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I. GENERAL.

Last year we met at Calcutta under the congenial atmosphere of a great
event in the annals of Indian Science—namely, the Silver Jubilee of the Indian
Science Congress. Most of us will remember the thrill and joy of the occasion
and the benefit we derived from a contact with our distinguished overseas guests.
We held on that oceasion a symposium on River Physics in which experts on
different lines, geologists, zoologists, engineers actually concerned in field and
laboratory operations, took part. The Report of the Symposium has been
published so as to be available to the general public. This symposium had a
wonderful reception in the Press, Indian as well as foreign, as it emphasized
the need of organizing scientific study on a subject which is of the highest
importance to the welfare of the Indian nation. Two other symposia were
held in the course of the year, one at Poona on ‘ Weather Prediction’ on the
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25th and 26th of July and the second one at Bombay on the 26th and 27th of
September on ‘Recent work on the Synthesis of organic substances occurring in
Nature’. Both these meetings, which dealt with matters of the highest practical
importance, were very largely attended by actual workers on the subject. A
number of public lectures were also given under the auspices of the National
Institute of Sciences. It is my experience that these miniature Science
Congresses, devoted to discussions on a particular subject provide far greater
intellectual stimulus than the annual session, when one gets lost in the plethora
of dinners, parties, and entertainments. I hope that the National Institute of
Sciences will find it possible to organize a larger number of such symposia in
future years.

Publications.

The publication of our Proceedings and Transactions has been continued.
The Indian Science Abstracts for 1936 and 1937 have been almost completed
and are in course of publication. Our General Editor, Dr. Baini Prashad, has
with his characteristic energy made up our arrears, and hopes to bring them
out within a short time. On account of the increasing nature of the work it
has been found necessary to associate with him as Associate Editor, Dr. M. S.
Krishnan, thus giving an accession of strength to our publication side.

Finances.

We have received from the Government of India grants for two years
amounting to Rs.12,000. The universities of Calcutta, Osmania and Dacca,
and the Imperial Council of Agricultural Research have agreed to continue
their grants. Our grateful thanks are due to these bodies. We are this year
issuing an appeal to the Provincial Governments and other States and we
hope that some response will be found.

General Remarks.

We are glad to note that this year we have been lucky enough to suffer no
losses by death. Our total number of Fellows (including the new entrants) has
risen to 157. The fear expressed in certain quarters that on account of the con-
stant addition of 10 per year our number would swell to unmanageable propor-
tions is thus seen to be falsified. As a matter of fact for the last four years, there
has been a steady balance between losses and gains. I feel, however, and
this is strictly a personal opinion, that if the Institute is to be really useful to
the Nation, the membership should be increased to at least 300, so that younger
men of promise who have otherwise to wait for a long time, may be early
admitted into the Institute—for, without accession of fresh blood, there can
be no strength.

After two years of work, I am glad to lay down my office and hand over
the charge to Brevet-Col. R. N. Chopra, one of the leading medical men and
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pharmacologists of India. It is well known to you that as Director of the
School of Tropical Medicine, Calcutta, Col. Chopra has built up a fine school of
Research and as President of the Drug Enquiry Committee he has rendered
unique services to the State. His original works and treatises on Indian
Drugs have made him an International authority on the subject and I hope
that under his distinguished guidance, the National Institute of Sciences will
continue to make steady progress and achieve the ideal for which it was
established. I wish also to thank my colleagues, the two Secretaries,
Drs. Agharkar and Heron and our General Editor, Dr. Baini Prashad, for the
loyal co-operation which 1 received from them. We worked like a team and
I am glad to report to you that for the last two years there has not been a
single oecasion giving rise to any difference of opinion amongst us or fostering
any ill-feeling due to controversial matters.

Before coming to the subject-matter of my address I wish to make some
general remarks with respect to the future of Science in this country. It is
probably well known to all of you that there have been three stages in the
progress of Science in this country. First, due to the establishment of Scientific
Surveys of the Government of India during the last century, a measure prompted
by administrative needs, and second, in the early years of this century, due to
the recognition of the different Sciences as subjects of study in the curricula
of the universities and the starting of teaching universities in which research
on scientific subjects was recognized to be one of the duties of the teachers,
and research qualifications were regarded as a requisite to appointment and
promotion to higher grades. I regret to note, however, that owing to intrigues
by vested interests, and defects in the constitution, these ideals are being lost
sight of, nay even abandoned in many of the universities, and some of
them are being reconverted to the high school stage from which they were
rescued by the reforms of 1921-22. I give a timely warning, so that the evil
may be nipped in the bud, before it entirely destroys the foundations of learning
and scholarship. The time has now come not only to strengthen the scientific
surveys and the research atmosphere of the universities, but we ought to enter
on a third phase, namely, scientific research should now be applied for solving
the industrial problems of the country and properly trained scientific men
should be more largely employed by the already existing industries.

As you are all aware, last year I devoted a large part of my address to the
necessity of large scale industrialization of this country for solving the problems
of poverty, unemployment and defence. It was supposed that the Indian
public was averse to schemes of large scale industrialization as we find in foreign
countries. But last year’s discussions in the press have shown that this is not
a correct representation of the public feeting. It is recognized that the problems
of poverty and unemployment from which the Indian population suffers and
which make her a bye-word of contempt amongst the civilized nations of the
world can only be solved if the country plunges with feverish energy into
schemes for exploitin_g the natural resources of the country and starting large
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scale key industries. In my address last year I gave an indication of the
extremely low level of prosperity in this country. Take whatever modern
product you like, the number of units of electricity consumed, the number
of radio sets or the number of motor cars used per head of population, the
quantity of paper used, or the number of newspapers read, we have the same
story, and it is found that India is about 200 times behind other countries.
She is mainly a mass of medieval humanity, without strength or cohesion,
ready to be exploited by anybody. Present-day measures, both Government
and private, to improve this state of affairs are extremely inadequate. For
example, if the present policy of the All India Radio is not radically changed,
we shall take 6,000 years to have the same number of radio sets in this country
per head of population as in western countries. In fact this observation can
be generalized. It can be shown with facts and figures that unless there is a
fundamental and radical change in policy and in the activities of the people
and the State, we shall have to wait for nearly 1,000 years to reach that level
of prosperity which is enjoyed in modern times by Europe, America and
Japan. It was, therefore, a great relief to find that the President of the
Indian National Congress, Mr. Subhas Chandra Bose, declared it as a policy
of the Indian National Congress that there must be a forced march as regards
policies of industrialization in this country. We hope the National Planning
Committee, which has been appointed, will produce a document which will give
real guidance in this matter to the Indian people, and the National Planning
Commission will devise ways and means to give effect to the recommendations
of the Committee.

