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18;'Biﬂchemi(:&l Journal,” Vol. 29, No. 9, Sept.
3.

**American Journal of Botany,”
No. 8, Oct. 1935.

““The Journal of Institute of Brewing,” Vol. XLI,
(New Series, Vol., XX XTII), No. 10, Oct. 1935.

"“Canadian Journal of Research,” Vol. 13,
No, 3, Sections A and C,

“Chemical Age,”” Vol. 33, Nos. 8148-851.

“Berichte der Deutschen Chemischen Gesell-
schaft.” Vol. 68, No. 10.

“ Experimental Station Rlecord,” Vol. 13, No. 3,
Sept. 1935.

“Tndian Forester,”” Vol, LXI, No, 11, Nov. 1935,

“Forschungen uwund Fortschritte,”” Vol. 11,
Nos, 28-30.

“Bulletin of the Geological Institution of the
TUniversity of Upsala,” Vol, 22, 1930; Vol, 23, 1932,

“The Quarterly Journal of the Geological,
Mining and Metallurgical BSociety of India,”
Vol. 7, No. 2, June 19335.

“Tndian Physio-Mathematical Journal,” Vol.
6, No. 2, Sept. 1935,

“The Review of Applied Mycology,”” Vol. 11,
Pt. 1, Jan. 1935, (Issued by the Imperial Myco-
logical Institute.)

“ Nederlandsch Tijdsehrift Voor Natuurkunde,”

rd

Tweede Jaargang, Nummer 7,

Vol. 22,

‘“Mathematics Student,”” Vol. III, No. 9,
June 1935.

‘“ Medico-Surgical Suggestions,” Vol. 4, No, 9,
Sept. 1935.

“Tndian Meteorological Department Scientific
Notes,” Val. VI, No. 65. ‘'The Thermal Structure
of the Upper Air over a Depression during the
Indian South-West Monsoon.” By N. X, Sur,
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“* Nature,” Vol, 138, Nos, 3439--3442,
“Journal of the American Muoseum of Natural
History,” Vol. 36, No. 3, Oct. 1935.
“The Journal of Nutrition,” Vol. 10, No. 3.
““Acta Phytogeographica. Succica’ :—
II. Der See HFiolen und Seine Vegetation,
von Sven Thunmark.

IIT. 1. Life-formsof Terrestrial Flowering
Plants I. By G. Einar Du Rietz.

IV. Om Den Vildvixande Skogsalmens
Raser Och Deras Utbredniing 1

Nordvisteuropa, av Bertil l.indquist.
V. Vegetation of the Pacific Coast Bogs of
North America. By Hugo Osvald.

“The Journal of Chemical Physics,”” Vol. 3,
No. 10, Oct, 1935,

“Indian Yournal of Physies,”” Vol. 9, Pt. VI,
and Proceedings of the Indian Association for the
Cultivation of Science, Vol. 18, Pt, VI, Sept. 1935,

“Science Progress,” Vol. 30, No. 118, Oct. 1935,
lq';?ciem:e and Culture,” Vol. I, No. 6, Nov.

I,

“United States Department of Commerce:
Journal of Research of the National Bureau of
Standards,”” Vol. 15, Nos. 1 and 2, Julv and

August 1935.
“The Indian Trade Journal,” Vol. CXIX-

Nos. 1529-1533.

CATALOGUES.

‘“Hilger Catalogue (. Astronomical Spectro-
graphs and Spectroscopes,”’ (Messrs. Adam Hilger
Ltd., London.)

“Some Mathematicians I Have Met.”*

[Prof. Born prefaced his remarks by saying
that he was not a professional mathematician
and was grateful for being asked to talk
not a mathematical problem, but on a general
subject. He proceeded to classify the many
mathematicians he had met as falling under
the three generations of teachers, colleagues
or ifriends, and pupils.)]

