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PREFACE.

Tue national utilisation of Meteorology in forewarning of storms, and the increasing
employment of instruments as weather indicators, render a knowledge of their
construction, principles, and practical uses necessary to every well-informed person.
Impressed with the idea that we shall be supplying an existing want, and aiding
materially the cause of Meteorological Science, in giving a plain deseription of the
various instruments now in use, we have endeavoured, in the present volume,
to condense such information as is generally required regarding the instruments
used in Meteorology ; the description of many of which could only be found in
elaborate scientific works, and then only briefly touched upon. Every Meteor-
ological Instrument now in use being fully described, with adequate directions for
using, the uninitiated will be enabled to select those which scem fo them best
adapted to their requirements. With accounts of old or obsolete instruments wo
have avoided troubling the reader ; on the other hand, we were unwilling to neglect
those which, though of no great practical importance, é,re still deserving of notice
from their being either novel or ingenious, or which, without being strictly scientific,
are in great demand as simple weather-glasses and articles of trade.

We trust, therefore, that the work (however imperfect), bearing in mind the
importance of the subject, will be acceptable to general readers, as well as to those
for whose requirements it has been prepared.

The rapid progress made in the introduction of new apparatus of acknowledged
superiority has rendered the publication of some desecription absolutely necessary.
The Report of the Jurors for Class XIII. of the International Exhibition, 1862, on

Meteorological Instruments, fully bears out our assertion, as shown by the following
extract :—
A2
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“The progress in the English department has been very great;—in baro-
meters, thermometers, anemometers, and in every class of instruments. At the
close of the Exhibition of 1851, there seemed to have arisen a general anxiety
among the majority of makers to pay every attention to all the essentials necessary
for philosophical instruments, not only in their old forms, but kalso with the view of
obtaining other and better forms. This desire has never ceased ; and no better idea
can be given of the continued activity in these respects, than the number of patents
taken out for improvements in meteorological instruments in the interval between
the recent and preceding exhibitions, which amount to no less than forty-two.”
* % %  «Tpn addition to numerous improvements patented by Messrs. Negretti
and Zambra, there is another of great importance, which they did not patent, viz.
enamelling the tubes of thermometers, enabling the makers to use finer threads of
mercury in the construction of all thermometers; for the contrast between the
opaque mercury and the enamel back of the tubes is so great, that the finest bore
or thread of mercury, which at one time could not be seen without the greatest
difficulty, is now seen with facility; and throughout the British and Foreign
departments, the makers have availed themselves of this invention, the tubes of all
being made with enamelled backs. It is to be hoped that the recent exhibition will
give a fresh stimulus to the desire of improvement, and that the same rate of
progress will be continued.”

To fulfil the desire of the International Jury in the latter portion of the above
extract will be the constant study of

NEGRETTI & ZAMBRA.
1st January, 1864.
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METEOROLOGICAL INSTRUMENTS.

Iy the pursuits and investigations of the science of Meteorology, which is essentially
a science of observation and experiment, instruments are required for ascertaining,
1. the pressure of the atmosphere at any time or place ; 2. the temperature of the
air; 8. the absorption and radiation of the sun’s heat by the earth’s surface; 4. the
humidity of the air; 5. the amount and duration of rainfall; 6. the direction,
the horizontal pressure, and the velocity of winds; 7. the electric condition of the
atmosphere, and the prevalence and activity of ozone.

- CHAPTER 1.
INSTRUMENTS FOR ASCERTAINING THE ATMOSPHERIC PRESSURE.

1, Principle of the Barometer.—The first instrument which gave the exact
measure of the pressure of the atmosphere was invented by Torricelli, in 1643. It
is constructed as follows:—A glass tube, CD
(fig. 1), about 84 inches long, and from two to
four-tenths of an inch in diameter of bore, having
one end closed, is filled with mercury. In a cup,
B, a quantity of mercury is also poured. Then,
placing a finger securely over the open end, C, in-
vert the tube vertically over the cup, and remove
the finger when the end of the tube dips into the
mereury. The mercury in the tube then partly
falls out, but a column, A B, about 30 inches in
height, remains supported. This column is a
weight of mercury, the pressure of which upon
the surface of that in the cup is precisely equiva-
lent to the corresponding pressure of the atmo- -
sphere which would be exerted in its place if the
tube were removed. As the atmospheric pressure
varies, the length of this mercurial eolumn also
changes. It is by no means constant in its height ;
in fact, it is very seldom stationary, but is con-
stantly rising or falling through a certain extent of o A1
tho tube, at the level of the sea, near which the above experiment is supposed to be per-
formed. It is, therefore, an instrument by which the fluctuations taking place in the

B




2 METEOROLOGICAL INSTRUMENTS.

pressure of the atmosphere, arising from changes in its weight and elasticity, can be
shown and measured. It has obtained the name Baromater, or measurer of heaviness,—
a word certainly not happily expressive of the utility of the invention. If the bore
of the barometer tube be uniform throughout its length, and have its sectional area
equal to a square inch, it is evident that the length of the column, which is supported
by the pressure of the air, expresses the number of cubic inches of mercury which
compose it. The weight of this mercury, therefore, represents the statical pres-
sure of the atmosphere upon a square inch of surface. In England the annual mean
height of the barometric column, reduced to the sea-level and to the temperature of
82° Fahrenheit, is about 29°95 inches. A cubic inch of mercury at this temperature
has been ascertained to weigh 0-48967 tbs. avoirdupois. Hence, 29:95 X 0:48967=
14:67 1bs., is the mean value of the pressure of the atmosphere on each square inch
of surface, near the sea-level, about the latitude of 50 degrees. Nearer the equator
this mean pressure is somewhat greater; nearer the poles, somewhat less. For
common practical calculations it is assumed to be 15 Ibs. on the square inch.
When it became apparent that the movements of the barometric column furnished
indications of the probable coming changes in the weather, an attempt was made to
deduce from recorded observations the barometric height corresponding to the most
notable characteristics of weather. It was found that for fine dry weather the
mercury in the barometer at the sea-level generally stood above 80 inches; change-
able weather happened when it ranged from 80 to 29 inches, and when rainy or
stormy weather occurred it was even lower. Hence, it became the practice to place
upon barometer scales words indicatory of the weather likely to accompany, or
follow, the movements of the mercury; whence the instruments bearing them
obtained the name ¢ Weather Glasses.”

2. Construction of Barometers.—In order that the instrument may be portable,
it must be made a fixture and mounted on a support; and, further, to render it
scientifically or even practically useful, many precautions are required in its con-
struction. The following remarks apply to the construction of all barometers :—
Mercury is universally employed, because it is the heaviest of fluids, and therefore
measures the atmospheric pressure by the shortest column. Water barometers have
been constructed, and they require to be at least 84 feet long. Oil, or other fluids,
might be used. Mercury, however, has other advantages : it has feeble volatility,
and does not adhere to glass, if pure. Oxidised, or otherwise impure mercury, may
adhere to glass ; moreover, such mercury would not have the density of the pure
metal, andtherefore the barometric column would be either greater or less than it
should be. The mercury of commerce generally containg lead ; sometimes traces
of iron and sulphur. It is necessary, therefore, for the manufacturer to purify the
mercury; and this is done by washing it with diluted acetie, or sulphuric acid,
which dissolves the impurities. No better test can be found for ascertaining if the
mercury be pure than that of filling a delicate thermometer tube; if, on exhausting
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the air from this thermometer, the mercury will freely run up and down the bore,
which is probably one thousandth of an inch in diameter, the mercury from which
this thermometer was made will be found fit for any purpose, and with it a tube
may be filled and boiled, not only of one inch, but even of two inches diameter.
In all barometers it is requisite that the space above the mercurial column should
be completely void of air and aqueous vapour, because these gases, by virtue
of their elasticity, would depress the column. To exclude these the mercury is
introduced, and boiled in the tube, over a charcoal fire, kept up for the
purpose. In this manner the air and vapour which adhere to the glass are
expanded, and escape away. One can tell whether a barometer has been properly
“boiled,” as it is termed, by simply holding the tube in a slanting direction and
allowing the mercury to strike the top. If the boiling has been well performed, the
mercury will give a clear, metallic sound ; if not, a dull, flat sound, showing some
air to be present.

When the mercury in a barometer tube rises or falls, the level of the mercury
in the cup, or cistern, as it is generally termed, falls or rises by a proportionate
quantity, which depends upon the relative areas of the interior of the tube and of
the cistern. Tt is necessary that this should be taken into consideration in
ascertaining the exact height of the column. If a fixed scale is applied to the tube,
the correct height may be obtained by applying a correction for capacity. A certain
height of the mercury is ascertained to be accurately measured by the scale, and
should be marked on the instrument as the neutral point. Above this point the
heights measured are all less, and below, all more, than they should be. The
ratio between the internal diameters of the tube and cistern (which should also be
stated on the instrument, as, for instance, capac. 1/50) supplies the data for finding
the correction to be applied. This correction is obviated by constructing the cistern
so as to allow of the surface of the mercury in it being adjustable to the commence-
ment of the fixed scale, as by Fortin’s or Negretti’s plan. It is also unnecessary in
barometers constructed on what is now called the ¢ Kew method.” These will all
be detailed in their proper place. The tube, being fixed to the cistern, may have a
moveable scale applied to it. But such an arrangement requires the ntmost care and
skill in observing, and is seldom seen except in first-class Observatories.

3. Fortin’s Barometer.—Fortin’s plan of constructing a baro-
meter cistern is shown in fig. 2. The cistern is formed of a glass
eylinder, which allows of the level of the mercury within being seen.
The bottom of the eylinder is made of sheep-skin or leather, like a
bag, so as to allow of being pushed up or lowered by means of a
screw, DB, worked from beneath. This screw moves through the
bottom of a brass cylinder, CC, which is fixed outside, and protects
the glass cylinder containing the mercury. At the top of the interior
of the cistern is fixed a small piece of ivory, A, the point of which
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M exactly coincides with the zero of the scale. This serew
and moveable cistern-bottom serve also to render the baro-

il meter portable, by confining the mercury in the tube, and
preventing its coming into the cistern, which is thus made
too small to receive it.

4. STANDARD BAROMETER.

Fig. 8 represents a Standard Barometer on Fortin's prin-
ciple. The barometer tube is enclosed and protected by a
tube of brass extending throughout its whole length ; the
upper portion of the brass tube has two longitudinal open-
ings opposite each other ; on one side of the front opening
ig the barometrical scale of English inches, divided to show,
by means of a vernier, y34th of an inch; on the opposite
side is sometimes divided a scale of French millimetres,

il reading also by a vernier to ;th of a millimetre (see
directions for reading the vernier, page 7). A thermo-
meter, C, is attached to the frame, and divided to degrees,
which can be read to tenths ; it is necessary for ascertaining
the temperature of the instrument, in order to correct the
observed height of the barometer.

As received by the observer, the baromefer will consist

il of two parts, packed separately for safety in carriage,—
| 1st, the barometer tube and cistern, filled with mercury,
the brass tube, with its divided seale and thermometer ;
and 2nd, a mahogany board, with bracket at top, and brass
ring with three adjusting screws at bottom.

| Directions Jfor fixing the Barometer.—In selecting a posi-

tion for a barometer, care should be taken to place it so
that the sun cannot shine upon it, and that it is not affected
by direct heat from a fire. The cistern should be from
two to three feet above the ground, which will give a height
for observing convenient to most persons. A standard

barometer should be compared with an observatory standard
of acknowledged accuracy, to determine its index error;
which, as such instruments are graduated by micrometrical
apparatus of great exactitude, will be constant for all parts

il of the scale. It should be capable of turning on its axis
| by & movement of the hand, so that little difficulty can ever
| be experienced in obtaining a good light for observation.
| Having determined upon the position in which to place the
instrument, fix the mahogany board as nearly vertical as
L possible, and ascertain if the barometer is perfect and free
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from air, in tho following manner :—lower the screw at the bottom of the cistern
several turns, so that the mercury in the tube, when held upright, may fall
two or three-inches from the top; then glightly incline the instrument from the
vertical position, and if the mercury in striking the top elicit a sharp tap, the
instrument is perfect. Supposing the barometer to be in perfect condition, as it
is almost sure to be, it is next suspended on the brass bracket, its cistern passing
through the ring at bottom, and allowed to find its vertical position, after which it
is firmly clamped by means of the three thumb-screws.

To Remove the Instrument when fixed to another Position.—If it should be
necessary to remove the barometer,—first, by means of the adjusting screw, drive
the mercury to the top of the tube, turning it gently when it is approaching the top,
and cease directly any resistance is experienced; next, remove from the upper
bracket or socket; lift the instrument and invert it, carrying it with its lower end
upwards.

Directions for taking an Observation.—Before making an observation, the mer-
cury in the cistern must be raised or lowered by means of the thumb-serew, I, until
the ivory point, E, and its reflected image in the mercury, D, are just in contact ;
the vernier is then moved by means of the milled head, until its lower termination
just excludes the light from the top of the mercurial column ; the reading is then
taken by means of the scale on the limb and the vernier. The vernier should be
made to read upward in all barometers, unless for a special object, as this arrange-
ment admits of the most exact setting. In observing, the eye should be placed in a
right line with the fore and back edges of the lower termination of the vernier ; and
this line should be made to form a tangent to the apex of the mercurial column. A
small reflector placed behind the vernier and moving with it, so as to assist in
throwing the light through the back slit of the brass frame on to the glass tube, is
advantageous ; and the observer’s vision may be further assisted by the aid of a
reading lens. The object is, in these Standard Barometers, to obtain an exact
reading, which can only be done by having the eye, the fore part of the zero edge ot
the vernier, the top of the mercurial colamn, and the back of the vernier, in the
same horizontal plane.

Uniformity of Calibre.—The diameter of that part of the tube through which
the oscillations of the mercury will take place is very carefully examined to insure
uniformity of calibre, and only those tubes are used which are as nearly as possible of
the same diameter throughout. The size of the bore should be marked on the frame
of the barometer in tenths and hundredths of an inch. A correction due to capillary
action, and depending on the size of the tube, must be applied to the readings.

5. Correction due to Capillarity.—When an open tube of small bore is plunged
into mereury, the fluid will not rise to the same level inside as it has outside.
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Hence, the effect of capillary action is to depress the mercurial column; and the
more so the smaller the tube. The following table gives the correction for tubes in
ordinary use :—

Diameter of Depression, in Depression, in
tube. boiled tubes. unboiled tubes.
INCH. INCH. INCH.
(1760 I, e e DR LA S ot 0-004
U OB <o o o AU g iheiissaanaoabng 0-:005
()25 0BRSS .. S MU RSl S T 0-007
0:45 _ dliitam: 0300 SR SR 0-010
OO T e DO St s 0-015
(Trass: et LS Q01050 15 5 aleoe sl 0-021
OS5 el mdeeh Q2044 5558 e et 0-029
(P e e e s AU T A e e 0-041
()35 (DS T =N 8% 030174 TR st 0-058
(025 SRIETAN. o5 % 0020 RTINS rRas 0-086
OF20 SR G URUPATR Lo dhi o8 0-140

This correction is always additive to the observed reading of the barometer.

6. Correction due to Temperature,—In all kinds of mercurial barometers atten-
tion must be given to the temperature of the mercury. As this metal expands and
contracts very much for variations of temperature, its density alters correspondingly,
and in consequence the height of the barometric column also varies. To ascertain
the temperature of the mercury, a thermometer is placed near the tube, and is some-
times made to dip into the mercuryin the cistern. The freezing point of water, 82°F.,
is the temperature to which all readings of barometers must be reduced, in order to
make them fairly comparable. The reduction may be effected by caleulation, but the
practical method is by tables for the purpose; and for these tables we refer the
reader to the works mentioned at the end of this book.

7. Correction due to Height above the Half-tide Level.—Further, in order
that barometrical observations generally may be made under similar eircumstances,
the readings, corrected for capacity, capillarity, and temperature, should be reduced
to what they would be at the sea-level, by adding a correction corresponding to the
height above the mean level of the sea, or of half-tide. For practical purposes of com-
parison with barometric pressure at other localities, add one-tenth of an inch to the
reading for each hundred feet of clevation above the sea. For scientific accuracy
this will not suffice, but a correction must be obtained by means of Schuckburg’s
formula, or tables computed therefrom.

8. The Barometer Vernier.—The wernier, an invaluable contrivance for
measuring small spaces, was invented by Peter Vernier, about the year 1630. The
barometer scale is divided into inches and tenths. The vernier enables us to
accurately subdivide the tenths into hundredths, and, in first-class instruments, even
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Fig. 4. Fig. 5.
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of the vernier, to whatever instrumental scale
applied, is that the divisions of the moveable
scale are to those in an equal length of the
fixed scale in the proportion of two numbers
which differ from each other by unity.

