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PREFACE TO SECOND EDITION.

Tur fact that the first edition of this
little manual is entirely exhausted is a
sufficient indication that it supplied a
want. As the use of the Aneroid Bar-
ometer is on the increase, the presump-
tion is that there will be a further
demand for this book of tables and in-
structions.

It has been thought advisable to re-
anange the matter and to increase it
bv fuller descriptions of different in-
struments; and what is of more im-
portance to the mnovice in measuring
altitudes, to add a number of ex-
amples. .

Another table has also been added to
the collection of the previous edition.




THE ANEROID BAROMETER:

ITS CONSTRUCTION AND USE

CHAPTER 1.
THE ATMOSPHERE.

The gaseous envelope which surrounds
our globe, and to which we give the
name of atmosphere, is subject to many
and varied changes. In the relative
amount of the two gases which chiefly
compose it, it remains marvelously con-
stant; yielding upon analysis the same
ratio of oxygen to nitrogen for all lati-
tudes and all altitudes. It is only within
a few restricted and generally confined
areas where the natural chemical pro-
cesses of respiration, combustion or fer-
mentation are active, that the free exy-
gen is found to be notably deficient, and
the product, carbonic dioxide, which ex-
ists normally to the extent of one twen-
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ty-fifth of one per cent., is, to a corre-
sponding extent, in excess.

‘When, however, we regard the condi-
tions which arise from its physical prop-
erties, no such constancy is observable.
Indeed, it seems the most fitting type of
a transitory state, and whether we regard
the temperature, the moisture, the press-
ure resulting from its weight, or the di-
rection and velocity of its motions, we
can only acquaint ourselves with the
limits within which these conditions have
been known to vary. The nature of
the changes within these limits we can-
not, in the present state of our knowl-
edge, assume to predict for the future,
except for very limited periods; and even
then the prediction is set forth only as a
“probability.”

Certain average conditions are noticea-
ble as belonging to certain areas or zones
of the earth, and differing somewhat
among themselves, especially ~as to
greater or less range in temperature,
moisture, etc. To such general condi-
tions we apply the term climate.

[
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The department of science which re-
gards the physical phenomena arising
from these varying conditions is called
meteorology. The instruments employed
with which to indicate or measure the
extent of these changes, are of various
kinds. Thus the thermometer indicates
the relative temperature, the Aygrometer
the humidity, the anemometer the force
or the velocity of the wind, and the dar-
ometer the pressure of the air which
arises directly from its weight.

It is with the last of these instruments
that we are especially concerned in the
present essay. It has two quite distinct
uses : One to indicate the varying press-
ures of the air at some fixed point for
meteorological purposes, and the other
to indicate differencein altitudeof points
to which the instrument is carried by af-
fording a measure of the greater or less
amount of atmosphere above it.. Before
using the instrument to measure alti-
tudes it is important to become some-
what familiar with its use as a stationary
instrument. The barometer most fre-




8

quently employed for such use is the one
invented by Toricelli in 1643. It is too
well known to require description here.
It will be sufficient to say that it meas-
ures the varying pressure of the air by
the varying length of a column of mer-
cury which balances the pressure.

‘When the barometer is employed for
the purposes of meteorology only, the
following facts are taken into considera-
tion. We quote from Buchan’s “Handy
Book of Meteorology.”

Variations of the Barometer.—The
variations observed in the pressure of
the air may be divided into two classes,
viz., periodical and irregular; the peri-
odical variations recurring at regular in-
tervals, whilst the irregular variations
observe no stated times. The most
marked of the periodical variation is the
daily variation, the regularity of which
in the tropics is so great that, according
to Humboldt, the hour may be-.ascer-
tained from the height of the barometer
without an error of more than 15 or 17
minutes on the average. This horary
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oscillation of the barometer is masked in
Great Britain by the frequent fluctuations
to which the atmosphere is .subjected in
these regions. It is, however, detected
by taking the mean of a series of hourly
observations conducted for some time.
The results show two maxima occurring
from 9 to 11 a.m. and from 9 to 11 P.M.,
and two minima occurring from 8 to 5
am. and from 3 to 5 pu.  (See Table, .
page 10.)

The maxima occur when the tempera-
ture is about the mean of the day, and
the minima when it is at the highest and
lowest respectively,

This daily fluctuation of the barometer
is caused by the changes which take
place from hour to hour of the day in
the temperature, and by the varying
quantity of vapor in the atmosphere.

The surface of the globe is always
divided into a day and night hemisphere,
separated by a great circle which revolves
with the sun from east to west in twenty-
four hours. These two hemispheres are
thus in direct contrast to each other in
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respect of heat and evaporation. The
hemisphere exposed to the sun is warm,
and that turned in the other direction is
cold. Owing to the short time in which
each revolution takes place, the time of
greatest heat is not at noon, when the sun
is in the meridian, but about two or three
hours thereafter ; similarly, the period of
greatest cold occurs about four in the
morning. As the hemisphere under the
sun’s rays becomes heated, the air, ex-
panding upwards and outwards, flows
over upon the other hemisphere where
the air is colder and denser. There thus
revolves round the globe from day to day,
a wave of heat, from the crest of which
air constantly tends to flow towards the
meridian of greatest cold on the opposite
side of the globe.

The barometer is influenced to a large
extent by the elastic force of the vapor
of water invisibly suspended in the at-
mosphere, in the same way as it is influ-
enced by the dry air (oxygen and hydro-
gen). DBut the vapor of water also
exerts a pressure on the barometer in
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another way. Vapor tends to diffuse
itself equally through the air; butas the
particles of air offer an obstruction to the
watery particles, about 9 or 10 a.m., when
evaporation is most rapid, the vapor i
accumulated or pent up in the lower
stratum of the atmosphere, and being
impeded in its ascent its elastic force is
increased by the reaction, and the barom-
eter consequently rises. When the air
falls below the temperature of the dew-
point, part of its moisture is deposited
in dew, and since some time must elapse
before the vapor of the upper strata can
diffuse itself downwards to supply the
deficiency, the barometer falls—most
markedly at 10 p.m., when the deposition
of dew is greatest.

Hence, as regards temperature, the
barometer is subject to a maximum and
minimum pressure each day—the maxi-
mum occurring at the period of greatest
cold, and the minimum at the period of
greatest heat. And as regards vapor in
the atmosphere, the barometer is subject
‘0 two maxima and minima of pressure—
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the maxima, occurring at 10 a.m., when,
owing to the rapid evaporation, the accu-
mulation of vapor near the surface is
greatest, and about sunset, or just be-
fore dew begins to be deposited, when
the relative amount of vapor is great ;
and the minima in the evening, when the
deposition of dew is greatest, and before
sunrise, when evaporation and the quan-
tity of vapor in the air is least.

