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[he sky with its clouds is everybody’s
wonder, and Mr Cave's book, by its
forty-odd fresh-air pictures, cannot but
malke an fmmediate and general appeal.
When it was first published in 1926 it
was quickly and several times reprinted;
but this new edition quite supersedes
the old: the reading-matter has been re-
vised, augmented, and re-set, and all of
the blocks have been new-made, clearer,
larger, and-—many of them—from fresh
photographs.

I'he brief text, besides acquainting the
uninstructed reader with the naturesand
names of the various clouds that dapple
or blot the sky, also gives accounts and ex-
planations of sunset, the moon’s changes,
rainbows, the mirage, haloes, coronae,
brocken spectres, and (a new marvel) the
condensation trails of high-flying planes.
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Fig. 1. Long band of cirrus
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PREEACE

CERTAIN knowledge about clouds, rainbows,
halos, nﬂragm and other phenomena of the atmo-
sphu{, is uscful to many who, while not wishing to

make a deep study of meteorological matters, yet take an
interest in the changing pageant of the sky. The usual books
on the subject are sometimes too technical or contain much
information on metcorological instruments, the principles
of forecasting from weather maps, and other matters, which,
though extremely interesting in themselves, are not wanted
by those who depict or watch the skies from a less scientific
standpoint. It is for these that this book is written.

The photographs of clouds which appear in the volume
were mostly taken with a view of getting as much detail as
possible of the cloud structure, and not with a view of
making artistic pictures; they are what is known to photo-
graphers as contrasty, and may be too contrasty for pictures;
some of them have been dubbed too theatrical; in many of
them the blue of the sky is almost black; they are repro-
duced here to illustrate the various forms of cloud structure.
For the information of those who may wish to take cloud
photographs it may be mentioned that most of those re-
produced here were taken on backed panchromatic plates
through a decp yellow or red screen; one was taken through
an infra-red screen.

My thanks are due to Professor D. Brunt, Er.s., for
reading the manuscript and for some valuable \LU_J%__JLGISIOIIS
also to Licut.-Colonel E. Gold, n.s.o., e.ws., for information
about condensation trails,

D) I
October, 1043



Fig. 1.

(5]

P\u.-&w

14.
5,
16.

17.
18.
19.
20.

ILLUSTRATIONS

Long band of cirrus Frontispicce

AT END

Clouds at two levels, cirrus above, cumulus below
Cirrus in isolated wisps

Tufts of cirrus

A large mass of cirrus

Part of a long band of cirrus, showing signs of
rotation about its axis

Cirrus with upturned ends
Cirrus with upturned ends
Tailed cirrus

Cirrus plumes

Bank of cirrostratus, some isolated bands of cirrus,
and some cumulus below

Cirrocumulus waves at sunrise

Cirrocumulus cloudlets arranged in waves and
ripples

Cirrocumulus band with wave structure
Cirrocumulus band with fine ripple structure
Lenticular cirrocumulus, and cumulus at a lower
level

Altocumulus cloudlets

Altocumulus waves

Altocumulus waves

Turret cloud, slightly developed

Turret cloud, strongly developed



viil

Fig. 2.

o9
24.
25,

35.
36.

37

39.

40.
41.

42.

ILLUSTRATIONS

Altostratus, with altocumulus bands at a lower
level

Stratocumulus, quiet weather type

Stratocumulus tending to become cumulus
Stratus

Stratus (dark) and high cloud over the south coast
Early morning fog at the western end of the
Weald (mfm—n d photograph)

Early morning valley fog; note the position of a
train in a station

Small cumulus clouds of fine weather

Small cumulus clouds of fine weather

Cumulus clouds forming over the Dorset coast
Long line of cumulus, Outer Hebrides, the resul
of converging winds

Cumulus, showing flat base

Cumulus clouds, some of them with a growing
tendency

Cumulus clouds with a growing tendency
Cumulus that has grown to a great height
Cumulus with hybrid cirrus just beginning to form
at the top.

Cumulonimbus whose whole top has become
hybrid cirrus (Anvil cloud)

A shower cloud in front of the sun with ‘silver
lining”

A distant thunder-cloud

A very intense thunder-cloud about 7o miles
distant; dark stratus in front

Condensation trails



CLOUDS
<for

KNOWLEDGE of the different forms of clouds
may be very useful to those who are interested in
the changes of weather, so frequent in our climate,

and such knowledge may be extremely uscful to those who
navigate the seas and still more to those who navigate the
air. Such a knowledge is casily obtained, for though
meteorologists have subdivided the forms of clouds into a
great number of varieties yet the main groups are few in
number and can readily be learnt by anyone who takes the
trouble to observe them. Luke Howard (1772-1804) pub-
lished a classification of clouds quite early in the nineteenth
century, and with certain modifications the names he gave
have survived to the present day. He gave Latin names to
the different forms of clouds, but these Latin names have
become part of our own language, and cirrus, cumulus and
nimbus are given as English words in English dictionarics.
Compound names like cirrocumulus originally indicated
that the cloud was supposed to be a sort of cross between
cirrus and cumulus; with our present-day knowledge we
know that this is not the case, and these compound names
must be looked on as just names and nothing more.
Before coming to the actual classification of the clouds
it may be useful to realise that clouds may be divided into
two main groups, which we may call sheet clouds and heap
clouds. The sheet clouds are arranged in horizontal layers
which as a rule are of no great vertical thickness. They may
form extensive sheets covering the whole sky, or they may
be broken up, so that patches of blue sky arc seen through
the sheet, or again they may be reduced to a few detached
clouds, which, however, are all floating at some definite
height above tlu, carth. There may be several layers of cloud
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at different heights and the upper may be seen through
gaps in the lower (Fig. 2). The sheet clouds are sometimes
marked by beautiful wave or ripple patterns; sometimes
they consist of long parallel waves which owing to the
effect of perspective scem to radiate from a point on the
horizon.