II. SorArR CONTROL OF THE ATMOSPHERE.
Introduction.

Let me now come to the scientific part of my lecture. I wish to tell you
about the Solar Control of the Atmosphere. It is a matter of common know-
ledge that weather and climate, so important to human life, are completely
controlled by the Sun. But our troubles begin when we attempt to have precise
knowledge of the way in which this control operates. This has been an eternal
ptoblem with mankind. In ancient communities, there was a profession of
Weather Prophets whose duty it was to foretell and, if possible, to control with
magic, the weather. Such was the importance attached to the office that a
successful rain-maker was very often asked to rule over the tribe. But when
he failed, as he must have done frequently, he was sacrificed before the altar
of the tribal god. In later times, the office was transferred to Astrologers who
are still found in many parts of the world issuing weather forecasts for the
year. Scientific study of weather and climate dates from the time of the
discovery of the barometer by Torricelli, but from the very nature of things,
early meteorology could not find out a Newton, and it was realized that
meteorological data must be patiently collected, classified and analyzed by a
world-wide survey, before we can have any inkling of the secrets of the very
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puzzling complex of phenomena presented by Meteorology. For this purpose,
Meteorological Surveys have been organized almost by every State, and a
system of short and long range forecasting has been undertaken. But short
range forecasting owes, whatever success it can claim, more to powers of quick
transmission of news rendered possible by modern discoveries in Physics than
to any profound insight into the nature of the problems involved. But what
would really benefit mankind is a system of successful long range forecasting
six months or at least 10 to 15 days ahead. Tt is well known that the meteoro-
logist has not succeeded in this task because the problems confronting him are
too intricate and he has to deal with a large number of complex factors. I
must not, however, forget to mention that within recent years, Franz Baur in
Germany, and Multanovsky in Russia have developed methods for medium-
range forecasting which have attained a certain amount of success. Their
methods are based on combination of Syvnoptics and Statistics, and in Frang
Baur’s method, atmospheric conditions at a height of 5 kms. at any time are
supposed to control ground weather for the next 10 dayvs. But no physical
basis has yet been found why this should be the case.

1t would probably be considered strange that in spite of the great aceretion
in our knowledge of physics, and in spite of the large number of qualified men
employed in the study of meteorology, we should be forced to admit that
success still eludes us. Probably one of the reasons is, as one great Physicist
once told the present writer, that meteorology has not yet engaged the attention
of a Newton, or as I may add of a Bohr or Heisenberg. Another reason appears
to me that the meteorologists long confined themselves to ground phenomena
and neglected the Upper Regions. It is true, that in recent years, upper air
surveys have been receiving greater and greater attention. There are the spec-
tacular stratospheric flights, exploration of the Upper Atmosphere by Radio-
meteorographs—instruments carried in balloons which signal by radio weather
conditions up to heights of 30 kms.

It is usually thought that ground weather is conirolled less by the
interaction of solar radiation on the atmospheric gases of the sun, than by the
direct heating of the surface of the earth by the solar rays. But in the light
of the discovery of the stratospheric region towards the end of the last
century, and plausible influence of upper air movements on ground weather
possibly the upper air studies have been too much neglected. In view of the
prospective use of the stratosphere for air-travel, and the use of the still higher
region for radio propagation, probably the need will soon be felt for a better
knowledge of not only the stratosphere, but also of the still higher regions.
Here photochemical action of solar radiation on the atmospheric gases plays
the chief part. For studying these reactions, we must have a good knowledge
of the radiative properties of the sun, but it is not usually realized how
defective and imperfect our knowledge in this respect is. We have not, as
yet, a comprehensive knowledge of the reactions produced by sunlight on the
constituents of our atmosphere. '
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The Ozone Screen.

The sun is regarded usually as a black body at 6000°K. But it
has been known for a long time that this is only a first approximation. We
find several very glaring deviations from the black body curve. Even after
allowing for loss by absorption and scattering by the atmospheric constituents,
we find that the emissivity of the sun cannot be referred to any definite
temperature. Our knowledge is particularly defective in the ultra-violet
region because the solar spectrum is abruptly cut off below A 2900 A. This was
tegarded as a great puzzle by the earlier workers. In 1881 Hartley showed
that this abrupt termination of the solar spectrum is due to a small amount
of ozone present in the atmosphere. Ozone is not distributed according
to the laws of hydro-statics as in the case of the other gases, but was shown
by Fabry and Buisson in 1913 to be localized in the upper regions.
Interest has now shifted to an actual determination of the total amount. of
ozone in the atmosphere, its variation with altitude, season of the year and
the time of the day. A successful carrying out of the programme involves a
world-wide survey which has been initiated by Dobson, Gotz and Meetham, and
is being carried out in different countries of the world. But what is most
surprising is the extremely small amount of ozone which is responsible for the
complete obliteration of the whole solar spectrum between A 2900 A and 22200 4.
The amount is found to be not more than -3 cm. of the gas at N.T.P. spread
over the atmospheric layer from 20 km. to 50 km., and having a maximum
density at about 30 km., but the amount undergoes variations which are clearly
connected with meteorological conditions. The ozone itself is not an original
constituent in the sense that O, or N, are, as in that case, instead of occurring
at a height it would have settled downat the bottom, but this is not the case ; it
has been found that Oj is produced by the photochemical action of sunlight
on the oxygen of the atmosphere in a way which is not yet completely elucidated.
But this small amount is sufficient to cut off the whole amount of ultra-violet
light below A 3000 A, In a sense this is lucky, as otherwise sunlight would have
had a very harmful action on living matter on the earth and probably would
have made life very trying, if not impossible.

