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ABSTRACT

The processes by which the movements at the surface of ihe earth due to Hs
rotation around the polar axis can influenece the atmosphere above are considered
in detail. It emerges that the fast-moving areas in the equatorial bell on the surw
face of the earth play a highly importani role in determining the hehaviour of the
atmosphere. The jet-stream in the sub~tropical regions, the westerly zonal winds
in the region of middie latitudes and the easterly surface-winds in the eguatorial
belt are explained on this basis and shown to stand in close relationship with
each other. The winds observed in the polar belt are alsu discussed and explained.

1. INTRODUCTION

I’I‘. is proposed in this address to con-

sider the following questions and
ehdeavour to find answers to them. The
earth revolves around its polar axis once
in every twenty-four hours; does the
atmosphere which is a gaseous mantie
enveloping the globe rotate with it and
in the same manner at all elevations and
in all latitudes? What are the conside-
rations which determine the behaviour of
the atmosphere in this respect? What
are the observable consequences of any
differences between the globe and the
atmosphere in the speed of their move-
ments around the polar axis ? In dealing
with these gquestions we have necessarily
to leave out of consideration, the com-
plexities in the behaviour of the atmo-
sphere at various times and at various
places which manifest themselves as the
phenomena of the weather. It is these
latter phenomena and the interpretations
of their origin which are the preoccupa-
tions of the meteorologist who waiches
the weather and seeks to forecast the
changes in it. But it is not impracticable
to regard the manifestations of weathey
a5 variations from a standard state of the
atmosphere which may be defined as its
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average taken over a sufficient range of
time and over a sufficiently extended
area of the suface of the earth, In other
words, we consider the hehaviour of the
earth’s atmosphere in its broadest aspécts,
taking a global and long-termr view of
the subject.

2. THE ATMOSPHERIC ROTATION BELTS

In dealing with the problems set forth
above, it is necessary at the very outset
to recognize that the atmosphere which
envelops the globe cannot be considered
for the present purposes as a single
entity. The reason for this is that all
the factors which influence or can in-
fluence the atmospheric movements vary
enormously over the surface of the earth.
Among them we may mention parti-
cularly the actual speed of movement of
the surface arising out of the rotation
around the polar axis, as well as the rate
at which this speed alters as we move
longitudinally along the surface. The
insolation by solar radiation and the
magnitude of its variation during the
vear with the seasons are also very dif-
ferent in various regions. The speed of
movement as well as the magnitude of
the insolation are both functions of the
latitude, Hence, and {0 avoid any sug-
gestion of arbitrariness, we partition the
surface by drawing circles of latitude
which are equally spaced, We thus
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obtain the following areas on the surface
exhibiting distinctive features.

Firstly, we have the region which we
designate as the equatorial belt and which
includes the entire area comprised
between the circles of latitude 30° north
and south of the equator. This forms a
single continuous surface which occupies
one-half of the entire superficial area of
the globe. The speed of movement i1s a
maximum, viz., 465 metres per second at
the centre of the belt which is the
equator. The speed falls oftf quite slowly
at first, to 457 metres per second at 10°
latitude and to 437 metres per second at
20°.  The drop in speed then becomes
rather rmore rapid. It is 403 metres per
second at the circles of 30° latitude
which are the extremities of the belt on
either side of the equator. The equatorial
belt is also distinguished by its being the
recipient of the maximum amount of
solar radiation at all seasons of the year.

Secondly, we have the belts of middle
latitude comprised between the latitudes
of 30° and 60° on either side of the
equator. KEach of these belts covers an
area which is roughly one-sixth of the
total area oi the globe., The speed of
movement s substantially less than in
the equatorial belt, and also falls off
steeply from 403 metres per second at 30°
to <33 metres per second at 60°. The
insolation of the belts of middle latitude
is also notably less than that of the
equatorial belt and progressively dimi-
nishes as we move polewards. It also
shows large differences as between the
summer and winter months.

Thirdly, we have the polar belts, by
which term we refer to the parts com-
prised between the latitudes of 60° and
90°. These are of relatively small area,
each being about one-fifteenth of the
earth’s surface. The speed of movement of
the ground falls off from 233 metres per
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second at 60° to 120 metres per second
at 75° and becomes zero at the poles.
The insolation of this belt when summed
up for the whole year is much less than
that of other areas on the surface of the
earth. The insolation also shows large
variations with the season of the year
and actually vanishes during the long
polar nights.

