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ADVERTISEMENT.

- Tre present Work was projected by the Bombay
G&ographical Society in 1849 : its preparation was
entrusted to the Secretary in concert with the Com-
-mittee on Physical Research, consisting of Lieut.-
_Colonel Holland, Quartermaster General Bombay
Army’ Captain Hawkins, Deputy Superintendent of
the Indian Navy ; Captain Barr, Paymaster General
Bombay Army; Mr. John Ritchie, Manager to the
Oriental Steam: Navigation Company; and Professor
Patton; gentlemen of great ability and accomplish-
ments, and who were always ready to afford council, o
render whatever assistance was desired of them ; and
after many and unlooked for delays and retardations,
1t had nearly reached its present form when it was in
August, 1851, deemed. expoti®¥ . to apply to the
Society to have it withdrawn from under their pa-
tronage : the apﬁlication was complied with, and it
now, therefore, appears on the sole 1espons101hty of
the compiler. '
To avoid a continuanée of those incxplicable and
interminable delays occasionally experienced at press
in Bombay, when anything bearing the name of
Ullpstzation is desired, it has been considered expe-
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iv. ADVERTISEMENT:

dient to issue the first portion of the Manual in an
imperfect form: the Chapter on Geology, and a Ge-
neral Index of Indian Authors and Subjects, as well
as a considerable amount of Appendix, being still in
the Printer’s hands. As it stands it will be found
tolerably complete so far as- it goes, and it will be
optional for purchasers to provide themselves with
the Second Part or not as they think fit: the pre-
sent Part of itself, consisting of 268 pages, mostly of
small type, contains about the same quantity of print
as the Admiralty Manual altogether, and it will be
increased by a third by that still in process of pre-
paration. " ‘
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INTRODUCTION.

THe following oatline, taken from the Annals of
India for 1848, of the Researches in Physical Geo-
graphy of the Bombay Geographical Society, will ex-
plain the objects they have had for a long time in
view on this subject, and the nature and ends of the
researches in which they are now engaged : —

Tae BomMBaY GEOGRAPHICAL SoCIETY came into existence at a period
when a remarkable degree of activity begau to prevail throughout the world
in the prosecution of enquiries in Physical teography, and its able and enlight-
ened founders resolved largely to share in what was then the favorite study
of the day. Having provided thomselves with magunetic and meteorological
instraments, they set about attempting to determine with precision the oli-
mate of Bombay ; and though it does not appear that they at this time had avy
view of endeavouring to establish other observatories under their own imme-

. diate chavge, they resolved to encourage others to observe,—to supply instrus -
ments where these were wanted, and to avail themselves to as large an extent
a3 possible of the researclies of amateurs, The investigation of the climate of
Bombay does not, so far as the records show, appear to have been proceeded
with—the cause of the failure is not known; but the Transactions ave rich in
observations at other points, which only required to be collected in sufficient
abundance, and to be compared with some point of reference, for the purpose’
of generalization.  Such a point as that desired first made its appearauce in
1842, when the meteorological and magnetic observatory was fairly establish. '
ed at Colaba. Ths operations of this establishment baving for a time been
interrupted, the records of an entire year of continuous observation were first
completed in September 1843 ; when, as a second year was proceeded with, it
became apparébt that the phenomena of climate liere were so marked and so
beautifully nniform, that the records of one year would almost suffice in times
of tranquillity for the observations of another, and that, therefore, the anoma~ -
lies at the spot were the things that required from thenceforth chiefly to be
attended to., Now came the time for extending the investigations the Society
had from the beginning had in contemplation, when a somewhat more syste-
matio and compreheusive plan should be adopted, and more extended and
varied results might be looked for,

PFor the information of the general reader it may be shortly explained, that
in meteorology the first point generally attended to i3 the pressare of the at-
mosphere, by which at the level of the sea a column of mercury from. 29 to 30
incheg long can be supported in every quarter of the world. This is deter-
Jined by the well.known instrument called the Barometer, or measurer of -
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weight, At the Equator the pressure is somewhat less than at the higher la-
titadey, At Melville Island, in Liat. 74° IN,, it is 29.870 ; at Ingloobeck, lat.
69°, it i829.770 ; and at Winter Island, 66° N., it is29.798. At Plymouth it
is 29.90; and at Bombay, 19° N., it is 29.860. At the equator it is 29.974;
13° 8., 30,016 ; 43° S., 29.950 ; from this decreasing rapidly to the southward,
til} at latitude 66°, when it is no more than 29.078. The cause of this remark-
able decrease in the southern latitudes, remains to be explained, and all infor-
mation regarding it is of the very highest interest.

The Barometer in the higher latitudes is so sensibly affected by the weather,
that its prognostiocations as a weather-glass are of tlie highest value, scarcely a
farmhouse in England being without an instrument of this sort. Between the
tropics it moves sensibly on the approach of change, but to a very small ex-
tent : at home a fall of three inches would secarcely excite more surprise, or
oocasion greater alarm, than a fall of three-tenths of an inch in the torrid zone.
Throughout the world the barometer has two daily tides, being highest at 10
A, M. and P. M. nearly, and lowest at 3 A. 31, and 4 P. 3. nearly, At home, the
fluctuation rarely excoeds the hundredth part of an inch, and is so masked and
concealed by the larger irregularities due to the weather, that it requires the

~means of a vast number of obsetvations to enable us to detect at all: at Bombay,
during the fair season the daily fluctnation constantly exceeds the tenth of an
inch--it is so vegular in its form that the curve of a single day might serve for
the mean of the month, and so punctual in the time of its arrival that a watoh
might be set by it without material error. The following diagram will at

-once place the matter before the reader’s eye in a form more perspicuous and
intelligible than any description.

T'he months are grouped together according to their relations,—the means
of November, December, and January, or the cold season months, making one
curve : February, March, and April, or thespring menths, a second : May June,
and July, the summer months, a third, forming the lowest group : Aungust, Sep-
tember, and October, a fourth, We are indebted for the abstracts on which
these are comstructed, to Liieutenant K. Worster, of the Madwas Artillery,
presently in charge of the Observatory, who supplied all the information
asked for the moment he was applied to ; and to the papers of the Bombay
Qeographical Society. The Madras rainy season begins in Oct., that of
Bombay in June : rain rarely ever falls at Aden : we have not been able to
obtain access to the Bombay registers—none have been published since 1845:
judging from these, however, and those preceding them, we should expect to
find the Bombay curves for 1848 exactly similar to those at Madras. So are
the Calcutta curves now before us, but for which we have no room at present,
"Fhe light lines marked A at the extremities, indicate the pressure curves
at Aden, in Arabia near the mouth of the Red Sea, as taken by the obser-
vatory under Mr Moyes, established at the recommendation of the Geogra-
phioal Society, and now superintended by them—the months arranged in“the
same groups as in the case of Madras, which are marked M. ‘
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Basides this daily fluctuation, the height of the barometer varies with the
greatest regularity at different seasons of the year, and is generally highest
near the shortest, and lowest about the longest, day,—and this without any
relation to the wetness or dryness, the storminess or tranquillity, of the season.
At Madras, as at Bombay, for example, it reaches its minimum in June and
itpmaximum in December, though at the former place the weather during the

first named month is dry and steady, during the last it is showery and wet,—
the heaviest of our rains occurring here in June, and our steadiest weather in
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December. The sane law holds pretty nearly at Aden, wheré no rain falls
for long periods of years ; and so probably throughout the torrid zone, The
daily tide or fluctiation makes its appearance with the same regularity in wet
and stormy asin dry and steady weather, and at all seasons of the year alike,
only the fluctuution decreases by about a half when thie mean altitude of the
merouty is least*  The following diagrams will illustrate what is stated :—

Fhe two dotted lines represent the Madras mean curves for each mouth in
the year—the lower is for 1848 —the upper is from results by the late Mr
Taylor—1I do not know how attained. -

The stropg line is the Aden ourve, the fine one that for Calcutta—both for
1847. The Calcutta barometer is eighteen feet above the sea, the Madras
one twenty five~neither has been corrected for level: the Aden curve has
been corrected to mean tide—the barometer is 187 feet above the sea.

&30 JAN. FEB, MAR. APR, MAY JUNE JULY AUG. SEP. OCT. NOV. DEC,

———"

- g S - :
JAN FlB, MAR, APR. MAY JUNE JULY AUG. SEP. OCT.

*® a3 4072 is 120 §) be accepted as strictly +nd uniformly true, but it would occupy
%0 12l 3).33 b eaamerate the exceptions, which Lardly howover invalidate the law.
Tsidavs o Seanla s oae  of the most notable of these,
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. The great decrease of pressure as we proceed towards the Antarctic hasbeen .
-noticed as amongst the things requiring to be explained : the faet thatthe daily
fluctuation is very nearly as great at the elevation of 5,000 feet—or, so far

as we know, at any greater elevation,——where the total pressure is 25 inches,

—as at the level of the sea, where it is 30, is amongst the meteorological per-

plexities which still require solution.* - :

Besides these two grand olasses of movements, dae to the hour of the day or
time of the year, there is a third of the deepest interest, which is now iu pro-
cess of examination in Earope, and whioch, from the extreme regularity of the
seasons in lndia, we are much better situated for examining than they are
beyond the tropics. A general progressive fall and saubsequent rise is found
to take place in the mercury all over Europe at different places in succession,
as if mighty waves of air, like the long swell of the sea after a storm, were
sweeping over the upper surface of our atmosphere, following each other in-
solemn and stately march, and crossing each other at intervals. Though these
general Jaws obtain with the most astonishing regularity, there are numberless
minor variations requiring to be watched with the strictest attention, with a
view to their explanation. There is a slight variation of some minutes as to
the time when the turning points are attained, and as yet we are ignorant
whether this is at all tines the same in corresponding months of different years,
or whether it is uniform at different points on the earth’s surface. At Rob-
bin Island, Cape of Good Hope, the dinrnal oscillation is much lessthan on
the mainland, and in place of recovering in the evening from the afternoon
depression, a further though trifling fall in the mercury takes place.t Captain
Haines as far back as 1844 had observed a remarkable discrepancy betwixt
the barometers at Steamer Point and the Camp at Aden,~—yet the distange is
only four miles ; and the pressure curve of Seerah Island, close off the
shore, is far less smooth and symmetrical than the curves supplied by the
Calcutta, Madras, and Bombay observatories. At Aden there is a departure
from the law which seems to obtain in nearly all parts of India,—the maxi.
mum depression for the year ocenrring—not in Janvary, but—in February, the
minimum in July instead of ‘June. It is much the highest in December, bus
makes a plunge down in Janunary to recover itself again in February, and so
afterwards descending regularly to its minimum, 'This at all events has
obtained uniformly for three years, and we should therefore infer it to be the
rule—it is quite possible it may be attended with exceptions, Wehave certain
olasses of disturbances, again, which are preceded by n rise in the baromster :
then follows a fall, and then the mercury jumps up all at once when the wind
is at its wildest. YWhether these belong to any peculiar class or sub.class, or
are merely affected to this extent by incidental ciroumstances, remains to be
determined. There are doubtless other discrepancies which will by and bye
mauke their appearance, all following a law not yet eliminated. .

To determine the various essentials of climate, the temperature and the
wetness of the air, the heat of the sun, the aspect of the sky, the character of
the clouds, and direction and force of the wind, are all essential, and formed
of course part'of the Society’s scheme. At Bombay a self-registering tide-
gauge was put up at Colaba, which recorded by clock.work the rise and fall
of the tide at every hour and minute of the day. We have not only the ordi-
pary rise and fall due to the inflnence of the sun and moon, but by conneoting
the means together we have a fine annual curve swelling up as the waters of

* The observations at Dodabetta, 8500 feet atove the level of the sea, which have been
printed since the above was written, in a great measure invalidate the statement in the text,
and go far to show that betwixt 6° and 18° N., in fine weather at all events, the duily fluctua-
tion forms a definite fraction of about 1.250th of the whole pressure.

4 Report of the Meteorological Committee of the South African Literary and Philoso-
phic Iasticution, January 1836. The objects of the Institution seem very closely allied
to those of the Bowmbay Geographical Socioty,
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the ocean are pressed to the northward by the south-east monsoon. The

charaeter-of onr tides once determined here, it became of much importanoe to

asoertain at what rate they swept along our shores, and what was the
altitude they attained at different points during the different seasons of the
year. Strange irregularities were known to exist in the Galphs of Cutch and
Cambay, and might be expected to be met with at the months of the Persian
Gulf and Red Sea, and the peocnliarities of these formed special subject of
interest and investigation. :

The Society, reflecting on these things, resolved to apply to Government to
provide instruments for the establishment of small local observatories for thae
parpose of tidal and meteorological observation at Vingorla, Porebander
or Mandavie, Kurrachee, and Aden,—a well-organized establishment already

_existing at Bombay, The application was at once complied with, but the

. working out and supervision of the scheme was for a time estranged from the
Society, and up to the present moment the Aden observatory is the only one
in full operation. 'In 1845, H. M. Lords of the Admiralty were applied to
for assistance : it was now proposed to extend the number of observatories from
four to twelve, and their Liordships at once granted £350 for the purchase of
instruments—the other charges were to devolve on the local Government;
the Society to work out and superintend the scheme, and publish the results
in thejr transactions. In 1847 the supervision originally contemplated by the
Saeiety was restored to it—their operations were to commence with the 1st of
January 1848, and Government now most liberally undertook the expense of
publication, which it was feared might press too heavily on the funds of the
‘Society. Besides this, the British Association had meanwhile (1847) applied
to the Court of Directors for a continuation of the tidal researches whish had
many years before heen conducted on the other side of India; and in 1848 it
was reported that on this point full instructions had been given the local
Government. The scheme was now, as originally intended, in the bands of the
Society, who at oncé set about its execution with becoming zeal. Besides the
establishment of regular observatories along the whole line of coast from Cey-
lon to Suez, the Spciéty expected to derive the most valuable aid from
amateur-observers.

India is sprinkled over with military stations : wherever there is an hospital,
registers are duly kept for the service of the Medical Board, and there is
soarcely a station of any magnitude where officers are not to be found in
abundance most-anxzious to pursue any branch of iutellectnal research that may
bé suggested, and ready to make their exertions available to science. The
officers of the Indian Navy—navigating vessels and constantly moving about
in all directions from Suez to the Persian Guif, along the shores of Africa,
Arabia, and both sides of the Peninsula of India South to the Liine and East
as far as China—have always held the most honorable place amongst the
promoters of physioal research ; and the extent to which they had beforehand
contributed to other departments of geography, led the most sanguine expec-
tations to be formed of the aid they were likely to afford in this. The port
of Bombay, besides, is frequented by vessels trading with nearly every quarter
of the world, and for the most part commanded by men of great ability and
zeal in all matters bearing on their profession ; and as most ships are on all
ocoasions provided with a certain supply of instruments, and in the bhabit of
keaping a sort of meteorological register, all that seemed necessary to convert
every vessel, the Commander of which seemed willing to give assistance, into
an observatory, was to see the rating of its instraments attended to, and to have
the registers kept in such a form as seemed most desirable, Free access to the
logs of all 6ur vessels was expected as a matter of course, as in these a
vast‘amount of important information is generally to be found,—which, when
the varions extracts are compared together, is often of the utmost value and
interest, It was by this species of investigation, since so admirably turnedcs
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account by Mr, Piddington and others, that Colonel Reid originally discovered
the great law of Whirling Storms or Cyclones ; and if the movements of the
most steady of our breezes, such as our Trade winds, our monsoon and our
land and sea breezes, as well as the most furious of our tempests, can be shown
to obey the most rigid laws of motion, and to operate with the utmost harmony,
order, and beauty, a strong presumption arises that the progress of all our
zerial currents everywhere may be laid down with similar exactitude and sys.
tem. Lieutenant Maury, of the U. S. Navy, has constructed, andis con-
structing, wind charts for the Atlantis, by attention to which vessels may
reach their destination with comparative certitude and celerity. The late
Captain Young, of the Indian Navy, was engaged in the same promising task
when he was lost atsea: and if we have succeeded in mapping out the care
" rents of the ocean, in laying down the dip and direction of the needle, and the
intensity of magnetic force all over the globe, the investigation of the laws of
the winds, so deeply affecting the interests of commerce, and in reference to
which every ship that sails can supply her contingent of information, would
seem a comparatively easy, at it must prove a most important, work.

The tides and local currents in our gulphs and larger estuaries—the tempe-
rature and depth of these and of the great ocean itself, and the relative tem.
peratures at different depths, form subjects of the deepest interest., It appeare
ed, indeed, that in a climate such as India, where the heat for the greater
part of the day renders exercise or amusement out of doors impossible—where
those not engaged in office daily have a large portion of leisure at their dis-
posal—where the whole European community belong to the well educated or
upper classes of society—every ship and steamer, every collector’s office and
military hospita), every garrison and cantonment, might, with suitable instru-
ments and instructions, a point of reference, and the means of publication such
as the Society proposed to provide, be made to supply its regular contingent
of information in physical geograpily, and to take a formal and valuable share
in the general labour: so far as matters have yet proceeded, these anticipations
appear to have been by no means too elevated or sanguine.

Each fixed observatory was intended to be provided with a self-registering
wind and rain-gauge—this being fitted np as a tide-gange for those near the
sea,~with a good barometer and two pairs of thermometers: and these
amongst them for ordinary purposes were expected to suffice. -Once a month
(on the 22nd,) or oftenmer if convenient, all the instruments, especially the
barometer, were to be read every hour for twenty-four hours on end, com.
mencing at 3 A. M.; throughout the rest of the month, readings at } to 10 a.
M., 4 P. M., and 10 P, M., being the points of greatest and least pressure, were
all that was desired. It was too much to expect amateurs to rise at 3 A. M.,
to read the instraments for the morning minimum, however desirable observa-
tions on the subjest might be considered ; and the twenty-four hour readings
would determine the matter with as great an approximation to accuracy as
could be looked for. The more observations that could be supplied at regular
and stated intervals, the better ; and when any unusual appearances were ob-
served, or atmospheric perturbations apprehended, the instruments were ex.
pected tobe read hourly at least for as long a period as this could be overtaken
—if possible, indeed, till a state of repose returned.

The observers, besides having journals of scale-readings, are provided with
tables and schedules for making their own reductions, as well as for diagram.
izing the results of their observations,  The performance of these tasks by
the observers themselves involves them in but a small amount of labour at the

time, and is troublesome only when allowed to acoumulate: it places before
them at once the Jaws desired to be discovered, and so interests the under.
standing in the work of the hauds, while it indicates errors and points to cor-
rections which might otherwise have remained unnoticed, and which can only
be dealt with satisfactorily at the time the observation is made and by the
party who makes it.
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Que of the most beantiful discoveries in physioal geography we have Iately
seen noticed, is that mentioned by Mrs Somerville in reference to the tempe-
rature of the Sea. Thers is, it would appear, fron the Pole to the Equator,
a level at and beneath which the waters of the ocean always maintain an
uniform temperature, scarcely rising above or falling below 39:5% of Fahren-
heit's scale. The depth of this varies according to tlie latitude : at the equator
it is 7200 feet ; at 56° it rises to the surface, the temperature of the sea being
from top to bottom uniform : from this towards the pole the sea is warmest at
bottom,—the ice.cold-water and ice-bergs floating above. This striking fact,
which was indicated by Kolzebue, was established by Sir John Ross; and
unow that it has been ascertained by observation, it seems strange that it should
not bave long since been pointed at from theory, It is dependent on the fuct
that water in process of cooling acquires its maximam density betwixt 39 and
4(° ; down to this it contracts with considerable regualarity—beyond this it
expands until it reaches the freezing point, when it assumes the form of ice,
and all at once greatly encreases in bulk, so that solid masses congealed al-
ways float upon the surface. The ends subserved by thislaw are as numerous
as beautiful. Were water to contract regularly down to 32°, the polar ocean
would throughout its whole mass be always at the freezing poiut, and would
by the slightest accession of cold be soldified thronghout. = Ice conduots heat
so sfowly and feebly that the ocean once comsolidated could never again be
thawed ; and the polar seas, now abounding in living things in proportion as
the lands around are devoid of them, would be like so much impenetrable rock.
As it is, the lower portions of icebergs and floes of ice are subjected to con-
stant wearing away, from the warmer fluid beneath, till, liverated from the
regions jn which they were produced, and in which, but for this, they must
have remained anchored immoveauly for ever, they are dispersed by regularly
e¢stablished ocurrents into the warmer latitudes to temper and mitigate the heat
which dissolves them,

This of course can only apply to the great ocean itself, the waters of which
communicate freely with either pole, but the same principle operates every-
where, and it would be curious and most interesting to know what law obtaios
in the Bay of Bengal, or Great Arabian Sea, both opening towards the Equa.
tor, butout off at about Lat. 25° from communication with the colder regions.
How this again is modified in the Red Sea, Persian Gulf, the Gulf of Cutch,
&0, The influx of waters through the Straits of Gibraltar to supply the exces-
sive evaporation over the southern shores of the Mediterranean, and the efflux
from the Baltic by the Great and Little Belt from an excessive supply of river
water, have furnished subjects of the most interesting speculation. How do
watters stand in the Red Sea, the Gulfs of Acaba and Suez, surrounded by
four thousand miles of arid shore from Which not one single drop of water is
ever discharged ? Were the engineer to take a bucketfull of water from the
ship’s side every three hours when he has the thermometer and hydrometer in
use at any rate for determining the gravity of the water in his boilers, he
wight, by the Jike means and the use of the same instruments, ascertain the
temperature and saltness of the surface of the sea, Such occupations as these,
80 fur from interfering with his duties on shipboard, would occupy the mind
and keep it in a state of activity, while it lightened the tedium and alleviated
the enuui of a tiresome and protracted cruize. How stand matters in the
Porsisn Gulf, where the Tigris and Euphrates may in part at least be ex-
pected to compensate the loss?  'These seas are chiefly traversed by our ships
and steamers, and the officers and engineers of the latter in particular are
already provided with all the instruments required for such investigations, and
familiar with their use, The evaporation must be enormous over a surface of
water varying from 75° to 85°, where a fresh breeze blows, and the air is so
arid that there is frequently a difference of 25° betwixt the wet and dvry
thermometers.
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In the prosecution of this scheme it became of
course of the utmost importance to secure as large a
namber of labourers in the eause as could be obtain-
ed, and to make the labours of each of these as effi-
cient as possible. ,

As each successive observer was engaged, it became
necessary to make out for him a set of instructions ;
and as in every case the great bulk of these were
common to them all, it appeared expedient to provide
some convenient vehicle for their dissemination. The
Society having been applied to, directed a Manual of
Observation to be drawn up for general use, taking
upon themselves the charge of publication, in hopes
that the sales would reimburse them for the expenses
incurred : the result was the compilation of the pre-
sent work.






PREFACE.

THE present Manual was resolved upon by the
Bombay Geographical Society, for the guidance of
those willing to observe, but who had enjoyed but
few opportunities of familiarising themselves with the
construction or use of even the simplest instruments,
in employing these to the best advantage, after fami-
liarity with the use of them had been acquired,—or in
recording or arranging their observations, so as to
confer the largest amount of benefit on Science.

It was at first meant to be little more than a com-
pilation from existing Manuals, the selections be-
ing so made, arranged and modified, and so inter-
larded with small portions of original matter, as to
meet the wants of all for whom the instructions were
intended. The Manual of Observation published un-
der the authority of H. M.’s Lords of the Admiralty,
advertised after all our plans had been laid, was
afterwards expected to have furnished almost without
alteration all that was required ; and the publication
of the Society, not unlikely to he found superfiuous,
was accordingly delayed till this should appear.

On its appearance, it became at once apparent,
that, from the nature of the facts desired to be en-
quired into, but much more from the character of
the observers available amongst us, something alto-
gether different from any existing publication re-
quired to be prepared, however largely publications
already in existence might be drawn upon.

In India, the great bulk of those able and willing
to undertake the task of observation have left home
without acquiring any knowledge whatever of Natu-
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ral Philosophy, Chemistry, or Natural History ; these
sciences forming no part whatever of the course of
study at Haileybury,—the bare rudiments of them only,
if even this much, being thought of at Addiscombe. In
India there are but few means available of arresting or
extending the little that has been acquired, and this
generally is the first part of the knowledge learnt at
home which is forgotten in India, where few if any of
our home acquirements are permanently retained.

The disadvantages the Officers of the Indian Navy,
who have done such service to Geography, suffer un-
der, are much greater than those by which the path
of Civilians or Military men is beset. Our Naval
Officers join just as they leave school: the principal
part of their time immediately after joining is devoted
to gunnery instruction and practical seamanship : the
system of instruction of the naval instructor is con-
fined to Mathematics and Astromony, and their ap-
plication to Navigation.

But these are by far the most highly educated and
accomplished of our observers : much of solid and in-
valuable work has been performed, and is_yearly in
‘course of performance, by Privates and Non-Commis-
sioned Officers—men of large intellects but small ac-
quirements, who ‘devote their energies to tasks alto-
gether new to them ; and who, though they can some-
times neither write three sentences grammatically, nor
set down a dozen of words correctly spelt, quickly learn
the use of instruments, and observe, notice,andrecord,
facts, and perform good service as pioneers in Science
~—service doubly valuable, as at once extending the
boundaries of knowledge, and improving the tastes and
habits, and adding to the virtuous enjoyments, of a
large class of men often supposed to have too few
gratifications that are elevating or virtuous.

Our Engineer and Medical Officers are the only
men who have received anything deserving the name
of ascientific education : though there is also a large
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body of men amongst us who, by educating themselves,
have reached a high and distinguished measure of
scientific attainment. These form, however, so smail
a minority of those from whom gervice i$ expected,
and themselves require so little instruction, that no
account of them has been taken in the following Hints:
in most cases they stand in no need of the assistanee
of any Manual whatever—where they do stand in need
of it, those prepared for a more intellectual and more
highly instructed class than that for which these Hints
are designed, will suffice. The Admiralty’s Manual
refers to all manner of subjects likely in any way to
come under the cognizance of British Naval Officers
in any part of the world ; and is meant to meet all
the exigencies of the voyager, of whatever kind.

To have gone over a field so wide as this, would
have implied a reprint of the work referred to, from
which a few extracts will in reality suffice, in addition
to the matter altogether new and of a character in-
finitely more simple and elementary than that there
to be found, or that extracted from other sources.

Magnetism, Earthquake Phenomena, Asironomy,
Botany, Geography, Mineralogy, Statistics, Ethno-
logy, and Zoology, have been almost altogether omit-
ted, and attention confined to Meteorology, Hydro-
graphy—in so far as the temperature, depth, and cur- .
rents, of the Ocean were concerned,—and Geology.

The views taken of these matters are, besides, in a
great measure restricted to India,—the Liocal Society
aspiring only to the enlightenment of those of whose
services it expected to be able to avail itself.

These remarks have been deemed necessary to clear
the projectors of the charge of presumption in at-
tempting to add to the number of Manuals on Physi-
cal Rescarch already in existence, as if something
more perfect than these, for the general purposes of
instruction, was expected to be accomplished ; as also
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to account for the publieation of instructions in the
use of the simplest instroments, in the reading of
scales and use of the Vernier, such as would be
considered superfluous and out of place for a young
man who had perfected himself in the curriculum of a
common Commercial Academy, or become familiar
with the subjects usually treated of at a Mechanics’
Institution, In Europe, the labourers in the field of
Science are men trained and accomplished for the
¥erf0rmance of their tasks : if the field be large and
ertile, there are on all sides abundance of implements
and cultivators, In India, we have to deal with an
almost unlimited expanse of unbroken and untrodden
ground : our labourers are active and willing, but
are scattered, few, and uninstructed : they have no
means of communicating with each other, of learning
what is mainly desired of them, or of becoming train-
ed for the task proposed to be executed ; and, in
want of implements, must resort to whatever contri-
vances or makeshifts may chance to be available.
We must learn “ to saw with a gimlet, and bore with
a saw”’—to make a couple of bottles serve for a sand-
glass, a foot rule and a string for a Goniometer or
a Clinometer, a Tobacco Pipe for a Retort when
whole, or a Crucible when broken, and a Cocoanut-
shell to perform the task of Rain-Gaunge and Evapo-
rating Dish in turns. Instruments of some sort are
always procurable, even in India;* really good instru-
ments are seldom so, unless in Government stores :
our object is to make the most of what can be got ;
to sacrifice anything rather than time ; to employ all
the resources, however rude, at our command ;—in
hopes that we may discover some truth-—disclose a
glimmering, at least, of light ; and even if we do little.
or nothing to illuminate directly to any useful purpose,

#* Of late years, Borabay has been very liberally supplied with Thermometers, and the
simpler varieties of instruments, by the enterprising and highly respectable Firm of
TreacHEr and Co., Druggists aud Chemists ; and Calcutta seems always to be in this
way sufficiently well off,
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that by the perseverance and promise of our efforts,
and the perversity of.their results, we may provoke
or entice others into the path we are endeavouring
to tread.

‘We never dream by these means of attaining accu-
racy, but we view knowledge, rude and vague as it is,
better than absolute ignorance, and we have no third
alternative for selection.

When it is remembered how many there are of those
from whom assistance is expected, who have never seen
a more complex instrument than a Thermometer—-
how few there are of those who have known this, in
its simplest form, who have seen one which registers
itself, or who knows how to put it to rights when out
of order,—no amount of instruction will be deemed
too minute for their advantage.

The writer of these instructions is not an instruc-
tor of philosophers, or of instrument-makers; and has
no means of resorting to such for counsel: he must
make the best use he can of his own experience, and do .
his uttermost to interest others still more ignorant
than himself, not for a moment doubting that he may
have fallen into many errors, and given many prescrip-
tions which may be open to censure, and very inferior
in value to those of aprofessional man. He at the same
time feels satisfied, that in a large majority of cases
he will be found to have saved those who seek his
counsel much trouble and perplexity, though not in
all likehood so much as they might have been saved
by more experienced and skilful advisers.

Here again it is notr the best, but the best under
the circumstances, that must be looked for.

—————————






INSTRUMENTS,

v—————

BEFORE proceeding to examine the processes and kinds of observa-
tion to he pursued, a short account of the ¢onstruction and uses of
the Instruments generally made use of may be given. As the con-
trivance called the Nonius or Vernier is common to all in which
double readings are required, an account of this is below ex-

tracted from Simms :—
THE VERNIER.

This is a contrivance for measuring parts of the space between the equidistant divisions of
a graduated scale. It is a scale whose length is equal to a certain number of parts of that to~
be subdivided, depending on the degree of minuteness to which the subdivision is intended to
be carried ; but. it is divided into parts, which in number are one more or one less than
those of the primary acale taken for the length of the jer : in tice, the parts
on the vernier are generally one more than are contained in the same space on the primary

scale.

If it is required to to hundredths of an inch, the parts of a scale which isgraduat.
ed to 10this, it may be done by means of a scale whosge length is nine tenths of an fnch and
divided into 10 equal parts ; or by one whose length is eleven tenths of an fnch, and divided
into 10 equal parts; for in either case the difference between the divisions of the scaleso made
and those on the primary scale is the hundredth of an inch, Such a scale made to move
along the edge of that to be subdivided, is called a vernier ; and we shall explain how by its
application, efther to straight lines or ares of circles, the subdivisions of graduated instruments
are read off. For this purpose, letustakeasag i ple the method of reading the
sextant, as & person d with the g duati upon this instrument wili find no
difficulty in becoming familiar with those on any other,

It will be observed,* that some of the divisional lines on thelimb of the instrument are longer
than others, and that they are numbered at every fifth, thus, 0, 5, 10, 15, &c., the ¢ being the
starting point, orzero. ‘The spaces between these lines reprasent degrees ; and they are again
subdivided by shorter lines, each smaller space representing a certain number of minutes.
For instance, if the spacesare subdivided into four parts, then there will be three short lines,
each of which will indicate the termination of a space of 15 minutes ; if there are six parts,
there will be five short lines, and each will be at the end of a space of 10 minutes, reckoned
from the of the divisi Likewise it will be observed, that some of the
divisions on the vernier are longer than others : these indicate in the same manner single
minutes, and they are numbered from right to left : the extreme right one is the zero, or
commencement of the index divisions, and it is marked 0 or O ; the shorter divisions show
fractions of minutes. If the spaces between each minute (or long division) contain three
lines, each space will be 13 seeonds, and if five, 10 ds ; the ber of subdivis}
between the minutes of the vernier is usually, but not necess&rlly, the same as between the
degrees on the limb, so that if the limb is divided into 20', the verpier is divided into 20~ ; if
the former is divided to 10/, the latter is divided to 107, &e,

The limb of the instrument now before us is divided to 10/, and the vernier reads to 10”,and
by shewing the manner of reading it off, we shall explain sufficiently the method of reading
verniers in general. If the zero division of the vernier coincide (or form a straight line) with
any line on the limb, then that line indicates the required angle ; thus, if it coincide with the
line marked 60, then sixty degrees is the angle ; if with the nextlong division, then 6} degrees
will be the angle ; but if it coincide with one of the shorter lines between 60 and 61, then
the angle will be 60 degrees and a certaln number of minutes, according to which of the short
lines it coincides with, If it be the first, (of the instrnment before us) the angle will be 50°
10/, but if it coincide with the second, it will be 60° 20/, if with the third, 60° 30/, &¢, But

* Tho reader is supposed to have 3u instrument before him while perysing these instryse
ions,
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‘when it happéns that the zero division of the index does not coincide with any division upon
the limb, but stands between two of them, wé must observe how many degrees and minutes
are denoted by the division it has last passed, and look for & line on the vernier that
does coincide with one on thelimb 3 and the number of minutes and seconds from thatline to
the zero of the index, added to the number read off upon the limb, gives the angle required.
Thus, supposing the index to stand between 10’ and 20’ beyond 60°, and the line onthe vernier
denoting 6’ 107 (which is the line next beyond the one marked 6) coincides with any one on
the limb, then this quantity, added to 60° 10/, gives 60° 16/ 107, the angle required.

