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gave a unity to our conceptions of the func- 
tion of nutrition which they previously 
lacked. The law of isodynamic replace- 
ment is but a single phase of the question. 
The fundamental idea is that the vital ac- 
tivities are manifestations of the same 
energy ~vhich is seen in operation through- 
out the universe, are subject to the same 
laws and may be studied by similar 
methods. I t  is his firm grasp of this broad 
conception, and not the exact scope or ac- 
curacy of a single expression of it, which 
has given Rubner's investigations their 
preeminent value. 

H. P. ARMSBY. 

MEl'HODA' O F  AIETEOROLOGICAL INVESTI-
GATION.+ 

IN opening the proceedings of the sub- 
section devoted to cosmical physics, which 
we may take to be the application of the 
methods and results of mathematics and 
physics to problems suggested by observa- 
tions of the earth, the air or the sky, I de-
sire permission to call your attention to 
some points of general interest in connec- 
tion with that department which deals with 
%he air. My justification for doing so is 
that this is the first occasion upon which a 
position in any way similar to that which 
I am now called upon to fill has been occu- 
pied by one whose primary obligations are 
meteorological. That honor I may with 
confidence attribute to the desire of the 
council of the association to recognize the 
subject so admirably represented by the 
distinguished men of science who have 
come across the seas to deliberate upon those 
meteorological cluestions which are the com- 
mon concern of all nations, and whom we 
are specially glad to welcome as members 
of this subsection. Their ,presence and 
their scientific work are proof, if proof 

* Address before the Subsection of Astronon~y 
and Meteorology, British Association for the Ad- 
vancement of Science. Opening address by the 
chxisman, Southport meeting, 1903. 

is required, that meteorologists can not re- 
gard meteorological problems as dissociable 
from Section A;  that the prosecution of 
meteorological research is by the study of 
the kinematics, the mechanics, the physics 
or the mathematics of the data compiled 
by laborious observation of the earth's at-
mosphere. 

Rut this is not the first occasion upon 
which the address from the chair of the 
subsection has been devoted to meteorology. 
Many of you will recollect the trenchant 
manner in which a university professo~, 
himself a meteorologist, an astronomer, a 
physicist and a mathematician, dealt can-
didly with the present position of meteor- 
ology. After that address I am conscious 
that I have no claim to be called a meteor- 
ologist according to the scientific standard 
of Section A. Professor, Schuster has ex- 
plained-and I can not deny it-that the 
responsible duty of an office from which 
I can not dissociate myself is signing 
weather reports; and I could wish that the 
duty of making the next address had been 
intrusted to one of my colleagues from 
across the sea. But as Profewor Schuster 
has set forth the aspect of official meteor- 
ology as seen from the academic standpoint 
with a frankness and candor which I think 
worthy of imitation, I shall endeavor to 
put before you the aspect which the rela- 
tion between meteorology and academic 
science wears from the point of view of an 
official meteorologist whose experience is 
not long enough to have hardened into 
that most comfortable of all states of mind, 
a pessimistic contentment. 

AXeteorology occupies a peculiar position 
in this country. From the point of view of 
mathematics and physics, the problems 
which the subject presents are not devoid 
of interest,nor are they free from that diffi- 
culty which should stimulate scientific 
effort in academic minds. They afford a 
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most ample field for the display of trained 
intellect, and even of genius, in devising 
and applying theoretical and experimental 
methods. And can we say that the work 
is unimportant? Look where you will over 
the countries which the British Association 
may be supposed to represent, either di- 
rectly or indirectly, and say where a more 
satisfactory knowledge of the laws govern- 
ing the weather would be unimportant 
from any point of view. Will you take 
the British Isles on the eastern shores of 
the Atlantic, the great iizeteorological lab- 
oratory of the world, with the far-reach- 
ing interests of their carrying trade? or 
India, where the phenomena of the mon-
soon show most conspicuously the effects 
of the irregular distribution of land, the 
second great meteorological cause, and 
where recurring famines still overstrain the 
resources of administration ? Take the Aus- 
tralasian colonies and the Cape, which, 
with the Argentine Republic, where Mr. 
Davis is developing so admirably the 
methods of the Weather Bureau, consti-
tute the only land projections into the 
great southern ocean, the region of 'planet- 
ary meteorology,' or Australia, with its 
periods of paralyzing drought : the Cape, 
where the adjustment of crops to climate 
is a question of the hour. Or take Canada, 
which owns at the same time a granary 
of enormous dimensions and a large portion 
of the Arctic Circle. Or take the scattered 
islets of the Atlantic and Pacific or the 
shipping that goes wherever ships can go. 
The merest glance will show that we stand 
to gain more by scientific knowledge, and 
lose more by unscientific ignorance of the 
weather, than any other country. l'he 
annual loss on account of the weather 
would work out at  no inconsiderable sum 
per head of the population, and the merest 
fraction of success in the prevention of 
what science must regard as preventable 