- The secales of standard barometers are usually
30 divided into half-tenths, or -05, of an inch, as
represented, in fig. 5, by AB. The vernier, CD, |17
is made equal in length to twenty-four of these
divisions, and divided into twenty-five equal
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parts; consequently one space on the scale is
&f Sy larger than one on the vernier by the twenty T
D — fifth part of ‘05, which is 002 inch, so that L
Lo | such a vernier shows differences of ‘002 inch.
The vernier of the figure reading upwards, the
lower edge, D, will denote the top of the baro-

= } ‘meter column ; and is the zero of the vernier
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seale. In fig. 4, the zero being in line exactly LYe :oo
with 29 inches and five-tenths of the fixed secale,
the barometer reading would be 29-500 inches. It will be seen that the vernier
line, a, falls short of a division of the scale by, as we have explained, ‘002 inch; b,
by ‘004; ¢, by *006; d, by -008; and the next line by one hundredth. If, then, the
vernier be moved so as to make a coincide with z, on the scale, it will have moved
through 002 inch; and if 1 on the vernier be moved into line with y on the scale,
the space measured will be -010. Hence, the figures 1, 2, 3, 4, 5 on the vernier
measure hundredths, and the intermediate lines even thousandths of an inch. In
fig. 5, the zero of the vernier is intermediate 29-65 and 29-70 on the scale. Pass-
ing the eye up the vernier and scale, the second line above 8 is perceived to lie
evenly with a line of the secale. This gives <03 and ‘004 to add to 29-65, so that
the actual reading is 29:684 inches. It may happen that no line on the vernier
accurately lies in the same straight line with one on the scale; in such a case a
doubt will arise as to the selection of one from two equally coincident, and the inter-

mediate thousandth of an inch should be taken.

"For the ordinary purposes of the barometer as a ‘¢ weather-glass,” such minute
measurement is not required. Heneé, in household and marine barometers the
scale need only be divided to tenths, and the vernier constructed to measure hun-
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dredths of an inch. This is done by making the vernier either 9 or 11-10ths of an
inch long, and dividing it into ten equal parts. The lines above the zero line are
Fig. 6.

then numbered from 1 to 10; sometimes the alternate divisions
only are numbered, the intermediate numbers being very readily
inferred. Hence, if the first line of the vernier agrees with one
on the scale, the next must be out one-tenth of a tenth, or <01 of
an inch from agreement with the next scale line; the following
vernier line must be ‘02 out, and so on. Consequently, when the
vernier is set to the mercurial column, the difference shown by
the vernier from the tenth on the scale is the hundredths to be
added to the inches and tenths of the scale.

A little practice will accustom a person to set and read any baro-
meter quickly ; an important matter where aceuracy is required, as
the heat of the body, or the hand, is very rapidly communicated to
the instrument, and may vitiate, to some extent, the observation.

9. SELF-COMPENSATING STANDARD BAROMETER.

This barometer has been suggested to Messrs. Negretti and
Zambra by Wentworth Erk, Esq. It consists of a regular baro-
meter ; but attached to the vernier is a double rack worked with
one pinion, so that in setting or adjusting the vernier in one
position, the second rack moves in directly the opposite direction,
carrying along with it a plug or plunger the exact size of the
internal diameter of the tube dipping in the cistern, so that what-
ever the displacement that has taken place in the cistern, owing
to the rise or fall of the mercury, it is exactly compensated by the
plug being more or less immersed in the mercury, so that no
capacity correction is required. A

A barometer on thig principle is, however, no novelty, for at the
Royal Society’s room a very old instrument may be seen reading
somewhat after the same manner.

Fig. 6 is an illustration of the appearance of this instrument.
The cistern is so constructed that the greatest amount of light
is admitted to the surface of the mercury.

10. BAROMETER WITH ELECTRICAL ADJUSTMENT.

This barometer is useful to persons whose eyesight may be defective; and is
capable of being read off to greater accuracy than ordinary barometers, as will
be seen by the following description :—The barometer consists of an upright tube
dipping into a cistern, so contrived, that an up-and-down movement, by means of a
screw, can bo imparted to it. In the top of the tube a piece of platina wire is her-
metically sealed. The cistern 2also has a metallic connection, so that by means of
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covered copper wires (in the back of the frame) a circuit is established; another
conneetion also exists by means of a metallic point dipping into the cistern. The
circuit, however, can be cut off from this by means of a switch placed about midway
up the frame; on one side of the tube is placed a scale of inches; a small cireular
vernier, divided into 100 parts, is connected with the dipping point, and works at
right angles with this scale.

To set the instrument in action for taking an observation, a small battery is
connected by means of two small binding serews at the bottom of the frame. The
switch is turned upwards, thereby disconnecting the dipping point; the cistern is then
screwed up, so that the mercury in the tube is brought into contact with the platina
wire at the top ; the instant this is effected the magnetic needle seen on the barometer
will be deflected. The switch is now turned down ; by so doing the connection with
the upper wire or platina is cut off, and established instead only between the dipping
point carrying the circular vernier and the bottom of the cistern; the point is now
screwed by means of the milled head until the needle is again deflected. We may
now be sure that the line on the circular vernier that cuts the division on the seale
is the exact height of the barometer. Although the deseription here given may seem
somewhat lengthy, the operation itself is performed in less time than would be taken
in reading off an ordinary instrument.

11. PEDIMENT BAROMETERS.
These Barometers, generally for household purposes, are illustrated by figs. 7 to 11.

1L

Fig. 8. Fig 9.
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They are intended chiefly for ¢ weather glasses,” and are manufactured to serve
not only a useful, but an ornamental purpose as well. They are usually framed in
wood, such as mahogany, rosewood, ebony, oak or walnut, and can be obtained
either plain or handsomely and elaborately carved and embellished, in a variety of
designs, so as to be suitable for private rooms, large halls, or public buildings. The
scales to the barometer and its attached thermometer may be ivory, porcelain, or
silvered metal. It is not desirable that the vernier should read nearer than one-
hundredth of an inch. Two verniers and scales may be fitted one on either side
of the mercurial column, so that one can denote the last reading, and thus show at
a glance the extent of rise or fall in the interval. The scale and thermometer should
be covered with plate glass. A cheap instrument has an open face and plain frame,
with sliding vernier instead of rack-and-pinion motidn. The barometer may or may
not have a moveable bottom to the cistern, with screw for the purpose of securing
the mercury for portability. The ecistern should not, however, require adjustment
to a zero or fiducial point. It should be large enough to contain the mercury, which
falls from 81 to 27 inches, without any appreciable error on the height read off on
the scale.

12. The Words on the Scale.—The following words are usually engraved on
the scales of these barometers, although they are not now considered of so much
importance as formerly:—

At 31 inches ... Very dry.
5 005 Settled fair.
5SSO TS Fair.
51 29588 Changeable.
55 200 Tae Rain.
5 285 ,, Much rain.
5y WO Stormy.

The French place upon their barometers a similar formula :—
At 785 millimétres Trés-see.
yy 116 s Beau-fixe.
» 767 b Beau temps.
5 158 ,, Variable.
5 749 # Pluie ou vent.
,, 140 * Grande pluie.
sy 781 % Tempéte.

Manufacturers of barometers have uniformly adopted these indications for all
countries, without regard to the elevation above the sea, or the different geographical
conditions ; and as it can readily be shown that the height and variations of the
barometer are dependent on these, it follows that barometers have furnished indica-
tions which, under many circumstances, have been completely false.  Even in this
country, and near the sca-level, storms are frequent with the barometer not below
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29 ; rain is not uncommon with the glass at 80; even fine weather sometimes occurs
with a low pressure; while it is evident that at an elevation of a few thousand feet the
mercury would never rise to 80 inches; hence, according to the scale, there should
never be fair weather there. If tempests happened as seldom in our latitude as the
barometer gets down to 28 inches, the maritime portion of the community at least
would be happyindeed: These words have long been ridiculed by persons acquainted
with the causes of the barometric fluctuations ; nevertheless opticians continue to place
them on the scales, evidently only because they appear to add to the importance of
the instrument in the eyes of those who have not learned their general inutility. In
different regions of the world, the indications of the barometer are modified by the
conditions peculiar to the geographical position and elevation above the sea, and it
is necessary to take account of these in any attempt to found rules of general utility
in connection with the barometer as a weather guide. All that can be said in favour
of these words is, that within a few hundred feet of the sea-level, when the column
rises or falls gradually during two or three days towards ¢“Fair” or ¢Rain,” the
indieations they afford of the coming weather are generally extremely probable; but
when the variations are .quick, upward or downward, they presage unsettled or
stormy weather.

Admiral FitzRoy writes :—¢ The words on the scales of barometers should not
be so much regarded, for weather indications, as the rising or falling of the mercury;
for if it stands at Changeable, and then rises a little towards Fair, it presages a
change of wind or weather, though not so great as if the mercury had risen higher;
and, on the contrary, if the mercury stands above Fair and falls, it presages a
change, though not to so great a degree as if it had stood lower; besides which,
the direction and force of wind are not in any way noticed. It is not from the
point at which the mercury stands that we are alone to form a judgment of the state
of the weather, but from its 7ising or falling; and from the movements of imme-
diately preceding days as well as hours, keeping in mind effects of change of direction
and dryness, or moisture, as well as alteration of force or strength of wind.”’#*

18. Correction due to Capacity of Cistern.—These barometers, having no ad-
justment for the zero of the scale, require a correction for the varying level of the
mercury in the cistern, when the observations are required for strict comparison
with other barometric observations, or when they are registered for scientific pur-
poses; but for the common purpose of predicting the weather, this correction is
unnecessary. The neutral point, and the ratio of the bore of the tube to the
diameter of the cistern, must be known (see p. 8). Then the capacity correction,
as it is termed, is found as follows:—Take the fractional part, expressed by the
capacity ratio, of the difference between the observed reading and the height of the
neutral point; then, if the mercury stand below the neutral point, subtract this result
from the reading; if it stand above, add it to the reading.

# Second Number of ¢ Meteorological Papers,” issued by the Board of Trade.
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For example, suppose the neutral point to be 29:95 inches, and the capamty

ratio 5, required the correction when the barometer reads 30-78.

Here 30-78—29-95 = 0-83

Correction o 83_+0 -02 nearly.
Scale reading ... 30-78
Correct reading ... 30-80

Of course the correction could as easily be found to three
decimal places, if desirable. It is evident that the correction is
more important the greater the distance of the top of the mercury
from the neutral point.

14, PUBLIC BAROMETERS.

Since the increased attention paid to the signs of forthcoming
weather of late years, and the good which has resulted therefrom to
farmers, gardeners, civil engineers, miners, fishermen, and mariners
generally, by forewarning of impending wet or stormy weather, the
desirability of having good barometers exposed in public localities
has become evident.

Barometers may now be seen attached to drinking fountains,
properly protected, and are frequently consulted by the passers-
by. But it is among those whose lives are endangered by
sudden changes in the weather, fishermen especially, that the
warning monitor is most urgently required. Many poor fishing
villages and towns have therefore been provided by the Board
of Trade, at the public expense, and through the humane effort
of Admiral FitzRoy, with first-class barometers, each fixed in
a conspicuous position, so as to be easily accessible fo all
who desire to consult it. Following this example, the Royal
National Life Boat Institution has supplied each of its stations
with a similar storm warner; the Duke of Northumberland and
the British Meteorological Society have erected several on the
coast of Northumberland; and many other individuals have pre-
sented barometers to maritime places with which they are con-
nected.

These barometers have all been manufactured by Messrs. Negretti
and Zambra. The form given to the instrument seems well adapted
for public purposes.

15. Fishery or Sea-coast Barometers,—Fig. 12 gives a repre-
sentation of these coast and fishery barometers, The frame is of
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solid oak, firmly screwed together. The scales are very legibly engraved on
porcelain by Negretti and Zambra’s patent process. The thermometer is large,
and easily read; and as this instrument is exposed, it will indicate the actual
temperature sufficiently for practical purposes. The barometer tube is three-tenths
of an inch in diameter of bore, exhibiting a good column of mercury; and the
cistern is of such capacity, in relation to the tube, that the change of height in the
surface of the mercury in the cistern corresponding to a change of height of three
inches of mercury in the tube, is less than one-hundredth of an inch, and therefore,
as the readings are only to be made to this degree of accuracy, this small error
is of no importance. The cistern is made of boxwood, which is sufficiently porous
to allow the atmosphere to influence the mercurial column; but the top is plugged
with porous cane, to admit of free and certain play.

16. Admiral FitzRoy’s Scale Words.—The directions given on the scales of
these barometers were drawn up by Admiral FitzRoy, F.R.S. They appear to be
founded on the following considerations:—

Supposing a compass diagram, with the principal points laid down, the N.E. ig
the wind for which the barometer stands highest; for the 8.W. wind it is lowest.
This is found to be so in the great majority of eases; but there are exceptions to
this, as to all rules. The N.E. and S.W. may therefore be regarded as the poles of
the winds, being opposite each other. When the wind veers from the S.W. through
W. and N. to N.E., the barometer gradually rises; on the contrary, when the wind
veers from N.E. and E. to S.E., S. and S.W., the mercury falls. A similar curious
law exists in relation to the veering of the wind, and the action of the thermometer.
Asg the wind veers from the S.W. to W. and N., the thermometer falls ; as it veers from
N.E. to E. and 8., it rises, because the wind gets from a colder to a warmer quarter.
The polar winds are cold, dry, and heavy. Those from the equatorial regions are
warm, moist, and comparatively light.

These laws have been clearly developed and expressed by Professor Dové in his
work on the “Law of Storms.” The warm winds of Europe are those which bring
the greatest quantity of rain, as they blow from the ocean, and come heavily laden
with moisture. The cold winds, besides containing less moisture, blow more from
theland. The weight of the vapour of the warm winds tends to raise the barometrie
column ; but, at the same time, the increased dilatation of the air tends to lower it.
This latter influence being the stronger, the barometer always falls for these winds ;
and in regions where they traverse a large extent of land, retain their heat, and
become necessarily very dry, the fall in the barometer will be greater. Admiral

FitzRoy’s words for the scales of barometers for use in northern latitudes, then, are
as follows:—
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RISE. FALL.
FOR FOR
N. Evy. S. Wry.
NW.--N.--E. SE.--$.--W.
DRY WET
OR OR
LESS MORE
WIND. WIND.
EXCEPT EXCEPT
WET FROM WET FROM
N. Ep. N. Eb.
Long foretold, long last ; First rise after low,
Short notice, soon past. Foretells stronger blow.

It will be perceived that the exception in each case applies to N.E. winds.
The barometer may fall with north-easterly winds, but they will be violent and
accompanied with rain, hail, or snow ; again, it will rise with these winds accom-
panied with rain, when they are light, and bring only little rain. It rises, however,
highest with the dry and light N.E. winds.

These directions are very practically useful ; they provide for geographical
position—also for elevation above the sea—since they are not appended to any par-
ticular height of the column. They are suited to the northern hemisphere gene-
rally, as well as around the British Isles. The same directions are adapted to the
southern hemisphere, by simply substituting for the letter N the letter S, reading
south for north, and vice versa. South of the equator the cold winds come from the
south ; the warm, from the north. The S.E. wind in the southern hemisphere
corresponds to the N.E. in the northern. The laws there are, while the wind veers
from S.E. through E. to N. and N.W., the barometer falls and the thermometer
rises. As the wind veers from N.W. through W. and S. to S.E., the barometer
rises and the thermometer falls.

17. Instructions for the Sea-coast Barometer.—The directions for fixing the
barometer, and making it portable when it has to be removed, should be attended
to carefully. The barometer should be suspended against a frame or piece of wood,
so that light may be seen through the tube. Otherwise a piece of paper, or a white
place, should be behind the upper or scale part of the tube.

When suspended on a hook, or stout nail, apply the milled-head key (which will
be found just below the scales) to the square brass pin at the lower end of the instru-
ment, and turn gently toward the left hand till the screw stops; then take off the
key and replace it for use, near the scale, as it was before. The cistern bottom
being thus let doun, the mercury will sink to its proper level quickly.

In removing this barometer it is necessary to slope it gradually, till the mercury
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is at the top of the tube, and then, with the instrument reversed, to screw up the
cistern bottom, or bag, by the key, used gently, till it stops. It will then be
portable, and may be carried with the cistern end upwards, or lying flat ; but it must
not be jarred, or receive a concussion.

18. French Sea-coast Barometer.—The French have imitated this form of
barometer for coast service, and have translated Admiral FitzRoy's indications for the
scale as follows :(—

LA LA
HAUSSE BAISSE
INDIQUE. INDIQUE.

DES VENTS DE LA DES VENTS DE LA
PARTIE DU PARTIE DU
N.E. S.0.