‘When the are of excess on the limb of the sextant (the nature of which will be explained
hereafter) is required to be read off, observe what gquantity is passed to the right of zero by
the zero division of the vernier, and find the remaining minutes and seconds to be added to
it, by reading the vernier backwards ; that is, sider the last bered division to.the left
bhand as the zéro: thus, suppose that (on our instrument) the index stood beyond the third
short division on the arc of excess, this would be 3¢, and if the third long division from the
last numbered one on the left hand (marked 10) coincided with a line on the limb, this
‘would denote 3’ to be added to the former, making 33’ for the reading on the arc of excess,

On the limbs of small theodolites, the spaces between the degrees are generally divided into
two parts, consequently the short division represents 3¢/, and the divisions on the vernier are
single minutes ; # smaller subdivision must be estimated by the eye, which by a person

d to the instr t can be done to 157,

The subdivision of a straight line, as the seale of & mountain barometer, is likewise effect-
ed by a vernieér, and is read off in the following manner. The scale is divided into inches,
which are subdivided into 10 parts ; these tenths are again divided into two, by a shorter
division, which will be 56 hundredths of an inch. The long divisions upon the vernier shew
each of them gne hundreth of an inch, and they are numbered at every fifth ; these are again
subdivided by shorter lines, representing thousandths, Now, to read it off, observe where
the zero division of the vernier stands on the scale ; suppose a little above 30 inches and 4
tenths, and as it does not reach the short line denoting $ hundredths, observe what line on
the vernier ¢oincides with one on the scale: if it is a long division, then it is so many
hundredths to be added, and if a short division, it will be 30 many hundredths and thousandths
to be added to make up the measurement, and the readings are written decimally thus,
80435 inches.

In the subjoined figures, which are given for the purpose of illustration, A B represents a
portion of the graduated limb of an instrument, and C D a portion of the vernier scale, the
zero poing being at C.

Fig. 1.
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In the first figure, the limb is divided to 15, and these divisions are subdivided by the
vernier to 15”. In the second figure, the limb is divided to 10, and subdivided by the vernier
to 10”. In the third, the limb is divided to 20’, and subdivided by the vernier to 30" ; and in
the fourth, the limb is divided to 20/, and subdivided by the vernier to 20/, E, on each figure,
is placed where a division on the vernier coincides with one on the limb. In the first, the
-reading is 45° 46’ 30" : in the second, 60° 21’ 20" ; in the third, 21° 23 30 ; and in the fourth,
it is 17° 2, and between ¢/ and 20”, and as the 2’ line is about as much in advance of the one
on the limb near to it, as the 20” line is behind the one near to it, the reading may be taken
as 17° 2 10", The fifth figure represents the scale of a barometer, reading 30435 inches, and
is drawn much larger than the reality, to render it more intelligible.

The application of the Vernier is common to all instruments ; and
the determination of specific gravities is so important to so large a
number of investigations, that the process may be here deseribed :—

The specific gravities of bodies are as theit weights, bulk for bulk ; thus a body is said to
have two or three times the specific gravity of another, when it contains two or three times
&3 much matter in the same space.

A body immersed in a fluid will sink to the bottom, if it be heaviér than its bulk of the
fluid. If it be suspended therein, it will 1ose as much of what is weighed in air, as its bulk of
the fluid weighs. Hence, all bodies of equal bulks, which would sink in fluids, lose equal
weights when suspended therein, And unequal bodies Jose in proportion to their bulks, *
The hydrosta- The hydrostatic balance differs very little from a common balance that is

tic balance. nicely made ; only it has a hook at the bottom of each scale, on which small
weights may be hung by horse-hairs, or by silk threads. So that a body,
suspended by the hair or thread, may be immersed in water without wetting the scale
from which it hangs, . B o
If the body thus suspended under the scale, at one end of the balance,

How to find the be first counterpoised in air by weights in the opposite scale, and then
pecific gravity of i d into water, the equilibrium will be immediately destroyed.
any bedy. Then, if as much weight be put into the scale from which the body
hangs, as will restore the equilibrium (without altering the weightsin the
opposite scale), that weight, which restores the equilibrium, will be equal to the weight of a
quantity of water as big as the immersed body. Andif the weight of the body in the air be
divided by what it loses in water, the quotient will shew how much that body is heavier than
its bulk of water. Thus, if a gui pended in air, be ‘bal d by 129 grains in
the opposite scale of the balance, and then, upon its being immersed in water, it becomes so
much lighter as to require 7} grains put into the scale over it, to restore the equilibrium, it
shews that a quantity of water, of equal bulk with the guinea, weighs 7} grains, or 7.25 ; by
which divide 129 (the weight of the guinea in air), and the quotient will be 17.793 { which
shews that the guinea is 17.793 times as heavy as its bulk of water. 4 And thus, any piece of
“# The losses of weight sustained by bodies suspended in different fluids, is in the com-
pound ratio of their bulks, and the density of the flunids;—and when any bedy is suspend.
ed in a fluid, so as not to touch the bottom of the vessel, the fluid gains as much weight
as is lost by the suspended body.—Ed.

+ Since a quantity of water equal in bulk to a guinea weighs 7! grains, while a gninea
weighs 129 grains, the specific gravities of these bodies must be in the ratio of 7} to 129.
But 7¢:129=1: 17°793, the answer, or fourth term of this analogy, is therefore found by
dividing the product of the second and third terms by the first; or by dividing 120 by 74. - Ed.
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gold mdy bs trled by weighing it first in air, and thenin water ; and 1f, upon dividing the
weight in air by the loss in water, the quotient comes out to be 17.793, the gold is good ; if
the quotient be 18, or between 18 and 19, thegold is very fine ; but if it be less than 17, the
gold is too mueh alloyed, by being mixed with some lighter metal.—Ferguson’s Mechanics,
Vol. 1, p. 115.

The following table gives the speciﬁc gravities of a number of
bodies most familiar :—
A Table of the Specific Gravities of several solid and Auid Bodies.

Troy weight. Avoirdupoi Comp
4 cubic fnch of 0z, Pwt. Gr. 0z. Drams, tive weight.
Veryfinegold ... ... 10 7 383 11 5.80 19.637
Standard gold  .,. e 9 19 644 10 14.90 18.889
Guinea gold e e 9 7 17.48 10 4.76 17.793
Moidove gold ... 9 0 1984 9 14.71 17.140
Quicksilver 7 7 1161 8 1.45 14.019
Lead e 3 19 1755 6 9.08 11325
Fine silver 5 16 23.23 6 6.66 11.087
Standard silver ... 5 11 336 [ 1.54 10.535
Copper ... 4 13 7.04 & 1.89 8.843
Plate Brass e 4 4 9.60 4 10.09 8.000
Steel ... 4 2 2012 4 8.70 7.852
Tron .. 4 0 15.20 4 8.77 7.645
Block tin e 3 17 568 4 3.79 7.321
Spelter ... .. a 14 1286 4 1.42 7.065
Leadore ... 3 11 1776 3 14.96 6.500
Glass of antimony 3 15 16.89 3 089 5.280
German antimony 2 2 480 3 5.04 4.000
Copper ore o ves 2 1 1183 2 4.43 3.776
Dismond «. .. "1 15 20.88 1 15.48 3.400
Clear glass ..  «i =0 1 13 558 1 13.16 3.150
Lapis 1azuli e 1 12 62T 1 12.27 3.054
Welsh ashestos ... 1 10 1757 1 10.97 2913
. White marble ... 1 8 13.41 1 9.06 2.707
Black ditto 1 8 1265 1 9.02 2.704
Rockerystal .. ... 1 8 100 ¥ 8.61 2658
Green glass e e 1 7 1538 1 8.26 2,620
Cornelian stone ... 1 7T 12 )3 7.73 2 568
FHOL we ere e 1 .6 1963 1 7.53 2.542
Hard paving stone ctn 1 5 2287 1 6.77 2.460
Livesulphur ... .. 1 1 240 1 2,52 2.000
Nitre w0 o e 1 0 108 1 1.59 1.900
Alabaster e e 0 19 18.74. 1 1.35 1.875
Dryivory . ... vor [} 19 6.09 1 0.89 1.825
Brimstone ... ... 0 18 2376 1 066 1.800
Alum 0 17 2192 0 15.72 1.714
Ebony 0 11 1882 0 103 1117
Human blood ... 0 11 289 0 0.74 1.054
Amber o 10 2079 0 9.54 1.030
Cow’s milk o 10 2079 0 9.54 1.030
Sea water ... 0 10 20.79 0 954 1.030
Pump water 0 10 1330 0 9.26 1.000
Spring water ... 0 10 12.94 0 9.25 0.999
Distilled water ... 0 10 1142 0 920 0.993
Réd wine e 0 10 1142 0 9.20 0.993
Of) of amber . i [} 10 7.63 0 9.06 0.978
Proof spitits ... ... 0 9 1943 [ 8.62 0.931
Dpyoak e e [} 9 18.00 0 8.56 0.925
Olive oit 0 9 1517 0 8.45 0913
Pure spirits 0 9 8.2 0 802 0.866
Spirit of turpenﬁne ) 9 27§ [ 7.99 0,864
Oi} of turpentire 0 8 853 0 7.33 0.772
Dry cvabtree ... 0 8 169 0 7.08 0.765
Sassafras weod ... o 5 204 0 4.48 0.482
Cork | . 2 12977 0 2.21 0.240
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Fake away the decimal points from the numbers in the right hand columin, of (whick is the
same) multiply them by 1,000, and they wiil shew how many avoirdupois ounces are eontdn-
¢d in & cubic foot of each body. —-Feryuccm’t Méchanics, Vol. L, p. 118,

Of course the first thing requisite for this is a tolerable balance
and good set of weights. An apothecary’s beam, or any
one not too dull or heavy,—that is, which will turn easily with a
fourth part of a grain,—will suffice. ~Where this cannot be obtain-
ed, the most ordinary balance may be adjusted to serve the purpose,
in the following manuer. First take and sharpen the fulcrum by &
file or whetstone to nearly a knife edge,—then bend ul'a one or both
the arms till the fulecrum and points of suspension for the scales are
within a little of being in the same line. If they have been bent too
little, the balance when turned will adjust itself too quickly : if too
much, it will give a tottering equilibrium. It is so troublesome to
make both arms exactly of the same length, that it is much better to
mark the one, and use it always for the weights, employing the
other always for the substances to be weighed.  The amount of
error occasioned by the inequality of the length of the two.arms
may be ascertained by placing weights of equal magnitude in each
—say pins, as about to be described. If 100 pins in the one scale
weigh 90 in the other, then the one arm is one-tenth longer than
the other : if 100 counterpoise 95, then it is one-twentieth : and so
on., If a memorandum of this be kept, it will enable a correction to
be added when true weights of any given denomination are desired
to be artived at.

The following description of a highly delicate and scientifically
constructed balance, which any neat-handed person of mechanical
skill by the use of a few simple tools may construet for himself, is
taken from the Transactions of the Madras Literary Society —

A description of a set of Balances made for the purpose of delwata weighing : illustrated
by drawings. By Lieut. J. Braddock. -

EpITor o THE MADRAS JOURNAL OF LITERATURE & SCIENCE.

8ir.—-X have the pleasure to send you a description and drawings of aset of bal. which I
made a few years ago forthe purpose of delicate weighing. My object in constructing them
being efficiency with simplicity of parts, they are not so elaborately finished as delicate balances
usually are, but they are fully adequate to all the purposes of the private experimentalist, who
s not supposed tohave hisfiner balances in continual daily use.

2. The hanical prineiples of the bal are too well understood to require a detafl
of them, Ishall therefore simply mention that the knife edge of the fulecrum and the points
suspending the scale pans must lie in a right line ; and that the centre of gravity of the beam
must not be above this line or the beam will overset: nor must it be too much below the line,
or the vibrations of the beam will be too rapid, and the delicacy of the balance will be
dithinished and iropaired.
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- 8 Khave four balances for weighing all ities from one grain to ten thousand. They
bave one support and one glass case in common to them a1l : the beams pot required are
kept in a box fitting in at the back of the glass case, so that they are always at hand. Fig 12
18 & perspective sketch of the case with one of the balances mounted. The figure speaks for
ftself.—~It has a glass slide to close the front, and the usual contrivances of an assay balance
for relieving the beam and scale pans, and for adjusting the level,

4, 'The most delicaté batance that I have is used for weights not exceeding 10 or 20 grains.
It is made simply of a piece of well & d, clean, ight-grained fir ; and figure lisa
representation of it. The knife edge works on a plane of agate ; it is made of steel, and was
terapered asa workman would say * dead hard,” being afterwards very carefully sharpened on
a hone, and ined by a mier P The edge is a perfectly straight line, smooth, well
defined, not wiry, not a sharp cutting edge but rather slightly round, so that it may be firm
enough to withstand the wear and tear that may be required of it, and yet be nothing more
than a line, presenting no resistance, but acted on when in the beam by the slightest weight.
Figure 2 represénts the fulcrum and the centre part of the beami of the real size : the brassa
is screwed down by the sorews b b having a plate of brass ¢ under them to prevent the heads
penetrating the wood.  The beam d is notched out for the fulecrum e to lay in, and the
brass a very securely fixes it in its position, care being taken that the notch is made-at a right
angle, and that it is not too deep, The fulcrum should project a little above the beam, so that
thesecuring brass a may press firmly upon it.  The points a.a, fig. 1, were put in at as nearly
equal distances from the centre as could be measured by a pafr of compasses ; for I did not
intend the beam to be a balance of pesfect equipoise, knowing the extreme difficulty of
adjustment to quantities so minute as 1-2000th or 1-3000th part of a grain.

5. Fig, 3 shews one end of this balance of the real size.  Theé point a is a piece of
hdrdened steel wire with a.screw on it, screwing up tight threugh the wood of the beam b,
ahd being further secured by the tightening nut ¢.  The point is extremely fine and sharp,
but, carefully made, and proved or tested by pressing it upon a piece of wood to ascertain that
it neither bent, nor broke ; being afterwards ined by the mi P The wire d is
the pointer, the point of it being a continhiation of the rightline of the fulerum and the points
of suspension for thescale pans, The end of this wire entering the beamh, was hammered flat 5
a slit was ¢ut down the end of the beam, and the wire thrust in and tied securely with a piece
of waxed silk thread asat g,

6. The scale pans of this balance are supported in the simplest manner I could devise.
The crank piece e, fig, 3, is & piece of common brass wire flattened on the top, hammer
hardened, and polished uiderneath where it rests on the beam point a. This crank piece has
a hook or hole at the bottom, i. e. at f, and another piecé of brass wire, fig. 4, hooks on it, the
lower end of this wire, fig. 4, being bent at right angles into a triangular shape for the purpose
of supporting the scale pans, which are small thin dishes one inch in diameter.—The ball
over the fulcrum f, Fig, 2, is common to all the balances, i. e. each balance has one ; it is for
the purpose of raising or lowering the centre of gravity, and the wire g is for the porpose of
adjusting the equilibriam of the balance before it is used.

7. The sensibility of this balance is very great,—in fact so much so, that it is extremely
difficult and tiresome to weigh with it. 'When 20 graing are in each seale, the 1-1000dth part
of 4 grain occasions the pointer to move over 3 divisions of the index, which is graduated in
10ths of an inch ; supposing with 20 grains in each scale the index points at nounius, or nothing,
the addition of 1-100dth of a grain causes the pointer to move over a space of 3-10ths of an inch,
s0 that the balance indieates decisively to 1-8000th part of a grain, which causes the pointer
to move over § a division or 1-20th of aninch, a quantity quite large enough to produce an in-
digation that may be depended on.  In fact, half that quantity or 1-12000dth part of a grain
muy be estimated, but all who know the difficulties of such mi weighing are aware that
such statemients appear mych finer and more scientific on paper than they are to be depended
on jn practice.

8, A balauce like this must be wsed with the utmost possible care, not as I once saw a
gentleman use an assay balance, giving it a good hearty shake * because its indications were
sluggish,” The least accident deranges so delicate an instrument—the slightest breath of air,
aparticle of dust, or unskifful management. The difficulty in déticate weighing is to make a
balance always agree with itself, which it will not do unless it is in perfect order, and unless
it is under the sole care of one who is completely master of its peculiarities, Few practical
men who have a good balance, like another to use it.

9. T must add, that the way to use this balance is this : suppose you wish to ascertain the
accuracy of a given weight. Place a known accurate weight in the right hand scale, and
quipoise ¢ by weights in the other. When perfectly equipoised, take it out and put
in the weight you wish to verify ; then if on the second trial an equipoise is produced, the two
weights ave equal,  Or if you wish to ascertain the exact weight of any small substance, place
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it in one scale and bal it by terpoise weights in the other : remove it and by real

d an equipoise, and the trie weight results. This is in faet the only accurate
method ofweighing, for the best balances are seldom pexfectly correct, particularly after they
have been in use for some time.—It is very difficult to adjust delicate balances so as to be
perfect equipoises, though the adjustment may be made 8o very near the truth as to he a matter
of no consequence for any ordinary practical purpose. |

10. My second balance weighs any quantity not exgeeding 200 graing, and indicates to
the 1-thousandth part of a grain. Figs. 5, and 6, represent the central portion, and the in-
dex end of this balange of the full size. The Jength of the beam is the same as in Fig. 1.—
The general construction is the same in principle as the balance just described, but being de-
signed for more frequent use the beam is made of steel, which by means of linseed oii put
on it and burned off over a fire, was blackened and covered with a sort of varnish that pre-
vents its rusting. The fulerum is a piece of square steel wire, made dead hard by heating it
cherry red, and plunging it into cold water. Then as in the former case working it to a pro-
per edge on the hone. In Fig. 5, a is a piece of brass screwed down upon the beam by se-
curing the fulerum e, which is further fastened by the bottom end of the upright wire & en-
tering a hole made to receive it on the upper part of the fulecrum. This prevents side mo-
tion, the wire being screwed through the brass a —The ends of the beam, Fig. 6, are tipped
with brass, and the point a slides in a small groove made to receive it, and is secured by the.
tightening nut b. The thick end of the pointer ¢ is screwed through the end of the brass
4, and abuts against the point a, affording the means of adjustment by thrusting the point a
towards the centre of the beam :—e is the tightening nut to make the pointer ¢ secure.—A
plain piece of wire with a screw on it, is used also at the other end of the beam for the same
purpose,—-I shall p ly state the method I used for adjusting the beam to make it
an equipoise.

11. The scale pans of this balance are suspended by a loop, Fig. 7, where aisa small
steel screw passing through the top of the loop, having a shallow cup or dish at the bot-
tom to prevent its sliding off the point, which with the end of the beam is shewn inside the
loop. This small concavity is finely polished, and is intended by being concave simply to
secure the loop from wandering, or slipping off the point, but it does not at all interfere with
the delicacy or sensibility of the balance, which it might do were it not carefully formed, and
made as shallow as possible with reference to the use required. The wire bent inio the

- figure of an 8 with the three lines attached to it, represent the manner in which the scale
pans are secured, the lines befng merely silk thread.——This balance is a very good instru-
ment, and its indications are satisfactory and may be depended on with from 100 to
200 grains in each scale to the 1-hundred thousandth part of the weight.

12. ‘To make this bal an equipoise, I pr ded thus. I adjusted the pointsin the
beam as nearly as I possibly could to equxdlstances from the fulcrum, and then made the
beam balance or point to nonius on the index.—The scale pans with the loops complete
were then made perfectly equal in weight. They were then attached to the beam, and two
perfectly equal weights of 100 grains each were put into the pans, one in each pan, and the
balance tried. The end that was the heaviest was adjusted by thrusting the point by means
of the beforementioned screws nearer to the centre of the beam.  'When it was correct, or
very nearly correct, I took off the scale pans and reversed them by placing them on the op-
posite ends of the beam, and on trying them in tbis position I found they gave the same in-
dication, which was a proof that the two scale pans and weights were equal, and one not
heavier than the other, After a whole day’s trial, however, I found I could not adjust to
perfect accuracy, and so I left the bal out of equipoise about 2-ti dths of a grain in
100 grains. This error is equal to the 50,000th part of the weight, which is quite accurate
enough for even delicate purposes, but the error being known, it is obvious that subtraction
or addition is all that is required in order to arrive at a perfectly correct result should a
greator degree of accuracy be required. i
13. Fig. 8 represents my third balance, which is adapted to weighing guantities from 100
to 2000 grains. Though not so sensible in its indications as thelast described balance, it isful-
1y adequate to most experimental purposes falling within the weights just specified. Its sen-
sibility at first was very great, but having been in iderable use, its delicacy of indicati
has b diminished ; 2-hundredtihs, or the 50th part of a grain, bhowever, -
still gives a decided result with 2000 grains in each scale, which is equal to the l-hundred
thousandth part of the welght. Sir M. F: day in his ch ipulation tells us that
a bal isan gly good one if it mdicates to the 50 or 60 thousandth pa.rt of the
weight,
14. Tt will be perceived by Fig. 8, that the central portion of this ananee, which is re-
prosented of the real size, is exactly similar to the last. It requires therefore no description
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—the former description in para. 10 will answer for both. ‘The msans of adjustment how-
ever, and the bearing points are different. The balance is equipoised before using it, not by
& small moveable wire as g, figure 2, but by means of a small ball, a, screwing along the wire
b, b, figures 9 and 10 :~«and the bearing or suspending points at each end of the beain are

double. Fig, 9, is a plan, and figure 10 is a front view, of the manner in which the points are
fixed: these views are sltetches of the left hand end of the beam, or the end opposite to the

pointer end. In both figures e, and d, are pieces of brass, the piece d being firmly and securely

fixed in the end of the beam, and the piece ¢ sliding ina groove and having liberty to move a
‘small space to and fro as shown in 62. 10, Swmall screws, e e, pass through the brass d, and
thrust the brass ¢, which carries the points, towards the fulerum ; the wire b, fig. 9, has a
shoulder abutting against the end of the beam, and passing into the beam is screwed and tap-
ped into the brass ¢, so that when the s¢rews e e are loosened, this serew aets in the opposite
direction or pulls back the poipts away from the fulerum, the brass ¢ having liberty as before
stated to move toand-fro in the greove ; it is evident therefore that this contrivanee is com-
petent to the adj t of the bal , although the brass carrying the points at the other
or pointer end Is p 1y fastened in the beam, I have only to add that 1, in figs. 9 and
10, is a tightening serew, to fix mere securely the brass ¢, after the adjustment has been ef.
fected. The adjustment was made as before, only with 1000 instead of 100 grains in each
scale,

15. The scale pans are supported in the manner exhibited by figure 11 : the points enter
‘small polished concavities in the soerews a a, as described in figure 7, para. 1L (which see.}—
1 have adopted double points, because the weights for which this balance is used are heavier,
aud because they are more convenient in practice, there being no wandering, or twisting of
the scale pans. My fourth balance is precisely similar to the 3rd, only stronger, and calculat-
ed to weigh from 1,000 to 10,000 grains, J. B.

This will afford a balance of very great delicacy, but it requires
considerable mechanical skill for its construction. Where nothing
better can be had, a perfectly steaight and even piece of deal will
serve. In place of a knife-edged fulerum, three sewing needles will
suffice——one at the middle as an axle, and one at each extremity for
the suspension of the pans : the fulecrum or centre needle ought to
be supported by bits of window-glass set on edge—1I have made up
very neat and serviceable balances from slips of bamboo such as are
used in chicks. Balances of this sort may be made to turn with a
grain, and are within the reach of every one possessed of any manual
dexterity at all,

The mode of taking the specific gravities of bodies heavier than
water, is that most important .to be known. It is one of the most
beautiful and simple indexes of the charaeters of minerals ; and when
the observer once becomes familiar with a few of these, it is singular
with what ease the hand may be trained to determine specific gra-
yities to within a fraction of accuracy, without the use of instruments
at all.

The specific gravities of bodies lighter than water may be de-
termined by loading them till they sink ; of fluids by weighing them
in a measure of known capacity, and which holds a given weight of
water.f,or by the Hydrometer, an instrument which comes after-
wards to be noticed,
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The ordinary balance, which will turn with half a grain, will in-
general serve the purpose of taking specific gravities with sufficient
precision. Rain, snow, or pure distilled water, must be used for im-
mersion : the following is the process. Hang the body to be
operated on by a horse hair, or film of silk, from a hook in the bot-
tom of one of the scales—a noose will in general be found the easiest
mode of suspension.  Counterpoise it by weights in the oppo.
site scale, and note the number of grains it weighs : then place
under it a wineglass, tumbler, or teacup of pure water, and remove
as many weights as will permit it to sink entirely under the surface
of the water,—or what is the same thing, throw weights into the scale
from which the body is suspended. Then subtract the weight of
the body in water from its weight in air, and divide the original
weight by the difference—the quotient will be the specific gravity.

The following is an example : —

A small piece of stone weighs in Air. .. «.uuee,, 160 grains.

Weighs in Wateri. seeceiiescessesessonsensessee oo 110

Difference...... 50

Divide 160 by 50 = 32, the specific gravity required.

The specific gravities of fluids are found by an instrument called
the Hydrometer, which sinks to a certain mark in pure water: in
fluids lighter than water it sinks deeper—in those heavier, not sodeep,
the gravity being marked on the stem A flask, bottle, phial, or other
transparent measure, marked to contain say 10000 grains of water,
will give the specific gravity of any other fluid. Fill it, say with oil,
up to the mark of this weight 9000,—then the specific gravity is
095 or say with brine, which weighs 12500, in which case the
specific gravity is 1:25, no computation being in this case required.

The weights usually supplied, even for medical purposes, are so
incorrect and untrustworthy, that unless a really good setbe purcha-
sable it is better for the observer to make them up for himself,
No attempt should be made to make them fractions or aliquois of
an existing standard—it is quite enough that they be aliquots
of each other. I have found very carefully selected shot to serve
tolerably, but each shot must be weighed against another—then
tens against tens, before they are to be trusted. The fineness of
the balance should regulate the size of the smallest weight, which
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should be small enough just to turn the balance sensibly—there is
no use for making it less. Fine wire makes the best weights, It
may be rolled around another wire, or a piece of uniform stick the
thickness of a erow-quill, and then, when fastened at both ends, a
sharp knife run along it, and a cut made so that the rings may be
broken,—or a piece may be stretched along a foot rule aud cut to
_tenths or twentieths of inches : they should always be made deci-
mals of each other. Pins answer very well, as being of nearly uni-
form weight—those of any given denomination not differing more
than one-twentieth of a grain from each other.* Sosoon as all this
is arranged, the observer should see how many of his weights are
equal to some recognized standard—a grain, drachm, or ounce,—and
then construct for himself a little table of relations or equivalents,
to enable him to explain himself, or to understand other parties.
We have always a rupee at hand, and this when new, or nearly
s0, weighs one tola, or 180 grains,
As our observers, however, may not always have a table of weights
and measures at their command, or earry them at their finger’s ends,
the following may be useful for them :—

IMPERIAL STANDARD MEASURES.

In the Imperial gystem, introduced J: 'y 1, 1826, the legal measures of extension and
weight are continued as before ; but a variety of corn, wine, and beer measures, previously in
use, are sup ded by a new e of capacity called the © Imperial standard gallon,” con-
taining 277.274 cubie inches, or 10 1bs. avoirdupois, of distilled water, at 62° Fahrenheit, the
baremeter being at 30 inches, The following tables exhibit the Imperial standards, and their

usual multiples and divisions,

* Light pins, of the following length {==——=t—=—p==—===— (-9 of an inch) welgh 56 to
100 grains—8+6 pins to 10 grains, The table requiring to be constructed, then, from weights'
of this sort, would be the following : 155 pins will weigh a tola nearly :—

Pins. - Grs. Pins. Grs, Pins. Grs.
1 1-1628 20 232560 300 3488400
2 23266 30 348840 400 4651200
3 36884 40 465120 500 5814000
4 46512 50 561400 600 697-6800
5 58140 60 67-7630 700 783-9600
6 6°9768 70 813960 8u0 930-2400
7 8-1396 80 93:0240 900  1046°5200
8 92924 90 104:6520 1000 11128000
9 104652 100 116+2800 2000  2225:6000 -

10 11-6289 200 232+5600 3000  3338:4000

Of course the pins must be weighed to begin with : it is very likely that this table will
answer with a considerable porsion of those made use of, the most common variety having
been selected on purpose,—but this must not on any account be taken for granted, Ongce
weighed, the pins should be set aside, that they may not get mixed with others,
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L—MEASURES OF LENGTH. 18 Ounces, or7000gr. = 1 Pound
12 TInches = 1 Foot, : 14 Pounds = } Stone
3 Teet = 1 Yard. 2 Stones, or 28 ibs.= 1 Quarter
5% Yards = 1 Pole or Perch, = 4 Qrs,orl12Ibs. == 1 Cwt.
40 Poles - 1 Furlong. 20 Cwts, == 1 Ton
8 Furlongs or} 1 Mil Flour Weight.—1 stone == 14 pounds ;
1760 Yards§ = o 1 boll = 140 pounds; 1sack 280 pounds, or
The hand == 4 inches; the English ell == 45 2} owt. ; 1 barrel = 196 1bs,
inches : thé pace »=5 feet ; and the fathom 15, —TROY WEIGHT. ®
= 6 feet. The geographical degree = 20 24 Grains = 1 Pennyweight
nautical leagues, or 69.121 miiles. Jn land 20 Dwts == 1 Vunece
measure, the ¢hain of 100 links == 66 feet, 12 Ounces -~ 1 Pound
IL.-—-MEASURES OF SURFACE. The use of this weight is confined to the
144 Square inches = 1 Square foot.  precious metals,
9 Square feet = 1 Square yard. The fineness of gold is expressed in carats
30} Sq. yardS,m‘} _ 1 Square pole, 30d grains, the unit of reference being divided
272} sq.feet § q pole. into 24 carats, and the carat into 4 grains.
40 Square poles = 1 Rood. The standard of gold coin is 22 carats , that is,
4. Roods, or the pound or other weight should contain 22
4840 square » = 1 Acre, parts pure and 2 alloy. The mint-price of
yards gold is £3. 17. 10 d. per ounce ; and hence the

And 640 acres make 1 square mile. full weight of a sovereign is 5 dwts. 3.274 troy

III. —MEASURES OF CAPACITY. grains ; but the sovereign of 5 dwis. 2} grains,
I.~GENERAL MEASURES OF SOLIDITY. and the half sovereign of 2 dwts, 133 grains,
1728 Cubic Inches == 1 Cubic foot. are allowed currency (Proclamation, June 7,
27 Cubic feet = 1 Cubic yard. 1842). Wrought gold has two legal standards,
The ton measurement == 8 barrel bulk, or 40 one is 22 carats, the same as the coin, and the

cubic feet. other 18 carats. 'The latter, instituted in

II,—MEASURES FOR LIQUIDS, CORX, AND DRY }79%, is used chiefly for watch-cases and rings.
GOODS. : The fineness of silver is expressed in

8.665 Cubicinches o= 1 Gill ounces and pennyweights ; the standard fine-
T 4 Gills = 1 Pint, hess is 11 oz. 2 dwts. of pure metal and
2 Pints = 1 Quart. 18 dwts of alloy, making together 1 pound

4 Quarts = 1 Gallon. troy. Prior to the recoinage in 1816, a pound

2 Gallons == 1 Peck. . of staridard silver was minted into 62 shillings,

4 Pecks = 1 Bushel, and was thus issued at §s. 2d. per oz.; but

8 Bushels = 1 Quarter. although the market price of standard silver

The peck, bushel, and quarter, are used for bullion has for many years varied little from
dry goods only : there are besides, the coom 5s, per ounce, the new coin is minted at 5s.6d.
== 4 bushels ; the wey or load == § quarters ; per oz., as 66 shillings are coined from &
and the last = 21loads or 10 quarters. pound of bullion. The Act of 1816, however,

In Beer Measure, the barrel contains 4 declares * that silver coins shall be a legal
firkins or 36 gallons; and the hogshead 1} tender for 40s. only at one time,” and “ that
barrels or 54 gallons. gold coins shall be in future the sole standard

In Wine Measure, besides the gallon and measure of value and legal tender for payment
its subdivisions, various denominations are without any limitation of amount.”
used, asthe butt, pipe, &c., but these are now  Wrought silver has two legal standards:
to be considered rather as the names of casks one is the same as that of the coin, and
than as expressing any definite number of the other 8 dwts. detter, or 11 oz. 10 dwts,
gallons, The standard gauges in trade are as But the latter, called new sterling, is seldom
follow :—Pipe of Port, 115 Imp. galls. 3 pipe used.
of Lisbon, 117 do. ; pipe of Cape or Madeira, D d Weight.—Di ds are weighed
92 do. 3 pipe of Teneriffe, 100 do.; buit of by ecarats, 151} of which make one ounce
Sherry, 108 do.; hogshead.of Claret, 46 do. ; troy; this carat is therefore equal only to 3}

aum of Hock, 30 do. troy grains.
Herrings are mensured by the harrel of Pearl Weight.—The troy ounce contains
268, or cran of-37} gallons. 600 pear] grains, and hence one pear) grain is

IV.—MEASURES OF WEIGHT. 4-5ths of a troy grain.
1.—~AVOIRDUPOIS OR COMMERCIAL WEIGHT.  .dpothecaries’ Weight.—20 troy grains make
27.34375 Troy grains == ] Dram, 1 seruple ; 3 scruples make I dram; and 8
16 Drams = ] Ounce dramsmake 1 ounce. The ounce and pound
are the same as in troy weight. This weight
is used in medical prescriptions only.
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Now Indian Weights established in Bengal by Regulahon VII. of 1833 ; and adopted by the

Gesérnment of Bombay, at the tion of the Tariff Committee in the New Tariff
valuation,
1 Tola =180 Grains Troy.
80 Tolas=1 Seer. . «=14,400,

40 Seers==1 Indian Maund==576,000.
: 1bs. Avoirdupois

Then asw=7,000 Graing Troy are exactly cqual to 1

1 seer of=14,400 Grains Troy are ‘exactly equal to  2-—2-35ths,

1 md. of==576,000 Grains Troy are exactly equal to 82—2-Tths,

And it follows therefore, Ibs, Avoirdupois.
That 35 Seers are exactly equal to 2 » »
» 7 Indian Maunds=wt. 57. or 576 »
y» 41 do. =4 36 or 4.032 ,, »
9 245 do.=Tons 9 = ,, 180 or 20,160 ,, »

The followihg simple and accurate Rules for the conversion, of new Indian weight into
avoirdupois weight, and vice versa, deduced from the foregoing data, are given inthe volume
of useful Tables, published by Mr. James Prinsep, in Calcutta in 1834, page 66.