loss would conlpensate for half a century 
of expenditure on meteorological offices. 
Or take a less selfish view and consider for 
a moment our responsibilities to the gen- 
eral community of nations, the advantages 
we possess as occupying the most important 
posts of observation. If the meteorology of 
the world were placed, as perhaps it ought 
to be, in the hands of an international com- 
mission, it can be no exaggeration to say 
that a considerable majority of the selected 
sites for stations of observation would be 
on British soil or British ships. We cap 
not help being tlte most important agency 
for, promoting or for obstructing the ex-
tension of meteorological science. I say 
this bluntly and perhaps cnxdely because I 
feel sure that ideas not dissimilar from 
these must occasionally suggest themselves 
to every meteorologist, British or foreign; 
and if they are to be expressed-and I 
think yon will agree with me that they 
ought to be-a British meteorologist ought 
to take the responsibility of expressing 
them. 

And how does our academic organization 
help us in this matter of more than paro- 
chial or even national importance? There 
was a time when meteorology was a recog- 
nized member of the large physical family 
and shared the paternal affection of all 
professors of physics; but when the poor 
nestling began to grow up and develop somcl 
individuality electricity developed simul-
taneously with the speed of a young cnclcoo. 
The professors of physics soon recognized 
that the nest was not large enough for both, 
and with a unanimity which is the more 
remarkable because in some of these aca-
demic circles utilitarianism is not a condi- 
tion of existence, and pure science, not 
market value, might be the dominant con- 
sideration-with singular unanimity the 
science which bears in its left hand, if not 
in its right, sources of wealth beyond the 
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dreams of avarice was recognized as a 
veritable Isaac, and the science wherein the 
fruits of discovery must be free for all the 
world, and in which there is not even the 
most distant prospect of making a for-
tune-that science was ejected as an Ish- 
mael. Electrical engineering has an abun- 
dance of academic representatives ;brewing 
has its professorship and its corps of stu- 
dents, but the specialized physics of the 
atmosphere has ceased to share the academic 
hospitality. So far  as I know, the British 
universities are unanimous in dissembling 
their love for meteorology as a science, and 
if they do not actually kick i t  down stairs 
they are at  least content that it has no en- 
couragement to go up. In  none is there a 
professorship, a lectureship or even a schol- 
arship to help to form the nucleus of that 
corps of students which may be regarded 
as the primary condition of scientific de- 
velopmellt. 

Having cut the knot of their difficulties 
in this very human but not very humane 
method, the universities are, I think, dis- 
posed to adopt a method of justification 
which is not unusual in such cases ; indica-
tions are not wanting which disclose an 
opinion that meteorology is, after all, not a 
science. There are, I am aware, some 
notable exceptions; but do I exaggerate 
if I say that when university professors are 
kind enough to take an interest in the labors 
of meteorologists, who are doing their best 
amid many discouragements, i t  is generally 
to point out that their work is on the wrong 
lines; that they had better give it up and 
do something else? And the interest which 
the universities display in a general way 
is a good-humored jest about the futility 
of weather prophecy, and the kindly sug- 
gestion that the improvement in the pre- 
diction of the next twenty-four hours7 
weather is a natural limit to the orbit of an 
Ishmaelite7s ambition. 

I n  these circumstances such an address 
as Professor Schuster7s is very welcome; 
it recognizes at  least a scientific brother- 
hood and points to the responsibility for a 
scientific standard ; i t  even displays some of 
the characteristics of the Good Samaritan, 
for it offers his own beast on which to ride, 
though it recommends the unfortunate 
traveler to dispose of what little clothing 
the stripping has left to provide the two 
pence for the host. 