Above the Ozone Screen.

Suppose we can push above the ozone screen. What would the spectrum
of the sun be like? Such a feat does not appear to be quite impossible. In
fact, Regener, to whom the world is indebted for the cosmic ray exploration of
the Upper Atmosphere, sent up in his sounding balloon an automatically
working spectrograph to a height of about 30 km. and secured the spectrum of
the sun from this height. It was found that the ultra-violet limit is slightly
pushed down and a much smaller time is needed to secure the solar spectrum
at 12900 A. It is quite possible, as was suggested by the present author in a
Harvard Bulletin three years ago, that in the future automatically working
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quartz or fluorite spectrographs would be regularly sent up in balloons up to a
height of 50 km. and the spectrum of the sun below A 3000 3 would be secured.
Such work will greatly add to our knowledge of the radiation from the sun in
this region, which is subject to greater fluctuations with disturbances on the
sun than the spectral region directly accessible, and thus entirely set at rest
speculation regarding solar radiation in this otherwise inaccessible region.

Awurora : Active Sun.

But as long as such direct evidences are not forthcoming, it will be necessary
for us to obtain conclusions from indirect sources. These are the phenomena
which are observed in the part of the atmosphere above the ozonosphere. This
region does not contain more than 2 per cent of the total mass of the atmos-
phere, but it is found to be as much crowded with interesting phenomena, nay
even more than the 98%, down helow. Amongst these phenomena, the best
known is the Aurora or the polar lights which are familiar to the dwellers
of the northern regions which suffer from a long winter night. The sky is
frequently illuminated in these regions by brilliant flashes of light and these,
naturally enough, have engaged the attention of generations of Scandinavian
physicists, Birkeland in the early part of this century, Stérmer, Vegard,
Rosseland and their pupils at the present times. Even before systematic
studies were started it was found that the occurrence of these northern lights
was subject to solar control. It was fouund that the briliancy and frequency
of these auroral lights were not constant from year to year, but varied in the
same way as the spots of the sun ; the period being nearly 10-32 years, roughly
known as the 11 year period of the sun.

The close connection between sunspot activity and the occurrence of
aurora led Birkeland to the view that auroral phenomena were probably due to
injection of streams of electrons coming straight from the sun in a narrow jet
into the atmosphere of the earth, a view which he further confirmed by
laboratory experiments repeated in recent years by Briiche. The streams, on
their entry into the earth’s atmosphere, are deflected by the magnetic action of
the earth’s field and are focussed round about the magnetic pole. The com-
plete mathematical theory of the orbits of electrons in the earth’s atmosphere
has been worked out by Stormer, in several important treatises. Paulsen, on
the other hand, thought that the swarm of electrons, which produces the aurora,
does not come direct from the sun, but is produced by ultra-violet rays of
the sun acting photochemically on the constituents in the upper atmosphere.
This theory has been worked out in great detail in recent years by Maris and
Hulburt and supported by numerous cogent arguments. The great difficulty
of Stérmer’s explanation is that according to his theory, the region of maximum
occurrence of aurora would be a region about 2 to 3° round about the magnetic
pole, while actually the zone of maximum occurrence forms a girdle of about 20°
radius about the magnetic pole. Further, as Hulburt noted, the electron-
projection theories are mostly geometrical and do not attempt to go into the
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physics of the problem. For this, we must turn to an examination of the
spectrum of the aurora which has been carried out for a long time by Vegard,
Stormer and others. The most important line is a green line, the origin of which
was unknown for a long.time. As it apparently occurs at a great height of
the atmosphere, at first sight it appeared that it must be due to a gas which is
very light, even lighter than hydrogen. This hypothesis was rendered necessary
because hydrodynamiecal calculations showed that with reasonable assumptions
about the temperature distribution in the upper layers of the atmosphere, there
would be very little of the heavier gases left at heights of about 200-300 kms.
in the regions where the aurora appear. In fact, there would be scarcely a
single molecule of nitrogen or oxygen in a cubic centimetre. The upper
atmosphere would consist entirely of light elements like hydrogen and helium.
But surprisingly enough, neither the green line nor any other auroral lines
could be ascribed to either hydrogen or helium; hence we must exclude the
possibility of the existence of these elements in the upper regions. This green
line was therefore agcribed to a hypothetical element even lighter than hydrogen,
called Geocoronium by Wegener. But when Moseley definitely proved that
there was no place for such an element in the Periodic Table, it was found
necessary to look for the origin of the lines from amongst the known elements.
After an epic struggle, the line was traced, chiefly due to the efforts of the
late Sir John MacLennan, to the old familiar oxygen atom, in a peculiar state
of excitation. The reason why this identification was not made earlier is that
the line does not occur in the ordinary discharge spectrum of oxygen. It is
given by the oxygen atom when it is in a metastable condition, by what is
known as the forbidden transition from one metastable level to another.
Though the subtility of the origin of the line, and its implication, can only
be realized by one having an intimate knowledge of spectroscopy, the
discovery shows that oxygen, contrary to hydrodynamical conceptions,
is present in the auroral regions (80 km.~400 km.) in the atomic state and in
a peculiar state of excitation; a closer examination of which alone can lead us
to a knowledge of the peculiar physical conditions prevailing in this region.

Further examination of the spectrum of the aurora reveals lines which
have been identified with those of ionized nitrogen and neutral nitrogen
molecules. Recently Kaplan has reported a forbidden line of atomic nitrogen.
Before we turn to an examination of the solar control of the aurora, let us
consider another associated phenomena.

Night Sky Phenomena : Quiet Sun.

