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PREFACE.

D

THE material which I have here brought together
will be of interest mainly to those persons who take
a special delight in meteorology but who have little
access to original sources of information ; among
this class are the great majority of the small army
of Meteorological Observers and many teachers of
physical geography and general physics. The
general reader may find it partly supplementary to
such works as Scott’s Meteorology, Abercromby’s
Weather, or the articles in the Encyclopedia Britannica.

Living at a distance of several hundred miles from
any considerable ‘meteorological library, it was im-
possible for me to consult many original authorities
and to give a gemplete historical treatment of the
various subje¢ts :, and.it snust ‘)t; “remarked that,
as I have been ;na_mlg-‘g. student of what may be
termed the German 53cheol .ef, Meteorology, I pro-
bably have not. br)ught mto. sufficient notice the
names and work.of .French, hnghsh and Italian
meteorologists ; recognising this, I have tried not to
bring prominently forward names in those connec-
tions where justice to others would probably require
mention of their names also. It may be added that
the various lines of meteorology have been so rapidly
developed within the past decade or two, that a com-

v



.

vi PREFACE.

prehensive treatment of any one of the half a dozen
divisions of the subject which are brought into notice
here would have required a volume longer than the
present : so that variety of topics is obtained only at
the expense of the completeness of detail which is
necessary to render the treatment of a subject gene-
rally interesting.

The main object of this little book is to bring the
reader into closer contact with the work which has
been and is actually engaging the attention of work-
ing meteorologists rather than to present finished
results.

Chapter I is mainly devoted to the mention of
some of the principal sources of information con-
cerning the recent progress in meteorological science.

Chapter 1I. contains a history and description of
some important meteorological instruments and the
methods of using them. In the preparation of this
chapter the freest use has been made of Professor
Abbe’s treatise on Meteorological Apparatus and
Methods (printed by the U.S. Signal Service). In the
section on thermometers I would have made a
more extended. use of , Gilladdi§'s:: Thermomeétrie
if it had been’ayditabld af fhe-tifie of writing.
As there is no worke, pubﬁshed -fn English which
gives an adequate 'desmptron' of meteorological
instruments, I havc.‘g(ve.m'mora.prémmence to this
topic than would otherwisé ‘B¢ °Warrantable ; the
subjects of thermometers, barometers, and wind-
measuring instruments receiving the most attention.
In fact, the relatively large amount of space devoted
to these has compelled me to make but a brief
mention or omit altogether other less common
instruments, The illustrations of observatories will
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serve to show that while meteorology may not have
reached the dignified position occupied by astronomy,
yet these evidences of its stability indicate the firm
foothold it has obtained among state - subsidised
sciences. Special attention is called to the details
of equipment and routine of the Pawlowsk (Russia)
Observatory, which are available through the courtesy
of Director Wild and Dr. Leyst. I know of no
similar published account of the work of an obser-
vatory. :

Chapter III is mainly made up of an abstract of
the important memoirs on Thermodynamics of the
Atmosphere, recently communicated to the Berlin
Academy of Sciences by Professor von Bezold. I
consider his ideas of the greatest importance in the
development of atmospheric mechanics and the study
of atmospheric conditions. It is improbable that
von Bezold’s ideas will creep into elementary
English text-books for a number of years to come,
and so the necessity for their presentation here
seemed the more pressing, although it may require
more time than the average reader will give in order
to understand portions of the reasoning. I have
endeavoured to follow closely von Bezold’s own
presentation of the subject.

Chapter IV. contains a partial outline of the history
of the development of theories of the general atmo-
spheric circulation, with a brief statement of
Professor Ferrel’s completed theory and an account
of some recent contributions to the subject by
Moller, Oberbeck, von Siemens, and von Helmholtz.
In these also I have followed closely the text of the
authors named, so far as I have presented their ideas.

Chapter V. is devoted to a historical sketch and
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partial explanation of the secondary atmospheric
circulation to which the local character of winds can
usually be referred—at least in the middle latitudes.
Special attention is called to the attempt of von
Bezold to unite the older and newer theories, as
explained in his communication to the Berlin
Academy of Science; and the results of his study
occupy a. considerable portion of the present
chapter.

Chapter VI. contains some of the principal results
obtained by Dr. Briickner in his recent discussion of
the results of meteorological observations from the
time of their commencement to the present time.
The points mainly dwelt on. are the long-period
oscillations of climatic factors. The second part of
the chapter, which treats of the application of meteor-
ology to agriculture, I have been permitted by the
Assistant Secretary of Agriculture to abstract from
an unpublished essay prepared by me for the Depart-
ment of Agriculture, U.S.A. .

I wish to express my thanks to the various authors
and publishers who have permitted the use of their
illustrations ; due credit is given in the proper -
place. I am indebted to Professor Wild for the
photograph of the Pawlowsk Observatory, and to
Professor Whipple for the photographs of the Kew
Observatory and apparatus.

In closing I must not omit to make mention of the
substantial assistance rendered by my wife in the
preparation of this book.

FRANK WALDO.

PriNcETON, NEW JERSEY, U.S.A.
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MODERN METEOROLOGY.

CHAPTER 1.

SOURCES OF MODERN METEOROLOGY.
§ 1.—Development.

N giving an idea of the present status of the

science of meteorology it would be best to trace
its general growth from the condition in which we
find it about the year 1860. At this period. many
of the new departures which have aided in the
wonderful progress of the past two or three decades
originated, although most of the important work has
been accomplished within' the last twenty years.
Ferrel's pioneer papers (1856-58-59) on the theory
of atmespheric motions had been written, and the
important law of Buys Ballot* concerning the wind’s
direction discovered, just before 1860; and Schoch
had worked out the application of spherical functions
to the representation of the mean temperature over
the surface of the earth (1856). Le Verrier had
begun to issue the reports of simultaneous meteor-

* Erman had arrived at a conclusion similar to this some years
earlier (Poggendorf’s Annalen, Ixxxviii.).
2 . 4
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ological observations in the Bulletin International de
I’ Observatoire (1856). Welsh had mounted a normal
barometer at the Kew Observatory (1856), which was
the first instrument, of other than ordinary construc-
tion, set up to serve as a standard of reference for
other barometers intended for use in observatories.
Regnault’s normal barometer, constructed ten years
earlier, had been mainly for laboratory use.

These and many more innovations had been made
before the publication of Schmid’s great work on
meteorology, but their importance was not yet felt,
and so they remained unmentioned by him. This
special mention is made of Schmid’'s Meteorologie
(Leipzig, 1860), because in this one volume the author
brought together the main facts of meteorological
science as they were accepted by most of the
scientists of that period. The volume occupied seven
years in the making, and is a veritable treasury of
facts and references. While it is not so original
as Kaemtz's Meteorologie, published twenty-five years
earlier, yet it is far more valuable as a work 6f
reference. In fact, the publication of Schmid’s book
makes the year 1860 a very definite epoch in meteor-
ological history. Buchan’s Handy Book of Meteorology,
published a few years later (1867), presents very
strongly the new tendency of meteorological investi-
gation, and perhaps it may be regarded as the first
of the modern treatises which have since appeared at
short intervals.

Government meteorological organisations establisked.
—The modern rapid development of meteorology
has been due to the usefulness of meteorological data
in practical life rather than to a desire on the part of
its supporters to encourage a study of it as a science.
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Without government support of meteorological work
as a separate department, the rapid growth of the past
twenty years would have been impossible. Shortly
after the period (1860) which has just been mentioned,
the different governments began to establish meteor-
ological organisations which had no direct depend-
ence on other institutions, and which could thus be
dealt with in a manner not possible so long as they
were merely appendages to some other organisations.
There were then few specialists in meteorology, for
there had been scarcely any positions in which the
incumbents were permitted to devote their whole
time to this one department of science; but the aid
derived from the State has allowed the enlistment of
investigators of the best abilities in the cause of
meteorological science.

Introduction of dynamical methods—Not only was
new life infused into meteorological work by the
increased support which it received, but new methods
were introduced. The older method of investigation
has been termed the statistical, and the new depar-
ture the dynamical method. The latter has not
displaced the former, but it is made accessory to
it. By the old method, data were accumulated and
discussed singly, and certain facts were deduced ; by
the new they are examined in the aggregate, and the
relation of these facts worked out both as to cause
and progressive development. Notwithstanding the
fact that there are certain general characteristics of
weather and climate which are brought to light by
the discussion of observations extending over long
periods of time, yet the great variability and rapid
succession of changes of weather conditions show that
if we will investigate their cause, it must be looked
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for in immediate connection with the.event. By the
older methods this was attempted by considering the
time-relation merely, but the new meteorology shows
that we must also take into account the space-distri-
bution, both geographically and, to a relatively small

amount, also in altitude. :

Sub-departments of meteorological organisation.—
While the meteorological services of different coun-
tries do not present the same characteristics in the
details of organisation, yet there is a normal plan of
organisation which, to a certain extent, fits them all.
The service controlled by the general government
consists of a central office and outlying observing
stations managed by a scientific director, who has
several assistants having immediate charge of the
various departments into which the work is, for con-
venience, sub-divided. These assistants are, or soon
become, specialists in their line of work, and perform
their duties or have their headquarters at the central
office. These sub-departments may be named nearly
as follows: Supervision of Observing Stations; Cli-
matology ; Weather Predictions, Storm Warnings,
and Summaries of Current Weather ; Management
of the Central Observatory; Care of the Standard
Instruments, and verification of Instruments to be
used at the various observing stations ; and, in some
cases, Maritime Meteorology.

Establiskment of stations of different classes—In
the larger organisations these assistants have a force
of computers or observers to assist them in their werk.
The central meteorological observatory is of the first
class ; that is, observations of the chief elements are
made every hour, or self-registering instruments are
in operation. A detailed account of the work of this
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central office is given in another chapter. The out-
lying observing stations may be classified as follows :

Additional, but less completely equipped and
manned, stations of the first class.

Second-class stations, at which the barometric pres-.
sure, temperature, rainfall, humidity, wind (direction
and force), and cloudiness are observed twice or thrice
daily, and miscellaneous observations are also made,
such as thunder-storms, frosts, hail, &c. ; these stations
are distributed over the country as uniformly as may
be convenient, and are in charge of skilled observers,
who, if they are not already employed by the govern.
ment, usually receive pay for their services.

Third-class stations are those at which temperature,
precipitation, and some miscellaneous observations
are made. The observers are usually persons who,
for different reasons, are sufficiently interested in
metcorology to be willing to make and record two or
three observations at stated times daily, but who are
at liberty to discontinue the work at any time, as it is
entirely voluntary.

Special stations for the observation of rainfall and
thunder-storms have also become numerous in most
countries, and they are likewise conducted by a
volunteer corps of observers.

All of these observers send copies of their records
to the central office, usually at intervals of a month,
where the observations are made use of by the proper
departments. In cases, however, where the obser-
vations are required for use in making weather
predictions, they are telegraphed to the central office
with little delay. '
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§ 2.—Meteorological Publications.

Professional papers—While the smaller meteoro-
logical services have usually had to be content
with publishing merely the bi- or tri-daily instru-
mental readings or the averages of the observations
mcde under their control, nearly all of the
larger or national services have given us addi-
tional publications. The most important of these
are the volumes of memoirs, in which the meteor-
ologists of the service, usually of the staff at the
central office, work up the observations which have
been made by the service and which in many cases
can be used only by persons having access to the
archives in which are stored the records of individual
observations. Some of the services are provided with
the means of still further usefulness, which permit
these professional papers to include discussions of
methods and results in general ; these often involve
long-continued experiments, or the gathering together
of material obtained from various parts of the globe.
Such memoirs were of necessity formerly infrequent,
because the investigators were obliged to publish their
work mostly in scattered transactions, where only a
limited amount of space could be assigned for the use
of any one science, and where, as in the case of
journal publications, numerical tables and expensive
illustrations and charts are not inserted unless of
great value.

The Indian Meteorological Memoirs, the French
Annales du Bureau Central Météorologique de France,
the Italian Annali dell’ Officio Centrale di Meteor.
Ttaliana, the German Aus dem Archiv der Deuischen
Seewarte, the Abkandlungen d. Kon. Preussischen
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Meteor. Instituts, the Professional Pagers (formerly
issued) and Annual Reports of the United States
Weather Bureau, the Argentine Annales de la Oficina
Meteorologica Argentina, and the Russian Repertorium
Jur Meteorologie (sometimes called Wild's Reper-
torium), are the chief examples of this class of publi-
cations. The Russian Repertorium fiir Meteorolagie .
outranks the others, especially as regards the number
of papers and the variety of topics treated.

Monthly Weather Reports—The monthly division
of time has been the plan usually followed in the
presentation of meteorological data, but it was not
until after the establishment of Weather Services that
the need was felt for the frequent publication of these
data. ,

The immediate use of observations for weather
predicting, the increasing demand of the public for
information in regard to current weather conditions
for practical applications, the study of the courses of
storms which could be followed for only a few days
at the utmost, the greatly increased number of ob-
serving stations, which made the mass of data too
bulky to manipulate properly if left to accumulate
until the end of the year, the more general apprecia-
tion of the fact that short periods of time had dis-
tinctive characteristics in the seasonal changes of the
year,and the impatience of the users of meteorological
data, who ordinarily had to wait a couple of years
or more after they were recorded before they could
receive them in tabulated form, all combined to neces-
sitate the publication of this data at frequent intervals.

The month was chosen as a proper subdivision on
account of its convenience. It was no simple matter
to decide on just the form this new mode of publica-
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tion should take, as it was to be merely accessory
to the usual annual #ésumé of observations. The
Monthly Weather Review of the United States Signal
Service at Washington (established 1872) was the
first T of these publications as now issued, covering
a great extent of territory ; and its original form was,
I believe, due to Professor Cleveland. Abbe, although
its more recent extension has been carried out under
the guidance of Lieutenant Dunwoody While this
pubhcatlon has served in a great measure asa pattern
for similar ones’in Europe, yet it gives far more in-
.formation than any of them, containing, as it does
(for instance, August, 1891), the results obtained from a
discussion of reports for the month-from 2,575 regular
and voluntary observers, and covering not only the
" United States, but Canada and a portion of the At-
lantic Ocean. The monthly averages of temperature
and prec1p1tatnon are given for about 2,000 observing
stations in the United States; and averages for all
of the usual meteorological elements for about 160
stations. A special feature of this Weather Review
is the report concerning the passage of areas of high
and low atmospheric pressure across the United
States and a portion of the Atlantic Ocean. The
charts showing the course taken by storms, and the
distribution of atmospheric pressure, temperature,
rainfall, and winds for the month, are of great
scientific and practical value.