I t  is quite possible that the unformulated 
opinion of the vast majority of people in 
this country, who are only too familiar with 
the meteorological vagaries of the British 
Isles, is that the weather does just as it 
pleases; that any day of the year may give 
you an August storm or a January sum-
mer's day; that there are no laws to be 
discovered, and that the further prosecu- 
tion of so unsatisfactory a study is not 
worth the time and money already spent 
upon it. They forget that there are coun- 
tries where, to judge by their languages, 
the weather has so nearly the regularity of 
'old time7 that one word is sufficient to do 
duty for both ideas. They forget that 
our interests extend to many climates, and 
that the characteristics of the eastern 
shores of the North Atlantic are not appro- 
priate to, say, western tropical Africa. 
That may be a sufficient explanation of ths 
attitude of the man in the street, but as 
regards the British universities dare I offer 
the difficulty of the subject as a reason for 
any want of encouragement? Or shall I 
say that the general ignorance on the part 
of the public of the scientific aspirations 
and aims of meteorologists and of the re- 
sults already obtained is a reason for the 
universities to keep silence on the subject? 
With all respect I may say that the aspect 
which the matter presents to official meteor- 
ologists is that the universities are some- 
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what oblivio~~s of their responsibilities and 
their opportunities. 

I have no doubt that it will at once be 
said that meteorology is supported by gov- 
ernment funds, and that alnia mater must 
keep her maternal affection and her exig- 
uous income for subjects that do not enjoy 
state support. I do not wish just now to 
discuss the complexities of alma mater's 
housekeeping. I know she does not adopt 
the same attitude with regard to astronomy, 
physics, geology, mineralogy, zoology or 
botany, but let that pass. From the point 
of view of the advancement of science I 
should like to protest against the idea that 
the care of certain branches of science by 
the state and by the universities can be re- 
garded as alternative. The advancement 
of science demands the cooperation of both 
in their appropriate ways. As regards 
meteorology, in my experience, which I 
acknowledge is limited, the general atti-
tude towards the department seems to be 
dictated by the consideration that it must 
be left severely alone in order to avoid the 
vicious precedent of doing what is, or per- 
haps what is thought to be, government 
work without getting government pay, and 
the result is an almost monastic isolation. 

There is too much isolation of scientific 
agencies in this country. You have re-
cently established a national physical lab- 
oratory the breath of whose life is its as- 
sociation with the working world of physics 
and engineering, and you have put it-
where? At Cambridge, or anywhere else 
where young physicists and engineers are 
being trained7 No ; but in the peaceful 
seclusion of a palace in the country, al- 
most equidistant from Cambridge, Oxford, 
London and everywhere else. You have es- 
tablished a meteorological office, and you 
have put it in the academic seclusion of 
Victoria Street. What monastic isolation 
is good for I do not know. I am perfectly 

certain it is not good for the scientific 
progress of meteorology. How can orlo 
hope for effective scientific development 
without some intimate association with the 
institutions of the country which stand 
for intellectual development and the prog- 
ress of science? 

I could imagine an organization which by 
association of the universities with a cen- 
tral office would enable this country, with 
its colonies and dependencies, to build up 
a system of meteorological investigation 
worthy of its unexampled opportunities. 
But the cooperation must be real and not 
one-sided. Meteorology, which depends 
upon the combination of observations of 
various kinds from all parts of the world, 
must be international, and a government 
department in some form or other is indis- 
pensable. No university could clo the work. 
But whatever form government service 
takes, i t  xvill always have some of those 
characteristics which, from the point of 
view of research, may be called bondage. 
On the other hand, research, to be prodnc- 
tive, must be free with an academic free- 
dom, free to succeed or fail, free to be re- 
munerative or unremunerative, without 
regard to government audits or House of 
Commons control. Research looks to the 
judgment of posterity with a faith which 
is not unworthy of the churches, and which 
is not among those excellent moral quali- 
ties embodied in the controller and auciitor- 
general. Die acudemische Preilfeit is not 
the characteristic of a government depart- 
ment. The opportunity which gave to the 
world the 'Philosophie Naturalis Prin-
cipia' was not due to the state subvention 
of the deputy mastership of the mint, but 
to the modest provision of a professorship 
by one Henry Lucas, of whose pious bene- 
faction Cambridge has made such wonder- 
ful use in her Lucasian professors. 

The future of meteorology lies, I believe, 
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in the association of the universities with a 
central department. I could imagine that 
Liverpool or Glasgow might take a special 
interest in the meteorology of the sea; they 
might even find the means of maintaining 
a floating observatory ; and when I say that 
we know practically nothing of the distri- 
bution of rainfall over the sea, and we want 
to know everything about the air above the 
sea, you will agree with me that there is 
room for such an enterprise. Edinburgh 
might, from its association with Ben Nevis, 
be desirous of developing the investigation 
of the upper air .over our land; in Cam- 
bridge might be found the author of a book 
on the principles of atmospheric physics, 
worthy of its Latin predecessor; and for 
London I can assign no limited possibilities. 

