly winds. The easterly winds in
the trade-wind layer, the moist maritime
air mass lying near the sea, extended up
to about 20,000 feet during the detona-
tion of the Mike device, while for the
Bravo shot they were below 10,000 feet.
Between the trade-wind layer and the
tropopause, one normally finds westerly
winds. During the Mike shot these west-
erlies were temporarily interrupted and
became southerly winds, while for the
Bravo shot they were toward a more
normal bearing.

In Fig. 2. is found the approximate
area covered during the early days by
that part of the nuclear cloud from the
Mike shot which was located below the
tropopause. The shaded areas in Fig. 2
have been deduced from meteorological
considerations alone, and, in many cases,
are subject to considerable uncertainty.
Shading was discontinued when the
meteorological data no longer warranted
any reasonable estimate of the path. The
light winds and sparsity of upper-wind
observations have made tracing the upper
tropospheric portion of the Mike cloud
particularly uncertain. For this reason,
the time of passage across the North
American mainland is unknown. Tracing
was discontinued on 7 November. The
tradewind portion of the nuclear cloud
appears to have split south of Japan, the
upper portion (near 20,000 feet) curving
around a Pacific high cell and entering
the United States about 9 November.

The estimated meteorological path of
the Bravo cloud is shown in Fig. 3. The
upper tropospheric portion of the nuclear
cloud was traced to the Central Ameri-
can area by about 5 March, and an off-
shoot extending northward into the
United States at about 20,000 feet was
detected approximately 1 week later.

Differences between the paths of the
Mike and Bravo clouds are evident from
Figs. 2 and 3. In part, the differences
are seasonal and in part due to the spe-
cific meteorology for the shot days. Thus,
in November the mid-tropospheric west-
erly winds are not as strong as they are
in March, and they are located farther
north, on the average. Further, in No-
vember one finds an anticyclonic circula-
tion not far from the Marshall Islands
which is not typically present in March.
The shallowness of the trade-wind layer
during the Bravo shot is an example of a
feature unusual for the region during
any season.

There has been no attempt to track the
stratospheric portions of the atomic cloud
because of the sparsity of wind observa-
tions at these altitudes. Evidence from
numerous isolated high-level winds, not
necessarily obtained during the periods
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of the two nuclear tests, suggests a path
that would travel around the earth at
about the same latitude as the point of
origin. It is interesting to note that in no
case was it imperative to rely on strato-
spheric transport of the nuclear debris to
account for the earliest arrival at any
point, for the transport of the nuclear
cloud in the troposphere appeared to ac-
count for the first observations of radio-
activity.

An attempt to determine the earliest
arrival time at the ground at each point
of observation has been undertaken. The
results, which are shown in Figs. 2 and 3
as the number of days after the shot day,
should in many cases be viewed with
caution. First, in many of the stations in
the Southern Hemisphere, the deposited
activity was so low that it made the ar-
rival date almost meaningless. Second,
despite elaborate precautions, it is likely
that some gummed films were contami-
nated during handling. Finally, as noted
in the second paragraph the apparent ar-
rival time of the cloud at many stations
coincided with rainfall, suggesting that
the nuclear cloud may have been over-
head some time earlier but that precipi-
tation was required to bring its activity
to earth.

Fallout

It is noted that, in accordance with the
meteorological estimates, the fallout over
the United States progressed roughly
from west to east during the Mike shot.
Fallout from the Bravo event did not ap-
pear at the West Coast stations in the
United States until 2 weeks after one of
the cloud protuberances entered the cen-
tral United States. Of perhaps greatest
interest, although also of greatest doubt,
are the comparatively early arrival times
in the Southern Hemisphere. Thus, for
example, a literal interpretation of the
chart reveals that every station in the
Southern Hemisphere showed an earlier
arrival time than did the United States
West Coast stations for the Bravo case.
Also of interest are the compara-
tively late arrival times for the mid-Pa-
cific stations west of the Hawaiian Is-
lands during the Mike fallout. These sta-
tions were south of one branch of the
nuclear cloud and north of the other.

The actual fallout at each station and
an analysis of tle data are shown on Figs.
4 and 5. The units are cumulative decayed
beta activity for the first 35 days follow-
ing each event and are approximately
equivalent to millicuries per 100 square
miles (the values have not been corrected
for the efficiency of the gummed film.)
Several features that differentiate the
two maps should be noted. First, an aver-
age value for all United States and Ca-
nadian stations was obtained for the Mike
shot, as opposed to values for individual

stations during the Bravo shot. Second,
the isolines located between points on the
West Coast of the United States and
points in the Western Pacific Ocean are
also based on fallout observations ob-
tained from transport vessels for Bravo.
Finally, as is evident, the network was
cxpanded between the two events, pri-
marily in an attempt to locate stations
in rainy arcas. In many cases, when the
period of record is incomplete or the
data are suspect, parentheses have been
placed around the number. No attempt
has been made to reconstruct the isolines
for the fallout that occurred within the
first 24 hours of the shot.