The monthly report of the Deutsche Seewarte, at
Hamburg, is the most important European publication
of this class. It was at first prepared by Dr. Képpen,
but afterwards by Dr. van Bebber, who still has it

: Morithly reports had been previously published for single stations
and limited areas. .
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‘in charge. At first this report stood alone, on the
Continent, but the gradual introduction of the
system of a monthly publication of local weather
characteristics into many of the other weather
services, has caused Director Neumayer of the
Seewarte to give the Review more of an inter-
national character. So that now it is not published
for several months after the observations are made,
and it contains a record of the storm-tracks and
weather for the North Atlantic Ocean, as well as
Europe. These two monthly Weather Reviews cover
the whole region from the west coast of North America
to the eastern boundary of Europer It is not neces-
sary to enter into- an explanation of the purely
tabular publications. v
General Treatises—Those students of meteorology
who were obliged to acquire their knowledge at first-
hand, that is, from the original sources, must be some-
what envious of the facilities now offered for a rapid
survey of what has been accomplished in various
directions. For a time all the compilations which
were published after 1860 were of -the school-book
type, and this continued until Blanford’s /ndian
Meteorologist's Vade-Mecum appeared in 1876-77.
This is the first of the treatises which introduce
us to some of the ideas of the modern school of
dynamical meteorology. Its publication in India,
‘together with its considerable cost, deprived the book
of a wide circulation, and it has not, outside of
India, accomplished the good which it was capable
of doing; it was, for many years, undoubtedly the
best treatise on modern meteorology in any language.

* Each publication may be obtained at an annual subscription of six
shillings.
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Blanford’s book was but the forerunner of the irh-
portant compilations which began to appear some
years later. Foremost of these came Hann’s Clima-
tologie in 1883. This most excellent work gives an
account of the climatic factors in general, and then
gives the special features of the climate of all parts
of the globe, and the causes which produce them.
Few tables of data are given, as it has been the
author’s object to trace out the philosophy of the
climatic condjtions in a way which will attract the
general reader. This book was the natural outcome
of the frequent contribution of tables of climatic data
given in the Oster. Zeitschrift fiiv Meteorologie during
a period of nearly twenty years. Next there appeared
in Germany Sprung’s Lekrbuck der Meteorologie, in
1883, in which the author has confined himself mainly
to the discussion of -actual atmospheric occurrences,
and has sought to explain these by means of physical-
mechanical laws, He has, indeed, added an appendix
on the subject of the registration of meteorological
phenomena ; but this is suggestive, rather than an
account of apparatus in common use. Sprung has
first of all explained the principal mechanical and
physical laws, which are then used as a basis for sub-
sequent development of the theories concerning the
statics and dynamics of the atmosphere. His is the
only attempt which has been made to fit together
the various theories of the atmospheric motions, the
history of which subject is traced in another chapter.
This is the main feature of the book, although the
latest views on other topics, such as the influence of
solar radiation, the daily period and the variability of
the meteorological elements, are also given. The book
is well adapted for university instruction and for study
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by professional meteorologists ; but most of it cannot
be comprehended by the casual reader.

In 1884, van Bebber, of the Deutsche Secwarte,
published Part 1. of his book on Witterungskunde.
This, together with Part II., published a year or two
later, forms a compendium of what has been done from
the earliest times in the matter of investigating the
cause of weather changes. The various questions,
varying in degree from the proverbs of folk-lore to the
modern systems of weather-maps and forecasting of
weather, based on the telegraphic transmission of
observations made thousands of miles distant, are all
discussed in a historic as well as scientific manner.
While the work is of the greatest value to students of
meteorology, who will for a long time to come go to
it as a storehouse of knowledge on this special subject,
yet the author has, by the fulness of his text, made it
of popular interest as well.

Ferrel's book on Recent Advances in Meteorology
(1885) next appeared, and it differs in one respect
from the other works here mentioned, in the fact that
it was published entirely under Government auspices.
It has, therefore, not been obtainable by purchase;
and its circulation has not depended on its importance,
but upon the will of the chief of the United States
Signal Service at Washington. Naturally, few persons
except those on the “exchange list” of this depart-
ment have been able to obtain a copy. This work
was prepared for professional use, and while portions
of it could be understood by the general reader, the
difficulty in reading it as a whole is such, that its in-
accessibility to the public is not so much to be de-
plored as would have been the case had it been
written more popularly. Its chief value is that we
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find given in a single volume of moderate compass,
and in a connected manner, the most important
results of the author’s thlrty years’ labour in the field
of meteorology.

The fact that most of our meteorologlcal publlca-
tions are weak in the department of apparatus, and
also that many, perhaps most, of the descriptions of
original inventions and improvements have been
published in scattered journals, proceedings, and
reports, made it desirable that a comprehensive
account of them should be given in a single volume.
This was in a large measure accomplished by Abbe’s
Treatise on Meteorological Apparatus and Methods
(Washington, 1888), which was prepared and pub-
lished at the expense of the United States Govern-
ment, and gives us not only a historical sketch of
the development of the subject, but also shows its
condition at the present time. He has given special
attention to the theory of the principal instruments,
and we find reproduced about everything of import-
ance that has been done in this line of investigation.
The numerous illustrations form an especially valu-
able feature of the work, which has been rendered as
complete as possible. Having access to the great
collections of books which have been gathered to-
gether at Washington, and having as a source of
guidance the manuscript catalogue of meteorological
literature which has been accumulated at the
Washington Meteorological Office, mainly by the
international co-operation of some individual meteor-
ologists with the hope of its speedy publication, the
author enjoyed facilities not elsewhere obtainable
for rendering his work exhaustively complete. While
the diagrams and descriptions of instruments which
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are given will interest all who are students of meteor-
ology to only a limited degree, yet the main importance
of the work is to the professional meteorologist, who
will find the need of* a mathematical training in order
to read it.

Woeikoff’s work on Climatology (Die Klimate der
Erde, 1887) must also be mentioned in this list, for
in it he has given us an excellent picture of climatic
conditions and their effects as viewed by a physical
geographer. Portions of the book are, indeed, some-
what similar to Hann’s work, mentioned above ; but
its main value is the general climatic relations which
it gives, rather than the climate of any special places,
so that it is largely supplementary to Hann’s Cl/ima-
tologte.

Recognising the difficulty not only in reading, but
also in obtaining his above-mentioned work, Professor
Ferrel has written out in a popular manner his theo-
ries of atmospheric motions and their attendant
phenomena, and has also given a careful comparison
of these theories with the observed facts. While this
book, which bears the title, 4 Popular Treatise on
the Winds (New York, 1889), is by no means light
reading, yet mathematical analysis has been so far
omitted that only an elementary knowledge of algebra
and trigonometry are requisite for comprehending it,
and it is certainly the most complete statement of the
subject that has yet been made.

Blanford has presented some of the results of his
many years’ labour in India in his book on the
Climates and Weather of India (London, 1889); and
while it is, as a work on local climatology, at present
of more value to the English people than any other,
yet the majority of meteorologists, who have no



14 MODERN METEOROLOGY.

opportunity of seeing the original Indian Meteor-
ological Memoirs, have welcomed this inexpensive
summary of the important contributions made by
English meteorologists in a region which presents
the most diverse field of topographic and climatic
characteristics of any limited region on the earth’s
surface.

I must also mention the German memoirs re-
cently published in Penck’s Geographical Series at
Vienna : Luftdruck in Europa, by Hann; Klima-
schwankungen, by Briickner; and Schneedecke, by
Woeikoff.

The following partial list of recent popular works
on meteorology is given : Marie Davy's Météorologie
Générale (Paris, 1877) ; Mohn'’s Grundziige der Meteor-
ologie (Berlin, 1883); Scott’s Elementary Meteorology
(London, 1890); van Bebber's Lekrbuch der Meteor-
ologie (Stuttgart, 1890); and the works on Weather,
and Seas and Skies of Many Lands (London, 1888),
by Abercromby ; and American Weather, by Greely
(New York, 1888). On the subject of Weather Pre-
dicting, van Bebber’s little book, Wettervorkersage
(Stuttgart, 1891), and Scott’s older book, Weatker
Charts and Storm Warnings (London, 1887), give
quite full information. Mention must also be made
of Hann’s Atlas der Meteorologie, which forms part
of the last edition of Berghaus’ Piysikal. Atlas. This
work is composed of numerous charts, which are
invaluable to the student of meteorology.

There is still one general topic which remains to
be written on, and this is the reduction and use
of meteorological observations. There are many
finished memoirs which may serve as patterns for
the manipulation of special observations, such, for
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instance, as Wild’s great works on the temperature
and rainfall of the Russian Empire, but if an observer
wishes to know just what is the best thing to do with
any particular series of observations, he is many
times at a loss to find reliable guidance. There are
throughout the world many thousand observers who
are willing to take the pains to make regular observa-
tions, which they usually reduce to monthly averages
before handing them over to some central observatory
where the averages may be published, but where the
individual observations are consigned to the archives
of the institution, there to lie buried and unused.
There are perhaps a few score of men who have
given in detail the best possible methods of investi-
gating observations, and it is the combined know-
ledge of these men that should be put into a
volume accessible to all observers, so that each one
can work up his own observations in the most syste-
matic way. Such a compendium would undoubtedly
be the cause of the rapid completion of a detailed
meteorological survey of all civilized lands, for it
would multiply a hundred-fold the present working
force of climatologists.

Periodical Literature. — We usually make the
periodical literature of a subject the measure of its
condition and progress, and so this literature relating
to meteorology requires more than a passing mention.
Our modern methods of work and research require
a convenient channel for the timely interchange of
ideas between specialists not only of the same
country, but of different parts of the globe. But
a subject cannot be specialized to the extent of sup-
porting technical journals until it has reached a
certain stage of cutting loose from the apron-string
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of some mother-subject under whose wing it has
been sheltered until able to stand alone. Thus
meteorology was fostered by both astronomy and
general physics, and the earlier writings on
meteorology are fo be found mainly in the jour-
nals nominally devoted to these two topics. There
had been a number of attempts made to establish
technical meteorological journals before the period
of which I am now writing ; but the lack of support
had rendered them of short life, a single exception
being the Annuaire de la Société Météorologique de
France, which really dates from 1849. The func-
tions of this journal have been to report the dis-
cussions which have taken place at the local' meet-
ings of the society, and to promote the interests of,
~ and report on the meteorology of France. This journal
is, then, chiefly of interest to those who wish to know
what French meteorologists are doing. I think
that this localising tendency has prevented this
monthly publication from exercising as great an
influence as it ought on the general progress of
meteorology.

In 1866 the Osterreichischen Zeitschrift fiir Meteor-
ologie was established, and as the society which
publishes it holds only annual meetings, it can be
easily imagined that it bears little resemblance to the
just-mentioned French journal. The Austrian journal
had a separate existence for twenty years, when it
was combined (1886) with the newly (1884) estab-
lished German Meteorologische Zeitsckrift, and is now
published under the joint control of the Austrian and
German societies. Dr. Hann and Dr. Hellmann,
of Berlin (succeeding Dr. Koppen, of Hamburg),
Austrian and German meteorologists of world-wide
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reputations, are the editors of this, the most im-
portant and influential meteorological publication in
existence, It has always been under an exceptionally
able editorship, which has prevented worthless matter
from appearing in its columns, although of course
many contributions, especially of the earlier volumes,
are seemingly unimportant as we look at them from
the present position of meteorology. Dr. Hann was
early associated with Dr. Jalinek in the publication
of the first volumes, when the character of the journal
was being formed, and when the former assumed the
entire control, which he exercised during the years of
the most rapid elevation of the level of meteorological
work, we find, if any change can be noted, an im-
provement on what was so well done before. Pub-
lished at first bi-monthly, and later as a monthly, this
journal furnishes a ready means for publishing,
without the delay usually associated with official
government or institutional publications, original
papers, some of considerable length, contributed by
meteorologists from all parts of the world. While
these contributors are mainly those who use the
German language, yet national sectionalism is no-
where to be remarked, for apart from editorial work
more of the contributed matter comes from Germany
than from Austria, the nominal home of the journal.
In addition to the valuable original leading articles,
there are given reviews and notices of important
meteorological publications and undertakings, and
also many topics of interest are treated in the so-
called Referat, which in this case is usually a
kind of editorial review, in .which the notice of
some important paper is made the excuse for bring-
ing together the most valuable ideas which have
3
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(3
been previously advanced on the subject, the
reviewer himself adding something to our know-
ledge of it. This class of reviews requires an
immense amount of time in preparation, and it is
remarkable that Dr. Hann has been able to do so
much in this line in addition to his other duties.
Still another feature is the mass of climatological
data which has been gradually accumulated, mainly
through the personal labour of Dr. Hann; for it will
be found that almost every number of the journal
contains tabulated average data for the principal
elements for one or more out-of-the-way places, or
the results obtained by many years observations at
some so-called normal station. These tables have
proved to be of great service in many original
researches undertaken by meteorologists, and a
searcher for information concerning the climate of
any portion of the globe will not be likely to turn
away unrewarded from a file of this journal. We
find in its pages an almost complete account of the
progress of meteorology during the past twenty-five
years, and it is safe to affirm that no one unac-
quainted with its contents can claim to be thoroughly
informed of the progress of meteorology during the
period when it passed from a sub-science to the
dignity of a separate science, demanding the entire
attention of any one who will master its details.
Of all the meteorological publications this is the
most international and widely read, and it is on
this account that its columns are used by writers
of so many nationalities, and from all parts of the
world, who may wish to secure for their ideas the
widest circulation. There is, however, one depart-
ment, that of instruments and apparatus, in which
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there are not given sufficient details to enable one
to obtain a good idea of the subject from this
publication alone.