If such an association were established 
I should not need to reply to Professor 
Sehuster's suggestion for the suppression 
of observations. The real requirement of 
the time is not fewer observations, but more 
men and women to interpret them. I have 
no doubt that the first expression of such 
an organization would be one of recogni-
tion and acknowledgment of the patience, 
the care, the skill and the public spirit- 
all of them sound scientific characteristics 
-which furnish at  their own expense those 
multitudes of observations. The accumu- 
lated readings appal by their volume, i t  is 
true, but they are, and must be, the founda- 
tion upon which the scientific structure 
will be built. 

So far as this country is concerned, when 
one puts what is in comparison with what 
might be it must always be acknowledged 
that the tendency to pessimistic complai- 
sance is very strong. Yet I ought not to 
allow the reflections to which my prede- 
cessor's address naturally gave rise to be 
too depressing. I should remember that, as 
Dr. Hellmann said some years ago, meteor- 
ology has no frontiers, and each step in 

its progress is the result of efforts of vari- 
ous liinds in many countries, our own not 
excluded. In  the presence of our guests 
to-clay, some of whom linow by practical 
experience the advantages of the associa- 
tion of academic liberty with official rou- 
tine, remembering the recent conspicuous 
successes in the investigation of the upper 
air in France, Germany, Austria and the 
United States, and the prospect of fruitful 
cooperation of meteorology with other 
branches of cosmical physics, I may wc!l 
recall the words of Clough: 

Say not, the strnggle nought availeth * * ' 

And as things have been, things remain. 


If hopes were dupes, fears nlay be liars; 

It may be, in yon smoke concealed 


Your comrades chase e'en now the fliers, 

And, but for you, possess the field. 


For while the tired waves, vainly breaking, 
Seem here no painful inch to gain, 

Par back, through creeks and inlets making, 
Comes silent, flooding in, the main. 

And not by eastern windows only, 
When daylight comes, comes in the light; 

In  front, the sun climbs slow, how slowly, 
Bnt westward, look, the land is bright. 

Official meteorologists are not wanting in 
scientific ambitions and achievements. It 
is true that Professor Hann, whose presence 
here would have been so cordially weE-
corned, left the public service of Austria 
to continue his services to the world of 
science by the compilation of his great 
handbook, and Snellen is leaving the direc- 
tion of the weather service of the Nether- 
lands for the more exclusively scientific 
work of directing an observatory of terree- 
trial physics; but I am reminded by the 
presence of Professor Mascart of those 
services to meteorological optics and ter- 
restrial magnetism that make his place a3 
president of the international committac 
so natural and fitting; and of the soliil 



work of Angot on the diurnal variation of 
the barometer and the reduction of baro- 
metric observations for height that form 
conspicuous features among the many valu- 
able memoirs of the Central Bureau of 
Paris. 

Of the monumental work of Hilde-
brandsson in association with Teisserenc de 
Bort on clouds, which culminated quite 
recently in a most important addition to 
the pure liinematics of the atmosphere, I 
hope the authws will themselves speak. 
Professor Willis 31oore's presence recalls 
the advances which Bigelow has made in 
the kinematics and mechanics of the at-
mosphere under the auspices of Professor 
Moore's office, and reminds us of the debt 
of gratitude which the English-speaking 
world owes to Professor Cleveland Abbe 
of the same office, for his treatment of the 
literature of atmospheric mechanics. 

I f  General Ryliatcheff had only the mag- 
nificent climatological 'Atlas of the Rus- 
sian Empire' to his credit he might well 
rest satisfied. Professor Mohn's contribu- 
tions to the mechanics of the atmosphere are 
examples of Norwegian enterprise in the 
difficult problems of meteorology, while Dr. 
Paulsen maintains for us the right of 
meteorologists to share in the results of the 
newest discoveries in physics. Davis's en- 
terprise in the fa r  south does much to bring 
the southern hemisphere within our reach, 
while Chaves places the meteorology of the 
mid-Atlantic a t  the service of the scientific 
world. Xeed I say anything of Billwiller's 
work upon the special effect of mountains 
upon meteorological conditions, or of the 
immense services of the joint editors of the 
Meteorologische Zeitschrift, Professor 
Pernter, of Vienna, and Dr.  I-lellmann, of 
Berlin ; of Palazzo's contributions to ter- 
restrial magnetism. The mention of 
Eliot's Indian work, or of Russell's organi- 
zation of Australian meteorology, tvill be 
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sufficient to show that the dependencies 
and colonies are prepared to take a share 
in scientific enterprise. And if I wished 
to reassure myself that even the official 
meteorology of this country is not without 
its scientific ambitions and achievements, 
I would refer not only to Scott's many ser- 
vices to science, but also to Strachey's pa- 
pers on Indian and British meteorology 
and to the official contributions to marine 
meteorology. 