Thus the maximum in the forenoon is
brought about by the rapid evaporation
arising from the dryness of the air and
the increasing temperature. But as the
vapor becomes more equally diffused,
and the air more saturated, evaporation
proceeds more languidly ; theair becomes
also more expanded by the heat, and
flows away to meet the diurnal wave of
~cold advancing from the eastwards.
Thus the pressure falls to the afternoon
minimum about 4 p.v. From this time
the temperature declines, the air-ap-
proaches more nearly the point of satu-
ration, and the pressure being further
increased by accessions of air from the
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warm wave, now considerably to the
westward, the evening maximum is at-
tained. As the deposition of dew pro-
ceeds, the air becomes drier, the elastic
pressure of the vapor is greatly dimin-
ished, and the pressure falls to a second
minimum about 4 A.M. /

The amount of these daily variations
diminishes from the equator towards
either pole, for the obvious reason that
they depend, directly, or indirectly, on
the heating power of the sun’s rays.
Thus, while at the equator the daily flue-
tuation is 0.125 inch, in Great Britain it
is only a sixth part of that amount. It
is very small in the high latitudes of St.
Petersburg and Bossekop; and in still
higher latitudes, at that period of the
year when there is no alternation of day
and night, the diurnal variation probably
does not occur. In the dry climate of
Barnaul, in Siberia, there is no evening
maximum ; the lowest minimum occurs
as early as midnight, and the only maxi-
mum at 9 . .

Since the whole column of the at-

e ——— .1
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mosphere, from the sea-level upwards,
expands during the heat of the day, thus
lifting a portion of it above all places at
higher levels, it is evident that the after-
noon minimum at high stations will be
less than at lower stations, especially
when the ascent from the one to the oth-
er is abrupt. Thus, at Padua, in Italy,
the afternoon minimum is 0,014 inch, but
at Great St. Bernard it is only 0.003
inch.

Annual Variation.—When it 1s sum-
mer in the one hemisphere, it is winter
in the other. In the hemisphere where
summer prevails, the whole air being
warmer than in the other hemisphere,
expands both vertically and laterally. As
a consequence of the lateral expansion
there follows a transference of part of
the air from the warm to the cold hemi-
sphere along the earth’s surface ; and, as
a consequence of the vertical expansion,
an overflow in the upper regions of the at-
mosphere in the same direction. Hence,
in so far as the dry air of the atmosphere
is concerned, the atmospheric pressure
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will be least in the summer and greatest
in the winter of each hemisphere. But
the production of aqueous vapor by evap-
oration being most active in summer, the
pressure on the barometer will be much
increased from this cause. As the aque-
ous vapor is transferred to the colder
hemisphere it will be there condensed

‘ino rain, and being thereby withdrawn

from the atmosphere, the barometer
pressure will be diminished ; but the dry
air which the vapor brought with it from
the warm hemisphere will remain, thus
tending to increase the pressure.

In the neighborhood of the equator
there is little variation in the mean press-
ure from month to month. Thus, at
Cayenne, the pressure in January is
29.903 inches, and in July 29.957
inches.

At Calcutta, 22° 36" N. lat., the press-
ure is 29.408 in July, and 30.102 in Jan-
uary, thus showing a difference of -0.694 ;
and at Rio de Janeiro, 22° 57" S. lat., it
is 29.744 in January (summer), and 29.978
in July (winter), the difference being
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0.234. The large annual variation at
Calcutta is caused jointly by the great
heat in July, and by the heavy rains
which accompany the south-west mon-
soons at this season; while in January
the barometer is high, owing to the
north-east monsoons, by which the dry
cold dense air of Central Asia is con-
veyed southward over India.

At places where the amount of vapor in
the air varies little from month to month,
but the variations of temperature are
great, the difference between the summer
and winter pressures are very striking.
Thus, at Barnaul and Irkutsk, both in
Siberia, the pressures in July are respect-
ively 29.243 and 28.267, and in January
29.897 and 28.865, the differences being
upwards of six-tenths of an inch. The
great heat of Siberia during summer
causes the air to expand and flow away
in all directions, and the diminished
pressure is not compensated for by-any
material accessions being made to the
aqueous vapor of the atmosphere ; and,
on the other hand, the great cold and
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little rain in that region during winter
causes high pressures to prevail during
that season. The same peculiarity is
seen, though in a modified degree, ab
Moscow, St. Petersburg, and Vienna.

At Reykjavik, in Iceland, the pressure
in June is 29.717, and in December
29.273: at Sandwich, Orkney, 29.775,
and 29.586: and at Sitcha, in Russian
America, 29.975. and 29.664. In all
these places the distribution of the press-
ure is just the reverse of what obtains in
Siberia, being least in winter and great-
est in summer. The high summer press-
ures are due to the cool summer tem-
peratures as compared with surrounding
countries, thus causing an inflow from
these regions, and to the large amount of
vapor in the atmosphere, thus still fur-
ther raising the barometric column. On
the other hand, the low winter pressures
are due to the comparatively high winter
temperatures causing an outflow tQwards
adjoining countries, and the large winter
rainfall which, by setting free great quan-
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tities of latent heat, still further aug-
ments and accelerates the outflow.

The variations in mean pressure are
very slight, and not marked by any very
decided regularity in their march through
the seasons, at Dublin, Glasgow, London,
Paris, and Rome. As compared with
Barnaul and Reykjavik their temperature
is at no season very different from that
of surrounding countries, and the vapor
and rainfall are at no time much in excess
or defect, but are more equally distrib-
uted over the different months of the
year.

At the Great St. Bernard, 8174 feet
above the sea, the pressure in summer is
22.864 inches, while in winter it ig only
22 044. At Padua, there is scarcely any
difference in the pressure between sum-
mer and winter. The increase in the
summer pressure at the Great St. Ber-
nard is no doubt due t6 the same cause
already referred to in art. 65—viz., the
expansion of the air upward during the
warm summer months, thus raising a
larger portion of it above the barometer
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at the highest station. But at St. Fe de
Bogota, 8615 feet high, near the equator,
and where, consequently, the difference
between the temperature in July and
January is very small, the difference in
the pressures of the same months is also
very small, being only 0.035.
Distribution of Atmospheric Press-
ure over the globe, as determined by the
Annual Means.—Though much addi-
tional observation is required, especially
in Africa, Asia, and South America, be-
fore the isobarometric lines can be laid
down on a map of the world, yet many
important conclusions regarding the
mean barometric pressure have been ar-
rived at from the results already obtained.
We have seen that the daily and monthly
variations of pressure observed at differ-
ent places are modified by the variations
of the temperature of the air, the amount
of vapor, and the rainfall. Since these
are in their turn greatly modified by.the
unequal distribution of land and water
on the earth’s surface, we should expect
to find the pressure, and the variations
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in the pressure, most regular in the
southern hemisphere. Accordingly, there
is a remarkable regularity observed in
the distribution of the pressure from
about 40° N. lat. ‘southwards to the Ant.
arctic Ocean, with the exception of the
region of the monsoons in Southern Asia,

The mean pressure in the equatorial
regions is about 29.90; at 20° N. lat. it
rises to 80.00, and at 35° N. lat. to 30.20,
from which northwards the pressure is
diminished. The same peculiarity is seen
south of the equator, but it is not 80
strongly marked. At 45° S. lat. it falls
to 29.90, and from this southwards it
continues steadily and rapidly to fall to a
mean pressure of 28.91 at 75° S. lat.
This extraordinary depression of the
barometer in the Antartic Ocean, being
one inch less than at the equator and
1,326 inches less than at Algiers, is per-
haps the most remarkable fact in the
meteorology of the globe.

The pressure in the north temperate
and frigid zones is in striking contrast to
the above. From Athens, in a north.

