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the continent, especially during the winter months.* Ty- 
phoons, the chief object of the forecaster’s solicitude in the 
Far East, reach China from the eastward, after traversing a 
region that is now fairly well under observation; but even 
these depressions must be largely conditioned, in their inten- 
sity, direction, and rate of progress, by fluctuations in the 
pressure to the west of the present field of observation. 

WHAT IS RESEARCH’?  

The following excellent remarks, by the editor of the Ex- 
periment Station Record,’ apply so well to nieteorology that 
we take the liberty of quoting them, and inviting our readers 
to give us their own ideas as to what constitutes research. 

The outlining of plans for agricultural work under the Adams act has 
led to greater consideration of what should be regarded a: research in 
agriculture. The terms ‘‘ research ” and investigation have heen 
used freely in reference to  experiment station work, and often mure 
broadly than they are  employed in science generally. We have fallen 
into the habit of speaking of much of the work as in\estigation, whivli 
in a strict sense can not be regarded as of that grade. * * * 

There are several reasons wliirh contribute to this uncertainty in the 
use of terms. O u r  knowledge is not as 
well systematized and classified, and the problems for research are not 
so definitely outlined as  they are in the older sciences. Reing a comlio- 
site science, it  has been built up on the basis of the pure and natural 
sciences. It has drawn upon these for many facts, which have been 
given a scientific or a practical application in agriculture. Important a3 
this application may br. i t  iq not always to he regarded as  research or 
scientific discovery. * * * 

Again, the needs of agricultural practise have freqnrntly blinded sta- 
tion workers, and led them to mistake for investigation, tests and drmon- 
strationsor siiuple eiperiments involving no original feature&, but whivh 
led to  an answer to tlie fanner’s question. They have heen flooded with 
practical questions, and have set out to answer these questions in the 
most direct and quickest way. * * * 

Hence it is that  much of our experfmental work lias given results 
which are largely empirical. We find that  if we follow a certain pro- 
gram of operations we will get a given result quite constantly. * * * 
The experimenter often sees only the final result, and iq satisfied with 
this if it  is favorable. The investigator will stri\e to  determine the 
cause of what he sees and the broader bearings of tlie resultq of his ex- 
periments. This will stimulate him to make investigations into these 
problems which will go down to the fundamental facts and enable him 
to prove his proposition step by step. 

These differences in the use of terms, which have grown up as a result 
of circumstances and environment, make it desirahle that we shoalil 
discriminate carefully and intelligently in applying the funds under a 
new act which restricts them to investigation. * * * 

For example, there was much experimenting upon tlie use of lime for 
land. Applications to some soils gave tieneficial resultq, while on othels 
there appeared to  be no benefit, and it was thought by some to  exhauqt 
the soil and to be ill advised. A few years ago this represented the 
status of knowledge and experimentation. The iesulte and the practise 
were entirely empirical. The lime was usually not needed by the c r o l ) ~  
themsel\es, although i t  benefited them, but the purpose it served was 
not known, and there was no way of reasoning whether or not in a par- 
ticular case lime would be helpful or its use advisable. Soil tests were 
relied upon for this purpose, and while they might be regariled as e i -  
perimeuts, yet in themselves they did not comprise an investigation. 

There were research problems which experience and these experi- 
merits had suggested, and after a while these problems became the suli- 
ject of investigation. The effect of lime in correcting an acid condition 
of the soil w a s  observed; the relations of this changed reaction to the 
biological factors of the soil were worked out ;  and gradually fro111 these 
and other facts a basis was formed for the philosophy of liming. 
Through research the knowledge of this common practise had been 

Agriculture is a new science. 

2 The relative number of storms reaching the China coast fmm tlir 
eastward and the westward is shown tJy the  following statistius for the 
six years 1893-1898, as given by Father Froc in his * ’  rltmosphere in  tlie 
Far  East during the six cold months and “Atmosphere in the Far East 
during the six warm mclnths.” (Shanghai Meteorological f3ot.irt.y. 
Seventh and eighth annual reports.) 
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made “accurate and precise ”, and this accuracy and precision had been 
translated into act.tion ”. * 
In  feeding work the case is often on much the same plane. For example, 

we make a comparison of wheat bran and gluten meal for milk produc- 
tion. One of these feeds gives the better result, as measured hy the yield 
and the flnancial returns, but often the inquiry stops there. * * * 
The real physiological relation of these feeds, or of their respective con- 
stituents, to  the elalroration of milk remains untouched by such esperi- 
ments. 

Suppose, again, we feed a lot of steers on heavy rations of corn for 
fattening. Humanity says: ‘‘ Shelter them in a warm, coiufortsble 
barn ”. They are uncomfort- 
able, and it is difficult to  keep them up to the high rations. Divide 
them into two lots, and turn one out into the cold with only a shed to 
shelter them from tlie winter winds. The latter lot does better-is more 
thrifty, eats better, and makes lietter gains. Is the (luestion answered? 
Too often it stops here. We have the empirical result, but it is sup- 
ported by no reason. 