Since 1884 Germany has also given us a more
popular meteorological monthly magazine, known as
Das Wetter.

Great Britain furnishes three journals: 7/e Quar-
terly Journal of the Royal Meteorological Society, The
Quarterly Journal of the Scottish Meteorological Society,
and Symons Meteorological Magazine. The two
former contain papers by the members of the socie-
ties, and they are usually quite elaborate, being
similar to the leading articles in the Austro-German
journal. Symons’ magazine is more popular in
nature, and the articles are somewhat like those in
the German Wetter.

The American Meteorological Journal, published
monthly, was established in 1884, and has contributed
largely to the recent advancement of meteorological
science in the United States. This journal is a private
enterprise, and was instituted by Professor M. W.
Harrington, of Ann Arbor, Michigan.

The Italian meteorologists also publish a journal,
bearing the title Bolletino Mensuale ﬂ[oumllcn this
was established in 1880,

§ 3.—7Inlernational Meteorology..

The rapid spread of an active interest in metcor-
ology in various lands, and the rcsulting marked
increase in the amount of meteorological data
published, Lad caused frequent utterance of the
idea that a greater uniformity in the methods of
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procedure adopted in different countries was not
only desirable but indispensable to the proper use of
this material.. No definite step was taken however
until, in the spring of 1872, a circular, signed by
Bruhns of Leipsic, Wild of St. Petersburg, and
Hann of Vienna, was issued to those practically
interested in meteorology, stating that a ‘confer-
ence would be held at Leipsic in August, 1872, for
" the purpose of studying the needs of international
meteorology. In- order that something definite
.might be accomplished at this meeting a list was
proposed of twenty-six questions, which were to be
discussed at this meeting. Fifty-two persons re-
sponded to this invitation, and the conference met
on August 14, 1872, at Leipsic. The report of the
proceedings of this meeting is extremely interesting,
"and shows the wide divergence of opinion which then
prevailed concerning the collection of meteorological
data, both as regards methods of observation and the
‘manner in which they ought to be treated.

Only two of the points brought out at this meeting
will be mentioned, viz., that it was desirable for each
- country to publish in full the tri-daily observations for
a number of its selected stations and in a uniform
manner, the form then in use in Russia being con-
sidered most desirable; and that a more systematic and
more extensive use should be made of telegraphic
weather reports.

The Leipsic meeting, however, was merely pre-
liminary to, and to open the way for, the Inter-
national Meteorological Congress which it was
decided to hold in Vienna in 1873. This congress
was convened on September 2, 1873, and ail the
principal European Countries (except France), the
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United States of America and China were repre-
sented by delegates whose official positions and
scientific attainments signified the importance of
the meeting, and indicated that it would be a
veritable turning - point in the development of
meteorology. Among the important results accom-
plished at this meeting may be mentioned the
following : Appointment of a Permanent Meteor-
ological Committee with self-perpetuating power; and
the proposal by the delegate from the United States
of America for the establishment of single daily
simultaneous observations as nearly as possible over
the whole northern hemisphere. Many questions of
great- importance were left to be decided on by the
Permanent Committee, and the reports of sub-com-
mittees and discussions concerning apparatus and
methods form the most valuable »#sumé we possess of
the worth of instruments and methods in use at that
time. - '
Meetings of this Permanent Committee were held
in 1874, London 1876, Utrecht 1878 ; and in 1874 a
Conference on Maritime Meteorology was held in
London by the sub-committee appointed by the
Permanent Committee of the Vienna Congress of
1873. At these meetings many questions concerning
the present status and suggested improvements in
meteorological methods were discussed, and enough
matter demanding formal action was accumulated to
warrant the calling of a second International Meteor-
ological Congress at Rome in 1879. At this meeting
the work accomplished by the Permanent Committee
since 1873 was fully considered ; the value of the
changes which had been directly and indirectly the
results of the Vienna meeting of 1873 was carefully
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discussed, as well as further questions of importance.
A special feature of this meeting was the numerous
reports which were presented on various topics by
those who were recognised authorities ; these reports
having been requested by the Committee. A more per-
manent organisation of the Permanent Committee was
effected by which nine members were appointed to it,
with only one from any one country. This Committee
from this time has been known as the International
Meteorological Committee. It first met at Rome,
April 22, 1879 ; again at Berne, August, 1880 ; Copen-
hagen, August, 1882; Paris, September, 1885; Zurich,
September, 1888.

As it was found that another early International
Meteorological Congress was not desirable, the Per-
manent Committee agreed upon a dissolution at the
Zurich meeting ; the President, Wild, of St. Peters-
burg, and the Secretary, Scott, of London, being
charged with taking steps for convening, at a suitable
time, an international meeting of the representatives
of the various Meteorological Services.

Such a meeting was held in Munich from August
26 to September 2, 1891. In response to a circular
issued by Messrs. Wild and Scott, there were present
at this meeting the heads of the various European
meteorological services, and other prominent meteor-
ologists from these and distant lands. The following
countries were represented : France, Great Britain,
Germany, Russia, Finland, Norway, Sweden, Den-
mark, Hungary, Roumania, Netherlands, Switzerland,
Spain, Bulgaria, Queensland, United States, and
Brazil. The subjects discussed were, briefly stated :
the best methods of making observations ; the adop-
tion of absolute standards of reference ; methods of
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calculation or reduction of observations; the forms
for publication of observations, and the methods for
discussing them ; the improvements to be made in
telegraphing weather conditions and making weather
forecasts, and especially in obtaining a knowledge of
the weather conditions to the westward of Europe;
methods of making and reducing observations of the
earth’s magnetism and atmospheric electricity ; co-
operation in observing cloud movements; the
means for best securing international co-operation in
meteorological work ; the question of the organisation
and work of a proposed International Meteorological
Bureau ; and finally, the formation of a new Inter-
national Committee composed of seventeen members.
This last was carried out and the members chosen.
An informal meeting is expected to be held at
Chicago, U.S, in 1893, but it was decided that a
formal meeting should take place at Paris within five
years.

Reports (in English) of these various meetings can
be obtained from the Meteorological Office, London,
for one or two shillings each.

In October, 1879, through the action of the Per-
manent Committee, an International Polar Conference
was held at Hamburg, for the purpose of planning
the work of the proposed temporary Circumpolar
Meteorological-Magnetic Stations. In April, 1880,
mainly by the action of the executives of the Per-
manent Committee, there was held at Vienna an
International Conference for Agriculture and Forest
Meteorology.

Only a very limited general statement can be given
of the international benefits derived from these
meetings ; but they may be stated as follows :
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The classification of meteorological observing
stations into orders according to the number and
variety of observations made, and the establishment
of a form for the printing of their results.

The general adoption of either the meter-centi-
grade or the inch-Fahrenheit scales, and recognised
standards of reference.

A European system of weather telegraphy with
uniform code of exchange.

The daily simultaneous international observations
made at oh. 43m., Greenwich mean time. (Published
by the United States Government, but now discon-
tinued.)

The establishment of the International Circum-
polar Stations during 1882-83.

The publication of International Reduction Tables
for meteorological observations.

The systematic reduction and publication of Ocean
Meteorological data.




CHAPTER II
APPARATUS AND METHODS.
§ 1.—Thermometers.

ISTORICAL.—The history of the early deve-
lopment of the thermometer is not known with
certainty, but in the latter part of the sixteenth
century Galileo used at Padua a kind of thermo-
scope which consisted of a glass bulb () with a narrow
bore tube (4), a couple of spans in length, attached.
A general idea of the construction is given in Fig. 1.
After the air in the bulb had been rarified by heating,
the open end of the tube was inserted into water in
an open vessel (¢),and the tube was held upright. The
water would rise to some extent in the tube, as the
air in the bulb cooled ; and the level of the water in
the tube would oscillate somewhat with any change of
temperature to which the air bulb would be subjected.
In this first instrument the fluctuations of the atmos-
pheric pressure would of course introduce some errors,
but the principle of the modern thermometer had
been discovered, and its further completion did not
need the genius of Galileo to develop it. It is not
certain who suggested the next step in the gradual
improvement of the instrument. Abbe ascribes it to

Galileo, and Hellmann thinks that the search now
25 :
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being made by Javaro concerning Galileo’s career
may brmg to light some further information. At

F1G. 1.

Florentine Thermometer.” This instrument,
as illustrated in Fig. 2, had a fixed scale with
the zero at about the point shown by the
freezing mixture of salt and water, and the
13’5 division mark at the freezing point of

present, however, we must say
(according to Hellmann) that a
French physician, Jean Rey,
about the year 1631, conceived
the idea of inverting the Galileo
thermometer and filling it witha
liquid and observing the expan-
sion of this. Sometime before
1641, the Grand Duke Ferdinand
I1. had adopted the plan of using
alcohol as the fluid, and closing
the open end of the tube so as
to exclude the air.

The members of the Acca-
demia del Cimento, most of
whom were pupils of Galileo,
devised several forms of
thermometer, the most
important of which was
known as the “Little

water. The graduations which were arbitrary
were small glass particles about the size of a
pin head attached to the glass tube.

It is worthy of note that Galileo’s thermo-
meter was introduced into medical practice by

Sanctorius at some time previous to 1624.

FiG. 2.

The history of the development of the modern
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mercurial thermometer must be passed over, with the
remark that Fahrenheit was the first who fully accepted
the necessity of having two fiducial points, the
freezing and the boiling of water, and he settled
down to the use of mercury in the construction of
the thermometer. It has been suggested that the
term “degrees” as applied to the thermometer
readings was derived from an early form of ther-
mometer in which the tube was bent into a circular
form (or arc), and the degrees of the circle were used
to show the position of the substance in the tube.
It is hardly necessary to enter into an account of the
Fahrenheit, Reaumur, and Centigrade (Celsius) ther-
mometer scales, as it is given in every text-book of
general physics,and in encyclopadias ; but it may be
remarked that the Centigrade scale is in use among
meteorologists in nearly all but the English-speaking
countries, and in these the Fahrenheit scale is still so
firmly established that the international assemblages
of meteorologists have been obliged to sanction the
publication of temperatures in either scale. Usage
has therefore prevented the general adoption of the
Centigrade scale, although it is in every way prefer-
able to its rival.

In giving an idea of the present state of thermo-
metric science as applied to meteorology, only a
brief mention can be made of the question of the
various errors of construction of thermometers and
their final reference to normal instruments ; for while,
in the laboratory, errors of hundredths or even thou-
sandths of a degree are being taken into account, yet
in the practical use of thermometers for determining
air temperature there are still discrepancies in various
systems of instrument exposure which may amount
to one or more degrees.
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Standard Thermometers—It has been shown by
physicists that the changes in volume or pressurc of
an ideal gas will give an absolute scale for measuring
temperaturcs. But as we have no ideal gas, Sir
William Thomson proposed for use an absolute scale
which should have a temperature of 273°7 at the
freezing point of water, and 3737 at the boiling
point of water, thus fitting it to the divisions of the
Centigrade scale. This scale agrees with the readings
of the actual gas thermometer at the two points
mentioned, but at intermediate points, and above
and below these limits, a correction has to be applied
to the observed temperatures in order to reduce them
to the absolute scale.

The following table shows the corrections necessary
to reduce some gas thermometers to the absolute
scale. All but Thomson’s first series are under con-
stant volume.

ARSOLUTE CENTI- THOMSON AIR x‘;".‘i:r':gf‘ CaRBONIC
SCALE. GRADE. THERMOMETER. MOMETER. Acip Gas.
Constant | Constant
pressure. volume.
o, [ o °,
o. o o C. C. C. C.
27377+ © o ‘000 *000 ‘000 000
+ 20‘; zoz —'040 —030 —013 —034
+ 40° 40 —048 —'040 —018 —-051
+ 60o 602 —047 —'037 —-018 —050
+80 . 8 —028 | —'022 | —0I12 | —032
+100° 100° *000 *000 ‘000 *000

But for most practical purposes it is necessary to
use mercurial thermometers, and we must know how
their readings stand with regard to gas thermometers.

Recent comparisons, at the International Bureau
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at Sévres, of standard mercurial thermometers with
gas thermometers, show that the following corrections
must be applied to the readings of the former instru-
ments in order to reduce them to the latter standards:

Corrections—To reduce hard-glass thermometers
by Tonnelot (Paris) to thermometers of—

HYDROGEN Gas. NiTROGEN Gas. CaARrBoONIC AcID Gas.
At Temp.° C. Correction. | At Temp.° C. Correction. | At Temp. °C. Correction.
—25°C. +-233°C. | —25°C. 4-216°C. .
—20 +°172 —20 +°159 —19° C. +-094°C.
—I5 +-119 —I5 +°109 —I5 + 069
—10 +-073 —1I0 + 067 —1I0 + 041
—5  +-03 —5  +030 —5 4019
o “‘000 00 ‘000 o ‘000
20 —-085 20 —075 20 —'042
40 —'107 40 —'097 40 —'048
60 —'090 60  —'085 60 —'037
8  —0350 8  —052 8o —ro19
100 ‘000 100 *000 100 ‘000

Wild, in 1888, referred to the scale of the Hydrogen
thermometer as the International Temperature Scale.

