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PREFACE TO SECON D EDITION.

Tun fact that the first
little manual is entirely

suffi.cient indication that
want. As the use of the

edition of this
exhausted is a
it supplied ai

Aneroid Bar-

ometer is on the increase, the presump-

tion is that there will be a, further
clemand for this book of tables an,i[ in-

structions.

It has been thought ad,visable to re-

ar'I'arlg:e the matter and to increase it
br fuller d escriptions of different in-

struments ; and. what is of more im-

portance to the noviee in measuring

aititucles, to add a number of ex-

ampies. '1r

Another table has also been added to

the collection of the previous edition.



TH E AN EROID BAROM ETER :

ITS CONSTRTICTION AND USE

CHAPTER I.

rhe *;H. :;I,il;;lo'*o,,ound s

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 coII-

staqt; yielding upon analysis the same

ratib of oxygen to nitrogen for all lati'
tud.es and all altitudes. ft i* only within
a, few restricted and generally confi-ned

areas where the natural chemical Pro-
cesses of respiration, combustion or fer-
mentation are active, that the free'oxy-
gen is found to be notably deficient, and

the product, carbonic dioxide, which ex'
ists normally to the ertent of one twen'
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ty-fifth of one per cent', is, to a' corre-

spond"ing extent, in excess'

\Yhenl ho*.ver, 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 transibcry state, and whether we regard.

the teruperature, the moisture, the lless-
111.e resulting from its weightr of the di-

rection ancl velocity of its motions, we

can only accluaint 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 periocls; and. even

then the prediction is set forth only as a,

" probabilitY.'
certain average conditions are noticea-

ble as belongiog 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-
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tions we aPPIY the term cli'mate'
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The department of science which re-
gards the physical phenomena arising
from these varying cond.itions is caIled
meteorology. The instruments emploved
with which to indicate or measrlre the
extent of tirese changes, are of various
kinds. Thus the thermometer indicates
tlre relative temperature, the hygrometer
the humidity, the a?Leruonr,eter the force
or the velocity of the rvind, and the bar-
ometer the pressure of the afu which
arises clirectly from its weight.

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

1i. ,}.,i,{



8

quently employed for such use is the one
invented by Toricelli in 1643. It is too
well known to req'uire description here.
It will be suffi.cient to say that it meas-
ures the varying pressure of the air by
the varying length of a, column of mer-
cury which l'ralances 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."

Yari,ations of the Baromsf,sv.-The
variations observed. in the pressure of
the air may be tlivided. 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
dai,l,y uariat'iott,, the regularity of which
in the tropics is so great that, aceordirg
to l{umboldt, the hour may be"* ascer-

tained from the height of the barometer
without an error of more than L5 or LT

minutes on the average. This horary

t
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oscillation of the barometer is masked in
Great Britain by the frequent fluctuations
to which the atmosphere is .subjectecl in
these regions. rt is, howeyer, detected
by takirg 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 g to L1 p.M;
a,d. two minima occurring from B to 5
a.M. and from B to E p.M. (See Tab1e,
page 10.)

The maxima occur when the tempera-
ture is about the mean of the duy, 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 duy in
the temperature, and by the varying
quantity of vapor in the atmosphere.

fhe surface of the globe is always
divided into a day and night hemisphere,
separated by u great circle which revolves
with the sun from east to west in twenty_
four hours. These two hemispheres ur.
thus in direct contrast to each other in
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respect of heat ancl eyaporation. The
irernisphere exposecl to the srln is warm,
ancl that turnecl in the other clirection is
cold. Owing to the short time in which
each revolution takes plaee, the time of
greatest heat is not at noon, rvhen the sun
is in the meridian, but about two or three
lrours thereafter; similarly, the period of
greatest cold occurs about four in the
morning. As the hemisphere under the
sr1rl's rays becomes heated, the air, ex-
panding upwards and outwards, flows
oyer upon the other hemisphere where
the air is cold.er and. denser. There thus
revolves round the globe from duy to day,
a wave of heat, from the crest of which
air constantly tends to flow toward.s 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 s&me way as it isinflu-
enced by the dry air (oxygen and. hydro-
gen). But the Yapor of water also
exerts a, pressure on the barometer in
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another way, Yapor tends to diffuse
itself equally through the air ; but as the
particles of air offer an obstruction to the
watery particles, about 9 or 10 A.M.r whe.s

evaporation is most rapid., the vapor il;
accumulated. or pent up in the lower
stratum of the atmosphere, and being
impe,iled in its ascent its elastic force is
inereased. by the reaction, and the barom-
eter consequently rises. -When the air
falts 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, &s 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 Yapor in
bhe atmosphere, the barometer is subject

o two maxima and minima of pressure-
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ohe maxima occurring at 10 A.M., lvhen,
owing to the rapi,fl evaporation, the accu-
mulation of vapor near the surface is
greatest, and, about sunsetr or just be_
fore dew begins to be deposited., when
the relative amount of oupo, is great ;
arrd. 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 inereasiog temperature. But as the
va,por bee.omes more equally diffused,
and the air more saturated, evaporation
proceeds more languidly ; the air Lecomes
also more expancled by the heat, and
flows away to meet the tr.iurnar wave of
cold advanciog from the eastwards.
Thus the pressure falls to the afternoon
minimum about 4 p.M. From this time
the temperature declines, the air.,ap-
proaches more nearly the point of satu-
ration, and the pr..*rre being f*rther
increased by accessions of air iro* the

', 
:;1{iwlryi',?.li::'
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\Yarm wave, now considerablY to the

westward., the evening maximum is aL-

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 e'-rvr.

The amount of these daily variations
diminishes from the equator towards

either pole, for the obvious re&son that
they depend, directly, or ind-irectIy, olr

the heati:rg power of the sun's rays'

Thur, while at the equator the daily fluc-

tuation is AJ25 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, r,:t' that period of the
year when there is no alternation of duy

ancl night, the d.iurnal 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 A. Iu.

Since the whole column of the at-
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mosphere, fronr the sea-level upwards,
expands during the heat of the .luy, thus
lifting a portion of it above alr praces aL
higher levels, it is evident that in" after-
noon minimrlm at high statio,.s wilt be
less than at lower stations, especiary
when the ascent from the one to the oth--
er is abrupt. Thus, at paclua, in ftaly,
the afternoon minimurn is 0.014 inch, t ut
at Great st. Bernarcl it is only ti.oog
ineh.

Annual Yuroatdon.-When it rs sum-
mer in the one hemisphere, it is winter
in the other. In the hernispher.e where
summer prevails, the whole air being
warmer than in the other hemisphere,
expands both vertically ancl laterally. A;
a, consequence of the lateral expansion
there foll,ws & transference of part of
the air from the r,varrn 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. r{ence,
i, so far as the dry air of the atmosphere
is concerned, the atmospheric pressure

:ji?wm*i
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will be least in the summer and greatest
in the winter of each hemisphere. But
the production of aqueous Ya,por by evap-

oration being most active in summer, the
pressure on the barometer will be much
increased from this ca,use. As the aque-

ous vapor is transferred. to the colder
hemisphere it will be there condensed

in',o rain, and. being thereby withdrawn
from the atmosphere, the barometer
pressure will be diminished; but the dry
air which the yapor brought with it from
the w&rm hemisphere rvill 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,22o 36' N. lat., the press-

ure is 29.408 in July, and 30.102 in Jan-
uary, thus showing a difference of 'O.694

and at Rio de Janeiro,22" 57' S. lat., it
is 29.7L+in January (sumrner), and 29.978

in July (winter), the difference being

l
t

\.
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0-234. The large annuar variation at
calcutta is caused jointly by the great
heat in July, and by the Luroy rains
which accompany the south-west mon-
soons at this season; whil" in January
the barometer is high, owing to the
north-east rnonsoons, 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 pres"sures are very striking.
T}us, aL Barnaul and frkutsk, both i"
siberia, the pressures in Juty are respect-
ively 29.243 and 2B.zG7, and in January
29.897 and 28.86b, the ,ilifferences 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 mad.e to the
a,queous 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, motlified degree, al

Moscow, St. Petersburg, and' Yienna'

At Reykjavik, in lceland, the pressure

in Jtrne is 29.7LT, and in December

29.273; trt Sanchvieh. Orkney, 29'775,

ancl 29.586 : &nr[ at sitcha, in Russian

Arnerica, 29.975. ancl 29.664' In all

these pla,ees the clistributiou of the press-

ure is just the l.eyerse of rvhat obtains in

siberia, being least in rvinter and great-

est in summer. The high summer press-

Llres are due to the cooi Summer tem-

peratures as comparecl with surrounding

countries, thus causing an i'n'florn from
these regions, and. to the large amount of

vapol. in the a,tmosphere, thus still fur-

ther raising the barometric column. on

the other hand, the low winter pressures

are due to the comparatively high winter

temperatures eausing an ouffiow tgu:ards

u,djoi,ning countr'ies, atd, the large winter

rainfall which, by setting free great quan-
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tities of latent heat, stilt further aug.-
ments and aecelerates the outflow.

The variations in rnean pressure are
very slight, and not markecl by any yer,rr
decided regularity in ilreir march thro"gil
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 surroundi,g eountries, and the vapor
and ,ainfall are at no time much in excess
or defect, but are more equally distrib
uted o..er the different months of the
year.

At the Great St. I3ernard, gt71 feet
above the seA, the llressure in summer is
22.364 inches, whiie in rvinter it is only
22 A4,4. At Padua, there is sear.cely any
difference in the pressure between sum-
mer ancl winter. The i,r,rease in the
summer pressllre at the Great St. Ber-
nard is no doubt due to the same cause
already referred to in art. 6b-vi 2., .the
expansion of the air upward cluring the
warm summer months, thus raising q
larger portion of it above the barometer

.i:.,rlrl'f mmmmmffi EBf L,:-',.'-
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at the highest station. But at St. Fe de
Bogota, 8615 feet high, nea,r the equator,
and where, consequently. the difference
between the temperature in July and.
January is very small, the difference iu
the pressures of the same months is also
very small, being only 0.035.

Distri,butzon of Atmosptheric Press-
ure ouer the globe, as cletermi,rted by the
Annual -Iltfeans.-Though much addi-
tional observation is required, especially
in A frica, Asia, and South America, be-
fore the isobarometric lines can be laid
clown on e"map of the world, yet many
important conclusions regardirg the
mean barometric pressure have been ar-
rived at from the results already obtained.
We have seen that the daily an.l mouthly
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 modifiecl by.*the
unequal distribution of land and water
on the earth's surfaeer we should. expect
to fincl the pressure, and the variations
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in the pressure, most regular in the
southernhemisphere. Accol..lingly, thereis a' remarkabre regurarity observed inthe distributio, of ilre 1rru...rru from
about 40" I{. lat.'southword. to the Ant-
arctic oeean, rvith the exception of the
region of the rnonsoorls in southern Asia.

The mean pressure in the equatoriut
regions is about 29.90 ; at 20" N. lat. it
rises to 30.00, ancr at Bs' I{. rat. to 80.20,
from which northwards the pressure is
diminished. The same pecuriarity is seen
south of the equator, but it is not so
strongly marked. At 45" S. Iat. it fallsto 29.90, and from this southward.s it
eontinrles steadily and rapidly to fail to amean pressure of 29.91 at 7 5" s. lat.This extraordinary depression of the
barometer in the Antartic oeean, being
one inch less than at the equator and
L,326 inches less than at Atgiers, is per_
haps the most remarkable fact in the
meteorology of the globe. *.

Th" pressure in the north temperate
aad frigid zones is in striking contrast tothe 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
are& 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 are& of low pressure around

Iceland, the center being probably in the

south-west of the islancl near Reykjavik,

where the me&n is 29.578. As observa-

tions are more numerous in Europe and

North Ameriea, the d,imensions of this
d.epression may be defined. with consider-

able precision by drawing the isobaro-

metric of 2i5.90, 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 lrelan,il, the south of scotiand,
and. the south of Swed-en, whence it pro-

ceeds in a, north-easterly d.irection to

Spitzbergen. " The followiog mean annual

Dressures will show the nature of the de-

I
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pression : I{ew york, 80.001 ; paris,
29.988; London, 2g.g56; Glasgow, 2g.g68;
Orkney, 29.78L; Bergen, Zg.-SO+; Spitz_
bergen, 29.794; Reykjavik, Zg.Elg; God_
thaab, in S. Greenland, 29.605; Ilperna-
vik, in N. Greenland, 2g.7gL; and MeI-
nille rsland, 29.807. A depression also
occurs in rndia, where the mean is ouly
about 29.850, whereas in the same lati-
tudes elsewhere it is about 90.100.

There are thus four areas of row press-
ure on the globe, the extent of each being
nearly proportioned to the depth of the
central depression- -uiz., Antarctic ocean,
the least pressure being 29.910 ; rceland,
29.578; Kamtschatk a, 2g.6g2 ; and India,
29.850 ; an,l three areas of high pressure,
one lying between latitudes 20J and 40o
N., another between l5o and. Bbo S., and
the thircl in central Asia, from south-
west to north-east. These low mean
pressures are by no means eonstant in all
cases during the months of the year. .* fn
the Antartic ocean ilrey are nearly corr-
stant during the months, with purhup* u
slight tendency to an inereasu io winter.
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In the region of low pressure around. Ice-
land the pressure is a, little less than
elsewhere in summ€r; 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 Sand.wich, in Orkney. Similar1y at

Petropaulovski, in Kamtschatka, the
pressure in winter is 0.323 less than in
summer. I{ence 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 d.oubtless

caused by the copious rainfall durirg that
season. On the other hand, in Southera
Asia, the lowest pressures occur in sum-

mer. Thus, at Calcutta it is 29.408 in
Jrrly, while in January it is 30.102-the
ayerage pressure for that degree of north
latitud.e. Hence, i, Hindostan, the low
m.earr 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
Eimalayas. Generally the pressure is

i
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low wherever a copious rainfall prevails
orer a considerable portion of the earth's
sru'face, owing to the large quantity of
caloric set free as the vapor is condensed
into rain.

It is scarcely necess ary 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 irrdicate 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 at1 observations
above that temperature. A baro-
metric pressure of thirty inches
at 32" would be indicated by a,

height of 30rru inches at T0o. 5
2d,. For decrease of gravitation at sta-

tions above the level of the sea,

'rii#*rc'
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acting on both the mercury and
the air.

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

(Lh^. For temperature of air ; the den-
sity ,ilecreasing as temperature
rises.

5th. For humidity of the air which
. also influences its density.

6th. For capillary attraction of the
tube.

F
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CHAPTER II.
BAROMETRIC MEASUREMENTS OT' AITITUDES.

Tnr 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 mea,surement of heights
would be a problem of the simplest
character; for as mercury weighs 10,500
times a,s much as air at the sea level, the
mercurial colunrn would faII one inch for
eyery 101500 inches of aseent 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, but so

thin that the density may be considered
uniform throughout.
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Iret lr,:the thickness of each layer.
W-weight of a cubic foot of air at

pressure I{.
W,:weight of a cubic foot of air at H.

I{o H,, &c. -pressures Ineasured in
inches of mercury.