(DU N.O0. 4 I'E (DU S.E. a I'0.
.pAR .E NORD. rar L SUD.
DE LA DE
SECHERESSE. L’HUMIDITE.
uN VENT uvN VENT
PLUS FAIBLE PLUS FORT
EXCEPTH 8'IL PLEUT EXCEPTH $'IL PLEUT
AVEC DE FORTES BRISES AVEC DE PETITES BRISES
pu N.E. pu N.E.
Mouvements lents, Le commencement;
Temps durable. de la hausse,

apres une grande
Mouvements rapides, baisse présage
Temps variable. un Vent violent.

MARINE BAROMETERS.

19. The Common Form,—The barometer is of great
use to the mariner, who, by using it as a * weather glass,”
is enabled to foresee and prepare for sudden changes in
the weather. For marine purposes, the lower portion
of the glass tube of the barometer must be contracted
to a fine bore, to prevent oscillation in the mercurial
column, which would otherwise be occasioned by the move-
ments of the ship. This tube is cemented to the cistern,
which is made of boxwood, and has a moveable leathern
bottom, for the purpose of rendering the instrument portable,
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by screwing up the mercury compactly in the tube. The tube is enclosed in a
mahogany frame, which admits of a variety of style in shape, finish, and display,
to meet the different fancies and means of purchasers. The frame is generally
enlarged at the upper part to receive the scales and the attached thermometer,
which are covered by plate glass. The cistern is encased in brass for protection,
the bottom portion unscrewing to give access to the portable screw beneath the
cistern. Figs. 18 and 14 illustrate this form of barometer. Marine barometers
require to be suspended, so that they may remain in a vertieal position under
the changeable positions of a vessel at sea. To effect this they are suspended in
gimbals by a brass arm. The gimbals consist of a loose ring fastened by thumb-
serews to the middle part of the frame of the barometer, in front and back. The
forked end of the arm supports this ring at the sides, also by the aid of thumb-
screws. Hence the superior weight of the cistern end is always sufficient to
cause the instrument to move on its bearing screws, so as always to maintain a per-
pendicular position; in fact, it is so delicately held that it yields to the slightest
disturbance in any direction. The other end of the arm is attached to a stout plate,
having holes for serews, or fitted to slip into a staple or bracket, by which it may be
fixed to any part of the cabin of a ship; the arm is hinged to the plate, for the pur-
pose of turning the arm and barometer up whenever it is desirable.

Other forms of barometer (to be immediately described) have superseded this
in the British Marine, but the French still give the preference to the wooden frames.
They think the barometer can be more securely mounted in wood, is more portable,
and less liable to be broken by a sudden concussion than if fitted in a metal frame.
The English deem the ordinary wooden barometers not sufficiently accurate, owing
to the irregular expansion of wood, arising from its hygrometric properties. Some of
the English opticians have shown that very portable, and really accurate barometers
can be made in brass frames, and therefore the preference is now given to this latter
material.

20, The Kew Marine Barometer.—The form of barometer so-called, is that
recommended by the Congress of Brussels, held in 1853, for the purpose of devising
a systematic plan of promoting meteorological observations at sea.

The materials employed in its construction are mercury, glass, iron, and brass.
The upper part of the tube is carefully calibrated to ensure uniformity of bore, as
this is a point upon which the aceuracy of the instrument to some extent depends.
At sea, the barometer has never been known to stand above 81 inches, nor below
97. These extremes have been attained with instruments of undoubted accuracy,
but they are quite exceptional. It is not necessary, therefore, to carry the scales of
marine barometers beyond these limits, but they should not be made shorter. If
the vernier is adjusted to read upward, the scale should extend to 32 inches, to allow
room for the vernier to be set to 81 inches at least. Cases have occurred in which
this could not be done, and rare, but valuable observations have been lost in conse-
quence. If the scale part of the tube be not uniform in bore, the index crror
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will be irregular throughout the scale. ~Whether the bore of the rest of the tube
varies in diameter, is of no moment. From two to three inches below the measured
part, the bore is contracted very much, to prevent the pulsations in the mercurial
column—called ¢‘pumping "—which, otherwise, would oceur at sea from the motion
of the ship. In ordinary marine barometers, this contraction extends to the end of
the tube. Below the contracted part is inserted a pipette—or Gay Lussac air-trap
—vwhich is a little elongated funnel with the point downwards. Its object is to
arrest any air that may work in between the glass and the mercury. The bubble of
air lodges at the shoulder, and can go up no farther. It is one of those simple
contrivances which turn out remarkably useful. If any air gets into the tube, it
does not get to the top, and therefore does not vitiate the performance of the
barometer; for the mercury itself works up and down through the funnel. Below
this, the tube should not be unnecessarily contracted.

The open end of the tube is fixed into an iron cylinder, which forms the eistern
of the barometer. Iron has no action upon mercury, and is therefore used instead
of any other metal. One or two holes are made in the top
of the cistern, which are covered on the inside with strong Fig. 15.
sheep-skin leather, so as to be impervious to mercury, but
sufficiently porous for the outer air to act upon the column.
The cistern is of capacity sufficient to receive the mercury
which falls out of the tube until the column stands lower than
the scale reads; and when the tube is completely full, there is
enough mercury to cover the extremity so as to prevent access
of air. There is no screw required for screwing up the
mereury.

The glass tube thus secured to the cistern is protected by
a brass tubular frame, into which the iron eistern fits and serews
compactly. Cork is used to form bearings for the tube. A
few inches above the cistern is placed the attached thermometer.
Its bulb is enclosed in the frame, 50 as to be equally affected
by heat with the barometric column. The upper end of the
frame is fitted with a cap which screws on, and embraces a glass
shield which rests in a gallery formed on the frame below the
scale, and serves to protect the silvered scale, as well as the
inner tube, from dust and damp. A ring, moveable in a
collar fixed on the frame above the centre of gravity of the
instrument, is attached to gimbals, and the whole is sup-
ported by a brass arm in the usual manner; so that the instrument can be moved

round its axis to bring any source of light upon it, and will remain vertical in all

positions of the ship. The vernier reads to five-hundredths of an inch. No

words are placed upon the scale, as the old formulary was deemed misleading. The

vernier can be set with great exactness, as light is admitted to the top of the
c
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mercury by a front and a back slit in the frame. The lower edge of the vernier
should be brought to the top of the mercury, so as just to shut out the light.

It is evident that this form of barometer must be more reliable in its indications
than those in wooden frames. The graduations ean be accurately made, and they
will be affected only by well-known alterations due to temperature. Some think the
tube is too firmly held, and therefore liable to be broken by concussion more readily
than that of an inferior instrument. This, however, appears a necessary conse-
quence of greater exactness. It is an exceedingly good portable instrument, and
can be put up and taken down very readily. These barometers are preferred to
marine barometers in wood, wherever they have ‘been used. In merchant ships,
and under careful treatment, they have been found very durable.  They may be
sent with safety by railway, packed carefully in a wooden box.

. Directions for Packing.—In removing this barometer it is necessary to slope it
gradually till the mercury reaches the top of the tube. It is then portable, if
carried cistern end upwards or lying flat. If carried otherwise, it will very probably
be broken by the jerking motion of the heavy mercury in the glass tube. Of course
it must not be jarred, or receive concussion.

Position for Marine Barometer.—Admiral FitzRoy, to whose valuable papers we
are much indebted, writes in his ‘Barometer Manual” :—¢¢ It is desirable to place
the barometer in such a position as not to be in danger of a side blow, and also
sufficiently far from the deck above to allow for the spring of the metal arm in cases
of sudden movements of the ship.

¢« If there is risk of the instrument striking anywhere when the vessel is much
heeled, it will be desirable to put some soft padding on that place, or fo check
movement in that direction by a light elastic cord; in fixing which, attention must
be paid to have it acting only where risk of 2 blow begins, not interfering otherwise
with the free swing of the instrument: a very light cord attached above, when
possible, will be least likely to interfere injuriously.”

21. Method of verifying Marine and other Barometers.— In nearly all
the barometers which had been employed at sea till recently the.index correction
varied through the range of scale readings, in proportion to the difference of capacity
between the cistern and the tube. To find the index correction for a land barometer,
comparison with a standard, at any part of the seale at which the mercury may happen
to be, is generally considered sufficient. To test the marine barometer is a work of
much more time, since it is necessary to find the correction for scale readings at
about each half inch throughout the range of atmospheric pressure to which it may be
exposed ; and it becomes necessary to have recourse to artificial means of changing
the pressure of the atmosphere on the surface of the mercury in the cistern.

¢ The barometers to be thus tested are placed, together with a standard, in an
air-tight chamber, to which an air-pump is applied, so that, by partially exhausting
the air, the standard can be made to read much lower than the lowest pressure to
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which marine barometers are likely to be exposed ; and by compressing the air it
can be made to read higher than the mercury ever stands at the level of the sea.
The tube of the standard is contracted similarly to that of the marine barometer,
but a provision is made for adjusting the mercury in its cistern to the zero point.
Glass windows are inserted in the upper part of the iron air-chamber, through which
the scales of the barometers may be seen ; but as the verniers cannot be moved in
the usual way from outside the chamber, a provision is made for reading the height
of the mercury independent of the verniers attached to the scales of the respective
barometers. At a distance of some five or six feet from the air-tight chamber a
vertical scale is fixed. The divisions on this scale correspond exactly with those on
the tube of the standard barometer. A vernier and telescope are made to slide on the
scale by means of a rack and pinion. The telescope has two horizontal wires, one fixed
and the other moveable by a micrometer screw, so that the difference between the
height of the column of mercury and the nearest division on the scale of the stan-
dard, and also of all the other barometers placed by the side of it for comparison,
can be measured either with the vertical scale and vernier or the micrometer wire.
The means are thus possessed of testing barometers for index error in any part of
the scale, through the whole range of atmospheric pressure to which they are likely
to be exposed ; and the usual practice is to test them at every half inch from 275
to 81 inches.

¢« In this way barometers of various other descriptions have been tested, and
some errors found to be so large that a few barometers read half an inch and
upwards too high, while others read as much too low. In some cases those which
were correct in one part of the scale were found to be from half an inch to an inch
wrong in other parts, These barometers were of an old and ordinary, not to say
inferior, construction. In some the mercury would not descend lower than about
29 inches, owing to a fault very general in the construction of many common
barometers till lately in frequent use :—the cistern was not large enough to hold the
mereury which descended from the tube in a low atmospheric pressure.

¢ When used on shore, this contraction of the tube causes the marine barometer
to be sometimes a little behind an ordinary land barometer, the tube of which is not
contracted. The amount varies according to the rate at which the mercury is rising
or falling, and ranges from 0:00 to 002 of an inch. As the motion of the ship at
sea causes the mercury to pass more rapidly through the contracted tube, the read-
ings are almost the same there as they would be if the tube were not contracted,
and in no case do they differ enough to be of importance in maritime use.”

The cistern of this marine barometer is generally made an inch and a quarter
in diameter, and the seale part of the tube a quarter of an inch in bore. The
inches on the scale, instead of being true, are shortened by *04 of an inch, in order
to avoid the necessity of applying a correction due to the difference of capacity of
the tube and eistern. This is done with much perfection, and the errors of the
instruments, when compared with a standard by the apparatus used at Kew and
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Liverpool Observatories, are determined to the thousandth of an inch, and are
invariably very uniform and small. The error so determined includes the correction
due to capillarity, capacity, and error of graduation, and forms a constant correc-
tion, so that only one variable correction, that due to temperature, need be applied,
when the barometer is suspended near the water line of the ship, to make the obser-
vations comparable with others.  With all the advantages of this barometer,
however, it has recently been superseded, to some extent, because it was found to
require more care than could ordinarily be expected to be given to it by the com-
mander of a ship. Seamen do not exactly understand the value of such nice accuracy
as the thousandth part of an inch, but prefer an instrument that reads only to a
hundredth part.

22. THE FITZROY MARINE BAROMETER.

Admiral FitzRoy deemed it desirable to construct a form of barometer as practi-
cally useful as possible for marine purposes. One that should be less delicate in
structure than the Kew barometer, and not so finely graduated. One that could be
set ata glance and read easily; that would be more likely to bear the common shocks
unavoidable in a ship of war. Accordingly, the Admiral has devised a barometer,
which he has thus described :— :

¢ This marine barometer, for Her Majesty’s service, is adapted to general
purposes.

¢ Tt differs from barometers hitherto made in points of detail, rather than prin-
ciple:—1. The glass tube is packed with vulcanised india-rubber, which checks
vibration from concussion; but does mnot hold it rigidly, or prevent expansion.
2. It does not oscillate (or pump), though extremely sensitive. 3. The scale is
porcelain, very legible, and not liable to change. 4. There is no iron anywhere
(to rust). 5. Every part can be unscrewed, examined, or cleaned, by any careful
person. 6. There is a spare tube, fixed in a cistern, filled with boiled mercury, and
marked for adjustment in this, or any similar instrument.

“ These barometers are graduated to hundredths, and they will be found
accurate to that degree, namely the second decimal of an inch.

¢ They are packed with vuleanised caoutchoue, in order that (by this, and by
a peculiar strength of glass tube) guns may be fired near these instruments without
causing injury to them by ordinary concussion.

¢« Tt is hoped that all such instruments, for the public service at sea, will be
quite similar, so that any spare tube will fit any barometer.

“To Shift a Tube.—Incline the barometer slowly, and then take it down, after
allowing the mercury to fill the upper part. Lay the instrument on a table, unscrew
the outer cap at the joining just below the cistern swell, then unscrew the tube and
cistern, by turning the cistern gently, against the sun, or to the left, and draw out
the tube very carefully without bending it in the least, turning it a little, if required,
as moved. Then insert the new tube very cautiously, serew in, and adjust to the
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diamond-cut mark for 27 inches. Attach the cap, and suspend the barometer
for use. b

< If the mercury does not immediately quit the top of the tube, tap the cistern
end rather sharply. In a well-boiled tube, with a good vacuum, the mercury hangs,
at times, so adhesively as to deceive, by causing a supposition of some
defect.

¢ In about ten minutes the mercurial column should be nearly right ;
but as local temperature affects the brass, as well as the mercury, slowly
and unequally, it may be well to defer any exact comparisons with other
instruments for some few hours.”

Messrs. Negretti and Zambra are the makers of these barometers
for the Royal Navy. Fig. 16 is an illustration.

The tube is fixed to a boxwood cistern, which is plugged with very
porous cane at the top, to allow of the ready influence of a variation in
atmospheric pressure upon the mercury. Round the neck of the cistern
is formed a brass ring, with a screw thread on its circumference. This
screws into the frame, and a* mark on the tube is to be adjusted to 27
inches on the scale, the cistern covering screwed on, and the instrument
is ready to suspend. The frame and all the fittings are brass, without
any iron whatever; because the contact of the two metals produces a
galvanic action, which is objectionable. The spare tube is fitted with
mdia-rubber, and ready at any time to replace the one in the frame.
The ease with which a tube can be replaced when broken is an excellent
feature of the instrument. The spare tube is carefully stowed in a box,
which can also receive the complete instrument when not in use. All
the parts are made to a definite gauge; the frames are, therefore, all as
nearly as possible similar to each other, and the tubes—Tlike rifle bullets—
are adjustible to any frame. If, then, the tube in use gets broken, the
captain can replace it by the other; but, as it is securely packed with
india-rubber, there is very little liability of its being broken by fair
usage. Every person who knows the importance of the barometer on
board ship, will acknowle(ige that the supplementary tube is a decided
improvement. Many instruments of this description are afloat in the
Royal Navy, and in a short time it may be expected that all the frames

and tubes of barometers in the public serviee at sea will be similar in size

and character; so that should a captain have the misfortune to get both h1s tubes
broken, he would be able to borrow another from any ship he fell in with that had
one to spare, which would be perfectly accurate, because it would have been verified
before it was sent out.

23, Admiral FitzRoy’s Words for the Scale.—The graduation of inches and
decimals are placed in this barometer on the right-hand side of the tube; and ona
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similar piece of porcelain, on the left-hand, are engraved, as legibly as they are
expressed succinetly, the following words, of universal application in the interpretation
of the barometer movements :— '

RISE FALL
FOR FOR
COLD WARM
DRY WET
OR OR
LESS MORE
WIND. WIND.
EXCEPT EXCEPT
WET FROM WET FROM
COOLER SIDE. COOLER SIDE.

