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two widely separated objects are much more accurate
than micrometer (excluding double image or helio-
meter) observations with the same instrument, be-
cause the former are affected alike, the same time
element being common to each.

PROPERTIES AND STRUCTURE OF ICE.

N interesting account of a number of experiments

by Prof. R. S. Tarr and Dr. J. L. Rich, of Cornell
University, appears in the Zeitschrift fiir Gletscher-
kunde (Band vi., p. 225). The results agree mainly
with those obtained by Miigge and MacConnell, and
show that, as urged in 1869 by W. Mathews, those of
Prof. Tyndall and Canon Moseley were inconclusive,
through not taking sufficient account of the time-
element in the problem. These recent experiments,
which were both numerous and designed to test the
various properties of ice, show that it welds readily
at a temperature of 0° C.; that when a block of ice
has been cut through by a wire and regelation has
occurred, optical continuity is re-established, the new-
forming crystals being controlled by those previously
in existence, and that the welding, at temperatures
well below the freezing point, to some extent re-
sembles what has been observed in marble after being
crushed.

The authors tentatively advance four proposi-
tions; the first, that the observed deformation is
of the nature of plasticity, i.e. it is not initiated
until a certain strain is reached, the plastic yield-point
lying near the breaking point of the ice; the second,
that the ease with which deformation may be pro-
duced varies with the direction in the crystal; the
third, that the optical properties of a crystal are
affected by such deformation, the effect being de-
pendent upon the direction in the crystal in which the
deformation takes place; and the fourth that granular
ice, composed of interlocking crystals, is subject to
deformation equally with a single ice-crystal. Pond-
ice was mostly used in the experiments, but granular
snow- and glacier-ice were also employed. The
authors notice a suggestive fact in regard to the first,
that in a cake 30 cm. thick, about 10 cm. at the top
consisted of finely granular ice; the next 15 cm. of
coarse prismatic crystals of ice, standing perpendicular
to the water surface, and the remainder of finely
granular ice with diversely oriented crystals.

THE WINDS IN THE FREE AIR.:
IT was noticed in very early times that the wind
in the upper air may be very different from what
it is on the surface, Lucretius says: ‘‘See you not
too that clouds from contrary winds pass in contrary
directions; the upper in contrary way to the lower.”
Bacon advocated the use of kites in studying the
winds; but it is only in quite recent years that any
systematic attempt has been made to investigate the
free air above the surface of the earth. Kites have
been flown to a height of four miles, but it is a
mfaltter of some delicacy to get even sn high as two
miles.
. The temperature of the free air may be recorded
by a meteorograph attached to a small rubber balloon,
which continues to ascend until the pressure of the
gas inside bursts the envelope, and the instrument
descends again to the surface. The beautiful instru-
ment constructed by Mr. W. H. Dines, F.R.S., the
pioneer of upper air research in this country, is so
light that the torn fabric of the balloon is sufficient
to act as a parachute and check the speed of descent.
1 Discourse delivered at the Royal Institution on Friday, April 11, by Mr.
Charles J. P. Cave.
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The general result of the observations has been to
show that the temperature of the air decreases with
height up to a certain point, above which the tem-
perature distribution is nearly isothermal; however
much higher the balloon may ascend, there is little
further change of temperature. This upper layer,
discovered by M. Teisserenc de Bort, whose recent
death meteorologists of every country lament, iscalled
the stratosphere; the lower part of the atmosphere is
the part that is churned up by ascending and descend-
ing convection currents, and is called the troposphere.
The height at which the stratosphere is reached, as
well as the temperature of the layer, varies from day
to day and from place to place. In these latitudes
it is met with at heights varying from about 8 to
14 lgmc, with temperatures varying from —40° to

It is not, however, with temperatures that I am
chiefly concerned to-night, but with the wind currents
in the different layers of the atmosphere. If one of
the balloons carrying instruments, or a smaller pilot-
balloon, ‘is observed with a theodolite, its position
from minute to minute can be determined, and from
its trajectory, or its path, as it ascends, the winds
that it encounters can be calculated.