Then the pressllre upon the unit of
surfirce of any layer is greater than that'
upon the surface of next higher layer, by
the x-eight 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 i,W. And to express
it by height of mercury column, it is

necessary to multiply by #which
. aw30glves 

2:157

But W: Wot : H: 30.
'Wo being the weight of a cubic foot air
at the level of the sea (-.0807 at 32"F).

IMe have from the above W X 3O,-IM.

X H, and the above expression for d.imi-

nution mey be written {YiY.
2L57

IFF--
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{ I{o I{, I{, represent the pressures
at the surfaees of the suecessive layers,
we shall have

H,:rro-ff+-Hu(r- ffi)
H,:r{,-ty#,:H,(r- ffi)
Hu:H,-(r- ffi)
I[,:Hn-r(r- ffi)

Multiplying these equations and sup_
pressing coinmon factors, we get

H,:r,(r_ffi)"
rt h be taken at one foot then za wourd.

represent the number of feet vertically
between two stations at which the baro-
metric pressures are Ho and I{o respect_
ively.

By substituting for Wo its value and
taking logarithms we have

log E; -)t' log'\21b6. glgs)
whenee

rL-60135.4Xlog. r{o
H,

,iffi.,
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For use in accurate observations, cor-

rections are required for temperature,

humidity and variation in the force of

*'il*'*Iaee's 
formula which includ'es

terms derived from the consideration of

these conditions is obtained as fo110ws :.

Suppose a, portion of the atmosphere

inelu,iLed between two stations at differ-

ent altitudes to be divided into very thin
]al.ninre.

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 Lo dz'

Whence x+

ctP - -W dz (1)

If Wo be the weight of a cubic meter of

air at the temperature OoC and. a baro-
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metric pressure of fl.m 76, the weight of
this s&me volume at pressnre p and tem_
peraturc 0 would be

-Tr- 
P 1rY.oJ6 ' TT,,A

a being the coefficient of dilatation of
air which is here taken at .004 in eonse-
quence of the constant presence of watery
vapor.

This expresses the weight at the sur_
face of the globe. rf transferred to the
height z, the weight would be diminished.
in the ratio of the squares of the distances
from the center of the earth. 'w'e should
then have

W-\-- P 1 R'ruo'*u I+"e (ETa,
Substituting in equation 1, dividing by

P and integrating between o and ,; *"
get, by callirg the pressure at the lower
station Po

Ios.+:r*ffi;q '/
-:i.

R+,
the logarithm being Napierian.

From this we obtain
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"-o!#),o*.;,( r*#)
But the pressures Po and. P are in direct
ratio of the mercury colurnns which we

will designate by /,,n and h'. These

columns also vary in weight in accord-

ance with the law of inverse squares of
clistance from the earth's center, so that

}:+ ry:*( ,**)'
Substituting in the value of z, we have

0.76. (1 + cc?)

wo

1,"**a2 'og 
('*#) 

I 
,. (' *#)

But as z is so very small compared- with

R, ne may replace los. (, * *) by +-
AIso #may be neglected.

'We shall then have

0.76 (1 -r':-# 1('. #)"* +'"'?l
The weight W, refers to the height /e,

the lower of the two stations. At the

f-*
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surface of the earth, this weight

be greater in the ratio ,t 
#a,

as h is always small compared
this correction may be rreglected.

would.

But
with R

But there is another of more import
ance which shoulcl be taken into aceount.
On account of the spheroidal form of
the globe weight varies wiilr the lati-
tude. If G represent the weight of a,

body at latitude AEo, then at any other
latitude I its .weight, is fo,n,c by multi-
plying G by

1-.00265 cos. 2 t
This factor is to be appiiecl to IM, in

the formula. This is accomplished by
multiplying the above value or d by
1 + 00265 cos. 2 l.

fn order to simplify the expression ,we

will substitute for 0 the mean between the
temperatures of the upper and lower
,rtations, designated by to and , ,. The
factor L + u0 then beeomes 

,' *,,

1+*#since u:.004 ;

and the value of z ma,y be written i, t



0.76 r,: 
W, 1

If M be used to represent the modulus
of the Napierian logarithms we may
write

,_ 0.76 Jr_ 2(t,+r)qo:I[w ]'- looo f
.1(,.;)los +.ry1.

(1 + 0.00265 eos. 2 l)
in which the logarithms are of the com-
mon kind.

This is La Place's formula. h in the
expression is not the barometric height
directly ,-rbserved at the rlpper station,
but this height reduced to the tempera,
ture of the lower station.

34

1+ 2+'d#') 
I

The value of ffi, has

,1(,.f-) Ios +**|'.
(1 +.00265 cos. 2 l)

ined by trial of the formula upon
altitudes. Ramond in his survey
Pyrerrees determined its value
18336.

been d.eterm-

f,rro*,
of the
to be

Er
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The unknown term ?,

member is determined bv
in the second
srlccessive a,p-

proximations.
The first value being

,l_.ot 
-18336. log. L

/t,
(meters)

This being substituted, we m&y have

o -a ,2(to+r)*2-'-t t looo ','
_ 
Fi,ally, these being substituted in the

above value of z we Sut

2,:18886 tog. + .%Pr,
* 2,.00265 cos. Zl

+ (z'+ 2M. lg886)#

The terms of this formula are
ally reduced to tabular form for
eal use.

Guyot's formura which is derived from
this, redueing meters to feet and the co'-
stants depending on temperature bcing
changed to aeeord with Fahrenheit'i-
scale, is

/,o

h

gener-
practi-

z-6A158.6log.
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I l, _t"+t-Alr
I \^ ,OO-)
I

I (1 +.00260 cos. 2/)

It z+52252 I \
[(t* zoss68-60+rcr.arrco)

The three terms after the first &re the

corrections. The first being that for the

temperature at the two stations' The

seeond is the correction for the force of

gravity dependiog on the latitude'
The thircl contains, first the correction

for action of gravity on the mercury

column at the elevabion 2) and seeoncl a

correction required for decrease in d ensi-

ty of air owiog to deerease in action of

gravity at the greater elevation' The

factor s being the approximate differenee

in altitud.e of the stations.
Plantamour's formula, which has been

mueh used., differs slightly from Guyot's.
The first coefficient is 60384.3. The rJe-

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

Er*
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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 eorrections de_
pending npon the gravity of the mercur.y
column would, in any ease, be omitted.
The other correetions may in yery nice
work be retained. But a correction de-
pending on the effect of changes of tem-
perature on the metallic work of the
instrumeut should be carefully remem_
bered. tr'irst-class Aneroids claim to be
compen sated, but a greater portion will
need a eorreetion which the purehaser
can determine for himself, by subjecting
the instrument to different temperatures
while the pressure remains eonstant.

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 Americ&n
Society of Civil Engineers, in January,
1871

x The use of the Barometer on Surveys and. Recon-
noisances. By R. s. rvilriamson. New york : D. van
Nostrand. London : Trubner & Co.
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It is

D-6oooo (1og rr-tos r;t(t+ ffij9)
D is the difference of altitude in feet.

H and lr, are the barometric read.ings in
inches.

T and t 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 iu another
chapter.
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CIIAPTER TIT.

ANEROID BABOMETERS: TEEIR CONSTBUCTION.

Tnn general principle of construction
of all aneroids is the same. A box with
flexible sid-es, 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 €ye, 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
beginniog of this eentury, but 'w&s first
made of a serviceable form by Yidi, in
1848. It is substantially the form moqt
used. to-day. The yacuum box is a thiu
low cylinder, and the motion of the thin
flexible head of the cylinder is conve;red
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by suitable mechanism to the index
hand. Yidi's aneroid is shown in Fig. L.

D is the vacuum box, supporting the up-

right pillar M upon its center. 
'' 
A* M;

rises or falis, & corresponding motion is
given to the plate C. A coun.ter pressure

a

ul
IL



is afforded
motion of
and 2to a
the figure.

/l i

ri
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Itt
F ig.2

shaft is conneeted bv a minute chain*with the shaft whicrr carries the indexpointer. It is kept wound to the proper
tension about this shaft bJ, u nr" spiralhair spring

4t

by the spiral spring S. The
C is conveyed by the links 1little roeker shaft, shown in
An arm, B, attaehecl to this

-\
-\

l-:ll
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A modification of this is shown in
Figs. 2 and 3. (See, also, frontispiece).

'Ihis is Naud.et's aneroid, and. i* tn. one

chiefly employed now. It tliffers from
Yidi's in the substitution of the thirt

_"{e
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laminated spring (B in frontispiece) for
the spiral spring (S in Fig. 1).

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

aneroi,cT is restricted by some writers, js
represented in Fis. 4. A reetangular
tuhe, from which the air has been per
fectly exhausted. is sealed hermeticailp
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and, having been bent into the form rep-

:esented in the figure by cbtl, is made

fast at the mid.dle point b' The varying

pressure of the atmosphere causes the

extremities c and cl loapproach or reeede

from each other' This rnotion is corr'

verted into a to-and'-fro traverse of the

index,byamechanismsrrfflcientlywell
exhibitecl bY the diagram' \

This is known as Bourd.on's fotm" It
isnotnowernp}oyeclfordelicatework.
The forms of Yidi and Naudel' are' bY

. some writers, clesignated. the holosteri,c

barometers.
The graduation of these instruments

ismadetocorrespondwiththeheiglrtof
the mercurial barometer, and is expressed

as inches or millimetet's'
The diffi.culties to be met by the rnaker,

in seeuring accuracy of workingr &re those

which arise chiefly from the varying elas-

ticity of the severatr metallic elements

under change of temperature' $reater
simplicity of construction might be pre-

sumed to be at'tende,it with a smaller lia-

bility to a kind of error, for which it t{
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exceerJingly difficuit to compensate. This
is the theory of the Goldschmid Aneroid..

The instrument designed for ordinary
engineering llse is represented by Fig. 5.

The size recommended. by the present
makers for this serviee is 3& inches in
diameter and 2$ rnches high.

The construction is exhibited by Fig.
6. The vacuum box, constructed. as be-

fore described., is shown at ct,a,. The mo.

tions of the box. caused. by variations of
atmospheric pressure, are conveyed di,-

rectly to the lever, whose fulcrum is at
e" , artd,whose free end. is at e. This end,

projecting through the side of the c&s-

irg and working freely through a slot, is
observed with a magnifJoog lens, and. the
readirrg on the ind.ex Jf Laken. But it is
evid"ent that the lever, working with
proper ease on its fulcrum, must be sup-
plied. with a certain amount of counter-
press/.re. This is ingeniously done by
aid of the delicate spring e', wbich is-at-
tached to the ]ever near the fulcrum.
Bearing on the spring is the point of the
mierometer screw M, whose head is grad-

i
I

-
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uated to hund.r.dr# and forms the top

l!
IHn"-=+ il:EI

l_H-" '|r

of the case. Both lever and spring are
furnished at their extremities with bright
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metal heads, whose end surfaces lie in
the same plane. The head e, is, uncler
ordinary conditions, higher than e, as
shown in Fig. 6. 'When 

a, readirg is to
be taken the top of the case is turnecl
trntil e' and. e are side by sidle ; the hori-
zontal marks borne on the metallic heads
being brought to an exact coincidence by
aid of a lens (P in FiS. E). The reading
of the ineh,es is taken from the scale ff,
and of the hundredths from the divisions
on the scale around the top of the box
T; a fixed point c being. marked on the
cylinder. rn figure 7 the indices exhibit
a readirg of Zg.Tb inches.

The thermometer F is an importanl
part of the instrument.

rn some of these instruments the scare
ff bears no reference to the inches of the
mercurial barometer, but is of an arbi-
brary eharaeter, and is different for dif-
ferent instruments. The value of the
divisions is determined by comparison_
with standard instruments, and. is c&re-
fully expressed in tabular form on the
cover of the box
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Somu corrections for temperature and
pressure are requirecL in the use of these
instruments which, although desirable in
the more common forms of aneroid, have

not heretofore been considered. necessal'y.

'fn the latter instrumenis, however, when
of the best construetion, a com,pensati,on

has been effected which rend.ers a correc-
tion for temperature unnecessary. In
the Goldschmid aneroids n.o compensa-

tion is attempted, but each instrument is

furnished rvith a table of eorrections
which have been prepared from oJrserva-

tion on stand.ard instruments.
Thus, aneroid No. 3187, imPorted

last year) bears on the cover the follow-
ing:

COITBECTTON TABLE.

Eor -Diui,si,on. ?or T'emperature.
26.0' 0.02 28" to 48o - 0

26.5":-0.03 52"-+0.01
27.0': - 0.03 56o: + 0.015

27.5 :-0.02 60o- +0.025
28.0- 0 64o:+0.035
28.b - +0.03 68o- +0.04
:29.0 -+0.06 72"-+0.05

j
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-For Di,uosd,ort. -For ?ernperq,ture.
29.5, - +0.10 76o_ +0.07
30.0 -+0.14 g0 -+0.09
30.5 -+0.19 84 -+0.11
31.0 -+0.25 88 -+0.18

92" - + 0.15
The temperatures are, of course, taken

from the thermometer that forms a part
of the instrurnent, and which, when the
latter is carried slung from the shourd.er,
may exhibit a temperature considerably
higher than that of the air.

A smaller and ruder instrument called
the Pocket Aneroid is made by the
Zafich manufacturers. It is only 1+
inches in diameter and 1] 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 compoun_d miero-
t11;r" 

is no doubt that all urr"roidl
need a careful comparison with standard
instruments or a, series of trials upon
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known altitudes, in ord.er to determine
the proper corrections. Such trials

should be made at different temp"i,t,rr"*
and under different conditions as .to ris.
ing or falling at the time of observation

ao
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The tables of corrections furnished by
the maker eannot well be substituted for
those mad.e by u careful observer deduced
from systematic work. The air pump,
the hot chamber an,iL the freezing box
are convenient, but inadequate substi-
tutes for a large number of trials under
normal conditions

il
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CHAPTER IY.

TJAffiil#"T:I;:Ii O--

ometer maJr be used. either as a weather
indicator or in the measurement of alti-
tudes. \\'hen used. in the former capa-

city, the Aneroid, especially at sea,, pos-

sesses som.e obvious advantages. Aside

from its superior compaetness of form
and its portability, it responds more
readily to the changes in atmospheric

llressure than the Mercury column, and

thereby serves more efficiently to warn
the mariner of sudtlen tempests.

The words Bain-Change-Fair seen

stamped or engraved on the dial of many
barometers have, of course, ro special
signifi carreq and are now rarely seen on

first-class instruments of either kind. The

probable changes of weather indicatecl by
changes t-rf the barometer are briefly set

fr,rth in the following:
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NULES tr'OB FORETELLING 'T'IIE WEATI{EB.

A Risin,g Burometer.

A " rapid " rise ind.icates rlnsettlec;t
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 wincl and rain
from Northward.

A " rise " with southerly wind indi-
eates fine weather.

A Steacly -Barometer.

With dry air an d- seasonable tempera-
ture, indicates a continuance of very line
weather.

A Falli,n g Ban"ornete?".

A " rapid " fall indicates stormy
weather. .i+

A 'l rapid " fall, with westerly wind,
ind.icates stormy weather from North-
ward..