-
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eastern direction, a high isobarometric
line traverses Asia, passing in its course
Tiflis, Barnaul, Irkutsk, and Yakutsk.
To the east of the northern part of this
area of high mean pressure, around the
peninsula of Kamtschatka, there is a
region of low barometer, the mean press-
ure being only 29.682. There is another
remarkable area of low pressure around
Iceland, the center being probably in the
south-west of the island near Reykjavik,
where the mean is 29.578. As observa-
tions are more numerous in Europe and
North America, the dimensions of this
depression may be defined with consider-
able precision by drawing the isobaro-
metric of 29.90, which is about the mean
atmospheric pressure. This line passes
through Barrow Straits in North Amer-
ica, thence south-eastward toward New-
foundland, then eastward through the
north of Ireland, the south of Scotland,
and the south of Sweden, whence it pro-
ceeds in a north-easterly direction to

‘Spitzbergen. - The following mean annual

pressures will show the nature of the de-
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pression: New York, 30.001; Paris,
29.988; Liondon, 29.956; Glasgow, 29.863;
Orkney, 29.781; Bergen, 29.804 ; Spitz-
bergen, 29.794 ; Reykjavik, 29.578 ; God-
thaab, in S. Greenland, 29.605; Uperna-
vik, in N. Greenland, 29.732; and Mel.
ville Island, 29.807. A depression also
occurs in India, where the mean is only
about 29.850, whereas in the same lati-
tudes elsewhere it is about 30.100.

There are thus four areas of low press-
ure on the globe, the extent of each being
nearly proportioned to the depth of the
central depression—viz., Antarectic Ocean,
the least pressure being 28.910; Iceland,
29.578 ; Kamtschatka, 29.682; and India,
29.850 ; and three areas of high pressure,
one lying between latitudes 20° and 40°
N., another between 15° and 85° S., and
the third in Central Asia, from south-
west to north-east. These low mean
pressures are by no means constant in all
cases during the months of the year. ., In
the Antartic Ocean they are nearly con-
stant during the months, with perhaps a
slight tendency to an increase in winter.
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In the region of low pressure around Ice-
land the pressure is a little less than
elsewhere in summer; but in winter,
when the rainfall is heaviest, it is very
much less, being 0.251 inch less in winter
than in summer at Reykjavik, and 0.189
at Sandwich, in Orkney. Similarly at
Petropaulovski, in Kamtschatka, the
pressure in winter is 0.323 less than in
summer. Hence the low mean annual
pressures in the North Atlantic and the
North Pacific are chiefly brought about
by the low pressure during the cold
months of the year, and are doubtless
caused by the copious rainfall during that
season. On the other hand, in Southern
Asia, the lowest pressures occur in sum-
mer. Thus, at Calcutta it is 29.408 in
July, while in January it is 30.102—the
average pressure for that degree of north
latitude. Hence, in Hindostan, the low
mean annual pressure arises from the
very low pressure in summer caused by
the heavy rains falling at that season,
particularly on the south slope of the
Himalayas. Generally the pressure is
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low wherever a copious rainfall prevails
over a considerable portion of the earth’s
surface, owing to the large quantity of
caloric set free as the vapor is condensed
into rain.

It is scarcely necessary to point out
how important it is to keep in mind these
facts of the pressure of the atmosphere,
it being evident, for instance, that a press-
ure of 29.00 in the North Atlantic would
portend stormy winds, while the same
pressure south of Cape Horn, being the
mean pressure there, would indicate set-
tled weather.

The readings of the mercurial barome-
ter are subjected in nice observations to
several corrections:

1st. To 32° F. allowance being made

for expansion of both mercury
and scale for all observations
above that temperature. A baro-
metric pressure of thirty inches
at 32° would be indicated by a
height of 304 inches at 70°. .,
2d. For decrease of gravitation at sta
tions above the level of the sea,
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acting on both the mercury and
the air.

3d. For increase of gravity with in-
crease of latitude.

4th. For temperature of air; the den-
sity decreasing as temperature
rises.

5th. For humidity of the air which -

. also influences its density.

6th. For capillary attraction of the

tube.
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CHAPTER II.
BAROMETRIC MEASUREMENTS OF ALTITUDES.

Tre text books in physics present
formulas for computing heights from
barometric observations, based on physi-
cal laws which we will briefly give.

If the density of the air were constant
throughout, the measurement of heights
would be a problem of the simplest
character; for as mercury weighs 10,500
times as much as air at the sea level, the
mercurial column would fall one inch for
every 10,500 inches of ascent above the
sea. But air is compressible, and, in
accordance with Boyle's law, its density
varies with the pressure to which it is
subjected.

Now suppose the atmosphere divided
into layers of uniform thickness, bub so
thin that the density may be considered
uniform throughout.
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Let i=the thickness of each layer.
‘W=weight of a cubic foot of air at
pressure H.
‘W, =weight of a cubic foot of airat H.

H, H, &c.=pressures measured in

inches of mercury.

Then the pressure upon the unit of
surface of any layer is greater than that
upon the surface of next higher layer, by
the weight of a volume of air whose base
is the unit of surface and whose height
is the thickness of the layer. If one
foot be the unit of surface, then this
quantity would be AW. And to express
it by height of mercury column, it is

30
by 2157 which

necessary to multiply
gives W30
2157
But W: W ::H: 30.

W, being the weight of a cubic foot air
at the level of the sea (=.0807 at 32°F).

‘We have from the above Wx30=W,
% H, and the above expression for dimi-
W H

nution may be written 5157
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If H, H, H, represent the Pressures
at the surfaces of the successive layers,
we shall have

H=H,~gpr=i (1- 1)
=, (1 )
H3=H2—<1— ;‘%)

Multiplying these equations and sup-

pressing common factors, we get
AW \n
Ha=H, (1- 5753)

If 7 be taken at one foot then 7 would
represent the number of feet vertically
between two stations at which the baro-
metric pressures are H, and H, respect-
ively.

By substituting for W, its value and
taking logarithms we have

log. = =n. log.(“m )
H, 2156.9193
whence
n=60135.4 x log. 1L
H

1

-
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For use in accurate observations, cor-
rections are required for temperature,
humidity and variation in the force of
gravity. ‘

La Place’s formula which includes
terms derived from the consideration of
these conditions is obtained as follows:.

Suppose a portion of the atmosphere
included between two stations at differ-
ent altitudes to be divided into very thin
laminze.

Let z be the distance of one of these

‘from the surface of the globe and dz its

thickness.

Let P be the pressure upon a unit of
surface upon the lower side of this layer;
and W the weight per cubic meter of the
air at this pressure.

Then the pressure on the upper side
will be less than P by an amount equal
to the weight of a column of air whose
base is a unit and height is equal to dz.
‘Whence

dP=—Wde. . . . . (U
If W, be the weight of a cubic meter of
air at the temperature 0°C and a baro-
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metric pressure of 0.m76, the weight of
this same volume at pressure P and tem-
perature 6 would be

P 1
=W, 076 15 ad
« being the coefficient of dilatation of
air which is here taken at .004 in conse.
quence of the constant presence of watery
vapor.