The theodolite used is constructed specially for the
purpose; a prism in the telescope reflects the light at
right angles, so that the observer is always looking in
a horizontal direction, even if the balloon is overhead.
It is important that the observer should be in as
comfortable a position as possible, for an ascent some-
times lasts more than an hour and a half, during which
time the observer can only take his eye from the
telescope for a few seconds at a time, otherwise he
may lose sight of the balloon and be unable to find it
again.

g'}Che ballocn having been started from one end of the
base, observations are taken from both ends at exactly
the same times, usually every minute. From the
positions of the balloon at each successive minute,
which are plotted on a diagram, the run of the balloon
during the minute can be measured, and hence the
wind velocity during that minute can be obtained.
After the wind velocities have been measured off, and
the wind directions obtained from the directions of
the lines on the diagram, another diagram is con-
structed showing the relation of the wind velocity and
direction to the height.

It is not necessary, however, to have two observers
if the rate of ascent of the balloon is known; in such
a case, the complete path of the balloon can be cal-
culated from the observations of one theodolite. It is
not, however, possible to know the rate of ascent with
complete accuracy, as up and down currents in the
air will affect the normal rate. In practice, especially
in clear weather, the method is fairly satisfactory.
The method of one theodolite requires less prepara-
tion, and the subsequent calculations of the path of
the balloon are less laborious, than in the case of
observations taken with two theodolites from opposite
ends of a base line.

The best time for observations is towards sunset, so
that the balloon reaches its greatest height after
the sun has set on the surface of the earth; at such
times the balloon, still illuminated bv the sun, shines
like a planet, and on one occasion I should have
found it impossible to tell which was the balloon and
which was Venus, except for the movement of the
halloon. The distances at which balloons may be
seen through the telescope of the theodolite are re-
markable. A striking instance was when the flash
of the sun on the small meteorograph was seen, not
once, but repeatedly, when the balloon was about
nine miles above the sea and at a horizontal distance
of about thirty miles.
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In considering the structure of the atmosphere, as
it has been revealed by the observations I have car-
ried out, principally at Ditcham on the South Downs,
we may divide the subject into two parts: first, the
wind structure in the lowest kilometre, and secondly,
the general wind distribution up to the greatest
heights reached by the balloons.

It is a matter of common observation that the wind
increases above the surface, and in these days of
aérial navigation it is important to know the law of
this increase. It seems that at Ditcham, the increase
in velocity is at first linear or nearly so, and that the
line representing the linear increase passes through
zero velocity at sea-level. That is to say, if we plot
the wind velocity at the surface and draw through it
a line from zero velocity at™ sea-level, -the wind
velocities at other heights, up to half a kilometre to
one kilometre, will lie very nearly on this line; this
approximately linear increase has been found to agree
with observations at several land stations, but over
the sea other conditions probably prevail.

But there are occasions when this state of things
does not apply at all; this is often the case in light
breezes, and at times when the surface wind is very
shallow, giving place to an entirely different wind
régiime in the first kilometre of height. At such
times it often happens that the wind velocity is
greatest a very little way above the surface. The
fact that there are two separate conditions emphasises
the danger of taking means. By taking the mean
value of a number of separate observations we might
get -as a result that the wind neither increased nor
decreased in the first kilometre of height, which in
reality is only true on very rare occasions. As has
been truly said, “*La méthode des moyennes c’est le
seul moyen de ne jamais connaitre le vrail”

Another question of great importance to aviators
is the effect of hills upon the winds blowing over
them. The balloons used in my investigations ascend
at the rate of goo ft. per minute, and in a few
minutes are carried beyond the reach of ground
eddies; in some cases, however, I have found that a
balloon rose with more than its normal velocity when
passing over hills if a strong wind was blowing, and
the effect is visible sometimes even when the balloon
is more than a kilometre above the surface; on other
occasions very little effect has been observed. More
light is being thrown on this question by the observa-
tions of Mr. J. S. Dines on slowly ascending balloons.