54

A " fallr" with a northerly wind., indi-
eates storm, with rain and hail in sum-

mer, and. snow in winter.
A " fali," with increased moisture in

the air, and. the heat increasirg, ind.icates

wind and rain from Southward.
A " fall " with dry air and cold increas-

iog (in winter) indicates snow.
A " fall " after Yery ealm 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 ab-ove

rules.
For the &ceurate' m€Bsurement of dif-

ferences of altitude, however, tJre best
skill in construction ancl the most care-

ful atljustment of the parts is indispens-
ably necessary. The use of an Aneroid.
of even pedium quality will frequently
lead to considerable errors in estimating
heights. It may also be added hcre 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 methori adopted by some
makers of adding a circle marke d, feet
outside of the common graduation to
inches of mereury.

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

If such a circle of feet be engraved. oa
the dial plate with the zero mark made to
correspond with 30 inches of the mercury
column, of course every estirnate of alti-
tude made as above mentioned. assumes
that at the moment of observation ; the
barometer at the level of the se& would,
stand exactly at B0 inches ; a condition
only realized. occasionally. And the fur_
ther cond.ition is also assumed, that the
temperature of the air is of no account
in estimating heights; an assumption
equally at varia,nce with fact. .1r,

rt is onlv an inferior class of Aneroids
that bear a fixed. graduated circle of feet,
with the zero of altitude corresponding
to 30 inches of pressure. , F

:
I

I

-
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Prof. Airy, the former Astronolner Royal

of Great Britain, prepa,red a table for the

nse of barometer nrakers-& scale from
which is now engraved. on manY Engiish
Aneroids. It places the zero of altitude
at 31 inches of pressure. This aftbrds

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 trvo reaclings of feet to get

clifferenee in height. But this again as"

sumes that the &Yerage temperature is
50" F.

Table I exhibits Prof. Airv's series of
heights.

Some rnakers, designirg to imProve

upon the sirnple construction just d.e-

scribed., have engraved the outer circle

of feet on a movable ring encirclirg 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 travel.s about over a section

of country, the pointer will indicate with
fair approximation for some hours the

altitutle of thq new Positions.

I
I

- =l&-
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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 calcula-
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. 8., in 1gTB, ap_
plied the movable scale to the Aneroid, so
as to convert it from a source of inaccu-
racy into an aid towards accr\ra,cy. He
empioys the altitude scale proposed by
Sir G. Airy for temperature b0o, but h;
makes it movable so as to adjust it for
any other temperature. The shifting of
the seale into certain fixed positiorr., i*
made to answer the same purpose as if
the original scale were altere,iL to suit
various temperatures of the air. rn the
Journal of tlre lvreteorologi,car Boci,ety for
L87 4, JanuarI, Mr. Field says , ,..

" The object aimed at in designirg this
improved form of Aneroid was, to sim_
plify the correet d.etermination of alti-

,'.
!
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tudes in cases such as ordinarily occur in
Eng1and, 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 faee, but the
graduation only extends from 31 inches
to 27 inches so as to preserrre 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 inehes.
This is the normal position of the seale

and. it is then correct for a temperature
of 50o. For temperatures below 50o the
zero of the scale is moved below 31 inches;
for temperatures above 50o, 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 ancl partly by trial, ancl

marked by figrues engraved. on.-the out-
side of the Aneroid. fn order to insure
the altitude seale not being shiftecl, after
it has once been set in its proper position

-s_\
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there is a simple co,trivance for locking
it in the various positions. 'l 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 slass it is
freed from this locking pin, and. can be
turned until the ligures eorresponding to
the air temperature are opposite to the
pin, when the glass should be depressed
so as to relock it, and the scale beeomes
eorrect for that temperAture. The atti_
tudes are in all cases determined by tak-
irg 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 foregoiog
d.escription that the movable scale of the
instrument requires to be set for tenr_
peratures before taking any observations,
and must not be shifted during the prog-
ress of the observations.

" This may appear aL first sight as a
defect, inasmuch as the temperature pf
the air may alter during the progress of
the observations ; but practically it will
not be found to be any drawback in the

Ih
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case of moderate altitudes, as small vari-
ations of temperature will not appreciatrly
affect the result. A variation of 5o of
tempcrature gives only about 1 per cent.
variatiorr in the altitude, an amount that
would und-er or,C.inarv circumstances be
inappreciable, so that as long as the tem-
perature does not vary d.uring the course
of the observations more than 5o 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 6o or 8o, would be
practically of no importance. Of course,
if it should be found aL any time that
the temperature has varied considerably,
during the course of the observations,
fqom 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 suffrciently so for practicul p..iposes.
For aititudes within the range of the in-
strument (say 3000 feet and under) andi

iii
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temperatures betrveen 80" ancl 70", tire
rnaximum error from nsin ^ the shifted
scale, instead of the ealcuiatio,, is only
2 feet, which is inappreciable on ihe
scale. The same principle might even
be appliecl to altitudes ,p to 6000 feet,
as the maximum error would be only 10
feet. tr'or considerable elevations, how_
ever, the variations of the temperature
between the base and the summit would
interfere with the application of the prin-
ciple.

I{evertheless, thp best plan i'-q to clis-
pense with altitutle seales, whether fixecl
or moyable, and to calculate the rreights.
simple ru]-es, giving rnore reliable r.es*lts
than the attached seales, are at the ser.-
vice of those who need easy processes.
Among these are the following :

-Mrte the rdse or fall of the burontetet,
,in, hunclrerlths oJ' u,rt ,inch., ott Ttus.si,ng
Jtrom one stat,iot;z to tlte othrr, _r. mztltiply
by 9. I'h,e product z,s tlte clifferelLce ,L
alti,tucle dn feet

This is for ordinary ternperatures and
pressures. If the pressure is below 26
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inches or the temperature above 70", use
1t) for a multiplier.

A higher degree of accuracy is obtained
by using the multiplier obtained from the
foliowing' table prepared by i\l r. G J.

lry:_
I'Iea,n tempe,;; F,*I- -l;tr* I 

*
Ii.*o p.."...,;;;Ti* L; il 1,,. i io.g , o:a 1o:8: ': 

ifli:, i,tfl a fl?'fl $:'flfil$,fi

To find the difference in height be-
tween two stations : ?on,cl the nleq?t
pressura ,' also the mea,?L tencytcrature.
1'/te number i,n the table corre,spondon,g
fut these tuso nbeans, i,f multipli,ed, by the
tl ffire??,ee of the barornetric p?"essures ,in,

hu,ndredths of an ,inc/c, u:ill gi,ue $he dr,f-
lference ,in alt,itude aery nearly.

In the absence of a table to aid in
computation, but having an Aneroid with
the scale of feet, use the formula,

D-ssoooffiti

l,
l{,
iLi
iflr
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t:t
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adding ato of the estimated altitude for
every degree, the auerage temperature is
above 55o, and subtracting a like amount
when it is below. I), i* the difference of
altitude in feet; H and h are the read-
ings i,n feet from the Aneroid scale. This
gives fair approxirnations up to 3000
feet.

For aecurate results use one of the
following methods: I{aviog Airy's table
(Table 1) and an Aneroid carefully grad-
uated. to inches ; Take the readi,nrl in
'inches of the baromteri,c scale at botlu
lower ancl upper stations I t,l&t the [em-
pera,ture at both stati,ott,s., ?in,cl front
the table the hei,ghts 'itt, /eet corresponcl-
ing to the baronr,eter rer.td'in gs. Su,btract
them ancl multiply the rernainder by

T+r-100
-To-oo '

The complete formula is

D-(H-l,) (r*I1iffiolg)
T and t are the observed temperutorl* ;

H and /t, are the heights in feet taken
from the table.

itrlu
iH
lnitlt
i i.rlfi
tll
i i'lIti
. i,l
llt

I t.r

iil
l)l
il

rt{
'll

, ."i

r il

' ll

,ii
, iN

itt+
il

l
*,tr
:{:

I

I
$
4

t
i
I
i

.i.

I
-1t

.I
t
,|

i

.t

{
.:

:t
T

:.ll.x
rl
'?{.{
{
Ji

i

L



64

fn the absenee of this table. but with
a table of logarithms at hand, the baro-
metric heights in inches are to be taken,
and the followirg formula used :

D-60000 (log. B-log. r.)

(t*I'+J-60r\^-=oo )'

B and D are the barometric readings in
inches i D, T ancl I as in the other for-
mulas. (See Table II.)

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

When it is impracticable to repeat the
observation at the first station, the error
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which, in c&se 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 ancl a
proportionate eorreetion applied.

Many Aneroids marked,,eompensatecl,,
exhibit a sensible, change when the tem_
perature is variecl; such instruments ilIay
be servieeable and quite aeeurate 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 terrrperature as shall embr aee
the range at rvhich it is hkely to be used,
and. the moyement of the index for each
10" or 20o of temperature recorded.

Aneroids require to be compared from
time to time with a good mercurial baro-
meter. While making such comparisons,
it is well to remember that the rnercurial
eolumn and the scale by which it* is
measured both require eorreetirg, and
that during times of rapid changes, in
atmospheric pressure, the Aneroid shows

i
I

L
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such changes more readily than the
mercurial barometer. (See Table IY.)

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 tlirect rays from the
8Un.

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 ; preferablv with the
face horizontal.

Considerable care is also required to
determine exactly where the index
points. It is best accomplished by sighL
iog along the pointer, using one eye only
for the purpose.

The followiog example will illustrate
the use of the tables.

Barometer at Station A30.04 Thermometer ?8'
'( B 28.69 (c 65"

From Table I we find height* corre-
spondirg to reading at A is 857 feet.
The height for B is 2L20 feet.

The approximate height is 2120-88?
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:L263 feet; but the sum of the tempera_
tures is 148o. An additionar eorrection
of 16*r is, ther efore, to be applied to the
above difference; flris is Ei' feet. The
total estimated difference of altitude is
then 1263 + 54_ tBlT feet.

The formula directly applied is

D:(zu2o-8b8) (r*I#*ry)
_ 1317.21

_ Applying the logarithmic formula we
have:

Lo-g. B 80.04:L.477700
b 28.68:L.457579

Log. B-Log. b_0.0Z0LZt

D : 60000 (.ozotzrl (r . W)
-L207.26x1s%ro _ 1B1g feet.

As before remarked, the Gordschmid
Aneroid requires that both the iempera_
ture of the air and of the instrument be
carefully taken. Two etamples of altft
tud'es taken with the instrument prev-
iously referred to (No. Blgz) wil serve
to show the kind. of correction neeess aW,

I
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and as both examples apply to the same

mountain (Kiarsarge of ConwaY, N' H'')

theywilltogetherindicatethecharacter
of the instrument.

Ex. I.-Julv 9ru, 1881'

Station.
F.i

,g

26

6..
qJ ilJ

PC

(-- Fr

Fryeb'g.
Mt.Kitrr-

sarge.. i1. 00r. rr

Ex. Il.-Aucusr 9tu, 1881'

In both these examples another read.-

ing would have b:u1 taken at Fryeburg-

orp the return, if the better alternative of
;

tr
ih
! tl

iH
I r.i
l1
It,1,

tl*
F-

l1
ub iTemn. iCorrect'ns
Ll I I .

or-{ I : .
rr1 I I i t-r{ A
Fliliti E Yf;iils,f, fi

.51:66'166' +.04 -.1(iti

.75174'l74'+.06 -.0:lii
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securing hourly readings of a stationary
barometer at Pryeburg had not been fol-
lowed. On July gth there \vas no change
in the Fryeburg barometer. On August
gth the follon irg reading.s \rere taken at
Fryeburg:

7 L. 1\r. 2e.53
g (( 29.52

10 c( 29.5L5
L2 .c 29.46

1 P. M. 29.46
2 c( 29.455
3 (( 29.40

As this set of o'bservations indicates a
fall of ,07 in the interval between the
base and. summit readings, it becornes
necessary to make another eorreetion to
the last eolumn.

correeting the first reacling to accord
with the faIl indicatecl by the stationary
barometer, ,^'e set after all correetions:

Irryeburg, 29.39.
Mt. Kiarsarge, 2B.S1..

The logarithmic formula for estirnating
heights from barometric observations.*is

D-6oooo(rog.B-los. 14 (+ 
=ffiry)

in which

i

E
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D . difference in altitucle in feet.
B-height of barometer in inches at

lower station.
b -height of barometer in inches at

upper station.
T and t are the temperatures of the air

in Fahrenheit degrees.
Applying this formula to our first ex-

ample we have:

D - 60000( L.47 202 - L. 427 8L)

(r*f4#)-288Ttt.
The second example gives:

D - 60000 (1.46820 - L.4234L)

(r* 121:60 
) - 2881 rt.

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

Prof. Airy's table gives 3319 and 3314
from the same data. ^a

The instrument employed in the above
mea,surements has been used in ma,ny

other cases of altitudes from 3000 to

l

l

I

I

I

I

I

l

L
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4000 feet. An eror of about 2 per cent,
in excess has been detected in those c&ses
where the altitude has been measured by
more aecurate means. It seems likely
that the special correction table need.s
soilre slight revision.

The followirg measurement was made
with an aneroid only 1$ inches diameber,
made by Casella.

Neversink, Sullivan Co., N. y., and.
Slide }fountain, Illster Co.

j',-* l*.ffil** I r.
N*.*#-lr ^*i-8 64 i-*
Ttv Clutr Camp. i11 .( | zz .gz i Zg"
Slide Mountain. 

14 
p.M. I zs. ez i Ur"

i ut.
iTab.I.
I

21 58
2853
4931

D-(4e31-2158)(m,
-2773 X 1.03 - 2856 feet.

As Neversink had been satisfactorily
determined to be 1350 feet above the
se&, the total height of Slide Mount-
ain is estimated from this observation
to have an altitude of 420G feet.

k



72

(Nom).-Beturn observations were

made only at the camp of the FIy Club'

Between 11 e. m. and 9 P. Ur', no change

occurred in the barometer.

The Tri,bune 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 at

least 60 feet. On the other hancl, a'

height given by railway survey in this

vicinity, (Johnson's }Iill) near the camp,

seems to confirm the fignres given here'

A-lso, the height of Hejsinger Nctch,
'taken incid entally on this excllrsion, was

estimatecl at 2660 {eet. Guyot makes

tlre Notch 2677 and the summit of siide
Mount an 4205 feet.

The height of the base at Neversink

was estabiisherl by four observations,

between Nerv York Buy and- this base,

and \yas confrrmed by comparison with
the height of the railway track lat lrib-
erty, six miles southwest.
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to Blue }lountain, AugustNeversink
19, 1990.

I

I

I

I

I

i

N*.".trk 
I

Blue Mt. .l
\Ieversink I

I

10 30 P. ]r. 28. 90
3 P ]r. i 2i.47
6 c' 

l2885

60' 2g . g7 1 941
60 27 .+i 3295
lo+'ilir

rime ,fd1! r 3?,1_#r.

Ditr-(B2eb-ie41r(r"#)
- 1354 x 1. 022

- 1384 feet above Neversink or
2734 feet above the sea.

The eorreetecl readirg lvoulcl be 28.82b,
if the seeond reading hacl been rniclway
in point of time betrveen the first and
last.

This mountain is in Ulster Co., I{. Y.
Long. 74" 35 W. ancl Lat. 4L" 52 N.