A cloud sheet will form at any layer of the atmosphere
where conditions of temperature and moisture cause con-
densation to take place, and there may be more than one
layer where such conditions occur.

Heap clouds are piled-up clouds whose thickness may be
as great or greater than their vertical extent; they may be
many thousands of feet in thickness. They are formed when
currents of air rise in the atmosphere; the air in the process
of rising expands, in expanding it cools until a point is
reached where it grows so cold that part of the moisture it
contains condenses and cloud is formed.

With these facts in mind we may now consider the
different varieties of cloud, and the names that have been
given to them.

I. Clouds in horizontal sheets, sometimes covering the
whole sky, sometimes more ot less broken up, and some-
times reduced to a few isolated patches.

1. Cirrus (from the Latin, a cutl or tuft of hair). Clouds
composed of threads or fibres, sometimes in isolated wisps
or tufts (Figs. 3, 4), sometimes in compact masses (Fig. 5),
or, it may be, arranged in long lines across the sky (Frontis-
piece and Fig. 6). Some varieties are known by the name
of mares” tails. Often the streaks of cirrus have their ends
turned up into licde cufes (Figs. 2, 7, 8}; sometimes the tuft
is the principal part of the cloud, giving rise to the form
known as tailed cirrus (Fig. 9). Citrus may cover the whole
sky, sometimes in detached masses, sometimes in a con-
tinuous sheet. In the latter case it is known as cirrostratus
(Fig. 11), and may be made up of tangled fibres or threads,
or it may be a structureless sheet giving a white milky look
to a part or the whole of the sky. The sun can always be
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seen through a sheet of cirrostratus. Sometimes the sheet
may be so thin as to be invisible, merely making the blue
of the sky alittle paler, but such a sheet may be recognisable
by the halos that accompany it. (See under ‘Halos’.)

These clouds, cirrus and cirrostratus, are composed of
minute ice crystals in the higher part of the atmosphere;
practically all other forms of clouds are composed of minute
drops of water. Cirrus clouds are usually at a height of
20,000 to 30,000 feet in our latitudes, but near the equator
they may at times be twice that height; they may be seen
floating above the tops of high mountains; t]u,x often move
from a different direction to the surface wind and the lower
clouds, as they may be in a different wind current. They
have a tendency to move outwards from areas where the
barometer is low, and when seen moving from the west or
north-west with a southerly (south-cast to south-west)
surface wind it is usually a sign of bad weather advancing
from the west. The frayed-out fibres of cirrus clouds are
popularly supposed to mean wind, and a windy sky in
popular language is synonymous with such clouds, but the
connection 1s not a real one; we often see frayed-out streaks
and masses of cirrus in very quiet weather.

2. Cirrocumulus consists of small cloudlets, orwaves and
ripples all of which are more or less mingled with cirrus
threads (Fig. 13); the cloudlets are pure white and show
no shadows; in the absence of mtermingled cirrus and the
}lfL\LllCL of sha.d(m a cloud should not be classed as cirro-
cumulus but as the next variety, altocumulus, The cloudlets
of cirrocumulus arc generally Jll:lllg:..d. n somesort of order,
that is, in bands or waves (Figs. 12, 14, 15), and very often
the wave structure is well marked; there may often be two
or more scts of waves crossing each other at various angles
(Fig. 13). This varicty of design produces the most beautiful
skyscapes, and gives rise to the so-called mackerel skies.
Sometimes long bands of cirrus and cirrocumulus clouds
trail across the sky, usually from a northerly or north-
westerly point; these polar bands, as they are termed, may
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be a hundred miles long or more, and sometimes may be
seen moving across the sky for hours at a time; they
often show a wave motion at right angles to their length;
they may show, too, traces of a rotation round their
long axes (Fig. 6). These clouds are usually at heights of
20,000 to 25,000 feet. At sunrise and sunset they take
up pink and rosy tints. Clouds resembling cirrocumulus
arc very occasionally seen at the extraordinary height of
fitty miles, whereas ordinary clouds do not oeccur much
above five miles; on a summer night such clouds appear
to shine by their own light, though really it is by reflected
sunlight in which they float long after the sun has set on
the earth’s surface. The nature of these ‘noctilucent” clouds
is still obscure.

A mass of cirrocumulus is often thicker in the middle
than at the edges, and in such cases the edges are often
rippled; the whole cloud is lens-shaped and is known as
lenticular cloud (Fig. 16). The rippled edges, if closely
watched, will be seen to be continually changing, and the
cloud mass may be seen to grow on the windward side and
to dissolve on the leeward side, so that the whole cloud
remains in the same place while the actual cloud particles
are moving through it.