REC.\LLING his early days at Breslau where he
attended courses of lectures on Philosophy,
Chemistry, Physics, Astronomy, Kconomics and
L.aw, he mentioned the profound impression
created bv his astronomical studies and by the
old Obhservatory of his College, the instruments
going back to the times of Wallenstein and his
astrologers, the most modern being a meridian
instrument of Bessel (about 1800), In Mathe-
matics his teachers were Rosanes froma whom
was acquired the first clear idea of mathemati-
cal infinity and the technique of matrix calculus
which stood in such good stead, later on, for
the development of quantum mechanics; and
T.ondon, the father of F. L.ondon who ig now
wnll known to physicicts by his work in collabora-
tion with Heitler on the theory of valency.
And then at Heidelherg with Kanigsherger, the
biographer of Jacobi and [felmholtz. Kdaenigs-

* Summary of a lecture delivered by Prof. Dr. Max
Rorn before the Central College Mathematical Society,

Bangalore, Octoher 19395,

berger was an Anti-Kant and an Fmpiricist who
even maintained that the formula (a 4+ b)=
a?+2ab 4+ b® could be derived only Iromm experi-
ence! The methods of differential geometry
were acqguired here and it was mentioned how
these good old methods came in handy quite
recently for the new field theory, when Weier-
strass’ results on minimal surfaces were snggested
to Pryce in connection with his work on the two
dimensional electrostatic case.

It was next at Zurich that he met for the
first time a briliant modern mathematician
Hurwitz, a friend of Minkowski and Hilbert.
Hurwitz, so well known by the " Hurwitz-Courant’’
of the yellow series of volumes, was a most inspir-
ing lecturer too.

And at last Gottingen! Of whom else at
Giattingen should he talk first if not of Hilbert
who is, by common consent., the doyen of present-
day mathematicians ? DTrof. Born apoke at
length about his distinguished teacher, of his
stimulating lecturer, his mathematical work. his
influence on his students and his personality.
1o recalled & hiking excursion to an old mined
town Dlesse with Minkowski, Hilbert and Carathoo-
dory during which he mustered suflicient courage
fo approach Hilbert and ask him why he studied
Mathematics,  The answer, so characteristic of
ilbert, was that he had chosen this subjeet
becaush lie had 2 bad memory ! Hilbort'’s lectures
in tho class-room left the greatest impression
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on his hearers and had the gquality of everlasting
stimulation. Ile would set out to devise in the
class-ronom new and better proofs of theorems,
invent new theorems and if unsuccessful return
the next day with beautiful results which have
been the admiration of the mathematical world.
His mathematical activity could be clazsified into
six periods: (1) Numbers, (2) Invariants, (3)
Axioms of Geometry, (1) Integral FBquations, (5)
General Relativity and (6) Mathematical Logic,
Iilbert laid the greatest stress on rvigour and
logical fonndations and on the meaning of pure
thinking independent of confent. He was per-
haps not endowed with the gift of physical
insight commensurate with his genius in mathe-
matics and he never felt quite happy in his rela-
tions with physicists as evidenced by his quarrel
with Pringsheim. Talking about his personality
Prof. Born called it strange and likened it to a
crystal with sharp edges. People did not under-
stand him. His thinking never went the smooth
path of everybody’s opinion, but was absolutely
independent and unconventional, He had s
sharp tongue and was not always what one would
call a nice fellow, but he was faithful and good to
his firiends. He took great interest in politics
where, as in everything else, he went his own way
and liked to shock people by his opinions, which
were always well founded. Even wlhen he changed
from extreme pacifism in which he believed
during the war into a conservative attitude
during the socialistic revolution, he had good
reasons for doing so.

Talking next about Klein, the contrast between
Hilbert and Klein was pointed out. Klejn
disliked in his lectures rigorons methods and
preferred to give the constructive ideas of mathe-
matics. Having undergone a breakdown in
health on account of overwork in tryine to keep
ahead of Poincaré, he assumed the rdle of an
educationist and took great interest in presiding
over mathematical societies and in reforming
methods of mathematical teaching. A very
amusing incident was narrated of how Klein
went on discussing, at one of the meetings of
the Mathematical Society a Dutch book on
“Flacke Krommen” and talked at length about
the theory of surfaces until at last it was pointed
by one of the audience that ‘ Flacke Krommen
did not mean " Krumme Flichen” but *‘ Ebene
Kurven™ }

Then came Minkowski who was attached to
Hilbert in the mo<t intimate friendship. Min-
kowski delivered brilliant lectures on Geometry
and other topics. 1lis actual original contribu-
tions to relativity have perhaps not been so far
appreciated properly. It was during the semi-
nars on electrodynamiecs conducted by Hilbert
and Minkowski that the latter was developing
his four-dimensional world theory when Einstein’s
paper appeared and it can be safely said that
Minkowski’s work was done quite independently.
Prof. born mentioned that his own first paper
in Breslau was on relativity, viz., on hvperbolic
motion which caught Minkowski’s notice who
asked the author of the paper to be a lecturer
at Gottingen.