Comparison of Standard Thermometers.—Although
ultimately the absolute scale will be the standard
to which all thermometric work will be referred, the
actual working standard will probably be the gas
thermometer adopted by the International Bureau
of Weights and Measures at Sévres. The gradual
distribution of the best standard mercurial thermo-
meters, after a thorough investigation, from Sévres
to various countries, will no doubt introduce practical
uniformity in all laboratory thermometric work the
world over. A collection of such standard thermo-
meters is represented in Fig. 3. At present a number
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to his notice at Washington. The Signal Service
(Washington) air thermometer was found to be
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oco1 C. lower than
Rowland’s air thermo-
meter at Baltimore.
Above o° C. the Signal
Service airthermometer
agreed with the mer-
curial standard, after
the latter has had ap-
plied to it the ordinary
corrections to reduce its
readings to those of an
air thermometer. Also
from + 32° F.to —38°
F. the Kew and Signal
Service mercurial ther-
mometer agree, but at
— 38 F. the Signal Ser-
vice alcohol thermo-
meters are 0°.6 F. below
the Kew alcohol ther-
mometers. Also the
Signal Service air ther-
mometer agrees with
the Sévres hydrogen
thermometer (in 1885)
to within 4-o1°C.
Wild, at the Central
Physical Observatory,
has three thermometers

(made of Thuringian glass) which he has been using
as a standard. In 1888 these were compared from
o° C. to 400 C. with a Tonnelot mercurial standard
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(of hard glass), which had been compared with the
hydrogen gas thermometer at Sévres. The following
table shows the result of this comparison :

CORRECTIONS OF ST. PETERSBURG STANDARD THERMOMETERS.

GEissLEr No. 2. GeissLEr No. r0. Fuess No. 1.
Temp. | Tonnelot. Hgg‘::f: ™ | Tonnelot. ngedxogen Tonnelot. Hs’émf_en
o°C.| -00°C. o°C.|| 00°C.[ <00°C.| -00°C.| ‘00°C.
10 — ‘o — 06 —*03 —-08 —-01 —'o7
20 —-03 —'I1 —-05 —°13 —-02 —1I
30 —05 —-'15 —-05 —°16 —-03 —13
40 F —18 —-05§ —'16 — 04 —°15

In 1875 the corrections of Geissler No. 10, as
referred to the mercurial scale were :

Temperature ... o°C. 10°C. 20°C. 30°C. 40°C.
Correction ... -00 —'03 —'04 —07 —07.

These show that for at least fifteen years this
observatory has had practlcally standard thermo-
meter readings.

Fig. 4 shows the usual method of comparing the
readings of mercurial thermometers, when the in-
struments are immersed in a water bath, which
may be made to vary in temperature by means of
a lamp beneath.

Mercurial Thermometers. — The mercurial stem
thermometer of the best construction consists of a
slender glass tube with capillary bore terminating
at one end in a thin glass bulb filled with pure
mercury, and having at the other end, and connected
with the capillary bore, a small empty reservoir called
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the calibrating chamber (Fig. 5). The stem has
marked on it, first, the boiling point, and second,
the freezing point, after which, in the case of the
Centigrade thermometer (which we shall alone
consider), the distance between these two parts is
divided into one hundred equal spaces called degree
divisions. These subdivisions are either ruled directly
on the stem, as in the case of the Tonnelot (Paris)
thermometers, or they -are marked off on a piece of
white enamel glass, which is placed behind the
thermometer stem with the zero and
hundred degree points directly opposite
the corresponding points on the stem, as
in the case of the Fuess (Berlin) patent
barometer. These graduations are ex-
tended slightly above, and considerably
below, these two fiducial points for ordinary
use. In the thermometers shown in Fig.
3 it will be noticed that enlargements of
the capillary bore occur. These are mainly
for the purpose of allowing a much larger
scale of degrees to be used than would be !.
possible otherwise, but it necessitates the

useof several thermometers in order to get the complete
scale. Temperatures can be measured until the en-
larged portion of the bore is reached, but this must be
filled and the mercury pass up into the narrow bore
above, before additional readings can be made. The
enlargement is so made as to require an increase of a
certain number of degrees of heat in order to fill it,
and if temperatures within this limit are to .be read,
another thermometer with the enlargement in a
different part of the scale must be used. By this
means the fiducial points may be determined on each

4

<O

FiG. 5.
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thermometer, no matter what range of temperature the
graduations may include. We will consider briefly
-the various errors which may 'be met with in such
a thermometer of the best construction and the
methods of determining the corrections necessary to
allow for them. These are as follows:

1. Correction for Parallax and Refraction.— In
either form of construction of the scale the divisions
are not exactly adjacent to the mercury thread in
the tube, and consequently the reading will vary
somewhat with the direction of the line of sight.
In case the thermometer can be carefully adjusted
so that the reading can take place at the angle of
normal incidence, it should be done, thus avoiding
this error, but it will frequently be the case that this
is impracticable, in which case the correction must
be computed; in which computation the index of
refraction of the glass (from the bore to the exterior
surface of the stem) must be included in the ordinary
formula for parallax. In cases where it can be done,
it is better to eliminate the refraction by taking the
mean of the readings when the scale is on the side
nearest the observer, and again when placed opposite.

2. Scale and calibration corrections—In thermo-
meters of this highest class the scale divisions should
be accurate, far within the limits of any readings that
are to be made ; but in case they are not, this error of
graduation is combined with that of calibration
about to be described. It is impossible to get a tube
or stem that is exactly cylindrical, and in which
the size of the bore is absolutely uniform. It is
customary therefore, in originally selecting the tube
for the thermometer, to put a short thread of mercury
in it, and to observe the length of this thread in different
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portions of the tube. If the bore is quite uniform the
thread of mercury will be of about the same length
throughout. This work is of course done by the
maker. After the thermometer has been constructed
and the scale attached, a similar but more refined
process is gone through, in order to give quan-
titative values to the corrections to be made for
the combined errors of graduation and inequality of
bore. By an artificial heating or cooling of the
thermometer bulb the mercury in the stem can be

Fic. 6.

brought to-any desired length, so that upon a slight
jarring of the instrument a thread of mercury of any
required length will' be separated from the main
mass of mercury. This thread is at first chosen, say
5o in length., The thermometer being kept at con-
stant temperature, the length of the thread (of
constant volume) is observed in terms of the scale
divisions at various portions of the stem from one
end to the other. The process is repeated with
threads of 109, 15°, . . . 95° length, in order to insure
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a greater accuracy, and to prevent the accumulation
of errors due to the use of a short thread alone. In
order to secure ease of manipulation and accuracy of
work, the thermometer is placed in a holder,as shown
in Fig. 6, and the graduations read by means of
microscopes. By the insertion of these observed lengths
in a system of symmetrical equations, which must be
excluded here, the calibration and scale corrections for
various portions of the tube are computed. The follow-
ing little table shows these corrections for two of
Tonnelot’s normal thermometers :—

Scale Reading. Calibration Correction.
No. L.

No. IL.

°C. °C. °C.
o 0°0000 — 0000
20 — 00569 —0°250
40 + 00709 —0°464
60 + 01968 —o0°372
8o + 0'1667 — 0471
100 0°0000 ~— 0°000

3. Determination of the fiducial points. a. The
boiling point. The thermometer must be hung inside
of a double casing, with the bulb suspended at a little
distance above the boiling water. The whole ther-
mometer must be enveloped in the steam, and a hole
in the outer casing allows the free escape of this
vapour. All air in the inner casing must be replaced
by steam. A manometer must show the difference
in pressure between the steam inside the apparatus
and the air outside. A model apparatus for deter-
mining the boiling point is shown in Fig. 7, in
which T is the thermometer, L the reading tele-
scope, A the vapour chamber, and C the water
reservoir. Whenever a reading is made of the
thermometer a corresponding reading must also be
made of the manometer, and also of a barometer,



FiG. 7.
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If the mercury in the thermometer is carefully ob-
served as it rises up to the boiling point, it will be
found to reach a height which it does not permanently
retain, and if the boiling is continued for a sufficiently
long time, the mercury will be found to have slightly
receded from its highest reading. This lower reading
is the desired boiling point, and this slight lowering
is due to a gradual change in the capacity of the
thermometer bulb. It has been found that the true
boiling point can best be determined by taking the
thermometer from the apparatus, and making a deter-
mination of the freezing point, after which a new
determination of the boiling point must be again
made. If these two successive determinations agree,
we may consider that the true boiling point has been
obtained. It is necessary that the experiment be
performed with the thermometer horizontal as well as
vertical. Various standards of atmospheric pressure
and geographical position have been adopted by ther-
mometer makers of different countries, but that at
present in international use is the boiling point
which corresponds to an atmospheric pressure of
760 mm. of mercury at zero degrees C. at the latitude
of 45° and sea-level. In determining this pressure
the manometer reading must be applied to the
observed barometer reading in order to get the true
pressure inside of the apparatus.

b. The freezing potnt. This 'is determmed by
subjecting the thermometer to the temperature of
melting ice. The water which has been frozen must
be pure, and if ice is used the water must have
previously been distilled ; but freshly fallen snow
furnishes a very good substitute. Not only the bulb
but the stem of the thermomcter should be immersed
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in- the ice, the freshly melted water flowing over the
bulb. An illustration of this process conducted with

Fie. 8.

proper apparatus is shown in Fig. 8, in which T is the
thermometer. When the thermometer is first inserted
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in the finely chipped ice, the mercury will rise, since the
glass bulb contracts the more quickly, but a little later
the mercuryfalls rapidly, and soon comes to astand-still
at the depressed freezing point. ‘This point depends
on the condition of the bulb just before it was put
into the melting ice. M the thermometer is kept at
this temperature the mercury slowly rises, and in the
course of twenty-four to ninety-six hours it will reach a
point called the raised zero, which can be attained more
rapidly by warming up and cooling the thermometer
slowly ; but if the latter is subjected to the ordinary
air temperature immediately after the depressed zero
point has been noted, and is kept at this temperature
for a year or so, then at the end of this time it will
show a slightly higher reading than it would have if it
was kept at the freezing temperature. If now it is
again put into the melting ice, then what is called the
zero of long repose is at once attained, and will be
found to differ very slightly from the just mentioned
raised zero. These changes are slower and of less
extent, the more nearly the thermometer is kept at
the boiling point of water. The higher the tempera-
ture which the thermometer had before it was put
into the melting ice, the lower will be the observed
zero. The observed zero of a thermometer depends
not only upon the highest temperature to which it
has recently been subjected, but also upon the time
which has elapsed since it was at that temperature;
so that for very accurate work in thermometry the
depressed zero point must be determined immediately
after any measurements of temperature. In order to
facilitate the determination of the freezing point,
where it must be found frequently, a rapidly stirred
mixture of one part water and five parts of slowly
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melting ice will be found preferable to the ordinary
melting snow or chipped ice.

When making an observation of the depressed
zero point it is usual to note the thermometer reading
several times near the point; as the mercury ap-
proaches it, reaches it, and recedes from it. Pernet
found that this depressed zero corresponding to any
temperature varies as the square of the temperature
above 0°C. It is the custom at the International
Bureau of .Weights and Measures to determine the
freezing point of a thermometer in a room having
a temperature of from 6° to 12°C.; for an error of
o°01 C. may be expected if the room is at ordinary
temperature. - Change of pressure has also a very
slight effect on the temperature of melting ice, an
increase of pressure lowering the freezing point.

It is also necessary to place the thermometer in
a horizontal as well as in a wvertical position in
determining the freezing point.

The distance between the depressed boiling point
and the depressed freezing point, when the latter is
determined within, say, an hour after the former, can
be determined within o°o1 C., or 0®02 C. from a single
trial, when the precautions already mentioned have
been taken, and Guillaume has shown that the con-
stancy of this distance for Zard glass thermometers is .
within the limits of the errors of observation.

Whenever any very accurate measurement of tem-
perature is to be made the fiducial points must be
determined at the time, and used as reference points for
the observed temperature. Pernet has worked out a
plan for this which is very much more accurate than the
older methods by which discrepancies amounting to
o°2 C. might arise. Pernet’s method is represented by
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such a simple formula that its introduction here will
doubtless be excused. It is as follows:

t= (x"'zt)

Here t is the required temperature; X is the ob-
served thermometer reading for t; Z. the depressed
freezing point which is determined immediately after
observing X ; S, is the depressed boiling point deter-
mined immediately after Z,; Z,., the depressed freez-
ing point determined just after finding S,.. And,
also, 5% is the value of one of the degrees on the
thermometer in terms of true Centigrade degrees.

4. Corrections for different temperature of scale or
stem.—In the case of thermometers with brass scales
in which the bulb, scale, and stem have different
temperatures, errors of several hundredths of a degree
C. may be made by not allowing for the expansion
of the brass; errors of one or two-hundredths of
a degree by not allowing for the expansion of the
glass stem ; and errors amounting up to a quarter or
half a degree by not allowing for the expansion of
the mercury thread in the capillary bore, and in case
alcohol or ether is used in place of mercury this
last error would be increased seven and ten-fold
respectively.

What is known as Poggendorf’s correction (so named
from the physicist who first applied it in 1826),
takes account of the variation in the capacity of the
capillary bore due to changes of temperature. The
standard adopted is for the thermometer stem at
100° C., while the bulb is at the temperature to be
determined. The amount of this correction is
0'00° C. at 100° C. and at 0° C. ; the maximum may be
from 0005 to 008 C. at 50° C,,and has a negative sign ;

100
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at —4o0° C. the correction may be from o°'11 to0°°17 C.
with a positive sign; the limits given are for different
coefficients of expansion of glass.

There is still an error due to the lrregulanues in
the relative expansions of the bulb and the mercury
in it, but usually the correction for this is included with
that for the Poggendorf correction. The combined
correction is 000 C, at 0° C. and 100° C., and has a
maximum of —0°207 C. at 50° C. But no set of theo-
retical corrections can be assigned to convert the scale
for mercury into that of the gas thermometer. That
the observed differences are mainly due to different
qualities of the glass used is shown by similar correc-
tions being obtained for the same kinds of glass.
Wiebe and Guillaume maintain that mercurial ther-
mometers can be constructed which will agree with the
gas thermometer, and in which the readings are pro-
portional to the temperatures.

5. Correction for pressure on the bulb.—There is an
external and internal pressure on the thin glass of the
bulb. As a standard for reduction, a pressure of one
atmosphere inside and outside may be adopted,
according to Guillaume.

If the external pressure in the case of a cylindrical
bulb Tonnelot thermometer is increased 1 atmosphere
it increases the reading 0°°'09 C. ; for 0'6 of an atmo-
sphere the increase is 0055 C. It would have been
more for a spherical bulb on account of thinner glass.
At high elevations above the sea-level this quantity
must be taken into account in ordinary work, unless
the fiducial points were determined at a pressure like
that at the altitude of observation.