But it is not merely the region round the magnetic poles which shows
such unexpected behaviour. It has been well known that if one observes the
sky from the countryside far away from the city lights at the dead of night,
the starless parts of the sky do not appear to be absolutely dark, as one
finds when one is placed in an absolutely light-tight chamber, but appear
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to possess considerable luminosity. This must originate from the upper
regions of the atmosphere, even at stations far removed from the magnetic
poles; hence the luminosity must be due to some other cause besides artificial
stimulation by electrons which give rise to aurora. An examination of the
spectrum of the luminous night sky carried out at different regions of the
world reveals very interesting information. It shows the same green line of
oxygen and certain other band lines which have been identified with those of
nitrogen. There is, however, one important difference between the spectrum
of the night sky and of the aurora. In the latter, bands due to ionized nitrogen
predominate and the lines due to uncharged nitrogen molecules are very
feeble. The reverse is the case with the spectrum of the luminous night sky.
Here the negative bands are faint and sometimes even absent, whereas band
lines due to neutral nitrogen molecules are extremely strong. The origin of
the luminescent night sky must be traced to the fact that at these heights
sunlight is absorbed by the atmospheric gases in the daytime and stored in
some way to be re-emitted at night. A closer examination of the phenomenon
therefore promises to throw much light on the nature of the solar radiation,
because the night sky phenomenon can be due to no other cause except the
action of the ultra-violet rays of the sun below A 2000 A on the constituents of
the upper atmosphere.

From the above short account, it will be clear that the luminescent night
sky, and the aurora, both represent optical excitation of the constituents of the
upper atmosphere, but under different conditions. The former is a purely
photochemical excitation, by a normal sun—the latter is due to an active sun,
and further complicated by the peculiar way in which optical excitation
is provided through electrons which, according to one view, come directly
from the sun, but according to another, are photoelectrically liberated in
the outer regions of the sunlit part, and are deflected by the field of the
earth towards the magnetic poles. It will be seen that all upper atmospheric
phenomena, electrical as well as magnetic, can be divided into these two main
categories, as shown in the table on the following page.

Terrestrial Magnetism and its varialion.

The solar control of the magnetic field of the Earth is illustrated by
disturbances of two types—an erratic one called Magnetic Storms, first observed
by Celsius in Sweden as early as 1741, who found that the coming of the aurora
was heralded by a certain amount of restlessness of the magnetic needle; the
Magnetic Storms have since been much studied and have been found, in general,
to occur in greater intensity and frequency simultaneously with periods of
solar activity indicated by sunspots and aurora. But though correspondence
between the two sets of phenomena has been established in a general way,
individual correspondence has not been established, i.e., every big spot has
not been found to be associated with large scale auroral displays or with
large Magnetic Storms.
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The second type of disturbance of the magnetic needle is of a more regular
nature and shows a diurnal and a monthly period. At sunrise, the N.S.P. of
the needle is slightly east of its position; at noon, it points approximately to
its mean position, towards sunset it moves to the west, and regaing the mean
position again at midnight.

A Gaussian analysis of these types of disturbances showed that they
originate in the Earth’s atmosphere and the first explanation was given by
Balfour Stewart about 1860, and considerably extended by Schuster. The
theory conceives that the daily disturbances are caused by horizontal move-
ments of electric currents in the upper atmosphere across the vertical component
of the Earth’s magnetic field. The nature of these currents could not be
explained at the time, but after the discovery of the electron, they were
naturally ascribed to movements of electrons, and detailed theories of daily
variation of magnetic elements were worked out by Chapman and others.
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The Ionosphere.

The idea that there are charged particles moving in the upper atmosphere
was rescued from the cold storage into which it had fallen in a rather romantic
way, when Marconi in 1898 succeeded in transmitting electromagnetic waves
from England to America. When the result was communicated to the Royal
Society, Lord Raleigh very pertinently remarked that the waves could not have
travelled in a straight line, as there are hundreds of kilometers of solid obstacle
presented by the curvature of the earth when the two stations are connected by
a straight line. They must therefore be guided along the surface of the earth,
or got reflected from the upper atmosphere. To explain this difficulty,
Kennelly and Heaviside almost simultaneously about three years later proposed
that the upper atmosphere contains a number of free electrons which form a
sort of metallic shield about the earth, reflecting the wireless waves and
thus keeping them confined within a narrow shell about the earth.

The prediction was at that time in the nature of speculation but success
of wireless propagation and the fact that all other alternative explana-
tions were found either useless or insufficient showed that the hypothesis
of the existence of the ionized layers higher up in the sky was one
in the right direction. Precise theory has evolved as a result of successful
refinements by Eccles, Larmor, Appleton and others. At the present time it
is known that the electrons which act as reflectors of the wireless waves are
stratified in different layers of which two are permanent. They are known as
the E; which is at a height of about 100 km., and ¥y discovered by Appleton
in 1923, which is at a height of about 200-250 km. Methods have now been
perfected for finding out the night and day variation of the heights of these
layers, their maximum electron concentration and variation of these quantities
during the hours of day and night and also during the whole year. In
addition to these permanent layers there are subsidiary ones, of which mention
will be made later.

Source of free electrons : Photo-ionization.

We can now ask ourselves about the origin of these electron layers. Here,
ag in the questions about the origin of the aurora, there were long controversies
whether these layers were formed by electrons coming direct from the sun as
originally proposed by Birkeland, or were they due to electrons liberated by
the ionizing action of ultra-violet sunlight. The question was answered in a
decisive way by observations of the density of electrons during the total solar
eclipse of 1932. These showed conclusively that at least in the E and F,-
regions the electrons were produced by the ultra-violet sunlight because, during
the instant of totality as soon as the light was cut off, the density of electrons
fell to a very small value. It is therefore clear that the production of electrons
in the E and F;- regions is entirely controlled by the sun, through its ultra-
violet radiation.
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A thermo-dynamical theory of ionization of the upper air constituents by
the ultra-violet rays of the sun was worked out in a general way six years before
the eclipse observations gave a clear reply to the controversy by Prof.
Pannekoek of Amsterdam in 1926. In 1931 Prof. Chapman, following an
earlier work by Lenard, worked out a mathematical theory of the production of
electrons by monochromatic light which enabled one to obtain a formula showing
the variation of electron concentration with the zenith angle of the sun. We
have here the gases constituting the earth’s atmosphere, which are being
traversed by the rays of the sun at varying angles. The rays produce the
dissociation of molecules into atoms, and ions and electrons. But these processes
cannot go on unchecked, and the free ions and electrons recombine producing
again neutral particles and sometimes the electrons attach themselves to
elements having electron affinity and form negative ions.