3. RoratioNaL CoUurLING OF EARTH AND
ATMOSPHERE

A clear understanding of the manner
in which the rotation of the globe in-
fluences its gaseous envelope is of the
utmost importance in the present eoniext,
The forces in the nature of a frictional
resistance which operate at and near the
surface of contact when there is a
relative motion between ground and air
obviously play an important role. But
this role is purely a negative one, 1In
other words, the frictional forces agt
merely as a check on the relative motion,
their direction being reversed when the
sign of the relative motion alters. The
frictional forces cannot set up or maintain
a steady state of relative motion, and
when such a state exists, we have to
look elsewhere for an explanation of its
cause or origin, It is also necessary to
remark that the range of action of the
frictional forces on the atmosphere is
strictly limited. Some idea of this range
can be obtained from observations on the
manner in which the strength of a wind
alters as we approach nearer the ground
or move away from it. This effect is found
to depend on the actual strength of the
wind, on the roughness of the ground
and on other factors. It may be inferped
from the obhservations that the frictional
resistance is effectively restricted to com-
paratively low levels in the atmosphere,
A hundred metres above ground is a fair
estimate of the height up to which the
frictional forces dominate the behaviowr
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of the wind, while a kilometre may be
put as the upper limit of the height
beyond which their effect may be consi-
dered as negligible.

But we shall be wholly in error if we
were to assume that the atmosphere at all
levels above one kilometire {rom the
ground can be regarded as a completely
free medium on which the rotation of the
cround below is without influence. In
reality, the state of the atmosphere in its
higher levels is influenced and indeed
fully determined with reference to the
rotation of the ground below by processes
of a quasi-permanent nature which we
shall now proceed to describe and discuss.

4. Tur VERTICAL TRANSPORT OF MOMENTUM

The atmosphere when in contact with
land or water heated by solar radiation
takes up both moisture and thermal
energy. When the temperature of the
air is thereby raised sufficiently with
respect to that of the superincumbent
layers, its equilibrium becomes unstable,
and masses of air break off and move up-
wards, expanding as they go, thereby
maintaining an equality of pressure with
their surroundings. The expansion results
in an adiabatic cooling and this suffices
to check the upward movement beyond
a certain height, But if the initial mois-
ture content of the heated air is sufficient,
part of it condenses out to form fine
droplets of water which remain in sus-
pension. The heat of condensation of
this water is released, thereby warming
the air and enabling it to mount up to
still higher levels. This upward move-
ment of heated air accompanied by the
formation of clouds is a familiar pheno-
menon and may reach up to great
heights. The important aspect of it from
our present point of view is that it in-
volves a vertical transport of momentium
from the rotating earth to the upper
levels of the atmosphere by a process
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which is both quick and efficient. The
actual momentum transported by an indi-
vidual parcel of air may be small. But
a great many parcels keep going up, and
their total effect would evidently be
cumulative when summed up over a long
period of time. The final result would
be to bring the air at all levels upto
which these processes operate into a
definite relationship with the ground
below 1n its rotatory movement about
the polar axis of the earth.

5. Tgr ORIGIN oOF THE JET-STREAM

The equatorial belt on the surface of
the earth plays a highly important role
in terrestrial meteorology. This 1is a
consequence of several factors, w»iz.,, the
Jarge area and central position of the
belt, the high speed of its surface move-
ment, and, above all, the fact that its
insolation is more intense and much
more constant through the year than that
of other areas on the globe. Of parti-
cular importance in the present context
is that the insolation 1s a maximum at
the equator itself and changes but
slowly within the range of ten degrees
of latitude on either side of the equator.
But the insolation falls off rapidly as we
proceed to higher latitudes.

In the circumstance stated above,
it is fully to be expected that a
powerful updraft of heated air from
the area in the equatorial belt com-
prised between the latitudes of 10° north
and 10° southh of the equator would be
a constant feature throughout the year.
The association of such heated air with
water vapour would enable this updralt
which carries with it the momentum ot
a surface-speed ol 465 melres per second
to reach great heights, This would also
result in heavy precipttation, an inferencee
which is  stoikingly  contirmed  on an
inspection of a map showing the distri-
bution of rainfall over the suvlaee of tho
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earth. The regions of heavy rainfall
with a precipitation exceeding two

metres of water per annum are all found
in the belt of latitudes between 10° north
and 10" south of the equator. The
northern parts of South America, the
equatorial regions in Africa, Ceylon,
Malaya, Sumatra, Java, Borneo, Celebes
and New Guinea, are all regions of such
heavy rainfall and lie within this range
of latitudes. Indeed, outside this range,
there are few areas in which there is
such heavy rainfall ascribable to convec-
tional precipitation.