The part of the internal pressure of the bulb which
consists of the hydrostatic pressure of the column (or
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thread) of mercury, will vary with the temperature and
with the inclination of the stem to the vertical, and
will have a maximum in the vertical position.

Different kinds of glass possess different elastic
properties, and the effect of pressures on the bulbs
consequently is not the same for all thermome-
ters ; but it is practically constant for the same kinds
of glass, and knowing the correction for one kind of
glass, that for another kind of known composition
can be computed. Guillaume has given a formula
expressing the relation between hard glass and crystal
glass. :

There is a strong capillary action in thermometer
tubes. It will cause a downward pressure of about
one-sixth of an atmosphere for a bore of 0'io mm.;
and this is to be added to the weight of the column
of mercury in stating the inside pressure. In an
extreme case the sum of the two amounted to o135 C.
In order to be free from this capillary error @/ of the
readings must be made with a rising of the mercury.
Where, however, the differential capillary error does
enter, in the case of-a stationary temperature, it may
be found by taking half the difference between the
temperature for a rising and falling column of mer-
cury. When the thermometer changes from a rising
to a falling temperature, it fails to indicate the change
of double the amount of this correction, and this
“dead space’” may amount to 0c07 C. for a bore of
003 mm., according to Pernet, Guillaume found that
a difference of 004 C. existed in the determination
of the boiling point when it was made with a rising
and rounded meniscus, and again with a falling and
flat meniscus.

6. Sluggishness—It requires an exposure of some
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duration for a thermometer to attain its true reading,
and cylindrical bulbs are more sensitive than spherical
bulbs; but the time also depends on the kind of
exposure, When a circulation exists in the surround-
ing medium, as, for instance, a current of air, the true
reading is obtained with the minimum rapidity. For
a quiet medium the correction for sluggishness can
be determined by experiment for each thermometer
at rising and falling temperatures.

7. Thermal reaction and change of zero.—Bellini, in
1832, and later, Faraday, Regnault, and others, investi-
gated the slow permanent changes in the position of
the zero of thermometers. The amount of this
change varies for different kinds of glass, and may
even reach 08 C. for apparently excellent thermome-
ters when made of some ordinary kinds of glass, The
greater part of this change takes place, however,
within two or three years after the thermometer has
been made.

The fact that the readings of thermometers depend
somewhat on the temperatures to which they have
recently been exposed makes the spring readings of an
out-of-doors thermometer a little too high after the
winter’s cold ; and the fall temperatures a little too
low after the summer’s heat. This seasonal variation
may reach even o°10 C.

In order to overcome this elastic or thermal reaction,
many experiments have been made to obtain a glass
in which the change is a minimum. The best compo-
sition yet found is that obtained at the Jena Labora-
tory, by Abbé. The composition of this glass is as
follows : Quartz 675, soda 14°0, oxide of zinc 7,
lime 4, clay 2°5, borax 2'0 per cent. With this glass
the depression of the freezing point amounts to only
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0%05 C. ; and the change of the zero point will not
exceed ool C. in a long time.

Thermographs.—The se]f-regnstermg thermometers
in use are by no means as satisfactory as is desirable.
There are many different kinds, such as the photo-
graphic, the metal spiral, the electric, the automatic
position, and the air thermographs. Of all these the
photographic, as used principally at Kew and other
English observatories, is undoubtedly the most accu-
rate, but it has the disadvantage, under which all
photographic registrations must come, that its mani-
pulation is difficult, and requires the expenditure of
much time and skill. In this form the mercurial
thermometer is made with such a long stem that the
bulb can be exposed in the thermometer shelter or
screen, while the upper part of the mercury column is
inside of the photographic box or the dark room. A
small air bubble is introduced into the capillary tube
of the thermometer, and separates the thread of mer-
cury by an air space. A light is thrown through this
space, by means of reflectors and condensors, on to a
revolving drum bearing the photographic paper. The
amount of rise and fall of the successive records, thus
made, is carefully measured, and when compared at
stated intervals with the direct readings of an adjacent
thermometer, they can be readily reduced to the ordi-
nary thermometric scale.

The metal spiral thermometer, as used in the Hipp,
Hottinger, Wild-Hassler, and other thermographs
consists of a compensated spiral, the expansion or
contraction of which with higher or lower tempera-
tures is communicated to a pointer whose varying
position is registered on a recording sheet.

. In the electric contact thermometer, as used in the
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Secchi, Theorell, and Hough thermographs, the
upper end of the thermometer tube is open, and a fine
wire is made to descend into it until contact with the
mercury, when a circuit is closed since it has the other
pole connected with the mercury in the thermometer’s
bulb. The distance the wire is obliged to descend
from a fixed position to the mercury is automatically
measured and recorded.

In the air thermograph a vessel of metal is filled
with dry air, which is allowed to raise or lower the

Fi1G6. 9.

pressure in some form of manometer, by being con-
nected with it by means of a metal tube of very small
bore. The variations of pressure, as shown by the
manometer, are recorded by various devices, such as
are to be found in the instruments of Schreiber,
Sprung, &c.

In the Richard thermograph, as shown in Fig. 9, a
curved tube on the Bourdon plan is hermetically
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sealed after being filled with alcohol. One end of the
tube is fixed (at the left end, as shown in the figure)
and the other end curves up or straightens out with
the contraction or expansion of the alcohol. This
motion of the free end is communicated to the long
arm carrying the pencil, which records the motion on
the cylindrical register.

The automatic position thermograph, or “upset”
thermometer, is so constructed that when the thermo-
meter is inverted at any designated time by the
automatic action of clockwork, a portion of the mer-
curial thread is broken off at a narrow point of the
tube, and the mercury runs to the top (inverted) of
the thermometer, where the length of the broken
thread is mecasured by means of a scale. If twelve
of these thermometers are so arranged that succes-
sive ones shall be inverted at successive hours, and
if the apparatus is set in operation twice daily, an
hourly record of the temperature can be obtained.

As in the case of other records made by means
of delicate apparatus, the accuracy attainable by
means of these various forms of thermograph depends
very much on the care in manipulation and reduction
of the observations.

For instruments like the Sprung or Wild-Hassler
thermographs the readings are usually accurate to
within 0'2° or 023 Fahrenheit, and for the photo-
graphic or Kew form the error is only about half of
this amount.

In all of these forms where a thermogram gives the
variations in temperature, a bi- or tri-daily reading of
an adjacent mercurial thermometer must be made in
order to reduce the record to true degrees.

Exposure” of T, k:_fzfz07neters.—ln the .construction,
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investigation, and reading of thermometers the utmost
refinement may be practised, and hundredths of a
degree considered ; but this care is all lost unless
proper precautions are taken to so expose the ther-
mometers that their readings give the true air tem-
peratures. In order

to find a proper

exposure for the

thermometer, the

various sources of

error must first be

considered.  The

thermometer re-

ceives heat by con-

duction from the

surroundingair(and

in this convection

plays a most pro-

minent part), and

by radiation from

surrounding ob-

jects; it, in turn,

gives off heat by

radiation and con-

-duction. The ques-

tionto beconsidered _

is the means bygq

which the proper

balance  between

these can be so FiG. 10.

regulated that the thermometer shall read neither too
high nor too low. It must be also taken into account,
that in meteorology we do not wish to obtain the
temperature of a small quantity of air, which may

5
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itself be subject to local influences, but we desire the
temperature of the main-body of air.

o e eaneamnes e ooooeeeeeey . Many  forms

. of fixed ther-

mometer shel-

ters or screens

have been de-

vised which, as

was considered

by the origina-

tors, had solved

the problem of

- the true ther-

mometer expo-

sure. The most

widely known

and used of

these are the

Glaisher, Ste-

venson, Stow,

Renou, Wild,

and Signal Ser-

vice shelters.

The main plan

on which most

of these have

= been construc-

ted is a box-

" like structure of

wood, with the

FIG. II. sloping top of

solid wood, while the sides and floor are of various

designs according to the ideas of the proposers. There

is no doubt that different climates require some differ-
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ences of details of construction for these screens, and
so no one form can be recommended for all regions.
In England the Stevenson screen (see Fig. 10) is

Fie. 12.

much used, and it has double louvred sides and floor,
thus permitting the free entrance of the air, but ex-
cluding rain and preventing the vitiating action of
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radiation. The thermometer is placed about four feet
above the sod.

In France the Renou screen, as shown in Fig. 11, is -

used. It consists essentially of a double roof of wood
or sheet zinc, inclined about 30° to the horizon, with
an air space between the outer and the inner cover.
The thermometers are placed near the inner cover,
’ and are about seven feet
from the ground, which
must be covered with a
j sod. On eachside is a
board or similar shield
" to prevent the sun’s rays
from striking the thermo-
meters in the morning or
afternoon hours. One
shield is sufficient if it is
shifted from the west side
. to the ecast side at even-
ing, and back again at
noon.

In Russia the Wild
shelter is used; this is
shown in Fig. 12. It is
of wood, and has a double
board roof and southside,

Fic. 13. with open space between
the outer and inner covering. The sides are double
louvred to admit the air freely, and the floor and north
side areopen. Within this wooden shelter is placed a
zinc broken cylindrical case, which contains the ther-
mometers, this case being so arranged as to freely admit
the air, as is seen in Fig. 13, where the cylinder is
opened to permit a reading of the instruments. At
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the lower end of this inner metal shelter, and re-
placing the conical bottom shown in the diagram, is
a fan-like arrangement, by means of which the air is
forced through it (and over the thermometers) for two
minutes before each observation. For the ordinary
dry bulb thermometer Wild. finds that the ventilated
shelter and the unventilated shelter give the same
results to within about 01 C. The thermometer is
placed about ten feet above sodded ground.

The Hazen thermometer shelter, as used by the
United States Weather Bureau, is a cube three and a
half feet long, three feet high, and three feet deep.
The top and the bottom are of solid boards ; the roof
being sloping and double, with an air space of six
inches between the outer and inner boards. The
sides are to be single louvred with wide slats. In
order to thoroughly mix the air inside of the shelter
the wet and dry bulb thermometers are whirled rapidly
in acircle eight inches in diameter, just before reading.
‘When mounted on"a roof the shelter must be nine
feet above the. platform, and when at the ground,
sixteen feet above the sod, and supported in all cases
by four posts.

In Fig. 14 the method of exposing the bulbs of the |
self-registering dry and wet bulb thermometers is
shown as used at Kew, where the shelter is attached
to a wall. The stems pass through the wall to the
photographic apartment within the building.

Numerous comparisons of various forms of ther-
mometer shelters have been made, not only to see
how they differ among themselves, but also to deter-
mine their absolute accuracy. The Royal Society’s
experiments made by Griffith at Strathfield Sturges,
Hampshire, which extend over the period from Novem-
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ber, 1868, to  April, 1870, and in which about eighteen
different methods of thermometer exposure were
compared, is the most elaborate investigation of the
subject yet undertaken, and it might be thought that
other experiments were unnecessary ; but since then
several government institutions and societies, and a

FiG. 14.

large number of individuals have investigated the
question anew. The paper by Koppen, of the
Deutsche Seewarte at Hamburg, bearing the title
Investigations on the Determination of Air Tempera-
ture (Studien iiber die Bestimmung der Lufi-temperatur
und des Luftdrucks. Erster Abhandlung. Unter-
suchungen iiber die Bestimmung der Luft-temperatur),
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and published in 1888, gives the latest summary we
have of what has been done by the various experi-
menters.

Even the bare results of these researches cannot be
given here, but it may be said that each of the recent
forms of shelter probably has some advantage over
others; but it has not been possible to obtain an agree-
ment among meteorologists to adopt any one form to
the exclusion of others, and the question of a standard
form for universal use is still an open one,and not likely
to be settled in the near future. Koppen proposed a
simple form of ther- '
mometer shelter, in
which the thermo-
meter bulbs are
placed between two
horizontally- placed
boards, as shown in
the accompanying
figure, No. I5.

Normal Temper-
ature.— It will be
obviously impos-
sible to arrive at 4
any definite decision as to what is the best mode
of exposing a thermometer in order to obtain the
true temperature, until some absolute standard for
comparison has been ‘adopted ; and yet this is
what meteorologists have been trying to accom-
plish. It has been assumed, and is still so considered
by many mecteorologists, that if a thermometer
is whirled quite rapidly in a shady place, so as not
to be exposed to the direct rays of the sun, and
so as not to radiate heat itself to the sky, then its

& ]
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readings after whirling will indicate the true air
temperature. Usually in performing this operation
the thermometer has a string attached to the upper
end, and is whirled after the fashion of using a sling.
The whirled wet bulb thermometer was first used
by Saussure; but the application of the method to
ordinary thermometers was first made by Bravais in
1836, and later by Arago.

As a means of producing an artificial current of air
which will flow past the thermometer bulbs, three
methods are in use by meteorologists : the slinging,
or whirling by hand at the end of a string, as just
mentioned ; the ventilating, in which the current is
caused by aspiration or some form of fanning; the
rotating, in which the thermometers are whirled by
‘a machine of some kind, or, as in the case of the
Renou method, the shelter is rapidly rotated.

Observations by Joule and Thomson have shown
that if a wind blows against an obstacle the tempera-
ture of the air is higher on the windward than on the -
leeward side ; this is due to the dynamic heating by
increase of pressure, and in exposing a thermometer
care must be taken not to subject it to this source
of error. Even for a thermometer exposed to a free
current the reading is increased by 0°'1 C. for a velocity
of wind of ten meters per second, and by about 0°'5 C.
for a velocity of about thirty-five meters per second.

In 1817 Fourier proposed using two thermometers
having bulbs of different degrees of radiation and
absorption : viz, the plain glass bulb, and one covered
with lamp-black; and then from their readings he
would compute the correction to be made for radiation.