There is another name, well known in 
the annals of the British Association, that 
will forever retain an honored place among 
the pioneers of meteorological enterprise- 
that of James Glaisher, the intrepid ex-
plorer of the upper air, the Nestor of 
meteorologists, who has passed away since 
the last meeting of the association. 

I should like especially to mention Pro- 
fessor Hergesell's achievements in the or-
ganization of the international investiga-
tion of the upper air by balloons and kites, 
because it is one of the departments which 
offer a ~liost promising field for the future, 
and in which we in this country have a 
good many arrears to make up. I hope 
Professor ITergesell will later on give us 
some account of the present position of that 
investigation, and I am glad that Mr. 
Rotch, to whose enterprise the development 
of what I may call the scientific kite in- 
dustry is largely due, is present to take 
part  in the discussion. 

Yet with all these achievements it must 
be confessed that the progress made with 
the problems of general or dynamical me- 
teorology in the last thirty years has beer, 
disappointing. When we compare the po- 
sition of the subject with that of other 
branches of physics i t  must be allowed that 
i t  still lacks what astronomy found in New- 
ton, sound in Newton and Chladni, light in 
Young and Fresnel, heat in Joule, Kelvin, 
Clausius and Helmholtz, and electricity ill 
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Faraday ,and Maxwell. Above all, it lacks 
its Kepler. LeB me make this clear. Kep-
ler's contribution to physical astronomy 
was to formulate laws which no heavenly 
body actually obeys, but which enabled 
Newton td deduce the law of gravitation. 
The first great step in the development of 
any physical science is to substitute for 
the indescribably complex reality of nature 
an ideal system that is an effective equiva- 
lent for the purposes of theoretical compu- 
tation. I can not refrain from quoting 
again from Plato's 'Republic' a passage 
which I have quoted elsewhere. I t  ex-
presses paradoxically but still clearly the 
relation of natural philosophy to nat-
ural science. In  the discussion of the 
proper means of studying sciences Socrates 
is made to say : 'We shall pursue astronomy 
with the help of problems just as we pur- 
sue geometry: but we shall let the heavenly 
bodies alone if it is our design to become 
really acquainted with astronomy.' What 
I take to be the same idea is expressed in 
other words by Rayleigh in the introduc- 
tion to his 'Sound. ' He there points out 
as an example that the natural problem of 
a sounding tuning-fork really comprises 
the motion of the fork, the air and the 
vibrating parts of the ear; and the first 
step in sound is to simplify the complcx 
system of nature by assuming that the 
vibrations of the fork, the air and the ear 
can be treated independently. Frequently 
this step is a most difficult one to take. 
What student of nature, contemplating the 
infinity of heavenly bodies and unfamiliar 
with this method of idealism, would imagine 
that the most remarkable and universal 
generalization in physical science was ar-
rived at by reducing the dynamics of the 
universe to the problem of three bodies? 
When we look round the sciences each has 
its own peculiar ideals and its own physical 
quantities: astronomy has its orbits and 

its momentum, sound its longitudinal 
vibration, light its transverse vibration, 
heat its energy and entropy, elec-
tricity its 'quantity' and its wave, but 
meteorology has not yet found a satisfac- 
tory ideal problem to substitute for the 
complexity of nature. I wish to consider 
the aspect of the science from this point of 
view and to recall some of the attempts 
made to arrive at a satisfactory rnodifica- 
tion of reality. I do not wish to refer to 
such special applications of physical rea-
soning as may be involved in the formation 
of cloud, the thermodynamics of a mixture 
of air and water vapor, the explanation of 
optical or electrical phenomena, nor even 
Helmholtz's application of the theory of 
gravitational waves to superposed layers of 
air of different density. These require 
only conventions which belong already to 
physics, and though they may furnish sug- 
gestions, they do not themselves constitute 
a general meteorological theory. 