It is evident that when an updraft of
air from the latitude belt between 10°
north and 10° south of the equator
reaches the higher levels of the atmo-
sphere, there would arise a drift of air
outwards from these regions towards
latitudes north and soutn of the equator.
Two questions then arise. At what level
would this outward flow commence, and
how far outwards would it extend ? To
the first guestion, the answer evidentiy
is that the outward flow would com-
mence at the level at which the updraft
has lost its driving force. The atmo-
spheric temperature at the equator falls
to the freezing point of water at a level
of some five kilometres above ground. It
falls further to —20°C. at 8 kilometres,
to — 30° C. at 9 kilometres and to — 40° C,
at 11 kilometres. 1t is evident that at a
height of about 10 kilometers above
ground level at the equator and in all
neighbouring regions, the entire content
of moisture in the air would have been
frozen out. The motive power for any
further upward movement would then
have practically disappeared. It may
therefore be justifiably assumed that the
horizontal drift would manifest itself
principally at a height of some 10 kilo-
metres from the ground but might
extend a little both above and below
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that height. It is also evident thal
the air thus moving north or south st
high levels cannot subside or sink te
lower levels in latitudes where there is
even a moderate updraft of heated air.
We may therefore normally expect the
movement to extend over the whole of
the equatorial belt, wviz., upto 30° of
latitude or even beyond.

As the cumulative effect of the mixing
with high-speed air from the equator,
the air between 0° and 30° latitude at
and near the 10-kilometre level would
acquire a speed of approximately 465
metres per second or close to it. The
difference between this speed and that
of the ground below would appear as
a circumpolar or zonal wind in these
latitudes. The difference would be small
in regions quite close to the equator.
But as we proceed further mnorth or
south of the equator, the ground speed
talls off rapidly, and the difference would
be perceived as a circumpolar westerly
wind of cons.derable force. If the speed
of 465 metres per second is mamtained
upto the limits of the equatorial belt,
viz.,, 30° north or south, the circumpolar
or zonal wind would have a speed in
those latitudes of (465 — 403) = 62 meires
per second or 140 miles per hour.

6. THrE WESTERLY WINDS IN MIDDLE
LATITUDES

When the flow of air at high levels
near the equator towards the north or
the south reaches latitudes where it does
not meet with any updraft from below,
the air-stream would subside to lower
levels and at the same time become more
diffuse. The belts of middle latifudes
would thereby become the recipients of
fast-moving air from the equatorial beit.
The admixture of such air with the more
slowly moving air in those latitudes
would result in the atmosphere in these
areas moving faster than the ground
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below. As a consequence, these regions
would exhibit westerly zonal winds
which may be considered to be downward
and poleward extensions of the high-level
stream in the -equatorial belt. The
westerly zonal winds would extend
down to ground level but their speeds
would diminish in the lower levels. The
winds would evidently be strongest in
latitudes between 30° and 45° (north or
south) and become weaker as we proceed
further polewards.

7. TuE EASTERLY SURFACE-WINDS

The void in the atmosphere left by the
streaming upwards of heated air from
near the equator has, of necessity, to be
filled up by air moving in towards the
equator at various levels. Some of this
replacement may be effected in the
equatorial belt by an inflow 1in the
marginal regions at various levels. but
a sukstantial part of the air needed must
come in at and near the ground level.
Admixture of air from the higher latitudes
with the atmosphere nearer the equator
would reduce the speed oi rotation of the
atmosphere in the lower levels. Hence,
at these levels, zonal easterly winds
would be perceived.
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8. WINDs IN THE Porar BELT

The difference between the heating
effect of solar radiation In the belt of
mid-latitudes and in the polar belt is
sufficiently great to allow of a circuit of
convection being established in these
areas. Warm air goes up into the fropo-
sphere from the belt of middle latitudes.
Its replacement has to be effected by
colder air moving in from the polar
regions. Since the surface speeds of
movement are very low near the poles,
the air drifting away from the poles
would result in reducing the surface-
speeds of the atmosphere with which it
mixes. Hence, we would have a regime
of easterly surface-winds In the polar
belt. The warm air going up from mid-
latitudes has necessarily to find its way
back into the polar belts. This can be
achieved by its going to the iropopause
level and then drifting polewards and
then slowly subsiding into the polar area.
As the air thus going up is derived irom
the mid-latifudes where the surface
speeds are much higher than in the polar
belt, it follows that westerly winds with
considerable speeds would be perceived
as blowing over the polar areas at high
levels.

HERMANN VON HELMHOLTZ *

HIS is an unabridged, unaltered reprinting

of the 1st (1806) edition.

This present work, prepared by a lifelong
friend of Helmholtz’s, is the definitive bio-
graphy in English of this remarkable man.
It tells of the unusual family background that
directed Helmholtz's development, the philo-
sophical background that helped form
Helmholtz's method of working. It also
reveals Helmholtz's personality : his mental
gifts, his occasional lacunee. his buoyant hopcs,
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and his occasional moments of sadness. One
of the great scientific biographies of all time,
it reveals Helmholtz both as one of the
creators of modern science and as a human
heing.

An unusual feature about Koenigsberger's
book is that it doeg not stop at cnumerating
individual pieces of work that Hclmholiz
underiook. It ecxplains each of his discoveries
(as far as this 1s possible) in clear wverbal
statements that arce easily followed, As you
read through this book, you will understand
just what Helmholtz really contributed in
oplics, acoustics, clectrodynamics, mathoematics,
and 1he many other areas in which he worked.
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