The lower layers of the atmosphere up to one or
two kilometres are the most important to aviators.
To meteorologists the higher layers offer problems of
greater interest. In considering the winds in the
free air it is convenient to have some datum to which
to refer them. The observed surface wind is not
convenient for this purpose, being too much affected
by local conditions near the ground. A bhetter datum
is what is known as the gradient wind. Under the
influence of the barcmetric gradient the air is being
pressed towards the areas of low pressure, but the
wind is actually blowing more or less along the
isobars at right angles to the force. In much the
same way, water in a basin, when allowed to escape
through a hole in the centre, and when given a slight
movement of rotation, moves round the basin at right
angles to the forces which are pressing it towards the
centre. In the case of the atmosphere the turning
movement is &iven by the rotation of the earth under
the moving air. For any pressure condition to be
maintained the air must be moving with a certain
definite velocity, ¢ pending on the shape of the isobars
and the steepness of the barometric gradient. This
rate can be calculzted for the conditions obtaining at
the time, and the wind so calculated is called the
gradient wind. It has been found that there is a
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fairly good agreement between the wind so calculated
and the observed wind at a height of + km. or so,
but owing to friction the surface wind is usually of
a smaller velocity, and directed more towards the low
pressure.

In order to show in a clear manner the changes of
wind at different levels, 1 have prepared some models
which give a better mental picture of the conditions
than a diagram. 7The atmosphere is supposed to be
divided up into layers each 1 km. thick and the
average wind in each layer is represented by a
coloured card; the length of the card represents the
velocity of -the wind, 1 cm. representing 1 metre
per second, 1 metre per second being about 21 miles
per hour; the direction of the card shows the direc-
tion of the wind, the arrow flying with the wind.
The red cards represent winds that may be supposed
to bring air from an equatorial direction, that is winds
from east-south-east through south to west-north-
west, the blue cards winds that may be supposed to
bring air from a polar direction,

For convenience I have divided the wind structures
into five types; they are perhaps rather artificial, as
I shall show later, but it is convenient to make some
sort of classification, even when further knowledge
must change it. In the first three types of wind
structure, the wind increases above the surface and
equals the gradient velocity at a height of 3 km. or
50; above this in the first class the wind remains more
or less equal to the gradient velocity, up to a height
of 7 or 8 km.; in the second class the wind in the
upper air greatly exceeds the gradient wind, and in
the third class it falls off again to a lesser value; but
in all three classes the direction remains much the
same as that of the gradient wind.

The first type may be called the solid current; it
does not seem to be associated with any particular
type of isobars, but in a preponderance of cases the
wind is easterly, and the remaining cases are nearly
all westerly; it is rare to find the solid current with
winds from the north, or from the south.

In rare cases there is scarcely any wind up to the
greatest heights reached, and the little wind there is
often blows from varying directions in different
layers; this type, which may be looked on as a sub-
class of the first type, sometimes occurs in still anti-
cyclonic conditions in summer.

In the second class the gradient wind, after being
reached at a height of about § km., is greatly ex-
ceeded in the upper air; in some cases the wind at
2 or 3 km. is double the gradient value, or even more.
This tvpe is likely to occur when there is a low
pressure to the north of the station and when there
is a strong temperature gradient, such that the low
temperatures correspond to the low pressures, and
vice versd; such conditions should theoretically cause
an increase in wind velocity in the upper air, but it
is not possible to calculate what the effect should he
without knowing the temperatures, not only on the
surface. but in the upper air over the region in gues-
tion. One may, however, calculate what effect sur-
face temperatures would have on the isobars at, say,
3 km., assuming that the vertical temperature
gradient is the same at every point; a map. con-
structed to show the isobars which have been thus
calculated must be looked on as a rough approxima-
tion only to the real conditions. A map of the isobars
at 3 km. for May 11, 1907, shows how much steeper
was the gradient on this day in the upper air than it
was on the surface, a fact which quite accounts for
the ranid increase in wind velocity from 2 metres per
second at the surface to 19 metres per second at
3 km.