The general theory of ionization of the atmospheric constituents by sunlight
was worked out by Pannekoek by extending the theory of Thermal Ionization
given by the present author six years earlier with the aid of a modification
proposed by E. A. Milne for the case when the temperature of radiation is very
different from that of the gas traversed. Pannekoek calculated the equilibrium
number of electrons produced by the sunlight from nitrogen, oxygen and hydro-
gen molecules making certain plausible assumptions regarding the quantities
which are needed for the calculation. These are the ionization potentials of the
molecules and the elements, the temperature of the sun regarded as a black
body, and the temperature of the upper atmosphere. The values adopted
for all these quantities were rather rough, but nothing better could be done at
that time.  Pannekoek was, however, able to show that the number of electrons
obtained from such calculations and the height at which the maximum con-
centration occurs was in rough agreement with the number obtained from the
ionospheric experiments. By 1931 much more was known about the
ionosphere, e.g., there was, thanks to the work of Appleton, Nichols and
Schelleng, Gilliland and Kirby, precise information regarding variation of the
maximum number of electrons in the E and F-layers, during hours of the
day, with season and latitude, and to account for these Chapman worked out
in greater detail the variation of the number of electrons produced by a mono-
chromatic beam of light when the rays of the sun fall at different slanting
angles and was able to show that his conclusions were in substantial agreement
with the results just mentioned. Chapman’s theory is, however, severely
mathematical and he had to assume that the equilibrium is of the uni-
component type, that is to say, the electrons are produced from one component,
say from the nitrogen or the oxygen molecule or the oxygen atom, and the
electron produced combines with the ion of that component alone. But on
account of mathematical difficulties the theory, although in a position to
explain the results of observations for the E and F-regions roughly, did not
enable him to make any calculation of the actual number of electrons produced
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as Pannekoek had done. In fact, the two theories existed side by side, and
no connection was shown between them.

This fact and- the arbitrary assumptions regarding the values of the
ionization potentials, and of the values of the absorption coefficients of the
photo-ionizing radiation made it extremely desirable that the foundations of
both the theories should be further critically examined.

A beginning in this direction has been made by the author and R. N. Rai.
It is a re-working of the Pannekoek theory, since they found that the
Chapman theory was implicitly contained in the fuller theory of Pannekoek.
But they have shown that a satisfactory theory involves accurate knowledge
of many factors, such as absorption coefficient, ionization potential, ete.
Some of these, e.g. ionization potentials which were roughly known when Pan-
nekoek gave his theory, had been more precisely determined by 1936. But a
knowledge of I.P. alone is not sufficient, as information must be available
regarding the intensity and variation of the absorption coefficient of these
radiations with frequency for atmospheric constituents, atoms or the molecules
concerned. The necessity of this was not realized before, but as the height of
maximum ion-production varies inversely as 74, the maximum absorption
coefficient, the importance of determining accurately the nature of 7(v)-» curves
becomes apparent.

The previous workers had used for this purpose a formula given by Kramers,
which was deduced on the basis of the old quantum theory for explaining
the absorption of X-rays by matter. But, as Rosseland remarked, the useful-
ness of the formula was over-stressed, and even in the case of hydrogen, where
it is most expected to hold, Leigh Page has recently found the formula defective.
The best course would have been to obtain the nature of +(v)—v curves from
actual laboratory experiments, but obviously such experiments can be carried
out only for O, and N,, and it cannot yet be seen how they can be carried
ont for O and N-atoms. Even in the case of molecules, the experiments are
very difficult, and complicated by other phenomena. But such experiments as
exist (e.g., those of Hopfield and Takamine) and their theoretical interpretations
show that for each of the O, and Ny-molecule, two types of ionization exist—
first, a feeble one, caused by a forbidden electronic transition, and the second
one, caused by an allowed transition. The r-values for the two processes
are entirely of a different order, the second process being at least 104-times
more intense than the first. .

A tentative wave-mechanical theory for photo-ionization of atoms like
O and N can be worked with some effort, but it appears wrong to utilize the same
or a slightly modified formula for molecular photo-ionization. It is rather
surprising that no theory of photo-ionization of molecules has yet been
attempted. A beginning in this direction has been made by B. D, Nagchowduri
and K. M. Bose for Hy, but the cases of O, and N, present almost insuper-
able mathematical difficulties. In this connection it may be noted that the
7(v)-» curve does not begin with a maximum at vy, the minimum photo-ionizing
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frequency, but is reached at some distance, depending on the values
of the nuclear distances of the atom, and the ion respectively. Further,
the curve is not smooth like that of the atomic photo-ionization curve, but is
broken up at points » = vy+4-nw, where w is the frequency of vibration of the
ion, and n is the number denoting the upper harmonie.

It will possibly take some time before such curves, so much necessary for
caleulating ionization of the upper atmosphere, are accurately determined. It
is, however, pleasant to notice that Takamine has already started such experi-
ments, and obtained a certain amount of verification for ionization of the N,-
molecule by neon-light.

Formation of Electron Layers.

An unexpected result, which comes from the revised Pannekoek theory of
ionization, is a successful explanation of electron layer formation, which was
originally attempted by Lenard and more fully from the mathematical point
of view by Chapman. They showed that if monochromatic light is absorbed by
atmospheric constituents with liberation of electrons, the constituents being
assumed to be distributed according to isothermal equilibrium, a layer of
electrons is formed in the regions where absorption takes place. The electron-
density attains a maximum at a certain level, where the pressure is proportional
to Mg/, and falls off nearly parabolically on both sides. The half width of
the layer varies as % = H, usually known as the height of homogeneous
atmosphere. This theory was roughly verified by investigations of the form
of the lower side of the E,-layer and the F;-layer. It appeared that to explain
the form of the E,-layer, it has to be assumed that H is small, of the order of
10-15 kms., while that of the F;-layer is about four times as great. These
might be ascribed to the fact that the temperature of the F;-region is, according
to some workers, about four times larger than that of the E-region, but if the
F,-region is due to ionization of the oxygen atom, as suggested here, we need
not make the temperature four times larger than that of the E-layer. A
temperature double that of E would do.