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

Time.
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Ditr - (BG. sl-leoe)(t * uq * 
f3*t'9)

-1665 x 1. 026

- 1708 feet above Neversink or
3058 feet above the sea.

This mountain is S. S. W. of Slide
Mountain, and near Claraville. Long.
74o 28'; Lat. 41" 53' I{.

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

(Casella Aneroi,tl)

]rr*.. ,n.fo1l,'*. I 
,.

Frveburg. . . . . ., 6e. rnr.i ?g.qq i qq:
Kiarsargt ..... 1p. n.; 26.83 '174'

I n,.
lTab.I.

I rzsa
, egas

(Note)-Barometer at FrYeburg re-

mained stationaty.

Diff. - 2705" (t * 
?4 

i33o 
tol;

-2813 feet
or 3247 feet above the se&.
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Fryeburg, M.., and lVIt. Kiarsarg€r
N. H. (second survey) August L7th,1891.

, (Casella, Anerotd.\
,-
i ut.
,Tab. I.
I

lt'*'' lu,f,i,llss 
r.
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ii,l

Fryeburg. .

Mt. Kiaisarge. . .

9 e. rvr, I Zg .20
3 r. u. i 26.81

59',I 1169
53' I 3958

I

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

Diff. -2,789 X 1.0L2-2822 feet.
Tota1 ht. - 3256 feet above the sea.
Height of this summit aeeording to the

Geological Survcy is 3251 feet.

Liberty Hill, N. H. (near Laconia),
and Mt. Belknap.-The base station was
at Mr. Rowe's 1130 feet above the se&,
July gth, 1878.

(Casello, Barometer.)

Bar.
Readings.

L-ib,qtyHtlL*l ,8Jd

rn I ut. .,,ro 
I 

Tab. I.

-t-

82' | 2054
78" I 3285[t. Bblknap. . . .l 27 .dg

i
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As the interval betweeft the observa'
tions was very short, and the general
pressure sensibly stationtury, no record
was made of the time nor the return
reading.

Ditr - (3235 - 2054) (, * 
8Sfr;Uo

-L252 feet
or 2382 feet above the sea.

(Note;-An ayerage 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
239+ feet.
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CHAPTI]R Y.

"TH:Ti#^ffiil: # ;:*ff:il "".
Dealers in good aneroids are generally

prepared to testify in regard to the per-
forrnance of their instruments rvhen
tested by the air pump. Comparison
tables frequently accompany first class
instruments which show the differences
between the aneroid referred to and a
stand.ard mercurial barometer subn:itted
to the same exhaustion.

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

The best English aneroids are now
marke d, compert,satecl, and are presumably
free from error arising from changes of
temperature in the instrument itself,.
iYhether such be the case can readily be
determined, by the owner of the instru-
ment subjecting it to th" action of t



78

freezing mixture and then of a drying
oven, while the normal pressure remains
the sa,me. A thermometer should be

placed beside the aneroid during the
trial. A range of temperature from 15o

F. to L75" F, rnay easily be produced,
and a co-effi.cient of correction if the in-
strument is not compensated, maI be

determined.
The grad.uations of a good instrument

are neatly engraYed. on the dial.
The divisions corresponding to the

inches and fractions of a mercurial bar-
ometer are the only essential ones. The
circle of feet, whether movable or fixecl,
is & convenienee of secondary import-
*ii' 

u,o aneroid bears a fixed circle of
feet with the zero mark correspond"ing to
the 3O-inch point of the other scale, the
probabilities are that the instrument is
not from one of the best makers.

Excellent aneroids are now madb wii;h
dial plates only 2$ inches in diameter.
The Casella barometer referred to in the
examples has a, diameter of only L*
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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 reeom-
mends them for the use of the topogra-
pher, and the medium size, which is from
Zfr Lo 2$ inches, is now most in demand
for surveyor's work.

The aneroids in any considerable
eollection will be found to be vari-
ously graduate,il; some of them capable
of indicatirg a fall of pressure to Z0
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 s&me
diameter, but differing as above, it is
clear that the latter will have the larger
scale divisions, and rvill, therefore, be
the better instrument to use at th,e
lou)er alti,tudes.

It should be carefully remembered
that all aneroids vary in their readings,
with the position in which they are helcl;
reading always a little higher with the
dial horizontal (face uppermost), than
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rvhen 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,
ancl to read from the horizontal clial is
probably the most convenient practice.

A tap with the fi.nger just before [ut-
irg the reading is requirecl 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 falI of press-
ure, a few minutes' delay is necessary.

The pointer should be fine and very
close to the graduated seale, ancl the
reading should be taken by lookirg along
the direction of the pointer.

For ordinary work it shbul,it not be
considered important to adjust the
aneroid to an absolute agreemsrt with
the mercurial barometer. The difference
between the readings may be noted, but
to force the aneroid to an agireement by
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:rid of th; adjusiiog serew is a question-
able practice.

Whenever comparison n ith the mer-
cury column is made, the reduction for
the latter by Table l should be earefully
observed..

In the use of either form of Aneroid,
whether it has been furnished with a
correction table or not, 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

knor,vn altitude afford good data for such
information, but direct comparisons, for
a long time, with a stand.ard 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 Ildlt
schl (Alfred Holder, Yienna, L872).

X'or ordinary use of a, single instru-
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ment, however, the corrections, if any
are necessary, are determined with suffi-
cient accuracy by the exercise of ordi-
nary skill and patience ; skill here imply-
irg, also, systematic trial.

Some of the sources of error in meas-
uring altitudes, which are not to be elimi-
nated by any adjustment or correction of
instruments ) are clearly stated by Prof.
Elias Loomis, in a paper read before the
National Academy of Sciences, April 19,

1881.
('The Iraplace formula assumes that

the atmosphere has attained a, condition
of equilibrium, and. in such a case it gives
the reduction to sea level with tolerable
accuracy. The average of a long series
of observations represents a,pproximate-
Iy such a condition of equilibrium ; but
in the daily observations this equilibrium
is very much disturbed. The mean be-
tween the temperatures at the upper
and. lower stations does not represent the
avera,ge temperature of the intermediate
eolumn of air; and when the atmos-

la

phere is in rapid motion the dowuward
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pressure is modified by the earth's rota
tion, in a m&nner not represented by the
Laplace formula. There is no doubt
that the formulre of reduction now em-
ployed may be consid.erably improved;
but it does not seem possible that any
single formula, with constant coeffi.eients,
should provide for the immense varieiy
of conditions which prevail in the leigh-
borhood of mountain stations; and we
may be compelled for eaeh mountain re-
gion to a,ilopt tables founded upon a di-
rect comparison of observations madrl at
stations of different elevations ancl not
very remote from each other. "

The followiog remarks bearing Llpon
the same subjeet are from &n article by
J. Allan Brown, F. R. S., on ,, Periodic
Oscillation s of Barometric Pressuro,"
published in Nature in April, 1881 :

Sed.gwick has said, [,, To explain dif-
ficulties in these question s " (relating to
pressure and temperature) ,, the atmes.
pheric strata hav'e been shuffi.ecl in aecord
anee with laboratory experience."]

" If we suppose that the attraction of
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gravity is not the only attractron whicl-r
affects the pressure of the atmosphere,
but that this pressure varies through
some other 'atfuactiog force-such as an
electri c attraction of the sun dependiog
upon the varying humidity of the air, ancl
this aga,in dependiog on its tempera-
ture, we should lind another method of
relating the two variations ryhich does
not exist if gravitation alone is employed.
It is quite certain that many physicists
will not admit the iclea of an electric at-
traction on our atmosphere in the present
state of our knowledgu, hence the efforts
to ruake expansion, and a shuffiiog of the
atmospheric strata suffice. We must
not, horn'ever, in our ignorance, attempt
to force ' conclusions in opposition to
facts, and if these can be satisf.ed more
easiiy and witir greater probabitities in
its favor by the aicl of the hypothesis of
an eiectric attraction of the sun, that
hypothesis will have a better chim to
acceptance than the other. f shall here
note a few facts which eannot be explain-
ed by thermic actions.

fi

t
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(t 1. tr have shown that, on the averag.e cf
ma,ny years' observation in our latitudes,
the mean pressure diminishes at the rate
of 0".038 of mereury for every one hun-
dred miles \ve proceecl toward the north.
This has been callecl a gradient from the
the similar term usecl in railway slopes:
but it is no slope, it is a level of a sLlr-
face of equilibrium like that of the sea.
rt is the mean heights of the barometer
at the sea leve1 which indicate the form,
if rve may so saJr, of the equilibrating at-
mosphere.

" 2. fn Inclia rve have seerl that the at-
mospheric pressure osciliates at, eaeh
station eyen when these a.e cluite near to
each other, inclependently of the known
laws of equilibrium of gases. When we
turn to the serui di,rnal oscillation of
the barometer we are only amused at the
attempts made to explain it by shuffling
the atmospheric strata. Nothing can be
more certain than th,at the theories of
expansion, or resistanee to expansion ancl
overflowr are the vain efforts to make the
laws of nature agree with a theory. Over
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trd gleat ocean wil;hin the tropics, where
the diurnal variations of temperature are
small and the air is absolutely without
perceptible currents for days together,
the barometer rises and falls a tenth of
a,n incir twice in twenty-four hours with
the regularity of the solar clock. The
action of the sun on the whole atmos-
phere which produces this movement
varies chiefly during the .lry hours at in-
ian,il stations with the temperature oscil-
lation, so that, e s in the case of the
annual variation, the fail of thebarometer
at 4 P. Nf . is greatei in the same latitucle
as the temperature is higher. This
variation occurs durirrg the most com-
plete calms; the smoke rises vertically
from the plain of Tinnevelly ; no current
is visible in the motion of the clouds; yet
the barometer falls at four in the morn-
irg as it did at four in the afternoon,
only it falls less."

It seems probable that the use*of the
Aneroid will soon beeome more widely
extended, and that engineers, when made
fa,mili,rr with the qualities of well-ma,ite
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irrJtroments, will welcome so valuable r n
airl in preliminary surveys. The concli-
-*ioons of satisfactory work with baro-
meters are certainly peculiar, and to fie1.1
workers familiar only with the level ancl
transit, m&I seem unique. But rn lien
the con,ilitions are fully understood, the
engineer may easily take precautions
which will avoid too large errors, and
conduct suryeys in hilly regions with
aeelerity not heretofore attained.

,L
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TABLE I.
FOR ESTIMATING H.EIGHTS BY TIIE ANEROID.

Take readings of the barometer and thermom-
eter at both stations ; flnd in the table the
heights corresponding to the barometric
reaclings, and subtract them. Multiply the

remainder by , "Tffilqo T and r being

the temperatures, the prodtrct wiII be the

difference in altitude

I
,l

ii
Ir'
iI

tl
ti
tt
H
l1
lrlrlrl,'
lr
ll[-
it
li

t;
ti

li

[i

I

Barometer I -,

i1;ii,# | Heights "*ll#'ryI =:Inclres
31 .00
30 99
80.98
80.97
30. 96
80 .95
30 .94
30.93
30 92
;0 91
30.90
30.89
30 88
30 .87
30 .86
30 85
30.84
30.83
30.82

Feet.
00
I

18
27
35
M
53
62
7T
80
88
97

106
115
L24
133
L42
151
160

30. 81
30"80
30 .79

Inches. i Feet.
168
177
186

30. 78
30.77
30.76
30. 75
30.74
30,?3
30.72
s0 .71
30. 70
30. 69
30.68
30.67
30.66
30 .65
s0.64

195
203
2L2
22L
230
239
247
256
265
274
283
292
301
310
318t eo. og | 827
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I

r

I
I

t
t

i

t

I
I

i
t

t
l

t

I

t

i
i

I

I

r
Ii

i

i
i

I

I

:

r
;
I

I
i
!

i

i

i

i

i

:

;

r

L

Barometer I ril:;fiil;: rreights.

tr'eet.
336
345
354
363
al +;\
OJ;
381
3e0
399
407
4t6
425
434
443
452
461
470
47s
483
497
506
bIi)
524
RODrrdt)
512
551
559
569
578
587
590
60i
613

Barometer TY.r.
Readinss. : I]elgnts'

Inche.
30 30
30 2C

30.28
30.2';
30 2{'
30. 25
30 24
30.23
30.22
30 21
30.20
30. 19
30.18
30.17
30 16
30.15
30. 14
30 13
30 12
30. 11
30 10
30. 09
30 08
30. 07
30 06
30 05
30.04
30 03
30.02
30 01
ir0 00
39 99

Inc ires.
30. 62
30 61
30 60
30.59
30 58
30 57
30. 56
30. 55
30 54
30. 53
30. 52
30 51
30 50
30. 49
30. 48
30.47
30. 46
30.45
30 .44
30 .43
30 12
30. 41
30 40
30. 39
30 38
30.37
t]0. 36
30 35
30. 34
3C. 33
30 32
110.31

tr'eet.
622
631
610
649
658
667
676
685
8s4
?03
7L2
721
730
740
749
758
rtlr
rlO
785
794
803
B1?
821
830
839
849
857
866
875
884
893
903
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Ileights.

Fcet.
1205
L2t4
722,L
1233
721t
1251
1260
1269
1 278
1287
1296
1 305
1314
1:i24
1333
It42
1352
1361
1370
1379
1"389
1398
I 408
L4t7
L426
1435
L445
7451

-* L464
7473
L482
1491

I

Baromeler I r
ffi;,i"r,;;;: I rreights'

l-

Inches. I Feet.
2s eB i gtt
29 97 i 920

Barometer
Ileatlings.

29 96
29 95
2s.94

Inehes.
29. 66
29.65
29 .64
29 .63
29 .$2
29.61
29 .60
29.59
29.58
29 .57
29. 56
29.55
29.5 t

29. 53
25.52
29.ltl
29. 50
29.49
29 .48
29.47
29.48
2g .45
29.44
29 .43
29 42
29.47
29 .40
29. 39
29.38
29.37
29. e6
29.35

929
938
s47

29 93
29 .92
29.91
29.90
2) E9
29.88
29.87
29 .86
29.85
29 84
29 .83
29. 82
29. Bl"
29.80
29 .7s
29. 78
29 .77
29 .76
29 75
29.74
29.73
29 72
29 .7t
29 .70
29 69
29 68
29.67

956
965
976
985
99{

1002
1012
1021
1030
1039
1019
1058
1067
1076
1085
1094
1 r03
1 113
1r22
7L32
1741
1 150
115 )

1 169
1177
11.q8
1195



Barometer
Read ings.

Inches
2e .34
29 33
29. 32
2e 31
29. 30
2g 29
29 28
2s 27
29.26
29.25
29.24
29 .23
q() f)()
h/ aJ . A),<)

29 27
29 20
29.19
29.18
29 77
29 76
29.15
29 14
29.13
29.12
29 1l
29.10
29 09
29 0.3
29 0i
29 C6
29.05
29 .04
29.03

q1

Ir 

-

Ifeights. 
i

li
'r Barometeri E;r".i"i;;:' Ileights.Readings.