Reverting to the explanation of the words on the ¢ Coast’ barometers
(at page 14), and comparing and considering them as given for northern latitudes,
and as they must be altered for southern latitudes, it will be perceived, that for all
cold winds the barometer rises ; and falls for warm winds. The mercury also falls
for increased strength of wind ; and rises as the wind lulls. Likewise before or with
rain the column of mercury falls ; but it rises with fine dry weather. Putting these
facts together, and substituting for the points of the compass the terms ¢ cold”” and
““warm,” the appropriafeness of the words on the scale of this barometer is readily
perceived. These concise and practical indications of the movements in the baro-
meter are applicable for instruments intended for use in any region of the world,
and are in perfect accordance with the laws of winds and weather deduced by Dové
and other meteorologists. There is nothing objectionable in them, and being
founded upon experience and the deductions made from numerous recorded observa-
tions of the weather in all parts of the world, as well as confirmed by the theories
of science, they may consequently be considered as generally reliable. They involve
no conjecture, but express succinetly scientifie principles.

24, Trials of the FitzRoy Marine Barometer under Fire of Guns.—
Some of the first barometers made by Messrs. Negretti and Zambra on Admiral
FitzRoy’s principle were severely tried under the heaviest naval gun firing, on board
H.M.S. Excellent; and under all the circumstances, they withstood the concussion.
The purpose of the trials was ¢ to ascertain whether the vulcanized india-rubber
packing round the glass tube of a new marine barometer did check the vibration
caused by firing, and whether guns might be fired close to these instruments
without causing injury to them.” 1In the first and second series of experi-
ments, a marine barometer on Admiral TFitzRoy’s plan was tried against a
marine barometer on the Kew principle, both instruments being new, and treated
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in all respeets similarly. They were ‘hung over the gun, under the gun, and by
the side of the gun, the latter both inside and outside a bulkhead,—in fact, in all
ways that they would be tried in action with the bulkheads cleared away.” The
result was that the Kew barometer was broken and rendered useless, while the new
pattern barometer was not injured in the least. Ina third series of experiments, Mr.
Negretti being present, five of the new pattern barometers were subjected to the concus-
sion produced by firing a 68-pounder gun with shot, and 16 bs. charge of powder.
They were suspended from a beam immediately under the gun, then from a beam im-
mediately over the gun, and finally they were suspended by the arm to a bulkhead, at
a distance of only 8 ff. 6 in. from the axis of the gun; and the result was,
according to the official report, ¢“that all these barometers, however suspended,
would stand, withont the slightest injury, the most severe concussion that they
would ever be likely to experience in any sea-going man-of-war.” These trials
were conducted under the superintendence of Captain Hewlett, C.B., and the guns
were fired in the course of his usual instructions. His reports to Admiral FitzRoy,
giving all the particulars of the trials, are published in the ¢*Ninth Number of
Meteorological Papers,” issued by the Board of Trade.*

25. NEGRETTI AND ZAMBRA’'S FARMER’'S BAROMETER AND
DOMESTIC WEATHER-GLASS.

It is a well-known fact that the barometer is as much, or even more affected by
a change of wind as it is by rain; and the objection raised against a simple barometer
reading, as leaving the observer in doubt whether to expect wind or rain, is removed
by the addition of the Hygrometer, an instrument indicating the comparative degree
of dryness or dampness of the air;—a most important item in the determination of
the coming weather.

The farmer should not be content to let his crops lie at the merey, so to speak,
of the weather, when he has within his command instruments which may be the
means of preventing damage fo, and in cases total loss of, his crops.

The farmer hitherto has had to depend for his prognostication of the weather
on his own unassisted ¢ Weather Wisdom;” and it is perfectly marvellous how
expert he has become in its use. Science now steps in, not to ignore this experience,
but on the contrary, to give it most valuable assistance by extending it, and enabling
it to predict, with an accuracy hitherto unknown, the various changes that take
place in this most variable of climates. .

To the invalid, the importance of predicting with tolerable accuracy the changes

* With reference to these barometers, we have received the subjoined testimonial, with permiesion to use

it as we please.
i ¢« Meteorologic Office, 12th June, 1363,
¢ MEssrs. NEGRETTI & ZAMBRA,

“The barometers which you have lately supplied to Iler Majesty’s ships through this
Office are much approved, being good for general serviee, afloat or on land.
} “ (signed) R. FITZLOY.”
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that are likely to occur in the weather, cannot be over-rated. Many colds would be
prevented, if we could know that the morning so balmy and bright, would subside
into a cold and cheerless afternoon. Even to the robust, much inconvenience may
be prevented by a due respect to the indications of the hygrometer and the barometer,
and the delicate in health will do well to regard its warnings.

Description of the Instrument.—The farmer’s barometer, as
figured in the margin, consists of an upright tube of mercury
inverted in a cistern of the same fluid; this is secured against
a strong frame of wood, at the upper end of which is fixed the
scale, divided into inches and tenths of an inch. On either
side of the barometer, or centre tube, are two thermometers—
that on the left hand has its bulb uncovered and freely exposed,
and indicates the temperature of the air at the place of obser-
vation; that on the right hand has its bulb covered with a piece
of muslin, from which depend a few threads of soft lamp cotton ;
this cotton is immersed in the small cup situated just under
the thermometer, this vessel being fnll of water ; the water rises
by capillary attraction to the muslin-covered bulb, and keeps
it in a constantly moist state.

These two thermometers, which we distinguish by the names
«“Wet Bulb” and ¢ Dry Bulb,” form the Hygrometer; and it
is by the simultaneous reading of these two thermometers, and
noting the difference that exists between their indications, that
the humidity in the atmosphere is determined.

Admiral FitzRoy’s words (see p. 22) are placed upon the
scale of the barometer, as the value of a reading depends, not
so much on the actual height of the mercury in the tube, as it
does on whether the column is rising, steady, or falling.

The moveable screw at the bottom of the cistern is for the
purpose of forcing the mercury to the top of the tube when the
instrument is being carried from place to place, and it must
always be unscrewed to its utmost limit when the barometer is
hung in its proper place. After this it should never be touched.

The manner in which the Hygrometer acts is as follows:
Tt is a pretty well-known fact that water or wine is often cooled
by a wet cloth being tied round the bottle, and then being
placed in a current of air. The evaporation that takes place
in the progressive drying of the cloth causes the temperature
to fall considerably below that of the surrounding atmosphere,
and the contents of the bottle are thus cooled. In the same manner, then, the
covered wet bulb thermometer will be found invariably to read lower than the un-
covered one; and the greater the dryness of the air, the greater will be the difference
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between the indications of the two thermometers; and the more moisture that
exists in the air, the more nearly they will read alike.

The cup must be kept filled with pure water, and occasionally cleaned out, to
remove any dirt. The muslin, or cotton-wick, should also be renewed every few
weeks. The hygrometer may be had separate from the barometer, if the combined
instruments cannot be sufficiently exposed to the external air, this being essential
for the successful use of the hygrometer.

This farmer’s weather-glass, then, consists of three distinct instruments: the
barometer, the thermometer, and the hygrometer. He has thus at command the three
instrumental data necessary for the prediction of the weather. And now to describe—

How to Use the Instrument.—The observations should be taken twice a day,
say at 9 A.m. and 8 .. ; and should be entered on a slip of paper, or a slate hung
up by the barometer. The observer will then be able to see the different values of
the readings from time to time, and to draw his conclusions therefrom.

The thermometer on the left hand should first be read, and a note made of its
indication, which is the temperature of the air. The wet bulb thermometer should
now be read, and also noted; and the difference should be taken of these two
readings. Next read the barometer by moving the small index at the side of the
tube until it is on a level with the top of the mercury. Having noted the number
of inches at which the column stands, compare with the last observation, and see
immediately whether the barometer is rising, steady, or falling.

Now, having taken the observations ag above, we naturally ask the question,
What are we to predict from them ?

And, probably, the best way of answering this query will be by giving an
example. We will suppose that our readings yesterday were as follows :—Tempera-
ture, 70>; Wet Bulb, 69°; Difference, 1°;—very moist air. Barometer, 29°5, and
that rain has fallen.

To-day, we read:—Temperature, 60°; Wet Bulb, 55°; Difference, 5°;==dryer
air. Barometer, 30. We may safely predict that the rain will cease, and probably
we may have wind from the northward.

In spring or autumn, if the barometric height be steady any where between
295 and 30 inches, with the temperature about 60°, fresh to moderate south-westerly
winds, with cloudy sky, will probably characterize the weather ;' the indications of
the hygrometer being then specially serviceable in enabling us to foretell rain; but
if the mercury become steady at about 80-5 inches, with temperature about 40°,
north-easterly winds, dry gir, and clear sky, may be confidently expected.

Many cases will doubtless suggest themselves to the observer where these figures
do not occur, and where he might find a difficulty in interpreting the indications of
his instruments. We have, therefore, drawn up some coneise rules for his gunidance ;
and although they will not prove absolutely infallible guides to this acknowledged
most difficult problem, still, they will be found of much service in foretelling the
weather, when added to an intelligent observation of ordinary atmospheric phe-
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nomena, as force and direction of wind, nature of any particular season, and the
time of year.

26. RULES FOR FORETELLING THE WEATHER.

A RISING BAROMETER.

A ¢ Rapid” rise indicates unsettled weather.

A ¢ (Gradual ” rise indicates settled weather.

A ¢ Rise,” with dry air, and cold increasing in summer, indicates wind from north-
ward; and if rain has fallen, better weather is to be expected.

A “Rise,” with moist air and a low temperature, indicates wind and rain from
northward. '

A ¢ Rise,” with southerly wind, indicates fine weather.

A STEADY BAROMETER,
With dry air and a seasonable temperature, indicates a continuance of very fine

weather.
A FALLING BAROMETER.

A “Rapid” fall indicates stormy weather.

A “Rapid” fall, with westerly wind, indicates stormy weather from northward.

A ¢« TFall,” with a northerly wind, indicates storm, with rain and bhail in summer,
and snow in winter.

A ¢«Fall,” with increased moisture in the air, and the heat increasing, indicates
wind and rain from southward.

A “Fall,” with dry air, and cold increasing (in winter), indicates snow.

A «Fall,” after very calm and warm weather, indicates rain with squally weather.

27, Causes which may bring about a Fall or a Rise in the Barometer,*—
As heat produces rarefaction, a sudden rise of temperature in a distant quarter may
affect the weight of the atmosphere over our heads, by producing an aerial current
outwards, to supply the place of the lighter air which has moved from its former
position; in which case the barometer will fall. Now such a movement in the
atmosphere is likely to bring about an intermixture of currents of air of different
temperatures, and from this intermixture rain is likely to result.

On the other hand, as eold produces condensation, any sudden fall of tempera-
ture causes the ecolumn of air over the locality to contract and sink to a lower level,
whilst other air rushes in from above to supply the void; and, accordingly, the baro-

oter rises. Should this air, as often happens, proceed from the north, it will
contain in general but little moisture; and hence, on reaching a warmer latitude,
wil take up the vapour of the air, so that dry weather will result.

It is generally observed, that wind causes a fall in the instrument; and, indeed,
in those greater movements of the atmosphere which we denominate storms or

* Tide C. Daubeny, F.R.S,, “On Climate.”
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hurricanes, the depression is so considerable as to forewarn the navigator of his
impending danger. It is evident, that a draught of air in any direction must diminish
the weight of the column overhead, and consequently cause the mercury in the
barometer to sink.

The connection, therefore, of a sinking of the barometric eolumn with rain is
frequently owing to the wind causing an intermixture of the aerial currents which, by
their motion, diminish the weight of the atmosphere over our heads; whilst a steady
rise in the column indicates the absence of any great atmospheric changes in the
neighbourhood, and a general exemption from those causes which are apt to bring
about a precipitation of vapour.

28. Use of the Barometer in the management of iines,—The inflammable
and suffocating gases, known to coal-miners as fire-damp and choke-damp, are
specifically heavier than air; and as they issue from the fissures of the mine, or are
released from the coal, the atmospherie pressure tends to drive them into the lowest
and least ventilated galleries. Consequently a greatly reduced atmospheric pressure
will favour a sudden outflow or advance of gas; whence may result cases of explo-
sion or suffocation. It has been found that these accidents occur for the most part
about the time of a low barometric column. A reliable barometer should, therefore,
be systematically consulted by those entrusted with the management or control of
coal-mines, so that greater vigilance and caution may be enjoined on the miners
whenever the mercury falls low, especially after it has been unusually high for some
days.

29. Use of the Barometer in estimating the Height of Tides.—The pressure
of the atmosphere affects the height of the tide, the water being in general higher
as the barometer is lower. The expressions of seamen, that ¢ frost nips the tide,”
and ‘““fog nips the tide,” are explained by the high barometer which usually accom-
panies frost and fog. M. Daussy, Sir J. C. Ross, and others, have established that
a rise of one inch in the barometer will have a corresponding fall in the tide of
about one foot. Therefore navigators and pilots will appreciate the following sug-
gestion of Admiral FitzRoy :—

¢ Vessels sometimes enter docks, or even harbours, where they have searcely a
foot of water more than their draught; and as docking, as well as launching large
ships, requires a close calculation of height of water, the state of the barometer
becomes of additional importance on such oceasions.”




CHAPTER II.

SYPHON TUBE BAROMETERS.

30. Principle of —If some mercury, or any other fluid, be poured into a tube of
glass, bent in the form of U, and open at both ends, it will rise to the same height in
both limbs, the tube being held vertically. If mercury be poured in first, and then
water upon it at one end, these liquids will not come to the same level; the water
will stand much higher than the mercury. If the height of the mercury, above the
line of meeting of the fluids, be one inch, that of the water will be about thirteen-and-
a-half inches. The explanation of this is, that the two columns balance each other.
The pressure of the atmosphere in each limb is precisely similar; but the one
column stands so much higher than the other, because the fluid of which it is
composed is so much lighter, bulk for bulk, than the other. If one end of the
tube be hermetically closed, the other limb be cut off within a few inches of the
bend, and the tube carefully filled with mercury ; by placing it in a vertical position,
the mercury will fall, if the closed limb be long enough, until it is about thirty
inches higher than that in the exposed limb, where it will remain. Here the
atmosphere presses upon the short column; but not upon the long one. It is
this pressure, therefore, which maintains the difference of level. In fact, it forms
a barometer without a cistern, the short limb answering the purpose of a cistern.
The first barometers on this principle were devised by the celebrated philosopher,
Dr. Hook, as described in the next section.

81. DIAL, OR WHEEL BAROMETERS.

The familiar household ¢ Weather Glasses” are barometers on the syphon
principle. The portions of the two limbs through which the mercury will rise and
fall with the varying pressure of the atmosphere are made of precisely the same
diameter ; while the part between them is contracted. On the mereury, in the
exposed limb, rests a round float of ivory or glass; to this a string is attached and
passed over and around a brass pulley, the other end carrying another lighter weight.
The weight resting on the mercury rises and falls with it. On the spindle of the
pulley, which passes through the frame and centre of the dial-plate, is fixed a light
steel hand, which revolves as the pulley turns round. When the mercury falls for
a decrease of atmospheric pressure, it rises by the same quantity in the short tube,
and pushes up the float, the counterpoise falls, and thus moves the hand or pointer
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to the left. When the pressure increases, the pointer is drawn in a similar manner
to the right.

Fig. 20.

The dials are generally made of metal silvered over or enamelled, but por-
celain may be used. If the circumference of the pulley, or ¢“wheel,” be two inches,
1t will revolve once for an alteration of level amounting to two inches in each tube,
or four inches in the height of the barometric column ; and as the dial may be from
twenty to thirty-six inches in circumference, five to nine inches on the graduated
scale corresponds to one inch of the column; and hence the sub-divisions are
distinetly perceptible, and a vernier is not necessary.

The motion of the pointer alone is visible; and a mahogany, or rosewood,
frame, supports, covers, and renders the instrument ornamental and portable. In
the back of the frame is a hinged door, which covers the cavity containing the tube
and fixtures. The dial is covered by a glass in a brass rim, similar to a clock face.
A brass index, working over the dial, moveable by a key or button, may be applied,
and will serve to register the position of the hand when last observed. These
instruments are usually fitted with a thermometer, and a spirit level; the latter for
the purpose of getting the instrument perfectly vertical. They sometimes have, in
addition, a hygrometer, a sympiesometer, an aneroid, a mirror, or a clock, &e.,
singly or combined. The frame admits of much variety of style and decoration.
It may be carved or inlaid. The usual adjustment of seale is suited for localities
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at no considerable elevation above the sea. Accordingly, being commereial articles,
they have been found frequently quite out of place. When intended for use at high

Fig. 22,

elevations, they should have a special adjustment of scale. As household instru-
ments they are serviceable, and ornamental. But the supply-and-demand principle
upon which they are sold, has entailed upon those issued by inferior makers a
generally bad adjustment of scale. The illustrations are those of ordinary designs.

Dial barometers required for transmission to distant parts, as India and the
Colonies, are furnished with a steel stop-cock, to render them portable more effec-
tually than can be done by the method of plugging the tube.