Rute 1.—T¢ convert Indian weight into 4voirdupois weight.

1. Multiply the weight in seers by 72, and divide by 35, the result will be the weight in
1bs, avoirdupois.

Rufe 2.--1'9 convert Avoirdupois waiyht into Indian weight.

1. Multiply the weight in 1bs, avoirdupols by 85, and divide by 72, the result will be-the
weight in seers,

2. Or, Muliiply the weight in cwt. by 49, and divide by 36, the result will be the weight
in maunds.

Since the foregoing M da and calculatéons were made, I have been able to obtain a
copy of the Bengal Regulation VIL. of 1833, on-which the new system of Indian weight is
Tounded, and subjein the following fnrther memoranda connected therewith, in the behef :
that they willbe found useful at this time.

The first Secuon of the Regulation in question, after reciting the reasons that render it
expedient to adopt the weight and standard of the Furruckabad Rupee (which are the same
as that of the Madras and Bombay Rupee) in the Calcutta Mint as well as in the Saugor Mint,
where they had been introduced as far back as the year 1824-25, continues as follows : « It is
furiher convenient to introduce the weight of the Furruckabad Rupee as the unit of a general
system of weights for Government transactions throughout Indm, under the Native and well-
known denomination of the Tole.”

And SeetionIV.—in ordering the d:sconﬁnumce of the use of the Sicca weight of 172:666
grains heretofore employed for the receipt of Bullion at the Caleutta Mint, states that < in
its place the following unit to be called the Z'ola shall be introduced, which from its imme-
diate connection with the Rupee of the upper Provinces, and of Madras and Bombay, will
easily and speedily b universal throughout the British Territories.”

The Tola, or Sicca weight, to be equal tp 180 Grains Troy, and the other denominations
of weight to be derived from this unit, according to the following scale.

8 Rutties==1 Masha==15 Troy Grains.
12 Mashas==1 Tola= 180 ditto.
80 Tolas (or Sicca weight)==1 Seer==2} lbs. Troy.
40 Seers=1 Maund (or Bazaar Maund) = 100 1bs. Troy.

Mr, James Prinsep says, with reference to the foregoing change, in pages 62 and 63, of his
very useful Tables already alluded to in thése memoranda—* The Tola is chiefly used in the
weighing of the precious metals and Coin ; all Bullion at the Mints is received in this deno-
mination, and the Tables of Bullion produce are calculated per 100 tolas. It is also used at
the Mints to make the sub-division of the Tola into annas (sixteenths) and pie, in litu of
Mashas and Ruttees.”
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OxE of the most portable, useful, common, .and universally-under~
stood, instruments, is the Thermometer : it is one which no one ever
travels without,—with which every one is familiar, and whigh.is so
simple and easily understood that an explanation of its structuté and
uses is almost superfluous. For a large range of temperatures; ¢ither
above or below the boiling point, Mercury is the fluid always, made
use of —spirit is employed when great degrees of cold.are.reqaired
. to be measured. '

The smaller sized Thermometers, and those made up for bathing
and gardening purposes, are in general so negﬁgently cut, that little
dependence is to be placed upon them. InIndia, we have often no
choice but to make use of whatever we can lay our hands upon.
To make a bad Thermometer available, it ought to be carefully
rated, and its errors marked. Compare it for each degree over the
whole of its scale with some really good Thermometer, by im-
mersing both in water of different temperatures, and note the amount '
of their differences or agreements, and enter the observations of the
incorrect Thermometer along wilh the corrections, < vr,’if tIpsel-be
considerable, have a correct paper scale pasted overthb :ongm:;lgéaie
of the instrument. Where a trustworthy Thernioinetér cariiiot be
secured for the purposes of comparison, take the best that presents
itself : if the two instruments correspond at any considerable num-
ber of points, the probability is that both are right,—the chances
anrainst their erring at the same points in the same way, bemxr ggry

be felt in both.

Instruments are not to be valued aecordmg~to their appearance :
pretty looking ivory-scaled Thermometers will often be found useless,
and a large supply of common-looking Thermometers, such as are
used by gardeners only, for determining the temperature of boiling
~ water, were lately sent out to the Bombay Medical Board, so ex-
tremely accurate that on dozens of comparisons with a standard, I
could not discover them to be more than a quarter of 2 degree out
on any point of the scale. They were made by Newman, Rezent
Street, and only required to have the lines a little more delicately
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cut to be fit for any philosophical purposes whatever, As they
.were, they far surpassed the average of more pretending instruments,

The fault of the Thermometers sent to India is, that they are gene-
rally cut below the freezing point to a temperature unknown to us,
" and stop at 120 or 130°—our heat in the sun often ranging to 140
or 160° near the sutface of the ground, where an instrument of this
range will burst at once.

It is not easy to say whether wooden, ivory, or metal, seales are
the best :in the case of ivory scales, the glass should only be fast at
one point, the scale being so much affected by damp that if screwed
tight at both clamps, and allowed no play, it is sure to break the
tube. .

Tubular or pear-shaped bulbs are better I
than globes, as being at once more sensitive
and less liable to accidents. A Thermo-
meter ought always to be divided into de-

grees large enough to allow half or quarter
degrees to be estimated.

Registering Thermometers are those which are provided with an
index, which the Mercury pushes before it, or the spirit draws back
with it, and 30 leaves it, indicating the maximum or minimum tempe-
rature since last observation,

Instead of having a perfect vacuum in the unoccupied part of the
tube, a little air is always left in it, to prevent the enclosed fluid
from dividing, and a secondary supplementary bulb is provided at
the upper end as a receptacle for this in cases of extremity.

—

‘Self-registering Thermometers are extremely liable to get-out of
order. 'The mercurial or maximum is most apt to go wrong, gnd
most troublesome to put to rights. . 'When the two are in one seale,
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detach the one of them when anything is wrong, as.the treatment
best for the one is ruinous for the other.
The spirit Thermometer can

always be easily put to rights by
grasping it firmly in the right
hand, and giving it a violent
swing or two bulb undermost,
when the spirit rejoins, and the
air is disengaged : the index
will fall into its place by a little
tapping. .

The index of the Maximum
Thermometer isgenerally a piece
of porcelain orsteel : bothare very
apt to get entangled amongst
the mercury, and are very
troublesome to get out, Some-
times careful tapping will sepa-
rate them: in general the best
way is to subject the bulb to
a degree of cold sufficient to
draw the quicksilver past the

index, and then to tap the upper end of the Thermometer sharply and
rapidly on a piece of wood or other similar substance—stone or
metal will break it. Wlien the Index is in the upper bulb, retain it
there till all isright. If air has got far down into the stem, cool the
builb with ice, or a freezing mixture, so as to draw as much of the
mercury into it as possible, and let the air extricate itself, Then
allow it to resume the temperature of the atmosphere, and warm it
gently with hot water till a considerable quantity of the mercury
has got into the upper bulb, when the air will probably be found to
have disengaged itself, and the metal to return in one continuous

column, The operation is tedious and troublesome, but when care
is taken it never meed be unsatisfactory. If an air-bubble which
cannot be extracted in any way gets into the bulb, either open the
upper bulb with a file or blowpipe—tap it freely now, and heat the
mercury so as to expel fairly all the air~—return the metal if any es-
capes ;—allow a little air to get in, and hermetically seal with a
blowpipe.
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The air-bulb shoyld be held to the lamp, and abit of glass attached

“to #: b, should then be drawn
eutwards.  and - upwards  thus, -
_ands 'the: entu'e .point broken off.
As'the scale:is seldom cut higher | e
than 180, by immersing the bulb

bin Water, and raising the temperature gradually, holding the in-

strument so that all the air shall on the expansion
of the mercury pass into the tube ¢, the whole
may be made.-to. ascend, and the expelled air
may be.made to pass on and escape, while the
metal lodges itself in the upper bulb. When a
considerable part of it is thus got rid of,—assu-
ming the ingtrument to have been very much out
of order,~the tube should now be held vertical-
cally, so as to allow the mercury to descend into

the main bulb b, which ought to be cooled as much as possible,
when probably the bulk of the mercury will return to it, and the air
get uppermost : a repetition of the operation will leave all right.
At the conclusion, and just before sealing up the tube, the bath in
which the -bulb is placed should be heated about twenty or thirty
degrees higher thail_ the tube bulb under repair reads to, leaving
a little space for air —the lamp should then be applied to the portion
“drawn out, and the whole scaled up : the glass should be cooled
very slowly, and all will be right. During all these operations,
every care should be talken to get the index into the upper bulb if
possible, and to retain it there. Should it have got entangled again,
the mercury should be drawn back into the tube, by a freezing mix-
ture, and the index got out by gentle tapping. There is scarcely
‘any-case where a register Thermometer may not by these means be
- put to’ rights if sufficient care and pains be taken. It is to be re-
membered that these instructions are meant for parties little familiar
with the use of instruments, and without the means of replacing.
them, or getting them put to rights by an optician.
Six’s Thermometer, though a very excellent instrument, is so

exceedingly troublesome to put to rights when out of order, that
they are altogether unsuited for India.

"The following extracts are from the Admiralty Manual -~

In placing the Exiernal Thermometer, an exposure should be chosen perfectly shaded both
from direct thine, and that reflected from the sea, or radiated from any hot obje2t. It
"should ba especially guarded from rain and from spray, so that the bulb-should never bs
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wetted; also from warm eurrents of air and local radiation$ completely detached from
contact with the ship’s side, and fully exposed to the ea:tomal alr,

In reading it,the observer should avoid touching, breathing on, or in any way warmmg itby
the near approach of his person ; and in night+observations particular care should be taken
not to heat it by approach of the light.. The quicker the reading is done the better. At
night it should be completely screened from the sky, so as to annihilate all loss of heat by
upward radiation ; a light frame-case of double wire-gauze will perhaps be found asecure and
efficient protection both from injury and obnoxious influences.

The Self-registering Thermomecters should be placed with the same precautions as the
external th ter, and in similar exposures, and so fastened as to allow one end to be
detached and lifted ; so that the indices within the tubes may slide down to the ends of the
‘fluid columns, which they Wlll readily do on gentle tapping. They are apt to get out of
order by the indices b led, or by the breaking of the column of fleid. When
this happens to the spmt-thermometer, it is easily rectified by jerking the index down to the
Junction of the bulb and tube ;then, by cautiously-heating and cooling alternately the bulb,
tube, and afr-vessel at the top, the disunited parts of the spirit may be distilled from place
to place till the whole is collectedinto one col in union with thatin the butb,

‘When the steel index of the mercurial thermometer becomes immersed in the mercury,
first cool the bulb (by evaporation of ether, if necessary) till the mercury is either fairly drawn
below the index, or the column separates, leaving the index with mercury above it. Loosen
the index by tapping, by a magnet, or by heating the tube, then apply heat to the bulb, and
drive the index with its superincumbent mercury up into the air-vessel. 'When there, hold the
instrument bulb downwards, and, suspending the index by a magnet, effect a union between
the globule of mercury and the column below, by continuing to apply the heat till the latter
rises into the air-vessel. As the bulb cools, the whole mercury should descend in an un-
broken column, after which the index may be restored to its place. Much patience and many
trials arg often required for success. An oil-lamp with a very small clear lame should be
used,

Both the self-registering thermometers should be read off at the time of the 9 h. . a«.
observation, as it is veryimprobable that the temperature at that hour should be such as to
obliterate either record of the preceding 24 hours. Double mazima and minima, when they
occur, if remarkable, should be recorded as sup 'y and separately in a diary, and
their panying cir noted, ’

The observer should be furnished with several other thennometers, all of sufficient deli-
cacy to allow of estimating tenths of degrees, for observation of the tempegature of the sea, or
of the earth (wlen on shore,) of falling rain, &c., and for a reserve in case of accident. -All
should be compared with the standard. 'That in habitual use for the sea temperature should
be defended from aceident in the act of immersion by a wire guard.

The thermometer for solar radiation should have its bulb blackened with a coat of Indian
ink. Xt should be defended from currents of air by enclosure in a glass tube ; and it would
add infinitely to the value of a series of observations made with it, if this tube were exhausted
and hermetically sealed. Its exposure to the sun should be perfectly free and full, and it
should be suspended in free air, quite out of reach of any support or cbject heated by the
sun’s rays.

In India there are few instruments more difficult to manage than
the thermometer—hot currents of air, radiation, and reflection, are
constant]y interfering with temperature observations. The air will
stagnate in the corners of a room well supplied with venetians, or
in the over sheltered parts of a verandah, so as to raise the thermo-
meter much above the temperature of the breeze around. I have
seen a thermometer enclosed in 2 glass case rise twenty degrees
higher in the sun than one of precisely similar construction with the
glass removed. A thermometer on the ground will rise to 160°,
when one a couple of feet higher up will not stand higher than 1200,
I believe it not impossible to raise one to the boiling point by the
sun’s rays, by merely covering it from currents of am, and making
the dispositions around favourable for the accumulation of heat.
With these precautions fully before him, the observer must be left
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to aet for himself, as no rule can be laid down c¢aleulated under all
circumstances to meet the occasions which present themselves.
The requirements for accuracy are a free exposure to air, and pro-
tection from the reflection of the earth or surrounding bodies,
and the radiation of the sky.

The following description is given by Mr Adie of the Mountain
Thermometers sent out by him for the use of the Society :—

The Thermemeters for the determination of altitudes by the boiling point of water are
constructed as follows : A piece of tube is selected of perfectly equal calibre throughout its
length ; the section of the bore is round and fine, for the purpose of giving long degrees
without having a very large bulb, which renders the carriage of such Thetmometers very dan-
gerous for breakage ; the bulb is made of glass ¢ylinder-tube, which can be made more equal
and stronger than a round bjown bulb : and the proper size having been determined for each
tube, the scales are determined by the following process : each tube with its finished bulb is
weighed by a fine balance to 1-100th of a grain ; they are then fiited with pure dry mercury, and
regulated, o that 62° shall have the same position as 212° is to have when the Thermometer:
is finished. ) :

Temporary scales, divided into in¢h and decimal parts, are then fixed to each tube, and the
point 32° obtained from melting ice, and 62° from a fine Standard Thermometer, and care«
fully read off on these temporary scales. This gives the length of 30° at these temperatures.
But it is evident that this length would be greater than 3(°, if we drive out a portion of the
inercury, to make 212° stand at the point where 62° stood when the scales were measured.
This is corrected by carefully weighing the tubes before and after regulating thém for 212°,
and the proportion is stated : Xf the larger quantity of mercury give the length noted, the
diminished quantity of mercury from regulation to 212°, will give a diminished scale, which
scale is the true or corrected one, to be divided on the thermometer; each degtee is subdi-
vided into fifth or tenth parts, and cut on the glass stem of the thermometer ; or may be
laid down on an attached scale.

‘When'the Thermometer i3 to be used, the bulb must be carefully inspected, to see that
there are no small detached globules of air attached to the interior of the bulb ; should such
be found, they are to be renfoved by shaking in a larger globule from the contracted part of
the bulb, and making it pass over the smaller globules, which it will take with it ; it isthen to
be returned to the®contracted part ; and should any small portion of the mercury lodge in the
tube, it s to be joined to-the colamn by heating thebulb till it rise to the small bulb at the top
‘of the Thermometer, where the detached portions will unite.

The best method of using these Thermometers is to have the bulb and column of mercury
up to the reading point brought to the boiling temperature ; this is best done by a boiler pro-
vided with telescope-slide-tubes, which can be regulated to any required length ; or where
such an apparatns is not at hand, the same length of column, as nearly as possible, should be
kept out of the water. ProfessorJ. D. Forbes (Philesophical Transactions, Edinburgh,
vol. xv., page 409) has with great care determined the difference of altitude due to a
change of 1° in the boiling point of water, and found it to be 549.5° for each degree of
Fahrenheit. Thermometers used for this purpose should be freq ly pared one with
another and their differences noted; or, where one only is used, the instrument should be
noted as frequently as possible, both for the purpose of obtaining maore perfect results from
& mean of the observations, and for correcting small changes in the indication which go on
in course of time,

For security in carriage, the Thermometer isenclosed in a brass case and supported at all
points by woollen stuffing, and ie removed from its case by screwing off the top and bottom,
and pushing out the bulb, when the Thermometer may be drawn out.—(For tables and direce
tions, see Appendic.) .

The Thermometer made use of in England is that of Fabrenheit,
the scale of which from freezing to boiling is divided into 180°—-
the zero or bottom of the seale being 320 below freezing,—this be-
ing the greatest degree f cold known to Fahrenheit, and supposed
to be the greatest that existed.  Freezing is marked 82° and boil-
ing 212° The Centigrade again commences at freezing, and makes
boiling 100° : every degree of Fahrenheit’s scale is 1°8 of that
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The following table gives the relations of the
two to each other : Reaumur’s thermometer, inserted in the table, is

gseldom met with :—

COMPARISON OF THE THERMOMETERS OF FAHRENHEIT AND REAUMUR, AND THAT OF
CELSIUS, OR THE CENTIGRADE THERMOMET+R OF THE MODERN FrexcH CHEMISTTS.

: £ 5 ¢ B s s B . os B 4
4 ont o 1 'g
§ 3 § 3 s 3 g 3
g 8 83 2 & S 5 5 3 2 & 38
212 800 1000 143 515 G644 85 235 204 22 440 550
211 795 994 147 51°1 638 8¢ 231 288 2l 480 610
210 791 988 146 506 63 83 226 983 20 530 660
209 786 983 1456 502 627 82 222 977 19 57°0 720
28 782 9717 144 497 622 8l 21'T 212 18 62:0 170
207 777 9712 143 493 616 80 213 26 17 660 830
26 7y 96 142 488 61’1 79 208 2.1 16 7140 880
205 758 961 141 484 605 78 204 255 15 750 940
24 764 955 140 480 600. 77 200 250 14 800 107
203 760 950 139 475 594 7% 195 244 13 840 105
202 755 944 138 41 588 75 191 2.8 12 880 11
201 751 938 137 466 583 T4 186 9233 Il 930 116
200 746 933 136 462 577 Y3 182 927 16 970 122
199 742 927 135 457 572 72 177 g¢72 9 102 127
198  737. 922 134 453 B66 Tl 173 216 8 106 133
197 733 916 133 448 561 70 168 211 7 111 138
196 728 9’1 132 444 555 69 164 25 6 1I'5 44
195  72.¢ 905 131 410 551 68 160 200 5 120 150
194 720 900 130 435 514 67 155 194 4 124 155
193 715 894 129 431 538 66 1571 188 100 128 161
192 711 888 128 426 533 65 46 183 2 133 166
191 + 706 883 127 422 527 64 142 1,7 1 137 172
190 ‘702 877 16 417 522 63 137 ITg .. 42 117
189 697 872 125 413 bl6 62 133 166 1 146 183
188 693 866 124 408 511 61 28 161 2 1571 188
187 688 861 123 404 505 60 124 155 3 155 194
186 684 855 122 400 550 59 120 Is0 4 160 200
185 680 850 123 395 494 58 115 144 5 164 205
184 675 814 120 391 488 57 11 138 6 168 201
183 671 838 119 386 433 56 106 133 7 173 216
182 666 833 118 382 477 55 102 127 8§ 17T 222
181 662 827 17 377 472 54 970 122 9 182 227
180 657 822 16 373 466 53 930 16 10 Is6 933
179 653 816 115 368 4611 52 880 1I-1 11 191 238
198 648 8L 14 364 455 b1 840 105 12 195 244
177 644 805 113 360 450 50 780 100 13 200 250
196 640 800 112 355 444 49 730 940 14 204 25
175 635 794 N1 361 438 438 710 880 15 208 261
174 631 788 110 346 433 47 660 830 16 21'3 266
173 626 783 109 342 427 46 620 770 17 AT 272
172 622 71T 108 337 422 45 570 720 18 222 2T7
L 61T 172 107 333 416 44 530 660 -19 226 983
170 61'3 766 106 328 41'l 43 480 610 20 231 288
169 698 761 105 324 405 42 440 550 921 235 204
168 604 755 104 320 400 4i 46-9 5000 22 240 300
167 6000 750 103 31'5 394 40 350 440 23 244 305
166 595 744 102 3111 388 39 310 380 2¢ 948 3l1
165 591 738 101 306 383 38 260 350 2 253 316
164 586 733 100 302 377 37 220 270 26 257 322
163 582 7227 99 297 372 36 170 9220. 27 202 327
162 577 722 98 293 366 35 130 160 28 26 323
161 573 716 97 288 361 34 &0 110 29 27l 338
160 568 711 96 284 355 33 40 50 30 215 344
159 664 750 95 280 350 32 .., w3 284 359
158 5600 700 91 275 344 31 40 50 32 280 355
157 555 694 93 271 338. 30 80 110 33 288 361 .
156 56°1 688 92 266 333 29 130 160 3¢ 293 366
155 546 683 91 262 327 28 170 220 35 297 32
15¢ 542 617 90 257 322 27 220 270 36 302 7
153 537 €2 89 253 316 2 200 330 37 306 333
152 533 666 88 248 311 2 310 330 38 31 38
Mo e Sy By omou
2° . 1 " 400 500 40 x .
149 520 650 - A L



THE RAIN-GAUGE.

THE Admiralty Manual recommends a square box. as a Rain-
gauge: in India, few things are so difficult as to obtain correct right
angles, exact straight lines, or definite proportions of any sort, To
“eonstruct correctly or aceurately a square box such as would serve
the purposes of delicate observation, is nearly as hopeless a task as
could be undertaken: were such a thing once made, it would be
almost certain to haveits shape or size affected by careless treatment.
‘We can, however, alwaysiresort to the turning-lathe, and though we
émmot make sure of a rectangular figure, we can command a perfect
circle. The receptacles of our rain-gauges are all funnel-shaped—
- they ought to be measured with the utmost care, and the area then
computed. This being multiplied by 253-183 grains, the quantity
of water in a cubic inch, the result will give the weight of a cy-

linder of water one inch axis, and of a base equal to the mouth of
the’ gauge'. Thus, for example, suppose the funnel of the gauge

six inches in diameter—then the circumference will be found by

multiplying 6 into 3-1416=18:8495. The areas of circles are

found by multiplying half the circumference into half the diameter
—that is 3X9'4248:2228:2744 superficial inches : thi§ multiplied
into 253-183 the number of grains contained in a cubic inch of
water at the temperature of 62°, will give 71585994152. Of
course in graduating the measure, the following will be the rule
for subdivisions :—

7158:5994152 Grains of Water==0One inch.

" 715°8599415 ditto ==One tenth.
71-5859941 ditto ==0One hundredth.
71585994 ditto ==One thousandth.

This is given merely as an example of the method of finding the
area of the receptacle of a rain-gauge ; and upon thé accuracy with
which this is determined, the whole of the value of the instrument
~ depends: of this, however, I shall have oceasion to speak presently.

The simplest form of ‘a rain-gauge is a cylinder of uniform dia-
meter throughout ; this requires no computation. If of glass, it may
be graduated at once outside; if of metal or any other opaque ma-
terial, a fleat is made use of, the stalk of which may be divided into
inches at once by a Gunter scale or foot rule, The following very
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simple form of gauge is deseribed by Dr Fleming in the Edin-
burgh Philosophical Journal for July 1849 :—

On a Simple Form of Rain-Gauge. By the Rev. Joux FLemiNg, D, D., &c., Professor of

Natural 8cience, New College, Edinburgh. Communicated by the Author.*

The defects with which rain ges may be charged, at present, seem referable to inatten~

tlon to the infiuencé of the wind on the falling rain-drop. If the drop was influenced only
by gravity in its descent to the earth, the form and position of the rain-gauge would be com-
paratively of little importance, But in addition to {ts centripetal tenidency, regulated in
veloceity by its size and the height of the fall, the rain-drop is frequeutly acted upon by the
wind, and defiected more or less from its normal path, according to the velocity and direction
of the current. 'While the wind thus influences the rain-drop, it likewise, in its turn, is
modifiedin its horizontal direction by every projecting obstacle, and deflected, according to
circumstaunces, laterally, upwards, or downwards, carrying the rain-drop along with it in its
course. Whoever hag watched the falling of rain under the influence of wind, and in the
neighbourhood of houses, walls, or other obstacles, must have observed, as the result of the
eddies ted, that it is deposited indefect in some places, and in excess inothers, Inthe
case of falling snow, the derangement is of the same character, but more obvious. Had these
influences been duly attended to, there would have been fewer confident assertions respecting
the smaller quantity of rain which falls on elevated buildings than at lowerlevels, and more
Inquiry respecting the cause of a less quantity being collected in such circumstances.

‘When a rain-gauge is elevated three or four feet above the leve! of the ground, it is easily
observed and emptied of its contents, and in calm weather, may be cénsidered trustworthy.
During a moderately stiff breeze, however, the rain-drops may be seen whirled about in the
funnel, and even carried out and lost after they had nearly hed their destinati. But
independent of the eddies in the funnel, there are deflections of the current produced ex-
ternally, which exercise corresponding influence.

" The late Mr Thom of Ascog, Bute, a well-known and judici hydraulic enginetr,
was in the habit of measuring the fall of rain, in order to predicate respecting the q ity
of water which might be derived from a natural or artificial lake or pond, as a motive power

for mill purposes. The gauge which he employed was similar to the one figured by Cavallo,
in his ¢ Natural Philosophy,” vol. ii., p. 424, tab. xv., p. 3. It was defective, however, in
the want of a rim to the funnel, so as to prevent the dispersion of any drops impinging di-
rectly on the sloping sides. But if defective in respect of the rim, the position which he as-
signed to the gauge itself, namely, placing it in a grass plot, and on a level with the surface,
constituted a decided improvement. The mouth of the funnel, although unnecessarily large,
does not present space enough to permit any perceptible acceleration of the current of wind,
on the free surface, which had been umformly retarded on the grass plot, and consequently
receives a fair proportion of the falling rain.

The body of the gauge, for receiving the water collected by the mouth or funnel, by being
placed in the ground, is protected agai of temperature ; little or no evaporation can
take place, so that the emptying and adjusting may be effected at dlstant intervals.

Having employed for several years, at Aberdeen, an instrument presented to me by Ml'

Thowm, I was satisfied that it fulfilled nearly all the diti of atr thy instr
diﬁ‘emng, W y in its humble app nce, from those eye-traps or gimcracks usuatly set
up asrain % Thep of ‘ vever, was a troubl one, as the funnel

required to be removed, the float lift.ed out md then the water in the cylinder taken up by
means of a cup or sponge, at the end of every month or two, according to circumstances.

To remedy this evil, it occurred to me, thatby employing an external cylinder, permanent-
ly placed in the ground, for receiving the cylinder forming the rain-gauge, a considerable
improvement might be effected. 1. The ity of r ing the funnel at every adjust.
ment, might be got rid of by having a stop cock at the bottom of the receiver, so that upon the
gauge being lifted out of the ground, or rather out of its external case, the water might, thh-
out trouble, be let off, and the float adjusted to zero, by the addition of the requisit
of water by the mouth of the instrument. 2. By getting quit of the funnel, the whole gauge
may be a single cylinder, with the mouth of thesame diameter as the body of the instrument,

whereby errors of workmanship, producing unequal areas, may be avoided, 3. By simplify-
ing the instrument, and thereby greatly reducing the expense, it is expected that observers
will be increased, and additional data procured for determining the distribution of rain over
the globe, by details furnished by

The preceding remarks will render any minuoe descript:on of the instrument unnecessary, .
but the following notices may be ofuse..

#* Read before the Royal Society of Edinburgh, 16th April, 1649,
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Fig. 1 is the external cylinder, closed at
bottom, and sunk perpendicularly into the
ground, with its margin on a level with the
earthy surface Fig. 2 is the inner cylinder
or rain-gauge, open at top, to act as & fun.
nel for receiving the rain, but closed at the
bottors, except the central stop-cock, fig. 3,
for letting off the water. This inner cylin-
der orgaugae, is no narrower than its case,
nnless jn 8o faras to allow of it beinz easi-
1ylifted out for the purposes of adjustment.
This funer cylinder is furnished with a
shoulder or flange, fig. 4, to close upon the
mouth of the case, and prevent the entrance
of any earth, sand, or leaves, s0 as to ob-
struct the easy elevation of the gauge.

Fig. 5 is the surface of the grass plotin
which the gauge is placed, and which must
be kept in & trim condition in its i di
ate neighbourhood.

Fig. 61s the hollow float to which the
index-rod 7 is attached. The rain which
falls into the mouth of the cylinder will be
conducted by the funnel, fig. 8, situate an
fnch and a half within the margia (to which
it is soldered) into the receiver, fig. 2, and
raise the float to a corresponding degree.

Fig. 9 is a thin vertical strip extending
across the middle of the mouth, with a
sheath at the centre to embrace the rod,
as a guide, and to serve as determining the
zero of the scale and the indications of
change, When the stop-cock, fig. 3, has
been open, and the water let off, the beginning of the scale on fig. 10 will usyally be a little
1ower than the marking edge, fig. 9 In this case, a little water is poured iuto the cylinder, in
order to bring the commencement of the seale to zero, or fig. 10, and, on the falling of rain,
the index rises, and, being divided into inches and tenths, bered downwards on the rod,
the quantity is readily seen by inspection. -

The position of the gauge in a well-trimmed grass plot, at a distanee from houses, walls,
or trees, seems to me to obviate .all risk of any extra water getting in, as the points of the
grass effectnally prevent any such occurrence. Those observers, however, who are particu-
Iarly fastidious on the subject, may adopt a brush to be placed around the margin of the
gange, as recommended by Mr Thomas Stevenson, civil engineer, in this Journal for Julyl842.

The size of the gauge, or the area réquisite for receiving a fair amount of the falling rain,
©an scarcely be said to have attracted suficient notice. If we that the leration of
the current would take place, by passing from a grassy surface over the open space of the
mouth of the gauge, and a corresponding dera t of the motion of the rain-drop,
then it must follow, that the larger the area, the greater will be the amount of error from
this source. In order to put this to the test, I placed in the same grass-plot with a
Thom’s gauge of seven inches in diameter, three other gauges of one, two, and three inehes
in diameter, and obtained the results for three months, viz :

R
N TS

Pl

1842.
. 8ept. Oct. Nov.
No. 1. Diam. = 1 inch, 3489 . 8086 53255
2w = 2 .. 3851 3261 52589
3, W =3 .. 391 3346 5-1829

4 we = F . B0 . 3:300 5+3750 -

The grass-plot was not free from eddies, arising from buildings, trees, and walls ; but as
all the gauges ‘were nearly similarly exposed, and as they gave nearly similar results, I am in-
clined to think, that a receiver of one inch in diameter is as trustworthy as one of seven
fnches. When thé instrment is to be made of copper (the most suitable ingrediont), the
stmuli size reduces the expense. I have noticed the index-rod as divided into inches and
tehths. The eye, after a shori practice, has little difficulty in halving or quartering the
tentbs ; and this is a degree of accuracy as great as the circumstances of the cdse warrant ns
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in aiming at. The inequality in the fall of rain, at two places within less than a mile of each
other, forbids us to expect any very te corresp gauges, even at moderate
distances apart, although similar in form and position. ‘The gauge exhlblted to the Bociety,
and which was three inches in diameter, and two feet in depth, was constructed for me by
Mr James Bryson, Princes Street, Edinburgh, who has furnished 1 similar instr t
now in operation in different parts of the country.

In conclusion, 1 may add, that the average annual fall of vain at Aberdeen, accordmg to
six years’ observations with Mr Thom’s gauge, was =304 inches. Acecording to Mr Thom,
the average of thirty years at Rothesay, in Bute, was =48:29 inches. Thé maximum annual
quantity #7137 inches, fell in 1811, and the minimum quantity =38:45, in 1803,

NEW CoLrEeE, EpiNBURGH, June 18, 1849.