Last but not least among the giants of Géttin-
gen was the brilliant Carl Runge, the applied
mathematician and spectroscopist, who it was
that introduced Prof. Born into modern physies.
An important feature of the mathematical life
at Gottingen of those days was the Thursday
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afternoon walk of Klein, Hilbert, Minkowski and
Runge. A separation of this company was
effected by the sudden death of Minkowski
from appendicitis and on this occasion Hilbert
delivered his famous memorial speech on Min-
kowski. In this connection it is interesting to
know ¢that in Hilbert’'s estimation Cantor,
Minkowski and HWadamard, three Joews, were
among the first order mathematicians.

Minkowski’s successor in Gittingen was
Landau, well known for his briliant work on
the analytical theory of numbers and many
ofher subjects.

Passing on next to his friends and colleagues,
Prof. Born mentioned in the former category
the names of K. Schmidt (Berlin) known for his
work on infegral equations and potential theory,
Caratheodory of real variables and variations,
Zermelo of Mengenlehre. Hevglotz, Max Abraham
and others. When talking of Kcebe, an incident
that happened at Rome when the International
Mathematics Congress met there, was narrated of
how when looking at the celebrated paintings of
Michael Angelo in the Sizxtina Chapel, Kcebe burst
out on the ephemeral nature of works of art
of this type as contrasted with his uniformisation
theorems which would stand for all time! This
was how he acquired his nickname of “ Kunst-
micen.”” The other lecturers at Gottingen were
Hermann Weyl famous for his group theory,
Hecke, Toeplitz, Courant and Emmy Noether,
who has died recently in America. At her funeral
Weyl said in his commemoration speech, that
she 18 considered as the greatest woman mathe-
matician known in the history of science, greater
even than the famous Sonja Kowalewski.

The associations with Planck and Einstein al
Berlin in war time were next touched upon. It
was unfortunate that Einstein should have got
mixed up in polities with his strong tendencies
towards pacifism, Iiberal doctrines and socialism.
This led to the unfortunate conflict with Lenard
and Stark. Einstein’s scientific work could be
divided into two periods-——the physical and the
later mathematical period of which the first
seems to be far more fruitful,

Talking in general terms, Prof. Born said that
as a Mmile the physicists he had met were more
“mormal’’ and therefore less interesting than the
mathematicians. An exception, however, was the
case of Ehrenfest who was a strange character.
He was a true cosmopolitan, born in Vienna,
educated partly in Germany, thoroughly accli-
matised in Russia, and at last Professor at
Leiden in Holland. He was a man of intense
feeling with a great capacity for pure and clear
thinking. His house was bare without any
furniture and a wall of it served as visitor’s
book whereon could be found the names of all
great men who visited him! Freedom from
tradition was a passion with him. He got his
meals from public kitchens and never sent his
children to school for their education. His
Russian wife and his eldest daughter both were
called Tatjana, but for distinguishing between
them his friends used to style them (Tatjana) and
(Tatjana)’' ! He died under tragic circumastances
having committed suicide by shooting himself
with a revolver ; this fatal step was the result of
a deep depression which overcame him very
often when he found difficulties to keep step
with the progress of the younger generation of
theoretical physil‘istm
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A rapid survey was then made of the foreign
mathematicians and theoretical physicists whom
he had met. In referring to Niels and Harald
Bohr, he spoke of the former’s great gift of
physical intuition and likened him to a magician
who, though not much of a mathemabician,
could grasp the physical aspect of a problem
immediately. Amongst the Dutch scientists the
palm was given to Lorentz, a great leader of
scientific activity and the President of the Solvay
Congress. Lorentz’s lectures at Gottingen were
then racalled. Reference was also made to
Kramers, Ornstein and Brouwer. Brief mention
was made of Poincaré, Hadamard, de Broglie
and Brillouin in France, of Levi-Civita and
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Fermi in Italy, of Frenkel, Alexandrow and
Fock in Russia, and of Moore, Birkhoff, Veblen,
Wiener, Alexander. van Vleck (senior and junior)
in America. Amongst the FEnglish mathema-
ticians and physicists he had met, Prof. Borm
talked about Hardy, Littlewood, Darwin, Fowler
and Dirac, About the silent Dirac. Professor at
Cambridge, mention was made of the ‘unit’
invented by his friends, viz,, 1 Dirac =1 word
per hour !

In the last category of his pupils, Prof. Born
spoke about Panli, Heisenberg, Jordan, Hund,
Dirac, Fermi and v. Neumann whose book on
quantum mechanics was considered to go deepest
into the subject, B. S. M.