3. Altocumulus. There is not much to distinguish very
high altocumulus from cirrocumulus; but if there are no
interspersed cirrus threads and if the cloudlets show any
traces of shadow, the cloud in question should be classed as
altocumulus. This cloud may be composed of detached
cloudlets (Fig. 17), called by the French ‘petits moutons’
if they are small, and ‘gros moutons” it they are large; the
cloudlets may be arranged in waves or bands, or the cloud
layer may consist of waves without any separate cloudlets
(Figs. 18, 1g). It is difficult to give an estimate of the
height of altocumulus, for it varies greatly; possibly 10,000
to 20,000 feet would be a fair estimate. As 1s the case with
cirrocumulus these clouds take on the colours of sunrise
and sunset.

-
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There is a curious variety of this cloud called altocumulus
castellatus, or turret cloud, in which the individual cloudlets
are drawn up vertically into miniature cumulus with white
gleaming tops and flat grey bases (Figs. 20, 21). Turret
clouds may form cxtensive sheets which are often very
beautiful; they are an almost sure precursor of tlmml{:r}'
conditions in the summer.

Just as a structurcless sheet of cloud may exist at the cirrus
level (cirrostratus), so the same formation may be found at
the level of altocumulus, especially just before rainy con-
ditions spread over the country from the west. This cloud,
called altostratus, is thicker than cirrostratus; the sun may
shine through it with a “watery” look (Fig. 22), or it may
obscure the sun altogether. Cirrostratus is composed of
ice crystals, and halos are usually seen in it, and more rarely
mock suns and other optical phenomena, but these arc
never seen in altostratus clouds which are composed of
minute water drops.

4. Stratocumulus. This is the lowest form of sheet cloud
and may occur at any level up to about 10,000 feet. Just as
high altocumulus merges into cirrocumulus, so high strato-
uuuulus merges into altocumulm. It mav show a wave or
roll structure often with patches of blue sky showing
between the waves. This cloud does not give e bl
skyscapes that are seen with the ]11ghcr ciouds it is on
the whole a dull cloud. In quiet weather in winter it often
covers the sky with a persistent cloud canopy, which may
last for several days at a time (Fig. 23); sometimes it is
thin and patches of blue sky may become visible, at others it
15 pt.rmtultlv thick and ¢ grey. In summer it has a tLlldL:ll(.v
to break up and to become cumulus (Fig. 24); a grey
morning, with the sky covered with stratocumulus, is often
at this season the forerunner of a fine day.

5. Stratus. This cloud may be classed with the sheet
clouds, but it is generally scen 1n isolated patches which are
often lenticular in shape (Figs. 23, 26); these may form
over and among mountains and hills, and patches of
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stratus may generally be scen on the margins of large
thunder-couds (Fig. 41), appearing dark against the white
cumulus. Stratus ]nq been likened to a fog which is not in
contact with the ground.

6. Fog is a cloud which is in contact with the ground.
It may happen that the general cloud sheet is lower than
the tops of the hills, and m such a case a fog 15 experienced
on the hills, but this can hardly be classed as a true fog.
A fog may form when damp air is chilled. This may happen
in a variety of ways; for instance, in winter when a warm
damp air comes in from the south over ground or sea that
has been chilled by previous cold weather the current itself
is cooled and a fog may be produced. Again during a cold,
still and clear night the surface of the ground is cooled and
so coals the air in contact with it; this air runs down slopes
and fills hollows and valleys with cold air, which may
become so cold that part of its water vapour is condensed
into a fog. On such an evening, even before any fog has
begun to form, anyone motoring or cycling '11011q an
undulating road w Al feel the chill of the air as he descends
into hollows, and fecl the air warmer again as he goes up
the next rise. At about sunsct on such occasions fog may
be seen beginning to form in the hollows, especially over
damp meadows or marshy ground. By the early morming
such fogs may fill a whole valley (Ficrs 27, 28). On summer
mommgs t]n\' soon dt’ipCI"SC but in winter they may lase
well into the d.cl\f and sometimes they may not clear away
all day, and pcoplc living on the hills may be enjoying
brilliant winter sunshine, “while in the valleys their neigh-
bours may be in fog so thu,k that traffic is interfered with.
When a narrow valley runs down to the sea a valley fog
may be seen flowing out to sea for a considerable distance
in the carly mornings; such fogs may be seen in Devon and
clsewhere where narrow wvalleys run right down to the
coast.

II. Heap clouds are clouds with a considerable vertical
thickness, with rounded tops and flat bases. The smaller
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ones are called simple cumulus clouds (Latin cuntulis, a heap),
the larger ones that cause showers and thunder-storms are
called cumulonimbus clouds. Simple cumulus is sometimes
rather difficult to distinguish from stratocumulus when the
latter is breaking up into cumulus, as often happens on
summer mornings.