This expresses the weight at the sur-
face of the globe. If transferred to the
height , the weight would be dinrinished
in the ratio of the squares of the distances
from the center of the earth. We should
then have

P 1 R’
W:WO.W(; Tran ey

Substituting in equation 1, dividing by
P and integrating between o and z, we
get, by calling the pressure at the lower
station P,

log. Lo WR 2
"PT0.76. 14+a6)  Ryz
the logarithm being Napierian.

From this we obtain

=
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0 76 (1+a0) (
w gl +R)
But the pressures P, and P are in direct
ratio of the mercury columns which we
will designate by /4, and A These
columns also vary in weight in accord-
ance with the law of inverse squares of
distance from the earth’s center, so that
P, A, (R+z)’ e, z\?
P & A ( Lty R )
Substituting in the value of z, we have
0 76.(1+ab)
“T

{log Te+2log. (1+R)%><(1+Ri)

But as z is so very small compared with

z z
R, we may replace log. <1+ —Rv) by =

Also R’

‘We shall then have
_0.76(14ab) {( 2 )1 h, 2z }

may be neglected.

w, (T R)OETTR

The weight W, refers to the height 7,
the lower of the two stations. At the
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surface of the earth, this weight would
_®)
(R—4)*.  Bat
as /i is always small compared with R
this correction may be neglected.

But there is another of more import-
ance which should be taken into account.
On account of the spheroidal form of
the globe weight varies with the lati-
tude. If G represent the weight of a
body at latitude 45° then at any other
latitude 7, its weight, is found by multi-
plying G by

1—.00265 cos. 2 ¢

This factor is to be applied to W, in
the formula. This is accomplished by
multiplying the above value o. by
1400265 cos. 2 7.

In order to simplify the expression we
will substitute for 6 the mean between the
temperatures of the upper and lower
stations, designated by ¢ and ¢ The
factor 1+ «6 then becomes »
2(t, +1) J

1000 :
and the value of z may be written °

be greater in the ratio of

1+ since «=.004; :
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=0'_76%1+ 2(t, + 1) }

=W, 1000

X % <1+—z—>log ﬂ+ 2-2$><
R AR
{1+.00265 cos. 2 1)
If M be used to represent the modulus
of the Napierian logarithms we may
write

0.76 {1+ 2(f0+t)§

=MW 1000
(1 Z)l A 2Mz
X% RS AR (X

(1+40.00265 cos. 2 1)
in which the logarithms are of the com-
mon kind.

This is La Place’s formula. £ in the
expression is not the barometric height
directly observed at the upper station,
but this height reduced to the tempera
ture of the lower station. -

0.76

MW, ‘

ined by trial of the formula upon known
altitudes. Ramond in his survey of the.

Pyrenees determined its value to be
18336.

has been determ-

The value of
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The unknown term z in the second
member is determined by successive ap-
proximations.

The first value being

Y
2,/=18336.1og. “* (meters)

This being substituted, we may have
2(¢,+1) .

1000 ™

Finally, these being substituted in the
above value of = we get

Z,=2 +

2,=18336 log. % + 2%0;—’)21

+2,.00265 cos. 2/
(2 +2M. 18336)%

The terms of this formula are gener-
ally reduced to tabular form for practi-
cal use.

Guyot’s formula which is derived from
this, reducing meters to feet and the con-
stants depending on temperature being
changed to accord with Fahrenheit's
scale, is

2=60158.6 log. %9
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t,+t—64
{ (1 + 900 )
(14.00260 cos. 2{)
( 1+ 2+ 52252 + s )
L 20886860 ' 10443430

The three terms after the first are the
corrections. The first being that for the
temperature at the two stations. The
second is the correction for the force of
gravity depending on the latitude.

The third contains, first the correction
for action of gravity on the mercury
column at the elevation z, and second a
correction required for decrease in densi-
ty of air owing to decrease in action of
gravity at the greater elevation. The
factor s being the approximate difference
in altitude of the stations.

Plantamour’s formula, which has been
much used, differs slightly from Guyot's.
The first coefficient is 60384.3. The de-
nominator of temperature term is 982.26
and a separate correction is used for
humidity of the air. ‘

To use either of these formulas tables
are necessary, of which those prepared
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by Lieut. Col. Williamson* are the most
elaborate.

For the Aneroid in ordinary practice,
formulas of much less complexity may
be profitably used. The corrections de-
pending upon the gravity of the mercury
column would, in any case, be omitted.
The other corrections may in very nice
work be retained. But a correction de-
pending on the effect of changes of tem-
perature on the metallic work of the
instrument should be carefully remem-
bered. First-class Aneroids claim to be
compensated, but a greater portion will
need a correction which the purchaser
can determine for himself, by subjecting
the instrument to different temperatures
while the pressure remains constant,

A modification of Guyot's formula
adapted to aneroid work was suggested
in an excellent paper on the use of
the aneroid, read before the American
Society of Civil Engineers, in January,
1871

*The use of the Barometer on Surveys and Recon-
noisances. By R. S. Williamson. New York : D. Van
Nostrand. London : Trubner & Co.
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i It is
c D=60000 (log H—log 7)(1+ T————”_eo)
900

D is the difference of altitude in feet.
H and 4 are the barometric readings in
inches.

T and ¢ are the temperatures of the
air at the two stations.

Table II is prepared for the use of
this formula.

Other formulas wili be given in snother
chapter.
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CHAPTER IIIL

ANEROID BAROMETERS: THEIR CONSTRUCTION.

TrE general principle of construction
of all aneroids is the same. A box with
flexible sides, hermetically sealed, the air
having been first exhausted, changes its
form as the pressure of the atmosphere
varies.

The chief differences in the various
kinds lie in the mechanical devices, by
which the motions of the box are ren-
dered apparent to the eye, and also meas-
sured in such a manner as to allow the
corresponding pressures to be expressed
in inches of mercury.

The aneroid was invented about the
beginning of this century, but was first
made of a serviceable form by Vidi, in
1848. It is substantially the form mogt
used to-day. The vacuum box is a thin:
low cylinder, and the motion of the thin
flexible head of the cylinder is conveyed
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by suitable mechanism fo the index
hand. Vidi’s aneroid is shown in Fig. 1.
D is the vacuum box, supporting the up-

Fig. !.

right pillar M upon its center. TAs M;
rises or falls, a corresponding motion is
given to the plate C. A counter pressure




41

is afforded by the spiral spring S. The
motion of ¢ ig conveyed by the links 1
and 2 to a little rocker shaft, shown in
the figure. An arm, 3, attached to thig

shaft is connected by a minute chain.
with the shaft which carries the index
pointer. It is kept wound to the proper
tension about this shaft by a fine spiral
hair spring.
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A modification of this is shown in
Figs. 2 and 3. (8See, also, frontispiece).

Fig.3

'fhis is Naudet's aneroid, and is the cne
chiefly employed now. It differs from
Vidi’s in the substitution of the thin
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laminated spring (B in frontispiece) for
the spiral spring (S in Fig. 1).

One of the oldest forms of dox barom-
eter and the one to which the name

aneroid is restricted by some writers, is
represented in Fig. 4. A rectangular
toke, from which the air has been per
fectly exhausted, is sealed hermetically,
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and, having been bent into the form rep-
wesented in the figure by cbd, is made
fast at the middle point . The varying
pressure of the atmosphere causes the
extremities ¢ and d toapproach or recede
from each other. This motion is con-
verted into a to-and-fro traverse of the
index, by a mechanism sufficiently well
exhibited by the diagram. t

This is known as Bourdon’s form. It
is not now employed for delicate work.
The forms of Vidi and Naude$ are, by

- some writers, designated the holosteric
barometers.