Feet.
1 500
1 509
1519
1528
1537
1546
1 556
1565
757 4
1583
1593
1603
1612
1621
I 630
1639
1649
1658
1668
16i7
1687
1 696
1706
1715
1 725
17'J4
17 43
77 52
7762
t77t
1 781
1790

fnehgs.
29 02
29.01
29.00
28.91
28 98
28.97
28. 96
28 95
28.94
i8.93
28.92
28 91
28. 90
28 89
28. 88
28 87
28.86
28 85
28 84
28. 83
28 83
28.81
28 80
28. ?9
28.78
28 .77
28.76
28. 75
28.74
28 ?3
28.72
28 71

Feet.
1799
1809
1818
182 7
1 837
1 846
1856
1 865
1875
1 884
1894
1903
1 913
1922
1931
194t
1950
1960
1969
1979
1988
19 98
2007
2016
2026
2035
2044
2054
2063 

't:

2A73
2082
2091
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Heights.

Feet.
2407
2416
2426
2435
2445
2455 

'

2464
2474
2483
2493
2508
2512
2522
2531
2541
2551
2567
257A
2580
2590
2600
2609
2619
2628
2638
2648
2653

..2667*z6w

2687
2096
2706

,

I

i

i

I

i

ii

t
l

Ii

I
I

I
Ir

r

[:
I

t
I

l
I

t

l

I
t

l
ll
l
l
I
I
I

Ir

l
!
lr

l;
I
I
I
I
tI
!
t,
!l
li
L

Ii

li
t:
I
ll
l:
littrt
IF
I}
aa

Dtir,'
B-
rrTE'
rI
ti
Ei

--L--'-

Barometeri -r"n."tiiil;t. 
I 

rreigh ts'

Inches.
28. 70
28.69
28. 68
28. 67
28. 66
28 65
28. 64
28. 63
28.62
28 61
28.60
28. 59
88. 53
28 57
28. 56
88. 55

'J8 54
E8 53
,',)8.52
tl8. 11
*8. 50
28. 4e
28.48
28 .47
28 .4t)
28 45
28.M
28.43
28.42
28.41
88.40
98.3e '

Feet.
2101
27Lt
2t20
2729
2139
2149
2158
2168
2777
21 86
2196
2205
2275
2224
2234
2243
2253
2263
2272
2282
2291
2301
2310
2320
2329
2339
2349
2358
2368
2378
2387
2397

' tpF--

Barometer
Readings.

Inches.
28 38
28.37
28.36
28. 35
28,34
28 33
28.32
28 31
28.30
28. 29
28.28
28.27
28.26
28. 25
28.24
28. 23
28 22
28.21
28 ;20
28. 19
28.18
28 .77
28 16
28.15
28 t4
28. 13
28.72
28.11
28. 10
28.09
28. 08
28.07
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I

Barometer 
I

Readings. 
I

-__l

Heights. Barometer a"R:;",tTd: Heightu

Inches.
28 06
28. 05
28 04
28.03
28.02
28 01
28.00
27 .99
27. 98
27 97
27 .96
27 .95
27 .94
27 93
27 .92
27 91
27 90
27 .89
27. 88
27 87
27 .86
27.85
27 .84
27.83
27 .82
27 .81
27.80
27 .79
27 .78
27 .77
27"76
27 .75

Feet.
2715
2726
2735
27 45
3'r aD

276it
2774
2784
2794
2804
2813
2823
2833
2843
2853
2863
2873
2882
2892
2901
2911
292l
2930
2940
2950
2960
2969
2979
2989
2999
3009
3019

fnches.
27 .71
()-^j)pt. tD
2T 72
27 .71
27 .70
27.69
27 .68
27.67
27 .66
27 .65
27 .64
27 .63
27 .62
27.t;7
27.60
27 .59
27 .58
27 ,57
27. 56
27 b5
27 .54
27 .53
27 .52
27 5t
27 .50
27.49
27.48
27.47
27.46
27.45
27 .44
27 .43

Feet.
':i029

3039
3048
3059
3068
30?8
308?
3097
3107
311?
3126
3136
3146
3156
3166
31?6
3186
3196
3206
3216
3225
3235
3245
3255
3265
8275
3285
3295
3305'
3315
3325
3385

iL
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i

I

I

I

I

I
I

;

l

i

i

i
I

I

I

I

j

I

I
''

I
I
I

t
I
I

F
r
trb

I

Hm;::i rr'isnt*'

Feet.
3845
3355 ._,

3365
3375
3334
3394
3404
3474
3424
3434
3444
3454
3464
3474
3484
3494
3504
3514
3524
3534
3544
3554
3561
357+
3584
3594
3604
3614
3624
3634
3644
3654

In ches.
27 .42
27.4L
27.40
27 .39
27.38
iry Dr'/pa.ot

27.36
27 .35
27 .34
27 .33
27 .32
27 .3t
27 .30
27 29
27 .28
27 .27
27 .26
27 .25
27 .24
27 .23
qry qo
H a . trJAJ

27 .21
27 .20
27 79
27.18
27 77
27 .76
27 .75
27 .74
27 .73
27 L2
27 .71

Barometer
Readings. Ileights

Inches.
2?. 10
27 .09
27.08
27 .07
27 .06
27 .05
27 .04
27 .03
27 .02
27 .0t
27 00
26 99
26. 98
26 .97
26 .96
26. 95
26.94
26 .93
26.92
26.91
26. s0
26 .89
26 BB
26.87
26.86
26 85
26 .84
26.83
26.82
26.81
26.80
26.79

Feet.

3ffi
3685
3695
3705
3715
3725
3735
37 45
3755
3765
.I'ryF F5i rO
3785
i]795, 3806
3816
3820
3830
3846
3Bi6
3866
387ii
[i88Li
3897
390',i
391 7
392 i
ti03B'4 
Bg4g
3958
3068
3978
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Br*o*.t., I r^'R.;",ii;;.:, Heishts'

Inches.
26 .78
26 .77
26.76
26 75
26.74
26 .73
26.72
26.71
26.70
26.69
26.68
26 . rt7
26.66
26.65
26 .64
26 63
26 .62
26 .87
26 . tiO

26.59
26.58
26 .57
26.56
26.55
26 .54
26.53
26 .52
26 .51
26.50
26 .49
26.48
26.47

Feet.
3988
3999
4009
4019
4030
4040
4050
4060
4070
4081
409 r
4taL
4711
4722
4132
4742
4t52
41 63
4173
41 83
4193
4203
4213
4223
4?33
4244
4254
4264
4274
4284
4294
4304

B1;'tr$:l*u*o,..
Inehes.
26. 46
26 .45
26.44
26.43
26 "42
26.4t
26 .40
26. 39
26.38
26.37
26. 36
26.35
26.34
26.33
26,32
26.31
26.30
26.29
26.28
26 .27
26.26
26.25
26.24
26.23
26.22
26.21
26.20
26. 19
26. 18
26 .77
26. 16
26. 15

Feet.
4315
4326
4336
4347
4357
4368
4378
4388
4399
,L409

4Llg
4430
4440
4450
4461
447)
4482
4+92
4502
4513
4523
4533
4544
4554
4565
4575
4585
4596
4606
46L7
4627
4638

iL
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i

I

Barometerl r^'n.r"tii,igi., Heights' Buro*"tu, i

PryI Ileights.

Inctres.
26.74
26. 13
26.72
26.11
26.10
26.09
26.08
26.07
26.06
26.05
26.04
26.03
26.02
26.01
26.00
25. 99
25"98
25 "97
25 .96
25.95
25.s4
25.93
25.92
25"91
25.90
25 .89
25 .88
25.87
25.86
25. 85
25. 84
25.83

Feet.
4648
4658
4669
4679
4690
4700
477L
4721,
4731
4742
4752
4763
4773
4784
4794
4805
4815
4826
4836
4847
4857
486B
4878
4889
4899
4910
4920
4931
4941
4952
4962
4s73

Inche *.
25.82
25.81
25.80
25.79
25. ?8
25 .77
25.76
25.75

Feet.
4983
4994
5004
5014
5025
5036
5046
5057
5067
5078
5088
5099
5110
5L21
5132
5112
5153
5L64
5L74
5185
5195
5206
5216
5227
523i
53{B
5259
5270
5281
529L
5302
5312

25.74 
I

25. 73
25.72 i

25.7L i

25 .70 i

25 .69
25.68
2d.67
25 .66
25. 65
25 "64
25. 63
25.62
25.61
25. 60
25.59
25. 58
25.57
25.56
ZO. Ct)
25.54
25.58
25.52
25.51

I

i -1r,
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Ba*o*.t., I r"nr-oHgi. 
i 

rreights'

Feet.
5323
5333
5344
5355
oooD
5376
5387
5397
5408
541 I
5129
5440
5451
5462
5+73
5483
6494
DOUt)

5516
5527
5537
5548
5559
5570
5581
COUE

5602
5613
5624
5635
5646
5657

Inches
25. 50
25,49
25.48
25.47
25.46
25.45
25.44
25.43
25.42
25.41
25.40
25 39
95.38
85.37
25.36
25.35
25.34
oR .) -tPU . O?)

25.32
25. 31
25.30
25.29
25. 28
25.27
25.26
25.25
25.24
25.23
25.22
25.2L
25.20
25.19

Iuches.
25.18
25.77
25 16
25.15
25.14
25. 13
25.72
25.11
25. 10
25.09
25. 0B
25 07
25.06
25.05
25.04
25.03
25.02
25.01
25. 00
2+.99
24 98
24.97
24.96
24.95
24.94
24"93
24.s2
24.9t
24.s0
24. 89
24. 88
24.97

Feet.
5668
5679
5689
5700
571 1
5722
5733
5744
5754
5?65
5778
5787
5798
5809
5820
5831
5842
5853
5863
5874
5885
5896
5907
591 8
5929
5940
5950
5962
597t
5983
5994
6005
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Bn rometer
Readings.

Inches.
24. 86
24. 85
24.84
24. 83
24. 82
24.81
24. 80
2+. ?9
24. ?8
24.*t7
21.76
21.75
24.74
24.73
24 .72
24.7L
24.70
2+ "69
24.68
24.67
24 66
24.65
24.61
24.63
24.62
24.6t
24.60
24.59
24. 58
24.57
24.56
24.55

98

Heights.

Feet.
6016
6027
6038
6049
6060
6071
6082
6093
6104
61 15

6126
613?
6148
6159
6170
6181
6L92
6203
6274
6225
6236
6247
6258
6269
6280
6291
6302
6313
6324
6335
6346
6357

Baromete
Readings.

Inches.
24.54
24.53
24.52
2+.57
24.50
24.4s
24.48
24 .47
24.48
24 45
24.44
24.43
24.42
24 "4L
24.40
24.39
24. 38
24.37
24.36
24.35
24.34
24.33
24.32
24.3t
24.30
24.29
24.28
24.27
24"26
24.25
24.24
24.23

tr'eet.
6368
6379
6390
6401
64t2
6424
6435
6446
6458
6469
6480
6491
6503
6514
6525
6536
6547
6559
6570
6581
6592
6603
6615
6626
6637
6648
6659
6671

''.,6692

6693
6705
6716
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Barometer
Rcadings.

Inches.
24.22
24.21
24.20
24.19
24.18
24.t7
24.76
24.75
24.14
24.L3
24.12
24.77
24.70
24.09
24. 08
24.07
24.06
24.05
24.04
24.03
24.02
24.01
24 .00
23. 99
23.98
23.s7
23.96
23 95
23.94
23.93
23.92
oo 01
NU..J-L

Heights.

Feet.
6i27
6738
6750
6761
6772
6783
6795
6806
6817
6828
6840
6851
6862
68?3
6885
6896
6907
6919
6930
6941
6953
6964
6976
6987
6999
7010
7022
7033
7045
7056
7068
7079

99

I

Barometer | .r

R;;,tds;: i rreights.
i_.

Inches.
23.90
23 .89
23 .88
23 .87
23"86
23.85
23.84
23 .83
23.82
23.81
23 .80
23.79
23.78
23.77
23 76
23 .75
23 74
oa POpo.,a)

23 .72
23. ?1
23.70
23. €9
23 .68
23.67
23 .66
23 .65
23.64
23 63
23.62
23. 61
23.60
23.59

Feet.
7090
7101
7113
7121
7135
7 146
7757
7168
7180
7tg7
7203
7214
7226
7237
r7249

7261
7272
7283
7294
7305
7316
7327
7339
7350
7382
7374
7386
7398 

".

7409
7421
7433
7 415

i

I

i

I

L
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100

Baromet., I

Readings. I_-_l
Heights. IIeight,s.

Inehes.
23.58
23 57
23.56
23 55
23. 54
23.53
33.52
23.51
23 .50
23 .49
23.48
!3.47
23.46
23.45
23 44
23.43
23 42
23.41
28.40
23. 39
23.38
23. 37
23.36
23.35
23.34
23.33
23.32
23.31
28.30
23.29
23 28
23.27

n'eet.
7456
7468
7480
7492
7503
,/DI{)

7527
7539
7550
7562
757 4
7585
7597
?609
7621
7633
7644
?656
7667
7679
7690
?702
77t3
7725
7736
77 48
7759
7771
7782
ws3
7805
7817

Inch e.q.

23.26
23.25
23 24
23.23
23.22
23.27
23.20
23. 19
23. 18
23.L7
23. 16
23.15
23.74
23.13
23.t2
23.11
23. 10
23.09
23.08
23.O?',
23.06
23.05
23.04
23. 03
23.02
23.01
23.00
22.99
22.98
22.97
22.96
22.95

Feet.
7829
784L
7853
7865
7876
?888
7900
7912
7923
7935
7946
?958
796s
7981
7092
8004
8015
8027
8039
8051
8063
8075
8086
8098
8110
8122
8134
8146'4 
8158
8170
8182
81 94

I

I
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Barometer I r-nlu"aHs.. ; Heights'
l___

Inches.
22.94
22.93
22 "92
22.97
22.90
22.8s
22 88
22 87
22.86
22.85
22.84
22. [tB
2? ,82
22.81
22.80
22.79
22.78
22.77
22.76
22,75
22.74
22.73
22.72
22.71
22.70
22.69
22.68
22.67
22.66
22.65
22,64
22 63

Feet.
8206
8218
8 :30
8242
8254
8266
8278
8390
8302
8314
8326
8338
8350
8362
8374
8386
8398
8410
8422
8434
8446
8458
8470
8482
8495
8507
8519
8531
8543
8555
8567
8579
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Barometu. 
i

Readines. 
i

Heights.

Incbes.
22.62
22.6L
22 .60
22.59
2?. 58
22.57
22 56
22 .55
22.54
22 .53
22.52
22 .5t
92 50
22 .4s
22 .48
2a .47
22 .46
22.45
22 .44
22.43
22.42
22.41
22.40
22.39
22.38
22.37
22.36
22.35
22.84
22.33
22.32
22.81

Feet.
8591
8603
861 5
8627
8638
8650
8661
8673
8685
8697
8709 '

872t
8733
8745
8757
8769
8781
8793
8806
8818
8830
8842
8855,
8867
8879
8891
8904

8928
8941
8953
8965



q
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Baromqter
Beadings.