In 1851 Liais proposed using three thermometers
having bulbs of different absorptive powers. In




APPARATUS AND METHODS. 57

1865 Abbe (of Washington), then at Pulkowa,
also proposed and applied the use of two ther-
mometers. Fourier gave a simple formula for the
reduction, depending on the absorption of glass
and lamp-black; and quite recently Ferrel gave a
more complete formula taking into account the
velocity of the convective current of air to which
the thermometers are exposed. Hazen made an
independent proposal of the method of Liais, and
his bringing the subject to public notice has resulted
in some recent experiments in whirling of two ther-
mometers, one with a gilded bulb, and the other with
a bulb covered with lamp-black; but Abbe had
recommended in 1883, and on earlier occasions, the
use of the black and silvered or gilded bulb thermo-
meters for determining the temperature even in open
sunshine,

In 1857 Neumayer conducted experiments with
white, red, and black bulb thermometers at the Flag-
staff Observatory at Melbourne, for the purpose of
determining the effects of radiation, but just what use
he made of them has not been made public by pub-
lication ; and Aitken independently proposed the use
of thermometers having bulbs with different powers
of radiation. It is seen, then, that so many different
persons have independently suggested this general
method that its discovery cannot be assigned to any
one of the later proposers.

In the summers of 1835 and 1886 (as well as
at other times), Wild made some very careful and
complete experiments at Pawlowsk, Russia, with
various kinds of thermometers, in order to arrive at
some practical method for obtaining the absolute
true air temperature. He used thermometers with
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plain-glass, gilded, and blacked bulbs, and compated
them, both at rest and with strong current of wind
produced by a rotary motion, with the thermometers
in his form of shelter (Fig. 12).

These experiments show, in the first place, that in
the present condition of our knowledge of the theory
of heat it is impossible to obtain, under all circum-
stances, in bright sunshine and in the shade, even
with rapidly moving air, the temperature of the air by
means of two thermometers having bulbs of different
coefficients of radiation, as, for instance, the blackened-
bulb and gilded-bulb thermometers; however, if these
thermometers are in the shade, and enveloped in
moving air, the true temperature is probably very
nearly obtained by subtracting from the observed
temperature of the gilded thermometer 15 per cent. of
the difference between the two thermometers. Some of
the observations made with a free sun exposure gave
as much as 1°C. too high a temperature at about
20° C. by this same formula. The plain thermometer
whirled in the midday sunlight gave results about
024 C. too high, and in the shade o0°'5 C. too low, and
in the evening after sundown this depression below
the air temperature increased to 08 C. In the most
unfavourable cases on clear, calm summer days, the
Wild-shelter sometimes gave a temperature 0°°5C.
too high for the ordinary thermometers without an
air current, but when, by means of the ventilator
beneath the inner metal shelter, a current of two
meters per second was forced through it, the reading
of the thermometer was only 0°'1 too high ; so that if
this shelter is used in the lower latitudes where such
days frequently occur, the ventilating attachment
must be used. On these calm days with strong
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radiation, the air temperature can vary o°'5 C. or more,
at distances from one to four meters above the ground,
according to the method of sheltering the ther-
mometer, whether it be in the shade of a house, of a
small shelter, or of a large sail canvas.

Sprung has also recently published the results of
some experiments made at Berlin, and his work
shows, with that of others, the necessity of inter-
nationally conducted experiments.

§ 2.—Barometers.

Early History of Barometers—The barometer was
discovered by Torricelli in the year 1643, a year after
the death of Galileo, who had shown that the air has
an appreciable weight. The simplest form of this
instrument is obtained by filling a glass tube, sealed
at one end, with pure mercury, and placing a finger
over the open end invert the tube and plunge this
end, finger and all, into a cup containing mercury ;
then remove the finger, and, if the tube is somewhat
over thirty inches in length, the mercury will flow out
until the surface of that in the tube is about thirty
inches above that in the cup, if the experimenter is
near the sea-level. This experiment was first actually
performed by the mathematician Viviani at the sug-
gestion of Torricelli, and his instrument only differed
from the above description by there having been a
glass bulb blown at the closed end of the tube, so that
when the mercury ran out, this bulb, as well as a
portion of the tube, was left empty.

If this tube is clamped in a vertical position to a
rigid support, and .a scale of inches is placed beside
it, also vertical, with the lower end, marking the zero
of scale,resting on the surface of the mercury in the cup,
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it will be observed that from day to day, or sometimes
from hour to hour, the scale reading of the height of
the mercury in the glass tube will vary considerably.
This variation may amount to as much as a couple of
inches in the course of a few days.

The instrument is, -however, seldom
used in this simple form, because it could
furnish only very rough measures of the
changes in the atmospheric pressure.
Experience and experiment have caused
many different forms of barometers to
be constructed, in order to combine
accuracy and convenience, and it is the
gradual improvement of these instru-
ments that we wish to follow out.

In Fig. 16 is shown an early form of
the barometer as used by members of
the Accademia del Cimento; in this a
nearly closed cistern was used ; the air
being admitted by an orifice in a neck,
and the gradations, which were arbitrary,
were small protuberances on the glass
tube.

In order that the glass tube, in the
case of the simple cistern barometer
already described, may not be easily in-
jured, it is usually surrounded by one of
metal, and as this tube is in all parallel
to the glass one, it can be graduated
and serve as a scale for reading the
height of the mercury column. Then,
too, that the instrument may be easily carried about,
the mercury cup at the bottom is so arranged that it
can be screwed on to the lower end of the metal baro-

Fi1G. 16.
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meter tube. The instrument in this simple form is a
cistern barometer with immovable bottom, and is

much used at sea.

If, instead of having the cup or cistern of mercury

at the bottom of the tube, the lower end
of the tube is bent into a |J-shaped form,
we have the so-called syphon barometer,
which was a very popular form until within
recent years. In this case the difference
in the height of the surface of mercury
in the two legs of the tube gives the at-
mospheric pressure. (See Fig. 17, where
the upper and lower scale readings are to
be added together.)

Various Forms of Barometers.—With
this general idea of the construction of
the barometer in mind, it will not be diffi-
cult to understand the details concerning
some of the improvements which have
been made in the last few years, and
which are described below. The most
popular form of instrument is the Fortin
barometer. This is a cistern barometer,
in which the lower end of the reading
scale terminates in a fixed ivory pencil
(within the glass cistern), the lower point
of which is at the zero of the scale. The
lower part of the mercury cistern usually
has a soft leather lining which is pressed
upon by a screw from below. The large
milled head of this screw is turned by

re
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the observer until the surface of the mercury in the
cistern is raised so high as to just come in contact
with the ivory point marking the zero of the scale;
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then the scale reading of the height of the mercury
in the tube gives the “barometer height.” There are
numerous makers of this form of barometer, but they
differ only slightly in details of construction, and the

—_—
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general form is to be found illustrated
in most books on physics or meteor-
ology. .A cheap construction by
Baudin, of Paris, is, however, of suffi-
cient novelty to deserve notice. This
instrument is shown in Fig. 18. The
scale divisions are ruled directly on
the glass tube, and the cistern is en-
tirely of glass, but it has a metal rim
which screws into another metal rim
encircling the lower end of the ba-
rometer tube. The zero of the scale
is at the end of a pencil of glass which
is attached to the barometer tube, and
is brought in contact with the mercury
in the glass cistern when a reading is
to be made.

About 1830 Kupfer invented the

- syphon - cistern barometer, various

forms of which are now used exten-
sively in Continental Europe, under
the names of Turrettini, Képpen-
Fuess, Wild-Fuess, &c. Many im-
provements have been made in the
original design,and probably the best
at present in use are those of the Wild
pattern, manufactured by Fuess of

Berlin. As the name suggests, this form of instrument
is a combination of the cistern-syphon barometers in
which the attempt is made to bring into one instru-
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ment the good points of both forms. The arrange-
ment of the barometer tube is best realised if we
imagine a syphon barometer tube with the shorter
leg cut through at the beginning of -
the bend (at the point ¢ shown in
Fig. 17),and the bent portion straight-
ened out; both of the cut ends are
then inserted in a closed cistern filled
with mercury, beneath which is an
adjusting screw, as in the case of a
Fortin barometer. In making a read-
ing, the mercury is forced up into
both legs of the barometer until the
mercury surface in the short leg is
brought up to a fixed index at the
zero of the scale, when the reading
of the latter, showing the height of
the mercury in the longer leg, gives J
directly the barometer reading.

Fig. 19 shows the Koéppen-Fuess .
form, in which the principle of con- | * ~7
struction can best be seén, as both |
tubes are straight, ard two brass |
bars take the place of the usual
encircling brass tube, thus permit-
ting the glass tubes to be seen. In
making an observation with this in-
strument the screw head s at the '
bottom is turned towards the right
until the mercury in the short tube
on the right is brought up to a fixed Fic. 19.
zero index at ¢: the upper reading sight at # is then
adjusted to the top of the mercury column in the long
tube on the left by means of the screw at ». The ther-

"
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mometer at # it will be noticed, is unprotected in this

case, to make the exposure uniform with that of the

glass tube of the barometer. This form of barometer
is little used outside of Germany.

Fig. 20 shows the Wild-Fuess
barometer, which is much more
complex than the one just de-
scribed, owing chiefly to the fact
that in this form there is a bend
in the longer leg, which permits the
short leg to be located directly
under the upper part of the longer
leg, so that the two surfaces of
mercury which are to be observed
will be in the same vertical. In
the diagram the upper part of the
barometer is shown at the left, and
the lower part at the right; a
portion of the outer brass tubular
covering being omitted in this last
case in order that the construction
of the glass tubes can be seen to
better advantage.

As this barometer has come into
very extensive use on the Continent
of Europe as a refined form of port-
able instrument, a more lengthy
description is desirable. The tubes
A and B connect with the closed
mercury cistern C. A is the longer
tube and passes up, being consider-

F1e. 20. ably constricted, to a bulb blown in
the continuation of the tube B; here a turn to the
right is made, and A passes through this bulb O
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until it is directly over the short tube B. When A
leaves the bulb O it expands into the full diameter
which it has at the point of reading above. The
short tube B is of the same diameter throughout up
to the air hole S, and it is continued up to the place
of meeting the tube A merely for the additional
rigidity it gives the instrument. -In making an obser-
vation with the instrument the bottom screw G is
turned until the mercury surface in B comes in con-
tact with the zero sight (which is adjustable to the
zero of the scale by means of the screw K) which is
shown just above it in the diagram.

The height of the surface of the mercury in the
longer tube is read off by means of the sight at N,
which is carefully adjusted by means of a screw
motion. The framework of this sight, on which is
also placed the vernier divisions, encircles the brass
tube covering the glass tubes.

The outside air enters the short tube through the
small opening in the arm covered by the screw cap S;
this screw cap being left open during the observation,
but kept closed at other times.

For this barometer the attached thermometer is
within the encircling brass tube, but the scale is
exposed to view through a slit ; the thermometer bulb
being well covered.

When the barometer is not in use, the mercury is
screwed up into B until about all the air is expelled
through the hole at S, when the cap at S is screwed
on and any outflow of mercury is prevented. In this
condition the barometer may safely be inverted for
transportation, as the tube A becomes filled with
mercury long before the mercury in B reaches S; but
in inverting the barometer the screw cap S must be

6
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turned towards the manipulator, and the cistern end
of the barometer moved upwards to the right (ze.,
with the right hand with which it is grasped below) ;
and in restoring it again to its normal position, S
must still be towards the person and the exact
reverse directions be traversed by the right hand.
In this process of inversion the short tube is kept
uppermost, and there is thus no chance for the
bubble of air to enter the long tube A as it passes
from S along the short tube B to the highest point of
the cistern.

A great theoretical advantage of this form of in-
strument is that it admits of a determination of the
amount of air in the imperfect vacuum above the long
column of mercury in the tube A. This can be done
by a double measuring of the difference in the height
of the mercury in the two tubes; first when the vacuum
space in A is four or five inches long, and then again
after it has been reduced to a fraction of an inch by
forcing the mercury from the cistern up into both of
the tubes A and B by means of the lower adjusting
screw G. If any air is present in the vacuum space,
it will be more compressed in the second case than
in the first, and the second barometer height will
consequently be less than the first. The relation of
this difference to the space occupied by the air, in
the two readings, allows the amount of air in' the
vacuum chamber to be computed. This is an appli-
cation of what is known as the Arago method to
a portable barometer. In carrying out this process,
the screw cap S must be entirely removed from the
barometer, when the reading micrometer N, vernier
and all, can be slipped down the brass tubular cover-
ing, and be used for making the scale reading of the
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mercury surfaces in the glass tube B as well as that
in A, :

I have now given some idea ™
of the forms of portable barometer
in common use and also of their|'
manipulation, but in all of them
they have been used as received
from the maker, already filled withH’
mercury. It has long been con- lé

sidered desirable to have a form of
barometer which could be easily
filled with mercury, so that it could
be transported from place to place
with the tubes emptied of the
mercury, the weight of which makes
it such a risky matter to move a
barometer. A number of methods
have been proposed by which' this
can be accomplished, but none of
them have been subject to such
tests as the barometer constructed
by Professor Sundell of Helsingfors,
which has been brought into very
prominent notice by having been
used in the splendid series of inter-
national barometer comparisons, °
carried out by the inventor, which
will be spoken of a little later.
This barometer is shown in Fig.
21 and Fig. 22. The former shows
the system of tubes stripped of
the mounting and the encircling
brass tube which serves as a scale as well as for pro-
* tection.