The graduation of these instruments
is made to correspond with the height of
the mercurial barometer,and is expressed
as inches or millimeters.

The difficulties to be metby the maker,
in securing accuracy of working, are those
which arise chiefly from the varying elas-
ticity of the several metallic elements
under change of temperature. (Greater
simplicity of construction might be pre-
sumed to be attended with a smaller lia-
bility to a kind of error, for which it i
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exceedingly difficuit to compensate. This
is the theory of the Goldschmid Aneroid.

The instrument designed for ordinary
engineering use is represented by Fig. 5.
The size recommended by the present
makers for this service is 3% inches in
diameter and 2 inches high.

The construction is exhibited by Fig.
6. The vacuum box, constructed as be-
fore described, is shown at aa. The mo-
tions of the box, caused by variations of
atmospheric pressure, are conveyed di-
rectly to the lever, whose fulerum is at
¢'', and whose free end is at e. This end,
projecting through the side of the cas-
ing and working freely through a slot, is
observed with a magnifying lens, and the
reading on the index ff taken. But it is
evident that the lever, working with
proper ease on its fulerum, must be sup-
plied with a certain amount of counter-
pressrre. This is ingeniously done by
aid of the delicate spring e’, which is,at-
tached to the lever near the fulerum.
Bearing on the spring is the point of the
micrometer screw M, whose head is grad-
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metal heads, whose end surfaces lie in
the same plane. The head ¢’ is, under
ordinary conditions, high?r than e, as
shown in Fig. 6. When a reading is to
be taken the top of the case is turned
until ¢’ and ¢ are side by side ; the hori-
zontal marks borne on the metallic heads
being brought to an exact coincidence by
aid of a lens (P in Fig. 5). The reading
of the inches is taken from the scale It
and of the hundredths from the divisions
on the scale around the top of the box
T; a fixed point ¢ being marked on the
cylinder. In figure 7 the indices exhibit
a reading of 29.75 inches.

The thermometer F is an important
part of the instrument.

In some of these instruments the scale
J/ bears no reference to the inches of the
mercurial barometer, but is of an arbi-
trary character, and is different for dif-
ferent instruments. The value of the
divisions is determined by comparison,,
with standard instruments, and is care-
fully expressed in tabular form on the
cover of the box.
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Some corrections for temperature and
pressure are required in the use of these
instruments which, although desirable in
the more common forms of aneroid, have
not heretofore been considered necessary.

.In the latter instruments, however, when
of the best construction, a compensation
has been effected which renders a correc-
tion for temperature unnecessary. In
the Goldschmid aneroids no compensa-
tion is attempted, but each instrument is
furnished with a table of corrections
which have been prepared from observa-
tion on standard instruments.

Thus, aneroid No. 38187, imported
last year, bears on the cover the follow-
ing:

CORRECTION TABLE.

For Division. For Temperature.
26.0"=—0.02 28°to48°= 0
26.5"=—0.03 52°=+0.01
27.0"=-0.03 56°=+0.015
27.5 =—0.02 60°= +0.025
280 = 0 ' 64°=+0.035
28.5 = +0.03 68°=+0.04

99.0 = +0.06 72°= +0.05
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For Division. For Temperature.

29.5"=+0.10 76°=+40.07
30.0 =+0.14 80 =+0.09
30.5 = +0.19 84 =+0.11
31.0 =+40.25 88 =+0.13

92°=+40.15

The temperatures are, of course, taken
from the thermometer that forms a part
of the instrument, and which, when the
latter is carried slung from the shoulder,
may exhibit a temperature considerably
higher than that of the air.

A smaller and ruder instrument called
the Pocket Aneroid is made by the
Zurich manufacturers. It is only 1%
inches in diameter and 11 inches high.
A bar fastened to the top of the vacuum
box takes the place of the lever in the
larger instrument.

‘A larger size is also made in which the
movements of the vacuum box are di-
rectly observed with a compound micro-
scope. =

There is no doubt that all aneroids
need a careful comparison with standard
instruments or a series of trials upon




known altitudes, in order to determine

Such trials

the proper -corrections.
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The tables of corrections furnished by

the maker cannot well be substituted for .
those made by a careful observer deduced

from systematic ‘work. The air pump,

the hot chamber and the freezing box

are convenient, but inadequate substi-

tutes for a large number of trials under

normal conditions




52

CHAPTER IV.

THE USE OF ANEROID BAROMETERS.

The Aneroid, like the Mercurial bar-
ometer may be used either as a weather
indicator or in the measurement of alti-
tudes. When used in the former capa-
city, the Aneroid, especially at sea, pos-
sesses some obvious advantages. Aside
from its superior compactness of form
and its portability, it responds more
readily to the changes in atmospheric
pressure than the Mercury column, and
thereby serves more efficiently to warn
the mariner of sudden tempests.

The words Rain—Change—Fair seen
stamped or engraved on the dial of many
barometers have, of course, no special
significance, and are now rarely seen on
first-class instruments of either kind. The
probable changes of weather indicated by
changes of the barometer are briefly set
fcrth in the following :
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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 in-
creasing in summer, indicates wind from
Northward ; 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 indi-
cates fine weather.

A Steady Barometer.

With dry air and seasonable tempera-

ture, 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 North-
ward..
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A «fall,” with a northerly wind, indi-
cates storm, with rain and hail in sum-
mer, and snow in winter.

A “fall,” with increased moisture in
the air, and the heatincreasing, indicates
wind and rain from Southward.

A «fall ” with dry air and cold increas-.
ing (in winter) indicates snow.

A «“fall” after very calm and warm
weather indicates rain with squally
weather.

It does not require the highest quality
in the mechanism of an Aneroid to serve
the purpose indicated in the above
rules.

For the aceurate measurement of dif-
ferences of altitude, however, the best
skill in construction and the most care-
ful adjustment of the parts is indispens-
ably necessary. The use of an Aneroid
of even medium quality will frequently
lead to considerable errors in estimating
heights. It may also be added here that
instruments of the best manufacture in
the hands of observers unacquainted with
the principles involved, will often lead to
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erroneous conclusions. This is owing in
many cases to a method adopted by some
makers of adding a circle marked Jeet
outside of the common graduation to
inches of mercury.

Many tourists carry Aneroids of the
pocket size, and consult them frequently
while traveling, relying upon a single
observation of the index for the deter-
mination of their altitude.

It such a circle of feet be engraved on
the dial plate with the zero mark made to
correspond with 30 inches of the mercury
column, of course every estimate of alti-
tude made as above mentioned assumes
that at the moment of observation; the
barometer at the level of the sea would
stand exactly at 30 inches; a condition
only realized occasionally. And the fur-
ther condition is also assumed, that the
temperature of the air is of no account
in estimating heights; an assumption
equally at variance with fact. »

It is only an inferior class of Aneroids
that bear a fixed graduated circle of feet,
with the zero of altitude corresponding
to 30 inches of pressure. =
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Prof. Airy, the former Astronomer Royal
of Great Britain, prepared a table for the
use of barometer makers—a scale from
which is now engraved on many English
Aneroids. It places the zero of altitude
at 31 inches of pressure. This affords
such large numbers for slight elevations
that the proper use of the rule is sug-
gested to the observer. He is led to
subtract the two readings of feet to get
difference in height. But this again as-
sumes that the average temperature is
50° F.