Put one of these heavily fed steers into a respiration calorimeter and 
we find he gives off heat enough under his heavy ( m u  feeding to keep 
his body warm without artificial protection. The reason has been found. 
Again, knowledge of coinn~on things has been made accurate and pre- 
cise, and may be translated into action. * * * 

Research is wort.hy of the name ouly as it sets up deflnite ideals or 
aims which it strives t,c) attaiu by scientific methods of procedure. This 
will involve a definite plau of operations, a thorough consideration of 
what is known of the subject and its bearings, both practical and scien- 
tific, aud should lead the experimenter to learn something of the reasons 
fur the results he secures. While the aim should remain fixed, tlie plan 
will ofteu have to be modified in detail as the investigation progresses. 
But too often there appears to be lacking any well-thought-out 1JlaU or 
object; this is developed piecemeal and lacks in directness. 

There are certain operations which will always be more or less experi- 
ment,al, as they will deliend upon a variety of conditions, either indefinite 
in extent or combined in such a way as to make the outcome somewhat 
uncertain. Such operations cau not proceed with mechanical exactness, 
and this very element of uncert,ainty will lend a cliarin to the work. But 
tlie object to be attained and the line of experiment should be matters 
of mature consideration. An investigation should presuppose this pre- 
liminary. 

The line of demarcation between investigation and the lower grades 
of inquiry is not always clear and sharp, but tlie character of the prob- 
lem does not determine this. The lowliest and the most common sub- 
ject may be a proper matter for real investigation. It is the man in 
charge of the  work and his mental attitude toward it which determines 
whether it shall be a simple test, a oonclusive experiment, or a thorough 
investigation. If he has none of the scientific spirit or see8 only the 
purely practical phase, his work will stop with comparisons and simple 
experiments; but if he has tlie true spirit of the investigator and is 
trained to  observe, even though he may not have seen a college class- 
room. his results will clmtribute something toward establishing a scieu- 
tific fact. 

We have been accused in  our experimental [agricultural] work of having 
the immediately prac,tical results too constantly in mind. The immedi- 
ately practical work is important and desirable. It has helped to  make 
the American stations strong in the confidence of their constituents. It 
should be continued aud the results carried to t,he farmer in demonstra- 
tions. cooperative experiments, and other popular ways. But it is 
eclually important to get a t  the scientific facts, which have a wider and 
more permanent application. Surely there is no conflict between such 
iuvestigation and the securing of practical results. 

THE I N T E R N A T I O N A L  S E I S M O L O G I C A L  ASSOCIATION. 
The Unitetl States of America, through the Secretary of State, 

lately ibdicated its willingness to take part in the above-men- 
tionecl international association for the study of the large 
earthquakes of the globe. This association has its central 
bureau at Strassburg, Germany, Professor Doctor C+. C+erland 
being the director, and he submits the following circular for 
republication in the RIONTIILT WEATHER REVIEW: 

The Central Bureau of the International Seismological Association, 
founded in 1903 1.iy the  Second Reisiuological Conference, which met in 
Strasshurg, is uow coiuplet,ely organized and in full activity. 

The central liureau is located in Strassburg (blsace), Schwarzwald- 
strasse 10; the uudersigned lias the honor to  lie its director; the person- 
nel consists of two assistants, oue mechanist, and one servant. The 
workrooms are on the secoud floor of the building, the first story being 
occupied by the Imperial German Central Station for Earthquake Inves- 
tigation. 

The Observatory of the Central Station, which is located near the 
Bureau, is furnished with tlie following instiuments: (1) a Rebeur- 
Ehlert triple horizont,al pendulum with photographic register: (2)  a two 
component Rebeur pendulum with photographic register; (3) a Milue 

They appear after a little to resent this. 



378 MONTHLP WEATHER RFXIEW. AUGUST, 1906 

pendulum; (4) the  Wiechert pendulum, weighing 1000 kilometers, with a 
mechanical register; (5 )  the three-component microseismograph of 
Ficentini; (6) the Omori horizontal pendulum; (7) the  Bosch horizontal 
pendulum (tromometer) weighing 100 kilograms; (8) the trifllar gravi- 
meter of August Schmidt. 

These instruments, which are all in active use, are giving accurate 
comparative observations ; their seismograms, when carefully discussed, 
form a valuable collection. 

The instruments and records of the central station are at the disposal 
of foreign visitors, especially citizens of the States associated in this 
work, who wish to  use them for special study, with the restriction that  
the regular records of the instrnnients are to be undisturbed. The 
workrooms of the central bureau are open to foreign visitors for scien- 
tilic, practical, or theoretical researohes; the collection of seismograms 
of the central station may always be cionsulted by them. 

In accordance with these provisions the geophysicist and seismologist, 
Doctor Pecsf, was sent by the Hungarian government to study a t  tlie 
central bureau for several weeks in order that he might make use of the 
records, with the assistance of the personnel of the central bureau and 
the central station. Professors Omori and Michailovitch intend to work 
at tlie central bureau for some time. 