Fi1G. 21. Fi1G. 22.
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A duplicate glass tube of a Wild-Fuess barometer
is used as a foundation for this barometer, the inner
diameter of the tubes at the points of observation being
11'1 mm. At the upper end of the tube there is attached
by melting a spherical bulb A with a content of about
110 c. cm. ; between this bulb and the capillary tube
B (having a length of 43 cm. and surface aperature of
1'63 sq. mm.), there is inserted a small spherical bulb ¢,
having a content of 5 c. cm. The reservoir C, having
a length of 10 cm. and an inner diameter of 11 mm.,
which is joined to the tube B, is connected with the
drying tube G by means of a narrow tube which
prevents any foreign substance from passing from G
into C. The tube G is stopped up at the top with
wool, and is fastened into C by means of a cork, the
joint being made air-tight by means of resin and bees’
wax. As a means of drying, phosphoric anhydric acid
is used. At the lower end of the contracted tube D,
a T tube is melted on, and so bent that the axis
of the tube LM coincides with the axis of the open
leg of the barometer tube which terminates at K ; the
two tube ends K and L, which are about 5 cm. apart,
are then connected by means of a rubber tube, which
latter can be somewhat compressed by means of the
screw P (see Fig. 22). The end of the tube M is
connected by means of the wrapped tube S (length
120 cm,, inside diameter 5 mm.) with the glass
reservoir QQ which holds 200 c. mm: At the top of
Q is a drying tube containing chloride of calcium.
In Fig. 22, N is the upper sight having a micrometer
motion, R is the lower fixed sight, and Y is the
attached thermometer inside of the brass tube, but
with scale visible through the slit. The method of
manipulation is as follows:
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We will start with the barometer emptied. The
pure mercury is put into the reservoir Q (Fig. 21),
after which the cork which is used to stop up the
lower end of G is pierced with a needle, and the screw
F, which controls admission of the air to the lower
open leg of the barometer, is tightened to prevent
the entrance of air into this lower leg. By slowly
raising the reservoir @, which can be easily
done as the tube S is of rubber, and is many times
larger than represented in the diagram, being in
fact 120 cm. long, the mercury will gradually rise
in the barometer tube until it has forced the air out of
the spherical bulb A and the reservoir C. By slowly
lowering Q the mercury flows back again, and the air
flowing into the tubes again through G is dried in
its passage. A repetition of this filling and empty-
ing process, two or three times, letting the air fill
the barometer tube each time, will suffice to dry the
tube thoroughly. The barometer tube is now finally
filled with mercury and the reservoir Q is allowed to
rest in the upper holder g; (Fig. 22), which is so
placed, and the amount of mercury in Q is so chosen,
that when Q rests in g the tube C is just filled
with mercury. The small opening in the end of the
drying tube G is now closed by means of a heated
knitting needle, which is used to melt the wax which
had previously been pierced to admit the air. Q is
then again lowered, and C is only so far emptied
of mercury that the air still remaining in it holds
in equilibrium, by its tension, a mercury column of
the height of the capillary tube B. Then the mercury
will break above at the beginning of the capillary
tube and draw itself back to the vertical part of the
tube ; on the other side it sinks lower and lower in
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the bulb A, leaving above it a Torricellian vacuum.
Q should now be lowered as far as possible in order
to set free any little air bubbles that may have
found lodgment between the mercury and the sides
of the tube D. By an additional raising of Q the
remaining small quantity of air is driven over into C.
Q is then returned to the holder g. The instrument
is now ready for making an observation, and the
distribution of the mercury is as shown by the
shaded lines in Fig. 21. There is always, however,
a measurable quantity of gas consisting mostly of
water vapour remaining in the vacuum chamber ; and
the amount of this gas must always be determined
by the method of varying pressures (Arago’s method).
Sundell has found the gas tension to be. somewhat
variable, being as high as 0’37 mm. and as low as
o7 mm. A full and very interesting account of the
manipulation of this barometer is to be found in
Sundell’s rather inaccessible original paper in the
Acta soc. Fennicae, tome xvi.

In regard to the accuracy of the readings (which
must not be confused with the absolute accuracy of
the instruments as referred to a common standard) of
the various forms of portable barometers, it is difficult
to give positive values, and the following are some-
what, although not entirely, personal estimates. If
two ordinary Fortin barometers are compared with
each other, the readings differ by 0’25 mm. from one
comparison to another. In other words, if we know
the error of the barometer as compared with an
accurate standard instrument, we can be pretty sure
of obtaining the true atmospheric pressure to within
o°25 mm. by a single reading at any time. A Fortin
barometer of the highest class will give single read-
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ings, with an accuracy of perhaps o'12mm. A Wild--
Fuess (syphon-cistern) barometer of the best con-

struction will give single readings with an accuracy of
perhaps 006 mm. For the latter instruments, if a

series .of "ten readings is made simultaneously on two

barometers, and each difference is subtracted from

the mean of the ten, the average deviation of the

single readings from the mean should not be more

than 0'03 mm. There have been constructed a very

few Fortin instruments which could perhaps be read as

closely as the Wild-Fuess barometers, but the personal

equation between two observers is undoubtedly less

for the latter form of instrument.

Standard or Normal Barometers—All ordinary
barometers must first be compared with a standard
barometer before the results obtained by them can
be used, as they are never perfect in construction and
differ among themselves. In practice the following
plan has been usually carried out. A barometer of
unusually good construction, in the filling of the tube
of which great care has been taken, is selected to be
used as a standard, and mounted permanently at
some observatory of repute. This is adopted as a
standard for the observations officially made by the
country or state, and the barometers used in making
observations in this region are compared with it,
This comparison is made either by bringing the
barometer, to be compared, to the observatory, and
making the comparison with the standard direct; or
else by comparing a barometer with the standard and
then carrying this second barometer to the observing
station, and comparing it with the observing baro-
meter in the location and condition in which it is to
be used for actyal observations, This last method is
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considered the best, although a slight error enters
into the comparison due to the use of the intervening
portable barometer.

With the gradual increasc of accuracy in making
barometric observations, and especially in the more
frequent combination of the observations made in
different lands, it became evident that these so-called
standard barometers should be replaced by still more
accurate instruments which should have an absolute
accuracy, and which should agree with each other the
world over, after certain theoretical corrections had
been .applied to their readings. This great reform,
which we owe more to Professor Wild (of St. Peters-
burg), than to any other single individual, has only
partially taken place, and is still in progress; and it
is this progress which I propose to outline. It would
require a special treatise on barometers to contain a
complete description of all the normal instruments
now in use, and so only a brief mention can be made
here of the different constructions; and, as these
differences occur mainly in the method of reading
the height of the mercury column, they are pointed
out in the text treating of the errors of this operation.
I have, however, given diagrams of many normal
barometers, descriptions of which have been pub-
lished ; believing that such a complete series has not
been heretofore collected in any single publication.

Regnault’s ncrmal - barometer at the Collége de
France, Paris, was the first instrument constructed
that could lay claim to this title. This barometer,
which was constructed for his own use in carrying
out the investigations described in his famous memoir
published in 1847, had its origin in his desire to do
accurate work rather than in any idea of establishing
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a standard barometer, with which other and less
accurate instruments might be compared. Regnault s
normal barome- .3
ter (Fig. 23) was
a combined ma-
nometer and
barometer. The
tube A in the
illustration is the
barometer tube,
and the tube B
(towards which
the reading tele-
scope of the
cathetometer
points) is the ma-
nometer tube.
Experimentsat
the Kew Obser-
vatory during the
years 1853—4 re-
sulted in the final
establishment in
1855 of the Kew
normal baro-
meter (Fig. 24),
the cathetometer
belonging to
which was some-
what similar to, X v o
that shown in Fic. 23.
Fig. 23. This was really the first normal barometer
set up as a standard for meteorological purposes.
The Regnault and Kew normals are not very different
in construction,
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About ten years later, in 1866 or 1867, Wild
established at Berne a normal barometer which
embodied the main ideas of the
instrument established by him a
little later at the Central Physical
b Observatory at St. Petersburg,
and which is shown in Fig, 23,

= For outline plan see Fig, 31.
Another pause of ten years
—_—] followed, during which Wild,
Neumayer, Hellmann, and
others, strongly urged the estab-
lishment of other normals ; and
then, in 1881, the Fuess normal
barometer (Fig. 26) was mounted
at the laboratory of the Normal
Standards Commission in Berlin,
This and another barometer
mounted about the same time

= at Sévres, followed out in the
main the method of construction
proposed by Wild.
About 1882, Marek’s normal
. JL barometer (Fig 27) was estab-
lished at the International
Bureau of Weights and Measures
at Sévres; and in 1883 a Fuess
normal was obtained by Neu-
Fic. 24. mayer, for the Deutsche Seewarte
at Hamburg (Fig. 28). A new normal barometer
of novel construction was mounted, probably in
1886 (perhaps in 1885), by Sundell, at Helsingfors

)
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(Fig. 29), accordmg to a plan proposed by hlm some-
what earlier.

Py

FiG. 2s5.

The latest addition to this list of normal barometers
is the one mounted by Wild at the observatory at
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Pawlowsk, Russia, in 1887 ; but the details of its
construction have not yet been published.

Fi1G. zg —

These various normal barometers may be divided
into two classes. The Regnault and Kew normals
form the first class, in which the practically straight
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barometer tube projects into a cistern of mercury,
and the methods of reading the upper and lower

FiG. 27.

mercury surface are quite unlike.. The remaining
normals belong to the second class, inaugurated by
Wild, in which the tube is of syphon form, thus
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" permitting the same system of reading the mercury
surfaces to be used above and below ; and an acces-

Fic. 28.

sory cistern of mercury
to be used in adjusting
the surfaces is connected
with the barometer tube
at the lower bend : this
form of barometer is
most distinctly shown in
Fig. 28, as the usually
accompanying mano-
meter is not attached in
this case: this is the
normal barometer at the
Deutsche Seewarte,
Hamburg. The special
differences in these ba-
rometers will be pointed
out in appropriate places
in the mention of the
various errors pertaining
to these instruments.
Sources of Errvors. in
Barometers.—There are
many sources of error
in determining the true
atmospheric  pressure.
Regnault claimed for his
normal barometer, that

J. the inaccuracy was not

greater than 0’10 mm.
Wild, however, set the

admissible outside limit of any error at ocor mm.;
and he adopted this as a criterion in the investigation
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of the St. Petersburg normal (Fig 25), which he
claimed, and I think justly, to be the first normal
barometer ever fully investi- a
gated for its errors with this I
precision.

I will now make a brief
mention of these special
sources of error, and give the
precautions necessary to keep
the errors within o'o1 mm.

1. Effect of the changes of
temperature of the mercury,

For an ordinary temperature,
of say 20°C,, the mean tem-
perature of the mercury
column, for its entire length, r
must be determined with an

accuracy of 4007 C. This
~ can only be done by mount-
ing two, and perhaps three,
thermometers at different
points close to the barometer
tube, and they must have their
bulbs immersed in glass tubes
containing mercury, and with
diameters the same as for the
barometer tube.

2. Influence of temperatures
on the brass scale.

At about 20° C, the reading
of the scale temperature must
have an accuracy of 40°7 C.

3. The correction to standard gravity. .

The latitude of 45°, and sea level has been adopted
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as the place to which the observations are to be
reduced as a mean point ; and whenever the place of
observation is more than 8' (two geographical miles),
from the latitude 45°, or is more than 42 meters above
the sea-level, the gravity correction must be applied.

4. The impurity of the mercury.

It is much easier to obtain pure mercury than to
use that which is not pure, and then have to deter-
mine the specific gravity of it; which it would be
necessary to do in order to prevent an error of morc
than two units in the fourth decimal place of this
constant.

Mercury of sufficient purity can be obtained by first
washing commercial mercury in dilute acid ; shake
the bottle containing the combination frequently
during several days, and then pour off the acid,
and wash the mercury in pure water. Now pour it
into a clean glass vessel containing some chloride of
iron, which being removed, and the mercury being
filtered, it is ready for distillation ; and this can be
done by means of a Weinhold distilling apparatus,
or Wright’s modification of the Weinhold form.

5. Inclination of the reading scale.

In mounting the graduated scale, great care must be
taken to get it vertical, and it must be so firmly fixed
that it cannot be easily moved by any jarring. A
plumb line suspended from a steady support will do
to show the verticality with sufficient accuracy.

6. Error of scale graduation.

The only way to find out this error is to compare
the scale graduations with a normal scale of known
accuracy. The comparisons must be made, not only
for the extreme length of the scale, but also for
perhaps a dozen points throughout the length.
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Much of the accuracy of the scale reading depends
upon the carefulness with which the graduation has
been carried out.

7. Elasticity of the scale.

The scale having been compared with the normal
in a horizontal position, and then hung vertically
suspended from its upper end, the length will be
found to have increased ocor mm. when the whole
weight supported by the scale amounts to o'8 kilo-
grams for each square mm. of cross section.

8. Influence of gas in the vacuum chamber.

In the filling of a barometer tube with mercury, it
is impossible to obtain an absolute vacuum, and the
difficulty increases when the attempt is made to fill
the complicated system of tubes of a modern normal
barometer. It has been customary in the best in-
vestigated normal barometers to fill the tubes as care-
fully as possible, and then determine the amount of
gas in the vacuum by means of the Arago method
already referred to. That is, to measure the height
of the mercury column when the mercury is low in
the main tube and the length of the vacuum space is
several inches, and’'then make a reading when the
mercury has been raised in the tube until the vacuum
space has been reduced to very small dimensions.
The difference of the two readings compared with
the dimensions of the vacuum space in the two
instances, permits a determination to be made of the
pressure of the gas which is to be applied to the
actual readings of the instrument in order to reduce
them to the case of an actual vacuum. For one of
the normal barometers at the International Bureau of
Weights and Measures at Sévres, the reading of the
normal barometer must be corrected by 4013 mm.

7.



82 MODERN METEOROLOGY.

to allow for the pressure of gas in the vacuum tube.
The St. Petersburg normal requires a correction of
about 006 mm. for the same purposes. The amount
of gas in the vacuum tube depends principally on
care in filling.

. The best method for accomplishing this last is the
oneused by Wild at St. Petersburg, and also adopted
at Sévres. In the purification of mercury by the
Weinhold process, it is distilled directly into the
barometer tube, after the tube (and the system of
tubes) has been exhausted of air as far as can be done
by use of a mercurial air pump.*

Wild mentions the fact that in 1874 he used a
Weinhold’s distilling apparatus for filling barometer
tubes. In 1883 I found this was still in use, and
giving excellent results, with almost no danger to
the barometer tube. The drawing given here (Fig.
30) is from a rough sketch I made of the apparatus,
and is merely intended to give an idea of its shape and
general appearance. It is drawn only approximately
to scale, and shows the system of tubes emptied of air.
All of that part to the left .of the point P pertains to
the mercurial air pump. A is the reservoir of mercury
to supply the air pump, and the mercury flows into the
tube C by way of the small hole E, which flow can be
regulated by the handle B which moves the cover of
the hole E. The mercury falls through the tube H into
L and passes out through M into N, from which it is
forced back into A again. For expediting matters,
the tube G is used (G is shorter than thirty inches),
and I and K are filled with mercury, which is drawn
up through G and passes over into L by way of H.