Table I exhibits Prof. Airy’s series of
heights.

Some makers, designing to improve
upon the simple construction just de-
scribed, have engraved the outer circle
of feet on a movable ring encircling the .
dial, so that when an observer is at any
locality whose height is known, he may
bring the proper mark of the altitude
scale against the index pointer. Then if '
the observer travels about over a section
of country, the pointer will indicate with
fair approximation for some hours the
altitude of the. new positions.
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This device is convenient to a skilled
observer who only requires rapid and
approximate results, but to the novice it
is misleading in two ways ; first, because
the temperature is left out of the caleula-
tion, and furthermore, such a use of the
movable scale will, at times, involve a
large error, as it is not a scale of equal
parts. ‘

Mr. Rogers Field, C. E., in 1873, ap-
plied the movable scale to the Aneroid, so
as to convert it from a source of inacecu-
racy into an aid towards accuracy. He
employs the altitude scale proposed by
Sir G. Airy for temperature 50°, but he
makes it movable so as to adjust it for
any other temperature. The shifting of
the scale into certain fixed positions, i
made to answer the same purpose as if
the original scale were altered to suit
various temperatures of the air. In the
Journal of the Meteorological Society for
1874, January, Mr. Field says: .

“ The object aimed at in designing this
improved form of Aneroid was, to sim:
plify the correct determination of alti-

e
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tudes in cases such as ordinarily occur in
England, and the instrument is therefore
arranged to suit moderate elevations, say
of 2000 feet and under, and is not in-
tended for more considerable heights.
“The Aneroid is graduated for inches
in the usual way on the face, but the
graduation only extends from 31 inches
to 27 inches so as to preserve an open
scale. The outer movable scale is grad-
uated in feet for altitudes, and this grad-
uation is laid down by fixing the movable
scale with the zero opposite 31 inches.
This is the normal position of the scale
and it is then correct for a temperature
of 50°. For temperatures below 50° the
zero of the scale is moved below 31 inches;
for temperatures above 50°, the zero of
the scale is moved above 31 inches. The
exact position of the scale for different
temperatures has been determined partly
by calculation and partly by trial, and
marked by figures engraved on the out-
side of the Aneroid. In order fo insure
the altitude scale not being shifted, after
it has once been set in its proper position
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there is a simple contrivance for locking
it in the various positions. ‘I his consists
of a pin, which fits into a series of notch-
es on the outside of the ring carrying the
glass. By slightly raising the glass it is
freed from this locking pin, and can be
turned until the figures corresponding to
the air temperature are opposite to the
pin, when the glass should be depressed
80 as to relock it, and the scale becomes
correct for that temperature. The alti-
tudes are in all cases determined by tak-
ing two readings, one at each station,
and then subtracting the reading at the
lower station from that at the upper.

“It will be seen from the foregoing
description that the movable scale of the
instrument requires to be set for terp-
peratures before taking any observations,
and must not be shifted during the prog-
ress of the observations.

“This may appear at first sight as a
defect, inasmuch as the temperature of
the air may alter during the progress of
the observations; but practically it will
not be found to be any drawback in the
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case of moderate altitudes, as small vari-
ations of temperature will not appreciably
affect the result. A variation of 5° of
temperature gives only about 1 per cent.
variation in the altitude, an amount that
would under ordinary circumstances be
inappreciable, so that as long as the tem-
perature does not vary during the course
of the observations more than 5° from
that at which the instrument is set, the
results may be accepted as correct, and,
generally speaking, even a greater varia-
tion than this, say 6° or 8°, would be
practically of no importance. Of course,
if it should be found at any time that
the temperature has varied considerably,
during the course of the observations,
from that at which the instrument was
set, this variation can be allowed for by
calculation in the usual way.”

The principle of allowing for variation
of temperatures of the air by shifting the
altitude scale is not theoretically accurate,
but sufficiently so for practical purposes
For altitudes within the range of the in-
strument (say 3000 feet and under) and
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temperatures between 30° and 70°, the
maximum error from usin~ the ghifted
scale, instead of the calculation, is only
2 feet, which is inappreciable on the
scale. The same principle might even
be applied to altitudes up to 6000 feet,
as the maximum error would be only 10
feet. For considerable elevations, how-
ever, the variations of the temperature
between the base and the summit would
interfere with the application of the prin-
ciple.

Nevertheless, the best plan is to dis-
pense with altitude scales, whether fixed
or movable, and to calculate the heights.
Simple rules, giving more reliable results
than the attached scales, are at the ser-
vice of those who need easy processes.
Among these are the following :

Note the rise or fall of the barometer
in hundredths of an inch, in passing
Jrom one station to the other ; multiply
by 9. The product is the difference of.,
altitude in feet.

This is for ordinary temperatures and
pressures. If the pressure is below 26
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inches or the temperature above 70°, use
10 for a multiplier.

A higher degree of accuracy is obtained
by using the multiplier obtained from the
following table prepared by Mr. G. J.
Symons:

|l Lol o
Mean temperature. . . J30°}40°j 50° \ 607 70° 80°

O

27in.
28in.
29in.
30in. !

’\Iean presssure,

‘s
< I

N cc

-To find the difference in height be-
tween two stations: Find the mean
pressure; also the mean temperature.
The number in the table corresponding
to these two means, if multiplied by the
difference of the barometric pressures in
hundredths of an inch, will give the dif-
Jerence in altitude very nearly.
In the absence of a table to aid in
computation, but having an Aneroid with
the scale of feet, use the formula, *

H—-7
D= 55000ﬁh
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adding 1 of the estimated altitude for
every degree, the average temperature is
above 55°, and subtracting a like amount
when it is below. D, is the difference of
altitude in feet; H and A are the read-
ings én feet from the Aneroid scale. This
gives fair approximations up to 3000
feet.

For accurate results use one of the
following methods: Having Airy’s table
(Table 1) and an Aneroid carefully grad-
uated to inches; Zake the reading in
inches of the baromteric scale at both
lower and wpper stations ; «lso the tem-
perature at both stations. Find from
the table the heights in feet correspond-
ing to the barometer reudings. Subtract

_them and multiply the remainder by

T+:—100
1000
The complete formula is
T+¢—100
D=(H-1) (1+-55)

T and ¢ are the observed temperatures;
H and 2 are the heights in feet taken
from the table.

L e R R
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In the absence of this table, but with
a table of logarithms at hand, the baro-
metric heights in inches are to be taken,
and the following formula used :

D=60000 (log. B—log. %)

[ T4t—60
(500 )

B and 4 are the barometric readings in
inches; D, T and ¢ as in the other for-
mulas. (See Table I1.)

To avoid error from the constant
changes in barometric pressure, the ob-
servations should be simultaneous. This
is accomplished in the best manner by
using two instruments, and requires,
when the distance between the stations
is considerable, two observers. With
one instrument only, large errors are
avoided by repeating the observation at
the first station after taking that at the
2d station, and assuming that any change
in barometric pressure that has oceurred
has been gradual during the absence.