Unfortunately we can never depend on getting a cylinder cor--
rectly made, and we must therefore resort to measuremeut, compu-
tation, and gauging. When it becomes essential, as it always is with
us, to resort to this, then it is convenient where a float is used
to have the funnel wider than the cylinder or receptacle, for the
sake of encreasing the divisions of the scale. The following varie-
ties of gauges, all of them excellent, are described in the Bombay
Almanac for 1845:—

It issingular, considering theimportance which isattached by Government to the returns of
the various revenue Collectors as to the state of the weather, especially luriny the rainy
season, that the use of instruments for determining with any thing like precisio, the
amount of rain which falls in any district, seems never to be thought of —the information
being taken from the vague and general statements of the natives. Recent investigations in
this department of Meteorology have given an interest and importance to observations of the
rain gauge and evaporating dish, such as that no one who feels any curiosity in these enquiries
will willingly omit a register of their indications, however rude may be the instruments that
are employed. Any vessel whatever that will hold in water may be used for ¢ither a rain
gauge or an evaporating dish, especially for the former. Suppose a tub, a beer barrel, cook-
ing pot, or any other vessel with atrue circular aperature, is desired to be employed : measure
the diameter of the vessel with a foot rule and multiply this by 3:1416 to find its circumfe-
rence. Then the area may be found by multiplying half the diameter into half the circum-
ference. A cubie foot of water weighs exactly a thousand ounces avoirdupois at a tempera-
ture of 62° and by consequence a cubic inch of water will weigh 57,304-100,000ths of an
oungce, or 253'18 grains nearly. If, then, the area of the mouthr of the vessel be multiplied
by 25318, this will give on the scale the amount of water corresponding to one inch of fall,
whatever be the size of the vessel in which it is veceived. If a good balance and pair of
Scales can be procured, weigh the whole or a half quarter, or any other fraction
of this, and mark the space it occupies in a phial bottle or any other narrow-mouthed
vessel made to serve the purposes of a e. The of the gauge may either
be poured into this as collected, or the guage itself measured off and marked by pouring
successive fills of this into the receptacle, and marking off the points to which the water rises
by each successive fill, If a vessel of an unequal form at the mouth be employed, such as a
bathing tub or box, then the area of this may be ascertained by dividing it into squares by
threads and pins, and then measuring the irregular corners of the portions ruled in the
offset by & foot rule. The other portions of the operation may be performed as already
explained, If weights cannot be had, then measures may be resorted to, keeping the follow -
ing table in view :—

Cubic Inches. Ibs. Avoir, ‘Water.
8,665.00secse00sureres  B-lGENS coveusese 1 gill.
24,659 13 .oeee 4 erevees 1 pint,
69,381 2% 8 viseenn v 2 cereneene 1 quart.

277,214 cvvenreirnrernase 10 evivnierroenes 32 cereren veevess Beerenreness] gallon,

Weighing is always more accurate than measurement where much delicacy is required,

Vessels similar to those employed as rain gauges may be used as evaporating dishes if filled

up to a given mark, say at morning, noon and evening— the quantity of water required to

the poration being noted ; this being divided by the number of feet or

inches comprised in the evaporating surface, will give the amount of evaporation since last

- obsenvation. Two evaporating dishes—one in the shade and ther in the sun—should
always be made use of, and the results noted separately.
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The following are some of the forms of the rain gange.—TFig. 1st is & large funnel to be
placed in the neck of a common bottle or other receptacie : a measure accompanies {t,
into which the water is poured once a day or so, and which gives at once the number of
inches and decimals of an inch which have fallen, This is a very convenient form of .
.gouge for rémpote stations, where observations are infrequent. If placedin thebunghole of a
good beer barrel, the fall of an entire rainy might be coll d—the instrument requir~
ing no attention whatever from the commencement to the close of the rains.

The gauge tepresented by the adjoined diagram J, is one very generally in fiSe. The
mouth piece, which is funnel shaped, can be removed: a stick divided into inches, tenths,
and bhundredths, or rather into graduations corresponding to these, is moved wp and
down by a float inside, which gives the fall of rain at once. The gauge will contain about
a foot : it should be meusured at least once a day, and the water ran off by the stop-cock
M. at bottom. The observations lately made at York, shewing that the amount of rainm

-
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eollected by the gauge larly d 4 a8 the sq root of the distance as we ascend-
ed from the ground, has of late caused much attention to be paid to gauges situated near
each other but at different elevations, The following represent the portions of a gauge
intended for the top of a pole or flag-staff, the summit of a high building, or any other
elvated position. Fig. 1 ists of a simple funnel fitted up with a socket for the recep-
tion of a stick to fasten it on ; it is supplied with couplings and a flexible tin tubs 30 feet
in length : successive tubescanof course be united to this to any extent that may be
desired. 'The tin tube is taken, we shall suppose, inside & building, where it dis-

charges itself into a cistern fitted
up with a graduated glass tube
terminating in a8 waste pipe for
the efflux of the rain. The tub
is divided into inches, tenths,
hundredths, and thousandths,
The lower stopcock H. being
shut, and the upper one left open,
the rain falls at once into the
tube G,and may be observed ac-
cordingly : when this is full, the
surplussage i3 received and re-
tained in the cistern E. When
about to be measured off, the
upper stop-cock is shut, and the
lower one H. opened till the tube
empties itself : this is noted, and
the lower cock shut and upper
one opened ; and the operation
repeated till the whole is dis-
charged. 1Instead of the cistern
and tube, & common measure of
any sort may be employed, or
the rain be made to discharge
itself into a cylindrical vessel
with a float and measuring stick.
Besides the qguestion of the
amount of diminution of rain
found to obtain as we ascend
from the surface of the earth, and
which can only be solved by the
observation of numerous rain
gauges placed at different eleva- [ -3
tions,—two other points in Om-

brometry are almost of equal inte-

rest—lst,the direction of the wind,

and 2nd, the hours of the day in

which our principal falls of rain

occur. Where Ostler’s self-regis-

tering wind and rain-gauge cannot

be come by, two methods may be

resorted to, both eminently prac-

ticable at military stations, where

there are at all times sentinels on

duty. For determining the fall

of rain each hour, a funnel should

be placed on a stand two or three

feoet high, at a properly exposed

station. T'wo dozen of beer bot-

tles should be provided, each

dozen bottles being marked with

the hours of the day thus—

L, IL,IlI., IV., V., VL, &c. &ec.

The dozen for night use may be

painted white——that for day use

-

2itasnevane™

3
<

N
veee,
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red or some other distinguishing
colour, Let the sentry remove
one and substitute another of
these every hour—the contents
of each being measured will indi-
cate the amount of rain that has
fallen each hour of the twenty.
four ; the total amount will give
the quantity that falls daily. To
determine the fall which occurs
with any given direction of the
wind,a strong vane should be made
fast to the spindle, on which there
should be a revolving funnel into
which the water from the re-
ceiver is discharged with a dis-
charge-tube bent claw-form, as
in the accompanying diagram
the tube discharges its water into
an annular receptacle B. B. divid-~
ed by 8, 16 or 32 partitions, cor-
-responding to the points of the
compass. From each of these a
tube pagsses to a separate bottle
noted with the direction corres-
ponding to the partition : the =
amount contained in each bottle
will indicate the quantity which
has fallen throughout the season
while the wind was in any given
direction.

A large number of these are now in use,—they are strong, well
put together, and not apt to get out of order. They should how-
ever be carefully gauged at the mouth every season, in case they
may have met with any accident to impair their cir¢ularity : when
they have suffered in this way, they should be justified on a circu-
lar piece of wood, cut or turned to fit the mouth as it originally
stood. The stalk of the cylinder-gauge should always be tried
with the measure every season, in case the cylinder may have be-
come dented. '

To get rid of one of these varieties of risk—that arising from the
imperfect circularity of the mouth of the funnel,—-I have had some
rain-gauges made up with cast-iron mouth-pieces, very nicely and
correctly turned inside. As these neither warp nor yield, it is im-
possible for them to get out of order. The following is the most
correct mode of graduating a rain-gauge. Having ascertained that

- the mouth of the receptacle is perfectly cireular, determine its dimen-
sions with the utmost accuracy ; then compute the area and quantity
of water required to fill it an inch deep, as already described.
Weigh as much as makes the tenth or hundredth part of an inch,
according to the size of your gauge; into a narrow glass tube, phial, or
other vessel, and carefully mark the upper edge of the water by
making a scratch with a flint, file, or a diamond, on the glass—keep
this for yourfundamental measure. A beer or claret bottle may be taken
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as & check measure for a whole inch. If your gauge has a cylinder,
fit your float and float-stick, shut the stop-cock,* and then pour as
much water as makes the float rise say half an inch from the
bottom of the cylinder: consider this the zero, or lowest point
on your scale. Pour in a measure of water, corresponding say
to a tenth of an inch, and make a pencil mark on the stick
to where it rises : pour in successive measures till the eylinder is full
—+then withdraw the stick, and make notches at the pencil marks
for inches and tenths : if the division is meant to be carried further,
it may be doue with a pair of compasses without any risk of error.
When a bottle or any similar receptacle is used, a separate measure
is convenient : a claret, castor oil, or beer, bottle, the more roomy the
better, will serve. This may be gauged by the inch to serve without
second measure : slips of paper should be gummed on the two
opposite sides, and the rise of the water marked off at first with
pencil : the bottle ought not to be moved from its position while
this is being done. The lines and figures may then be scratched or
painted’on : this must be done on at least three sides of the bottle, so
that in measuring, the water may be seen to rise to the opposite
markings all round. If a measure of metal or any compressible ma-
terial, is made use of for ordinary purposes, it ought from time to time
to be tested with the glass measure : this should always be kept as a .
standard of reference, It is not expected that observers should
require to prepare their own instruments—these may be had made
up and repaired at the presidency,—but it is well they should know
the way in case of emergency. For a full account of this variety
of rain-gauge, the reader may turn forward to evaporation—the
cast-iron mouthed funnel forming one of the best and safest evapo-
rating dishes to be met with,

The following table for the measurement of rain-gauges, may save
some trouble. The temperature of the weather is assumed at 629,
—the evaporation betwixt this and 80 or 85°, our average tempera-
ture, not being such as materially to affect the measure. I have
given the area of gauges from one inch to a foot, for every tenth
of an inch: this seems sufficient—for other sizes, a separate com-
putation may be made. It miay save time to take the area from the
table nearest to that desired to be found, and then to remember that
the areas of circles are to each other as the squares of their diame-
ters. Say for example, that the receptacle of a rain-gauge to be com-
puted measures 6°47—then the nearest to that is 6—we have the
following proportion :—As 6:6-47 : : 28:2744=30-489228,

* In India, stop-cocks are very apt to get rusty and immoveable, and ave often destroyed in
the attempt to force round the key by twisting or h ing. The simple remedy is to
turn the stop-cock upside down, undo the small screw which keeps the key down in its place :
a slight tap will then displace the key altogether, when the key-seat may be greased or oiled
and the key replaced. This is a simple and perfectly safe and unfailing remedy.
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In cases where the circularity of the mouth

of the funnel and uniformity in the section of A &
1

the cylinder may be relied on, a much simpler

rule will guffice. If, for example, the dismeter o seorion oF MOUTH-PIECE T0 PUNNEL.

of the funnel be eight inches, and the diammeter

of the cylinder four inches, then as the areas
of circles are to each other as the squares of
their diameters—or in this case, as 64: 16,—

one inch of fall in the funnel will raise the

float in the cylinder four inches, and this

might be cut on the stick without more ado,—

the float-stick being so divided all along from

end to end. The correctness of a cylinder

may be tested in a way analogous to that in

which thermometer tubes and test glasses and
measures are gauged. Fit it up with a float
and stick, place a couple of cross sticks over
its mouth, with two pins through, or one
stick with a hole in it, so as in either case to
guide the eye. Then take 2 narrow-necked
phial or bottle, no matier of what capacity, as
a moasure, and pour in successive flls of this
till the cylinder is full : if the float rises, as
indicated by the scale, the same distance on
the addition of each fill, then the cylinder is
uniform.

There is scarcely an implement so universal,
or so simple in its form, ag the Native Turn.
ing Lathe, or so perfectly trustworthy in the
work it turns out. The nativeturner is always
familiar with the application of lacquer in the
lathe. Brass casting and turning are almost
universally understood, and a brass mouth-
piece will serve as well as a cast iron one.
When brass is not to be had, a well lacquered

wooden mouthpiece may be procured, and will
be found to answer perfectly either for a
rain-gauge or evaporating dish. The native
turner will for that matter make an excellent
wooden funnel without trouble, only care
must be taken to have it thoroughly lacquered
to prevent absorption. A mouthpiece may
be fitted to a broken bottle, if nothing else is
obtainable ; the size is matter of little conse-

,as the indications may be computed
trom the tables.

FUNNEL, WITH CASY-IRON NOUTH-PIECE.

4 b o’

BROKER BOITLE USED AS
A FUNNEL, WITH TURXED
MOUTHPIECE.

FUNNEL AND BOTTLE ON A sTAND.



THE BAROMETER.

Tae Barometer is the most important, troublesome, and delicate,
instrument the Meteorologist has to deal with. It is next to
impossible to make it strong, or other than liable to accidents : in-
struments of more ordinary construction, and in perfectly good order;,
may be source of amusement, but are of no value to science. Baro-
meters are of various kinds : the Standard Barometer, used in all
the great Magnetic Observatories at Bombay, Simla, Lucknow, Cal-
cutta (the Surveyor-General’s office,) Madras and Trevandrum, is 2
very large and ponderous-instrument. The frame consists of two
heavy brass side-pieces, which are hollow, They are coupled to-
gether at top, and fixed at the bottom to the cistern cover. The
tube is half. an inch in bore, and nearly an inch thick : it
is naked from end to end. The cistern dousists of an upper and
lower chamber, as in the case of Newman’s portable Barometers.
When the instrument is meant to be moved, it is carefully inverted,
s0 as to permit all the mercury lodged in the lower to flow into the
upper chamber. The lower end of the Barometer is then turned
half a c¢ircle round, and the communication previously existing
betwixt the two cut off. The mercury is now confined in the
tube, into which no air can conveniently find admission, The scale
is metal : it is attached by a brass rod, terminating in an ivory
point, which extends from the top of the mercury in the tube, the
lower part terminating in that of the cistern. The sides of the upper
eistern are glass, In adjusting this instrument for observation, the
scale is moved up and down till the ivory point just comes in con-
tact with the surface of the quicksilver as seen through the glass.
The reading is then made in the usual way by the vernier. The
attached thermometer, both in this ense, and in that of Newman’s
portable Barometer, is inserted in the cistern—an arrangement now
eondemned by Sir J. Herschell,—it is continually fraught with
risks to the instrument when it is taken to pieces. The following
comparisons of Barometers provided in 1840 by the East India Com-.
pany with the Standards of the Royal Society, is extracted from the
Report on Physics for 1840 :— .
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32 THE BAROMETER.

What is called the portable, or Mountain Barometer, differs only
from the others in having a longer scale, so as to read under very
low pressures—it being cut with great accuracy, and prepared in
all respects with the utmost care.

The following is the description of Newman’s Barometer, given
by himself : it is a very popular instrument, and is generally neatly
finished ; but the correction for capacities is troublesome, and is apt
to burst when the mercury is shut up at a low temperature and
then exposed to a high one.  The mercury sometimes leaks at the -
screws of the lower cistern, which are often pierced through, but
never should be so. The remedy for this, when it ocecurs, is to
invert the Barometer and turn it to “ not portable,” take out the
screws, and fill the thread with a little bees-wax—if this is not
sufficient, with a fine film of flax. The instrument is troublesome to
take to pieces when it gets out of repair.

This instrument differs in s construction from the Englefield B ter, In the adopti

of a double iron cistern with a solid bottom, in lieu of the wooden cistern and leather bag 3

and a few instructions for its use will be ¥, a8 the method of rendering it portable

differs also, In the old instrument a screw at the bottom compresses the whole of the
mercury in the cistern, as well as in the tube, frequently forcing it through the pores of the
wood, and dering the baromet: less : in the new instrument this defect has been
remedied ; and with great simplicity the mercury is secured for travelling, or set at liberty for
use, by holding the instrument with the cistern end upwards, and meving the upper part from
let‘t to right, makmg the word portadble, engraved on the cistern, eoincide with the stop ; or
g the words not portable epposite the stop when the instrument

is lntended for use.

The instrument also varies from the common barometer, bein;a standard of itself, the
actual distance between the height of the mercury in the tube and the level in the cistern
having been measured without a reference to any other barometer 3 so that by applying the
corrections as hereafter mentioned, you obtain the actual height of the column, Care should
be taken to hold the inst t with the cistern end upwards, when it is intended to be made
portable for travelfing, otherwise the mercury will be left at liberty, which will endanger the
instrument. And it is important, when the b peter is moved or carried, that it be retain-
ed either in a horizontal positien, or with the cistéern end extremely raised ; this prevents
the oscillation of the y in the tube,

To observe with thei t, it i most advisable to suspend it, by the ring on the top,
from some fixed and steady projection, in a perpendicular position ; but, if such & situation
do not offer, it may be suspended with, the hang, letting the lower end rest lightly on the
ground, and then; by kneeling on one knee, the index may be brought to a level with the’
surface of the mercury, being at first moved by the small projecting piece on theedge to nearly
its correct situation ; and finally adj d by of the serew on the top.  Great
care should be taken in placing the index accurately, with respect to the surface of the
mereury, and it is advisable to use 4 magnifier, when the situation will allow.

‘When the index has been made to coincide accurately with the surface of the mercury, the
inches are of course read off upon the numbered scale ; the tenths are read off upon those
divisions, which extend from the first to the third perpendicuhr line, counting upwards from
the top of the inch, and reckeningag-many tenths as oceur short of the index : if any portion
remain between this tenth and the index, it may be estimated in hundredths ; this space will
include one of the half-tenth graduations, if the hundredths be more than five in number ;
but a half-tenth will not be included if they be l¢ss than five in pumber ; the half:tenth in
fact being equal to five hundredths. For the estimation of the hundredth, pass the eye up the
graduations of the vernier, looking for that numbéred degree which coincides or est
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jucides, withany g d tion upon the large geale, and such degree will express the number
of hundredths upon the vernier;thus, if the line, ked 3, coincide, it indicates three
hundredths, and this is the correct expression if there be no half-tenthas before mentioned
but, if there be a half-tenth, then the five hundredths of which it is composed are to be added
to the three in the vernier, makirg eight hundredths, which are to beadded to the inches and
tenths before observed, and noted,

By means of the divisions on {:he vernier, ¢ach of the hundredths is divided into five parts,
or five hundredths, and are here read off ; thus it may happen that the coincidence of a line
on the vernier, with a line on the scale, does not take place with any of those numberegd oR
the vernier, but with one of the i bered divisions ; it may happen, for inst s
with aline between the third and fourth hundredth on the vernier, and then it is ovident that
three hundredths are too little, and four hundredths too much ;in this case,’ read upwards
from the lowest hundredth, to the line which coincides, and it will express the five hundredtks 3
each of which, if written as decimals, will count as two thousandtks.

But in most cases the mercury will stand either ‘above orbelow the neutral point ; if above,
a portion of the mercury, which has entered the tube, must have left the cistern, and con-
sequently have altered and lowered the surface there ; or if below, a quantity of mercury must

have left the tube, and, entering the cistern, have raised the level of the mercury to it.

For the corrections of observati thus ci 1ced, the area of the mercury in the
cistern, and that in the tube, have been experimentally ascertained, and are expressed by the
nunber marked on theinstrument, and called capacities : thus capacity 1-50 indicates that the
surface of the mercury in the cistern is fifty times that.in the tube ; hence it is evident, that
for every inch of elevation of the mercury in the tube, that in the cistern will be depressed
1-50 of an inch : for this, correction is made in the following manner :—When the mercury
in the tube is ahove the neutral point, the difference between it and the neutral point is to be
divided by the capacities, and the quotient added to the observed height, the result being the
true height ; or if the mercury, at the time of observation, is below the neutral. point, the
difference of the twois to be divided by the capacities as before, and the quotiei\t is to be
subtracted for the observed height, the result is the true height. Thus suppose the capacity
1-50, the neuiral point 30inches, and the observed height 30,500, the difference between 30 and
30.5, is 0.5 inches, which divided by 50 gives .010 inches, and this added to the observed
* height, =30.510 the true height ; or if the obsarved height be 29 inches, then the difference,
1 inch, divided by 50 gives .020, which subiracted from the observed height, gives 23,980 inches,
ag the true height, -

The Grand Arsenal at Bombay is provided with them : they have
a stock of unfilled tubes, with wooden ecistern covers, and
Thermometers attached, to supply the place of those that may
be broken ; but as these are charged Rs. 25 each, and are very apt

to be destroyed in process of fitting, it is almost as well to obtain a

. s
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new Barometer at once as to incur the expense, the trouble, and the
risk, of repairing an old one.*

Four Barometers by Newman were in November 1849 lent to
the Bombay Geographical Society : the following are their ratings,
as compared with a portable Barometer by Adie, (No. 3 in the
table) the ratings of which, with the Observatory Standard (58)in
1843, are also given at page 36. I had no means of eomparing

Newman’s Barometer directly with the Observatory Standard in
1849 :—

The manner of rating them was the following :-—They were hung up beside each otheron
a-stone wall, where the fluctuations of temperature were small and slow, and read at in-~
tervals of an hour or so as undernoted. The Standard, as already described, is & very
excellent instrument by Adie: it was brought out in 1843, and by comparing a register of
ratings then made for 24 hours on end with the Observatory Standard, and comparing
this again with the reports published in the papers, it does not appear to have
deteriorated, or changed its ratings. The results were the following : three readings are
given to begin with without correction : the first trial was in the Times Office i~

No. I.—Capacities gg—Neutral Point, 20-720.

May 30, 10 A. M. 4 P. M. 6 P. M Mean,
Standard 29°796 J42 784 72

No. I. 808 768 i) 78

+.012 +.026 —.006 +.006

Correcting for ca.pacxtxes the following will be the result. Newman’s Mountain Barome-
ters are not th The instr ts used are indicated by the figures denoting the

neutral points and capacities. The ecorrection in this case requires to be added, and
80 brings the corrected above the uncorrected reading.

Capacity... -720 168 718
Reading..,, <801 808 720 768 . 120 118
62) 081( 010 62) 048( 008  62) -058( 009
MR T 176 787
" ‘Standard.... 796 Standard... 742 Standard.., <784
+022 ++034 ++003

#* Any one ordering instruments from home ought to specify the packing, and bar.
gain that unless his orders in the matter were attended to the risk should devolve on
the maker. I have opened packages without number from nearly every maker of
note—they are all equally culpable—they pay no heed to the instrwetions sent them,
and it is quite inconceivable the unskilfulness, not to say the gross negligence, with
which instruments are put up, Frequently nearly a third of them are unserviceable
when they arrive, and here we have no means of ropairing them, I have purchased
first-rate register thermometers in the bazar for two rupees, so little out of order
that in an hour's time I repaired them: so it is with barometers and all “other iustru-
ments. I believe are paratively well d in Cal : I know mot
how they are in Madras, but to a stranger, or to any one who for tbe first time
enters into scientific researches, eur helplessness at Bombay f§s absolitely inconceivas
blé, The subject of providing or repairing instruments of any sort is one to which
no human being ever seems to have turn ng his attention. No wonder that research
should be behind, considering the difficulties it has to encounter,
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The mean difference by this series wounld be .026.
Becond trial, same instruments, June 6th.~—In this case the trial was made at Afry Cottag®
Byculla, about 40 feet lower than before,

June 6.
9a m 10 8. m. 12 1 p.m, 3p.m. 4p m
Standard  29.913 916 * 890 870 846 - 858
No. L 924 922 900 862 828 843
+011 +006 +010 —008 —018 —004
6r, with correction for Capacities, as follows ;——
92¢ 922 900 862 828 848
720 720 720 720 728 720
204 ©202 180 142 100 128
030 030 029 028 2019 020
—_— —_— —_— R R —
954 952 929 890 847 863

The mean difference on the two sets of readings amounté to 024, and a4 this the rating
may be set down—to be subtracted from No. I to bring it into harmony with the
Btandard,

Taking the same examples for the other—out of a multitude of hourly readings to which
they were subjected—all of which are kept on record, wefind the following result :—May 30.

No. II.—Cap. 54—N. P. 20.850.
4 6

3P 1 Mean,

Standard 796 742 84 bid}
- No.IL. .74 743 172 721
“022 +001 —012 —044

Or, cotrected for capacities, which in this case must be subtracted, the Neutral Point
being higher than the Scale Readings, the following :—This gives the mean correction at
about .030 for No. II.—No, III., the instrument sent to Phoonda Ghaut, was only a few hours
in my possession—its difference from the standard in two readings at 3 P, 1and 4, on the 30th
May, was .004 and .030 respectively—corrected for capacities .000 and +.008 : this instrument
may be set down therefore as not differing more than .006 from the Standard, a correction
so trifling as not to be worth note. It is at Phoonda Ghaut.

No. IV., as before stated, is at Kurrachee. It has been correected with the utmost cave :
the results arrived at are anomalous and perplexing. A single day’s readings out of the
many to which it was subjected may suffice. It was obtained from the Grand Arsenal in
January, the time when directions had been given to place the Tide-Gauges received on the
9th April at our disposal.

No. IV.—gg—Neutral point 20,952,

Jan. 25th 10 3p 10 n 1 2 ¢
Standard 30.150 160 092 070 062 052
182 192 115 100 100 03¢
+032 +032 +023 +030 +038 4032

The mean difference hepeis +.030 nearly—to this must be added the correction for capa-
cities, giving a total of ‘026 to be subtracted from the readings of No. IV. The correction
for the barometer by Adie, used by Mr Mayes at Aden, is—-032 as compared by Mr Orlebar
with the Observatory Standard No. 58.

The following are the ratings of eight of Adie’s Barometers; taken
with the Observatory Standard in 1843. These instruments were

all brought out together for the use of gentlemen at the presidency :



THE BAROMETER.
eady been printed in the Transactions of the Asiatic

Ir

ing a

they are now in use, and dispersed up and down the country—
t hav,

those possessing them may refer to this table for corrections,

-
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The Marine Barometer differs from that used on shore
chiefly in the circumstance of the tube betwixt the top of
‘the cistern and the bottom of the scale being capiliary, to pre-
vent the Mercury from jumping up and down by the move-
ments of the ship. There is a neat contrivance, which may
be termed an air-trap, a little way up : here the main tube is
drawn out fine to a point, and a second one welded to it, so
that the great likelihood is that any air entering from below
will lodge between the two.  So soon as the instrument is
" inverted, of course the air escapes,  Air, notwithstanding
this, is very apt indeed to get into the Marine Barometer,
rendering it perfectly useless, the Mereury remaining
fixed and immoveable. From the thinness of the tube, it
is extremely troublesome to get rid of it. The following is
the mode of setting it to rights when out of order.

First take off the cover of the cistern, which consists of two
pieces of wood screwed together, with a slip of paper glued around
them. The lower piece is a ring fitted up with a leather bottom.
Take off the glued slip by the use of tepid water, and then serew off
the ring and leather bag. Pour out the Mercury from the bag and
clean it by filtration. It is very seldom indeed that tapping will re-
move the air, or produce any beneficial effect whatever. The cistern
must be well filled with pure mercury, so as quite to cover the end
of the tube, and as much of it shaken in as possible. Then put the
tube in a bath of water or oil, and raise the temperature gradually
till the air is expelled.  On permitting the instrument to cool, the
mereury will pass from the cistern into the tube. If necessary, the
boiling of the Mercury within the tube must be resorted to.

The Marine Barometers sent out with the Antartic Expe-
dition were of the same construction as the Mountain Barometer.
T have heard of no others that have been made without the leather
bag. Some very fine Mountain Barometers, both by Adie
and Newman, in use at Bombay, of recent construction, are
cumbered with this inconvenient contrivance, which prevents the
possibility of correcting for capacities, and rarely permits an
accurate correction for any definite pressure ; and which being,
moreover, apt to expand in damp, and shrink in dry weather, gives a
variable neutral point, the precise position of which cannot be
discovered. The Barometers lately ordered out by the Geographical
Society are provided with cast iron cisterns, of capacities so large
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that the correction would in the ordinary range of three inches,
the extreme of which occurs at sea, scaicely be applicable,
but which could be made with perfect accuracy where this was
desired.

In some of Mr Newman’s Mountain Barometers the scale
traverses and the vernier remains at rest—the mode and results of
ratings is unaffected by this. The scale is thus made completely
to cover in the tube. The contrivance is very elegant,—as indeed
are Newman’s instruments altogether.

Where Newman’s Barometers are made use of at a position where
the entire range does not exceed an inch, and where the year
may be divided into two paris, during one of which it never falls
more than *4 below the maximum, the rest of the depression’ being
assigned to the rest of the year, it is much easier to construct a
table and include all the corrections in one, reserving the trivial error
for a separate correction if deemed mnecessary—it seldom exceeds
00°001, under the circumstances named, and may therefore be dis-
pensed with.  Take the following illustrations of what is meant.
At Hay Cottage, Poonah, 1823 feet above the level of the sea, it
was for the year 1830, 28:242 ; for the monsoon 28-080. Suppose
the Barometer No. I. the instrument to be made use of there ; the
mean correction for capacities for the fair season would be as
follows—neutral point of the instrument 29720 ; the difference be-
twixt this and the monsoon mean is 1640 : this requires to be
divided by 62 the capillarities, when the quotient will be ‘264 ;
which added to the reading of the instrument, would give the true
reading for the monsoon. The correction for the year again would
be -238, or ‘026 less than that for the monsoon ;* the difference
betwixt the fair weather and monsoon mean would of course
be greater than that betwixt the latter and the whole year. Cor-
rections such as thesé added for those of temperature, will supply
matter for a new table to be consulted by the observer,—the use of
which at once will occasion little error and avoid a world of trouble,
The capillarity correction is now generally introduced in the scale
—in the case of Adie’s instruments it is neutralized by the instru- .

. * Colonel Sykes’s Atmospherical Tides of the Deccan, Royal Society’s Transactiom,
834, )
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ment, as it is a certain quantity : when this is not the case, it ought
to be included in the general table,

The following are Sir J. Herschell’s directions for the use of the
Barometer :

THERE is no branch of physical science which ean be advanced more materially by ob~
servations made during sea voyages thaneteorology, aud that for several distinet reasons,
1stly. That the number and variety of the disturbing infiuences at sea are much less than on
Jand, by reason of the uniform level and homogeneous nature of its surface. 2ndly. Be-
cause, owing to the penetrability of water by radiant heat, and the perpetual agitation and in-
termixture of its superficial strata, its changes of temperature are neither so extensive nor so-
sudden as those of the land. 3rdly. Because the area of the sea so far exceeds that of the -
land, and is so infinitely more accessible in every part, that a much wider field of observation
is laid open, calculated thereby to afford a far more extensive basis for the deduction of ge-
neral counclusions. 4thly. The sea being the origin from which all land waters are derived,
in dying the hygrometrical conditions of the sea atmosphere, we approach the chief pro-
blems of hygrology in their least involved and complicated form,-unmixed with those consi-
derations which the perpetually varying state of the land {as the recipient at uncertain inter«
vals of derivative moisture) forces on the notice of the meteorologist of the continents, Nop
ought it to be left out of consideration that this, of all branches of physical knowledge, being
that on which the suceess of voyages and the safety of voyagers are most immediately and

ingly dependant, a p 1 interest of the most direct kind is infused into its pursnit
at sea, greatly tending to reli the irk of inued observati to insure preci-
ston in their registry, and to make their partial or plete reduction during the voyage an
agrecable as it always is a desirable object.

It happ for ly, that al t every datum which the scientific meteorologist can
require is furnished in its best and most available state by that definite, systematie process,
known as the « keeping & wmeteorological register,” which consists in noting at stated hours
of every day the rcadings of all the meteorological instruments at command, as well as all
such facts or indications of wind and weather as are susceptxble of being definitely described
and estimated without instr tal aid. O 1 observations apply to ional and
remarkable phenomena, and are by no means to beneglected ; but it és to the regular
meteorological register, steadily and perseveringly kept througlzout the whole of every voyage,
that we must look for the development of the great laws of this science.

The following 1 rules and p are ry to be observed in keeping such
a vegister 1 —

1. Interruptions in the continuity of obsérvations by ct of the instr ts them-
selves, or of their n(liustments, places, exposure, mode of fixing, reading, and registering,
&e., are dingty tionable, and ought to be sedulously avoided. Whenever an
alteration in any ot‘ tbese particul is di 'y, it should be done asa thing of
moment, with all deliberation, scrupulously noted in the register, and the exaect amount of

h thence arisingin the reading of the instr t (whether by alteration in its zero point,
or otherwise) ascertained.

2. As far a8 possible, registers should be complete: but if, from unavoidable causes,
blanks oceur, no attempt $o fill them up subsequently from general recollection, or (whichis
worse, and amounts to & falsification) from theé apparent course of the numbers before and
after, should ever be made. The entries in the register made at the time of observation
should involve no reduction or correction of any kind, but should state the simple readings
off of the several instruments, and other particulars, just as observed. This does not of
course prevent that blank eclumns left for reduced and corrected observations should be filled
up at any convenient time. On the contrary, it is very desirable thatsuch should be the case
—-the sooner after the observation, consistent with due delxberatmn, the better, on every
aecount, unless some datum be involyed requiring subsequent ion for its d
tion,

3. The observations of each kind should, if possible, all be made by one person ; but as
this is often impracticable, the deputy should be carefully instructed by his principal to observe
in the same manner, and the latter should satisfy himseif by comparative trials that they
observe alike,. .

4. Ifcopies be taken of registors, they should be carefully compared with the originals by
two persons—one reading aloud from the original, and the other attending to the ¢opy, and
then éxchanging parts—a p always advisable when great massés of figures are required
to be correctly copied. :
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5. The registers should be regarded (if kept in pursuance of orders, or under eofficial re-
commendation) as official documents, and dealt with accordingly. If otherwise, a verified
<opy, or the original (the latter being preferved), signed by the observer, should be trans-
mitted to seme public body intereésted in the progress of meteorological seience, through
some official channel, and under address ¢ T'o the Secretary of &e. &e.” Circuitous trang-
mission harards loss or neglect, and entails expense on parties not interestod.