But apart from other difficulties Chapman’s work was insufficient in
one respect, namely, that it was proved only for monochromatic light, whereas
actually if we suppose the sun to be a black body at 6000°K. the ionizing radiation
should consist of the whole spectrum beginning from a certain limit and
extending indefinitely towards the ultra-violet. It could not be seen off hand
if jonization by such a speetrum would not destroy much of the properties of
the layer. But in the revised theory, it so happens, and it is a rather unexpected
result, that even continuous spectrum produces a layer very much similar to
the simple one made familiar by the work of Chapman. It must be admitted,
however, that the form of the layer depends to some extent on that of the photo-
ionizing absorption curve, which is not yet known for the ionization processes
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actually occurring in the atmosphere but is only deduced from a plausible
theory. As long as this is not known, it is of course not possible to give further
precision to the theory, but approximate values of electron concentration can
be obtained with the aid of some plausible assumptions regarding the radiation
from the sun and the temperature of the Upper Regions.

These considerations, therefore, lead us to the conclusion that the different
stable layers as observed in the ionosphere are due to ionization, by the appro-
priate solar radiation, of distinet constituents of the atmosphere, viz. N,
0;, N, O, the maximum of the layer occurring at the height where total absorp-
tion of ionizing radiation by the particles reaches its maximum value. We
may proceed to identify the processes. The E;-layer must be due to a process
of ionization which is effective only at a height of 100 kms. As the amount
of gaseous oxygen and nitrogen molecule above this height is of the order of a
few cms., the radiation which causes E-layer ionization should be such that it
can be transmitted through a few cms. of nitrogen and oxygen gas at N.T.P.
These considerations prove that the E-layer is probably formed by the first
process of ionization of O, and N, at 12-2 and 155 volts. The pressure

L M
at the apex of the layer is given by P '-’-"—Tg. Now for an allowed transition,

7¢ is of the order of 8 x10-17; for a forbidden transition it may be taken to be
10%-times smaller, say 10-22. We then get P = 10-2—10-3 mm. of mercury.
This is just the pressure in the E-layer. The Fy-layer, on the other hand, should
be due to ionization by radiation which can be stopped by about a thousandth
mm, of the gas, because at a height of 200-250 km., where this layer is formed,
the amount of gas lying above cannot exceed this amount. We can easily
link up this fact with the second ionization of Ny and O, which gives rise to
excited Oy,* and N,*, because the ionization occurs with an intensity which
as mentioned before is about 10,000 times stronger than the first ionization.
The pressure, calculated from the formula P == 1—“;2 is of the order of 10-6 to
10 -7 mm. which is of the order of pressure at the F-layer. The F;-layer is a
purely daylight pbenomenon. It is found that the night F-layer splits up
into Fy and F, when the sun is sufficiently high up in the sky and towards
nightfall, when the sun’s altitude has fallen, F; and F, unite to form one single
layer. The F,-layeris therefore a purely daylight phenomenon and is probab-
ly due to an extra process besides ionization which is operative only during
daytime. All the available knowledge supports the view and this has
also been mathematically demonstrated by Dr. R. C. Majumdar that during day-
time the oxygen molecule probably completely dissociates into atoms at a height
of about 200 kms. on account of absorption of radiation between the wave-
lengths 1750 A and 1300 &, & process which has been very thoroughly studied
in the laboratory by Ladenburg and Van Voorhis. P, the pressure at which the
maximum absorption of this radiation occurs, is of the order of 10-4 to0 10-5 mm.
of mercury and hence it is between the E- and F-layers. The electrons which
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give rise to the F-layer must be due to further ionization of the oxygen atoms,
so produced during daytime. At night time or when the sun is sufficiently
slanting, probably most of the oxygen atoms at this level would recombine to
form molecules and therefore the F;.layer will disappear, as there are not
sufficient oxygen atoms to be ionized.

The Fy-layer.

This explanation may appear to be apparently at variance with certain
other observations, for example, the anomalous behaviour of the F,-layer.
It has been already remarked that the formation of the E;- and F,-layers follows
solar control and it demonstrates approximately the validity of the theory of
photo-ionization by sunlight and theory of recombination as in a unicom-
ponent system. The concentration in these layers attain a maximum at about
noon and follows the fourth power of the cosine of the sun’s zenith angle, a result
which can be deduced from these theories. The seasonal variation is also
in accordance with the theory of solar control. But not so with the F,-layer
for which maximum concentration is found to occur for Slough in summer at
about 9—10 A.M., is followed by a minimum at 2 p.m., followed by a maximum
at 8 .M., and a pronounced minimum at 3 AM. Even during winter, though
a midday maximum is obtained, there is an unaccountable smaller maximum
at midnight. For other latitudes as well, the behaviour is anomalous. During
total solar eclipses, the Fy-region ionization appears to remain unaffected. All
these and other facts show that either the solar control theory is insufficient
for this region, or in working out the theory of photo-ionization we should
not regard the system to be a unicomponent one. Probably in the Fo-
region the pressure is so low that collision between the electrons and ions
must be extremely infrequent, and neutralization takes place after intervals of
the same order of magnitude as the day; hence the equilibrium theory has
probably to be considerably modified. ,

It must not be supposed that even if we except the highly perplexing
features of the Fy-region, the theory of solar control can explain all the character-
istics of the ionosphere. Rather puzzling is the persistence of ionization in the
E-region at night. According to the solar control theory, the E-region shounld
entirely disappear as soon as light is withdrawn because in this region collision
frequency is quite large (105 in a sec.) and recombination must be very quick,
but we find that there is residual ionization, about 1/20th of the maximum
amount, which is present throughout night. It does not appear probable that
this is due to positive ions. We must therefore suppose, as Martyn and Pulley
have done, that at night there is probably some mechanism at work by which
fresh electrons are produced. It is not improbable that a neutral molecule
colliding with a negative ion might knock out the electron, and supply the
electrons necessary for maintaining the residual E-layer at night.