When it is impracticable to repeat the
observation at the first station, the error

B S
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which, in case of a changing pressure,
might be a large one, may be reduced if
the observation at the 2d station be con-
tinued for an hour or two, or until the
rate of change can be estimated and a
proportionate correction applied.

Many Aneroids marked “compensated”
exhibit a sensible. change when the tem-
perature is varied; such instruments may
be serviceable and quite accurate if
allowance be made for the error of the
instrument. This correction the owner
had better determine by experiment. It
is easy to subject the Aneroid to such
variation of temperature as shall embrace
the range at which it is hikely to be used,
and the movement of the index for each
10° or 20° of temperature recorded.

Aneroids require to be compared from
time to time with a good mercurial baro-
meter. While making such comparizons,
it is well to remember that the mercurial
column and the scale by which it is
measured both require correcting, and
that during times of rapid changes, in
atmospheric pressure, the Aneroid shows
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such changes more readily than the
mercurial barometer. (See Table IV.)

In measuring heights with the Aner-
oid care should be taken that the instru-
ment is not influenced by the heat of the
hand nor by the direct rays from the
sun.

The instrument should always be tap-
ped gently with the finger at the moment
of taking an observation. It should
also be held in the same position for
both observations; preferably with the
face horizontal.

Considerable care is also required to
determine exactly where the index
points. Itisbest accomplished by sight-
ing along the pointer, using one eye only
for the purpose.

The following example will illustrate
the use of the tables.

Barometer at Station A 80.04 Thermometer 78°
“ o« Bges “ 65°
_From Table I we find height~ corre-
sponding to reading at A is 857 feet.
The height for B is 2120 feet.
The approximate height is 2120—857
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=1263 feet;; but the sum of the tempera-
tures is 143°. An additional correction
of 1435 is, therefore, to be applied to the
above difference; this ig 54 feet. The
total estimated difference of altitude is
then 1263 + 54 =1317 feet.

The formula directly applied is
78 +65—100

1000 )
=1317.2)

Applying the logarithmic formula we

have:

D=(2120—858) (1 +

Log. B 80.04=1.477700
“ b 28.68:-=1.457579

Log. B—Log. 5=0.020121
D=60000(.020121) ( 1+ 78%0%_6_%
=1207.26 X 143, =1318 feet.

As before remarked, the Goldschmid
Aneroid requires that both the tempera-
ture of the air and of the instrument be
carefully taken. Two examples of alti:
tudes taken with the instrument prev-
iously referred to (No. 3187) will serve
to show the kind of correction Decessary,
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and as both examples apply to the same
mountain (Kiarsarge of Conway, N.H,)
they will together indicate the character
of the instrument.

Ex. I.—JuLy 9Tm, 1881.

|
|

[ LI

‘\ . &0|Temp. Correct'ns & =

e R T A

Station. | Time. ' &% .| & g L% ETE
! é = 4 8 B o8

Sl e A CF

Fryeb'e. 6.00a v, 20.51 66°/66°| +.04 =10 29.65
Mt Kiar- g R
sarge.. 1.00p. 26.75 74774 +.06 —.03 26.78
| | \

\ L

Ex. IT.—Avcust 9rH, 1881

\

| | = 4
\ «, Temp. Correct'ns| & %
s . s ] [ < Q.E
Station. | Time. | ST g < g | & | £
€52 FE & 52
R A R A CE
Frych'g. 7.00a.. 29,34 60° 65° +.08 +.09 29.46
Mt.Kiar- | R \
sarge. l1.201>.M. 26.48‘65°¥75°;+.061——.03 2651
i ! 1

In bpth these examples ano‘:iler read-
ing would have been taken at Fryeburg
on the return, if the better alternative of
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securing hourly readings of a stationary
barometer at Fryeburg had not been fol-
lowed. On July 9th there was no change
in the Fryeburg barometer. On August
9th the following readings were taken at
Fryeburg:
7T A M. 29.53 1P. M 2946
8 “ 2952 2« 29455
10« 29515 3 « 2940
12« 2946

As this set of observations indicates a
fall of .07 in the interval between the
base and summit readings, it becomes
necessary to make another correction to
the last column.

Correcting the first reading to accord
with the fall indicated by the stationary
barometer, we get after all corrections: -

Fryeburg, 29.39.
Mt. Kiarsarge, 26.51.

The logarithmic formula for estimating
heights from barometric observations s
T t—-60)

D=60000(log. B—log. ) ( s

in which

T

LT

IE]
4
i
H
i
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D=difference in altitude in feet.
B=height of barometer in inches at
lower station.
b =height of barometer in inches at
upper station. ‘
T and ¢are the temperatures of the air
in Fahrenheit degrees.
~ Applying this formula to our first ex-
ample we have:

D=60000(1.47202—1.42781)

140—60 ) .
( 1 900 =2887 ft.
The second example gives:
D=60000(1.46820—1.42341)
125—60 ) _
(1+ —555—) = 2881 86

As the station at Fryeburg is 434 feet
above the sea, the estimated total height
of Kiarsarge would be, in one case, 3321
feet, and in the other 3315 feet.

Prof. Airy’s table gives 3319 and 3314
from the same data. .

The instrument employed in the above
measurements has been used in many
other cases of altitudes from 3000 to
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4000 feet. An error of about 2 per cent.
in excess has been detected in those cases
where the altitude has been measured by
more accurate means. It seems likely
that the special correction table needs
some slight revision.

The following measurement was made
with an aneroid only 14 inches diameter,
made by Casella.

Neversink, Sullivan Co., N. Y, and
Slide Mountain, Ulster Co.

. Bar. [ Ht.

Time,. Readlngs T. gTab.I

Neversink. . .. .. 7anw| 28 64 ; 61° | 2158

Fly Club Camp. 11 ¢ 27.92 | 78° | 2853
Slide Mountain. ‘4 P.M.

25.87 ] 69° ‘ 4931

: 61+69—100
D=(4931-2158) (1 +—W—)

=2773 X 1.03=2856 feet.
As Neversink had been satisfactorily
determined to be 1350 feet above the
sea, the total height of Slide Mount-

ain is estimated from this observation
to have an altitude of 4206 feet.
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(Nore).—Return observations were
made only at the camp of the Fly Club.
Between 11 o. m. and 9 . M., no change
occurred in the barometer.

The Tribune report, however, indi-
cates a rise on this date of .07 between
7 and 11 a. m. If such a change was
felt in this region, then the calculated
height of the mountain is too low by ab
least 60 feet. On the other hand, a
height given by railway survey in this
vicinity, (Johnson’s Mill) near the camp,
seems to confirm the figures given here.

Also, the height of Helsinger Noteh,

taken incidentally on this excursion, was

estimated at 2660 feet. Guyot makes
the Noteh 2677 and the summit of Slide
Mountain 4205 feet.

The height of the base at Neversink
was established by four observations,
between New York Bay and this base,
and was confirmed by comparison with
the height of the railway track *at Lib-
erty, six miles southwest. -
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Neversink to Blue Mountain, August
18, 1880.

, . Bar. Cor. Ht.