6. 'The register of every instrument should be kept in parts of its own scale as read off 3
wo reduction of f es or degreos to British being made. But it should of course
be stated what seale is used in each. British observers, however, will do well to use instru-
ments graduated aceording to British units, .

7. 'The regular meteorological hours are 3 4. M, 9 1. &, 3 p. M. and 9 p. ., mean time,
at the place. Irksome as it may be to landsmen to observe at 3 A. M., the habits of life on
shipboard render it much less difficult to secure this hour in a trustworthy manner ; and the
value of a register in which it is deficient is se utterly crippled, that whatever care be bestow-
ed on the other honrs, it must on that t hold a dary rank. The above hours; it
must be borne in mind, are the fewest which any met: logical register prétending to com-
pleteness can embrace. By any one, however, desirous of paying such particular attention
20 this branch of science asto entitle him to merit the name of a meteorologist, a three-hourly
register-—viz., for the hours 3, 6, 9, A. N., noon 3 3, 6, 9, ». ™., midnight-~ought to be kept ;
and in voyages of di 'y, where scientific observation is a prominent feature, the register
ought to be enlarged, 50 as to take in every odd hour of the twenty-four ; thus including,
svithout interpolation, the six-hourly or standard series.

8. Hourly observations should be made throughout the twenty-four hours on the 2l1st of
each month (except when that day falls on a Sunday, and then on the Monday following),
commencing with § 4. .,and ending at 6 A, M. on the subsequent day, 80 as to make aseries
of twenty-five observations. At all events, if this cannot be done monthly, it ought not to be
omitted in Mareh, June, September, and D b These are called * term observations.”
If any remarkable progressive rise or fall of the barometer be observed to pervade this series,
it will be well to continue it until the maximum er minimum is clearly astained, with a view
20 comparison with other similar series elsewhere obtained, and thus to mark the progress
of the aerial wave effective in producing the change. These terma observations should be.
separately registered under that head.

9, Oeccasionally hourly series of observations may be made with advantage under several
i t: , as, for fnst Istly. When beealmed for any length of time, especially
when near the Equator, with a view to determining the laws and epochal hours of diurnal pe-
viodicity. 2adly. When a partyleaves the ship, furnished with a portable barometer or other
instruraents, for the measurement of heights of mountains, or with other objeets. 3rdly. During
threatening weather, and especially during the i of gales, and for some time after
their subsidence, as will be more particufarly specified under the head of “ Storm Observa-
tions.” 4thly. In certain specified localities mentioned in a subsequent article by Mr Birt. bthly.
‘Whenever a continued rise or fall of the barometer has been noticed as at all remarkable, it
should be pursued up to and past the turn, so as to secure the maximum elevation or depres-
sion, and the precise time of its occurrence ; and s register of such maxinma or minimashould
be kept distinct from the regular entries,

Of Met logical Insty ts; and first of the Bavometer and its attached Thermometer,
The barometer on shipboard should be suspended on & gimbal frame, which ought not to

swing too freely, but rather so as to dead illati by some degree of fricti Before
suspending it, it should be carefully examined for air-bubbles in the tube and for air in the
upper part above the 'y, by inspeetion, and by inclining the instrument from the verti-

cal position rather suddenly till the mercury rises to the top with a slight jerk, when, if it do
not tap sharp, the vacuum js imperfect ; and if the sound be puffy and dead, or isnot heardat
all, air exists to an objectionsble extent, and must be got rid of by inversion and gently strik~
ing.with the hand to drive the bubble upinto the cistern. The lower end of the tube, which
plunges into the cistern in well-constructed ine b ters, is tracted 80 as to dimi«
nish the amount of oscillation produced by the ship’s motion. The instrument should be
suspended out of the reach of sunshine, but in a good light for reading, as near midships, and
in a place as little liable to sudd of temp e and gusts of wind, a8 possible, The
light should have access to theback of the tube, %0 as to allow of setting the index to have its
lower edge a tangent {o the convex surface of the mercury, In well-constructed barometers
the slider has itslower part tubular, embracing the tube, and can be made to descend by the
rack-motion of the vernier till it becomes an upper tangent to the mercury ; the eye being on
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its exact level, a reflected light by day, or white paper strongly illominated from behind at
night, wilt throw the light properly for setting the vernier correctly. The éxact height of
the cistern abeve the ship’s water-line should be ascertained and entered on the register,

The attached thermometer ought to indicate a temperature the exact mean of that of the
‘whole barometric column. Its bulb, therefore, ought to be (though it seldom is) so sitnated
£38 10 afford the best chance of its doing so, that is to say, fifteen inches above the cistern, en-
closed within the wooden case of the barometer, nearly in contact with its tube, and with a
stem 80 long as to be read off at the upper level. To ensure a fair average and steady tem-
perature, it were well to enclose the whole instrument, thermometer and all, in an outer
case of leather, over a wrapper of flannel, leaving only the setting and reading parts above
and below accessible, and that no more than is absolutely necessary*. ’

In choosing a barometer, select one in preference in which the lower level of the mercury
in the cistern is adjustable to contact with a steel or ivory fiducial point, and that not by
altering the height of the mercurial surface, but by depressing the steel point, ¢arrying down
avith {t the whole divided scale, the zero-point of which is of course the apex of the point
itself, Care should be taken that air have free buf safe access to the lower surface.

In transporting a compared barometer to its place of destination, great caré is necessary,
Carry it upright, or considerably inclined, and inverted ; and over all rough roads in the
band, to break the shocks it would otherwise receive, A ¢ portable barometer” strapped
obliquely across theshoulders of a horseman travels securely and well ; and with common
care in this mode of transport its zero runs no risk of change. Xf merely fastened to any -
kihd of carriage, and abandoned to its fate, it is almost sure to be broken.

To make and veduce an Observation of the Barometer.—TFirst read off and write down
the reading of the attached thermometer. Then give a few gentle taps on the instrument to
free the mercury from adhesion to the glass, avoiding to giveit any violent oscillation, Ad-
Just the lower level to the fiducial point, if such be the construction of the instrument.
Then set the index to the upper surface of the mercurial column, placing the eye so asto
bring its back and front lower edges to coincidence, and to form a tangent o the convexity
of the quicksiiver, If the instr t have no tubular or donble-edged index, the éye must ba
earefully placed at the level of the upper surface to destroy parallax. ‘Whatever mode of read-
ing is hdopted, should be always adhered to. A magnifier should be used to make the contaet
and t6 read the vernier, and the reading immediately written down and carefylly entered on
the register. .

As soon after the observations have been made as circumstances will permit, the readingof
the barometer should be corrected for the relation existing between the capacities of the tube
and cistern (if its construction be such as to require that correction), and for the capillary
action of the tube ; and then reduced to the gtandard temperature of 32° Fahr,, and
to the sea level, if on shipboard. For the first correctionn the neutral point should
be marked upon each instrument, It is that particular height which, in its construc
tion, has been actually measured from the surface of the mercury in the eistern,
and indicated by the scale. In general, the mercury will stand either above or bLelow
the neutral point; if above, a portion of the mercury must have left the cistern, and con-
sequently must have Iowered the surface in the cistern : in this case the altitude, as measured
by the scale, will be too short—uice versd, if below. The relation of the capacities of the
tube and cistern should be experimentally ascertained, and marked upon the instrument
by the maker. Suppose the capacity to be 5%, marked thus on the instrument,  Capacity
2g:” this indlcates that for every inch of variation of the mercury in the tube, that inthe
cistern will vary contrariwise % th of an inch. ‘When the mercury in the tube is above the
nentral point, the difference between it and the neutral point is to be reduced in the propor-
tion eXpressed by the ¢ capacity” (in the case supposed, divided by 50), and the quotient
added to the observed height ; if below, subtracted from it. In barometers furnished with a
fiducial point for adjusting the lower level, this correction is superfiuous, and must notbe
applied.

* For a permanently suspended or fitxed barometer, the best thermometer would be one
with a tubular bulb of equal bore and thickness of glass with the barometer tube, and ex-
tending in length from the cistern to the exposed face of the instrument, and as close to
the barometric column as is consistent with the steucture of the upper works. Immersion
of the ball of the attached thermometer in the cistern is the worst avrangement of any,
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"The second cotrection required is for the capillary action of the tube, the effect of which
is always to depress the mercury in the tube by a certain quantity inversely proportioned to
the diameter of the tube, This quantity should be experimentally determined during the
construction of the instrument, and its amount marked upon it by the maker, and is always
to be added to the height of the mercurial column, previously corrected asbefore. For the
convenience of those who may have barometers, the capillary action of which has not been
determined, a table of corrections for tubes of different diametets is placed in the Appendix
Table I.

»

The next correction, and in some respects the most important of all, is that due to the
temperature of the mercury in the barometer tube at the time of observation, and to the ex-
pansion of the scale, Table IL of the Appendix gives for every degree of the thermometer,
and every half-inch of the barometer, the proper quantity to be added or subtracted for
the reduction of the observed height to the standard temperature of the mercury at 32° Fahr,

After these the index correction should be applied. Thisis the amount of difference
between the particular instrument and the readings of the Royal Society’s flintglass barome-
ter when properly corrected, and is generally known as the zero. It is impossible to pay too
much attention to the determination of this point. For this purpose, when practicable, the in-
strument should be immediately compared with the Royal Society’s standard, and the difference
of the readings of hoth instruments, when corrected as above, carefuily noted and preserved.
‘Where, however, this isimpracticable, the comparison should be effected by means either of
sorae other standard previously so compared, or of an intermediate portable barometer, the
zero-point of which has been well determined. Suspend the portable barometer as near as
convenient to the ship’s barometer, and after at least an hour’s quiet exposure, take as many
readings of both instruments as may be necessary to reduce the probable error of the mean of
the differcnces below 0:001 inch. Under these circumstances, the mean difference of all the
readings will be the relative zero or index error, whence, if that of the intermediate
barometer be known, that of the other may be found. As such comparisons will always
be made when the vessel is in port, sufficient time can be allowed for making the
requisite number of observations: hourly readings would perhaps be best, and they
would have the advantage of forming part of the system when in operation, and might be
accordingly used as such.

It is not only desirable that the zero point of the barometer should be well-determined in
the first instance ; it should also be carefully verified on every opportunity which presents
itself. And in the first instance, previous to sailing, after suspending the barometer on
shipboard, it should be re-compared with the standard on shore by the intervention of &
portable barometer, and no opportunity should be lost of comparing it on the voyage by
means of such an intermediate instr: t with the standard barometers at St. Helena, the
Cape of Good Hope, Bombay, Madras, Paramatta, Van Diemen’s Island, and with any other
instruments likely to be referred to as standards, or employed in research elsewhere. Any
vessel having a portable barometer on board, the zero of which has been well determined,
would do well on touching at any of the ports above-named to take comparative readings
with the standards at those ports, and record the differences between the standard, the por-
table, and the ship barometers. By such means the zero of one standard may be t ported
over the whole world, and those of others compared with it ascertained. To do so, how-
ever, with perfect effect, will require that the utmost care should be taken of theé portable
barometer ; it should be guarded as much as possible from all accident, and should be kept
safely in the ¢ portable” state when not immediately used for comparison. To transport a
well authenticated zero from place to place is by no means a point of trifling importance.
Neither should it be executed hurriedly nor negligently. Some of the greatest questions in
meteorology depénd on its due execution, and the objects for which these instructions have
been prepared will be greatly advanced by the zero points of all barometers being referred to
one common standard, Upon the arrival of the vessel in England, at the termination of the
voyage, the ship’s barometer should be again compared with the same standard with which it
was compared previous to siiling ; and should any difference be found, it should be most
carvefully recorded.

The correction for the height of the cistern above or below the water-line is additive in the
former case, subtractive in the latter. Jts amount may be taken, nearly enough, by allowing
6:001 in. of the barometer for each foot of ditference of level.
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An mmﬂe of the application of these several corrections ig subjoined :—

Attached Therm. 54°3. | Data for the correction of the Instrument.
Bavometer reading e 29,409 | Neutral point N 30123
Cory. for capacity oo — 017 | Capacity Iy

Capillary action ... + 032

29.392 | Zero to Royal Society . + 036

Corr, for capilarity <. + 032 | Corr. for altitude above

. water-line. * 004
29:424
Corr. for temperature ... — 068
29-356
Corr, for zero and waterline -+ 040
. ——
Aggregate == pressure at sea-level 29:396

The following is the description given by Mr Adie of the
Barometers sent out for the Society : I have tried them under a vast
variety of circumstances, and found them in all respects most
excollent :—

Tue Standard Bavometers are fitted in brass fubes, with cisterns of cast-iron.  The
eistern consists of a cylinder of cast-iron, open at one end and solid at the other : into the solid
end screwings are made to receive the Barometer and syphon-adjustment tubes ; at the open
end there is a square shoulder left, and a screwing made to receive a screwed iron ring ;
through this ring passes a glass-plunger, turned and polished truly ¢ylindrical ; this plunger
is withdrawn or forced into the cistern by means of the finger-headed screw at the bottom of
the Barometer ; and to prevent the escape of the mercury past the sides of the glass-plunger,
a solid ring of thick doeskin leather, prepared with a compound of tallow, to resist the action
of moisture, is pressed betw the shoulder of the ci and the scroewed iron ring, which

it to b the glass-pl , and retains the mercury in its place when properly
screwed up ; the iron ring is made to fit ¢losely to the glass-cylinder, to prevent insects
getting at the leather. The short syphon adjustment-tube is fixed in its iron cover, by an iron
ring screwed down upon it, so that all cement, which might ¢ause leakage from changes in
teraperature, and hygrometric¢h of eli , i3 disp d with., The Barometer-tube
has an interier diameter of from two to thre¢-tenths of aninch. The tube is carefully
¢legned and filled with pure dry mercury, and the mercury is then bojled in it over its whola
length, by which all moistwre and air are expelled. The scale is 14id off from a standard
Emglish measure in inches, from the reading edge of the syphon-tube, and irrespective.of any
other Barometer : thus each instr b in itself & Standard, giving the length of the
mercurial ¢olumn in inches and parts.

" The method of using the Barometer is as follows: When it is hung up, unturn the
finger-screw at the bottom of the B ter till the col falls to the height about which
it may be expected to stand ; then unserew the ivory knob at the syphon-tube ; this admits
the action of air on the surface of the mercury in the tube ; and, by using the screw at the
bottom, adjust it so as to bring the ded surface of the y $ill its crown cuts off the
ight seen through the opening in the typhon-tube ; then by means of the pinion-head on the
side of the Barometer, bring the under edge of the vernier to cut off the light in exactly the
same way over the mercurial column in the Barometer-tube, In making this adjustment,
the eye should be held —“W pposite to, or on alevel with the erown of the vaepcury,
to avoid parallax, and by moving the eye a little up and down, this point will easily be deter-
wmined § and the length is then to be read off the scale in inches and parts, and may be noted
3o the neurmthwsandth part of an inch:

The soale is divided into half-tenths or twentieths of an inch § the vernier is divided into
twenty-five equal parts, and these twenty-five parts are equal to tweunty-four on the scale, so
that each division of the vernier is one-fiftieth part less than those on the scale, or equal $0
one five-hundredth or two thousandth parts of an inch, and is called a minimum vernier. In
reading the height of the column, we get from the scale the fuches and tenths ; the tenths are
drawn longer than the halves ; and from the lower edge of the vernier these are readoff.  If,
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for example, the under edge of the vernier stand exactly at the fourth division, or second
long division, above twenty-nine inches, the reading is 29°200 ; if, again, it stand a little above
the third long division, we have to look along the vernier scale to find what division on it
agrees with or forms astraight line with any of the divisions on the scale, Suppose we find
this to be the twelfth line on the vernier, the reading is therefore 20:312 ; if the edge of the
vernier be past thé fourth long line on the scale, and exactly at the half-tenth, it is then
20°450 3 and lastly, if past the half-tenth, add fifty to the reading found from the vernier.
As in the 29:312,—had the edge been past the half division, we would have noted 29-362.

The indication of the Tt ter attached to the Bar ter, should be noted with each
observation of the B t Th t posed to the air, should be noted at the
same time. And it is desirable that the Barometer should have hung for half an hour before

an observation is made, in order that the y in the Barometer and the attached Ther-
mometer may acqiire nearly the same temperature. :

As the syphon-tube becomes soiled from the action of air and moisture on the 'y, it
should be cleaned from time to time, by removing the ivory knob from it, and passing down
& piece of wood or whale bone with a little lint or cotton thread rolled onits point. Metallic
wires should not be used for this purpose, The syphon-tube is formed of a piece cut from
the Barometer-tube of each instrument, so that the capillary action in the Barometer-tube-is
exactly balanced by that of the syphon ; consequently this quantity vanishes, and no dorrec.
tion is required. . .

‘When the Barometer is to be taken down for removal, the first thing to be done is to
screw down the ivory knob at the top of the syphon, making it quite close ; then, by means of
the finger-screw at the bottom, force the mercury up the Baromet.er-tubé, till it is within &
quarter of an inch from the top ; talie the instrument from its suspension and turn i§ gently
over, and carry it with the cistern uppermost, . ¢., with its head down.,

Should at any time aleakage of the mercury be observed at the leather stuffing-ring, from
expcsure to great changes of temperature or humidity,it should i 1y be cted,by screw
ing the iron ringhard down on the leather ring. When this is to be done, the mercury should’
beallowed to fall half an inch in the Barometer-tube; then, taking hold of the gylindrical part
of the cistern with one hand, lay hold of the milled part of the screwed iron ring with the
other, and screwing them together with all the force the hands are possessed of, the cistern
will again become tight,

When the Barometers are used for the determination of altitudes, various formulee are
given in most workstreating of this subject. I think, however, the most conventent and easy
of use are those pablished by Willlam Galbraith, M. A., Edinburgh, 1833.

We make a Bar more especially for the ement of heights, and capable of
reaching any known altitude, ithe instrument being divided down to 11 inches, and fitted in
a tripod, which suspends it for observation,—fixing it in a perpendicular position, and
preventing its being shaken by wind, The tripod forms a case for the Barometer when
carried.

The Marine Barométer is fitted with a cast-iron cistern similar to that of the Standard
Barometer, only being of greater diameter ; and in place of the syphon-adjustment of tha
lower surface of the mercury, there is placed an ivory float, which, when in action, rests on
the surface of the mercury in the cistern. On the stalk of this float a line is cut ; there ig
also a line on the fixed piece of ivory through which the stalk of the float passes, This flopt
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is deawin up to make the Barometer tight for carriage, by screwing down the ivory nut on the
. upper part of the float stalk.

The interior diameter of the surface of the cistern, where the surface of the mercury
stands when the Barometer is in action, is two inches, and the interior diameter of the upper
part of the glass tube is marked, so that the ratio of the one to the other can easily be found.
The upper part of the tube is generally about four-tenths of an inch in diameter, and below
the scale it is made capillary, to prevent pumping or sudden oscillation of the column from
the motion of the ship ; and the better to correct this, the contracted part of the tube is made
elliptical in its bore and twisted into the form of aspiral, thus causing greater friction of the
metcury in passing up or down the tube, and allowing the use of a larger bore, to give more
free but slow motion, -

' The tube is carefully cleaned and dried, then filled with pure mercury, which is boiled in

* it to drive out all air and moisture, and the scale is laid off from comparison with a Standard
Barometer, corrected for the difference between it and the Royal Society’s Standard Flint.
Glass Barometer ; the scales are therefore laid off to give the same reading as the Royal
Bociety’s Standard.

Method of using the instrument.—The Barometér should be put up in a situation where
thereisgoud light, and where a white screen, or sheet.of white paper, canbe placed behind the
‘reading column: a good situation is about midships. When fixed in its place, slowly
unscrew the finger-head at the bottom of the Barometer, about six revolutions of the bead,
and screw up the ivory nuton the stalk of the float ; this will allow it to fall and float on the
surface of the mercury. Should the float stick up, from being long held in that position, it
may be pushed down by the finger, and when floating it is to be adjusted till the line on the
float coincides with the line on the fixed ivory through which it passes. When the instru-
ment has hung for half an hour (this time is required for the mass of mercury to pass down
the capillary tube), the line on the float may again be adjusted, and the length of the column
read off on the scale, by bringing the verpier to out off the line of light in exactly the
same way as in the Standard Barometer; but where this cannot be done, the Barometer is
to be read by a‘oint applied to the tube. The scale of the Marine Barometer is divided to
be read by the vernier o ene hundredith parts of an inch ; the inches and tenths are got from
the scale as inthe Standard Barometer, and the hundredth parts from the coincidence of any
line on the vernier with that of the scale: it is alsoa minimum vernier, nine parts on the
seale being divided into ten on the vernier. In very stormy weather, when the motien is so
great as to prevent the adjustment of theline on the ivory float at the time of observation,
this adjustment may be neglected, and the instrument used as an ordinary Marine Barometer.
The ratio of the area of the tube to that of the cistern is so small (abont one twenty-fifth),
that, except in cases of very great ct , the adjust t may be neglected, or if great
accuracy is required, the correction for capacity may be made § and it is to be observed that
this ¢orrection is only due fo the difference of the observed height of the mercury from that
at which it was when the last adujstment of the float was made.

When the Barometer is to be removed, the screw at the bottom is to be screwed in, first
till it raises the float to the inner surface of the cistern, where it is to be fixed by screwing
down the ivory nut on the float, and inclining the Batometer at an angle of about 45° the
serew is to be furned very slowly till it forces the meércury to nearly the top of the Barometer

- tube ; it may then be slowly turned over, and carried top down. Should anyleskage take
place ai -the leather stuffing, it is to be corrected in the same way as in the Standarg
Barometer.




Tanre L.

Correction to be added to Barometers for Capillary Action,

B " Correction for
Diameter of Tube.|  Unboiled Tubes. Boiled Tubes,
inch. inch, inch.
'0°60 0004 0002
050 0007 0003
045 0010 0005
0:40 0014 0007
035 0020 4010
0:30 0028 0014
025 0040 0020
020 0-060 0029
015 4088 0044
010 0142 ! 0070
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Tarrr 1. Correction to be applied to Barometers with brass scales, extending from the
cistern to the top of mercurial column, to reduce the observation to 32° Fahrenbeit.

g‘ | Inches.
a1 2 5 21 215 22 295 23 235
+ + + + + + + +
° 051 053 *054 055 056 *058 059 +060
1 049 “051 052 +053 054 *056 957 *058
9 *048 049 *050 051 052 054 -055 056
3 046 047 048 049 050 052 053 054
1 044 045 046 047 048 -050 -051 052
5 -042 043 -044 045 046 -048 049 *050
6 *040 042 042 044 044 046 047 048
; 039 040 -041 042 042 044 044 -046
8 037 038 039 040 041 041 042 043
035 -036 037 038 -039 -039 040 041
1?) 033 034 -035 036 037 037 -038 039
031 032 033 -034 035 035 +036 +037
1l -030 -030 -031 032 033 -033 -034 035
12 028 *029 029 *030 *031 -031 032 *033
f‘" 026 027 027 *028 029 -029 -030 031
5 044 ] -p95 026 <026 027 027 028 029
1 022 023 024 -024 025 025 026 -026
16| g9 -021 022 022 023 023 -024 024
171 g o | oz0 | vo20 | wga | -0zt | 022 022
’g 017 018 018 018 09 | w18 | 020 020
;0 015 016 016 016 017 017 018 018
2 04 )4 014 015 015 | 015 “015 06
% | 012 012 | 032 | 013 03 | 013 | 013 e
ot 010 010 010 +011 011 o1 011 et
24 008 008 009 009 -009 009 009 | )
2006 007 007 007 007 007 007 007
B 1 w05 005 | 005 | 005 | .oo5 | <005 | 005 005
2 003 003 003 403 003 063 903 003
g 001 | 00 00t 001 001 001 oor | o0l
+001 001 *001 -001 001 001 *001 001
;»2,3 003 -003 -003 -003 ‘003 003 003 003
a1 *005 005 005 | 005 | 005 005 005 005
32 +006 006 007 007 007 007 607 007
b 008 -008 008 009 009 009 009 -010
3 *010 010 +010 011 011 ‘011 011 012
2 012 012 ‘012 013 013 013 013 014
26 013 014 014 014 015 016 016 016
3 015 016 016 016 017 017 018 *018
28 017 017 018 018 019 019 020 020
3 019 019 020 -020 021 021 022 022
a0 021 021 022 022 023 023 024 024
a 022 023 024 024 025 025 026 026
s 024 -025 025 026 027 027 028 028
pro 026 027 027 028 029 029 030 031
44 028 029 o2y 030 031 €31 032 033
™ 030 030 w3l 032 033 033 034 +035
a6 | ot sz | 088 4 | o35 | 035 036 el
o 033 034 035 036 036 07 038 039
48 035 036 037 08 038 039 040 *041
49 037 038 039 040 040 041 642 *043
50 08 | .ou9 040 041 042 043 0ds  § :045




THE BAROMETER,

Tapie II. (continued.)

49

Inches,

2

5 20 205 21 215 22 225 23 236
51 040 | - 041 042 -043 044 045 046 047
52 042 043 044 045 046 047 -+048 049
53 “044 045 046 047 048 049 *050 052
54 046 047 048 049 050 061 052 054
55 047 049 050 051 052 053 055 056
56 049 -050 052 053 054 055 057 058
57 051 052 054 ~055 056 057 059 960
58 063 054 -055 ~057 -058 059 061 -062
59 055 036 057 059 060 061 663 064
60 056 +058 059 061 062 063 -065 066
61 058 +050 -061 062 -064 065 067 068
62 060 051 063 064 066 067 669 070
63 062 063 065 -066 *068 069 071 072
64 063 065 067 -068 070 071 073 015
65 065 067 068 070 072 073 - 075 077
€6 067 069 070 072 -074 075 077 079
67 069 071 072 074 076 077 079 -081
68 071 072 074 076 78 679 081 083
69 072 074 076 078 080 081 083 086
%0 074 076 078 086 082 083 085 087
7 076 678 +080 082 083 +085 087 089
72 078 080 -082 084 085 0n7 059 091
73 079 081 083 085 087 089 091 093
74 081 *083 085 087 -089 *091 093, 095
7 +083 055 087 089 091 093 095 098
76 085 087 989 091 093 095 097 -100
Lt 087 089 0901 093 045 097 *100 *102
18 088 091 093 095 097 099 162 1104
v 090 092 095 097 *699 *101 104 *106
80 092 094 096 099 101 *103 108 108
81 0694 096 -098 *101 103 -105 -108 110
82 095 098 *100 463 -105 107 110 ‘12
83 097 100 102 *104 107 109 112 114
84 <099 101 <104 *106 109 11t 1l4 116
86 161 103 *106 -108 111 413 116 118
86 103 105 -108 “110 113 115 18 120
87 -104 107 169 212 115 17 120 123
88 306 *109 111 114 17 319 122 125
89 *108 111 113 *116 19 12l 124 127
50 110 112 U5 4 -u8 121 -123 *126 129
91 BYYI 114 Bl 120 122 | % 128 131
02 113 °116 119 122 124 127 130 -133
93 115 118 121 124 146 *129 132 135
94 17 *120 92 *125 «l2g 151 FETS 137
95 QIE] 121 124 127 150 133 156 *139
96 -120 123 *126 129 132 -135 148 *141
97 122 125 -128 151 Q7 137 “lat 143
98 124 127 *150 *133 136 139 142 145
99 125 129 182 13b 13y *141 144 247
100 127 130 *154 187 *140 343 146 160
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TasLk 1I. (continued.)

né. Inches.

o 2 245 25 %5 | B | 265 27 25
o + + + + + + + +
g{ -061 063 ~064 *065 067 068 +069 o7
1| -059 061 *062 +063 +064 065 067 068
2( 057 058 060 -061 062 *063 064 066
3{ -0sb 1056 057 039 - +060 +061 062 -063
4| -053 054 055 036 057 058 +059 061
5| <051 052 053 054 +055 *056 057 +058
6l -049 -050 051 052 053 +054 055 +056
71 046 - 047 048 +049 050 “051 052 053
8| -ou 045 046 047 048 ‘049 050 +051
9 042 043 044 045 046 ‘446 047 048
101 040 041 042 042 043 044 045 046
1} <038 039 039 <010 041 042 042 043
12] 036 +036 037 +038 -039 +039 040 041
13] 033 034 035 036 036 037 038 +038
14} +031 032 033 033 034 035 035 036
15 +029 030 030 031 032 032 033 +033
16] -027. 028 028 029 029 030 030 “031
17} 025 025 026 026 027 027 023 028
18] -023 +023 024 024 025 025 025 *026
19 -021 «021 -021 -022 022 -023 023 024
200 -018 019 -019 020 020 020 021 021
21| <016 017 017 017 -018 018 018 «019
22) 014 014 015 015 016 016 016 016
231 012 012 -012 013 013 013 013 014
241 010 010 010 010 011 011 011 011
251 -008 008 008 008 008 008 009 009
2| <005 006 006 006 006 006 006 006
27| <003 003 003 003 004 004 004 004
281 001 001 001 001 001 *00L +001 001
21 901 001 001 <001 001 001 001 *601
30| <003 003 003 004 004 004 004 *004
31| <005 006 *006 -006 006 006 -+006 006
32| -008 008 -008 008 -008 008 008 +009
33( 010 *010 010 -010 -011 011 011 ‘011
34 -012 012 012 013 +013 013 013 ‘014
35{ -01¢ 014 015 015 015 015 016 016
361 016 07 017 -01% -017 018 018 019
371 018 019 -019 -019 -020 -620 021 -021
38| 020 «021 021 -022 022 023 02 +023
39{ -023 -023 024 024 -024 025 025 *026
40§ 025 025 026 026 027 027 028 °028
41] 027 027 028 +029 +029 030 030 *031
42 029 “030 030 031 031 032 033 033
431 031 032 032 033 034 034 035 036
4] 033 03¢ | 035 035 036 037 037 +038
45| -035 -036 -037 038 038 039 *040 041
46 <038 033 039 040 041 042 042 043
471 010 -041 041 -042 -043 084 045 046,
481 042 -043 044 045 . | 045 046 0t7 *048
49] -0a4 -045 046 047 048 049 050 *050
50{ -0 047 Q48 -049 +050 051 052 *053
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Taste IL (continued.)

hd
Pt

£ Inches. g’.
é 21 245 25 255 26 265 pY] 25 &
— — -_— —— — _— — — o
5l -018 049 056 051 +052 053 054 05 |50
52  -050 052 053 054 055 056 057 058 |51
53] 053 *054 +055 +056 -057 *058 059 060 |42
541  -055 -056 057 058 059 060 | -062 063 |53
55| <057 058 *059 060 062 063 064 065 |54
56 059 060 +061 063 064 065 066 063 |95
57 061 062 *064 065 066 068 069 070 |56
s8] 063 -065 066 067 069 070 071 013 {57
59, 065 067 -068 070 071 072 074 o7 |58
60  -068 069 070 072 073 075 076 oy |6e
Gll o0 | e | o3 | cora ] oo | ot | 078 -0s0 |61
62, 072 073 075 076 08 | 019 081 sz |62
63 074 076 077 079 -080 -082 083 0s5 |93
64) 076 078 079 081 082 084 -086 087 . 64
65! 078 *080 082 083 085 086 088 090 |65
66  -080 082 084 -085 087 089 -090 092 |68
67| -083 -084 086 -088 089 091 093 095 167
68| -085 *086 -088 *090 -092 094 095 097 |68
89 -087 089 *090 092 094 -096 098 00 |68
70| 089 -091 093 -095 *096 -098 *100 03 |70
7l 091 <093 095 097 099 -100 102 08 |11
72 -093 095 097 -099 101 -103 ‘105 207 |72
Y3 095 -097 099 101 108 105 107 109 |73
74l 097 «099 ‘102 104 106 ‘108 110 e |
¥5| 100 ‘102 104 106 108 ‘116 112 a1
78] -102 104 106 ‘108 110 ‘112 ‘114 az {76
7t 104 -108 108 110 12 115 b1t e |
78] 106 108 110 113 115 -1y 119 qg2 |18
w9 -108 110 n3 ‘115 ‘ny 119 192 126 |79
80, -110 213 115 17 19 122 124 a2 |80
8l 112 “115 ny 119 122 124 ‘126 DU I k1
82 114 Uy “119 122 ‘124 “126 *129 *131 82
83 al7 119 121 ‘124 ‘126 129 181 a3 |88
S84 -1l9 121 124 *126 129 231 ‘134 136 84
8l 121 123 ‘126 128 131 ‘133 *136 -139 85
86 -123 126 ‘128 131 133 136 138 4t |86
87| 125 ~128 130 133 136 138 141 143 87
88! 127 *130 133 *135 *138 141 143 146 88
g0l 129 ‘132 135 ‘137 ‘140 ‘143 16 g |89
90| -131 *134 137 140 142 *145 ‘148 *151 b
91 -134 *136 139 ‘142 145 ‘148 150 a9
92| 136 *139 ‘41 | 144 147 ‘150 153 a5 |92
03[ -138 *141 ‘144 147 149 ‘162 155 a:8 |93
o4 140 143 146 149 152 ‘155 157 J61 |94
95| 142 145 148 ‘151 154 157 160 263 |95
26 144 147 150 153 156 *159 -162 165 | 9
97| ‘146 “149 152 *156 159 -162 165 68§97
08 148 ‘152 155 158 "161 -164 167 a0 |98
99 °151 ‘154 187 160 ‘163 166 169 173 99
W 153 156 *159 162 *165 *169 172 as Yleg
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Tane TI. {continned.)