The mechanism by which cumulus clouds are formed is
somewhat as follows: on a hot day air near the ground is
heated, as it is heated it tends to rise, in rising it expands,
and in expanding it cools; if conditions are favourable, and
the current rises to a sufficient height, the cooling will be
such that part of the moisture it contains condenses into a
cloud (Figs. 29, 30). A cumulus cloud is therefore the visible
effect of a rising current. This fact is well known to airmen,
and especially to gliders who make use of the rising currents
to get a lift for their sailplanes. Wherever any rhmg tends to
make the sir rise there will be 2 tendency for cumulus clouds
to form. When a wind blows on to a hilly coastline we
sometimes sce a line of cumulus over the coast (Fig. 31).
When two wind currents converge at a small angle tllc air
between them will be forced to rise and a long line of
cumulus may be formed (Fig. 32). These lines may be very
long, especially at sea. I once saw one in mid-Atlantic that
lay nearly parallel to the course of the steamer and was
visible all day till the late afternoon, when the steamer
passed under the cloud and experienced a slight shower.

Sometimes the sky may be covered with small cumulus
clouds of no great vertical thickness; they often have a
tendency to be arranged in parallel bands (Fig. 2). A cumu-
lus cloud of any size has a flat base (Fig. 33), and when
many such clouds appear they will all have their bases at
about the same height above the ground, though of course
those that are near will appear higher in the sky than those
that are far off. Such small cumulus clouds may form and
never develop into large clouds; in fact on most fine
summer days it is the normal thing for cumulus to form
in the moming and to disappear again in the evening.
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Under certain conditions, however, they grow to larger
proportions (Figs. 34, 35) and may rise to towering heights
{Fig. 36).

After a certain stage of growth a curious change is seen
to occur at the top of a large cumulus; the hard rounded
head begins to get soft and to fray out into a fibrous mass
resembling some forms of cirrus (Fig. 37), and which there-
fore has been named false cirrusy a better name, which has
been approved by the International Commission for the
Study of Clouds, is hybrid cirrus {cirrus uorﬁm) for the
cloud is really cirrus, being composed of minute ice crystals,
though it is formed in a dlﬁ rent way from other cirrus.
When this change has occurred in a ‘cumulus cloud it is
called cumulonimbus. Some rain may fall from any large
cumulus, but it is only when the hybrid cirrus is developed
that heavy showers and thunder-storms occur. In heavy
thunder-storms there maybe a great deve lopmmt of hybrid
cirrus, and the whole top of the cloud may lose its cumulus
shape (Figs. 38, 39, 40). Frequently the hybrid cirrus spreads
and gives the cloud top the shape of an anvil (Fig. 38).
Anvil clouds seen on the horizon are a pretty sure sign that
thunder-storms are happening in the distance. Cumulus
may occur at many heights; the tops of large clouds may
be at 20,000 feet or more, and may be seen at great distances
{Fig. 41). I have scen such cloud tops at a distance of 160
miles.

At night when a large mass of cumulonimbus is causing a
thunder-storm the plumes of hybrid cirrus above the clouds
may be litup by the lightning flashes and have the appearance
of flames suddenly shooting up from the clouds; such
appearances may be seen a long way off; on one occasion
a very intense thunder-storm occurred a few miles off the
cast coast of Kent, and flashes of light from the cirrus plumes
were seen all over the south-east of England, as far as
Winchester 120 miles to the west and Market Harborough
130 miles to the north-west.

Cumulus and cumulonimbus clouds when oppesite to
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the sun are gleaming white; when at right angles to the
sun deep shadows are seen where rifts and valleys occur
between the mountain-like p{.aL.s when seen against the
sun they are dark, and have a ‘silver lining” when the sun
is directly behind them.

L. The remaining form of cloud which we have not
yet considered is the grey formless clond of a wet day,
known as nimbus or rain cloud. It is formless and grey
when seen from below, but as seen from above it is white
and often has eumulus tops projecting from the main cloud
sheet; often, too, it has other forms of cloud above it, and
when breaks occur m heavy rain clouds cirrocumulus and
cirrus may be seen through the gaps.

Associated nearly always with nimbus, and sometimes
with other clouds, are dark ragged clouds ‘which go by the
name of scud. They are usually low clouds and often appear

to be moving fast, and look as though they were being tomn
by the wind. Scud may sometimes be seen with no other
cloud in the sky, but it 15 generally below some other form
of cloud, usually altostratus or nimbus, that it is scen.

It is interesting to watch the changes in the sky as rainy
weather approaches from the west. First there may be
cirrus plumes which spread out over the sky and thicken
till the whole sky is covered with cirrostratus; the sun may
be shining through the clouds with a “watery’ look; the
cloud thickens and the sun disappears, and the clouds have
developed mto altostratus; then perhaps masses of scud are
scen advancing below the cloud sheet, and then rain may
begin to form from the cloud which has now become a
nimbus. When the centre of the disturbance has passed, the
sky begins to clear; this may happen very quickly some-
times. The cloud canopy breaks up into separate cumulus
or cumulonimbus, from which passing showers may fall.
As the depression passes still farther away the cumulus
becomes less, until finally the sky clears.

Thisis a typical sequence of weather; but with the weather
things do not always happen according to plan.
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A word may be added about the clouds formed, usnally
at great heights, by aeroplanes, now known by the name
of condcnmtmn trails (Fig. 42). These are truly cloud
formations and not like the smoke trails that were once
used for sky-writing advertisements.