82. STANDARD SYPHON BAROMETER.

Tig. 24 represents the most accurate form of the Gay Lussac barometer. The
short limb is closed at the top, after the mercury is introduced, and a small lateral
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punc;cure is made at @, which is covered over with a substance which
permits the access of air, but prevents the escape of any mercury when
the instrument is packed for travelling. The bent part of the tube is
contracted to a capillary bore; and just above this, in the long limb, is
placed the air-trap, already described (see p. 17), and here illustrated
(fig. 25). When reversed, as it must be for portability, the capillary
attraction keeps the mercury in the long branch. Should the mercury
of the short column get detached, some small quantity of
air may pass; but it will be arrested at the pipette, and will

not vitiate the length of the barometric column. It can be
casily expelled by gently shaking or tapping the instrument
before suspending it for observation. In the illustration,
the zero of the scale is placed at Z, near the middle of the
tube; and the graduations extend above and below. In
making an observation, it is necessary to take the reading
Z A on the long branch, and Z B on the short one. The i
sum of the two gives the height of the barometer. The
zero of the scale in some instruments is placed low down,
80 as to require the difference of the two readings to be
taken. A thermometer is attached to the frame as usual.

These instruments can be very accurately graduated, and are very
exact in their indications, provided great care has been exercised in
selecting the tubes, which must be of the same calibre thronghout the

parts destined to measure the variations of atmospheric pressure. They
should be suspended so as to insure their hanging vertically.

The syphon barometer does not require correction for capillarity nor
for capacity, as each surface of the mercury is equally depressed by
capillary attraction, and the quantity of mercury which falls from the long limb of

the tube occupies the same length in the short one. The barometric height must,
however, be corrected for temperature, as in the cistern barometer. Tables contain-
ing the temperature corrections to be applied to barometer readings for scales
engraved on the glass tube, or on brass or wood frames, are published.



CHAPTER III.
BAROGRAPHS, OR SELF-REGISTERING BAROMETERS.

33. Milne's Self-Registering Barometer.—For a long time a good and accurate
self-recording barometer was much desired. This want is now satisfactorily sup-
plied, not by one, but by several descriptions of apparatus. The one first to be
described was the design of Admiral Sir A. Milne, who himself constructed, in 1857,
we believe, the original instrument, which he used with much suceess. Since that
time several of these instruments have been made, and have performed satisfactorily.
The barometer tube is a syphon of large calibre, provided with a Gay Lussac pipette,
or air-trap; and fitted with a float, a wheel, and a pointer, as in the ¢ Dial” baro-
meter. The float is attached to a delicate wateh-chain, which passes over the wheel
and is adequately counterpoised. Behind the indicating extremity of the pointer or
hand is a projecting point, which faces the frame of the instrument, and is just
within contact with the registering paper. A clock is applied, and fitted with
auxiliary mechanism, so as to be able to move the mounted paper with regularity
behind the pointer, and at designed equal intervals of time to release a system of
levers and springs, so as to cause the marker to impress a dot on the paper, either
by puncture or pencil-mark. The paper is ruled with horizontal lines for the range
of the mercurial column, and parallel ares of circles for the hours. Thus the
barometer is rendered self-recording, by night or day, for a week or more; hence
the great value of the instrument. The clock, index, and registering mechanism
are protected from dust and interference by a glass front, hinged on and locked.
As the temperature of the mercury is not registered, there is fixed to the frame a
Sixe’s thermometer to record the maximum and minimum temperatures, which
should be noted at least every twenty-four hours.

Admiral FitzRoy has suggested the name ¢ Atmoscope” for Admiral Milne's
barometer; and he has also termed it a ¢“ Barograph.” This latter word appears to
be applicable to all kinds of self-registering barometers hitherto designed. Of the
arrangement under consideration Admiral FitzRoy writes :—¢It shows the alter-
ations in tension, or the pulsations, so to speak, of atmosphere, on a large scale, by
hourly marks; and the diagram expresses, to a practised observer, what the
¢ indicator card’ of a steam-cylinder shows to a skilful engineer, or a stetheseope to
a physician.”

34. Modification of Milne’s Barometer.—The great difficulty to be over-
come in Milne’s barometer, is to adjust the mechanism for obtaining registration so
that the action of the striker upon the pointer should not in the slightest degree
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movo it from its true position. A different mode of registration, capable of recording
accurately the least appreciable movement of the mercurial column, has been effected.
In this instrument the registering paper is carried

upon a cylinder or drum. By reference to the illus- Fig.,26.

tration, Fig. 26, the details of construction will be
readily understood. It should, however, be men-
tioned, that it is not a picture of the outward appear-
ance of the instrument. The position of the baro-
meter should be behind the clock; it is represented on
one side merely for the purpose of clearly illustrating
the arrangement and principles. The instrument has a
large syphon barometer tube, in which the mereurial
column ig represented. On the mercury at A4, in its
open end, rests a glass float, attached to a watch-
chain, or suitable silken cord, the other end of which
is connected to the top of the arched head on the
short arm of a lever-beam. The long arm of the
beam is twice the length of the short arm, for the

following reason. As the mercury falls in the long
limb, it rises through an equal space in the short limb

of the tube, and wvice versa. DBut the barometric
column is the difference of height of the mercury in
the two limbs; hence the rise or fall of the float
through half-an-inch will correspond to a decrease or
an increase of the barometric column of one inch.
In order, then, to record the movements of the baro-
metric column, and not those of the float, the arm
of the beam connected with the float is only half the
radiug of the other arm. Both arms of the beam
carry cireular-arched heads, which are similar portions
of the complete circles, the centre of curvature being
the fulerum, or axis. This contrivance maintains the leverage on each extremity of
the beam always at the same distance from the fulerum. ¥rom the top of the
large arched head a piece of watch-chain descends, and is attached to the marker, 12,
which properly counterpoises the float, 4, and is capable of easy movement along a
groove in a brass bar, so as to indicate the barometric height on an ivory scale, C,
fixed on the same vertical framing. On the opposite side of the marker, B, is formed
a metallic point, which faces the registration sheet and is nearly in contact with it.
The framing, which carries the scale and marker, is an arrangement of brass bars,
delicately adjusted and controlled by springs, so as to permit of a quick horizontal
motion, in a small arc, being communicated to it by the action of the ham-
mer, I, of the clock, whereby the point of the marker is caused to impress a
D
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dot upon the paper. The same clock gives rotation to the hollow wooden eylinder,
D, upon which is mounted the registering paper. The clock must be rewound
when a fresh paper is attached to the cylinder, which may be daily, weekly, or
monthly, according to construction; and the series of dots impressed npon the
paper shows the height of the barometric column every hour by day and night.
The space traversed by the marker is precisely equal to the range of the
barometric column.

Fig. 7. 35. King’s Self-Registering Barometer,
Mr. Alfred King, Engineer of the Liverpool
Gas-light Company, designed, so long ago
as 1854, a barometer to register, by a con-
tinuous pencil-tracing, the variations in the
weight of the atmosphere; and a highly-

satisfactory self-recording barometer, on his
principle and constructed under his imme-

ﬁ, | diate superintendence, has quite recently
i been erected at the Liverpool Observatory.
Fig. 27 is the front elevation of this
instrument. A4, the barometer tube, is three
inches in internal diameter, and it floats
freely (not being fixed as usual) in the fixed
jur i cistern, B, guided by friction-wheels, W.
= === T The top end of the tube is fastened to a pecu-
liar chain, which passes over a grooved wheel
turning on finely-adjusted friction rollers.
The other end of the chain supports the
w frame, D, which carries the tracing pencil.
'@_@ The frame is suitably weighted and guided,
= and faces the eylinder, C, around which the
tracing paper is wrapped, and which rotates
once in twenty-four hours by the movement
of a clock. Mr. Hartnup, Director of the
B Liverpool Observatory, in his Annual Report,
1868, says :—* For one inch change in the
S . / mercurial columnthe pencil is moved through
five inches, so that the horizontal lines on
the tracing, which are half an inch apart, represent one-tenth of an inch change in
the barometer. The vertical lines are hour lines, and being nearly three-quarters of
an inch apart, it will be scen that the smallest appreciable change in the barometer,
and the time of its occurrence, are recorded.”
«Tt has been remarked by persons in the habit of reading barometers with large
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tubes, that, in squally weather, sudden and frequent oscillations of the mercurial
column are sometimes seen. Now, to register these small oscillations must be a
very delicate test of the sensitiveness of a self-registering barometer, as the timo
occupied by the rise and fall of the mercury in the tube in some cases does not
exceed one minute.” Mr. Hartnup affirms that the tracing of this instrument
exhibits such oscillations whenever the wind blows strong and in squalls.

As the barometer in this instrument is precisely similar to the ¢ Long Range
Barometer” invented by Mr. McNeild (and which will be found described at page 48),
it may be desirable to quote the following, from Mr. Hartnup’s Report :—¢¢ Mr. King
constructed a small model instrument to illustrate the principle. This instrument was
entrusted to my care for examination, and it was exhibited to the scientific gentlemen
who visited the Observatory in 1854, during the meeting of the British Association
for the Advancement of Science.”

36. Syphon, with Photcgraphic Registration.—A continuous self-registering
barometer has been constructed, in which photography is employed. Those who
may wish to adopt a similar apparatus, or thoroughly to understand the arrangements
and mode of observation, should consult the detailed description given in the
Greenwich Magnetical and Meteorological Observations, 1847.  As the principles
are applicable to photographic registration of magnetic and electric as well as
meteorologic variations in instrumental indications, it would be beside our purpose
to describe fully the apparatus.

The barometer is a large syphon tube ; the bore of the upper and lower extremi-
ties, through which the surfaces of the mercury rise and fall, is 1% inch in
diameter. The glass float in the open limb is attached to a wire, which moves a
delicately-supported light lever as it alters its elevation. The fulerum of the lever
is on one side of the wire; the extremity on the other side, at four times this dis-
tance from the fulerum, carries a vertical plate of opaque mica, having a small
aperture. Through this hole the light of a gas-jet shines upon photographic
paper wrapped round a cylinder placed vertically, and moved round its axis by a
clock fixed with its face horizontal. The cylinder is delicately supported, and
revolves in friction rollers. A bent wire on the axis is embraced by a prong on the
hour hand of the time-piece; therefore the cylinder is carried round once in twelve
hours. It might be arranged for a different period of rotation.

As the cylinder rotates, the paper receives the action of the light, and a
photographic trace is left of the movements of the barometer four times the extent
of the oscillations of the float, or twice the length of the variations in the baro-
metric column. Certain chemical processes are required in the preparation of the
paper, and in developing the trace. The diagram which we give on tho next page,
with the explanation, taken from Drew’s Practical Meteorology, will enable the above
deseription to be better understood :
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@ ¢is a lever whose fulerum is e, the counterpoise f nearly supporting it; s is
an opaque plate of mica, with a small aperture at p, through which the light passes,
having before been refracted by a cylindrical lens into a long ray, the portion only
of which opposite the aperture p impinges on the paper; d is a wire supported by
a float on the surface of the mercury; G H is the barometer; p, the vertical eylinder
charged with photographic paper; r, the photographic trace; I, the timepiece,
carrying round the cylinder by the projecting arm ¢. It is evident that the respective
distances of the float and the aperture p from the fulerum may be regulated so that

Fig. 28.
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the rise and fall of the float may be multiplied to any extent required.” When
only the lower surface of the mercury in a syphon barometer is read, as in the
instrument just deseribed, a correction for temperature is strictly due to the
height of the quicksilver in the short tube ; but this in so short a column will rarely
be sensible.




37

CHAPTER IV.

MOUNTAIN BAROMETERS.

37, The Syphon Tube Mountain Barometer, on Gay Lussac’s principle,
constructed as described at page 31, and fixed in a metallic tubular frame, forms a
simple and light travelling instrument.  The graduations are made upon the frame,
and it is suspended for reading by a ring at the top, from beneath an iron tripod
stand, which is usually supplied with it. Considerable care is requisite in adjusting
the verniers, so as to keep the instrument steady and vertical. A drawback to the
convenience of this barometer is the movement of the mercury in the short limb,
which is generally not confined, and hence has every facility for becoming quickly
oxidised in travelling. To remedy this, Messrs. Negretti and Zambra so construct
the Mountain Syphon Barometer that by a simple half turn of a screw the mercury
can be confined for portability, while the lower limb can be taken out for cleaning
whenever found requisite.

38, Mountain Barometer on Fortin’s principle,—This barometer, with Fortin’s
cistern, as arranged by Messrs. Negretti and- Zambra, is an elegant, manageable,
and very accurate instrument for travelling purposes, and well adapted for careful
measurement of heights. The cistern is made large enough to receive all the mer-
cury that will fall from the tube at the highest attainable elevation. The screw at
the bottom confines the mercury securely for earriage, and serves to adjust the
surface of the mercury to the zero of the scale when making an observation. The
vernier reads to *002 of an inch, and slides easily on the brass frame, which is
made as small in diameter as is compatible with the size of the tube. The
tube in this barometer should be altogether without contractions, so that the mer-
cury will readily fall when it is set up for observation. It must be carefully calibrated,
and its internal diameter ascertained, in order that correction may be made for capil-
larity. This correction, however, should be combined with the error of graduation,
and form a permanent index error, ascertainable at any time by comparison with
an acknowledged standard barometer.

The barometer is supported in the tripod stand (furnished as part of the in-
strument) when used for observation. It is suspended by placing two studs, in the
ring on the frame, in slots formed on the top of the stand, so that it hangs freely and
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vertically in gimbals. To the metal top of the stand, mahogany legs are hinged. To
make the barometer portable, it must be lifted out of the stand, sloped gently until
the mercury reaches the top, turning the screw at the bottom meanwhile; then invert
and serew until the mercury is made tight. The inverted instrument packs in the
stand, the legs being formed to fit round the frame ; and receptacles are scooped
out for the cistern, thermometer, gimbals, and vernier; so that the instrument is
firmly surrounded by the wooden legs, which are held fast together by brass rings
passed over them.

Fig. 29, 39. Newman’s Mountain Barometer.—Fig. 29 is an illustration
of the mountain barometer known as Newman’s. The cistern consists
of two separate compartments;—the top of the lower and the bottom
of the upper, being perfectly flat, are pivoted closely together at the
centres, so that the lower can move through a small arc, when turned
by the hand. This movement is limited by two stops. The top of
the lower compartment and the bottom of the upper have each a cir-
cular hole, through which the mercury communicates. When the instru-
ment is required for observation, the cistern is turned close up to the
stop marked ¢ open’ or ¢ mot portable.,” When it is necessary to pack
it for travelling, the mercurial column must be allowed to fill the tube by
sloping the barometer gently; then invert it, and move the cistern to the
stop marked ¢¢ shut” or ¢¢ portable.” In this condition, the upper compart-
ment is completely filled with mercury, and consequently that in the tube
cannot move about, so as to admit air or endanger the tube. Nor can the
mercury pass back to the lower compartment, as the holes are not now
coincident, and the contact is made too perfect to allow the mercury to
creep between the surfaces. The tube does not enter the lower compart-
ment, which is completely full of mercury when the instrument is arranged
for observation. The spare capacity of the upper cistern is sufficient to
receive the mercury which descends from the tube to the limit of the en-
graved scale, which in these barometers generally extends only to about 20
inches. A lower limit could of course be given by increasing the size of the
cisterns, which it is not advisable to do unless for a special purpose. This
barometer may be had mounted in wood, or in brass frame. If in wood,
it has a brass shield, which slides round the scale part of the frame, so as to
be easily brought in front of the tube and scale as a protection in travelling ; i
the vernier screw, in this case, being placed at the top of the instrument. ~When
the scale is graduated with true inches, the neutral point, the capacity and capillarity
corrections should be marked on the frame. The graduated scales, however, placed
on these barometers in brass frames, are usually artificial inches, like the Kew plan
of graduation; the advantage being that one simple correction only is required, viz.
one for index error and capillarity combined, which can always be readily determined
by comparison with a standard barometer; morcover, as no adjustment of cistern is
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required in reading, the instrument can be verified by artificial pressure throughout the
scale, by the plan practised at Kew, Liverpool, &e., and already described (see p. 18).