5': Inches, g.
& 24 26°5 29 295 30 30°5 31 &
° + + + + + + + o
0 072 073 074 076 077 078 080" 0
1 069 71 072 073 074 076 077 1
2 067 068 069 070 072 073 074 2
3 064 065 067 068 068 070 071 3
4 062 -063 064 065 066 067 068 4
5 059 060 061 062 063" 065 -066 5
6 087 058 059 060 061 062 063 6
7 054 055 056 -05} 058 059 060 4
8 052 053 054 058 *055 056 057 8
9 049 050 051 052 053 054 054 9
047 047 048 049 ~050 051 -052 10
10
1 044 045 +046 M6 047 048 049 1 -
12 042 -042 043 044 045 045 016 12
13 039 040 040 011 042 043 043 13
14 637 - 037 -038 033 +039 040 040 14
i5 034 035 035 036 936 037 +038 15
16 032 032 033 033 034 034 033 16
17 029 030 030 031 031 032 032 @i
18 026 027 027 098 023 029 029 18
19 024 024 -025 025 026 026 027 19
20 021 | 022 022 023 023 023 024 20 .
2 -019 019 020 020 020 021 021 21
22 016 017 017 017 018 018 018 22
2 014 014 014 015 015 015 *015 23
24 011 012 012 012 012 012 013 2
2 009 009 009 009 009 010 010 25
26 *006 006 007 007 607 0907 007 26
g 004 004 004 004 004 004 004 27
23 001 001 001 001 -001 001+ -001 28
-2 001 901 . 001 001 *001 001 001 29
© 30 004 004 004 004 004 004 004 30
31 006 | 006 007 007 007 007 007 31
32 009 009 009 009 ‘009 010 010 32
33 L1 032 012 012 012 012 012 33
34 014 014 014 015 015 015 015 3¢
35 018 017 017 017 018 018 018 35
36 019 019 020 020 020 021 021 36
37 021 032 022 022 023 023 024 37
38 024 024 028 026 026 026 +026 33
39 026 027 027 028 028 029 029 39
40 029 . 029 030 030 -081 03} 032 10
41 -031 *032 033 033 034 034 035 41
12 034 034 035 036 “036 037 037 42
43 *036 +037 038 038 039 040 040 43
9 039 040 040 041 042 042 043 44
45 041 042 043 044 044 045 046 45
46 044 045 045 046 047 048 049 46
47 ~046 047 048 049 050 051 051 a1
48 049 050 051 052 052 053 054 43
19 -Q51 052 053" 054 -058 056 057 49 .
50 954 -055 056 057 -058 039 *060 50
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Tasre IL. (continued.)

59

Inches,

- I
g g
& 28 285 29 1295 30 305 ; &
— — —_— —_ — —_— — o
g 1 056 057 058 059 060 061 062 51
52 059 060 061 062 063 064 065 52
63 061 063 064 065 066 067 068 53 -
54 064 065 <066 067 063 070 071 b4
55 066 068 -069 070 071 072 073 55
56 069 070 071 073 074 075 078 56
b7 071 073 074 075 *076 078 079 B
58 074 “075 077 078 079 081 032 58
59 076 078 079 080 082 4033 085 59
60 079 080 082 033 *085 036 087 60
61 -081 083 084 086 087 089 090 61
62 084 085 087 088 090 091 -093 62
63 036 088 039 ) 093 094 096 63
64 089 090 092 094 095 097 098 64
65 091 093 095 096 098 100 ‘101 65
67 094 096 097 099 101 102 *104 66
66 096 098 100 102 103 105 107 67
63 099 *161 102 104 *108 108 109 68
€8 “101 “103 105 207 09} -110 ‘112 P
(] *104 <106 *108 <109 -1 113 115 10
" *106 "108 110 ‘112 ‘114 ‘116 ‘118 n
7 <109 1 13 115 17 119 -120 ]
w3 BEH ‘113 ‘115 117 119 ‘121 123 M
74 114 <116 118 120 122 124 126 w4
75 ‘116 ‘118 *120 122 125 127 *129 5
26 119 ‘121 +123 125 127 129 ~131 o
T ~121 123 *126 -128 *130 132 +134 Y
u8 *124 126 <128 <130 133 135 137 18
%9 126 128 131 133 135 137 140 9
80 -129 131 133 *136 *138 -140 143 80
81 131 134 *136 *138 141 143 145 a1
82 134 136 ‘138 141 143 *146 148 82
83 136 139 141 143 *146 148 151 83
84 139 *141 ‘144 146 *149 1181 154 84
85 -141 144 146 149 *161 154 -156 85
86 ‘144 ‘148 ‘149 151 154 -156 ‘169 6
87 *146 ‘149 151 *154 167 *159 162 87
88 149 151 *154 157 159 162 165 83
89 151 154 *156 - 159 162 365 167 89
90 153 156 *159 162 *164 167 170 90
o1 *156 159 +162 *165 167 170 173 01
02 -158 161 164 167 170 172 175 92
03 -161 164 | ae7 170 172 175 178 9
04 +163 168 *169 272 75 177 *189 o1
95 166 *169 172 75 178 180 *183 %
96 *168 R 174 178 ‘181 4183 *186 %
97 171 174 A7 *180 ‘183 *186 *189 97
98 ‘173 176 179 183 186 188 191 98
29 116 179 182 ‘185 ‘188 ‘191 ‘194 9
100 ‘178 ‘181 ‘181 ‘168 191 ‘191 ‘197 160
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TasLe IIL

Torrection to be applied to Barometers, the scales of which are engraven on yluss, to reduce
the observations to 32° Fahrenheit. :

Inches. | Inches. | Inches. | Inches, | Inches. | Inches. | Inches. | Inches.
Teémp. 280 285 290 296 300 305 310 315
25 ++017 +-017 +°017 ++018 +°018 +°018 3019 +-019
30 ++005 + 005 +005 +°005 ++005 005 ++005 006
35 —007 —007 — 007 —+008 —008 —008 —008 —008
40 —019 —020 —-020 —020 —021 —021 —021 —*022
45 —031 —032 — 032 —033 —033 —034 —035 —036
50 | — —044 | —-045 | —046 | —046 | —ega7 | —- —049
55 —-055 —056 —057 —058 ~—059 —-060 —061 —062
60 —067 ] —068 | —069 ~—071 —072 | —074 | —015 | — 076
65 —079 —081 —082 —--083 —085 —086 —088 —089
0 —~091 —093 —094 —096 —098 —100 —101 —103
75 103 —*105 —-106 —109 —-111 —1i4 —116 —118
TabLe IV,

Bhowing the Force of the Wind on a square foot for different heights of the Column of
‘Water in Lind’s Wind-gauge.

Helght of the | oree, oF the Winde, designation of]
Column of Water. Pounds. such a Wind.
Inches,

12 625

11 5720

l'g :z‘g.sl } Most violent hurricane.
8 4466 A very great hurricane,
¥ 3655 A great hurricane,
6 375 A hurricane,
5 2604 A very great storm.
4 2083 A great storm.
3 1562 A storm.
2 1042 A very high wind.
1 521 A high wind.
05 260 A brisk gale.
1 052 A fresh breeze.
005 026 A pleasant wind,

In great degrees of cold, a safurated solution of sea salt may be used instead of water, the
specific gravity of which is 1'244. Xf the force in the above Table for any height be mulii.
plied by the specific gravity, the product will be the true force, as measuredby the solution.
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TasLe V.

55

Elastic Forco of Aqueons Vapour for every degree of Temperature, from 0° to 34° Fahr.

. Force. Force, Force. Force,
Temp. | jnches of 2:';::’ Inches of 'II“:?: Inches of l;f:ﬂ? Inches of
Fahr. 1 Meroury. * | Mercury, * | Mercury. > | Mercury.
(-3 © o o
1] . 0051 32 0186 63 9570 94 1562
1 04053 33 0193 64 0590 9 1610
2 0056 34 0200 65 0611 96 1:660
3 0058 35 0208 66 0632 91 172
4 0060 36 0-216 67 0-654 98 17764
b 0063 37 0224 68 0-676 99 1-819
6 0066 38 0-233 69 0 699 100 1874
7 0069 39 0242 70 04723 101 1-931
8 0071 40 0-251 71 0748 102 1-990
9 0074 41 0°260 72 0-773 103 2050
j0 0078 42 0270 73 0799 104 2112
11 0081 43 02380 74 0826 105 2:176
12 0084 44 0-291 5 0854 106 2241
13 0088 45 0302 6 0882 107 2-307
4 0-092 46 0313 v 0911 108 2376
15 0095 47 0324 8 0-942 109 2447
16 0099 43 0336 79 0973 110 2:519
17 0103 49 0349 80 1-0056 111 2:603
18 0107 50 0-361 81 1-036 112 2669
19 0112 51 0375 82 1072 113 2747
20 0116 52 0389 83 1106 114 2826
21 0121 53 0402 84 1142 115 2908
22 0126 b4 0417 'y 85 1-179 116 2992
23 0-131 55 0432 86 1217 117 3078
24 0-136 56 0447 87 1-256 118 3166 -
25 0142 57 0463 88 1-296 119 3957
26 0147 58 0+480 89 1-337 120 3:349
27 0-153 59 0-497 90 1-380 121 3444
28 0159 60 - 0514 18 1-423 122 3542
29 0165 61 0532 92 1468 133 3641
30 0172 62 0551 93 1514 124 3743
31 0179




METEOROLOGY.
THE SYMPIESOMETER is an instrument so generally employed, and
found so valuable on ship-board, that a description of it by its in-
ventor, Mr Adie, is subjoined : it is not recognised as an instrument

of Mcteorological Research in the East :—

My attention was first directed to the improvement of the Barometer, swith the view of
rendering it susceptible of indicating any of those minute changes In the weight of the at-
mosphere, which might be supposed to arise from the action of the Sun and Moon., A very
sensible instrument was obviously necessary for such a purpose ; and I was therefore led to
the idea of ring the p of the atmosphere by its effect in compressing a column of
commonair. Upon constructing an instrument of this kind, however, I found that the air
‘was absorbed by the fluid with which it was enclosed, and that a good and permanent baro-
meter could not be made upon such a pmnclple till this radical defect was removed. I

ted my attention particularly to this object, and succeeded beyond my most
sanguine expectations, in freeing the Alir Barometer from this great source of inaccuracy.

The name of Sympiesometer, which I have given to this improved instrument, is derived
from the Greek words oupdiebw, 0 compress, and yerfop, @ measure, denoting. the

property it possesses of measuring the weight of the atmospt by the pression of &
gaseous column, .
The principle of the Sympi t ists in employing an elastic fluid or gas, different

from air, and sny Hquid, excepting quicksilver, which neither acts upon the gas which it
confines, nor is perceptibly acted upon by the air, to the contact of which it is in some mea.
sure exposed. Hydrogen gas, azotic gas, or any of the gases not liable to be absorbed by the
enclosing fluld, may be used; but X prefer hydrogen gas as superior to any other that I have
tried.

The enclosed gas with which the bulb and part of the tube is ﬂlled, changes its bulk, or
occupies more or less space, according to the pressure of the atmosphere upon the surface of
the fluid. The scale for measuring the change in the bulk of the gas, occasioned by a change
of pressure, is formed experimentally.

As the bulk of the gas is altered by any change that takes place in the temperature of the

tmosphere, it is f y to apply a correction on this account.  For this purpose, the
principal or barometric seale, is made to slide upon another scale, placed either below it, or
on one side of {t, which is divided into degrees and tenth parts, 50 as to represent the change
of bulk in the gas produced by a change of temperature under the same pressure, and corres-
ponding to the d ofa Ther ter attached to the instrument, the scale of
which is also divided into degrees and tenth parts of a degree.

‘When the Sympiesometer is bung up for observation, the cistern must bo opened by push-
ing up the small slider at its mouth, having previously unturned the nut at the bottom, which
is placed there to keep it down in carriage, and prevent the escape of the fluid from the cis-
tern. If any of the fluid at the top of the column should be separated, which sometimes
happens in carriage, hang it up for a few minutes to drain, then turn it into a horizontal
pogition, so that the fiuid may run quickly up, until the separated portion of it disappear,
when it must be turned slowly upright. This operation may be repeated, if found to be

'y, till the col of fluid be joined,

In cases where the fluid has been very much separated from bad usage in carriage, or from
placing the box with the top of the Sympiesometer down, it is to be corrected by holding the
Sympiesometer with the top up, and baving the stopper of the cistern close, shake the in-
strument by jerking it downwards, then hang it up to drain, when the column of fluid will be
got to join.

MANNER OF USING TIE INSTRUMENT.

Observe the temperature by the thermometer, and set the pointer above the top of the
stiding scale, opposite to the degeee of temporature upon the fixed scale ; and then the height
of the fluid, a3 indicated on the sliding scale, will be the pressure of the air required. ’

pp the temp ¢ observed by the mercurial thermometer to be 52.%4, then slide
the Sympiesometer scale nniil the pointer is at 52'4 on the fixed scalo, at the right band side
under the slidixg scalo ; it is to be observed, that the numibers on this scale, aud also on the
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thermometer, read downiards, and the top of the column of red flaid stands opposite to the

sceond division above the third tenth higher than the number 30.  The height of the baro-
meter is then 30 inches 3 tenths and 4 hundredths of an ineh, or 3034 inches,  The tenths
ara easily distinguished from the hundredth parts, by the lines being drawn longer, As itis
convenient to know what change has taken place sinee the last observation, the cireunlar re-
gister at the bottom of the frame should be set, by turning the division on it corresponding to
that indicated by the Sympiesometer to the fleur-de-luce op index, When fthe column of
fluid descends, bad weather may be expected ; and when it rises, the weather will in general
be fine.

Previous to laying the Sympiesometer before the publie, I wished to have it submitbed to
a fair trial, by comparing it with observations made in the same ship with the Marine Baro-
meter, For this purpose Quintin Leitch, Esq. of Greenock, the proprietor of the ship
¢ Buckinghamshire,” obligingly sent one of the first which I had made with this ship on her
voyage from the Clyde to the East Indies, in the year 1816 ; and the following is the report
given of the instrument by the late Captain Christian, the commander, on his.return :—

¢ 1 amglad to say, that I consider your Barometer a valuable instrument at sea, having
given it a fairtrial on the outward passage to India, by keeping a correct register of it, as
well as of the common Marine Barometer, taken overy third hour, night and day, during the
passage : and I not only found that it was fully as ible of the changes of the atmosphere
as the other barometer, but that it had a great advantage over all barometers I have ever seen
used at sea, namely, that of not being in the smallest degree affected by the motion of the
ship, which will often make the quicksilver in the common tube plunge, or rise and fall, in
such a degree as to make it very difficult to come within at least one or two tenths of
an inch of the truth, even in the largest ships.  On the passage home, I also found it very
correct in the indication of the winds and weather.”

An opportunity of trying the Sympiesometer in a very different climate, occurred in the
year 1818, when the Expedition under Capt. Ross sailed to the Arctic regions. Lieutenant
Robertson of the “ Isabella” kindly undertook the charge of this instrument, and regular ob-
servations were made every four hours with the Sympxesometer and Marine Barometer, the
results of which were highly satisfactory. The obser d on the 24th
of April, in North Latitude 51° 39, and Longitude 1°%7 E. ; and were continued to the la-
titude of 76° 50’ N., and during the return of the Expedition to Deptford, tili the i3th of
November. Theso observations, in the form of a graphical representation of the progress of
the Sympiesometer and Marine Barometer, have been published in Captaln Ross’s Account
of the Expedition, and will enable navigators to form a correct estimate of the relatwe value
of the two instruments.

The following is Captain Ross’s Official Report upon the Sympiesometer :—

¢ This instrument acts as a Marine Barometer, and is certainly not inferior in its powers.
Tt has also the advantages of not being affected by the ship’s motion, and of taking up very
little room in the eabin. 1 am of opinion that the instrument will supersede the Marine Ba-
rometer when it is better known.”

Lieutenant Robertson, in a letter to Lord Napier, has spoken of it in the following
manner :—

¢ The Sympiesometer is a most excellent instrument, and shews the weather far better
than the Marine Barometer. In short, the barometer is of no use compared to it. If it has
any fault, it is that of being too sensible of small changes, which might frighten a reef in,
when there was no occasion for it § but, take it altogether, in my opinion it surpasses the
mercurial barometer, as much as the barometer is superior {0 having none at all.”

In a letter to the inventor, he farther states :— From my own observations, I found that
the Sympiesometer was, almost without exception, sooner affected by a change of weather
than the common Marine Barometer, the latter frequently giving no intimation, and only
beginning to rise or fall when the change has taken place for some time.

¢ A sudden fall of the Sympiesometer generally indicated a breeze of wind, which came
to blow from two to four hours aftér the fall. When the breeze came to its height,
the Sympiesometer rose again, though it might continue to blow for some hours after. At
the approach of snow, fog, or rain, without wind, its fall was more gradual, and while

amongst ice,. where we had little wind, its rising and falling.was a certain indication of clear
or thick weather. Having attentively compared the changes of the weather with the rising
and falling of the weather-glasses, I decidedly give the preference to the Sympiesometer ; its
convenience for a ship is obvious, as it can be placed any where, without risk of breaking.”

I have also had it in my power to make trial of the Sympi ter on Goasting voyages,

through the favour of my friend Mr Stevenson, Engineer to the Scotch Lighthouse Board,
who placed one of them in the cabin of the Lighthouse Yacht, beside a good Marine Baro-
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meter.  Along with a registér of both ivistruments, extracted from the ship’s log-book, he
has favoured me with. a communication, which states, that, ¢ after an experience of
two years, the Symplesometer affords the most delicate and correct indications of the
weather ;> and that * it is » great favourite on board, being commodious even for the smau-
est cabin, and-at the same time easily read off.”.

¢ The master, mate, and steward, of the Lighthouse Yacht (Mr Stevenson adds), give such

aceounts of the utility and conveni of the Sympi ter, as are well calculated to re-

d it to the tion of these sailing in vessels of the smallest burden. It isnow in

use in the service of the Commissioners of the Northern Lights, on board the Lighthouse
‘Yacht, of 80 tons register, and the Pharos or Bell Rock Tender, of 45 tons,”

The following extract of a letter from Captain Dalling, of His Majesty’s ship * Nimrod,” on
the Leith station, to Sir Henvy Jardine, Edinburgh, contains an additional testimony to the
utility of the Sympiesometer, and its superiority over the Mercurial Barometer : ¢ During
Sunday the 15th (November 1818), we had fine clear weather, wind from the north
and west; Symplesometer on the rise, and at midnight it stood at 29°72. The wind soon after
hauled to the ¥ d, the weath led, and at 8 A. M. on the 18th I found
the instrument 29+42, The weather not threatening much, sent a boat on shore. At noon,
it fell 29-24, being nearly *20 in four hours, The wind t‘reshened up ; we got the boat off
with difficulty ; ten minutes more and she must have staid on the beach : by half-past 12 it
was & perfect gale of wind at west. At 8 in the afternoon, the Sympiesometor began gradu-
ally to rise, being 29:29; the Bar tor perfectly stati 'y ¢ at midnight it (the Sympi
meter) was 29-40 : at 4 in the morning of the 17th, 29-50.  The Barometer did not begin to
rise till midnight ; the § ter had therefore four hours’ siart.  The gale abated at
2 in the morning, and at 8 in the morning we had mest beautiful weather ; Sympiesometer
29°62.

¢ This, I think, a very pleasing and satisfactory example of the quickness and truth of the
instrument. It began to rise upwards of six hours before the gale abated, and had four
hours’ start of my Barometer.”

The following letter is from the Honourable Captain Duncan :—

“H, M. 8. Liffey, Spithead, August 21, 1820.

« Faving ropeatedly tried your Sympi ter since I purchased it when the “Liffey” was
at Leith in September last, I think it fair to let you know that it is impossible anything
could have answered better. It is, in my opinion, much superior to the Barometer, and is
decidedly much guicker in denoting the changes of weather. I had one very striking
instance of this fact last month, when beating from the Downs to Spithead. We were off
the Ower’s Light-vessel at 8 p. M. ; the weather was fine, and every appearance of continu-
ing 0. About half-past 8, the Sympiesometer fell, and soon after the night becamie eloudy: .
we double-reofed our topsails, and at 11 it blew very fresh, and continued 3o with squalls and
rain. The Barometer did not fall till past two in the morning.”

et ——

THE ANEROID, — Subjoined is an account of the Aneroid, a
newly invented instrument, o convenient in point of size, and
portable, that it were very desirable indeed that it should
succeed—though I have but little hope of its ever becoming entitled
to take a place amongst our Meteorological instruments in India.
It seems to suit well for Marine purposes, and its agreement
with the Barometer for the first 1000 feet, or the fluctuation of an
inch, is quite remarkable. It does not, however, seem at all to be
depended on, and is, I should think, worthless for the stricter pur-
poses of Meteorology.
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Anevoid Barometer.®  Since writing the preceding paragraph, the author has inspectedf
this new and beautiful instrument, inventedby M. Vidi. It was described by Professor
Lloyd tothe British Association,} and reported to have stood the test of being placed
under the receiver of an air-pump, when the indicat corresponded with those ¢f the
mercurial gauge to less than 0-01 inch. The principle wpon which the instrument depends,
is the pressure of the atmosphere upon a metallic chamber partially exhausted, and so con-
structed, that by a system of levers 8 motion is given to an index-hand which moves upon a

dial,
The principls of the case was f Iy applied by M., Conte§ in Egypt, but from
the faulty mode of constructing his instrument, it was rejected and neglected. :
Upon comparison of indications made with the Aneroid Barometer-—not corrected for
the particular temperature—and a very perfect mercurial barometer, given by Mr Dent,
we find that from forty-nine observations made between the 6th January and 23rd February
1848, the mean difference was 0.037 inch, the aneroid being -in excess ; and from sixty
similar observations made with a standard barometer, during December 1848, and between
the 3rd and 31st January 1849, the mean difference amounted to 0,026 inch, the mercurial
being, in this case, in excess over the aneroid barometer. Combining these observations
(109 in number) a mean difference amounting to 0.0025 in¢h is found to exist, the indica~
tion of the aneroid being- inexcess.] For general use, the instrument is thus shewn to be
well suited 3 for the measurement of heights it is peculiarly adapted, from its portability
and comparative strength ; and for nautical purposes we know of no better instrument.

Fig. 1. represoents the external appearance of the Aneroid Barometer; Fig, 2. its
internal arrangement, where the dial is sapposed to be removed and the index-hand retained ;
and Fig. 3. a perspective view of the same.§

In Fig. 2. ais the metallic chamber or vase, which receives the atmospheric
impressions ; it is corrugated in concentrie circles, which increases its elasticity, and renders
it more ptible of atmospheric impressions ; b is the tube, hermetically sealed, through

which the airin a is exhausted. .At the centre of a there is a solid cylindrical projection z,
to the top of which the chief lever ¢ d ¢ is attached—-this lever, which is of the second
order, rests upon fixed pins, or fulera, placed vertically, and upon a spiral spring under d,
but it is perfectly mobile, The extremity e of this lever is attached by a veriical rod and
bow-shaped spring f, with another lever to which a watch-chain g is fastened and extended
to bk, where it works upon a drum fized to the axis of the index-hand, connected with a
delicate spring at k,—the vertical motion is thus ¢h d to a horizontal one, and the .
hand, which is attached to the metallic plate ¢, is thereby moved upon the dial. The move-.
ment originating in the v bamber is ltiplied by these levers, so that a change
in the eorrugated surfaces, amounting to 1-220th of an inch, carries the point of the index-
hand through a space of three inches on the dial,

* g privative, ,,,,Qos.,-and étdog™—a form without moisture. See¢ Dent on the Aneroid

Barom. ; Mech. Mag, No. 1307.

4+ At Mr Abraham’s, Lord Street, Liverpool. The price is £3. It is 4§ inches in diame -
ter, and 1% inches thick. The scale is.divided to 0,625 inch,

2 At Swansea, in 1848,

# Bulletin des Sciences, ¥loreal An. 6p. 106,

{ The sum of all these observations gave 2139, 722 inches forthe aneroid, and 32394
inches for the mercurial barometer, the difference being 0-272 inch, which, divided by
109,==0.60249.

¥ We beg to acknowledge the kindness of Mr Dent, in permitting casts to be taken of
Figs, 3,4, and 5 ,—Aneroid Barometer
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In Fig. 3, the vacuum-chamber is reprosénted by D § the large lever by C, resting upon
the fulera B B and spiral spring 8, and supporting the box D by the pin K. At the extre~

mity of ‘G is seen the veriicalrod (1) ting it with the levers (2 and 3) by the bow=
shaped spring (4). The square-headed screws b e, by screwing or unscrewing, admit an
teration in the dist: of leverage, and thereby enable the index-hand to move over &

Space corresponding with the scale of a mercuclal barometer. To the lever (3) is attached
a light rod terminating with the watch-chain, which is attached to the drum fastened to
the axis, The handle Is kept firmly fixed, when not in motion, by a delicate flat spiral spring
attached to the "axis, 4¢ting against the force of the levers, and always in a state of tension:
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F is the exhausting tube; and .A, at the back of the instrument,is a screw, which upon
being turned, alters the position of the index-hand, and thus enables the observer to adjust
the aneroid to any ial b ter. The at herie pressure I ing on D. will
cause a slight depression of the corrugated surface to which K is attached, and a corres.
ponding inclination of the lever C ; but as this lever is resting upon unmoveable fulera at
BB, the motion will take pbpe ‘chiefly over the spiral spring S, the increased distance of
the lever being as six to one, “The metallic chamber being 2'5 inches in diameter, the
P of the at here should be about 73 Ibs, upon the corrugated diaphragms, bus"
owing to various causes it is not more than 44 pounds.

¥igs. 4. and ;5. rep the case, sep d from the levers, The former
shews the case before exhaustion ; the latter after the air has been withdrawn. a a &
a indicate the lapping over of the thin corrugated metallic diaphragms, where they are
soldered to the rim; D is the vacuum-chamber, with F the exhausting tube; and I the

screw part fixing D to the metallic plate N below. In Fig. 5, the vacuum case isin
astate of compression after being exhausted, and M represonts the socket, which being
pulled by the pin K, places D in a state of tension. The dotted line marks the position of
the diaphragms after the introduction of the gas, which effects compensation for changes
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in the capacity of the case by alterations of temperature. Without this gas the capacity of
the case would be diminished by heat, and increased by cold, but the changes in the elas-
ticity of the gaseous fluid by varying temperatures, effect compensation.

In using the Ancroid Barometer for scientific purposes, a certain thermometrical cor-
rection is required. This is made by carefully noticing the indication of the instrument
in the external atmosphere, then placing it before a fire till the thermometer indicates
100° F., and watching the change which has taken place. The variation of the hand,
divided by the degrees of the thermometer, gives the quantity for each degree, The amount
will be sometimes |in excess, occasionally in defect.—Dr. D. P. Thomson’s Iniroduc-
tion to Meteorology, pp. 447-152. _

The above includes all the Thermometrical and Barometrical
Instruments that I have deemed it requisite to describe. The fluc~
tuations of pressure in India are so minute, and at the same time so
exquisitely symmetrical, that instrumental observations are valueless
‘unless the instruments themselves are of the best quality, and the
readings exact and accurate to a degree. A general account of the
state of the weather by an observant intelligent person, is always
acceptable, and occasions no delusion.  The wheel, and other vari-
eties of the Barometer general at home, have not been so much as
adverted to: they are all but unknown amongst us, and they are
altogether useless.



HYGROMETRY.

ArrEr Temperature and Pressure, the next condition of the air
that comes under consideration is its moistness; but the determina-
tion of the quantity of water dissolved in a given bulk of air, though
by itself an interesting problem, bears on the whole but lightly, nnless
when combined with other things, on the general phenomena of
Meteoarology.

One of the first facts on this point to be determined, mixed up, as
it is, with the other, is, not how much water the air contains, but
how much it carries away ; and unhappily our means of ascertalnmtr
the exact amount of evaporation' from any given surface under any
assumed class of circumstances, such as the tempera,ture, the moist-
ness, and the veloeity of the wind, are in the last degree nnperfect
and unsatisfactory. Evaporation is not only dependant on the vam-
ous conditions of the air just referred to, but on a variety of pecu-
liarities of the surface from which it arises. It differs in degree over
every variety of country, or variable surface, according to its hue,
texture, temperature, and humidity,—and the confusion arising from
this is so extremely great, that very rude approximations indeed must
for the present content us. But not only does the condition of the
surface of the earth present us with endless varieties of adaptations for
evaporation, the surface of water under different circumstances is
affected in many different ways by the impact of moving masses of
air. The great body of the Ocean, or of the waters of deep Lakes,
afford a considerable degree of uniformity as to temperature; but
when raised in waves or spray, or agitated by the winds, the evapo-
rating surface presented by them is infinitely greater than when
they are at rest: and it is, besides, in a condition much more open te
be acted on by an evaporating agent. Estuaries, Bays, Rivers, and
still 'shallow Pools, again, are apt to get warmed by the influence of
the sun much beyond the temperature of the adjoining waters,—as, on
the other hand, they get cooled beneath them by the radiation of .a
clear sky. To meet these various conditions of things, the most sim=
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ple and serviceable contrivance we possess is the evaporating dish, an
instrument for which, like the rain-gauge, we have no equivalent,—
which, instead of being made the most of until something better can
be found, has been treated with almost total disregard, so that, poor
as it is maturally, 1ts natural poverty has been aggravated by
neglect.

The first condition of an evaporation dlsh is that the form of its
surface shall be such that its area may be determined with perfect
accuracy—a state of things, as already mentioned, with which a
circle alone is compatible (v1de p- 20, article Rain-gauge); —
the second, that its sides shall be ‘parallel to its axis, and its area
perfectly uniform to the depth that evaporation may chance to ex-
tend betwixt any two observations—that is, for an inch or so at
least.  The third condition is, that we shall be able to observe the
precise amount of water evaporated within a given time—say twelve
or twenty-four hours. Rain-gauges such as have been elsewhere
described, fulfilling all these conditions, may be used as evaporating
dishes—the ordinary evaporating dish, the contents of which are
poured out into a glass measure, I consider all but useless. When a
cylinder, or funnel with a cylindrical mouth, is used—the limit to
which the water ascends may be determined as follows :—place a
light bar of wood or metal across its mouth : throutrh this thrust
two pins, the one protruding say ,#sth of an inch or so—the smaller
_ the"quantity the better-—further than the other. Fill up the dish
with water till the pin most prominent just dips into it—the less
prominent pin not quite touching the surface. The two ought
to be as far apart as to preclude the second from being affected by
the little mass of water raised by the capillarity of the first above the
general level. The arrangement may be very conveniently reversed
by placing a ‘stick athwart the dish, and pointing the pins upwa.rds—-
or a combination of the two may be resorted to. An evaporating dish’
of this sort is carefully filled at starting : next day as much water is
poured into it as Brings it up to the original position, from a mea-
sure, previously accurately divided into so many grains and so
many inches and decimals, for both ought to be indicated on
the measure—the latter only to be read :—the water re-
quired for this will indicate the amount carried off in vapour. These
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observations can only be made when the air is perfeetly still, and as
the evaporating dish ought to be exposed to the breeze, so a move-
able screen must be provided to secure shelter while observing, and
permit the breeze to exercise its full force when the dish is in use.

I have found the following contrivance very convenient indeed for
the purpose of determining evaporation.  Procure a dish edged
and turned the same as the rain-gauge funnel already deseribed
(page 28).  In this case the mouth of the funnel must be provided

with a stop-cock—or, where this is
not procurable, with a plug or cork." &
The funnel ought to be made to hold | 1

a quart exactly, quite up to the brim, and this it will do if made two
inches deep, the conical portion one, and the eylindrical portion one ;
and six and a half inches wide—the extra half inch being allowed

for the insertion of the turned rim

which will bring it down to six inches.
The funnel being put in its place, a
quart bottle, carefully filled with wa-

ter exactly to the neck, is now emptied
into it, and the bottle itself placed un-
der it, on a stand like that represented
in the accompanying diagram; On first
filling the evaporating dish, .the bottle-
full should be poured in and emptied out
several times to see how much exactly
is kept back on the sides of the funnel
after some minutes have been allowed
for it to drip-—the plug being thorough-
ly soaked at.the same time. All these
precautions having been duly attended -
to, the dish is filled—the deficiency
next day in the bottle will indicate the
amount of evaporation.

el

The marks of the measuring tubes are made to read both ways by
figures both above and below the lines. The best way is to fill the
tube up to the top of the scale exactly : then open the stop-cock
and let the water flow into the measure, taking great care thac.
none is allowed to run over or spill. Note the number of grains
run out, and divide this by the number of grains corresponding to
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the area of the evaporating dish as found in the table,” adding ci-
-phers—the quotient will give the amount of evaporation.

Example.—The area of the evaporating dish is 6 inches :—a
stratum of water of this area one inch in thickness weighs
715859741562 grains—the decimal may be dismissed.! Supposing
that it loses 941 grains, as indicated by the scale on the tube, 1o
supply the amonnt of one day’s evaporation : then

7158)941-0000(0-1314
7158

c———

22520
21474

10 460
7158

33020
2 8632

4388

So that the evaporation amounts to no inches—-1%14 merely @ it is
seldom necessary to go'beyond the place of thousandths of an inch.