The most direct efforts to create a general 
theory of atmospheric circulation are those 
which attempt- to apply Newtonian dynam- 
ics, with its more recent developments on 
the lines of hydrodynamics and thermo- 
dynamics. Attempts have been made. 
mathematical or otherwise, to determine 
the general circulation of the atmosphere 
by the application of some form of calcula- 
tion, assuming only the sun and a rotating 
earth, with- an atmosphere, as the data of 
the problem. I confess that these attempts, 
interesting and ingenious as they are, seem 
to me to be somewhat premature. The 
'problem' is not sufficiently formulated. 
When Newton set to work to connect the 
motions of the heavenly bodies with their 
causes, he knew what the motions of the 
heavenly bodies were. Mathematics is an 
excellent engine for explaining and con-
firming what you linow. I t  is very rarely a 
substitute for observation, and before we 
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rely upon i t  for telling us what the natnrc 
of the general circulation of the atmos-
phere really is, it would be desirable to 
find out by observation or experiment what 
dynamical aiid elastic properties must be 
attributed to an extremely thin sheet of 
compressible fluid rotating about an axis 
with a velocity reaching 1,000 miles an 
hour, and subject to periodic heating and 
cooling of a very complicated character. 
I t  would be more in consonance with the 
practice of other sciences to find out by 
sbservatioii what the general circulation is 
before using mathematics to explain it,. 
What strikes one most about the mathe- 
matical treatises on the general circulation 
of the atmosphere is that what is true about 
the conclusions is what was previously 
known from observation. I t  is, I think, 
clear that that method has not given us 
the working ideal upon which to base our 
theory. 

Consider next the attempts to regard at- 
mospheric phenomena as periodic. Let me 
include with this the correlation of groups 
of atmospheric phenomena with each othcr 
or with those of the sun, when the peri- 
odicity is not necessarily regular, and the 
scientific process consists in identifying 
corresponding changes. This method has 
given some remarkable results by the com- 
parison of the sequence of changes in the 
~neteorological elements in the hands of 
Pettersen and Meinardus, and by the com- 
parison of the variation of pressure in dif- 
ferent parts of the globe by Sir Norman 
Lockyer and Dr. TdT. J. S. Lockyer; as 
regards the earth and the sun the subject 
has reached the stage of productive discus- 
sion. As a matter of fact, by continuing 
this address I am preventing Sir Norman 
Loclcyer from telling you all about it. 

For the purpose of dealing with perio- 
dicity.in any form me substitute for nature 
an ideal system obtained by using mean 

values instead of individual values, and 
leaving out what, from thig point of view, 
are called accidental elements. The sim- 
plification is perfectly legitimate. Passing 
on to the consideration of periodicity in the 
stricter sense, the process which has been 
so effective in dealing with tides, the mo- 
tions of the liquid layer, is very attractive 
as a means of attacking the problems of 
the atmosphere, because, in accordance with 
a principle in dynamics, to every periodic 
cause there must correspond an effect of 
the same period, although the relation of 
the magnitude of the effect to the cause is 
governed by the approximation of the 
natural period of the body to that of the 
cause. 

?'here are two forms of the strict peri- 
odic method. One is to examine the general- 
ized observations for periodicities of known 
length, whether it be that of the lunar 
rotations or that of sunspot frequency, or 
of some longer or shorter period. In  this 
connection let me acknowledge a further 
obligation to Professor Schuster for tack- 
ing on to his address of last year a devel- 
opment of his work on the detection of 
hidden periodicities, by giving us a means 
of estimating numerically what I may call 
the reality of the periodicity. The other 
method is by harmonic analysis of a series 
of observations, with the view of finding 
causes for the several harmonic com-
ponents. I may say that the Meteorological 
Office, supported by the strong opinion of 
Lord Kelvin, has favored that plan, and on 
that; account has for many years issued the 
hourly results for its observatories in the 
form of five-day means as representing the 
smallest interval for which the harmonic 
analysis could be satisfactorily employed. 
Sir Richard Strachey has given some ex- 
amples of its application, aiid the capabili- 
ties of the method are by no means ex-
hausted, but as regards the general problem 
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of dynamic meteorology, harmonic analysis 
has not as yet led to the disclosure of the 
required generalization. 

I ought to mention here that Professor 
Karl Pearson, with the assistance of Miss 
Cave, has been making a most vigorous at- 
tempt to estimate the numerical value of 
the relationship, direct or inverse, between 
the barometric readings at  different places 
on the earth's surface. The attempt is a 
most interesting one as an entirely new de- 
parture in the direction of reducing the 
complexity of atmospheric phenomena. If 
it were possible to find coordinates which 
showed a satisfactory correlation, i t  might 
be possible to reduce the number of inde- 
pendent variables and refer the atmos-
pheric changes to the variations of definite 
centers of action in a way that has already 
been approached by Hildebrandsson from 
the meteorological side. 