When warm damp air is mixed with cold damp air some
of the moisture will condense, and if the air is sufficiently
damp and the difference of temperature sufficiently great
the condensation will be sufficient to form visible cloud.
The exhaust from an acroplane engine contains a good deal
of moisture, and if the air into which it is streaming is
sufficiently cold and damp a condensation trail will be
formed. Sometimes the trails are very slight and short
lived, sometimes they are very persistent. Naturally the
]attor is the case when the cold air is already practically
saturated with moisture, as it is when there are traces of
natural cloud at the level at which the condensation trails
are formed.

THE COLOUR OF THE SKY

Light consists of waves of the same nature as those used in
wireless transmission. The waves used by the B.B.C. range
from about 20 to 1800 metres* in length, but the waves
which produce the sensation of light are of almost incon-
ceivable minuteness, ranging from 4/10,000 to 7/10,000 of
a millimetre in length, a millimetre being the thousandth
part of a metre. White light consists of waves of these and
all intermediate lengths. With a wireless receiver we can
separate one sct of waves from another; with a prism we
can separate the light waves. Those measuring round about
7/10,000 of a millimetre are those which produce red light;
the shorter, round about 4/10,000 of a millimetre, produce
violet light; between these, in order of decreasing wave-
length, come orange, yellow, green, and blue. All these

* A metre is rather over 39 inches, and may be thought of as
a long yard.
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light waves, these different colours, striking the eye at once,
produce the sensation of white light.

The blue colour of the sky is caused by dust particles
which exist in the air, or by the actual molecules of the air.
Sunlight passing through the air has the shorter blue waves
scattered by the dust particles, while the longer waves, those
producing yellow and red, are less scattered. Something
rather analogous can be seen in ripples and waves on water;
ripples on the surface when they strike a boat are reflected
in all directions, but big waves merely make the boat rise
and fall, and themselves go on unimpeded. In the atmo-
sphere there is thus a selection, the blue light is scattered in
all directions and c.umcqua.lltl) blue light reaches us from
all parts of the sky, while the red and yellow light goes on
with little hindrance. When the sun is low its rays have to
pass through a gnat thickness of air before they reach our
eyes, and nearly all the blue rays have been filtered out;
but the yellow and red rays reach us and the setting sun

appears red. Soapy water, which contains a number of
very fine soap particles, looks red when we look through
it and blue when we look at it from the side; the same is true
of tobacco smoke, which consists of very minute drops of
liquid, small enough to scatter the blue light while letting
the vellow and red pass through, as may be seen by blowing
cigarette smoke into a paper cylinder.

SUNSET COLOURS

It has been explained why the sun looks red when near the
horizon. Clouds turn pink or red at or after sunset because
the sunlight which still reaches them has passed through a
orcat thickness of the atmosphere, and has had all its blue
rays filtered out and scattered, and only the red and yellow
rays reach the clouds. But besides the ordm'lrv sunsct tints
on the clouds there are a succession of appearances that may
be seen when the sun sets in a clear sky. They may be
classified as follows.
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A, THE FIRST TWILIGUT

1. The first counterglow. The pink colour just before
and a little after sunset, which is scen in the eastern sky, is
caused by sunlight reflected by particles in the atmosphere,
after it has had its blue light filtered out as explained above.

2. The first earth shadow. The sky near the castern
horizon shows a dark band below the counterglow when
the sun has set; as the sun sinks lower below the western
horizon this band rises higher above the eastern, and is seen
to be arched; this is merely the shadow of the carth on the
atmosphere.

3. The first twilight glow. This is first seen in the west
as a whitish patch over the sun a litte before sunset; after
sunset it becomes more evident, and as the sun goes down
it spreads out along the horizon, forming a bright band
beneath the blue sky and the yellow horizon.

4. The first twilight arch is the upper edge of the first
twilight glow.

5. The first purple light appears after the sun has set; it
is a diffused purple p.ltdl semicircular in shape and fading
off at its edge till it merges imperceptibly into the blue of
the sky. In our latitudes it can only be seen on exception-
ally clear evenings.

These phenomena can be explained by the sunlight shining
on the upper parts of the atmosphere after the sun has set on
the ground.

B. THE SECOND TWILIGHT

All the above effects appear a second time, the second
appearances being due not to actual sunlight, but to the
sunset glow in the far west shining on the upper atmosphere,
as did the sun itself during the first twilight. The second
twilight effects are mostly very faint, and some of them can
hardly be seen in our country except on very favourable
occasions, and even then they would have to be watched
for closely. In any case they are only visible when the sky
is very cléar.
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Weather modifies the sunset very much, and sometimes,
instead of the reddish or yellow twilight glow, the western
sky assumes a greenish hue; this may be due to much water
vapour in the atmosphere, for water vapour cuts out red
light, and since the blue has been cut out by scattering, only
the green gets through.

SUNSET RAYS

We often sce rays of light radiating from the sunset; they
occasionally extend to the zenith, and more rarcly right
across the skv to the castern horizon. They are of the same
nature as the rays of sunlight seen when the sun is shining
through gaps in clouds, the ph(‘nomcmm popularly known
as the sun ‘drawing up water’. When mountains or cloud
heads lie on our horizon at sunset they will cast shadows
across the dustladen air above us; the parts of the sky in
the shadows appear dark, the other parts light. If the clouds
or mountains are extensive most of th:, sky may be in
shadow and the remaining parts look like beams of light
radiating from the horizon; they are of course parallel, and
only appear to radiate from the effect of perspective. If
there are only a few clouds or mountains most of the sky
will be brlght with dark bands radiating from the horizon.
I once saw, when in the north-cast of Hampshire, such a
dark band extcndmg right across the sky; it was the shadow
of a cloud which was over Plynlimmon in Wales.