The graduations marked on a bottle, which suffice for rain.gauge
purposes, are scarcely delicate enough for those of evaporation—
for the form of evaporating dish first described, they ‘are unservice-
able altogether, The following is the method of graduation and
measure I have resorted to to.secure a standard,  For an unit of
measure I have found the bulb, if spindle-shaped, and part of the
stem of a broken thermometer, well suited. Xt must first be care-
fully emptied and dried—then weighed—then filled with water up
to the neck of the stem and weighed again—as much more
should now be added as gives one or two grains more, accord-
ing as the length of the stem allows : from these fill up the bulb
to where the bore becomes uniform. In a fine bored thermometer &
grain will occupy an inch in the stem, and may be subdivided by
measurement into tenths or twentieths—the bulb will hold from ten
to fifteen or twenty grains. All these operations are performed
before an aperture is secured in the lower part of the bulb—
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and marks should be made for say tem, fifteen, or twenty, grains of
water at different temperatures from 80° o 90°-those we have
most eommonly o deal with in India. If these experiments have
been accurately performed, the unit measure may now be carefully
heated-—the point of it.being approached to alamp, and drawn out, so
as to secure a capillary aperture below. If this be well managed,
the error occasioned by the bore now opened will rarely amount to
.the tenth of a grain. This measure does not often require tobe resort-
ed to. The most convenient for an unit of larger size is what is
called a quill tube,—that is, a tube of glass, about the thickness of a
crow-quill, as thin in the walls as ean be made : apiecea footlong at
least should be taken, and one end of itsealed up. It should now be
gauged in the manner formerly described—if not uniform in diam-
eter, it is useless for the present purpose. The tube is now suspend-
ed froma finebeam, and counterpoised ; fifty grains are next add-
ed and marked, and a second fifty may be poured in to make sure—
this being marked also by a slight scratch on the tube. The spaces
between the marks are now taken off by a pair of compasses and a
paper scale the length of the tube laid down on a drawing board,
and very carefully ruled and divided, This is then gummed or
pastgd on, the fifty grain marks on the seale and tube being placed
together : the point of the tube may now be heated by a lamp,
and drawn out so as to secure a capillary aperture as before,
The fundamental measure once made, should be placed in a box for
reference, as it is very apt otherwise to get broken, and much dexte-
rity, time, and care, are required for its construction. Tubes of
greater bore for similar purposes are graduated from this—after
being gauged and prepared as before,

Those required for measuring purposes are fitted up with a stop-
cock—grains are marked in black on one side of the scale, decimals
of an inch on the other,—the tube being filled by sucking the
water up into it, and an}; excess that may exist being allowed to
drop through the stop-cock, until the graduated portion of the scale
be attained. The figures ought to read from the upper end down-
wards, so that the tube may always be filled full, and as much water
drawn off as isrequired to fill up the gauge to the pin points, or the
bottle to the mouth. The expansion of water betwixt 70° and
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900, our.usual temperatures, is so insignificant, that no account of it
need be taken.  The following is the description given of his eva-
porating dishes by Mr Luke Howard in his “Climate of London,”
Vol. L, pp. xvi. to xxii.

' OF THE GAUGES FOB RAIN AND EVAPORATION.

These are treated of together, as being counected in the most essential
part,—the graduated measure for the water,
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The rain gauge consistd of three pieces—a funnel, a bottle, and the measure.
The. Funnel is most conveniently made of five inches opening, and of the
form represented in the figure : the mouth piece of brass, turned in a lathe,
the remainder of tinned copper. It has two necks : the inner and longer one
widening a little downward, eaters deep into the Bottle, and couveys the
rain : the outer neck is soldered on the cone of the Fuunel, having no opening
into the latter: it serves the necessary purpose of preventing the entrance of
water from the ontside, and by resting on the shoulder of the bottle, it gives
steadiness to the funnel, .
As to the Bottle, a common winequart will contain from two to two and
a half inches of rain on this funnel, but it is better to use a three.pint bottle
(technically termed a Winchester quart), which has the proportions given in
the figure, For an unusual fall of Rain may happen, when a previous quan-
tity has not been measured out: and it i3 on such oocasions that we would
wish, more especially, to be certain of the amount.

A cylindrical Glass of the depth of eight inches, exclusive of its foot, and
an inch and a third in diameter, serves to make the Measure, It is graduated
in parts, each of which is equal in capacity to the depth of a hundredth part
of an inch on the area of the mouth of the funnel. A Glass of the above size
will measure out fifty such parts, or half an inch, at once. The graduation is
conducted on the principle (which is a medium between calenlation and experi-
ment) that a Cylinder of water at a mean Temperature, an inch deep, and
five inches in diameter, weighs ten ounces Zroy. The hundredth part of this,
or forty-eight grains, is accordingly taken for the graduating guantity, and
the Scale is forméll by sucoessive additions, at each of which the surface is
marked. Cousidering the nature of this operation, which scarcely admits of
our going to fractions of a grain, I suppose the above standard to be suf-
ficiently correct. *I have been accustomed to etch the scale on the glass with
fluoric acid, but it is more conspicuous when engraved at the glass cutter’s
wheel. Previously to sending it for this purpose, the whole scale shonld be
traced, either on a strip of paper pasted on before it is divided, or in oil paint
on the glassitself, A diamond, or steel point, may bo nsed in default of
other means, for engraving the scale.

Although 1 recommend these dimensions as couvenient, and have had them
executed in different instances for others, I have hitherto nsed'a Gauge, the
funnel of which has eight inches aperture, and the Measure is graduated by
the quantity of a hundred and twenty-four grains, the bottle being large in
proportion.

For Tropical climates, and in cases where alarge bottle is found inconve-
nient, the whole recipient part may be of tinned copper, the vim excepted,
which is still to be of tarned brass. On this construction, a moveable funnel
way be ot in, 50 as to rest below the rim and prevent evaporation : a spont,
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with a small aperture, should also be provided at the side, both for the con-
venierice of emptying the water into the measure, and to permis the air, on
ocoasion, to pass out freely. (See the figure above.)

The Position which, since the year 1811, I have preferred for the Rain-
gauge, is to sink it into the ground, bringing the mouth of the Funael nearly
to the level of the turf, which should be kept cut, so as to leave a clear
space of an inch or two around. In winter, when snow may*be expected, it is
proper to raise it a few inches. A. thiok sheet of snow is apt to have a large
depression above the Funne), the surface of which, slightly thawed and frozen
again, has, more than once, collected and sent into my gauge*a redundancy of
water.  On the subject of different products from different situations of the
gange, the reader may consult the appendix toTable LXIV. .

The graduated measure for the Rain being numbered on the opposite side
of the scale downward, serves also to ascertain the "Evaporation. For this
purpose, a oylindrical tinned copper vessel is employed, of five inches diameter
within, furnished with a rim to prevent spilling, in which is a lip, set on clear
of the cylinder, Two measures, or an inch, of water being poured in, fills
two thirds of the Cylinder : the vessel is then placed near the ground in a
situation where it may be sheltered from rain, and have the sun’s rays, with-

out reflexion. At the end of twenty-four hours, or a longer period, extending

to a week if desirable, but regulated by the season of the year, the water
being veturaed into the measure, the quantity which is evaporated may be
read off, and the vessel replenished. For warmer Climates, or longer periods
of observation, the depth of the vessel may be increased, and a grealor num-
ber of measures put in.
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‘Where the Evaporation alone is -in question, and the observer wishes te
ascertain it daily, without trouble, the following contrivance may be used.
On 3 plate of glass, six inches long, and aninch and a half wide, a lineis to be
drawn near and parallel to one side, to serve for a base, From this a diagonal

Scale, etched with florio acid, is to be carried up, ascending at the rate of
one inch in fen ; so that the tenths of an inch into which it is wultimately
divided shall rise in progression just one hundredth part of an inch above each
other, The glass being now fixed perpendioularly on its edge, in a vessel of
the proper capacity and depth, (if this be square it may be set in diagenally
and supported by the angles,) a little Water is first to be put in, the surface of
which is to be brought, by adjusting’ the posmon of the vessel, to range with
the horizontal line at the bottom of the scale, This adjustment made, more
water is to be added, up to the line which cuts the division at Zéro. Then,
in proportion as the surface is lowered by evaporation, it will cut-the several:
divisions in succession, indicating at sight the effect to the hundredth part of an
inoh . : ' o T ‘

{1 have varied the position of the Scale in'this instrument, and made it an
inclined prane. A piece of plate glass about eleven inches long, by an inch
wide, is graduated in the manner of a measuring rule, in divisions one tenth
of an inch apart, which are nuimbered at every tem, from 0 to 100. The di-
viding lines being half an inch in length, the water (when the Scale has been
80 p\aoed as to make justan inch difference in the perpendicular between the
two exiremes) makes a bend, or half round, against the lower surface. This
is to_be brought to touch the’ upper division at 0, after which it will descend,
forming a fangent to each division as the Evaporation proceeds, and indicating
very neatly, by simple iaspection, the results.} '

Liastly, for delicate occasional observation on Rain, Dew. and Evaporation,
1 bavean Instrument which will indicate either to the thousandth part of an
inch, and which I likewise fnd useful in graduating other ganges. . This
Instrument, a figure of which is given on the succeeding page, 1 shau now
deseribe. ) {

A funnel like that of the Rain-gauge, but with an upright cylindrical
rim, five inches in diameter, terminates in a glass tube twenty inches long, and
of half an inch calibre, having at bottom a good “stop-cock, The tube is
graduated on the principle of the glass measure: above described: but the
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divisions are here wide enough to admit of decimal subdivisions, When the
Instrument is used for Eraporation, the tube is first to be filled to the Zero
at top; a full bottle of water is then to be added, so that the surface may
stand at a proper height in the Cylinder during the experiment, at the elose
of which, the same quantity of water being returned into the bottle, the
deficiency will appear in the Tube. When for dew, or for rain, in minate
quantities, or at short intervals, water is to bo introduced up to the Eero at
bottom, and the inside of the Funnel moistened with a sponge at the outset ;
the difference in volume caused by ohange of temperature, must, in these
delicate experiments, be obviated or” allowed for. This instrument requires,
likewise, a support to keep it upright and steady in use. -

In India, the Evaporating Dish ought never to be exposed to the,
sun, unless the difference of evaporation at different temperatures.
with the same breeze is meant to be ascertained. The waterin an
evaporating dish in the sun will often rise to a temperature of 120°,-
while that of the atmosphere around is no higher than 80° : this only’
occurs with small masses of water—so as to have nothing analogous
to it amongst the phenomena of nature desired to be investigated ;
the surface of the ocean seldom differing more than a few' degrees.
from the air around-—the mean temperature of the two approxima--
ting closely to each other. A shaded dish, fully exposed to the-
breeze, though not correct in its indications, will be found infin-
itely so than one exposed to the sun.

Actual weighing of the evaporating dish, contents and all, is the:
most accurate method of determining evaporation, but it is so trouble-
some and tedious that it is not likely ‘often to be wade use of.
Where the evaporahon from damp earth, or other similar surfa ace, i
to be determined on, the weighing must on almost a.ll occasions
be resorted to. 1 have found a steel-yard of the following fashion
to afford very interesting results for short periods of time, say at the
change from the land to the sea breeze. It is made up of straight
pieces of deal wood, tied with a thread to keep it stiff.  As the
water evaporates, the dish, suspended from the shorter end of the
lever, becomes lighter, and the lavger descends,-—-the amount of its
descent, which indicates the amount of evaporation, being read off By
a graduated scale, The whole, with the exception of the dish, must
be uuder glass, to escape the disturbances occasion by the wind.,
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The following experiments on an evaporation at- sea by Mr Laid-
ley, are taken from the Transactions of the Bengal Asiatic Society
—Leslie’s instrument has the disadvantage of being only exposed
fairly to the wind on one side-—on the opposite side we most certain-
1y have an atmosphere of damp, partially stagnant, greatly interfering
with evaporation.

[From the Bengal Asiatic Transactions, Part I. Vol. XIV., 1845.]

-Observations on the rate of Evaporation. on the Open Sea: with o

description of an Instrument used for indicating its amount. By
T: W. Lamrey, Esg. -

It has often ocourred to me, that a simple and convenient instrument for
ascertaining the actual amount of exhalation from a humid surface, could not
_fail of being essentially serviceable to meteorological science, as well as to the
arts. An instrument for this purpose was indeed contrived by the late Fro-
fessor Lieslie, to which ke gave the name Atmometer : but though very inge-
‘nious, and fulfilling tolerably well the intentions of the iuventor, it fails in a
very important qualification of scientific instrumeuts, simplicity of construction
and use ; and is consequently less frequently employed in observing the von-
dition of the atmosphere in reference to dryness and humidity than is
desirable, The instrument is thus desoribed by its inventor: “'The Atmo-
meter cousists of a thin ball of porous earthenware, two or three iaches in
_diameter, with a small neck, to which is firmly cemented a long and rather
wide lass tube, bearing divisions, each of them oorresponding to au internal
‘annular section, equal to a film of liquid that would cover the outer surface of
the vall to the thickness of the thousandth part of aninch, The divisions are
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marked by portions of quicksilver introddoed, ascertained by a simple calcula-
tion, and they are numbered downwards to the extent of 100 to 200 : to the
top of the tube is fitted a brass cap, having a collar of leather, and which
after the cavity has been filled with distilled water, is screwed tight. The
outside of the ball being now wiped dry, the instrument is suspended ont of
doors, exposed to the froe acoess of the air, In this state of agtion the humi-
dity transudes through the porons substance just as fast as it evaporates from
the external surface ; and this waste is measared by the corresponding descent
of water in the stem. If the Atmometer had its ball perfectly soreened from
the agitation of the wind, its indications would be proportional to the dryness
of the air at the lowered temperature of the humid surface ; and the quantity
of evaporation every hour as expressed in thousandth parts of an inch, would
when multiplied by 20 give the hygrometric measure. The Atmometer is an
instrument evidently of extensive application, and of great utility in practice.
T'o ascertain with aceuraoy and readiness the quantity of evaporation from any
surface ii; a given time, is an important acquisition, not only in meleorology,
but in agriculture and in the varions arts and manafactures, The rate of ex-
halation from the surface of the ground is scarcely of less consequence than
. the fal} of rain,and a knowledge of it mlght often du'ect the farmer advan-
tageously in his operations. On the rapid dispersion of moisture depends the
"efficacy of drying houses, which ‘are often constracted most unsktlfnuy, or on
very mistaken principles.”

The instrament which I have found to answer extremely well, consists of &
glass tube the bore of which must bo equable, and may vary from one or two-
tenths of an inch in diameter toa muoh larger size, according to the pleasure
of the constructor. If the bore be not quite equabl?e, its yarying Qapaonty must
be ascertained and allowed for on the scale to which it is to beattached. One
end of this tubo, after being ground quite flat and smoothi, is to be closed with
a porous substance, which bpace permits the free transudation of water', bat
yet not so freely as to acoumulate in drops or to fall.’ X find that common

"'cedar wood possesses the requisite quality, and forms a plu 2 which swells 80 as
to become water-tight; and by its porous structure permxts the fluid to ‘per-
meate as rapidly as the atmosphere’ removes it from the exposed surface.
The tube thus propared, and filled with distilied water, is tobe attached to a
scale dmded into fiftieths or hundredths of an inch, upon ‘which as the evapo-
ration progeeds and the column of fluid descends the dally amouat of evapo-
ration may be oonvenieutly observed. No ‘other precautmn seems neoessary

'in using this Atmometer than to supply it th.h very pure ram or dlshlled
water. ; for any saline matter it mxght oontain ‘would be deposnted upon. the
evaporating surface, and would intorfore very waterially with the result. To
prevent error from this source, the entire tube should be very freqnenﬂy (say
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every time that it is filled,) washed in a quantity of clean water to remove

accidental unpuntxes 3 and the cedar plug ocoasionally renewed.

The following observations made with this instrament on board of the ship
¢¢ Sonthampton,’” on her recent voyage from England to Caleutta, showing
the rate of evaporation on the open sea in tropical latitudes, may not be alto.
gether uninterasting to such as are curious ia oceanic meteorology. « The in-
strument was suspended ia a shaded part of the vessel, exposed freely to the

action of the wind.

" Latitude. Longitude. | Barometer.|Thermometer,| Ev2poration
in inches.
e o ¢ o

October 8 37158 40 31 29.90 62 0.40
4 3713 44 05 .13 63 0.38
5 3719 47 50 30,10 64 0.51
6 37 09 51 51 30.06 66 0.33
7 36 38 56 14 30.08 56 0.40
8 35 58 59 50 3012 68 0.45
9 3539, 62 21 30.16 61 0.40
10 34 46 8719 30.14 62 0.40
11 33 24. .47 .80.02 63 0.41
12 31 51 76 04 29.94 63 0.35
13 39 27 79 05 30.09 66 .38
14 28 54 82 37 30.16 69.5 0.37,
15 . 26 4 84 25 30.18 n 0.39
16 24 95 86 10 30.19 7.5 0.60
17 23 02 86 14 30.24 72. 0.62
18 21 06 86 18 . 30.10 3 0.72
19 18 25 . 8634 30.11 76 0.68
20, .16 39 8636 , 30.10 715 070
21 14 42 86 54 30.11 81" 0.70
22 1 o7 86 54 - 30.00 82 0.78
2 L7139, 86 34 30.09 84 0.80
2 357 8710 30.05 84.5 0.82
25 208 87 19 80.04 83.6 0.75
26 Lo9N 8757.| 2997 84, 0.86
2 419 89 32 30.00 82.5 0.98
B 64" 90 16 30.00 .84 1.00
29 758 90 40 130,00 84.5 1.06
30 8 50 '90 52 30,02 815 088
31 935 90 40 30.00 84 0.42
November 1 10 55 9915 30.00 84 0.93
2 13 10 89 66 30,03 81 0.82
3 1415 90 00 30.05 86 0.40
4 15 20 89 38 30.05 84 0.0
5 17 25 88 49 30,00 83 0.67
6 - 18 3¢ - . 8824. 30.00 83 - 0.2
7 18 52 88 45 30.02 - 83 0.63
8 19 23 8853 30,10, . 83 0.8
9 19'18 89 37 30.00° 82 1.15
10.]1- 1956 89 43 30.00 82 1.2
). 237 89 00 .30.00 st 1.2¢
12 20 54 89 12 29.95 80 1.32
13 | Sandheads. ' 29.98 80 104



v {i] HYGROMETRY.==EVAPORATION AT CALCUTTA,

The reader will perhaps be surprised at this high rate of evaporation on the
open sea, differing as it does so widely from that dedaced by M. Von Ham--
boldt from his own observations with the hair hygrometer. That accom-

- plished observer gives the following results, calculated from a formula of M,
& Aubuisson, which does not however appear to meet all the circumstances of
.the case.

— [
Quantity of water evapo-
Latitude N. ’.(l‘(;x:;nox::;t:;, Hygrometer. [rated per hour in milli-
- grade. ) “jmetres,
Qo 2 Q
3910 145 . 82 013
3036 20.0 85.7 0.4
2018 20.0 83.8 0.16
1853 212 815 0.20
1619 22,5 88 0.13
1234 240 89 0.13
1046 25.4 30 0.12
11 b 25.0 92 ’ 0.09

“ It follows from these researches,” says M. Von Humboldt, ¢ that if the
quantity of vapour which the air commonly contains in our middle latitudes,
amounts to about three-quarters of the quantity nacessary for its saturation, in
the torrid zone this quantity is raised to nine-tenths, The exact ratio is from
0.78 to 0.88. It is this great humidity of the air uader the tropics, which is
the cause that the evaporation is less than we shonl& have supposed it to be

- from the elevation of the temperature,” '

These inferences seem scaroely compatible with the actual indications of
my iostrument. But it must be observed, that besides being imperfeot as a
hygroscope, Do Liuo’s instrument takes no coguizange of the important agency
-of . the wind in promoting evaporation, So far from diminishing, the exhala-
tion from the surface of the sea would appear to augment very rapidly as we
approach the torrid zone ; my observatious exhibiting a daily average of 0,398
ia. from latitude 37° 15’ 8. to latitude 24° 25', and of 0.809 in. through the
tropics.

{From the Bengal Asiatic Transactions, Part I. Vol. XVII,, 1848.]

DAILY RATE OF EVAPORATION IN CALCUTTA, ‘l'
On the ohance of its proving serviceable to some speculator in meteorology,
" we place on record the subjoined statement of the daily rate of evaporation in
Calcutta for thie yoar 1845. The instrument employed was that desoribed in
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Volume XIV. page 213; it was freely exposed in an open verandah to the
influence of the atmosphere,. sheltered, however, from the direct raysof the
sun. '
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1 {049} 0.22] 0.75 | 071 060 0.76] 0.29 | 032 0.15] 0.74 | 0.50 | 0.55
2 65 ) 2] 98| 62| .62{ 62| 43| 33| 49] 82} .58 .56
3 -} 6] 50y 74| 46} .54} 43] 42| 38 55| Bl .ba| .60
4 1) B4f 90| 43! 62] 53| 37| 36| .63] 43| 56| .54
5 61| 85] 90] 31} 67| 46| 43 35| .40} 621 62) .50
6 50| .84 831 43| M7l 54| 2] 367 31| 43| 63 43
7 52| 93] .77 53| .98} .63] 51| .22 .45]| 62| .66] 51
8 | 551 0] g8} 56 .69} .b5f 61) .20/ B4} B4l 61 .23
9 561 .84 761 .66) 96| 47| 39) 26| 32 68 61] .76

22 461 57] 102} 85 g6l 46 37) 351 811 46) 571 40
23 46| g6} 87l 7| .67] 48| .29 .a8| B3| .30{ 57| .38
2 561 01 6] 180 7] 46) 34) 3] 58] 46] 50] .52
25 Sil | so) 82 36f 21| 54| 43| 58| 471 50} 51
26 48| 81| 84) 45} 65] 21] .51 .44) 61| .30] .50| .46
27 61 80] J5) 48| 54| 40 38{ .44 51 B8] b5 .44
28 b8 897 .86 97| .45} 31| .30] *.e8] 18| .62] .50| .40
29 B2 .| B8] 57[ 38| 26| 24] 29| .63 o] 42| 35
30 31! .| .82 66 .45 .19 24| .33} 65| .68] 51| .59
31 391 ] 85] oo | B0 .| 24 36| .. | 52§ oo | 52
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rage.1 537 | .695] 714 | 6021 .650) 494 .358 ), 315 | .373 [ 515 | .565 | .468

Ihave found a wine glass with a piece of wood or e%fﬂien-
ware or clay, suit very well for an evaporating dish at sea.
The dampness of the atmosphere is commonly determined witha
out any direct relation to the quantily of moistureit contains,
this being & result compounded of dryness ‘and veldeityi The
Hygrometers chiefly employed in Meteorology are the wet and dry
bulb, and Daniel's Hygrometer: Leslie’s instruments have been
long out of use. The following account of the wet bulb and its uses’
is from & pamphlet by Mr Glaisher, of the Greenwich Observatory :—
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1. Precautions necessary before using the Instrumont.

The thermometers should be essentially good ; and, if possnble, when under
the same circumstances with both bulbs uncovered, their readings should be
identical. The obtaining of two thermometers strictly comparable, is diffioult,
butuof impossible. Qutof twenty-five thermometers made by Watkins .and Hill
for me at one time in 1843, twenty of them agreed within one-tenth of a degree
ab every part of the scale; the extreme difference between the readings of the
remainder was half a degree.

‘It there bea difference between their readings, the amountof it rmst ba as-
certained atdifferent paris of the scale, and particularly at and below 320 : in
dofug this it is well to let the instrament be out of doors some days, and the
readings should be frequently taken ; the true difference at one part of the scale
will thus be well determined. For other parts of the scale a liquid must be
used ; water must be heatod a little higher than the desired temperaturae ; if
the water be too hot, cold water may be added, and well-mixed with the hot.
The thermometers should be placed in the water, so that the same quantity of
their stems should be covered by it, and thus they should be allowed tp remain
for half an hour, and the readings then should be taken quickly.

If their readings or that of the dry bulb could be compared with a standard
thermometer, it would be well.

A quantity of rain-water should be provided.

2. Position of the Instrument, and Precausions necessary in using it.

The mstrument’ should be in the shade, and should therefore have a North
aspect.

1t should be placed with the bulbs about four feot from the ground and as
far from walls, & as possible ; espeoial care should be taken that it is not
affested by 'the radiation of any heated bodies.

" e wet bulb should be covered with thin muslin (I have used book-muslin),
the conduoting thread shonld be of floss-5ilk or cotton lamp-wick ; the latter
1 always use, haviog found it to act better than the former ;. both the muslin
and the conducting thread should be renewed abont once a month. The read-
ing of the wet bulb appears t6 be uninfluenéed by ciirrents of air ; I have’
frequently during windy days screened' the bulb from the wind, #nd the
réading has been unaffected: it would seem: that the air in quick motion
cqmmunicates to the bulb as much heat.as compensates for the increased
rapidity of evaporation.

The water-vessel should never be allowed to be free from water; asupply”
of rain-water should always be kept. ,

In frosty weather the instrument is as effective as at other times, Water
evaporates at all temperatures ; even ice sends off vapour,
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" Between December 3rd and 14th, 1844, during which the temperature of
‘the air varied from 200 to 37°, the temperatare of several of the days being
below 320 all the day, water to the depth of half an inch, placed ina proper
.evaporating dish fully exposed to the sky (ice immediatély forming after ex-
posure,) produced less than 0-4 inch of water when examined at the same time’
on the following day ; the same- result was obtained from experiments made
between December 21st and 27th, the temperature in the ‘meauntime ranging
from 27° to 35%

The wet balb in frosty weather should have a thin coating of ice over it,
which when once formed will last a considerable time 3 if the bulb be not en-
veloped with its thin coating of ice, water must be poured over it, and it then

“must be left for a period of one hour at least. I have known an hourand a half

to elapse after pouring water over the bulb before its readings have descended
below those of the dry bulb, although, from the continuous preceding readings,
I had reason to expect that such should be the tase, and which was subse-
quently confirmed ; it is indeed the safest course, if continuous readings be not
taken, to pour t.he water over the bulb at least two hours before the time of
observation.

The eye must be at the time of reading at the same distance from the ground
as the top of the mercury is in the stem of the thermometer : this requires
care : for if the eye be too high, the reading will be too low, and vice versa.

The reading of the dry bulb should first be taken, and then that of the wet
bulb,

Promptitude of observation is necessary, so that the heat of the body should
not pass to the instrument.

In observation, the breath should be held: I have known untaught observers,
who have been a long time reading, and who did not hold their breath, cause
the readingd to rise several degrees; of course the obswation was quite
vitiated,

The cotton Jamp-wick or floss-silk should be of such extent that the water
conveyed should be sufficient in quantity to keep the wet bulb as wet as it
wounld .be were the air quite saturated ; if too much water be conveyed, this
may be lessened by taking a division or more from the thread,

At times the reading of the wet bulb may be higher than that of the dry
bulb, which indicates that the air is completely saturated with moisture : it is
well at those times, after the observation is taken, to examine the state of the
dry bulb as to the degree ‘of moistare on it compared with that on the wet bulb.
The finger may be passed over the bulbs, noticing the quantities of moisture
left on the finger ; if more be left from the wet bulb than frqm the dry, it would
indicate that the former was too wet,
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In wet fogs a globule of water may hang from. thedry bulb:; this should be
remaved, and the bulb wiped dry about a quarter of am hour before: the time of
observatlon. '

The dry bulb.should be examined after rain has fallen, tosee that it i really
dry. If rain should be falling at the time of the observation, the bulb shonld
be examined as to its dryness 3 and if the rain should have fallen on it, it had
better be wiped, and the reading should be taken & few minutes afterwards :
examination a few minutes before the observation iz better,

Careful abservers shonld annually verify the point 32 ° of theirthermometers
by plunging them into melting suow or ice, so that, shonld this poinj; he dis-
placed, the correction may be known.

Far mete&rological purposey the instrument should be eonstantly out of
doors; it is then at all times ready for use. 14 should be fixed firmly so
that the wind caunot move it : so ought also the water-vessel to be fixed,

3. Temperature of the Air.

The simple reading of the (iry bulb thermometer gives this at ouce,

4. Evaporation.

Is the conversion of liquids into elastic fluids by the influenge of heat :
w#xpose, for instance, water to that influence ; bubbles at first appear, which by
degreesascend to the surface and burst. These bubbles rise the more rapidly
in proportion {o the heat. '

‘Water evaporates in the open air at very low femperatures; and the vapour
rising into the air mixes with it in an invisible form, until it is condensed, and
assumes that of olouds, fog, mist, or falls in the shape of rain,

The amount of water thus changed into vapour is very large indeed.. From
expenments I have made during the years 1844, 1845 and 184671t appears to
b nearly 50 ifhes annually. It is probable that this quantity is much above
the average ; but all experiments that I have seen justify us in assuming that
the average evaporation is more than 30 inches annually (that is, that the
vapout in the abmosphere. in one year, if reconverted futo water, would cover
the surface fronr which the evaporation took place to a height of 30 inches.)
Assuming that-this is about the annual quantity, and that the surface of all the
waters. on, the earth is 130,000,000 of miles, then, water to: the amount of
62,000 solid miles would be annmally changed inta vapour. To this Jarge
amount must be added the evaporation from moist earth, and from the
watery. parts of the animal and vegetable kingdoms.

Forall persons engaged in mobeorological researches, the knowledge of the
distribution of t{jis mass of water with the air is necessary, as we may readily
finfer, that the most important changes in our atmosphere &re oceasioned by it,
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5. Temperature of Evaporation.

" The bulb d bemg cove‘red with mushn, and moistened by means of the water
passing by capillary action up the ocotton lamp-wick leading from . the water-
vessel to the covered bulb, and keepmg the mauslin on it eonsta.ntly wet, will,
take a temperature dependmg on the followmg circumstances :—The air in,
contact with the wet bulb gives enough of heat to vaporise the water, \vhwh:
being converted into vapour sufficient in quantity to saturate the space which
the air occupies, the reduction of temperature will be according to the quan.
tity of hent which has’ been combined in order to change its state from water
to vapour. The prmclple holds equally well when the temperature is below
freezing, only in this.case the air in contact with the bulb covered with ice has
to liquefy as well as to vaporise the water : and owing to this, the difference
between the reading of the dry and wet bulb thermometers, at temperatures
below 320, is always small, and the readings must be taken with great care.

, If the air were completely satarated, it conld not take up any additional
vapour; uo heat would therefore be lost in vaporising the water, and the
readings of the dry bulb thermometer and of the wet bulb thermometer would
be alike } but if the atmosphere be not saturated it will take up additional
vapour, aud if it be very dry % will take up much vapour, but that vapour
must have been ¢ombined with a large quantity-of heat, and the temperature of
the air in the now saturated space will be lowered accordingly. There is
another circumstance which affects the temperature of evaporation: if the
barometer be very low, the air would yield less heat, and the temperature of
evaporation would be lowered in consequence, but to so small an amount, that,

except at great-heights, it is inappreciable, By observing' the reading of a
" wet bulb-thermometer the temperature of evaporation is found. . The difference
between the readings of thé dry bulb and the wet bulb in this country, between
the months of Aptil and Septomber, will frequently be from 9° to 12°, Tess
frequently 12° to 15°,.and oceasionally it willamount to 18° ; and during the
other months of the year it will frequently be between 4° afid 9°,

6. Temperature of the Dew-Poin.

If a mass of air be gradually cooled, it will descend to a degree of tempe.
rature at which it will be saturated by the quantity'of vapour contained in it.
This temperatare is called the dew-peint. The temperature of the air, tegether
with this temperature, which is called the dew-point, being known, nearly all
hygrometrical problems can be solved. In order te find the dew-point, a
Daniell’y hygrometer may be used.: it consists of a glass tube bent at right
angles, with a very thin glass bulb at each end ; one of the bulbs contains
ather, and the bulb of a delicate thermometer whose stem and scale are
included in the upright arm of the instrument. Al air is excluded from the
tube, and consequently the enclosed space and the-other bulb which is-covered
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with a piece of muslin are filled with the.vapour of ether, In msing the
instrument a few drops of the best sther are dropped upon the covered balb ;
quick evaporation follows, cools and ¢ondenses the vapour within it ; but the
place of the condensed vapour is supplied by a fresh portion arising from the
.sther in the other bulb, whose temperature is reduced by the act of evapo.
ration: the difference between the reading of the enclosed thermometer and
that of the dry thermometer shows the amount of reduction 3 this reduction
goes - on until the bulb is at that temperature which cools the air in contaot to
that degree at which the vapour contained in it is deposited upon the bulb,
and thus the dew-point is found- In this country it is sometimes 30° below
the temperature of the air; this ocours between April and September ; during
which time the difference frequently amounts to 20°, During the other part of
the year the difference often amounts to quantities between 6° and 15°,

1. Relation existing between the Temperatures of the Air,
Evaporation, and Dew-Point.

The Greenwich Magnetical and Meteorological Observations for 1843 con-
tain a complete discussion of the relation existing between the three preceding
temperatares. The discussion embraces all the simultaneous observations of
the dry, wet, and dew-point thermometers taken in the years 1841 to 1845, at
all temperatures of the air below 35°, and all those taken in the years 1841,
1842 and 1843, for all temperatures above 35°. During these years the
observations of the dry and wet thermometers have been taken every two hours,
and of the dew-point every six hours, duy and night ; with the exception of .
Sundays.