The comparatively small values ob-
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Fig. 1. Upper winds at shot time. Arrows
blow with the winds, and barbs indicate
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Fig. 2. Early history of the Mike cloud. The figures indicate the number of days between detonation and the first ground observation
of fission products.
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Fig. 3. Early history of the Bravo cloud. The figures indicate the number of days between detonation and the first ground observation
of fission products.
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Fig. 4. Total radioactive fallout from the Mike cloud in the period from 2 to 35 days after detonation, in millicuries per 100 square
miles. Hatching indicates the approximate November position of the Intertropical Convergence Zone, the belt of low pressure that tends
to separate Northern and Southern Hemisphere air near the surface of the earth.

476 SCIENCE, VOL. 124



\

.
s/

20 N

C

//

v

N

I~ 32,

of

oo
I~
e
Yote
ERGEN
gNY /ﬁg\u
>

‘!

sl A Y

£ 9

. el e 7

.

o e Ve --

Fig. 5. Total radioactive fallout from the Bravo cloud in the period from 2 to 35 days after detonation, in millicuries per 100 square
miles. Hatching indicates approximate March position of the Intertropical Convergence Zone; the belt of low pressure that tends to
separate Northern and Southern Hemisphere air near the surface of the earth.

tained at the Southern Hemisphere sta-
tions especially during the Mike shot, are
immediately evident from the fallout
maps. The northern part of the Northern
Hemisphere, however, received equally
small depositions. The distribution of
fallout for the Pacific stations appears to
be consistent with the features of the
meteorology described, although the
branching of the cloud south of Japan in
the Mike pattern is based only on scanty
observational evidence.

It is apparent that radioactive debris
produced by nuclear explosions does not
possess all the desired attributes of a
tracer for studying global circulations.

Information concerning the magnitude
and distribution of the radioactivity that
remains airborne after the initial fallout
is not available. The debris, being par-
ticulate, is washed out of the atmosphere
and cannot be strictly treated as a con-
servative property. Thus, for example,
the depositions in the Southern Hemis-
phere may have been low because most
of the debris was rained out as it passed
southward through the Intertropical Con-
vergence Zone. In addition, the most
effective sampling program for the debris
provides only the crudest measure of the
fallout. Yet, despite these limitations, it
appears that the meteorologist can ob-

A. O. Weese, Ecologist

Asa Orrin Weese was born of Ganadian
parentage in Hutchinson, Minnesota, 7
November 1885, and died in Norman,
Oklahoma, 20 November 1955. After
graduating from the University of Min-
nesota in 1909, he taught for 2 years in
an academy and, from 1911 to 1922, was
a member of the department of biology
at the University of New Mexico. He re-
ceived the degrees of master of arts
(1914) and doctor of philosophy (1922)
at the University of Illinois, working in
ecology under V. E. Shelford. His special
interest in community ecology and suc-
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cession began then and continued
throughout his entire career. He was pro-
fessor of biology at James Millikan Uni-
versity for 2 years and then came in 1924
to the University of Oklahoma as a pro-
fessor of zoology.

As a student of developing biotic com-
munities, Weese was, of course, interested
in all of their components, both plant and
animal, but his personal studies turned
especially to the insects of the grasslands.
In New Mexico he studied also the
horned lizard and, at the seashore, an-
nelids and sea urchins, all in relation to

tain useful information by operating such
a network of gummed films during nu-
clear test periods. Although it is not pro-
posed that special nuclear tests be under-
taken for meteorological purposes, it
seems reasonable to expect even greater
value from future tests using an expanded
network and having detonations at other
locations and times.
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the communities to which they belonged.
The summers for him were always a
time for study, and he took part in the
work of various summer laboratories. He
was in charge of the course in marine
ecology at the Friday Harbor Laboratory
in Puget Sound in 1925 and 1929. He and
I were among the founders of the Rocky
Mountain  Biological Laboratory at
Gothic, near Crested Butte, Colorado, in
1928, and he succeeded to its presidency
in 1938. For many years he was respon-
sible for the instruction in ecology at that
laboratory.

He was the secretary of the Ecological
Society for 10 years and its president in
1931. He served officially in various other
organizations, including the Ecologist’s
Union, the National Research Council’s
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Research Foundation, and the Oklahoma
Biological Survey. In all of these he held
important offices and helped shape poli-
cies. He played a significant part in the
activities of the Oklahoma Academy of
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