40. NEGRETTI & ZAMBRA’S PATENT
BAROMETERS.

MOUNTAIN AND OTHER

This invention is intended to make mountain and other barometers of standard
accuracy stronger, more portable, and less liable to derangement, when being carried

about, than heretofore, by dispensing
with the ordinary flexible cistern con-
taining the mercury at the bottom of the
instrument, and adapting in lieu thereof
a rigid cistern constructed of glass and
iron. The cistern is composed of a
glass ecylinder, which is secured in a
metallic tube or frame. In order to
render the cistern mercury-tight at top
and bottom, metal caps are serewed into
the tube or frame, and bear against
leather washers placed between them
and the edges of the glass cylinder.
The upper cap of the cistern is tapped
with a fine threaded screw to receive the
iron plug or socket, into which the baro-
meter tube is securely fixed. The whole
length of this plug has a fine serew cut
upon ‘it by which the cistern can be
serewed up or down. At the side of this
plug or socket, extending from the lower
end to within half an inch of the top, is
cut a groove for admitting the air to the
surface of the mercury within the cistern
when the barometer is in use. An ivory
point is serewed into the under surface
of the plug, carrying the barometer tube.
This ivory point is very carefully adjusted
by measurement to be the zero point of
the instrument, from which the barometer
scale of inches is divided. The surface
of the mercury in the cistern is adjusted
to the zero point by screwing the cistern
up or down until the ivory point and its
reflected image are in contact.
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The instrument (fig. 80) is shown in a state of adjustment, ready to take an
observation; but when it is desired to render it portable, it must be inclined, until
nereury from the cistern fills the tube; the cistern must then be screwed up on the
sockel, so as to bring the face of the upper cap against the under side of the shoulder
of the cover immediately above it; the instrument may then be carried without
being liable to derangement.

Precautions necessary in using the Mountain Barometer.—On removing the
barometer from its case after a journey, allow it to remain with its scale end down-
ward, whilst the cistern is unserewed to the extent of one turn of the screw, after which
slightly shake the cistern ; the mercury in it will then completely fill the end of the
barometer tube, should any portion of it have escaped therefrom.

The barometer is then inverted, and if it be desired to make an observation,
suspend it vertically from its stand by the ring at top. The cistern must then be
unscrewed, until the surface of the mereury is brought just level with the extreme
end of the ivory or zero point fixed to the iron plug on which the glass cistern
moves up and down.

Should the elevation of the place where the barometer is to be used be con-
siderably above the sea level, it will be well—after suspending it from the stand—
to unscrew the cistern several turns, holding the barometer in an oblique position, as
at great heights the mercury will fall considerably quicker than the cistern can be
unscrewed, thereby filling it to overflowing; but by partly unscrewing the cistern
first, room is given for the reception of a fall of mercury to the extent of several
inches.

The cistern must not be unserewed when the Instrument is INVERTED more than
two turns of the serew, otherwise the mercury will flow out through the groove.

It is found safer when travelling to carry the barometer in a horizontal position,
or with its cistern end uppermost.

To clean the Barometer. —Should at any time the mercury in the cistern become
oxidised, and reading from its surface be difficult, it can be readily cleaned by
removing the cistern and its contained mercury from the barometer frame by un-
screwing it when in a horizontal position; this precaution is necessary that the
mercury in the tube may not escape, and thereby allow air to enter. The cistern
must then be emptied, and with a dry clean leather, or silk handkerchief, well cleaned.

The operation of cleaning being performed, return the cistern to the frame,
and screw it until the face is brought up against the under side of the shoulder,
still keeping the instrument horizontal. The cistern is now ready for re-filling, to
do which stand the barometer on end head downwards, and remove the small screw
at bottom; through the aperture thus opened, pour in inercury, passing it through
a paper funnel with a very small aperture. It is well to pass the mercury through a
very small funnel two or three times before returning it to the barometer cistern, as
by this process all particles of dust or oxide adhere to the paper, and are effectually
removed.
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Should any small quantity of the mercury be lost during the operation of
cleaning, it is of no importance so long as sufficient remains to allow of adjust-
ment to the zero point. This latter constitutes one of the great advantages of
this new instrument over the ordinary barometer; for, in the majority of cases,
after an instrument has been compared carefully with a standard, should mercury
be lost, there is no means of correcting the error unless a standard barometer be at
hand; the new barometer is, in this respect, independent, a little mercury more or
less being unimportant.

41, Short Tube Barometer,—This is simply a tube shorter, as may be required,
than that necessary to show the atmospheric pressure at the sea level. It is con-
venient for balloon purposes, and for use at mountain stations, being of course a
special construction.

42, Method of Calculating Heights by the Barometer.—The pressure of
the atmosphere being measured by the barometer, it is evident that as the instrument
is carried up a high mountain or elevated in a balloon, the length of the column
must decrease as the atmospheric pressure decreases, in consequence of a stratum
of air being left below. ~ The pressure of air arises from its weight, or the attraction
of gravitation upon it, and therefore the quantity of air below the barometer cistern
cannot influence the height of the column. Hence it follows that a certain relation
must exist between the difference of the barometric pressure at the foot and at the
top of a hill or other elevation, and the difference of the absolute heights above the
sea. Theoretical investigation, abundantly confirmed by practical results, has
determined that the strata of air decrease in density in a geometrical proportion,
while the elevations increase in an arithmetical one. Hence we have a method
of determining differences of level, by observations made on the density of the air
by means of the barometer. It is beyond our purpose to explain in detail the
principles upon which this method is founded, or to give its mathematical investi-
gation. We append Tables, which will be useful to practical persons,—surveyors,
engineers, travellers, tourists, &e.,—who may carry a barometer as a travelling
companion.

Table I. is calculated from the formula, height in feet = 60,200 (log. 29-922
—log. B) + 925 ; where 29-922 is the mean atmospheric pressure at 82° F., and
the mean sea-level in latitude 45°; and B is any other barometric pressure ; the 925
being added to avoid minus signs in the Table.

Table II. contains the correction necessary for the mean temperature of the
stratum of air between the stations of observation; and is computed from
Regnault’s co-efficient for the expansion of air, which is :002036 of its volume at
82 for each degree above that temperature.

Table III. is the correction due to the difference of gravitation in any other
latitude, and is found from the formula, @ = 1 4 00265 cos. 2 lat.
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Table IV. is to correct for the diminution of gravity in ascending from the sea-
level.

To use these Tables: The barometer readings at the upper and lower stations
having been corrected and reduced to temperature 82° F., take out from Table I. the
numbers opposite the corrected readings, and subtract the lower from the upper.
Multiply this difference successively by the factors found in Tables II. and III. The
factor from Table III. may be neglected unless precision is desired. Finally, add
the correction taken from Table IV.

Tasre I.

Approximate Height due to Barometric Pressure.

Inches. Feet. Inches. Feet. Inches. Feet.
31-0 0 28-2 2475 254 5209
30-9 84 -1 2568 -3 5312
-8 169 28:0 2661 2 5415
7 254 27-9 2754 1 5519
-6 339 8 2848 250 5623
) 425 7 2942 249 5728
4 511 6 3037 ‘8 58383
-3 597 5 8132 7 5939
2 683 4 3227 6 6045
ol 770 3 3323 5 6152
30°0 857 2 3419 4 6259
29-9 944 ‘1 8515 3 6366
8 1032 27-0 3612 2 6474
v 1120 26-9 3709 1 6582
-6 1208 8 3806 240 6691
5 1296 7 8904 2389 6800
4 1385 6 4002 8 6910
-3 1474 5 4100 7 7020
2 1563 4 4199 6 7181

-1 1653 8 4298 5 7242

. 28+0 1748 2 4398 4 7353
28-9 1833 || il 4498 3 7465
8 1924 26-0 4598 2 7577
7 2015 259 4699 -1 7690
6 2106 -8 4800 23:0 7803
5 2198 7 4902 22-9 7917

4 2290 6 5004 8 8032

3 2382 5 5106 7 8147
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Tasre I.—continued.

Approximate Height due to Barometric Pressure.

Feet. Inches. Feet. Inches. Feet.

8262 18-9 12937 15-2 18632

8378 8 138076 =1 18805

8495 7 13215 15-0 18979

8612 ‘6 13355 14-9 19154

8729 5 13496 8 19330

8847 4 13638 7 19507

8966 3 13780 6 19685

9085 2 18923 5 19865

9205 ‘1 14067 4 20046

9325 18:0 14212 ‘3 20228

9446 179 14358 2 20412

9567 8 14505 1 20597

9689 7 14652 14-0 20783

9811 6 14800 139 20970

99384 5 14949 8 21159

10058 4 15099 =7 21849

10182 3 15250 6 21541

10307 2 15402 5 21734

10482 1 15554 4 21928

10558 17-0 15707 3 22124,

10684 16-9 15861 2 223821

10812 -8 16016 1 22520

10940 7 16172 130 22720

11069 6 16329 12:9 22922

11198 5 16487 8 23126

11328 4 16646 7 23331

11458 3 16806 6 23538

11589 2 16967 5 23746

11721 il 17129 4 23956

7 11858 16-0 17292 8 24168
6 11986 15-9 17456 2 24381
5 12120 8 17621 ‘1 24596
4 12254 < 17787 | 120 24813
3 12389 6 17954 | 119 25082
2 12525 5 18122 8 25253
‘1 12662 4 18291 7 25476
19-0 12799 3 18461 6 25700
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Tasre II.
Correction due to Mean Temperature of the Air.

;i::. Factor. ,ﬂ:‘; Factor. ,}“e(::; Factor.
10- 0-955 35° 1-006 60° 1-057
11 957 36 1-008 61 1-059
12 959 37 1-010 62 1-061
13 *961 38 1-012 63 1-063
14 <963 39 1-014 64 1-065
15 ‘965 40 1-016 65 1-067
16 967 41 1-018 66 1-069
17 969 42 1-:020 67 1-071
18 ‘971 43 1-022 68 1-073
19 ‘974 44 1-024 69 1-075
20 ‘976 45 1-026 70 1-077
21 <078 46 1-029 71 1-079
22 -980 47 1-031 72 1-081
23 982 48 1-033 738 1-083
24 *984 49 1-:035 74 1-086
25 986 50 1-037 75 1-088
26 -988 51 1-039 76 1-090
27 .990 52 1-041 7 1-092
28 <992 53 1-:043 78 1-:094
29 994 54 1:045 79 1-096

80 996 55 1.047 80 1-098

31 0-998 56 1-049 81 1-100

32 1-000 57 1-051 82 1-102

33 1-002 58 1-053 83 1-104

84 1-004 59 1-055 84 1106
Tasre III.

Latitude. Factor. Latitude. Factor. Latitude. Factor.
80° 0:99751 50 0-99954 20 1-:00203
75 0-99770 45 1-:00000 15 1:00230
70 0-99797 40 1-00046 10 1-00249
65 0-99830 35 1-:00090 5 1-00261
60 0-99868 30 1-00182 0 1-00265
55 0-99910 25 1-00170
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TasLe IV.
Height in Correction Height in Correction
Thousand Feet., Additive. ||Thousand Feet.| Additive.
1 3 14 44
2 5 15 48
3 8 16 52
4 11 17 2 56
5 14 18 60
6 17 19 65
7 20 20 69
8 28 21 74
9 26 22 78
10 30 28 83
ki 33 24 88
12 37 25 93
13 41 26 98

Exaypre 1. On October 21st, 1852, when Mr. Welsh ascended in a balloon, at
8h. 30m. p.m., the barometer, corrected and reduced, was 18-85, the air temperature
27°, while at Greenwich, 159 feet above the sea, the barometer at the same time
was 29-97 inches, air temperature 49°, the balloon not being more than 5 miles S.W.
from over Greenwich; required its elevation.

Feet.
Barometer in Balloon vt 18:855 Tabler I... = = 13007
0 at Greenwich ... 29:97 i 883
12124
Mean Temperature, 38°, Table IL. Factor ... 1-012
12269-
Latitude 513°, Factor from Table III. *99941
12262
Correction from Table IV. 38
12300
Elevation of Greenwich ... 159
o Balloon 12459 feet.

The following examples, from the balloon ascents of J. Glashier, Esq., F.R.S.,
will serve for practice.*

* Vide Report of the British Association, 1862,
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2. Ascended from Wolverhampton, 18th August, 1862, at 2h. 88m. p.m. ; baro-
meter (in all eases corrected and reduced to 82° F) was 14-868, the temperature of
the air 26°; at the same time, at Wrottesley Hall, 531 feet above the sea, in latitude
523° N, the barometer was 2946, and the temperature of the air 65°4; find the
elevation of the balloon above the sea.

Height, 18,959 feet.

8. From the same place an ascent was made 5th September, 1862, when at

1h. 48m. p.m. barometer was 11:954, air 0°; at Wrottesley Hall 2938, air 56°.
Height, 23,923 feet.

4. TFrom the Crystal Palace a balloon ascent was made 20th August, 1862.
At 6h. 47m. p.m. barometer wag 2555, air 50°:5 ; and at the same time at Greenwich
Observatory, at 159 feet above the sea, the barometer was 29-81, air 63°.
Height, 4,406 feet.

5. From the same place an ascent was made 8th September, 1862. At 5 p.m.,
the balloon being over Blackheath, barometer was 25:60, and the air 49°-5, while at

Greenwich, barometer was 29:92, air 66°+4.
Height, 4,461 feet.
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CHAPTER V.

SECONDARY BAROMETERS.

483. Desirability of Magnifying the Barometer Range.—The limits within
which the ordinary barometric eolumn oscillates, do not exceed four inches for ex-
treme range, while the ordinary range is confined to about two inches; hence it has
often been felt that the public utility of the instrument would be greatly enhanced
if by any means the scale indications could be increased in length. This object was
gought to be obtained by bending the upper part of the tube from the vertical, so
that the inches on the scale could be increased in length in proportion to the secant
of the angle it made with the vertical. This was called ‘‘the diagonal barometer.”
The upper part of the tube has also been formed into a spiral, and the scale, placed
along it, is thus greatly enlarged.

But these methods of enlarging the indications ecannot be so successfully accom-
plished, nor so cheaply nor so elegantly, as is done by the principle employed in
the dial barometer. Hence they are not in use.

44. Howson’s Long Range Barometer.—Very recently quite a novel design has
been patented by Mr. Howson, for a long range barometer. The construction
requires neither distortion of the tube, nor mechanism for converting a short scale
into a long one; but the mercury itself rises and falls, through an extended range,
naturally, and in simple obedience to the varying pressure of the atmosphere. The
tube is fixed, but its cistern is sustained by the mere pressure of the atmosphere.
Looking at the instrument, it seems a perfect marvel. It appears as though the
cistern with the mercury in it must fall to the ground. The bore of the tube is
wide, about an inch across. A long glass rod is fixed to the bottom of the glass
cistern, where a piece of cork or some elastic substance is also placed. The tube is
filled with mercury; the glass rod is plunged into the tube as it is held top dowr-
wards, until the cork gets close up to the tube and fits tightly against it. The pres-
sure against the cork simply prevents the mercury from coming out while the instru-
ment is being inverted. When it is inverted, the mercury partly falls, and forms an
ordinary barometric column. When the top is held, the cistern and glass rod, instead
of falling away, remain perfectly suspended. There is no material support to
the cistern; the tube only is fixed, the cistern hangs to it. Glass is many
times lighter than mercury. When the glass rod is introduced, it displaces an
equal volume of mercury. The glass rod, being so much lighter than mercury,
floats and sustains the additional weight of the cistern by its buoyancy. In the
mean fime, the atmosphere is acting upon the mercury, keeping up the ordinary
barometric column. Supposing there is a rise in the ordinary barometer, the
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Fig. 81,
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atmosphere presses some more mercury up the tube. This mer-
cury is taken out of the cistern, which of course becomes lighter,
and therefore the rod and cistern float up a little higher, which
thus causes the column of mercury to rise still more. The
increased pressure and buoyancy thus acting together, increase
the ascent in the barometric column, as shown by the fixed scale.
One inch in the barometer might be represented by two or more
inches in this instrument, according to construction. Supposing
there was a decrease of pressure, the mercury would fall, come
into the cistern, make it heavier, and increase the fall somewhat.
Friction guides, at the top of the rod, prevent it coming into
contact with the side of the tube when vertically suspended. The
illustration, Fig. 81, shows the appearance of the instrument as
framed in wood by the makers, Messrs. Negretti and Zambra.

45, McNeild’s Long Range Barometer,—A barometer de-
signed by a gentleman named MecNeild is on a directly opposite
principle to the one just described. The tube is made to float
on the mercury in the cistern. It is filled with mercury, inverted -
in the usual manner, then allowed to float, being held vertically
by glass friction points or guides. By this contrivance, the ordi-
nary range of the barometer is greatly increased. One inch rise or
fall in the standard barometer may be represented by four or five
inches in this instrument, so that it shows small variations in
atmospheric pressure very distinetly. As the mercury falls in the
tube with a decrease of pressure, the surface of the mercury in
the cistern rises, and the floating tube rises also, which causes an
additional descent in the column, as shown by fixed graduations
on the tube. 'With an increase of pressure, some mercury will
leave the cistern and rise in the tube, while the tube itself
will fall, and so cause an additional aseent of mercury. This
barometer is identical in principle with King's Barograph (see
p. 34).