Winds belonging to this class may come from any
point of the compass.
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The third class comprises those cases in which the
wind, after reaching the gradient velocity in the first
3 km. or so, falis oft more or less rapidly in the upper
air. This class is almost entirely associated with
easterly winds on the surface, when there is high
pressure to the north and low pressure to the south.
An east wind is usually, though not always, a shallow
one; a south-west gale increases in the upper air,
but when an easterly gale is blowing, causing such
high seas and such dangers to shipping, it is curious
to reflect that such a short distance up we should
meet with light breezes, or even a complete calm.

We now come to the class of reversals when the ;

wind in the upper air is very different in direction
from that near the surface, and when it often bears
no relation to the surface pressure distribution. In a
typical case, after an initial increase for a short dis-
tance above the surface, we find the wind gradually
decreasing as we ascend, until a layer is met with in
which there is a complete calm; above this we find
an entirely different wind, which usually increases as
we go higher, as in the case of winds in the second
class. It looks at first sight as though there were
a discontinuity in the atmosphere, but I hope to show
later that this is more apparent than real. A typical
example of a reversal occurred on November 6, 1908,
when the surface wind was easterly with a velocity
of 17 metres a second, just below 1 km.; above this
it fell off to a complete calm at 3 km.; at 4 km.
there was a light north-west wind, which increased
to a wind of 15 metres per second at 10 km. The
weather map for this day is remarkable: over this
countrv there is no sign on the surface of the westerly
wind.above, but it appears that in Germany, where
the pressure was highest, the westerly wind must
have been descending and must have divided into
two currents, one flowing on as a westerly wind over
eastern Europe, the other flowing back as the easterly
wind recorded in this country.

There are other cases of reversal which are not so
simple as the one described above. In many cases
this type is associated with small depressions, or with
small areas of high pressure which seem to be rela-
tively shallow. The surface winds are related to these
shallow systems, while the upper winds are controlled
by larger areas of high and low pressure, shown on
the weather maps at places lying farther from the
point of observation.

On September 30, 1908, for instance, a southerly
surface wind, after remarkable backing, gave place
to a calm at 3 km.; above the calm another southerly
wind is met with; in this case the surface wind is
probably related to the high-pressure system over

Germany ; the upper wind to the depression approach- |

ing from the Atlantic. There was another somewhat
similar case on November 16, 1908, though with winds
from a different direction; the northerly surface wind
backed, and a calm was met with; above this, very
unexpectedly, came a thin stream of southerly wind,
above which again was a north wind, increas-
ing in velocity with height. In this case the lowest
wind was part of the circulation of an anticyclone
which was approaching these islands from the Atlan-
tic; the intermediate southerly wind was perhaps the
last remaining effect of the anticyclene over the Con-
tinent, while the upper wind was the outflow from
above a depression near Iceland, a wind which be-
longs to another class to be noticed later.

In cases of reversal we find that the warm wind
flows over the top of the one that comes from a
colder region; there must somewhere be a line where
the warm current is rising, where it must be cooled
dynamically, and where its moisture may condense
into cloud or rain. It is interesting to note that in
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most cases rain occurs somewhere in the region of the
reversal, and in summer thunderstorms are frequent.
Thunderclouds may often be seen to be in a wind
coming from a contrary direction to the wind on the
surface, and it seems possible that for anything like a
sustained thunderstorm something in the nature of a
reversal must exist; it is difficult to see how a differ-
ence of potential, sufficient to produce lightning, can
be kept up unless winds from different directions are
bringing masses of air at different potentials near to
one another.

It has been noticed in Hampshire that when the
sound of gun-firing in the Channel is distinct, it is,
in summer, a sign of thunder; an explanation may
be hazarded; if there is a reversal so that the upper
wind is coming from the south, the sound waves
travelling from this point with a slight upward tend-
ency will be refracted on entering the upper current,
and thus, instead of being dissipated in the upper air,
may again reach the surface at a considerable distance
from their point of origin. Such conditions of wind
are those productive of thunderstorms. This may also
possibly account for the superstition that gun-firing
produces rain; the sound of guns is only carried to
great distances under the conditions I have men-
tioned, which are precisely the conditions favourable
for heavy rains.