Inches.
22.30
22.2s
22.28
y2 "27
22 "26
22.25
22.2+
22.23
qq oDphJ . slkJ

22.21
22.20
22 7s
22.78
22.77
22 16
22.75
22.L4
22.13
22.L2
22.7L
22.10
22 .09
22 .08
22.07
22 .06
22.05
22.04
22.03
22.02
22.01
32.00
21 .99

I

Heights. I

----tFeet. I

89?? I

80e0 |

9002
9014
9026
9039
9051
9063
9075
9088
9100
9113
9125
9138
9150
9162
9t74
9187
9199
92t2
922+
9236
92 r9
9262
9274
9286
9298
9311
9323
9336
9348
9360

Barometer
Readings.

Heishts.

Inches.
21 .98
21.97
21 .96
21 .95
21.s4
21 .93
21.92
zl.gL
21 .90
21 .89
21 .88
21 .8',7

21 .86
21 85
2L 84
21 .83
2r.82
21 .81
21 .80
2l .79
2L.78
21 .77
21 .76
2L.75
2L.74
21 .73
2L.72
2L.71
2L.70
21 .69
21 .68
21 .67

Feet.
9372
9384
9397
9410
9422
9435
9447
9460
9472
9485
9497
9510
9522
9535
9547
9560
9572
9585
9597
96r0
9622
9635
9647
9660
9672
9685
9697
9710
9722
9735
9747
9760



]I
rl

ll

I

r

i
i

t

i

l
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i

Barometeri
Headings. Heigtrts.

I

Bar,',rneter /

Re'rdings. r

fnches.
21.34
O1 DDPr . q),,

?1.32
21 31
21.30
21 .29
21.28
2t .27
21 26
21 .25
q1 qA
ru l.. ,tuT

21 .23
9.1 9..).
dl.Pg

21 .:,!
21 .20
2i.19
21 18
21 .7i
21 16
21.15
2t.14
21 .13
21 t2
27 71
21 .10
21 .09
21 .08
27.07
21 .06
21 .05
2L.04
2t .03

Ifeights.

Inches.
21 .f,t)
21.65
21.64
21 .63
27 62
27.6t
2L.60
21 .59
21.58
21 .5i
21 .56
21 55
21 .54
81 .53
27 52
27 itl
21.50
2l .49
21 .48
27.47
21 .46
2t.45
2t "44
27.4:3
21, .42
21 .41
21 .40
21 .39
21 .38
21.37
21.36
21 .35

Feet.
977a
9785
9797
9S10
9822
9835
9818
9861
9873
9836
e89E

Peet.
10176
10189
10202
10314
10':28
1rJ:J41
10253
1(J266
10?78
10291
1 0i10.{
10:i17
10:i30
10:143
1(i355
i c3ri8
0}i1
039 I
0407
04?0
0432
044ij
045s
a47l
048 I
0497

. 99] 1

9933
9336
9949
9962
997 4
9987
9999

10012
10025
100:lg
10r,b0
10063
1 0075
1 0088
10i01
10114
10r26
10139
10151
10164

10509
10522 .:i.

10535
10548
10i61
7C574

!

h
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Barometer
Readings. IIeights.

Inehes
2L.A2
21 01
21 00
3{). gg

20. 98
20.97
20 .96
20.95
20.94
20.93
20. 92

' 20.91
'J0.90
,)0.99
20. 88
20.87
20, 86
20. 85
20. 84
20.83
20.82

i li 2C. 81
20.80
20.7s
20. 78
20 .77
20.76
20. ?5
20.74
20.73
20.72
20.71

Feet.
10587
1 0600
10613
70627
10640
10654
10667
10681
10694
10707
1 0720
10733
10746
10759
70772
10785
10798
10811
70824
1083?
1 0850
10863
10876
10889
10902
1091 5
10928
10941
10954
10967
10980
10993

Barometer
Read rngs

Inches.
20 .70
20.69
20.68
20 .67
20.66
20 65
20.64
20.63
20.62
20. 61
20.60
20. 59
20.58
20.57
20. 56
20.55
20.54
20. 53
20.52
20.51
20. ,50

24.49
20 .48
20.47
20 46
20 .45
20.44
20.43
20.42
20.41
20.40
20. 39

IIeights.

X'eet.
11006
11019
11032
11045
11058
11071
11084
11097
11110
11123
11136
17149
11163
7tL76
11190
77204
71217
11230
1I243
7t257
1L270
7t284
11297
11311
77324
11338
1135r
1 1364
71377
I 1391
77404
11418



;
t

I

t

t
t
t

t
t
I

I

t
I

t

I

I

t

t

i

t

I
5

F

t

r
I

I

r
r
;

i

I

r
i
t

E

j'05

Heights. Ba*omet., I rR.;;T;s;' Heigltts'

fnches.
20.38
20.37
20 36
20.35
20.34
20 .33
20. 3P
20. 31
20. B0
20'29
20.28
20 27
20.26
20.25
20.24
20.23
20.22
20.21,
20. 20
20. 19

Feet.
11431
774M
77457
71470
11483
11496
11509
11523
11536
11550
11563
71577
11591
11605
1L618
11 632
1 1645
11659
11673
11687

Inches.
20. 18
20.17
20. 16
20. 15
20.74
20. 13
20.72
20. 11
20. 10
20. 09
20.08
20.07
20.06
20.05
20.04
20.03
20.02
20.01
20.00

Feet.
11700
11774
1L727
LI74L
1i754
11768
11781
11795
118()8
11821
11835
11859
11863
11877
11891
11905
11918
11932
11945



#,

r

I

I

Urm|7
1t

tl
ll
li
iltl
,l

il
I

it

i
it

fl
*r

li
ii
t

ii
t

tr

il
,1

il
rl

'I+l

il
.l
tl
tl
fl
lt

il
il
ilt
ll
ll

H
fl
ill

irl

ilt

tl

H
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The followiog table is to be used

when applying the modified fcrmula
of chapter fI :

D-6oooo(rog B-ros ay(r+ Lffig)
Rur,r.-Fincl in the table the loga-

rithms of the balometer reactrings to
hundredths of an inch. SuJrtract these

logarithms and multiply the remainder
by 60000. The prod.uct is the approx-
imate clifference in altiturle betrveen the
trvo stations. To apply the corrections
for temperature, add the temperatures

of the two stations and subtract 60".

Inerease the above approximate value by

sto of itself for each d egree of excess

above 60o. If the sum of the teripera-
ture is less than 60' diminish the value

by a like amount.



Bar.
IIeight.

I

I
r

r

F

L
N

!-

I

k

2200
01
02
03
04
05
06
07
08
09
10
11
12
13
74
10
16
77
18
19
20
2L
i)o

23
24
25
26
27
28
29
30

107

TABLE II.

Log. Bar. ..

Ileight. I LoS'

3 "31242
.34262
.3-1282
.34301
.3432r
.3434t
. 34361
. 34380
.34400
.34420
.'s4439
.34459
.34479
.34498
.34518
.34537
"34557
.34577
.34596
.34616
.34635
.34655
.34674
34694

.34713

.34733

.34753

.34772

.34792

.34811

.34830

2281
lJ2
ODdr)
34
.)F
OU

36
.rl)
OJ

38
39
40
47
42
43
44
45
46
47
48
,lg
50
51
xc!
OK)

53
54
OD

56
D'(

58
59
60
61

3 .34350
.:t4869
.34889
.34908
.34928
.34947
.34967
" 34986
.35005
.35025
.35044
.35064
.35083
.35102
.35122
.35141
.35160
.35180
.35199
.3521 8
.35238
.35257
.35376
.35295
.35315
.35334
.35353
.3537r*
.35392
.35471
.35430



69
70
71
72
l?f)to
74
75
76
ll
7B
?9
80
81
82
83
84
85
86

88
89
90
91
92
93
94

. 35583
35603

.35622

.35641

.35660
356?9

.35698

.35777

.35736
NFPF P.JOiOO

.35',774

.35?93

. 3581 3

.35832

.35851

. 35870

. 35889

.35908

.35927

. 35946

. 35965

.35984

. 36003
36021

.36040

.36059

108

Bar.
Ileight.

2295
96
97
98
99

2300
01
02
03
01
05
06
07
08
09
10
11
72
13
74
15
16
t7
1B
19
20
21
9.r.

23
24
25
26
27

Log"

3 .36078
.36097
.36116
.36135
.36154
.36173
.36192
.36211
.3s22e
.36248
.36267
.3638S
.36:105
.36324
.36342
36361

.36380

.36399

.36418

.36436

.36455

.36474

.36493

.36511

.36530

.36549

.36568

.36586

.36605

.36624

.36642

.36661

.36680

*
lil
ir
r-{j

$
,A;'

dt

t
i



I

Bar.
Height. 

I

2328
2g
30
31

a2
DO
dq)

34
35
36
c>fio/
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
cc
56
57
58
59
60

3. .36698
.36777
.36?36
. 36754
.36773
.36791
. 36810
.36829
.36847
. 36866
.3r;884
.36903
.36922
.3.6940
.36959
.36977
.36996
.37014
.37033
.37051
.37070
.37088
.37107
.37125
.37744
.37162
.37181
.37199
" 37218
.37236
.37254
.37273
" 37291

2361
62
63
64
oo
66
67
6B
69
70
7l
ryq
aK)
t?c)
/i)

74
'tD

76
tl
?B
79
80
81
B2
83
84
85
86
87
8B
89
90
91
92
93

3. it7310
.3;328
.37316
.3736;
.37383
" 3740 r

"37420
.37438
.37457
.37 475
.37493
.37511
.37530
. 8?548
.37566
.37585
.37603
.37621
.37639
.37658
.37676
.37694
37772

" 37731
.377 49
.37767
" 37785
.37803
.37822
.37840
.37959
.37976
.3?894

109

Log. Bar.
IIeight. r,ug.



Bar.
Height.

23s4
95
96
97
98
99

2400
01
02
03
04
05
06
07
08
09
10
11
72
13
l4
15
16
77
18
19
20
2l
22
23
24
25
26

110

Log.

3,37912
.37931
.37949
.37967
. 37985
.38003
.38021
.38039
.38057
.38075
.38093
.38112
.38130
.38148
.38166
.38184
.38202
.38220
.38238
.38256
.38274
.38292
.383t0
38328

. 383+6

.38364

.38382

.38399

.38417

.38435

. 38453

.38489

I

-P.ut' I Los.Height. 
I

l

-z4w i s .esbo;
28 i .38525
29 i .38543
30
31
o(t
OKI
OD
!)?)

34
35
36
6l-Ft
OJ

3B
39
40
41
42
43
44
45
46
,lt l+t
48
49
50
51
52
53

.38561

.38579

.38596
. 3861 4
. 38632
.38650
.38668
.38686
.38703
.38721
.38739
.38757
.387?5
.38792
.38810
.38828
.38846
.38863
.3888L
.38899
. 389 1?
.38934
.38952
.389?0
.38987
.39005
'"39023
39041

.39058

.390?6

54
cc
56
o'/
58
59
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Bar.
Eleigh t. Log. Bar. r

Height. l-.,cE'

2$A
61
6?
63
6.4

U.)

66
6?
(jS

69
?0
7t
ryolKr
ryoJr)

\4
rj)
76
tl
?8
7g
B()

81
R2

B3
E4
85
86
87
B8
B9
90
91
92

2193
94
95
96
97
9"q

99
2500

01
02
03
a4
05
06
01
c8
r)g
10
11
1.)

13
14
l.)
16
77
18
19
20
27
Lq.
HH

23
24
25

3 .39672
. 39690
. 39707
.39724
.?,gi 42
. i9759
.'3977'7
.39794
.39811
.39829
.3t1846
.:19863
.39881
.iiiig93
. ::9915
.39933
.399;0
.39967
. 39985
40003

.40019

.4008?

..{005.{

.4$071

.40088

.40106

.4012')

.40140

.4A1W

.4Ar75

.401s2

.40209

.4A226

il

il

:

E



LLz

V

ir

il.

Lor:.

3.40807
.40e,24
.40841
.4{r858
.40875
.40892
.40909
.40926
.4094,3
.40960
.40976
.40993
.41010
.41027
.4L044
.41061
.41078
.4109ii
.41111
.41728
.41L45
.4Lt62
.47179
.41196
.47212
.41221)
.41248
.41263
.4"1.P90
.41296
41313

.41330

.41347

Bar.
Height. Log.

2526
27
28
29
30
31
ao
UKJ
o.)
d')

34
35
36
.)tn
OJ

38
39
4A
4t
42
4ii
44
45
46
47
48
49
50
51
52
53
54
O;t

56
57
58

3.40243
.40261
.40278
.40?95

,/AO!*-)
. €Jt)ap

40329
.4A346
.40364
.40381
.40398
.4,,)415
.4A4*2
.40449
.40466
.40483
.40500
.4051.8
.40535
" 40552
.40569
.40586
.40603
. 40620
.4affi7
.40654
.40671
.40688
.40705
.40722
'40739
.4A756
..10773
.40790

Bar.
Fleight.

2551)
60
61
62
63
64
65
66
67
6B
69
70
77
72
r,1.)
JO

74
75
76
Fil.,lt
78
79
BO

81
82
83
84
85
86
87
88
89
90
91



i

:

I

Log.

2592
93
s4
95
96
s7
98
99

2600
01
02
03
04
05
06
07
08
09
10
11
72
13
74
15
16
17
18

,19
20
2l
oo
PKJ

23
24

3 .41364
.4 I 380
.41397
,,4L4L4
. 4143C
47447

.4t464,

.41-{81

.4L4s7

.41514
41531

.41547
41584

.41581
,4L597
.4r_614
41631
41647
41664
41 681
47697
47773

.41731
,41747
.41764
47787
4L797

.418t4

.41831

.4t847

.41863
41880
41896

2625
26
r)rynl
28
29
30
31
OO
e)&)
a) 5)oo
34
35
36
6' !.1
OJ

38
39
40
4t
42
43
44
+o
46
47
48
49
50
51
52
53
54
bc
56
o't

3.4191:l
.41 929
. .{1946
.-11963
.11979
.41996
.42012
.42029
.42045
.42A62
42A78

.42095
42111
,1q1,)n

.'r^JLrJa

42744
..42160
42177

. 42193

.42210

.4222{i

.42243

.42259
42275

.4:2292
42308
42'"25
42341

.42,357
42374

.4ffi91)

.4240{j
42423
42439



2658
59
60
61
63
63
64
65
66
67
68
69
70
7L
72
11D
,q)

74
75
76
l'ltj,a
7B
79
80
81
82
83
84
85
86
8?
8B
89
90

I 3 .42455
.42472
.42488
.42504
.42527
.42537
.42553
.42570
.42586

42642
4?619
4:635

.42657

.42667

.42684

.42700

.42776

.42732
"4274s
" 42765
.42"i8L
.427s7
,42813
42830

.42846
,428$2
42875

.42894

.12971

.42927

.42943

.42959

.42s75

LL4

94
95
96
97
9B
99

2700
01
02
03
a4
05
06
07
08
09
10
11
12
13
74
15
16
17
18
19
20
21
oopE)

23

.43040

.43056

.43072

.43088

.43104

.43120

.43136
43152

.43169

.431 85

.4324L

.43217
1D;ID)

. tdri/Ur)

.43249

.43265

.43281

.43297

.43818

.43329

.43345

.4336r

.43377

.43iJ93

.4340s

.43425

.43441

.tb+sz

.43473

.43489

.43505
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Bar.
Height.