The construction of Howson’s and McNeild's Barometers has
been assigned to Messrs. Negretti and Zambra. These instru-
ments are usually made for domestic purposes with a scale of
from three to five, and for public use from five to eight times the
scale of the ordinary standard. Their sensitiveness is conse-
quently increased in an equal proportion, and they have the
additional advantage of not being affected by differences of level
in the cistern. However, these novelties have not been suffi-
ciently tried to determine their practical value for strietly scicntifie
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purposes ; but as weather-glasses, for showing minute changes, they are superior
to the common barometer.

46. The Water-glass Barometer,—If a Florence flask, having a long neck,
have a small quantity of water poured into it, and then be inverted and so supported
that the open end dips into a vessel containing water, a small column of water
will be confined in the neck of the bottle, the pressure of which, upon the surface
of the exposed water, will be equal to the difference between the atmospheric
pressure and the elasticity of the confined air in the body of the bottle. As the
pressure of the atmosphere varies, this column will alter in height. But the
elasticity of the confined air is also subject to variations, owing to changes of
temperature. It follows, then, that the oscillations of the column are dependent
on alterations of temperature and atmospheric pressure. Such an arrangement hag
been called ‘‘the Water-glass Barometer,” and bears about the same relative value
to the mercurial barometer, as an exponent of weather changes, that a cat-gut
hygrometer bears to a thermometric hygrometer, as an indicator of relative
moisture.

47. SYMPIESOMETER.

Nevertheless the instrument now about to be described, depending upon similar
principles, but scientifically constructed and graduated, is a very useful and valuable
substitute for the mercurial barometer. It consists of a glass tube, varying, according
to the purposes for which the instrument is required,
from six to twenty-four inches in length. The upper
end is closed, and formed into a bulb; the lower is
turned up, formed into a cistern, and open at top,
through a pipette, or cone. A plug, moveable by a
catch from below, can be made to close this opening,
80 a8 to render the instrument portable.

The upper portion of the tube is filled with air ;
the lower portion, and part of the cistern, with sul-
phuric acid, coloured so as to render it plainly visible.
Formerly, hydrogen and oil were used. It was
found, however, that, by the process known to

Fig. 32.

chemists as osmosis, this light gas in time partially
escaped, and the remainder became mixed with air, the
consequence being that the graduations were no longer
correct. They are more durable as at present con-
structed. The liquid rises and falls in the tube with the
variations of atmospheric pressure and temperature
acting together. If the pressure were constant, the confined air would expand and
contract for temperature only, and the instrument would act as a thermometer. In
fact, the instrument is regarded as such in the manufacture; and the thermometric
B
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scales are ascertained and engraved on the scale. A good mereurial thermometer is
also mounted on the same frame. If, therefore, at any time the mercurial and the
air thermometers do not read alike, it must evidently be due to the atmospheric
pressure acting upon the air in the tube; and it is farther evident that, under these
circumstances, the position of the top of the liquid may be marked to represent the
baremetric pressure at the time. In this manner a scale of pressure is ascertained
by comparison with a standard barometer, extending generally from 27 to 81 inches.

When made correctly, these instruments agree well with the mercurial barometer
for a number of years, and their subsequent adjustment is not a matter of much
expense.

For use at sea, the liquid column is contracted at the bend. The sympiesometer
is very sensitive, and feels the alterations in the atmospheric pregsure sooner than
the ordinary marine barometer. Y

The secale is usually on silvered brass, mounted on a mahogany or rosewood
frame, protected in front by plate glass. It is generally furnished with a revolving
register, to record the observation, in order that it may be known whether the pres-
sure has increased or decreased in the interval of observation.

Small pocket sympiesometers are sometimes fitted with ivory scales, and pro-
tected by a neat velvet-lined pasteboard or morocco case.

How to take an Observation.—In practice, the indications of the atmospheric
pressure are obtained from the sympiesometer by noting, first, the temperature of the
mercurial thermometer; secondly, adjusting the pointer of the pressure scale to the
same degree of temperature on the scale of the air column; thirdly, reading the
height of the liquid on the sliding scale.

Directions for Use.—The sympiesometer should be carried and handled so as to
keep the top always upwards, to prevent the air mechanically mixing with the liquid.
Care should also be taken to screen it from easual rays of the sun or cabin fire.

48. ANEROIDS.

The beautiful and highly ingenious instrument called by the name Aneroid, is
no less remarkable for the scientific principles of its econstruction and action, than
for the nicety of its mechanism. It is a substitute, and perhaps the best of all sub-
stitutes, for the mercurial barometer. As its name implies, it is constructed ¢“without
fluid.” Tt was invented by M. Vidi of Paris. In the general form in which it is made
it consists of a brass eylindrical case about four inches in diameter and ono and a half
inch deep, faced with a dial graduated and marked similarly to the dial-plate of a ¢ wheel-
barometer,” upon which the index or pointer shows the atmospheric pressure in inches
and decimals of an inch in accordance with the mercurial barometer. Within the case,
for ordinary sizes, is placed a flat metal box, generally not more than half an inch thick
and about two inches or a little more in diameter, from which nearly all the air is
exhausted. The top and bottom of this box is corrugated in concentric circles, so as
to yield inwardly to external pressure, and return when the pressure is removed. The
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pressure of the atmosphere, acting externally, continually changes, while the elastic
pressure of the small quantity of air within can only vary by its volume being
increased or decreased, or by change of temperature. Leaving out of consideration,
for the moment, the effect of temperature, we can readily perceive that as the pres-
sure is lessened upon the outside of the box, the elastic force of the air within will
force out the top and bottom of the box; and when the outer pressure is increased
they will be forced in. Thus with the varying pressure of the atmosphere, the top
and bottom of the box approach to and recede from each other by a small quantity ;
but the bottom being fixed, nearly all this motion takes place on the top. Thus the
top of the box is like an elastic cushion, which rises and falls according as the com-
pressing force lessens or increases. To the eye these expansions and contractions
would not be perceptible, so small is the motion. But they are rendered very evident
by a nice mechanical arrangement. To the box is attached a strong piece of iron, kept
pressed upon it by a spring at one extremity; so that as the top of the box rises,
the motion is made sensible at the point held by the spring, and when the top de-
scends the spring draws the piece of iron into close contact with it. This piece of
iron acts as a lever, having its fulerum at one extremity, the power at the eentre of
the box-top, and the other extremity controlled by the spring, Thus it is evident
that the small motion of the centre of the box-top is much increased at the spring
extremity. The motion thus obtained is communicated to a system of levers; and,
by the intervention of a piece of watch-chain and a fine spring passing round the
arbour, turns the index to the right or left, according as the external pressure Increases
or decreases. Thus, when by increase of pressure the vacuum box is compressed,
the mechanism transfers the movement to the index, and it moves to the right;
when the vacuum box bulges out under diminished pressure, the mechanical motion is
reversed, and the index moves to the left. As the index traverses the dial, it shows
upon the scale the pressure correspbnding with that which a good mercurial baro-
meter would at the same time and place indicate; that is, supposing it correctly
adjusted.

A different and more elegant arrangement has since been adopted. A broad
curved spring is connected to the top of the vacuum box, so as to be compressed by
the top of the box yielding inward to increased pressure, and to relax itself and the
box as the pressure is lessened. The system of levers is connected to this spring,
which augments and transfers the motion to the index, in the manner already de-
scribed. Increase of pressure causes the levers to slacken the piece of watch-chain
connected with them and the arbour of the index. The spring now uncoils, winds
the chain upon the arbour, and turns the index to the right. Decrease of pressure
winds the chain off the barrel, tightens the spiral spring, which thus turns the index
to the left. The graduations of the aneroid scale are obtained by comparisons
with the correct standard reading of a mercurial barometer, under the normal and
reduced atmospheric pressure. Reduced pressure is obtained by placing both in-
struments under the receiver of an air pump.
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Fig. 83 represents the latest improved mechanism of an aneroid. The otter case
and the face of the instrument are removed, but the hand is attached by its collet to
the arbour. A is the corrugated box, which has been exhausted of air through the

tube, J, and hermetically sealed by solder-

Fig. 88.

ing. B isa powerful curved spring, resting
in gudgeons fixed on the frame-plate, and
attached to a socket behind, I, in the top :
of the box. A lever, C, joined to the stout
edge of the spring, is connected, by the bent
lever at D, with the chain, E, the other end
of which is coiled round, and fastened to
the arbour, #. As the box, 4, is com-
prossed by the weight of the atmosphere
inereasing, the spring, B, is tightened, the
lever, C, depressed, and the chain, E, un-
coiled from F', which is thereby turned so that the hand, 71, moves to the right.
In the mean while the spiral spring, G, coiled round ¥, and fixed at one
extremity to the frame-work and by the other to F, is compressed. When, there-
fore, the pressure decreases, 4 and B relax, by virtue of their elasticity ; 7 slackens,
(& unwinds, turning ¥, which carries H to the left. Near J is shown an iron pillar,
cast as part of the stock of the spring, B. A screw works in this pillar through
the bottom of the plate, by means of which the spring, B, may be so adjusted to
the box, 4, as to set the hand, H, to read on the scale according to the indications
of a mercurial barometer. The lever, C, is composed of brass and steel, soldered
together, and adjusted by repeated trials to correct for the effects of temperature.

A thermometer is sometimes attached to the ancroid, as it is convenient for

indicating the temperature of the air. As regards the instrument itself, no cor-
rection for temperature can be appliéd with certainty. It should be set to read
with the mercurial barometer at 82° F. Then the readings from it are supposed to
require no correction.

In considering the effects of temperature upon the aneroid, they are found to be
somewhat complex. There is the effect of cxpansion and contraction of the
various metals of which the mechanism is composed ; and there is the effect on the
elasticity of the small portion of air in the box. An increase of temperature produces
greater, a diminution less elasticity in this air. The compensation for effects of tem-
perature is adjusted by the process of ¢ trial and error,” and only a few makers do it
well. Tt is very often a mero sham. Admiral FitzRoy writes, in his Barometer
Manual, ¢ The known expansion and contraction of metals under varying tempera-
tures, caused doubts as to the accuracy of the aneroid under such changes; but they
were partly removed by introducing info the vacuum box a small portion of gas, as a
compensation for the effects of heat or cold. The gas in the box, changing its bulk
on a change of temperature, was intended to compensate for the effect on the metals
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of which the aneroid is made. Besides which, a further and more rcliable com-
pensation has lately been effected by a combination of brass and steel bars.”

¢ Aneroid barometers, if often compared with good mercurial columns, are
similar in their indications, and valuable; but it must be remembered that they are
not independent instruments, that they are set originally by a barometer, require
adjustment occasionally, and may deteriorate in time, though slowly.”

¢ The aneroid is quick in showing the variation of atmospheric pressure; and
to the navigator who knows the difficulty, at times, of using barometers, this in-
strument is a great boon, for it can be placed anywhere, quite out of harm’s way,
and is not affected by the ship’s motion, although faithfully giving indication of in-
creased or diminished pressure of air. In ascending or descending clevations, the
hand of the aneroid may be seen to move (like the hand of a wateh), showing the height
above the level of the sea, or the difference of level between places of comparison.”

In the admiral’s Notes on Meteorology, he says, ¢ The aneroid is an excel-
lent weather glass, if well made. Compensation for heat or cold has lately been
introduced by efficient mechanism. In its émproved condition, when the cost may
be about £5, it is fit for measuring heights as far as 5,000 feet with approximate
accuracy; but even at the price of £3, as a weather-glass only, it is exceedingly valu-
able, because it can be carried anywhere; and if now and then compared with a
good barometer, it may be relied on sufficiently. I have had one in constant use for
ten years, and it appears to be as good now as at first. For a ship of war (con-
sidering coneussion by the fire of guns), for boats, or to put in a drawer, or on a
table, I believe there is nothing better than it for use as a common weather-glass.”

Colonel Sir H. James, R.E., in his Instructions for taking Meteorological
Observations, says of the aneroid, ‘“ This is a most valuable instrument; it is
extremely portable. I have had one in use for upwards of ten years, and find it to
be the best form of barometer, as a ¢ weather-glass,’’ that has been made.”

One of the objects of Mr. Glaisher’s experiments in balloons was ¢ to compare
the readings of an aneroid barometer with those of a mercurial barometer up to five
miles.” In the comparisons the readings of the mercurial barometer were corrected
for index-error and temperature. The aneroid readings, says Mr. Glaisher, ¢ prove
all the observations made in the several ascents may be safely depended upon, and
also that an aneroid barometer can be made to read correctly to pressures below
fwelve inches.” As one of the general conclusions derived from his experiments he
states, ¢ that an aneroid barometer read correctly to the first place, and probably to
the second place of decimals, to a pressure as low as seven inches.” The two
aneroids used by Mr. Glaisher were by Messrs. Negretti and Zambra.

Aneroids are now manufactured almost perfectly compensated for temperature.
Such an instrument therefore ought to show the same pressure in the external air
at a temperature say of 40° as it would in a room where the temperature at tho
same time may be 60°; provided there is no difference of elevation. To test it
thoroughly would require an examination and a comparison with barometer read-
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ings reduced to 32° F., conducted through a long range of temperature and under
artificially reduced pressure. A practical method appears to be to compare the
aneroid daily, or more often, for a few weeks with the readings of a mercurial baro-
meter reduced to 82°; and if the error so found be constant, the object of the com-
pensation may be assumed to be attained, particularly if the temperature during
the period has varied greatly.

Diprections for using the Aneroid.—Aneroids are generally suspended with the
dial vertical; but if they be placed with the dial horizontal, the indications differ a
few hundredths of an inch in the two positions. Hence, if their indications are regis-
tered, they should be kept in the same position.

The aneroid will not answer for exact scientific purposes, as it cannot be relied
upon for a length of time. Its error of indication changes slowly, and hence
the necessity of its being set from time to time with the reading of a good baro-
meter. To allow of this being done, at the back of the outer case is the head of a
serew in connection with the spring attached to the vacuum box. By applying a
small turnserew to this serew, the spring of the vacuum box may be tightened or re-
laxed, and the index made to move correspondingly to the right or left on the dial.
By this means, besides being enabled to correct the aneroid at any time, ¢“if the
measure of a height rather greater than the aneroid will commonly show be required,
it may be re-set thus: When at the upper station (within its range), and having
noted the reading carefully, touch the screw behind so as to bring back the hand a
few inches (if the instrument will admit), then read off and start again. Reverse
the operation when descending.  This may add some inches of measure approai-
mately.”—FitzRoy.

49. Small Size Aneroids,—The patent for the Aneroid having expired, Admiral

Fig. 34, FitzRoy urged upon
Messrs. Negretti &
Zambra the desira-
bility of reducing
the size at which it
had hitherto been
made, as well as of
improving its me-
chanical arrange-
ment, and compen-
sation for tempera-
ture. They accord-
ingly engaged skil-
ful workmen, who,
under their direc-
tions, and at their

expense, by a great
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amount of labour and experiment, succeeded in reducing its dimensions to two inches
in diameter, and an inch and a quarter thick. The exact size and appearance of this
aneroid are shown in fig. 84, The compensation is carefully adjusted, and the gra-
duations of the dial ascertained under reduced pressure, so that they are not quite
equal, but more accurate.

50. Watch Aneroid,—Subsequently the
aneroid has been further reduced in size
and it ean now be had from an inch and a
quarter to six inches in diameter. The
smallest size can be enclosed in watch cases,
fig. 85, or otherwise, so as to be adapted to
the pocket. By a beautifully simple con-
trivance, a milled rim is adjusted to move
round with hand pressure, and carry a fine
index or pointer, outside and around the
scale engraved on the dial, or face, for the
purpose of marking the reading, so that the
subsequent increase or decrease of pressure
may be readily seen. These very small
instruments are found to act quite as cor-
rectly as the largest, and are much more
serviceable. Besides serving the purpose
of a weather-glass in the house or away
from home, if carried in the pocket, they are admirably suited to the exigencies of
tourists and travellers, They may be had with scale sufficient to measure heights
not exceeding 8,000 feet ; with a scale of elevation in feet, as well as of pressure in
inches, engraved on the dial. The scale of elevation, which is for the temperature
of 50°, was computed by Professor Airy, the Astronomer Royal, who kindly pre-
sonted it to Messrs. Negretti and Zambra, at the same time suggesting its applica-
tion. Moderate-sized aneroids, fitted in leathern sling cases, are also good
travelling instruments, and will be found serviceable to pilots, fishermen, and for

use in coasting and small vessels, where a mercurial barometer cannot be employed,
because requiring too much space.