The principal work of tliecentralburf~au, as prescribed by Itsdirector, is 
a t  present directed toward the  study of apparatus, and has for its object 
the enlargement of our knowledge of iustruments aud improvements in 
their use. Negotiations have been begun for the purpose of eugagiug a 
seismologist of great reputation to pursue extensive works ol this nature 
a t  the central bureau with the apparatus of the central station. 

These two institutions are clistinct organizations, but their work is 
along parallel lines. The Iiiiperial German Central Station places a t  
the disposal of the Central Bureau of the International Seismological 
Association its instrnments, its records, and in part its quarters; and 
on the other hand the central bureau, its rooms, and its personnel are 
of considerable service to  the central station. Much work that  is of 
great importance to the better understanding of tlie seismometry o f  our 
globe, which is the principal object of the Seismological Assocsia.tiou, 
could only be carried on hy the  active cooperation of the two institutions, 
and work of all kinds is fwilitated by this combined activity. 

Literary works also are incumbent upon the central bureau; several 
have already been completed or are about to  he; t,hese works have as a 
basis the recorm and the researches ot the central station. The central 
statiou is publishing at the present time, in the Beitrlige zur Geophysik, 
a catalogue of all the  microseismic earthquakes known to have occurred 
in eastern Asia; this catalogue, composed by Professor Rudolph, will be 
continued. The catalogue of earthquakes observed duriug the year 
1903, begun by Rudolph (Beitrlige zur  Geophysik, Supplemnnt 1111, will 
be continued for following years by the ceutral bureau and a catalogue 
of all microseismic movements will 1.w prepared. 

In order that  these works may lie as complete as possible, the central 
bureau earnestly request,s all delegates appointed by the cooperating 
nations to  see that  the most exact iuforniation regarding seismological 
observations in their respective countries be transmitted t,o the central 
bureau a t  the end of each half year, or better still, each quarter year. 
The moet practical manner of attaining this object will Lie to  send 
copies of all seismic perturbations of considerable importance registered 
by the different stations; they will be preserved a t  the central buretill 
and will be placed a t  the i l ispsal  of all who need them in their studies 
or researches. 

The central bureau will also be mach pleased to receive published 
wotks bearing on seismology, particularly investigations of ditrereut 
countries or of the entire globe. These works will form the nucleus of 
tlie future library of the central bureau. 

ASTRONOMY IYeraiM METEOROLOGY. 

The Astronomical Association, organized in 1865 in Ger- 
man7, and the Royal Astronomical Society of London, organ- 
izecl in 1820, publish annually condensed reports of the work 
clone by the more prominent astronomical observatories in the 
world. The last number of the Notices of the London ~trciety 
and the last Vierteljahrschrift of the German society give 
such reports from 27 English and 39 continent,al institutions, 
respectively. Although astronomy m tlie prime work of all of 
these, and although some of them necessarily pay special 
attention t,o atmoqheric conditions, in so far aH they affect 
astronomical work, yet only a few wnintain regular meteoro- 
logical observations comparable with those of our regular 
stations. Nevertheless the fact that 13 out of the 27 English, 
and 10 out of the 39 continental olwerratories do maintain 
such series is an interesting evidence of the intimate relation 
between the two branclies of science. In  ninny of these cases 
the meteorological record is continued by the observer as n 

pious duty, in view of its having been begun many years ago 
when the astronomer was the accurate observer of all geo- 
physical phenomena, and when men looked to him for infor- 
mation with regard to earthquakes, terrestrial magnetism, and 
the weather, as well as the stars. In  recent years each of 
these has become a special branch of science, requiring a 
special building and instruments. It is, however, very fortu- 
nate for meteorology that the astronomer, with his accurate 
instruments, can frequently give measureinents from which 
meteorologists derive great benefit. Very few of the latter 
have at  hand apparatus for determining the exact angular 
iliniensions of halos, the absorption bands clue to the air and 
the vapor, the exact location of a meteor train, the altitude 
and azimuth of the twilight arc, the degree of polarization of 
the skylight, or the ordinary phenomena of refraction and the 
estraordinary refractions of the mirage. For information on 
these and other points we generally depend on the astrono- 
mer, or  some indiriclual physicist; but it is to be hoped that 
we may eventually have many meteorological institutions 
where these matters are properly attended to.‘ The so-called 
regular observations, that hare been made since the dags of 
Ferdinand 11, the Grand Duke of Tuscany, who organized the 
first sydem of stations in 1653, certainly need to be supple- 
mented by observations in every field that modern science has 
opened up to meteorological research.--(‘. A. 

RElUENT PAPERS BEARING ON METEOROLOGY. 
H. H. KIarsaLL. Librarian. 

The subjoined titles have been selected from the contents 
of the periodicals and serials recently received in the Library 
of the Weather Bureau. The titles selected are of papers or 
other communications bearing on meteorology or  cognate 
branches of science. This is not a complete index of the 
meteorological contents of all the journals from which it has 
been compiled; it shows only the articles that appear to the 
compiler likely to be of particular interest in connection with 
the work of the Weather Bureau. Unsigned articles are indi- 
cated by a - 
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