Years ago, when Buys Ballot laid down as 
a first law of atmospheric motion that the 
direction of the wind was transverse to the 
barometric gzadient and the force largely 
dependent upon the gradient, and when the 
examination of synchronous charts shower1 
that the motion of air could be classified 
into cyclonic and anticyclonic rotation, it 
appeared that the meteorological Kepler 
was at  hand, and the first step towards the 
identification of a working meteorological 
unit had been taken-the phenomena of 
weather might be accounted for by the 
motion and action of the cyclonic depres- 
sion, the position of the ascending current, 
the barometric minimum. The individual 
readings over the area of the depression 
could be represented by a single symbol. 
By attributing certain weather conditions 
to certain parts of the cyclonic area and 
supposing that the depression traveled with 
more or less unchanged characteristics, the 
vagaries of \\-eather changes can be ac-
co~~nted For thirty years or more the for. 

depression has been closely watched and 
thousands of successful forecasts have been 
based upon a knowledge of its habits. But 
unfortunately the traveling depression can 
not be said to preserve its identity in any 
sense to which quantitative reasoning can 
be applied. As long as we confine ourselves 
to a comparatively small region of the 
earth's surface the traveling depression is 
a real entity, but when we widen our area 
i t  is subject to such variations of path, of 
speed, of intensity and of area that its use 
as a meteorological unit is seriously im-
paired, and when we attempt to trace i t  to 
its source or follow i t  to its end it eludes 
us. I ts  origin, its behavior and its end are 
almost as capricious as the weather itself. 

Nor if we examine other cases in which 
a veritable entity is transmitted can we 
expect that the simple barometric distribu- 
tion should be free from inexplicable vari- 
ations. We are familiar with ordinary 
motion, or, as I will call it, astronomical 
motion, wave motion and vortex motion. 
Astronomical motion is the motion of mat- 
ter, wave motion the motion of energy, vor- 
tex motion the motion of matter with energy, 
but the motion of a depression is merely the 
transmission of the locus of transformation 
of energy ; neither the matter nor the energy 
need accompany the depression in its mo- 
tion. If other kinds of motion are subject 
to the laws of conservation of matter and 
conservation of energy, the motion of the 
depression must have regard also to the 
law of dissipation of energy. An atmos-
pheric disturbance, with the production of 
rainfall and other thermal phenomena, 
must comply in some way with the con-
dition of maximum entropy, and we can 
not expect to account for its behavior until 
uTe can have proper regard to the varia- 
tions of entropy. But the conditions are 
not yet in a form suitable for mathematical 
calculation, and we have no simple rules 
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to guide us. So far as meteorology is con- 
cerned, Willard Gibbs unfortunately left, 
his work unfinyshed. 

When the cyclonic depression was re-
luctantly recognized as too unstable a crea-
ture to carry the structure of a general 
theory, Mr. Galton's anticyclones, the areas 
of high pressure and descending currents, 
claimed consideration as being more per-
manent. Professor Koppen and Dr. van 
Bebber have watched their behavior with 
the utmost assiduity and sought to find 
therein a unit by which the atmospheric 
changes can be classified; but I am afraid 
that even Dr. van Bebber must allow that 
his success is statistical and not dynamical. 
'High pressures' follow laws on the aver- 
age, .and the quantity we seek is not an 
average, but an individual. 

The question arises, whether the knowl- 
edge of the sequence of weather changes 
must elude us altogether, or will yield to 
further search. I s  the man in the street 
right, after all? But consider how limited 
our real knowledge of the facts of atmos-
pheric phenomena really is. I t  may very 
well be that observations on the surface 
will never tell us enough to establish a 
meteorological entity that will be subject to 
mathematical treatment; it may be that 
we can only acquire a knowledge of the 
general circulation of the atmosphere by 
the study of the upper air, and must wait 
until Professor Hergesell has carried his 
international organization so far  that we 
can form some working idea therefrom 
of general meteorological processes. But 
let us consider whether we have even at- 
tempted for surface meteorology what the 
patience of astronomers from Copernicus 
to Kepler did for astronomy. 

Do we yet fully comprehend the kine- 
matics of the traveling depression; and if 
not, are we in a satisfactory position for 
dealing with its dynamics? I have lately 

examined minutely the kinematics ' of a 
traveling storm, and the results have cer- 
tainly surprised me and have made it clear 
that the traveling depressions are not all 
of one kinematical type. We are at  present 
hampered by the want of really satisfac- 
tory self-recording instruments. I have 
sometimes thought of appealing to my 
friends the professors of physics who have 
laboratories where the reading of the ba- 
rometer to the thousandth of an inch be- 
longs to the work of the 'elementary class,' 
and of asking them to arrange for an oc- 
casional orgy of simultaneous readings of 
the barometer all over the country, with 
corresponding weather observations for 
twenty-four consecutive hours, so that we 
might really know the relation between 
pressure: rainfall and temperature of the 
traveling depressions; but I fear, the area 
covered would even then hardly be large 
enough, and we must improve our self-
recording instruments. 