THE GREEN RAY

If the sun is watched as it sets on a sea horizon the very last
edge of the sun to be seen is a brilliant blue- gmtu The
appearance must be looked for very closely, as it only lasts
about half a second. The explanation 1s tlmt when thc sun
is very low it is drawn out into a very short spectrum with
the red end below and the violet end at the top; but the
violet and blue are cut out as explained above (p. 11) and
therefore the very last part of the sun to be scen is green.
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The green ray may be seen at sunrise too, but one must
keep one’s eye on the point where the sun is about to appear,
not always an easy thing to do. Those who have seen the
green ray at sea arc often surprised to know that it can be
seen on land when the sun sets behind a distant horizon;
it may also be seen when the sun goes down behind a sharp-
edge dcloud v Lry low down in the sky. The converse of the
green ray is the red ray, scen when the lower Ldgc of the
sun reappears below a ﬂ}nrp edged cloud which is very low
down. Owing to the conditions under which it can be
seen, suitable clouds in the right position, the red ray is very
much rarer than the green ray.

RAINBOWS

The ordinary rainbow is sufficiently familiar, but one not
infrequently finds mistakes concerning it, the most obvious
one being a reversal of the colours. There are normally two
rainbows to be seen, an inner bright one, and an outer faint
one; the rule about the colours s that the two reds come
together, that is, the inner rainbow has the red on the
outside cdge, and the outer bow has the red on the inside
edge. The colours are of course the ordinary colours of the
spectrum, though the violet end is not usually seen. Inside
the primary or inner bow, and outside the secondary or
outer bow, may sometimes be scen what are known as
supernumerary bows, one or more according to circum-
stances. The colours of these are not so pure as those of the
rainbow proper, those most usually apparent being pink
and green. The supernumerary bows often change rapidly,
fading away and appearing again at intervals. Though a
tx'piml rainbow consists of all the colours of the spectrum,
it often happens that some of the colours are missing, com-
mencing from the violet end; when for instance the sun is
low down and shining throu crh a misty '1tmo*;ph¢,r(, so that
all the blue light has been cut out of the sun’s rays, blue
cannot appear in the rainbow. When the sun shines on a
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very fine drizzle, which very rarely happens, or when, as
happens rather more frequently, it shines on a bank of fog,
ancarly white bow is seen; this is usually called a mist bow.

1t should be noticed that the sky inside the primary bow
is distinctly lighter than that outside.

The position of a rainbow is of course opposite to the
sun, and the top of the arch is directly opposite the sun
itself. The centre of the circle of the bow is the point directly
opposite to the sun’s position, so that in general the bow
is less than a semicircle; if, however, the sun is on the
horizon the bow is a semicircle, but this does not often
happen. The higher the sun in the heavens the smaller will
be the segment of the bow that is visible, and in summer in
England the sun is so high that, in the middle of the day,
no part of the rainbow can be seen against the sky, but
sometimes when the sun is high and there is rain close at
hand and very bright sunshine, a small segment of the bow
may be seen projected against the background of trees or
hills; this would be specially noticeable if the observer,
standing on a hill, were looking down on to a valley where
rain was falling.

It may be useful to give the actual angular dimensions of
a rainbow. From the centre of the circle, that is, from the
point directly opposite to the sun, which point will in
general be below the level of the horizon line, itis 41 degrees
to the middle of the primary bow and 53 degrees to the
middle of the secondary bow.

A lunar rainbow is very rarely seen; it can only be seen
when the moon is getting on for full, and therefore the
number of nights on which it can be seen is limited, and
heavy showers with patches of clear sky between, the con-
ditions necessary for a rainbow, are much rarer at night
than during the day. Owing to the faintness of moonlight
compared to sunlight, the colours are not usually seen, just
as the colours of flowers are not usually seen by moonlight;
a Junar rainbow s therefore practically white. Naturally
the position of a lunar rainbow with regard to the moon
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follows the same laws as those of the ordinary rainbow with
regard to the sun.

Occasionally portions of rainbows are seen which are not
mn the normal positions; for instance, an arc of a bow is
sometimes seen extending upwards and outwards from the
base of an ordinary rainbow. This is probably caused by the
reflection of the light of the sun from still water. These
abnormal bows however are very rare.

HALOS

Besides rainbows there are other coloured rings that are of
a different nature; these are called halos and are seen round
the sun or moon. The halo most commonly seen is a ring
22 degrees from the sun or moon; it is usually whitish, but
sometimes colours are visible; in this case red is on the
inside of the circle, followed by yellow and green; when
seen round the moon the colours are hardly visible. A halo
is an optical phenomenon caused by the sun or moon shining
through clouds composed of minute ice crystals, but some-
times these clouds are so thin chat the only indication of
their presence is the fact that a halo is visible; it is on these
occasions that the colours are best developed. An outer
halo 46 degrees from the sun or moon is sometimes seen.