A’ complete theory of the various puzzling ionospheric phenomena will
probably take years of work. Much depends on the correct interpretation
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of the restﬂts obtained by the method of refleetion of radio waves from the
ionosphere. 1t must not be supposed that the magneto-ionic theory of
propagation of e.m. waves which is now holding the field is infallible.

Radio Fade-outs.

Probably the solar control of the upper atmosphere is nowhere more
strongly illustrated than in the phenomenon of Radio Fade-outs, which has
been studied in recent years as an international programme by a number of
workers in Furope and America, particularly by Dellinger in the U.S.A. and
Jouast in France. It was observed for some years that sometimes radio
signals which were being usually received from a distant station suddenly
stop and the normal conditions are obtained after a lapse of time which extends
usually over a few minutes. Observations showed that many of these sudden
radio fade-outs were simultaneous with the appearance on the surface of the
sun of small bright patches of intense white light observed by Carrington as
early as 1859. Spectroscopic observations carried out at Mt. Wilson and
elsewhere showed that these patches emit the Balmer lines of hydrogen in
great strength. From the international programme carried out by Dellinger
and Jouast it was found that the phenomenon is confined only over the sunlit
part of the globe and the interruptions were simultaneous over different
parts of the earth within the sunlit regions, and that the sudden stoppage
was . connected with intense chromospheric eruptions, though all eruptions
did not give rise to radio fade-outs. Further investigations showed that
neither the ionization nor the height of the E- and F-layers was very much dis-
turbed during these sudden radio fade-outs. The cause of the disturbance
must, therefore, be sought below the E-region or in an intense transitory
ionization of the regions below E, which is sometimes called D by Appleton.
This is further confirmed by an increase in intensity of long.distance radio by
means of very long waves during radio fade-outs, which refer only to short
and medium waves, because long waves are reflected from the low, i.e., D-layer.
Further, the radio fade-outs are accompanied by magnetic disturbances of
short duration, which are strongest over the part of the globe directly under
the sun at the time of the eruption. This shows that the small patches
send out flares of ultra-violet light which produce intense ionization of the
region D.

Let us see how this flare works. The great strengthening of the hydrogen
lines is merely a token that something unusual is happening on the sun,
Spectroscopy tells us that when the Balmer lines are emitted in great strength,
the Lyman lines would in fact be far stronger, but it can be shown that neither
the Balmer lines nor the first two Lyman lines can produce any ionization in
.the atmosphere, because the amount of energy they carry is below the critical
limit required for ionizing any of the atmospheric constituents. It is only the
third Lyman y and the subsequent lines which can ionize O, to O5+ by the first
process of ionization which, being feeble, can penetrate to lower levels. This
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is also confirmed by the experiment of Takamine and Suga who found that
the L, and Lg lines can be transmitted in undiminished strength through thin

columns of Op, but the slightest trace of O, obliterates Ly. There may be,
besides, radiation of other elements of approximately the same wave-length and
they will reach the D-level which contains, above itself, nearly 11 cm. of Ny, and
0-57 cm. of O, at N.-T.P. The above is only a suggestion. The particular part
of the solar spectrum which is responsible for the extra ionization in the D-
layer will be only found out after extensive research. But the phenomenon
illustrates that even transient disturbances on the surface of the sun find
their echo on the doings of mankind on the earth, which involve the upper
atmosphere.

Tentative theories of the Luminous Night Sky.

We might briefly pass over the problem of the luminous night sky pheno-
menon, which has been briefly reviewed earlier. There iz no difficulty in
comprehending that the luminescence of the night sky must be in some way
intimately connected with the action of sunlight on the constituents of the
Upper Atmosphere. But the great puzzle is the persistence of the phenomenon.
Take for example the green line, which is a permanent feature of the night sky.
We can sappose that during daytime, photo-electric action of the solar rays
decomposes oxygen molecules into normal O atoms and excited O atoms, and
the excited ones if they are in the O'S,-state revert back to a lower state giving
rise to the green line. It must be added, however, that no such photo-electric
phenomenon has yet been discovered. This explanation cannot hold for the
night sky emission of the green line, because the life of no excited atom can
ever be much larger than a second, and hence as soon as sunlight is withdrawn
all metastable oxygen atoms will promptly revert back to the normal state.
How does the green line then originate in the night sky ¢ The only explanation
which promises a certain amount of success is a theory of recombination between
ions and electrons, which must be going on when sunlight is withdrawn from
these heights. At daytime in the F-region, illuminated by sunlight the
upper atmosphere would consist mainly of electrons and ionized atoms of
O and N and probably also of O+ and Not. When sunlight is withdrawn at
night, the electrons will combine with the ionized atoms and molecules. To
fix our attention, let us take the case of O+. An electron colliding with it
may form oxygen atom in the normal state as well as any one of the two
metastable states (O’S or 0'Dy). The metastable states, after they are formed,
will emit the green line or the red line and revert back to the normal state
after fraction of a second, because they have nothing else to do. This theory
of night sky luminescence recalls to the mind of the author the stimulating
theory of Zanstra of emission lines of Planetary Nebule, all of which are for-
bidden lines of the type of the green line. This also explains to some extent
the Height-effect of Vegard, who found that the green line is intensified in the
higher part of the sky. The explanation is that at the lower parts, the O'S,-
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atom will collide with other particles and lose its energy by collisions of the
second type before it has a chance to radiate. The emission of the green
line is therefore a consequence of recapture of electrons by the O+-ion, and
its persistence is due to infrequency of collisions in this region due to small
pressure. It is estimated that at these heights, the mean free path of the
electron is extremely large, say about 108 cms., and the velocity is probably
in the neighbourhood of 107. So there may not be more than one collision
per second but only one in 105 gets captured to form an O'Sy, or O'Dy-atom.
These will then have nothing to do except radiate the green or the red auroral
lines. We can by the same hypothesis explain the absence of the negative
bands of nitrogen from the night sky spectrum. Itis well known that the
negative bands arise from an excited state of No+ which however can be pro-
duced by direct ionization of normal N, by ulira-violet sunlight possessing
an energy of the order of about 21 volts. Any excited Not which is produced
in these upper layers must immediately disappear as soon as sunlight is
withdrawn, a hypothesis which explains in a convincing way Slipher’s observa-
tion that during the morning or evening flash of sunlight, the negative bands
of nitrogen are obtained from the upper atmosphere in great strength but they
disappear as soon as sunlight passes away. At night time therefore the Ny+
-ion which remains is non-luminous and there can be no further emission of
negative bands, unless Np*-normal is further activated by electron impact.
The electrons will combine with this Ny+ forming different excited states and
immediately after the recombination, the excited Ny will revert back to the
lower states giving rise to the second and first positive bands and the Vegard-
Kaplan bands. The persistence of luminosity in the sky throughout the night,
therefore, seems to be due to the fact that on account of extreme rarefaction
at these heights, the rate of recombination is extremely slow. As a matter
of fact even without fresh sunlight, the electrons and free positive ions can
probably exist for days together, as is shown by the existence of the Fy-region
in the polar atmosphere, even when these regions are perpetually in the dark
for days together.