2724
25
26
ot1pt
28
29
30
31
0n
OKJ
o.)
DO

34
35
36
6t11o/
38
39
40
lt,
42
43
44
45
46
47
4B
49
50
51
52
53
54
DO

56

Log. Bar. , .
rr.[t t. Log.

2i57
58
59
60
61
62
63
64
65
66
67
6B
69
7A
71
n,o
a;)
lJ.)
I t-)

7+
rO

76
tt
78
79
80
81
82
83
84
UC

86
87
88
89

3.44A44
.44059
.41075
.44}gt
.44107
.44L22
.44138
.44t54
.4417 0
.44185
.4420L
.44217
.14232
.44248
. J,42{ii
.442 .;9
,{ t2g5

..14i1i1
4432t3

.44342

.44358

.44373

.44389

.444A4

.4442A

.44436

.44451

.44467

.4448A

.444s9

.44514

.44529

.44545



Bar.
Height.

27s0
91
92
93
94
95
96
97
98
99

2800
01
02
03
04
05
06
07
08
09
10
11
72
13
t4
15
16
t7
18
19
20
21
22

116

Log.

3.44560
,44576
.44592
.44607
.44623
.44638
.44654
.44669
.44685' .44700
.44llti
.M731
.M747
.M762
.44778
.44793
.44809
.44824
.44840
.44855
.44871
.44886
.44902
.M917
.44932
.44948
.44963
.44979
.44ss4
.45010
.45025
.45040
.45056

Bar.
Height.

2823
24
25
26
27
2B
29
BO

31
32
33
34
35
36
37
38
39
40
4l
42
43
44
45
46
47
48
49
50
51
52
53
54
bc

Log.

3.4507t
.45086
.45L02
.451L7
.45133
.45148
.45163
.45179
.45194
.45209
.45225
.45240
.45255
.4527L
"45287
.45301
.453L7
.45332
.45347
.45362
.453?8
.45393
.45408
.45423
.4543s
.45454
.45469
.45484

.- .45500* 
.4bb1b
.45530
.45545
.45561
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IBar. I log.Height. 
I

t--
2856 I S.455?6

57 | .45591
58 i 45606
59 .45621
60 i .45637
61 .45652
62 45667
63 l .45682
64 I 45698
65 I .45712
66 I . 45728

Log.

87
68
69
70
71
72
t't,-
,e)

.45743

.45758

.45773

.45788

.45803

.458i8

.45834

.45879

.45894

.45909

.45924

.45939

.45954

.45969

.45984

.46C00

.46015

.4603C

.46045
46060

2889
90
91
g2

93
94
95
96
97
98
99

2e00
01
02
03
01
iJi;

06
07
08
09
10
11
72
13
t4
15
16
t7
18
19
20
2L

3 .46075
.46090
..16105
.46120
.46135
.46150
.46165
.46180
.46195
.46210
.46225
.46240
.4627t0
. tg?rlc
.46285
.46300
. t6315
.46330
.16344
.46359
.46374
.46389
.46404
.46419
.46434
.46449
.46464
.46479
.46494.
.46509
.46523
.46539
.46558

74 .45849
75 " 458e,1
76
77
;8
i9
80
81
B2
83
84
85
86
8?
88
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Bar" i

Ileight. I

Log' Bar.Hr-*
2955

56
5'l
5B
59
60
61
62
6,3

64
n>
oo
66
67
68
69
70
71
t1c,
,L)
tlD
ad

74
'(b

76
r\nal
7B
7e
BO

B1
82
83
B4
85
86
3?

2s22 I a.46568
23 I .46583
24 i .46beg
25 i .46613
26
27
28
9Cl

3()
ot
OI
Q')oK)
oo
t)e,

34
35
36
f,-F/
OJ

38
tu9

40
47
42
43
44
45
46
47
48
4e
50
51
52
53
54

"":_
3.47056

.47070
- 4?085
.4710tt
.47174
.47729
.47L+4
.47159
.47776
.4?188
.472A2
.472t7
47232

.47246
",L72Et
.47276
.47290
.47305
.47319
.47354
.1734s
. 4? 36:i
.4?s78
" 47392
.47407
.47422
.47436
.47451

"* .47 465
.47480
.47494
.47509,
"+'tszt

.466 )7

.4$6,+2
" 46657
.46672
.46687
.'+6i02
.46716
+6731

. 467 46
46761

.46776

.46790
46805

.46820

.46835
46849

. ,46364

. 46879

.46894
4{i909
46923
46938

.46953

.46967
46982

.46997

.47072

.47026

.47041



Bar.
FIeight.

2988
B9
90
91
92
93
94
95
96
97
98
99

30u0
01
OJ
03
04
05
06
07
08
09
10
11
72
13
14
15
16
77
18
19
20

*
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Log.

3 .48015
.48030
.48044
. 18058
.48073
.48087
.48101
. 481 16
.48130
"48744
.48159
.48173
" 48187
.18202
.48?16
.48230
. ,18144

..182i19
48273

..1828?

. 43302

. 4831 6

. 48330

.48344

.4S:150

.48373

.48387

.4840:
48416
4843CI
48444

.49459

.48473

Log. Bar.
Height.

3 475.28
.47 55:)

/*-/1-t
4rDUt
47583
47 596
4i 6LL
47625

,47640
.4i654
.47669
.47683
.47698
.47772
.47727
,177 4l
47755
4777 A
47784
4779s
47813
,+7828

47842
47857

.478i1

.47886

.47900
479L4

.47929

.17943

.47958

.47972
47986
48001

3021
22
ta
rtJ

24
25
26
27
28
29
30
31
oo
oK)
oooo
34
35
36
oPr)I
38
39
40
41
lo

: /i,'

,13

44
45
46
47
48
49
50
51
52
53
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Bar.
Heiuirt.

3054
oj)
i)u
DI
58
59
60
61
62
6il
6'l
65
66
67
68
69
70
71
72
IJD
ad

74
75
76
tt

Log Bar.
Height. Log.

3.48487
.48501
.48515
.48530
.48544
.48558
.48572
.48586
.48601
.48615
48629

.486-13
48657

.48671

.48686

.48700

.48774

.48728

.48742

.48756

.48770

.48785

.48799

.48813

3078
79
BO

81
B2
83
B4
85
86
B7
8B
89
90
91
og

93
94
95
96
97
98
99

3100

3.48827
.48841
. 48855
.48869
48883
48897
48911
48926
48e40

.48954

.48968
48982

.48996

.49010

.49A24
49038

. 49052
49066
49080

.4s094

.49108

.49122

.49136
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TABLI TII.
BAROMETBIC READI\GS I\ ]IILLI}IE

ALTITTDES I\ ]IETERS.

This is from RrrclAu's tirble. The fortlrr.tJa

for calculation of cliffereuce of altitucle of two

stations i-* D -'/,-/r't 11-- 
2'l-:-l t

' \ ^ iloo I itr 
s' hicir t)

is tlrc differencc ui htigilt iu ntetet's, /t, anrl //
are barometer retciinss in rnillimetcrs and I ancl

t' aretire ternpet'&tul'es iu centigrzrCe clegrees.

I

Miil. i }Ieters.
__l_
500 i sgos. +
501 3349 ..+

]lcterr.

,502 i 3333 5
503 I 3317 6
504 i 3301 7
505 32E5 0
506 3270,1
50? i 3254.3
508 i 3238.5
509 i 3222.8
510 I 3207 1

511 | 3191.5
5L2 i 31.75.9
513 I 3160.3
5L4 i 3744.7
515 t 3729.2

3ig(-). tr
?;6D 3
l?io. +

".'73;.62720.9
27()6.1
2691 .4
267{i. 8

I Z00Z.f
| ?647 .5
i 26.32. I

2618 3
26DJ . 8
95Bg ..;
2574 I
2560" 3
2545 I
2531 .5
251?. l

516 I 3113.7 i

518 i So8?.8 I

I

I



I

D{ir. 
I

!!E I

D0't I

558 I

5.-;9 
I

560 
I

.561 
i

562 I

563 i

Dt-l r

568
569
570
571
572
F F.)iJto
574
.575
i)io
577
5?B
579
580
581
582
583
584
585
586
587
588
589
590

2360 6
2346 5
2332 5
2318 4
%a4 4
229A 4
2276.5
2262 6
2248 7
2234 8
2220.9
2207 .7
2193. 3
2779,5
2165.7
2152.0
2138. 3
2724.td
2110.9
2097 .3
2083. ?
2070. 1

2056.5
2042.9

591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
6t2
613
674
615
616
617
618
619
620
621,
622
623
624

I

I

Meters. i
I

__l
I

2502.7 i

2488.4 
i

2474 7 
I

245e.8 
i

2445.6 I

2437 4
2477 2

56.4 | e+Oa.O
565 I 2388. B

566 | Zg7+.7

I
I

Mill. I M.t....'__
2029 4
2015 I
2A02 4
989.0
975.5
962 1
s48.7
935 .4
922 .0
908. 7
895.4
882. 1

868. B

855.6
842.4
829 .2
816.0

1802.9
1789.8
777 ti .7
1763.6
1750.5
1737. 5
7724.4
7711.4
1698. 5
1685.5
7672.6
1659. 7
1646.8
1633.9
1621.0
1 608. 2
1 595 .4

Mill.

625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
64Ir
646
647
648
649
650
651
652
653
654
65&
656
00'/
658

Meters.

1582.6
1569.8
1557.1
7544.4
1531.7
151 9.0
1506.3
7493.7
1481 . 0
1468 .4
1455 , 8
1443.3
7430.7
1478 .2
1405 .7
1393.2
1380.7
1368.:l
1 355.8
1343 .4
1331 .0
1318.7
1306.3
7294.0
7281 .7
7269.4
1257 .1
1244.8
1232.6
1220 .4
1208 2
1196.0
I183.8
7t71 7
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;;i;;ffi.,.-ffi
__l_lll
6.sr-illbe-l ji Gr'3-i=?s -?.? -B?rr
6to I tt+z.+ ll og+
061i1135.3iCg;
662 j rrze.s ; ago
66iii1111 3 69;
6$,+ i1099.! 695
6fi5 I 10*?.3 699
66{ii10;5t ?0u
667I1Ce3? 701
6u8 1(i;1 J ?02
669,L0393 ?03
67u 1027. 3 704
67t i 10154 I zos
612 i 1003. 5
673 i gg1 .',7

674 I 979.9 ,',lUg
6751 968.0, ?U1^,

676 I 956.1
677 I 941.3
678 i 932.6
679 i 920 8
680 I 909 0
681 I 897 3
682 I 885 .6
683 I 873. e
6841 8622 ?i8
685 I 850.5 71e
686 I 838.0 730
687 I 82 7.3
688 I 815.6 722
689 I 8C4.0 i 723
690 | 7s2 .5 t' 724
6sL | 780.9 i 725
892 i ?69. 3 t' 726
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Mill, Meters.

76f i' 10.5
7621 00
763 , -10 5
764 -2A I765 -31 4?66 

" -47 8
767 | --52 .2

73. 0
83.4
937

-fi4 1

-r74 4

-734.7

M

76s
770
777
772
DI'ID
a la)

774

't'l D

776
ll I

778

i

ill. I Meters.
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In comparing tire Aneroid with a Mercurial
Barometer, correc[ the ]atter by the following
table, subtractin g tbe correeti on-s.

TABLE IY.

Reduction of Jlercurial C'olumn to 3?' Fahr.

Brass scale to l,aroiii,:iei' tr)Tract at 62' Fahr.

Terap. 30" 25"

32

.iO

40

45

50

oo

6C

6,5

70

io

80

85

90

95

100

. L)t )[f

l-r1 -rvl- i

tr31

0+1

05s

071

081

098

.111

125

.138

.151

.161

,178

.191

.008

.015

026

. 0:17

. t){s

. ()ig

.0?0

0s2

093

.104

.115

.126

.137

.149

.159

.006

.012

.021

. 030

038

.047

.056

.065

.a74

.083

.092

.101

.11O"

. 118

, L'd'l

h
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TABLtr Y.

BARoME'ITTICPRESSURESCORRESF0NDINGTo
BOILING \YATER TEI\IPERATURIIS"

Tenttrs bT c'ac h f) egree.

z1 
-a-l 

--.6- , - I
t

Whole Deg. 
i

--a-"0 -i
iinlinlinlitt.iin'

183 ; 1$tlZ i rO 389 I 16.461 I r0 See I 16.605
is+ rri ii u to ?,-rP l(i 826 1u.{}00 16 974

i#,ii ti4E 7i 133'1;1u7 11 272 17.848
isa i; etu tt ,tgu t? i;5 17 052 17 ?Pg

ie? , rt S00 : 1? u8ll 1;.9G1 ' 18 0r;-e 18'- l?
iBB iB isi 1 78.274 ts 353 1 ts"+az l ts sta
rae i rii irez I 18 6?2 , 18 ',i?q i 1a 9q? i H 914ieg,rs n9P l1B 6?2 18 'i53 i18 833 18 914

igo iiB 996 i19.0'7? , ttl.tl-rtl I1e ?41 I 19.324
iei iS ;oi i le 4eo 1e 5?:r t le fi5? lt) '741

igz ; tg B2b I 19.910 19 995 ; 2i).080 I ?0.16ti
ig3 Izo zst |20 33E i :'lg +24 iit; 511 :10 5et

is4 i g0 oss i zo 773 i, 20 861 i D0 1i4e r ?1 OqB19.tr:20 685 120 775 ; :r(.l.titil '"r,u :r'lr' 3r u'iu
ie; ; il .1i6 i zi zro ; 21 :!o; 21 ::35 ,1 .485

ie6 i zl dns i zr 066 j 2t ?5s ' 
p1 . b4e i !1. e41

lgi zi 03:i 2? 1t5 i 21.218 22 ;i11 i *:l 404

19U Y'a 4Ud I Zl itil4 i z< . oou i .P ' t(JJ- 
I

i99 zt gT1 I pB 0o? : P8.163 | 23.259 r 23.356
iort 2r.Adg',zg bbo:J:1 .tl48 I:3.i''lti i23.845
itri Jri e{B i 24 t)42 24.742 iz+ z+1 124.341,

tql ,':4 *ti?!.i!? ?! 9!+ I 3t ilg l71- 9Il

Itrl /;d tiO;) I -Lr/ I,tJP'?J:: 
I

iga z'z 4sB i z? h92 i 2? 686 i 22. ?81 | 22.876
i99 zt gT1 I pB 0o? : P8.163 | 23.259 r 23.356
iu,r 2t Ads &s bqq , 'i? 

q4Q i :q i+9 i 3? Pt?

zos t4 t)-19 i25 051 25.154 i2:> 257 125 361

20.1 ),J {65 i 25 569 I 25 67 4 I 25 779 I 25 q84

zos 3;i 3l)0 i 26 0t)6 i 26.202 i 26 309 |26 416

zoo 2{i 523 i 26 631 i 26 .740 i 26. 848 I ?6 95?
207 27 066 i 27 ,t76 | 22.286 127 .3s7 127.50?
zos , 

p? 618 i 27 .730 | 27 q12 l?7 2l+ I ?q 9I?
zog zs 180 i 28 3e3 i 28.407 | 28.521 i 28.636
zro zs ;51 I 23 866 i 28 e82 i ?q gqq i ?q ?1?itl ' z,t ffi1 I zs .44s I zg s00 I 29 684 i 2e 803

2r2 rlr . e33 I 3c 0,+L' 30.191_30,!_81_i9_191
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BorroNE (s. B.). Electricgr Instrument Meking forAmateurs. A practicar Hancr-book. with 4g i-llu;-trations. X'ifth edrtion. revised. lpmo, cioth.. . ....
.7 Electrie Bells, a_ntl all about them. A practical

Book for practieal rvren. with mo"u 1nai, rooliiui:trations. 12mo, cloth. F ourth edition, re"iae,i;;aenlarged ..... ..... .....