The following are the factors deduced from these observations :—

The difference be- Gives the  differ.
tween the. tempe- ence between the
‘When the témpe- rature of evapora. temperature of the
rature of the air is 7 Below 24%, 4 tion, and the tem. 8.5 <) air and the tempe-
’ perature of the air rature of the dew.
: s multiplied by poiat,
Between 24%and 25° 73
are ' 25 and 26 .o 64 .
. 26 and 27 e 61 e
27 and 28 59 .
28 and 29 . 57
29 and 30 e 50
"o 30 and 31 .- 46 sen
v 31 and 32 .o 3.6 .
e 32 and 33 . 31 L
. 33 and 34 . 28 .
ves 34 and 35 .o 26 -
35 and 40 25
40 and 45 2-3 see
e 45 and 50 nes 21 g
50 and 55 20 .,
55 and 60 18 o
60 and 65 18
65 aud 70 17 ot
above 70 . 15 e
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The factors corresponding to all temperatures ‘above 35° differ very little
from those contained in the .volume for 1842, and as the whole of the-tables -
were originally formed from the factors in this volume, it was not thought
necassary to disturb so mach work for such small differences. I have also
reduced gnd discussed all the similar observations taken at the OQbservatory at
Toronto in Upper Canada during the years 1840, 1841 and 1842, and the
factors dednoed from these, for all temperatures above 30°, were found to be
nearly identical wiih those used in oaloulating the tables : the factors fortem~
peratures below 30° were all smaller than those deduced from the Greenwich
Observations ; the individual observation, however, differed very much among
themselves at these temperatures ; but they are sufficiently good to confirm
the Greenwich numbers, and to prove that thase factors are as applicable at
Toronto as at Greenwich,

8. Calculating the Dew-Point from Qbservations of the Dry
and Wet Bulb Thermometers.

The product of the difference between the readings of the two thermometers
into the factors contained in section 6, according to the temperature of the dry .
butb, taken from the reading of the dry balb, gives the temperature of the dew-
point as it would have been given by Daniell's hygrometer, and in this way
the dew-points contained in the tables have been computed.

The knowledge of the dew-point merely indicates to us the temperature at
which aqueous vapour begins to be condensed, and the quantity of it at the
time of the observation mixed with the air, which quantity is quite indepen-
dent of the temperature of the air; all that is necessary is, to seek ina -
properly constructed table of the force of aqueons vapour for the quantity -
corresponding to the dew-point ; such a table is published in the Greenwich -

" Magnetical and Meteorological Observations for 1842 ; it is caloulated frem
Dalton’s experiments on the expansive powers of steam (Manchester Memoirs,
vol. v.) and Ure’s experiments (Philosophical Transactions for 1818): great
care was bestowed in examining other tables before adopting this, and for that
reason 1 have used it in constructing the following tables. ’

9. Elastic Force of Vapour,

This expression is equivalent to saying, that the pressure of the acqueour,
vapour mixed with the air is capable of supporting a certain weight or a
colamn of mercury of a certain height : in this latter form it is represented in the
tables, o know this force, all that is ecessary is to find the temperature of
the dew-point, and to seek for that temperature in the following tables, and
the quantity of vapour which corresponds to it is immediately seen.

For instance, suppose the dew-point to be 50° ; then the extreme foroe of
vapour at that temperature is by the tables 0:373 inch of meroury ; oritis .
about % th part of an atmosphere whose yvhole pressure is 30 inches of
mercury.
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~Ag in -an atmosphere.of pure stean the foroe of it' at the-earth’s swriace

woald-be-its: weight.; 0 in a mixtare of atmospheres, the elastio foroe of excir
at the eartl’s surface is the weight.of the whole atmosphere of eaoch kind..
Therefore, the elastic force of vapour representing the weight of the entire mass
of aqueous vapour diffused thronghont the atmosphere expresses thegyressure
on the surface in the cistern of the barometer produced by the vapour present
in the air at the time of observation, and it therefore becomes & correction to
be: applied subtractively to all readings of the baromater, o obtain from them
the pressure of the atmosphere of dry air,

As the pressure-of the whole atmosphere is about 151bs. on the s¢qmare inch’
when the reading .of the barometer is about 30 inches ; and as the weight-of
the vapour in the atmosphere when the temperature of the dew-point is 50°
is_about gyth part of the whole pressure ; it follows that the actual weight of
the vapour is about #§lbs, or 1300 grains nearly. The weight of a-enbic
inch of water is 2563 grains, therefore the quantity of water is 3,7%?, or 5 inches
pearly ; $hat is, if @ perpendicular column of air to the top of the atmosphere
had the whole of its vapour precipitated to the bottom, the depth of the water
so precipitated would be about. 5 imches. 1t will be found, if a similar
caloulation be perfermed. for different temperatures of the -dew-point, that
the number representing the weight in grains of the vapour in a cubie foot of
air very nearly represents the depth of water in inches that the vapour then
oxisting in the atmospbere would produce if all were condensed, leaving the
atmosphere of dry air only.”

JAn examination of this part of the table at different temperatures shows
that the. inoreased capacity-of heat for aqueous vapour at a higher temperature
does not follow the same ratio as the temperature.of the air inoreases. The .
capacity for aqueous vapour at 70° is less than the mean between the capa-
cities at 60 °- and 80 © : for.example, aqueous vapour at 6)° has an elastic force
of 0-523 inch, -and at.80° a force of 1:001 inch ; if therefore two masses of
air, the.ong at 60° and the other at:80 ° (being both saturated with moisture),
-are mixed together, the compound will take a mean temperature.of 70° ; but
the elastic force of vapour at 70°-is 0-727 inch; while the mean of the forces at
60° and 80° is 0°762 inch. "The tenston of vapour is therefare greater than
the .air can .contend with, and the difference between the quantities becomes
«condensed and falls in the form of rain.

10, . Weight of Vapowr-in a Cubic Foot of Air, and Additienal
Wezght requzred for Complete Saturation of a Cubic
Foot of Air.

These sufficiently explain themselves ; all that is necessary is to state the
values ‘used int their calculation, A thousand ¢ubic inches of dry air, or of air
deprived of all aqueous vapour, under the pressure of 30 inches of mercury,
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and ab: the temperatave of 60°; weigh 305 grains, as given by Sir Gevrge
Shuckburgh = and according 4o. Biot and Thenard under the sawme eirenm-
stances the weight iz 31}¥ grains (Penny Cyolopmdia, article A1r). ‘The.mean
of these two valmes is 308 grains, and; consequently, the weight of a cubic
foot of dry air-at the temperature of 32.°, and wudor the pressure of 30 jnches
of mercury, was found to be 563-2154 grains : 563 way the number actually
used in calonlating the tables.

A, oubic inch of vapoar under the pressure of 29-92196 inches of mercury,
and ab the temperature of 212°, weighs 0°147176 grains (Edinburgh Cyelo-
padia, article HYeRoMETRY). The expansion of dry air bas been considered
1o be 35th part for every addition of 1 © of heat of Fahrenheit’s scale : aqueoss
vapour has been considered to expand precisely as permanently elastio fluids,
and that it suffers changes of volume proportional to the changes of pvessmw
(Annales de Chimie, vol. xliii.)

In artiole 7it is stated that the knowledge of the dew-point only indicates
the quantity of aqueous vapour ; it is, therefore, not sufficient to characterise
the hygrometrical conditions of the air ; for instance, in summer, when it is hot,
the air may be very dry, whilst. in winter, when it is eold, it may be saturated
with moisture, and yet the absolute quantity of vapour contained in the air
may be the same at both times, If we have in addition to the temperature of
the dew-point that of the ajr, then with the constant values mentioned in the
beginning, of this artiole, the hygrometrical conditions of. the air can be caleu-
lated at any time, but tho calculations are troublesome ; the same results are
obtained with but little trouble by means of the following tables. (Vide Ap-
pendix A.)

_ By examining the column of the table representing the absolute quantity of
vaponr in a oubic foot; of air, it will be found that the grgater the difference
between the temperature of the air and that of the dew-point, the drier is the
air ; and by -examining the column showing the additional quantity required
for complete saturation of a cubic foat of air, the guantities become larger and
larger, so that the air may then dissolve vapour in still greater gquantities
without any probability of being saturated. By examining the quantities with
any varying temperatures, it will at once be seen whether the numbers become
larger or smaller, and consequently whether the state of the air is removing
from or approaching to that of saturation, .

11. Degres of Humidity.

In the preceding section the absolute quantities of each element have been
treated of. In order readily to determine these conditions on a natural seale,
complete saturation has been assumed as represented by uaity ; and . air
absolutely deprived of moisture as represented by zero.  The numbers
are obtained by dividing the quantity of vapour which the air contained at
the time of observation, by the quantity which it would contain if it weve
saturated, and these numbers are printed in the tables; if this number be
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-multiplied by 100, it will tel! us how much per cent. of complete saturation is

-¢ontained in the air: for example, if the temperature of the air be 50 °, that of
the dew-point 30°, then the degree of humidity is 0507 in the tables if thisbe
.multiplied by 100, it will be 51. - So that the air contains, at the moment of

-the observation, about 51 per cent. of the quantity of aqueous vapour which
it would.contain if it were in-a state of saturation.

12, Weight of a Cubic Foot of Air.

This title needs no explanation. If in addition to the readings of the dry
and wef thermomeoters that of the barometer be also taken, then the actual
weight of a cubio foot of air expressed in grains, under the varying circum-
stances of heat, of humidity, and of pressure of the air, can be taken out from
the tables very nearly at sight. The difference between these numbers, as
well asbetween the numbers in the other parts of the table, in every division
of it, from degree to degree is small, and therefore, if the readings of the
thermometers be not whole degrees, the interpolation for the parts of degrees
s easily made.

By examining this table at different temperatures, the effect of the expansion
‘of the air from heat is shown ; as under the pressure of 30 inches, the weight
of a cubio foot of air at 10° is 589-4 grains, and at 90° it is 494'3 grains, By
examining the numbers in any division on the same line the effect of pressure
is shown ; as at the temperature of 32° the weight of a cubic foot of air at 28
inohes’ pressure is 524-2 grains, and at 31 inches’ pressure it is 5803 grains.
-And on examination of the numbers in any division, on different lines, at
the same reading of the barometer, the effeot of humidity is seeu ; as under
the pressure of 30 inches, and at the reading of the dry bulb of 50, the weight
of & cubic foot of air at the readmg of the wet bulb of 50° is 540 2 grains,
.and at 40 it is 541°5 grams.

13. Manner of using the Tables.

Phis will be best understood by an example. The temperature of the
-atmosphere in the shade, and of evaporation being given, to find the
correspording temperature of the dewPomf. and the quantities treated of in
the tables,

If the temperatures be alike, them the numbers on the same line will be
those réquired: in this case the air is completely saturated with moisture, as

shews: by the number in the sixth column being 0-00, and that in the seventh
. colentn ‘being unity.

+ -pgetemperatures be different, as that of the dry bulb 70°, and that of the
~wet bulb 55°, then in the division of the table of 70° of dry thermometer and
‘opposite 55° of the wet, the temperature of the dew-point is immediately found
- 4o be 47°°5 ;-in the next column is 0343 inch, showing that the force of
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_aqueous vapour is eqaivalent to keep in equilibrium & column of mercury of
that height : the weight of vapour in a cubic foot of air is found in the next
column to be 3'76 grains ; the additional weight of vapour required to com-
pletely saturate a cubio foot of air is 4:24 grains : the degree of humidity is
0-470, that of complete saturation being represented by unity. If in addition,
the reading of the barometer be taken, then the weight of a cubic foot of air
at the time of the observation is found in the line and under its own reading,

The state of the atmosphere in the assumed state of the example is such as
would constitute very fine weather ; and one of two things or a modification
of both must happen, before any of the moisture in the air can be precipitated.
Pirst, either the temperature of the air must fall from 70° to below 47 °-3,and
in this case the precipitation would most probably be only slight, as mist, fog,
or small rain ; or the temperature of the dewpoint must rise to 70° ; or the
quantity of aqueous vapour in a cubic foot of air must increase from 3-76
grains to 800 grains, that being the greatest quantity of moisture that can be
held in solution at 70° 3 and in this case the precipitation would probably
assume the form of heavy rains or storms. Secondly, the temperature of the
dew-point may rise, and the temparature of the dry bulb may fall at the same-
time, and in this case some conjecture may be formed of the probable duration
and kind of precipitation according as one or the other of the causes provailed.

Should a reading of the wet bulb be met with, lower than the lowest inserted
in the tables, the several quantities may be found by finding the differences .
between those at the lowest reading, and those at a reading as much higher as
the reading is below it, and applying those differences to the former numbers.
The numbers thus deduced will not be strictly true, but they will be quite
near enough for such extreme cases.

16. Vertical Distribution of Agueous Vapour in tha Atmosphere.

Now that we have a simple means of ascertaining the distribution of va-
pour in the atmosphere, we may hope to know more than we yet do respeot-
ing its distribution. Some persons residing in. elevated districts may bave
the meaus of taking simultaneous observations with others resident at a less
elevation, * '

At any one place two or more pairs of thermometers may be placed at dif-
ferent distances from the ground, and simultaneous readings taken of them ;
for it is yet a quesiion as to whether the higher strata of the atmosphere be
more moist than the lower. I do not here speak of absolote quantities of
vapour, but of the relative humidity ; the determining this is of high import-
ance toward giving us a knowledge of atmospherio changes. This instrument
simply indicates the conditions of the air of the place where it is situated, At
& hundred feet above it, the conditions may be very different, and this may ac-
count for the phanomena that I have frequently seen, viz. that at times when
the sky has been quite clondy, and at times during the fall of rain, a great dif-
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ference bas existed between the readings of the two thermometers : supposing
that the quantity of vapour diminished regularly with the height, and that it
should meet with an ununsually cold stratum of air, then the vapour would be
condensed, and assume either the form of clouds, or it would fall in the shape
of rain.. At other times the two thermometers have read alike, and at the
same times the weather has been fine, and the sky clear of cloud . it is proba.
ble that in this case there may be an unusually hot stratum of air above,
which dissipates,the vapour and leaves a clear sky ; however, these apparent
anomalies should all be noted ; they will cease to be such when our know-
ledge is increased.

17. Lateral Distribution of Aqueous Vapour.

The quantity of vapour existing at the same time in different places, parti-
cularly on large continents, is known to be very different, and it is so even on
our small island.

In the open sea the air appears to be generally saturated with moisture ; on
coasts, therefore, the 'quantity of vapour must be great, and it probably
diminjshes as the distance from the sea increases. For many purposes, the
kuowledge of the amount of vapour at different places is important. The life
of plants and animals depends on humidity as much as on temperature, 1tis
probable that lecalities which appear to be similar in every respect may
differ in this, if they be at unequal distances from the sea. The influence of
different winds on the lateral distribution of vapour, may be great. Ina series
of observations for détermmmé this element, the dlreotxozi and estimated
strength of the wind should be noted ; all that is necessary is the ordinary
observations of the instrument in its ordinary place ; the elevation of the place
of observation: should ‘be ascertained or apprommately stated. Travellers
¢ould give much information by carrying the instrument with f.hem, and ob.
serving it with this view, whilst at the same time the instrument would give
them much “information as to the weather to be expected.

18. Value of the Instrument to the Public, and Uses to which
it is applicable.

In addition to its value to the meteorologist, there are many cases in ordi-
nary life to whwh_ this class of observations may be applied. .The simple
inspection of the two thermometers will often afford a better criterion of the
woather and of the probability of rain tban the barometer itself ; regard,
however, must be had to the time of the da.y and the time of the yearat which
the observation is made,

During the day, in summer-trme, the rise of the.temperature of the air is
great ¢ if in the morning the difforence between the air temperature and the



HYGROMETRY,— DANIELL’S HYGROMETER. 89

dew-point temperature be smill, the accession of heat during the day being
great, it is probable that the difference will therefore increase, If the tempe-
rature of the dew-point at the same time fall, it is an indication of very fine
weather, 1If, on the uontrary, the temperature of both should increase with
the day in nearly equal proportion, rain will almost certainly follow as the
temperature of the air falls with the declining sun,

In winter, when the diurnal range of temperature is small, the indicationof the
weather must be taken more from the increase or decrease in the temperature
of the dew-point than from the difference between the temperatures of the air
and of the dewpoint. Inshowery weather the indications vary rapidly, and a
person making observations at short intervals may predict the approach of a
storm, particularly if they be combined with simultaneous observations “of the
barometer,  Prediction based on observations of the wet and
dry bulb thermometers alone, may at times be at fanlt : see concluding
remarks on the * Vertical Distribution of Vapour in the Atmosphere,” on
apparently anomalous readings of the wet and dry thermometers, article 16+

The following account of Daniells Hygrometer iy given by the
author : abundance of these instruments are generally to be had
from the Grovernment stores, but they are troublesome to observe,
and the wther required for them is expensive :—

Daniell's, or the Dew-Point Eygrometer.—-This’ instrument consists of a tube twice

bent, having a bulb at each extremity. This tube is supported by the middle on an up-
right stem, so that it assumes somewhat the form of a T, as seen in the figure,

The ball a is of black glass about one and -

a quarter inch in diameter, and is connected
with a ball 4 of the same size, by a bent tube
1-cighth of an inch in diameter. A portion
of sulphurie B‘ather, sufficient to fill 3'-fourth,
of the ball 4 is introduced s a small mercurial
thermométer, with a pyriform bulb, is fixed
in the Yimb a, b, the atmospheric aif .is: expell.
ed as completely as possible, and thé whole
is-sealed at 6. Tho ball d is covered with
muslim ;«tlie whole is supported 6n -a-brass -

stand f, ¢, on which is another dethte mer= !
curial thermometer. The tube can be re.
mqved from the spring tube %.; and the whole
4ogether with a phial. of sther, packed neafly
4n'a bozx, that goes easily into the pocket.




90 "HYGROMETRY.—DANIELL'S BYGROMETER.

The follovﬁng directions for the use of the Hygrometer are given
by Daniell himself :—

Place the Hygrometer at an open window, or out of doors, with the uncovered ball
nearly upon a-level with the eye. A few drops of ether are then to be poured upon the
covered bull; évaporation immediately takes place, which, producing cold, causesa
rapid and continuous condensation of .the ethereal vapour in the interior of the instru.
ment, The quent evaporation of the included ether prod cold in the uncorered
ball, the degree of which is ed by the interior th ter. A a ion of
the atmospheric vap which first makes its appearance upon the naked ball,
in a thin ring of dew, coincident with the surface of the ether: the degree at which this
‘takes place is to be carefully noted. A little practice may be y to seize the ex.
act moment of the first deposition, but certainty is very soon acquired. If the instrument
be one of those formed with a transparent ball, it is advisable to have some dark object
behind it, such as a house or a tree, as the cloud is not so scon perceived against an open
horizon; but, for general purposes, a black ball is preferable, which shews the ring of dew,
by reflected light. In very damp or windy weather, the other should be slowly dropped,
otherwise the 4 t of the ther ter is 80 rapid, as to render it difficult to be cer-
tain of the temperature. When this however, happeus, the observation may be corrected
by watching the degree at which the ring of dew disappears again : the mean of the two
will give the correct point of precipitation, Indry weather, on the contrary, the cover
€4 ball requires to be well wetted more than once, to produce the requisite degree of
cold. It is almost superfiucus to observe, that care should be taken not to permit the
breath to affect the glass.

When the included ether has passed from the naked ball into the covered, it may easily
be driven back to its proper situation, by reversing the hygrometer, and holding the co-
vered ball for a few seconds in the hand; and, in general, this mn be a proper pracaution
to take befors commencing an observation.

The following ‘extract from a paper by Colonel Sykes, publish-
ed in the Philosophical Transactions for 1850, goes far to shake
our faith in the observations of the Wet-Bulb Thermometer. [
entertain no doubt whatever of the soundness of the views of Mr.
Orlebar on the subject; and to me it appears indispensible that if
a current of air from a fan, a pair of bellows, or a thermantidote,
be directed against the wet bulb thermometer immediately before
being read, until it will fall no further : it seems impossible to pre-
scribe any definite amount of breeze short of this,—and without
something of this sort its readings seem altogether untrustworthy.

The mean monthly and annual results at the several stations have no doubt a certain
relation to truth, as it is seen that the per-eentages of moisture or fractions of saturation
{n the atmosphere in the different months of the year have an increasing or diminishing
amount as the several monthsapproximate to, or recede from, the monsoon month of the,
year; this is sufficiently shown at Madras, whether the ths are the dry
months at Bombay and in the Deccan. Nevertheless the amount of moisture in the
ctmosphero.'“duced'from tho observations of the wet bulb, is so very great, compared
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with the amount determined by the direct method by Daniell’s hygromoter (itself' an
fimperfact instrument) in the Deccan, and at some of the stations is so little in accord with
] 1 recollecti and experi , that I t refrain from suspecting some
error of ohservation, some mi g t in the manipulations, or a fallacy in the
formula by which the dew-point is deduced from the temp e of the wet bulb, The firs¢
vause of error that struck me was that arising from the proximity of the dry ta the wet bulb,
as noticed by Professor Orlebar in his Report of Meteorological Observations taken at the
‘Bombay Observatory in 1846, He hada stand erected out of doors, 6 feet high, and with &
thatched roof, and every precaution was taken to gnard off radiation by layers of cotton and
tow upon a board under theroof upon which the meteorologic instruments were placed 3
there was lateral agcess for the sir all round. He soon found that the dry bulb, in the
neighbourhood of the wet bulb, was almost always depressed below the neighbouring
standard thermometer, and that the depression of t he dry bulb was greater as the depress
sion of the wet bulb below the standard was greateb., Professor Orlebar explains thisin
the following words:— This seems accountable only on the supposition that heat Is
extracted from the air to form the shell of moisture round the wet buib at a distance ae
far off as the dry bulb,” These discrepancies amounted on the 3rd and 4th of November,
at the 19th hour, Got. mean time,
L

Standardeseeo 824 Drfeceennd6B  Wet bulbeesssn 18 Diffeer oa59
Standard.....+824  Dr¥esscii5'%  ‘Wet bulbeessss693  Diffss.eest0

Prof Orlebar therefore abandoned observing with the attached dry bulb, . But
supposing this cause of error to have been overlooked by other observers, the tension of
vapour and the per-centage humidity would have been recorded by them greatly higher
than the truth; and if we apply this source of error to the mean monthly and annual
results in the comparative table I have given ;j~~for instance, to the annual mean for
Dodabetta, the 90 per cent. {s reduced for the first difference, to 64 per cent., and if the
correction be made for 7% by depression of the dry bulb below a standard owing to its
proximity to the wet bulb, the 90 per cent, of moisture at Dodabetta is reduced to 60 per
cent. Professor Orlebar says the dry bulb always stood below the standard (and he had
determined that it was not owing to error in graduation of the th ters), often to
the extent of 2°, and even in the monsoon month of September I observe that on the 2nd
§t was 3%4 minus. Any amount of error in depression would necessarily affect the
ical determinations of the tension of vapour and degred of humidity ; but supposing
ftnot to exceed 2°, even this small depression would reduce the 90 per cent. of moisture in the
air at Dodabetta to 80 per cent, Supposing therefore that the same error was not
discovered at the other places of observation as was discovered in Bombay, there is
necessarily some ground for the expression of my doubts, whether the air really did holq!
at the different stations the quantity of moisture represented by the figures I have elaborated,
But Professor Orlebar observed another source of error, contingent upon the locality of the
wet bulb apparatus, whether placed within doors or out of doors. To determine the
amount of error he placed a wet bulb witkin the observatory, observing simultaneously
with the wet bulb out of doors upon the meteorologic stand. ‘This was done houwrly for
March, April, and to the 10th of May. The reading wal almost always plus with the
wet butb inside ; on the 22nd of March, at 19th hour, to the extent of 3°-2, while at }8th
hour it had been only 0°2 plus ; but there were great irregularities in the readings, being
plus or minus dependent apparently upon drafis of air within the observatoery, which
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would depress the wet bulb or raise it. Algo the ¢atmosphere withfn the room woutd
tend to keep up a reading at any time' to whatever it had been at a tlme preceding,’ and
the litter, Professor Orlebar says was the principal cause.of the plus readings in-doors,
Supposing this error of 3° to be applied as a correction of the reading of the annual means
of the wet bulb at Bombay for 1843, the percentage of nioisture in the at phere would only
be 65 fnstead of 76. The distinguished experimental phitosopher Regnauit has pointed
out the same sources of error. He placed the dry and wet bulb in the open air in the
court of the College of France in & closed room in the College; and in the theatre of the
College, opening the windows. In the open air, with a temperature ranging frem 716
fo 17988 Centigrade, and & depression ranging from 1°86 to 9°60, the results, by obsers
yation and by M.'Régnault’s tentative formula®, were sufficiently satisfactory ; butin the
tlosed chamber hé says, ¢ Les fractions de saturation calculées avec la formulef, sont
ot beaucoup plui'fortes que'celles que 'on dedait des pesées directes de l'eau renfermée
dansTair; en dantres tertes la tempétature & marquée par la thermométer mouillé n'es
pas assez abafssée par 1A vaporisation de'I'ean que se fait-& sa surface pour donunerdans ls
“formulela véritable force &lastique & de la vapeur. Cette cir tance tient &yid
dceque Vair- setrouve beaucoup moins agité qu’d Pextérieur,—Page 219. At page 220
M. Regnaultadds, ¢ Ces expériences d trent dela idre la plus evidente que la formule
nepeut pas resterla méme pour les divers tats d'agitations de Vair? '

Here then is & second source of error: and it s somewhat curious that Brofessor
Orlebar, in guarding agsinst another grave source of error, which will be adverted to,
himself contributes to an error of observation. He had observed the effect of wind
blowing upon the wet bulb in unduly depressing the temperature, aud to gudrd against
this he says, ¢ Asit was equally essential that the bulb of this thermometer should not be
-exposed to' the wind, and that it should be in the same body of -air as the alr-thermometer
when the Iatter was exposed to the wind, a small mirror, about an inch square, was put
on a litfle vstarid, and this being placed npon the tin board ¢ould be moved abvout by the
observer 'into’ sueh & position thet it might always cut off the wind from the duld of the
wet thermometer. only’ (page 1xiil). Now the wet bulb being thus screened, would be
buried in its own yapour and the reading would necessarily be too high, When the air
s perfectly ;ealm.the same would be the result without the, screen, for there would be a
#hell or .coat of saturated .air around the bulb. I had oceasion to notice this local
‘character of aqueous vapour in my Meteorology of the Deccan, where I constantly
witnessed it, as regulated in its distribution by nature, Speaking of dew, I said in the
yoar 1828, ¢ At Marheh in fhe. Pergunnah of Mohol, garden produce (which is usually
irrigated during tﬁe day-time) was covered with a copious dew every morning; the lands
‘bordering the gardens for forty or fifty yards around were slightly sprinkled with. it, but there
was not @ vestige of it in the fields constituting the rising ground north and south of the
4ract of garden land. Hence I inferred that ¢ aqueous vapour hadbeen taken up by the
-action of the sun during the day, suspended over the spot, and deposited by, the lower
temperature at night as dew upon the land in proportion 1o the supply ebfained by day.”
My tents were within 200 yards of the fields where I obgerved thege phenomena, buf from
the 11th to the 30th of January 1828, there was not any deposition of dew about them, ex-

) " 040 (i)

* Annales de Chimie, tom. xv. p. 218, L e a3
610w=t’
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cepting on the 13th of January. In consequence of these observations 1 was Induced to
remark particularly the localities of dew at Poona and in its neighbourhood. In September
and October I found that when there was not a trace of dew in the cantonment, there would
be a deposition on the fields of standing grain half a mile distant, and when thore was not
any dew either in the cantonment or in the flelds, it would yet be found on the banks of
running rivulets and on the banks of the Mota Mola River; but with respect to the rivulots,
< jifteen or twenty feet from the water were the limits of the deposition.” T gave numerous
other instances of the local deposition of dew proximate to irrigated lands, or in the neigh-
bourhood of water, indicating the suspension of vapours vver the localities, 'Iin complete
analogy with what occurs to the wet bulb thermometer when the air is calm. That agita-
tion of the 4ir is necessary to disperse the vapour surrounding a wet bulb, has been-noticed
hy British chemists, Braap says (page 111, last edition), It is now established that thg
pressure of air is really an obstacle to evaporation, and that @ current is useful, not by sup-
plying new quantities of air, but by removing the vapour according as it is formed and leay~
ing fresh spaces into which the vapours may expand.” He elsewhere says (page 82),
¢ Evaporation is proportional to the surface exposed; it 13 also accelerated by agitating the
superincumbent air, as in the case of & brisk wind, or by artificial means. When the
are is tranquil the vapour rests upon the surface of the water, and it is the pressure of its own
vapour on the surface of a liguid, andnot that of the gaseous atmosphere, which stops the
process.” M. REeNaULT has demonstrated the truth of this in an elaborate manner, Aec-
counting for the different results of observations in a closed and open chamber, he says the
wet bulb was not sufficiently depressed in the closed chamber, ¢ Cette circonstance tient
évidemment 4 ce que l'air se trouve beaucoup moins agité qu'd Pextérieur,”* After experi.
menting in & room with two windows open, he adds, as before stated, ¢ Ces 4expériences
démontrent de la maniére Ia plus évidente que la formule ne peut pas rester Ia méme pour
divers états d’agitation de Uair.” (P, 220.) The vapour therefore resting upon the wet bulb
is a source of error, but the removal of it leads to one much more grave. M. BreNADLT, in
reference to M. Avgust's formula, says (p. 207), “La formule, ne tient aucun compte de
Ia vitesse du courant d'air; d’aprés cette formule, la différence de température devrait &tre
1a méme, quelle que soit cette vitesse, Ce résultat parait impossible & priord. Jai cher-
. ¢hé 3 déterminer par des expériences directes, Uinfluence de cette vitesse et & reconnaitre si,
& partir d'une certaine valeur de la vitesse, les dfﬂ‘érences de temp ure des ther &t
gec et mouillé deviendraient indépendentes de la vitesse absolue da courant d'air, consé-
quence 3 laquelle onse trouve noturellement conduit par le raisonnement que M. AvausT
applique aw caléul de 1a formule du psychxjométrp."‘ M. Reevavrr.then describes his ap-
pt;,ratus and mode of making his experiments, He gives two series of exper'iments; in the
second experiment the air being made to blow upon the wet bulb with a greater velocity
than in the first. h

* Annales de Chimie, tom. iv., page 219.



BAROMETRIC MEASUREMENTS.

IN a vast, varied, and little known country like India, the altitudes
of the great bulk of our more notable eminences, and the levels of
the higher portions of the country, must necessarily for a long time
remain unknown to us, and must, for the present at all events, until
trigonometry comes to our aid, be determined by the Barometer or
Lhermometer—by some reference to apparent pressure. It but
rarely happens that a traveller amongst us can command the services
or assistance of a second observer, or the aid of a reference baromex
ter, and he must suffer himself to be guided in his researches by re-
ferring to the known pressure of some given locality, as near as
possible to the place of observation ; and with a due amount of pre-
cautions, it will rarely happen by this means that he will go greatly
astray. We have had repeated occasion to notice in the paper
and elsewhere the remarkable regularity with which the barometer
fluctuates.  Subjoined are tables of the Pressure for Bombay, Lat.
18°52'35”, Long. 72°49"5" ; for Caleutta, Lat. 22°34'43", Long.
88°28715"; Aden, Lat. 12046'267, Long. 45°15”; Madras, Lat.
18°410”, Long. 80°21'58”; Trevandrum, Tat. 8°30’, Long.
76°59’; Dodabetta, Lat. 11°23722", Long, 76°47 ; Lucknow,
Lat, 26°51, Long. 80°55" ; St. Helena, Lat. 15°56'41-2”7 South,
Long, 5°40'31:5” West ; &o. &c. We are unfortunately unable
to give these exactly in the same form, or for the same number
of years, but the changes are 5o small and so regular that the average
of one year without storm periods, for which no rule can be given,
_ come close on those of a series of years, A hundredth part of an
inch may be assumed as corresponding to ten feet, where the alti-
tude does not exceed 300 feet in all. In measwring, the traveller
should be careful to refer to the pressure tables of the place next to
him, and to be exaet, not only as to the month of the year, but also
to the hour of the day. The observations here given, it must be
remembered, have all been corrected for temperature,——they are not
corrected, however, for lovel :—
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[The fluctuations of the Barometer are so regular throughout
India, as far north, at all events, as Calcutta and Kurrachee, that
the following tables may serve the Traveller who wishes to deter-
mine altitudes by means of pressure, in place of a reference Baro-
meter. The first set are meant to exhibit in abstract form the
atmospheric fluctuations at Bombay for the years 1843-44-45-46,

to show how very little corresponding portions of different years
vary from each other, unless during periods of, actual \distur-.
bance, The other tables afford the hourly, daily, and monthly
means, with the hourly fluctuations, In using them the traveller

should select the observations of the place nearest to that he is

traversing, and the month of the year, and hour of the day, cor-
responding to those of observation. If this be carefully attended.

to, the greatest possible error will certainly fall short of half”
a tenth of an inch—~that corresponding to 50 .feet of elevation,
unless during periods of atmospheric disturbance, during which
aecuracy is not to be looked for whatever be the precautions resort-
ed to, and observation for the purposes of measurement is almost in
vain, The barometer has been corrected in all the tables for tem~
perature for 32° Fahr.. These tables may also prove eminently ser-
viceable to the navigator in ratimg his barometers, and in watching

the approach of a storm. No better test of the accuracy of a
barometer, short of actual comparison, can be had in these lati-
tudes than that of its daily fluctuations : if they differ widely from
those in the tables, the instrument may be set down as uﬁytrust-

worthy, The marine barometer does not admit of an exact cor-

rection for temperature, so that absolute coincidence even in the

case of the best of instruments, is not to be looked for : a table of
approximate corrections-has been giveil. The change of tempera=

ture betwixt any two turning-points is seldom such as to. occasion,

any great amount of error where the correction is omitted alto=
gether, and it is the range as much as the position of the mercury-
that indicates the quahty of the instrument.
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PRESSURE TABLE~BOMBAY.

TABLE showing the Mean Hourly Rise and Fall of the Baro-
meter, during each month of the year 1844, at Bombay, Lat.
18° 527 35”7 N. Long. 72°49 5”7 E. Theyearly mean pressure of
the Atmosphere, veduced to 32° Fah., being inches 29-809,
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