Admiral FitzRoy, in a communication to the Mercantile Marine Magazine,
December, 1860, says :—*¢ Aneroids are now made more portable, so that a pilot or
chief boatman may carry one in his pocket, as a railway guard carries his time-
kecper ; and, thus provided, pilots eruising for expected ships would be able to
caution strangers arriving, if bad weather were impending, or give warning to coasters
or fishing boats. Harbours of Refuge, however excellent and important, are not
always accessible, even when most wanted, as in snow, rain, or darkness, when
neither land, nor buoy, nor even a lighthouse-light can be seen.”
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51. Measurement of Heights by the Aneroid,—For measuring heights not
exceeding many hundred feet above the sea-level by means of the ameroid, the
following simple method will suffice :—

Divide the difference between the aneroid readings at the lower and upper
stations by *0011 ; the quotient will give the approximate height in feet.

Thus, supposing the aneroid to read at the

Lower Station .......c.coceeeens 80-385 inches.
Upper Station .......ceceeennns 30-025
Difference...... +860
vs : 860
Divided gives 0011— 827 feet.

As an illustration of the mode in which the aneroid should be used in mea-
suring heights, the following example is given:—

A gentleman who ascended Helvellyn, August 12th, 1862, recorded the following
observations with a pocket aneroid by Negretti and Zambra :—

Near 10 a.m., at the first milestone from Ambleside, found by survey to be
188 feet above the sea, the aneroid read 29-89 inches; about 1 p.m., at the summit
of Helvellyn, 26-81; and at 5 p.m., at the milestone again, 29-76. The tempera-
ture of the lower air was 57°, of the upper, 54°. Hence the height of the mountain
is deduced as follows :—

Inches.
Reading at 10 a.m. 2989
» b pm. 2976
Mean 29-825 Table Ix 1010
Upper Reading 26-81 s 8796
Difference ... 2786
Mean Temperature 55°5, gives in Table II. «. 1:048
2920
Lat. 55° N., gives in Table III. e t9991
2917
Table IV. ... 5
Difference of height ... 2922
Height of lower station 188
5,  Helvellyn ... 3110

In Sir J. Herschell's Physical Geography it is given as A=) B G e O

W See page 42 for the Tables,
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So near an agreement is attributable to the excellenco of the aneroid, and the
careful accuracy of the observer.

52. METALLIC BAROMETER.

This instrument, the invention of M. Bourdon, has a great resemblance to
the aneroid, but is much simpler in arrangement. The inventor has applied the
same principle to the construction of metallic steam-pressure gauges. We are here,
however, only concerned with it as constructed to indicate atmospherie pressure.
It consists of a long slender flattened metallic tube, partially exhausted of air, and
hermetically closed at each end, then fixed upon its centre, and bent round so as
to make the ends face each other. The transverse section of this tube is an elongated
ellipse. The principle of action is this: interior pressure tends to straighten the
tube, external pressure causes it to coil more. Hence as the atmospheric pressure
decreases, the ends of the tube become more apart.

This movement is augmented and transferred by a mechanical arrangement of
small metallic levers to a radius bar, which carries a rack formed on the arc of its
circle. This moves a pinion, upon the arbour of which a light pointer, or ¢“hand,”
is poised, which indicates the pressure upon a dial. When the pressure increases,
the ends of the tube approach each other, and the pointer moves from left to right
over the dial. The whole mechanism is fixed in a brass case, having a hole at the
back for adjusting the instrument to the mercurial barometer by means of a key,
which sets the pointer without affecting the levers. The dial is generally open to
show the mechanism, and is protected by a glass, to which is fitted a moveable
index.

This barometer is very sensitive, and has the advantage of occupying little
space, although it has not yet been made so small as the aneroid. Both these
instruments admit of a great variety of mounts to render them ornamental. The
metallic barometer can be constructed with a small clock in its centre, so as to
form a novel and beautiful drawing-room ornament.

Admiral FitzRoy writes, ¢ Metallic barometers, by Bourdon, have not yet been
tested in very moist, hot, or cold air for a sufficient time. They are dependent, or
secondary instruments, and liable fo deterioration. For limited employment, when
sufficiently compared, they may be very useful, especially in a few cases of electrical
changes, not foretold or shown by mercury, which these seem to indicate remarkably.”

They are not so well adapted for travellers, nor for measurements of con-
siderable elevations, as aneroids.
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CHAPTER VI.

INSTRUMENTS FOR ASCERTAINING TEMPERATURE.

53. Temperature is the energy with which heat affects our sensation of
feeling.

Bodies are said to possess the same temperature, when the amounts of heat
which they respectively contain act outwardly with the same intensity of transfer
or absorption, producing in the one case the sensation of warmth, in the other that
of coldness. Instruments used for the determination and estimation of tempera-
tures are called Thermometers.

Experience proves that the same body always occupies the same space at the
same temperature ; and that for every increase or decrease of its temperature, it under-
goes a definite dilatation or contraction of its volume. Provided, then, a body suffers
no loss of substance or peculiar change of its constituent elements or atoms, while
manifesting changes of temperature it will likewise exhibit alterations in volume;
the latter may, therefore, be taken as exponents of the former. The expansion and
contraction of bodies are adopted as arbitrary measures of changes of temperature;
and any substance will serve for a thermometer in which these changes of volume
are sensible, and can be rendered measureable.

54. Thermometric Substances.—Thermometers for meteorological and domestic
purposes are constructed with liquids, and generally either mercury or alcohol,
because their alterations of volume for the same change of temperature are greater
than those of solids; while being more manageable, they are preferred to gases.
Mercury is of all substances the best adapted for thermometrie purposes, as it main-
tains the liquid state through a great alteration of heat, has a more equable
co-efficient of expansion than any other fluid, and is peculiarly sensitive to changes
of temperature. The temperature of solidification of mercury, according to
Fabrenheit’s scale of temperature, is — 40°; and its temperature of ebullition is
about 600°. Sulphuric ether, nitric acid, oil of sassafras, and other limpid fluids,
have been employed for thermometers.

55. Description of the Thermometer.—The ordinary thermometer consists of
a glass tube of very fino bore, having a bulb of thin glass at one extremity, and
closed at the other. The bulb and part of the tube contains mercury; the rest of
the tube is a vacuum, and affords space for the expansion of the liquid. This
arrangement renders very perceptible the alterations in volume of the mercury due
to changes of temperature. It is true, the glass expands and contracts also; but
only by about one-twentieth of the extent of the mercury. Regarding the bulb,
then, as unalterable in size, all the changes in the bulk of the fluid must take place
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in the tube, and be exhibited by the expansion and contraction of the column, which
variations are made to measure changes of temperature.

56. STANDARD THERMOMETER.

The peculiarities in the construction of thermometers will be best g, ¢
understood by describing the manufacture of a Standard Thermometer,
which is one of the most accurate make, and the scale of which is § g™
divided independently of any comparison with another thermometer.

EGRETTIRZAMBRA

Fig. 86 is an illustration of such an instrument, on a silvered brass scale.

Selection of Tube.—In selecting the glass tube, much care is requi-
site to ascertain that its bore is perfectly uniform throughout. As
received from the glass-house, the tubes are generally, in their interior,
portions of very elongated cones, so that the bore is wider at one end
than at the other. With due care, however, a proper length of tube
can be selected, in which there is no appreciable difference of bore.
This is ascertained by introducing into the tube a length of mercury of
about a half or a third of an inch, and accurately measuring it in various
positions in the tube. To accomplish this, the workman blows a bulb at
one end of the tube, and heats the bulb a little to drive out some of the
air. Then, placing the open end in mercury, upon cooling the elasticity
of the enclosed air diminishes, and the superior pressure of the atmo-
sphere drives in some mercury. The workman stops the process so soon
as he judges sufficient mercury has entered. By cooling or heating the
bulb, as necessary, the mercury is made to pass from one end of the
tube to the other. Should the length of this portion of mercury alter
in various parts of the bore, the tube must be rejected. If it is, as
nearly as possible, one uniform length, the tube is set aside for filling.

The bulb is never blown by the breath, but by an elastic caoutchoue
ball containing air, so that the introduction of moisture is avoided. The
spherical form is to be preferred; for it is best adapted to resist the varying pressure
of the atmosphere. The bulbs should not be too large, or the mercury will take
some time to indicate sudden changes of temperature. Cylindrical bulbs are some-
times desirable, as they offer larger surfaces to the mercury, and enable thermometers
to be made more sensitive.

The mercury, with which the bulb is to be filled, should be quite pure, and
freed from moisture and air by recent boiling.

Filling the Tube.—The filling is effected by heating the bulb with the flame of
a spirit-lamp, while the open end is embedded in mercury. Upon allowing the bulb
to cool, the atmospheric pressure drives some mercury into it; and the process of
heating and cooling is thus continued until sufficient mercury is introduced. The
mercary is next boiled in the tube, to expel any air or moisture that may be present.
In order to close the tube and exclude all air, the artist ascertains that the tube
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contains the requisite quantity of mercury; then, by holding the bulb over the spirit
flame, he causes the mereury to fill the whole of the tube, and dexterously removing
it from the source of heat, he, at the same instant, closes it with the flame of a
blow-pipe. If any air remain in the tube, it is easily detected; for if the instru-
ment be inverted, the mercury will fall to the extremity of the tube, if there is a
perfect vacuum, unless the tube be so finely capillary that its attraction for the
mercury is sufficient to overcome the force of gravity, in which case the mercury will
retain its position in every situation of the instrument. If, however, the mercury
fall and does not reach quite to the extremity of the bore, some air is present, which
must be removed.

The Graduation.—The thermometer is now prepared for graduation, the first
part of which process is the determination of two fixed points. These are given by
the temperatures of melting ice and of the vapour of boiling water. Melting ice has
always the same temperature in every place and under all circumstances; provided
only that the water from which the ice is congealed is free from salts. The tempera-
ture of the vapour of boiling water depends upon the pressure of the atmosphere, but
is always constant for the same pressure.

The fixed point corresponding to the temperature of melting ice is called the
Sreezing point. It is obtained by keeping the bulb and the part of the tibe occupied
by mercury immersed in melting ice, until the mercury contracts to a certain
point, where it remains stationary. This position of the end of the mercury is then
marked upon the tube.

The boiling point is not so easily determined, for the barometer must be con-
sulted about the same time. The boiling apparatus is generally constructed of
copper. It consists of a cylindrical boiler, heated from the base by a spirit lamp or
charcoal fire. An open tube two or three inches in diameter and of suitable length
enters the top of the boiler. This tube is enveloped by another fixed to the top of
the boiler but not opening into it, and so that the two tubes are about an inch
apart. The object of the outer tube is to protect the inner tube from the cold tem-
perature of the air. The outer tube has an opening at the top for the admission of
the thermometer, and a hole near the bottom for the escape of steam through a
spout. When the water is made to boil, the steam rigses in the inner tube, fills
the space between the tubes, and escapes at the spout.  The thermometer is then
passed down into the inner eylinder, and held securely from the top by means of a
piece of caoutchoue. The tubes or cylinders should be of sufficient length to prevent
the thermometer entering the water. This is necessary because the temperature of
boiling water is influenced by any substance which it holds in chemical solution;
and, moreover, its temperature increases with the depth, owing to the pressure of
the upper stratum. The thermometer being thus surrounded with steam, the mer-
cury rises in the tube. As it does s0, the tube should be depressed so as always to
keep the top of the mercury just perceptible. When the temperature of the vapour
is attained, the mercury ccases to rise, and remains stationary. The position of
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the end of the mercury is now marked upon the tube, and the ¢‘boiling-point” is
obtained.

57. Methods of ascertaining the exact Boiling Temperature.—The normal
boiling temperature of water all nations have tacitly agreed to fix under a normal
barometric pressure of 29-922 inches of morcury, having the temperature of melting
ice, in the latitude of 45° and at the sea-level. If the atmospheric pressure at the
time or place of graduating a thermometer does not equal this, the boiling
temperature will be higher or lower according as the pressure is greater or less.
Hence a reading must be taken from a reliable barometer, which must also be
corrected for errors and temperature, and reduced for latitude, in order to com-
pare the actual atmospheric pressure at the time with the assumed normal pressure.
Tables of vapour tension, as they are termed, have been computed from accurate
experimental investigations and theory,—giving the temperatures of the vapour of
water for all probable pressures ; Regnault’s, the most recent, is considered the most
accurate; and his investigations are based upon the standard pressure given above,
and are for the same latitude. His Table, therefore, will give the temperature on
the thermometric scale corresponding to the pressure.

The Commissioners appointed by the British Government to construet standard
weights and measures, decided that the normal boiling-point, 212°, on the ther-
mometer should represent the temperature of steam generated under an atmospherie
pressure equal in inches of mercury, at the temperature of freezing water, to
29-922 + (cos. 2 latitude X +0766) + (-00000179 X height in feet above the sea-
level). Hence, at London, lat. 51°80" N., we deduce 29-905 as the barometric
pressure representing the normal boiling point of water,—the trifling correction due
to height being neglected. If then, in the latitude of London, the barometric pres-
sure, at the time of fixing the boiling point, be not 29-905 inches, that point will be
higher or lower, according to the difference of the pressure from the normal. Near
the sea-level about 0-59 inch of such difference is equivalent to 1° Fahrenheit in
the boiling point.

Suppose, then, the atmospheric pressure at London to be 80785 inches, the
following calculation gives the corresponding boiling temperature for Fahrenheit’s
scale :—

Observed pressure 80-785
Normal 3 29-905

Difference -880

As 0-59 is to 088, so is 1° to 1°-5.

That is, the water boils at 1°5 above its normal temperature; so that, in this
case, the normal temperature to be placed on the seale, viz. 212°, must be 1°:5 lower
than the mark made on the tube at the height at which the mereury stood under
the influence of the boiling water.
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The temperature of the vapour of boiling water may be found, at any time and
place, as follows :—DMultiply the atmospheric pressure by the factor due to the
latitude, given in the annexed Table V., and with the result seek the temperature in
Table VI.

TaBLE V. TasLe VI

Temperature Temperature .
Latitude. Factor. of Fibain Tension. e B Tension.
Degrees. Degrees. Inches. Degrees. Inches.
0 0:99735 179 14-934 197 22-036
5 0-99739 180 15-271 198 22-501
10 0-99751 181 15:614 199 22-974
15 0-99770 182 15-963 200 23-456
20 0-99797 183 16-318 201 23946
25 0-99830 184 16-680 202 24-445
30 0-99868 185 17-049 208 24-952
35 0-99910 186 17-425 204 25-468
40 0:99954 187 17-808 205 25993
45 1-00000 188 18-197 206 26-527
50 1-00046 189 18:594 207 27-070
55 1-00090 190 18:998 208 27-623
60 1:00132 191 19-409 209 28-185
65 1-00170 192 19-828 210 28:756
70 1-00203 193 20-254 211 29-885
75 1-00230 194 20688 212 29-922
80 1-00249 195 21-129 213 380-515
196 21-578 214 81-115

How to use the Tables.—When the temperature i3 known to decimals of a
degree, take out the tension for the degree, ‘and multiply the difference between it
and the next tension by the decimals of the temperature, and add the product to the
tension, for the degree. '

Required the tension corresponding to 197°-84.

19T e = 22:036 466 X -84 = -391
198 ... e = 22:501 197° = 22-036
Difference 465 197-84 = 22-427

‘When the tension is given, take the difference between it and the next less tension
in the Table, and divide this difference by the difference between the next less and
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next greater tensions. The quotient will be the decimals to add to the degree oppo-
site the next less tension.
Thus, for 23:214 inches, required the temperature.

Given 23-214 Next greater ... e 23456
22-974 Next less R
-240 Difference i 10 -AB2
s Lot ot sinkd c-seilf 4ER 5

482
Temperature opposite next less ... M RE99F0
Temperature required Lo 123925

A similar method of interpolation in taking out numerical quantities is appli-
cable to almost all tables ; and should be practised with all those given in thig
work.

Example.—Thus, in Liverpool, lat. 58° 80’ N., the barometer reading 29-876
inches, its attached thermometer 55°, and the correction of the instrument
being + 015 (including index error, capillarity and capacity), what temperature
should be assigned for the boiling point marked on the thermometer ?

Observed barometer 29876
Correction B S OlF)
29-891
Correction for temperature ... weg kOl
Reduced reading 3 29817
Factor from Table V. 1-00077
208719
208719
29817
Equivalent for lat. 45° .. 2983995909

In Table VI., 2984 gives temperature 211°-86.

58. Displacement of the Freezing Point,—FEither the prolonged effect of the
atmospheric pressure upon the thin glass of the bulbs of thermometers, or the
gradual restoration of the equilibrium of the particles of the glass after having been
greatly disturbed by the operation of boiling the mercury, seems to be the cause of
the freezing points o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>