- Tme rig T RagTab
Neversink |10 30 2.yt | 28.90 60 28.87 1941
Blue Mt..| 8 P M. 7.47 60°27.47 38295
Neversink| 6 | 2885 4

Diff. = (3295 —1941) (1 n

=1354x1.022
—=1384 feet above Neversink or
2734 feet above the sea.

The corrected reading would be 28.875,
if the second reading had been midway
in point of time between the first and
last.

This mountain is in Ulster Co., N. Y.
Long. 74° 35 W. and Lat. 41° 52 N.

60 +62-—-100
1000 )

Neversink and Denman Mountains
(Casella Aneroid). September 11, 1880.

Ht.

|
. Bar. | Cor.

} Time. ‘ Ri'g T'iRd'gTah.I.
Neversink | 12.30 o .| 28 86 | 702884 1969
D.Mt....| 430  |27.13 | 6327 13 3634
Neversinkl 9 | 28.82 |55

A




T4

Diff. = (36.34—1969) (1 + E?’—t%%li)(—))
—=1665%1.026
—=1708 feet above Neversink or
3058 feet above the sea.

This mountain is S. S. W. of Slide
Mountain, and near Claraville. TLong.
74° 28’; Lat. 41° 53" N.

Fryeburg, Me., and Kiarsarge Mount-
ain, N. H.—Fryeburg base 434 feet
above the sea, July 9th, 1881.

(Casella Aneroid)

| ; T

- I Bar. | Ht.

'T1me. \\Readings‘l T. ‘\Tab.I.
Fryeburg....... 6a M| 20.63 |66°! 1233
Kiarsarge. ...... 1p. M“ 26.83 | 74° 3938

f
! |

(Note)—Barometer at Fryeburg re-
mained stationary. ,
. 74 +66—100
Diff. =2705 (1 + oo )
=2813 feet
or 3247 feet above the sea.
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Fryeburg, Me., and Mt. Kiarsarge,
N. H. (second survey) August 17th, 1881.

(Casella Aneroid.)

e | Bar. | Ht.
Time: Readings T\ Tab.T.

Fryeburg. ... .... 9aM, 20.70 59° | 1169
Mt. Kiarsarge... 3P. M.i 26.81 53°| 8958

(Note)—Barometer at Fryeburg sta-
tionary till 4 P. M.

Diff. =2,789 x 1.012=2822 feet.

Total ht.=3256 feet above the sea.

Height of this summit according to the
Geological Survey is 3251 feet.

Liberty Hill, N. H. (near Laconia),
and Mt. Belknap.—The base station was
at Mr. Rowe’s 1130 feet above the sea,
July 9th, 1878.

(Casella Barometer.)

Bar. T Ht.
Readings. Tab. L
Liberty Hill.. ... 28.76 | 82° 2054
Mt. Belknap....| 27.53 78° 3285




6

As the interval between the observa-
tions was very short, and the general
pressure sensibly stationary, no record
was made of the time nor the return
reading.

Diff = (3285 —2054) (1 +

=1252 feet
or 2382 feet, above the sea.

(Note)—An average of three measure-
ments of this mountain gave 2392 feet.
The other observations yielding 2369
and 2425 ft. respectively.

The height given in the Guide Books
quoted from the Geological Survey is
2394 feet.

82 +78—100
1000




77

CHAPTER V.

SUGGESTIONS IN REGARD TO THE SELECTION
AND SYSTEMATIC USE OF AN ANEROID.

Dealers in good aneroids are generally
prepared to testify in regard to the per-
formance of their instruments when
tested by the air pump. Comparison
tables frequently accompany first-class
instruments which show the differences
between the aneroid referred to and a
standard mercurial barometer submitted
to the same exhaustion.

The buyer may reasonably ask, there-
fore, that such a test may be made if it
has not been previously done.

The best English aneroids are now
marked compensated, and are presumably
free from error arising from changes of
temperature in the instrument itself.
‘Whether such be the case can readily be
determined, by the owner of the instru-
ment subjecting it to the action of a
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freezing mixture and then of a drying
oven, while the normal pressure remains
the same. A thermometer should be
placed beside the aneroid during the
trial. A range of temperature from 15°
F. to 175° F, may easily be produced,
and a co-efficient of correction if the in-
strument is not compensated, may be
determined.

The graduations of a good instrument
are neatly engraved on the dial.

The divisions corresponding to the
, inches and fractions of a mercurial bar-

ometer are the only essential ones. The
H circle of feet, whether movable or fixed,

is a convenience of secondary import-
ance.

If an aneroid bears a fixed circle of
feet with the zero mark corresponding to
the 30-inch point of the other scale, the
probabilities are that the instrument is
not from one of the best makers.

Excellent aneroids are now made with
dial plates only 24 inches in diameter.
The Casella barometer referred to in the
examples has a diameter of only 1}
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inches. Of course the smaller fractions
of an inch are more easily read on dials
of 4 inches in diameter; but the porta-
bility of the smaller instruments recom-
mends them for the use of the topogra-
pher, and the medium size, which is from
2} to 24 inches, is now most in demand
for surveyor’s work.

The aneroids in any considerable
collection will be found to be vari-
ously graduated; some of them capable
of indicating a fall of pressure to 20
inches, corresponding to a height of over
11,000 feet, while many are designed for
continual use below 3,000 feet of alti-
tude. In two instruments of the same
diameter, but differing as above, it is
clear that the latter will have the larger
scale divisions, and will, therefore, be
the better instrument to wuse at the
lower altitudes.

It should be carefully remembered
that all aneroids vary in their readings,
with the position in which they are held;
reading always a little higher with the
dial horizontal (face uppermost), than
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when it is vertical. The difference is
clearly owing to the direct weight of the
mechanism exerted on the vacuum box.
There is no objection to allowing this
weight to be always added, but the prac-
tice of the observer should be uniform,
and to read from the horizontal dial is
probably the most convenient practice.

A tap with the finger just before tak-
ing the reading is required to bring the
springs to their proper bearing. Also,
in case of rapid ascents, as some aneroids
will not, at the moment of attaining an
altitude, indicate the entire fall of press-
ure, a few minutes’ delay is necessary.

The pointer should be fine and very
close to the graduated scale, and the
reading should be taken by looking along
the direction of the pointer.

For ordinary work it should not be
considered important to adjust the
aneroid to an absolute agreement with
the mercurial barometer. The difference
between the readings may be noted, but
to force the aneroid to an agreement by
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aid of the adjusting screw is a question.
able practice.

Whenever comparison with the mer-
cury column is made, the reduction for
the latter by Table 4 should be carefully
observed.

In the use of either form of Aneroid,
whether it has been furnished with a
correction table or mnot, the observer
should take early means to become ac-
quainted with its limits of error under
various conditions of temperature or
pressure. Repeated measurements of a
known altitude afford good data for such
information, but direct comparisons, for
a long time, with a standard cistern
barometer will yield, with a minimum of
labor, the greatest number of compari-
sons,

For the method of dealing with such
data to determine correction coefficients,
the reader is referred to the larger treati-
ses, the most exhaustive of which, prob-
bly, is “ Die Aneroide,” by Josef Holt
schl (Alfred Holder, Vienna, 1872).

For ordinary use of a sing