* See Wild’s monograph on barometers in the Russian Reperloriu-m
Jiir Meteorologie, Band III. p. 145.
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F1G. 30.
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The mercury to be distilled and put into the barometer
tube is poured into Q (having been first washed in
acids, &c.). W is the barometer tube to be filled, and
V is a short piece of unvulcanized rubber connecting
W with the long glass tube R, the joints being sealed
with sealing-wax. ZZ is an arrangement for drying
the air, x is a stop-cock, R is a long tube running
from x up through Q and inside of the tube S into
T where it has an opening. NS is a tube passing into
the mercury in Q, and has a large bulb (perhaps five
or six inches in diameter) T at the top. The gas
burner for heating the mercury is just below T, and *
encircles S. In operation, pour some mercury into
A, K, and I, and the mercury to be distilled into Q.
Open z, and by turning or raising B form a connec-
tion between A and C by E: the mercury now flows
through C into L and carries air with it, causing
more air to enter the system of tubes ZZ, where it is
dried. After this has been continued until the
original air has been expelled from the tubes, the
cock z is closed (alternately opening and closing
this during the operation just described is best).
When x is closed the air of the system becomes
rarified by the action of the air pump, and the
mercury in Q rises into S (around R) up into T, but
not up to . The mercury also flows from K up
into G and over into H. When the air has been
thoroughly exhausted from the system of tubes, then
the burner under T is lighted, and the mercury in
T will distill from T over into %, and fall through
the cooling chamber R down into the barometer
tube, where any vapour that may pass into P will
condense into O. When W is filled with the pure
mercury then the flame is extinguished and x» is
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turned, and air let into the system. The barometer
tube is then taken off by melting the wax, and is
then ready for use. Paraffin is a good material for
covering joints, and does not soil the mercury.
During the operation of filling, the bubbles must be
forced out of the tube by means of a Bunsen burner,
that can be passed along the barometer tube and
directed on to the place where any bubble is seen.

In filling a barometer of the Wild-Fuess control
pattern having a tube of eleven millimetres diameter,
about 375 grammes 425 grammes of mercury is used ;
and it must not be forgotten to wash the mercury
carefully in acid or chloride of iron before using.
It is better to distil a little mercury into another
tube first, so that any oxide of mercury that may be
present can pass off, and then change to the one to
be filled. This is unnecessary when the apparatus is
in constant use for distilling. It takes from fifteen to
thirty minutes to get the air out of the tube, and the
accomplishment of this can be recognised by the noisy
action of the mercury in the air pump.

In the Helsingfors normal barometer, Sundell has
for filling the tubes the arrangement shown in Fig.
29. The upper chamber B is connected with a
drying vessel T, which contains phosphoric anhydric
acid, and which in turn connects with the mercurial
air pump LL'. The spherical bulbs LL' have a
capacity of 193 cubic centimeters. Pure mercury
is poured into the lower chamber B, and the mer-
cury air pump is put into operation by filling the
lower bulb L' with mercury and then raising it up
until the mercury rises up into L, fills it (which
necessitates the addition of more mercury to L'), and
overflows into the tube shown on the left, Now
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lower L' until the mercury in the tube connecting L.
and L' is a little below the tube connecting it with
the barometer tube. Pour mercury into Z and it
will pass from the narrow tube into L and down-
wards. The circulation of the mercury is kept up by
adding mercury to Z, and, I suppose, by lowering L',
as there is no conveniently arranged overflow tube
joined to L'. The air is gradually exhausted from
the barometer tube by being carried out through L',
and as gradually the mercury rises from lower B up
through R and flows out through O into upper B until
the vacuum is as complete as possible; L' is then
lowered and the mercury assumes the position shown
in the Fig. 29. Sundell claims that the gas pressure
in the vacuum can be reduced to 0005 mm. by this
process.

9. Errors of Capillarity. Very little reliance can
be placed on capillary corrections for small tubes,
and in order to reduce this capillary correction to less
than ‘01 mm., the barometer tube must be at least
24 mm. (about 1 inch) in diameter, and just before
each observation the mercury must be made to rise
in the two legs of the tube. In the normals at
Helsingfors (Fig. 29) and at Pawlowsk the inner
diameter of the mercury chambers at the place of
reading is about 40 millimeters.

The mercury is made to rise in most of the
barometers of the Wild form by raising the accessory
connected reservoir M (Fig 28), but Sundell has a
plunger N (Fig. 29) which is lowered into the reser-
voir by means of a screw motion.

10. Errors of the methods of reading the height of
the mercury column. In order to keep the error of
reading down to the limit fixed upon (‘o1 mm.), the
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utmost precautions must be taken in the whole detail
of making the readings. Up to about 1873, there .
had never been a barometer that had been read with
this desired accuracy. The various errors in reading
may be arranged systematically as follows :—

a. The readings must take place in the same way
for both mercury surfaces, that is, both surfaces must
be as nearly alike as possible, both as regards form
and method of reading; and with any arrangement,
such as the Fortin, where the top and bottom readings
are made differently, the desired accuracy could not
be attained. This form is shown in Regnault’s baro-
meter (Fig. 23) where the mercury surface at A is
observed, and then by means of the cathetometer
telescope the top of the adjustable screw M (of
known length) is also observed.

The modern method of bending the tube of a
syphon barometer, so that the lower mercury surface
is directly beneath the upper one, gives two surfaces
as nearly alike as can be obtained. This is best seen
in Figs. 28 and 29, and also 31.

4. The mercury must be raised in both tubes just
before the reading is made, and this is done by
having another tube (of rubber) leading from the
bend in the syphon to a small mercury reservoir
(Fig. 31), that can be raised or lowered at will, thus
changing the height of the mercury in the two legs
of the syphon. This is also necessary for getting rid
of capillary errors as already described.

¢. With the ordinary form of cathetometer for
reading the height of the mercury, only the most
skilful observing and careful adjustment could give
the desired accuracy, because the reading microscope
must be at a little distance from the barometer tube
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on account of changes due to heat from the body.
So, in all modern barometers the cathetometer scale
is suspended close to the barometer tube, and twe
reading microscopes are mounted on a vertical stand
at a distance of several feet from the scale and
barometer. When a reading is to be made, the cross
hairs of the telescopes are set on the upper and lower
mercury surfaces, and then the microscope
stand is turned slightly around the vertical
axis, and the telescopes pointed to the
" scale and the divisions read off, the fractions
4 of the divisions being read by means of
micrometers on the microscopes. In Fig.
27 the brass scale RR is shown at the
right, the old or less accurate form being

well shown in Fig. 23.

In the Helsingfors barometer (Fig. 29)
the scale divisions are
ruled directly on the
glass tube SSSS., and
are read by means of the
microscope MM. A
similar method, pro-
posed by Thiesen, is (I

l@ believe) adopted for the
— > ~new Pawlowsk normal
FiG. 3I. barometer. This is

mainly; however, to aid in reducing the error next to
be mentioned.

d. It is important to be sure that the reading of
the true mercury surface is obtained. In order to
accomplish this, various forms of illumination have
been proposed, and a steady improvement has been
made, At first a piece of white paper, or other
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light reflector, was put behind the barometer tube,
and the dark mercury surface projected against this
background was observed with considerable accuracy.
In the Wild normal barometer (see g and g’ at the
right in Fig. 25) there is a plate, which is half black
and half white, behind the mercury column. Fora
telescope reading the upper half is black and the
lower half white, and the dividing line is brought just
above the mercury surface, so that the top of it is
projected against the white surface, and the black
surface is just above, for contrast. For a microscope
reading the white and black surfaces are reversed
in position. In the Fuess normal barometer of 1881
(see Fig. 26) at the Normal Standards Office, Berlin,
we find a different method of illumination by means
of reflectors. Here the barometer is in a dark under-
ground chamber, and gas illumination alone is used.
The rays of light, which are rendered parallel by
interposing a lens, strike the mirror S, and are
reflected upwards to mirrors on the collimators C; C,,
and are by them directed through the collimator to
those points to be read by the microscopes. Behind
the mercury surface to be observed are double reflec-
tors (see S; S; at N) with a space between., The left
side of the front opening of the collimator is partially
closed by a cover with sharp horizontal edge, and
which has a fine vertical motion by means of a screw.
The light from the right half of the collimator falls on
the scale to be read, but that from the left half falls
first on the reflector S, is reflected to S,, and finally
over the top of the mercury surface at N back to the
microscope. The image of the sharp horizontal edge
of the partial cover on the collimator is seen in the
centre of the mercury surface after the double reflec-



Q0 MODERN METEOROLOGY.

tion,and is sharply defined in the reading microscope.
This is essentially the same as the black and white
background of the Wild barometer (Fig. 25), but
is more convenient and probably more accurate.
Perhaps the best method, however, is that proposed
by Marek and used in reading one of the normal
barometers at the International Bureau of Weights
and Measures at Sévres (Fig. 27). At least as early
as 1873 Wild used a method of making an accurate
reading of the mercury height in the open tube, by
causing a needle to descend the middle of it, until
the point almost touched the mercury. (I have
recently seen a reference to this as Pernet’s method.)
In this way a sharp image of this needle point will
be seen in the mercury, and if a setting is made of
the microscope cross wires on this reflected image,
and then on the point of the needle itself, the mean
of the two readings will give the height of the
mercury surface with great accuracy. (Any one can
perform this experiment by taking a thin glass bottle
an inch in diameter and pouring a little clean
mercury into it ; then insert a needle from the top,
and place the eye on a level with the mercury surface.
Both the needle point and its reflected image can be
seen with great distinctness.) This is not so easily
done in the closed tube, but Marek has found and
applied a method. By means of a collimator, as -
shown at HH on the right in Fig. 27, the image of the
cross wires is formed in the middle of the barometer
tube just above the mercury surface. This image and
the reflection as seen in the mercury are both observed,
and the mean of the two is taken as the surface of the
mercury. This is done for both the upper and lower
mercury surfaces, The error of a reading is about
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‘0015 mm., as found by Marek; this is far within
the necessary limits, and the method is so simple
that it will probably be used very extensively in the
future. Thiesen has proposed another modification
of this principle. He uses a wide barometer tube, so
that the observing mercury surface will be about
40 mm. in diameter, and a pencil point or other
sharply defined object is placed outside the tube,
but near it, where this object observed directly and
also its image reflected in the mercury can be used
as points of observation ; and the graduations can be
on the barometer tube, thus greatly simplifying the
manipulation of the normal barometer. This method
has been applied by Sundell, and can be seen in Fig.
29, where the scale divisions are shown between SS
and SS opposite the reading microscope MM. (It
must be remembered that Fig. 29 is merely a sketch
of the plan of the actual instrument.) Wild also
mentions the application of Thiesen’s method to the
new normal barometer at Pawlowsk. For an illumi-
nating power the electric light is undoubtedly the
best. .

In the case of the Kew normal barometer (Fig. 24)
there are two steel pointers about two inches long,
and one has the edge curved like the meniscus in the
barometer tube. The lower end is in one case a knife-
edge rounded like the upper meniscus, and in the
other a point; both are brought in contact with their
reflections. The mercury is agitated in the tube by
rotating the barometer and so producing a slight
vertical movement by centrifugal action in the cistern,
and th® result of this is assumed to be the equivalent
of the Fortin cistern action.

e. Considerable attention has also been given to
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another error which may enter into a barometer
reading and which is due to the influence of the
wind. If a barometer is placed to the leeward or
windward side of an obstacle, its reading will be
slightly decreased in the former case and increased in
the latter. Theory gives unsatisfactory values of the
amounts of this error. Abbe supplies the following
theoretical table of increase of pressure on the wind-
ward side :—

Wind. Miles per hour 20 40 60 8o 120
Increase of barometric
pressure in inches... 0’015 0°061 0138 07383 0548

In order to determine the amount of this error
within a room, experiments were made on Mount
Washington by the United States Signal Service in
1886, and the following table shows the results; but
it must be remarked that a barometer could not be
read with the greatest accuracy in such a high wind
on account of the unavoidable jarring of the building,
and consequently of the instrument :—

WIND. EFFECT ON BAROMETER OF OPENING THE—
[} e .
. Chim- . Windward
Avlerage Gusts | ney flue.| Leeward window. | "G joc.
e | B (7] G |
ate- | . tion. per. Aspect Aspect
honr). hour). || Effect. of | Effect. of | Effect.
| Window. Window.,

1886. Inch. Inch. Inch.
Sept. 29| W.N.W.| 65 8s —o'0o5 | E.N.E, | —o'0o14 | W.S.W. | +0°
Segt. :g W.NW.[ 65 8s l +o° ggg E.N.E. | —0'c08 | W.S.W. +o-2°4§
Qct. 15| W.S.W, 70 8s +0" E.N.E.| —oorz | W.S.W. | +0'045
Oct. 21| W.S. W, 65 8o +o':g E.N.E. | —o018 | W.S,W. | +0'062
Oct. 22| NNN.W.| 70 9o —o" E.N.E.| —o'025 | W.S.W. | +0%032

Comparison of Standard or Normal Barometers,—

_—
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Since the establishment of truly normal barometers,
it has become very important that they should be
compared with each other, and that the older standard
barometers of various countries should be compared
with them. Since the report of Professor Neumayer
(of Hamburg), there have been not only numerous
comparisons between isolated standards, made
during the travels of individual meteorologists, but
there have also been several series of comparisons of
international standards made by persons who have
carried portable barometers from place to place with
the aim of determining as nearly as possible the
differences existing between these standards and
so-called