A north-east wind with rain lasting many hours is
a common and a very unpleasant type of weather; it
is not obvious where the moisture comes from with
such a wind, for the air from the dry regions of the
Continent could scarcely become saturated in its short
passage over -the North Sea. 1 believe the moisture
comes from the Atlantic in a south-westerly wind in
the upper air. Balloons cannot be followed for any
length of time in such weather, but I have sometimes
observed that the north-easterly wind slackens con-
siderably below -the cloud level, and sometimes, when
breaks in the clouds have enabled balloons to be fol-
lowed a little farther, there have been unmistakable
signs of reversal. A careful watch for upper clouds,
seen through rifts in the lower cloud sheet, will often
indicate an upper southerly wind. So sure do T feel
of these facts that, though living only twelve miles
from the Channel, 1 never hesitate to send up an
instrument-carrying balloon in rainy weather with a
north-easterly wind, feeling certain that, though the
balloons may go towards the sea at first, they will
ultimately return and fall on dry land. My confidence
is usually justified by the balloons coming to earth in
the Midlands or eastern counties.

The last type of wind structure to be considered is
the outflow that seems to take place from the upper
layers over a low-pressure system, causing west to
north winds in the upper air on the east and south
sides of the depression.  Depressions out in the
Atlantic, which cause south-west winds on the sur-
face, give rise to west or north-west winds in the
upper air over England; even cyclones so far off as
Iceland produce such winds, and as they pass along
the Arctic circle, between Iceland and Norway, they
show their presence by an upper northerly wind over
this country.  As the upper wind is often quite
different from that on the surface, reversals are fre-
quent in this class, and are associated as usual with
rains, and with thunderstorms in the summer. It
may be that much of the rain that falls in the cyclonic

| depression is due to the rising of this outward flowing

current over the very different surface current on the
east and north-east sides of the depression.

In connection with the subject of reversals, I may
mention the wave and ripple clouds that form such
beautiful skvscapes. Tt used te be supposed that these
were formed by winds from different directions flow-
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ing over one another and setting up waves; but the
observations of pilot balloons have shown that between
two currents from different directions there is either a
layer of calm, or else the wind changes round gradu-
ally; two very different currents are not found in
close juxtaposition: there is no abrupt transition
between them,

To show the relation of the different types of wind
structure to the surface pressures a model has been
prepared; on the map are shown a depression and an
area of high pressure, with arrows to show the wind
directions ; above the map is a sheet of glass to repre-
sent the first 5 km. of the atmosphere; on this are
marked the winds one would expect to meet with
at this level under the conditions of pressure supposed;
above this sheet of glass is another representing the
thickness of the atmosphere from the §-km. level to
the stratosphere. The model is on the scale of one-
millionth, the vertical scale through the glass being
approximately the same as the horizontal scale.

The churning up of the air resulting from the heat-
ing of the surface layers by contact with the earth
heated daily by the sun, does not presumably reach
into the stratosphere; there being no vertical move-
ments, we should expect to find only such horizontal
niovements as are consistent with a suitable distribution
of density. In the simplest cases the wind increases
in velocity until a maximum is reached just below the
stratosphere ; above this the wind begins to diminish,
and sometimes falls off in a very marked manner.
There are occasions when all real wind seems to have
ceased, and the balloon as it ascends through this
curious region moves first in one direction and then
in another, so that the relation of wind direction to
height can only be represented on a diagram by a
disconnected series of points.

What takes place still higher? Does this region
of calm extend to the very confines of the atmosphere ?
We have practically no evidence to go on. In
February, 1909, a meteor left a magnificent streak
which was visible for two hours and a half; this trail,
which was some forty miles above the surface of the
earth, moved in a manner suggesting very high wind
velocities, with sudden variations in the different layers
through which it passed. But it is possible that the
streak of a meteor may partake of the nature of an
aurora, the luminous patches of which sometimes
move in a remarkable way, and probably under forces
other than those of the winds.