There is sometimes a white circle gonm right round the
sky through the sun and parallel with the hmlzon it is
sometimes called the mock sun ring, for on it are itusted
the mock suns, or parhelia; the two most generally seen
occur close to the points where the mock sun ring cuts the
22-degree halo; they are just outside the halo, and the
higher the sun in the sky the farther off are they from the
el : they are sometimes white, but generally show prismatic
colours with the red ncarest to the sun; they are more or
less drawn out on the side away from the sun; they may
be seen on many occasions when no halo is visible; sailors
call them sun dogs, and they are popularly supposed to be
a sign of bad weather, but this is by no means always true.
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There arc other mock suns on the mock sun ring, one
exactly opposite the real sun, but they are very rare. Some-
times small arcs of circles may be scen touching the other
halos above or below the sun. Another arc of a circle is the
citcumzenithal halo; only about a quarter of the circle is
visible, the part that lies toward the sun; being very high up
and nearly overhead it is often missed, and it is commoner
than one would suppose; the colours are often brilliant and
arc as pure as those of the rainbow. It is a very striking
phenomenon.

There is a very great varicty of other optical phenomena
connected with halos, but they are mostly very rare,

Fairly frequently a sun pillar may be seen extending
Vcrticq]l) upward from the sun at about the time of sunset;
this s usually white, but it may be reddish, especially just
after sunset, This appearance is also caused by minute ice
crystals in the upper air; the sunlight is reflected from their
faces, and the phenomenon is somewhat analogous to the
band of light, or “wake’, seen in the sea or other sheet of
water under the sun or moon.

CORONAE

These arc coloured rings round the sum or moon, but they
are quite different from halos. They are quite close up to
the sun or moon and are formed when these are shining
through light clouds composed of minute drops of water.
The colours arc in the reverse order to the halo, the red
being on the outside; sometimes the colours are repeated
one or more times, in all cases the red being the outer
colour of each circle. Since halos are formed by clouds
composed of ice crystals, and coronac by those formed of
water drops, we do not get the two together as a general
rule; but it occasionally happens that a halo and a corona
are scen at one and the same time. This may happen when
there are two layers of cloud, one composed of ice crystals,
the other of water drops, both being sufficiently thin for
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roads which become intensely heated by the sun. The best
place to sce them is just before one comes to the top of a
rise, when the observer’s cye looks along a level stretch
'1|1c:1d, quite a good one is to be seen in “this way on the
road approach to Waterloo Station.

THE MOON

The moon is not connected with meteorology butit is what
may be called a sky phenomenon, and it may not be out
of place to mention here a few facts about it, as mistakes
are often made, judging by the works of landscape painters.

Since the lwht of the moou is merely reflected sunlight
it follows that the convex side of the crescent or of the half
moon is always turned towards the sun’s position. The
direction in which the half moon is seen must be at right
angles to the sun’s position whether the sun is above the
horizon or below it; the crescent moon must be nearer the
sun than a right angle; the smaller the crescent the nearer
it is to the sun and thercfore a very thin crescent must not
be depicted a long way from the sunrise or sunset; the new
crescent moon is near the position where the sun has set,
the old “decrescent” moon is near the place where the sun
will shortly rise. A full moon rises in the east at the time
the sun is setting in the west, it is south and high in the sky
at midnight, and it sets at sunrise. A glbbous moou, that is,
a 1110011 that is between half and full, rises before sunset
when the moon is waxing, and after sunset when the moon
is past full or waning. A gibbous moon has its sharp convex
cdge directed to the sun’s position, and therefore it has its
sharp edge turned to the west before and to the east after
full moon. This point is not always noticed, and I have
seen a picture whose title indicated that evening was in
question, with the gibbous moon rising and its sharp edec
turned to the eastern horizon, an impossible position.

The position of the crescent moon calls for further note.
In the spring the crescent moon is nearly above the sunset,
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though a little to the left, and the crescent is ‘on its back’.
This 15 a purely astronomical condition and has nothing to
do with the weather; the March crescent is always on its
back. As the vear advances the crescent moon moves, at
cach new moon, farther to the south, or to the left of the
sunset, and is lower down on the horizon; by the autumn
the new crescent moon is low down to the left of the sunset,
and is very nearly upright; as the season advances further

the crescent, at cach new moon, gradually moves back till
it reaches its March position again. Under no circumstances
can the crescent moon be seen to the north or right-hand
side of the sunsct in our latitudes. In the southern hemisphere
however things are reversed; the crescent moon will be on
the north or right-hand side of the sunset position; the
March crescent will be low down to the north of the sunset,
the ?Lptcmbar crescent will be high over it.

At sunrise the ald decrescent moon will, in the northern
h{'mlsph(,n, be low down to the south or nsjht of the
sunrise in the spring, and will be nearly u]__)rwhr in autunin
it will be high up over the sunrise, and on irs back in middle
northern [&tll:udu. In the southern hemisphere things will
be reversed, as with the new crescent. In the tropics the
new crescent and the old decrescent will be seen on its back
over the sunset and sunrise respectively all through the year.

The full moon is high up in the heavens at midnight in
winter, and low down in the summer; in both cases it is
toward the south. It is a rough rule that the full moon
travels across the sky in nearly the same path that the sun
took six months before.