—

What are Cosmic Rays?

IT is well known that X-Rays and the radtations

emanating from the radicactive substances
ionise air so that it becomes a conductor for the
flow of electricity. It was found at the end of
the nineteenth century that air possesses a
residual jonisation (after all the contributions to
ionisation from radioactive sources were taken
into consideration or suppressed). This result
did not seem surprising at first as the residual
ionisation was attributed to the defects of the
instruments or to the presence of minute quanti-
ties of radiocactive substances, too minute to be
detected. It was subsequently frund that the
phenomenon of the residual tonisation disappeared
in deep mines, had an aititude effect and possessed
many other peculiarities. Hess, Kolhorster,
Bergwitz and Gockel found that the phenomenon
depended on the altitude. Balloons provided
with automatic arrangements for recording ionisa-
tion were used in the earlier experiments. In
a recent flight, Piccard flew to a heicht of 16
kilometers and recorded an ionisation as great as
200 ions per c.c. per second in the ppper atmos-
phere,  These facts support the view that
the residual ionisation is genuine.

The radiations emanating from radicaciive
substances responsible for the ionisation of the
air are ¢-rays consisting of a-particles whose
penetrating power is small, B-rays consisting
of very high velocity electrons of a moderate
penetrating power and y-rays which are electro-
maghnetic in nature with a very bhigh {requency.
It is natural to think that the primary radiation
responsible for the residual jonisation of the
atmosphere is due to some extreme form of either
B-rays or y-rays. There is one school of thought,
led by Professor A, H. Compton, who interpret
the residual ionisation as due to very high velocity
electrons like those of the extreme farm of ﬁ' -La VS,
pouring like a rain on the earth from the outer
space, 'There is another school of thought led
by Professor R. A, Millikan, who hold the opinion
that the primary radiation responsible for the
residual ionisation ia electromaunetic in nature
like the extreme form of high frequency y-vays.
Apart from the divergence of the opinions held
by the physicists, the phenomenon of the residual
ionisation seems to be certainly connected with
BOINE ProCesSs\es ncﬂurring in the outer space or
with causes pot at all understood in Modern
Physics, The radiations responsible for the
residual ionisation of the ﬂtnmﬁphere have been

called the cosmic rays. It is important to realise
that for observing the phenomenon, it is necessary
to detect a verv feeble ionisation of the air amount-
ing in the average to a few ions, say 1 to 2 per c.c.
per sec. al the sea level.

In 1929, Regener reported that the phenomenon
of residual ionisation could be observed in Lake
Constance even at depths of 750 feet below the
surface and found that the relation between the
intensity of ionisation and depth could be
represenfed by an exponential function ; a similar
relation also exists in the case of y-rays.
RRegener considered that the primary radiation
as In the case of y-rays is electromagnetic in
nature. This view has found support by the
work of Millikan, and his collaborators. Millikan
considers that practically all the residual ionisa-
tion is due to electrons (positive and negative)
rather than to other heavier nuclei ; that about
80 to 90 per cent. of the ionisation is due to the
secondary electron ravs produced within the
atmosphere by the incoming photons and elec-
trons ; that there is no evidence that anywhere
on the earth more than 2 per cent. of the ionjsa-
tion found at sea level is due directly to the incom-
Ing electrons which is regpounsible for the latitude
and the Iast-West variation of the intensity of
the ionisation ; that the earth’s magnetic field
separates the incoming secondary electrons with
low energy from those with high energy, allowing
the former to concentrate near the poles and the
latter, which have an excess of positive electrons,
to concentrate at the equator and that the greater
part of the ionisation of our atmosphere is due
to photons with an energy of the order of 200
million electron-volts. In the vear 1929, Bothe
and Kolborster, by employving a double Geiger
counter arrangement so arranged that the ordinar
radioactive radiations could not discharge hﬂtz
the counters simultaneously. adduced evidence to
show that the cosmie rays consist of high velocity
electrong. Bothe and Kolhorster found no varia-
tion of the intensity of ionisation with respect to
the latitude between Hamburg and Spitzbergen,
while Clay had found a decrease of the infensity
of innisation near the Bguator in his geographie
investigation of the voamie ray intensity between
[Tolland and  Java. The extensive geographic
study of the jonisation intensity organised by
Professor A, H, Compton in several parts of
the world have however shown that #ht"l"ﬂ 18
a genuine geomagavlic latitude effect, an Kast-