Having for purposes of classification divided the
wind structure of the atmosphere into different classes,
I must now attempt to put them together, and to
show that some of the types that seem very different
are in reality closely connected.

Following ‘on inquiries made by Mr. W. H. Dines
on the correlation between the surface pressure and
various meteorological elements at a height of ¢ km.,
it was suggested by Dr. W. N. Shaw, F.R.S., that
the changes of pressure to which our changes of
weather are due have their origin, not near the sur-
face of -the earth, as hitherto supposed by many
meteorologists, but just below the level of the strato-
sphere, at a height of ¢ km. or so above the surface.
This view is in accordance with the observed facts of
the wind distribution in the different layers of the
atmosphere.

Supposing that on a certain day there is a pressure
distribution just below the stratosphere, which at that
level produces a westerly wind of a certain strength;
this pressure distribution will be transmitted through
all the lower layers of the atmosphere, and unless
modified by other conditions will produce a west wind
at the surface; the velocity of this wind will, however,
be only about one-third of that at the g-km. level

NO. 2293, VOL. QI

owing to the greater density of the air near the sur-
face. If, however, the air to the north at every height
were at a lower temperature than the air at a corre-
sponding height over the place of observation, there
would be at all levels a tendency for easterly winds.
This will have the effect of reducing the westerly wind
as we descend through the atmosphere, and when the
surface is reached the west wind will have a much
lower value than it would have had were it only for
the increased density of the air. If the wind at the
g-km. level is not very strong, or if the tendency to
produce an easterly wind is strong, as would be the
case if the air to the north were very cold, we may get
a calm at the surface, or the calm may even be reached
at some distance above the surface, in which case
the tendency for easterly winds may actually produce
such a wind, which will increase in velocity as we
descend towards ‘the surface under the layer of calm,
and be strongest a little above the surface of the
earth, at a point where surface friction begins to
cause a diminution of velocity.

If, again, at the g-km. level, there is a pressure
distribution producing an easterly wind, cold air to
the north will produce a tendency for an increase of
easterly wind as we descend through the atmosphere;
but the creater density of the air at the lower levels
will produce a decrease of wind velocity from whatever
direction the wind may be coming ; the two tendencies
may neutralise one another, in which case we get a
solid current of east wind between the stratosphere
and the ground level.

If there is no wind at the g-km. level, cold air to
the north will produce easterly winds in the lower
levels, in which case we should find easterly winds
increasing in velocity as the surface is approached.

These considerations give some idea of the mechan-
ism by which the different types of vertical wind
structure mav be produced. The wind increasing in
height, the solid current, the wind decreasing with
height, are seen to fall into their places. The reversal,
with an east wind near the surface and a west wind
higher up, is only an extreme case of the slackening
of the westerly wind near the surface; and the point
of reversal, far from marking a point of discontinuity
in the atmosphere, is seen to be merely the result of
forces extending right through the lower part of the
atmosphere, between the stratosphere and the earth.

If the winds are resolved into components at right
angles to each other, that is north-south and west-
east components, it is found that in most cases
the west-east component decreases below the strato-
sphere and is a minimum near the surface, an east
wind in this case being considered as a negative west
wind. This is what should be the case if the ideas
I have been considering are correct, for the air to
the north is generally colder than the air over this
country. In the case of the north-south component
we find no such general rule, but this also is as it
should be, for the air to the east and west may be
either of the same femperature, or warmer, or colder
than the air over the station; in other words, there
is a normal north to south temperature gradient but
not a normal west to east gradient, in our islands.

The sunoosed cases mentioned are, of course, simple
types, and it can readily be understood how varying
conditions of pressure and temperature mav in similar
ways produce varieties of vertical wind distribution.
In considering the pressure distribution just below the
stratosphere as the regulator of the winds and the
weather in the lower part of the atmosphere, T fear
I have nothing to add concerning the Jaws governing
these pressure distributions; the idea is a new one,
and has vet to be worked out in its details, and to
stand the test of criticism and fuller investigation.
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