Contrary to popular opinion there is no connection
between the phases of the moon and the weather. The
matter has been thoroughly investigated by meteorologists,
and if any connection had existed it would certainly have
appeared. The only effect on the atmesphere that has come
to light are minute changes of the barometer which are far
too small to have any effect on the weather, and it has taken
claborate mathematical analysis to bring them to ligh.
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THE APPARENT SIZE OF THE SUN & MOON
ON THE HORIZON

The sun and moon, and for the matter of that the constella-
tions also, appear to be much larger when near the horizon
than they do when high up in the sky. The effect is not a
real one; it is perhaps due to our estimation of the shape of
the sky. We do not estimate this as a hemisphere but as a
shallow inverted bowl; consequently we imagine the sky
at the zenith to be nearer than that at the horizon. The sun
and moon have the same angular diameters whether they
are high up or low down, but they appear larger when on
the horizon because we are imagining them to be farther
away; if you see a man one hundred yards away, but for
some reason or other estimate his distance as two hundred
vards, he will appear to be a giant. Hills and mountains on
the horizon look higher than they really are; the mind’s
eye increases their height, but a camera shows them in their
true proportions, wh]ch is the reason why photographs
which include hills or mountains are sometimes so dis-
appomtmg
[ once saw an effect that T have never seen mcntmncd

in a very sheltered inlet of the sea I looked down from a
boat on a perfectly unruffled surface; every star down to
the third or fourth magnitude was I'LﬂLCl'Ld the effect was
the converse of the apparent enlargement near the horizon;
the mind’s eye put the constellations quite close, on the
surface of the water, and they appeared extremely small.




INDEX

Altocumulus clouds, 4

Altostratus clouds, 5

Anvil clouds, 8

Apparent size of sun and moon
on horizon, 22

Brocken spectres, 18

Circumzenithal halo, 17
Cirrocumulus clouds, 1, 3, 19
Cirrostratus clouds, 2, 3, §
Cirrus clouds, 1, 2, 3, 9
Colour of the sky, 10
Condensation trails, 10
Constellations, 22

Coronae, 17, 18
Counterglow, 12

Cumulus clouds, 1, 5, 7, 8

Drust in atmosphere, 11
Earth shadow, 12

“alse cirrus, see Hybrid cirrus
Fog, 6

Glory, 18
Green ray, 13
Clros moutons, 4

Halos, 3, s, 16
Heap clouds, 1, 2, 6
Howard, Luke, 1
Hybrid cirrus, 8

Ice crystals, 3, 8, 16, 17
Iridescent clouds, 18
Lenticular clouds, 4, 5
Lightning, §

Lunar rainbow, 15

Mackerel sky, 3

Mirage, 19

Mist bow, 1%

Mock sun, 3, 16, 17
Mack sun ring, 16, 17
Moon, 16, 20, 21

Nimbus, 1, 9
MNoctilucent clonds, 4

Parhelia, 16
Petits moutons, 4
Polar bands, 3
Purp]c lighr, 13

Rain, 8, 9
Rainbow, 14, 15
Rain clouds,
Red ray, 14

Scud, 9

Shadow of the earth, 12
Sheet clouds, 1, 2
Showers, 7, 0

Silver lining, 9

Sky, colour of, 10
Stratocumnulus clouds, §
Stratus clouds, s

Sun dogs, 16

Sun pillar, 16

Sunset colours, 11
Sunset rays, 13
Supernumerary bows, 14

Thunder-clouds, 6
Thunder-storms, 8
Thundery conditions, §
Turret clouds, 5
Twilight, 12

Twilight arch, 12
Twilight glow, 12

Water drops, 3, 17
Waves, light and wireless, 10









Fig. 4. Tufts of cirrus

Big. g0 A ]ar‘ge mass of cirrus



Fig. 6. Part of a long band of cirrus, showing signs of rotation about irs axis

Fig. 7. Cirrus with upturned ends



Cirrus with upturned ends

Fig. g. Tailed cirrus



Fig. ta. Cirrus plumes



Fig. 11. Bank of cirrostratus, some isolated bands of
cirrus, and some cumulus below

Fig. 12. Cirrocumulus waves at sunrise






Fig. 14. Cirrocumulus band with wave structure {

Fig. 15. Cirrocumulus band wich fine ripple structure




Fig. 16. Lenticular cirrocumulus, and cumulus at a lower level

Fig. 17. Altocumulus cloudlets
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Fig. 19. Altocumulus waves

ig. 20. Turret cloud, slightly developed
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Altostratus, wich altocumulus bands at a lower level
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Fie_ 25. Seracus

Fig. 26. Stratus (dark) and high eloud over the souch coast
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Fig. 27. Early morning fog at the western end of the Wea
: (infra-red photograph}

Fig
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28. Early morning valley fog; note the position of a train in a station



Fig. 30. Small cumulus clouds of fine weather
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Fig. 32. Long line of cumulus, Outer Hebrides, the
result of converging winds



Fig. 34. Cumulus clouds, some of them with a growing tendency



Fig. 35. Cumulus clouds with a growing tendency
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Fig. 36. Cumulus that has grown to a greac height
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Fig. 38. Cumulonimbus whose whale top has become
hybrid cirrus {Anvil cloud)
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Fig. 40. A distant thunder-cloud



Fig. 41. A very ineense chunder—cloud aboue 70 miles
distant; dark stratus in front

Fig. 42. Condensaton trails