Then, again, have we arrived at  the ex- 
tremity of 'our knowledge of the surface 
circulation of the atmosphere ? We know 
a great deal about the average monthly 
distribution, but we know little about the 
instantaneous distribution. I t  may be that 
by taking averages we are hiding the very 
points which we want to disclose. 

Let me remind you again that the thick- 
ness of the atmosphere in proportion to the 
earth's surface is not unsatisfactorily rep- 
resented by a sheet of paper. Now i t  is 
obvious.that currents of air in such a thin 
layer must react upon each other horizon- 
tally, and, therefore, we can not a priori 
regard one part of the area of the earth's 
surface as meteorologically independent of 
any other part. We have daily synoptic 
charts for various small parts of the globe, 
and the Weather Bureau extended these 
over the northern hemisphere for the years 
1875 to 1879; but who can say that the 
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meteorology of the northern hemisphere is 
independent of that of the southern? To 
settle that primary question me want a 
synchronous chart for the globe. As long 
as me are unable to watch the changes 
in the globe we are to a certain extent 
groping in the dark. A great part of the 
world is already mapped every day, and 
the time has now arrived mhen i t  is 
worth while to consider what contributions 
we can make towards identifying the dis- 
tribution of pressure over the globe. \TTe 
may idealize a little by disregarding the 
local peculiarities without sacrificing the 
general application. I have put in the ex- 
hibition a series of maps showing what ap- 
proximation can be made to an isochronous 
chart of the globe without special effort. 
We are gradually extending the possibility 
of acquiring a knowledge of the facts in  
that as in other directions. With a little 
enterprise a serviceable map could be coni- 
piled; and when that has been reached, 
and when we have added to that what the 
clouds can tell us, and mhen the work of 
the aeronautical committee has so far  pro- 
gressed that we can connect the motion 
of the upper atmosphere with the conditions 
at the surface, when we know the real kine- 
lnztics of the vertical and horizontal mo-
tion of the various parts of a traveling 
storm, we shall, if the universities urill help 
us, be able to give some rational explana- 
tion of these periodic relations which our 
solar physics friends are identifying for 
us, and to classify our phenomena in a 
way that the inheritors of Kepler7s achieve- 
ments associated with us in this section 
may be not unwilling to recognize as sci- 
entific. ItT.N. SHAW. 

SGIEXTIFIG BOOKS. 

Introduction to  the Rarer Elements. By 
PHILIPE. BRORKIYG,Ph.D., Assistant Pro- 
fessor of Chemistry, Yale LTniversity. New 
York, John Wiley Sons. Pp. viii +157.I% 

" This small volume, prepared from material 
used by the author in a short lecture course 
given at Yale University, is intended to serve 
as a convenient hand-book in the introductory 
study of the rarer elements; that is, of those 
elements which are not always taken up in a 
general course in chemistry. No attempt has 
been made to treat any part of the subject 
exhaustively, but enough references have been 
given to furnish a point of departure for the 
student who wishes to investigate for him-
self. Experimental work has been included 
except in the case of those elements which 
are unavailable, either because of their 
scarcity or because of the difficulty of iso-
lating them." 

The above excerpt is taken from the preface 
of this excellent work. The unusual interest 
in the so-called rare earths in very recent 
years has been marked. Doubtless many in- 
structors have wished for a guide to be placed 
in the hands of students. To be sure, those 
who have been engaged with investigations 
along these lines have had at hand Truchot's 
'Les Terres Rares,' 13erzfeld and Korn's 
'Chemie der seltenen Erden ' (upon which 
this book is in a measure founded), as well as 
such specialized brochures as Koppel's 'Die 
Chemie des Thoriums,' Giesel's 'Ueber radio- 
aktive Substanzen ' and Karl Hofmann's 'Dio 
Radioaktiven Stoffe nach dem gegenwartigen 
Stande der Wissenschaftlichen Erkenntnis.' 
Crookes' 'Select Nethods' is classic, but not 
up to date. Recently the first book on the 
' rare earths ' published in America came from 
the pen of Dr. Ohley, but we are not reviewing 
that work. One almost wonders why such a 
book as the one under discussion has not been 
offered before. I t  comes at  a ripe period and 
well qualified it is to meet a want. 

The book is exactly what it pretends to be. 
The different elements are not taken up in 
the order of the periodic classification, but 
each one is treated in a systematic manner; 
a short history of the discovery, occurrence 
(with names of the minerals and their ac-
cepted formulas, n-ith the average percentage 
of the particular earth indicated), its extrac- 
tion, preparation, properties, followed by a 