Astrophysical Theories of the Sun.

From the above incomplete review it will be clear that a correct interpretation
of the upper atmospheric phenomena suffers greatly from the desiderata that we
have no direct knowledge of the ultra-violet part of the solar spectrum as it
would appear to an observer outside our own atmosphere. For our purpose,
this knowledge is most important because almost all the Upper Air Phenomena
are due to the action of ultra-violet light on the constituents of the atmosphere
and when a disturbance takes place on the sun, it is the ultra-violet radiation
which is most affected. But the question may be asked why not tackle the
question from the astrophysical side? As a matter of fact, astrophysicists
have not been idle. Mention may be made of a famous paper by Sir A. 8.
Eddington which aimed at giving a quantitative idea of the formation of
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Fraunhofer lines and its subsequent extensions by Milne, Chandrasekhar,
Wooley and Stromgren. But if one goes very deeply into the fundamental
assumption underlying these works, it is found very difficult to be able to
agree with many of their basic assumptions, e.g. there is no reason to suppose
that the radiation from all layers of the sun should be black body radiation.
In fact, the assumption is positively contradicted by certain observations.
If the temperature of the surface of the sun, which gives us the continuous
background of light, were 6000°K, it can give us only such absorption lines
which require moderate excitation and the chromospheric spectrum would give
us emission lines whose excitation potential should not be greater than 6 to 9
volts. But it is a well known fact that the chromospheric spectrum of the
sun gives us the lines of helium requiring an excitation potential of over 20 volts
and also a line of helium* (A = 4686 ) which requires an excitation potential
of about 79 volts. It is therefore clear that the common notion that the
sun radiates like a black body at a temperature of 6000°K can only be an
approximation and a very rough approximation indeed. In fact, the Russian
observers, Perepelkin and Melnikov, in a publication from the Pulkovo
Observatory have shown that the intensity of these emission helium lines is
almost nil on the limb of the sun, and gradually rises to a maximum at a
height of 2500 km. in the solar atmosphere and then steadily falls. This shows
that the mechanism, which is responsible for the emission of these helium lines
must be very different from what is associated with a state of black body
radiation. We can suppose that the intense ultra-violet radiation from the
interior passes through the upper layers of solar gases, produce ionization in
these layers and subsequently these ionized electrons and atoms recombine
giving rise to the intense helium lines which are observed from the chromospheric
spectrum of the sun but are absent from the Fraunhofer spectrum. If the
lines of subordinate series to which belong most of the helium lines in the visible
and the He+-line A 46868 can come out prominently, it is clear from
fundamental consideration of atomic excitation that the line of the fundamental
series A 584 A due to He, and A 304A due to He+ should come out still more
prominently. Thus if we could observe the spectrum of the sun in the
ultra-violet region, probably the principal lines of helinm, hydrogen and
iront and many other elements would be obtained as emission lines. But
at the present time all theoretical works would be merely speculative, The
decisive evidence would be obtained if a spectrum of the sun could be
secured at a height of 40-50 km., i.e., considerably above the ozone layer.
The above short review shows that though it is easy to postulate that the
atmosphere, upper as well as the lower, is entirely controlled by the sun,
it is very difficult to work out the details and present a complete unified
theory. For this purpose we must know more about the normal behaviour
of the sun, as well as of its abnormal behaviour which is manifested in the
form of sun-spots, prominences, faculs, the small patches of intense light respon-
sible for radio fade-outs. But even this does not appear to be the whole story.
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Long Period Variation of the Sun.

In a very thought-provoking paper Sir George Simpson has pointed out
that in addition to the short period variation, the sun has also probably a
long and somewhat irregular period of variation, extending to about over 80,000
years. He supposes that there is a periodic fluctuation in the amount of radia-
tion which is emitted by the sun. When the amount increased, it caused on the
earth intense cloud formation in the equatorial regions, and this, paradoxically
enough, caused intense glaciation over the poles. In this way he has been
able to explain successfully the occurrence in the Pleistocene age of four
successive glacial epochs separated by interglacial ones observed in Europe
by Penck and Briickner and connected by the anthropologists with the different
cultural epochs of Homo sapiens. Possibly the Chellean epoch, when Homo
sapiens began to make tools and thus lay the foundation of civilization, was
started by such a caprice on the part of the sun. It is a thought-provoking
idea, but the astronomer has probably no chance of verifying it, as neither he,
nor the civilization of which he is a bye-product, can hope to exist for 80,000
years. This short review will, I hope, convince you that the romance of our
knowledge of the sun is still in the making.