BLOUNT (BEBTRAID. Electro_Jletallurgy
(In

- 

Tlu^ Dynamo : Elow Made and How Used. AIJook tor Amateurs. Eighth editiou, t2mo. ctotn... f m
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BOTTO\B (S. R,.). Electro Xlotors: How lVlade and
How Useci. A H:rnd-br,ok f or Antafeurs and Practical
Men. Second ed.tion. 12mo, eI- ttr 50

BOTNEY (G. I'1.). The Electro-Platers' fland-book.
A l\tanual for Ama[eurs and Young Students on
Electro-Metallurgy. 60 illustratious, 12mo, cloth.. 1 20

BOTIr (R,. II.). A Treatise on Bracing. With, i ! ap-pli-
cation to Bridses and other Structures of Wood or
Iron. 156 illustrations. 8vo,cloch..-. ......... 150

BOTISER, (Prof. E. A.). An Elementary Treatise
on Anah'tic Georr etry..Embracing I'lrane Geometry,
and an'Introcluction- to (ieorrretry of three Dimerr-
sions. 12mo, clotl-r. Nineteenth ediuion. -.. 1 75

An Elementarr- Treat.ise on the Differentia,l and
Integral Cak'rtlus f\:ith numerous example
iZ*d, cloth. Srxteenth edition. .. . ... -. -... 2 25

An Elementar.v Treatise on Analytic Meehanics.
With numerous 

-examples. 1?mo' 
-cloth. Twelfth

edition..... ,.....r""' 3 00

- 

An Elementary Treatise on Hydro-Mechanics.
With numerous examples. 12mo, cloth X'if th
edition.... -.- - ..... "' 250

A Treatise on Roofs and Bridges. With Numerous
Ex-rcises. Especially adapted for school use. 12mo,
ctotn. I[ustr'ated... ....net225

Academic Algebra. Third edition. 12mo, cloth. . | 25

College Algebra. Fourth edition. 12mo, cloth " | 75

Elements of Plane and Solid Geometry. 12mo,
cloth. Second edition ' I 40

BOTIIE (AUG J., Jun.,1}f. E.). APrae,ticalTreatise
on Hydraulic Miiring in Oalifornia. With Description
of tfie Use and Coastruction of Ditches, X'lumes.
Wrought-iron Pipes and Dams ;- X'low of Water on
Ileavf Gracles, dnd its- -Applicability. un4er High
Press-ure, to Mining. Fift6 edition. 

- Small quart'o, - ^^ctotn. Iilustrated..l...... -...r 5 00

BUBGII (N. P.). Modern Marine Engineering-' applie^q
to pa4ille and Screw Propulsion. Consisting of 36

coloretl plates, 259 praetical woodcut illustrations,

tl

[1:
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and 403 pages of descriptivo matter. The whole
berng an exposition of the present practice of James
Watt & Co., J. & G. Rennie, R. Napier & Sons, and
other celebrated firms. Thicx quarto, half morocco. 10 00

BURT (.W. A.). Key to the Solar Compass, and
Surveyor's Companion. Comprising all the rules
necessary for use in the fleld ; also description of
the Linear Suryeys and Public Land Systern of the
United States. Notes on th- Elia,ometer. Suggestions
for an Oufit for a Survey of Four' )[onths, etc. Fifth
edition. Pocket-book fornr, tuck .... 2 50

CALDTIELL, (G. C.), and A. A. BRENEIYIAN.
lVlanual of Introductory Chemical Practice. For
the use of Str,dents iu Colleges and Normal and
Eigh Schools. l'ourth edition, revised and corrected.
Svo,cloth Illustrated.......... ..150

On the Construction of Iron
arrd Practical Treatise, with
of Roofs recently executed.

.. 2 00

CARTEII, (8. T.). Motive Power and Gearing for
Electrical Machinery. A Tretrtise on the Theory
and l'ractice of the Mechanical Equipment of Power
Stat,iorrs for Electric supply and fol r-lectic Traction.
8vo, sloth. Illusurated-.. . 5 00

CHA1}fBEB'S IIIATHEMATICAL TABLES, con-
sisting of logarithms of Numbers 1 to 1u8.0u0. Ttlgo-
nometrical, -Nautical, and other tables. Nen- edition.
8vo,cloth.... ..... .l?E

cA.IrIPrN (FRANCTS).
Roofs. A rheoretical
wood cuts aud Plates
8vo, cloth. ...

CEAUVENET (Prof. TY.).
ing Lttnrr Distanees. and

New Method of Correct.

Findrng the Error aud Rate
Equal Altiludes. 8vo, cloth

hnp'ove [ I\letlrod of
of a L)hronometer, bI,

..200
CEB,ISTIE (T[. T9ALLACB). Chininey Dcsign and

'fheory. A Book for Engilleers r,nd Architec[s, rvith
numcrous half-tone illustrati, ,DS and plates of famous
chrrnnel s. 12uto, cloth 3 00

CEIIBCII (JOHN A.). Notes of a Metailurgical
Journey in Europe. 8vo, cloth .. .1' . 2 00

CLABI( D. (KINNEAB, C. E.). A Mant:al of Ruies.,
Tables and Data for Mechanical Engineers. Based
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on the most recent, investigations. Illustrated with
nurnerous diagrams. 1,012 pages. 8vo, cloth. Sixth
edition ..,.. .500
Half morocco .... ..750

CLAIiK. I). (KINNEAB, C. E.), Fuel; its Combust-
io,r &nd Economy, eonsisting of abridgements of
Tre,tise on the Combustion of Coal. .tsy C. W.
Williams ; and tho Bconomy of -t uel, by T. S.
f'ridraux. \\ ith extensive additions in receut prac-
tice in the Combustion and Economy r,f Fuel. Coal,
Ooke, Wood, I'eat, Petroleum, etc. Fourth edition.
12morcloth.... ............. 150

- 

The Mechanical Engineer's pocket-book of rables,
fformulae, Rules ar rr I Data. A H andy Bot ,k of
P,eference for DailyUse irr Engineering Pmc[ice.
16mo, morocco. Second edition 3 0l

--Tramways, 
their Corrstruction and Working, em-

bracing a comprehensive history of tl-re system,
n'ith accounts of the various modes of traction, a
description of the varieties of rolling stock, and
ample details of Cost and Working Expenses.
Second editlon. Re-u,ritten and greatly enlarged,
with upwards of 400 illustrations. Thick 8vo. cloth, I 00

The Steam Engine. A Treatise on Steam Engines
and oilers ; cornprising the Principles and Practice
of the Oombustion of Fuel, the Econom'cal Genera
tion of Steam. the Construction of Steam Boilers, and
the Principle., Construction and Perfonnance of
Steam Engines, Stationary, Portatle, Locomotive
and Marirre, exemphfled in Engines and Boilers of
recent date. l,30Ofigures in the text, and a series
of folding plates drawn to scale, 2 vols. 8vo. cloth.l5 00

CLABK (aIACOB trVI.). A new System of Laying Out
Railway Turn-outs instantly, by inspec, ion .'from
Tables. 12mo, leathOrette.. .,,.. 100

CLAUSEN-THU (.W.). The A. B. C. Universal Com-
mercial Electric Telegraphic Code , especially
adapted for the use of X'inahciers, lVlercha,nts, Shtp
owners, Brokers, Agent, etc. Fourrh editron 8vo,
cloth. ............ - ,...*".....500

The Al IJniversal Commerciat Electric Telegraphic
Code. Over 7,240 pp., and nearly 90,000 variations.
8vo, cIoth.............. .... o..... -.. r..r... 7 50
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CLBIE1VIANN (TIfOS.- M.)._ The Railroad Engineer's
Practice: ;Beirrg d, Sh_or.t but Coruple/e Desdrfption :

of the Duties ot the Young Engineir in the prelhnri-
nary anrl l,ocation Surve5s and in Construetion.
I,'ourbh edition. Itevised and en.arged. illustrated.
12uro, clobh 1 E0

CLEITI( (DUGALD r. Attto-cars or Elorseless Yehicles.
Aboutt)00 pp, 60 il.LlStr&nuuS..... ..(In press.)

CLE\'ENGEB, iS. fl. . A Tr atise on the ]Iethod of
Govet'nment Survt.;in3 r,s l-,rescrit;ed br- tlre U. S.
Congress &Dr-l Louirtrissi,rn,,r. of the General Land.
Offiee. rrilh corn6ri,:-tt ]Iathenratic:rl, Astr.onorrrical
and Practir-.ei Ins::rlcti,lrrs f,,r the trse of the trinited
States Strrvel-or'.s iu the flekl. 16m.r, rrlofocco,. .. Z bO

COf'FIlf rProf. J. H. (..\. NavigatiOnanrl Naltical
Astron()ntJ-. Prel,rrred fr_,r tire trSe of the U. >. Naval ,

Acaderul-. \r-'\1' E,iitiou. Rerised by t'ommander
Ch:rrles Belknrrp. .',J l-oodcrrt illusriations. 12rno,
cloth ..net. B b0

COLE (8. S., lf. A.r. -{ Tleatise on photographic
Optics. B^eing a-rl &cr-.r,,r.lnt of rhe Pr.inciples of
Optics. so.{1r as r}res apt,l}- ro l'hotographl-. - 

1pmo,
cloth, t03 illustratirrns an,l foidiog plates.... .. 2 i0

COLLINS (J.lS. E.,. The prirate Book of L-seful
Allo;'.. i111i1 Jlemcrrancla for Goldsmiths, jerr-elers,
erc. 18uro, cloth .. .r.. b0

COBN\YALL (Prof. E. Il.). flanual of Blow-pipe
Analrsis, Qualitatire and Q:rantitative. Wiih- a...
Completsr_-S1-stenr of--Descriprire llineralogy. gvo,
cloth. With manf illustrations. ..... . ,: .. . . . . .1 Z b0

CBAf G (8. F.). Tfeights and Jleasures. An Aecount.
of the Deeimal S5-stein. s-ith Tables of Conversion
for Comnrercial dnd Scientific Uses-. 

-Square 
-Zmo,

CBOCKEB (F. B.). Electric Lightinq. A practical
Exposition.of the Art,.for us_e of Eugirieers" SrudenLs,
and others interested in the Installalion or Operati&n
of Electrical Plants. Seconcl edition. Rer isecl.
8vo, cloth. VoI. 1. The Generating plant B 00
Yol. 2 (In press.)

D.
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CB(}CIKEB, (F. I3.), aild S. S. T[IIEllLtrlR. The
Practical Managemext of Dynamos and lYlotors.
Fourth edition-(eighth thodsand;. Revised and
enlarged. _ With a special chapter by H. A. ['oster.
12rno, cloth. Illustrated..... I 00

CUIWIIING (LINNEUT, ]I. A.). 'Electricitv treated
Experirneitalty. Iro theuse of Schools anO Students
New edition. 12mo, cloth .... 1 50

DAVIES (8. If.). nfachinery for llletalliferous Mines.
A Practical Treatise f r Mining Engineers. Ilerallur-
gists and Manufacturers. \,\ ith upwards of 300
illustrations. 8vo, cloth .. . 5 00

DAVf S (JOIf N IV.. C. II.). Formulre for the Calcu-
lation of Railroad Excavation and Embankment,
and for finding Average Haul. Second edition.
Octavo,half roan.. ..... ...r... 150

DAY (QH_ABLES). The Indicator and its Diagrams.
Wilh _Chapter!_ on Engine a,nd Boiler Testing;
Inclqdi4g a Table of Piston Constants compiled by
W. H. Fowler. 12mo, clouh. 125 illustrations. . . . ..-. 2 00

D f R,B 1T[. L.). Block Signal Operation. A Practical
Manual. Oblong,cloLh ...o..... 150

DIXON (D. B.). The Maehinist'sand Steam Engineer's
I'ractical Calculator. A ('orrrpilation of Useful Rules
and Problems aritlrmetit:all.y sol,'ed. together with
General Information applicablo to Shop-Tools, lUill-
Gearing, Pulleys and Shafus, Steam-Boilers and
Engines. Embracing valua,blo Tables and Instruc-
tion in Serew cutting, Valve and Link Motion, etc.
lt,mo, fult mo occo, pocket, form . ... ...... . . .. . 1 2i

DODD (GEO ). Dietionary of ltanufaetures, lllining,
Itrachinery, and the Industrial Arts. 12mo, cloth ... 1 50

DOBR (8. E ). The Surveyor's Guide aud Poek"t
Table Book. 18mo, morocco flaps. Third edidor.. . 2 00

DR,APEB, (C. H.). An Elemen'ary fcxt B^ok ot
Light, He,at and Sound, rrith Nunrer us Examples.
Fourth edition. 12mo, cloto. Illustrated.. ."?.-..... 1 00

Heat and the Prineiples of Thermo-Dyramirs.Itt3rau itrlr.r uuE, rrruurPruu ut- IrJtrfuu-Lryra,urlr-!1.\\'ith many illustrations and numerical eiamples.
12mo, eloth. ....... I 5012mo,
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DUBr)IS (A. J.). The New }lethod of Graphic
Statics. With 60 illustrations. 8vo, cloth. . .... 1 50

EDDY (Prof. II. T.). Researches in Graphical
S',,atics. Embracing New Constructions in Graphi-
cal Statics, a, I{erv General }Iethod in Glaphical
Statics, and the Theory of Internal Stress in Graphi-
cal Statics, Svo, cloth . 1 50

Maximrrn-r Srresses untler Concentrated Loads.
Treated graphically. Illustrated. 8vo, cloth.... . . . 1 50

EISSLEIT, (It.). The Netallurgy of Gold : a Practical
Treatis- ou the ]letallurgieal Treatment of Gold-
Bearing OrL... iirclucling the Processes of Concentra-
tion and C'hlorirration, anr-[ the Assaying, Melting
arrcl Refirri g of G.rltl. Fourth Edition, revised and
greatly €D.arr'getl. 187 illustrations. lZmo, cloth 5 00

-_The 
Uetallurgy of Silver ; a Practical Treatise on

theArnalgarrratiorr, Roasting and Lixivation of Silver
Ores, includinc the As a. ing. Melting and Refining
of Silver Bullion. 121 ittr-rstrations. Second edition,
enlarged, 12mo, clouh ........4fi,

-The 

Meta,llurgy of Argentiferous Lead ; a Practi.
cal Treatise on the Smeltins' of SilverL,ead Ores and
the Reflning of Lead Bullion. Including Reports
on Various Smelting Establishments and Descrip-
tions of Modern Srrreltirrg Funlaces and Plants in
Europe and America. \Yith 1&3 illustrations. 5vo:
clotb ...5(n

Cyanide Process for the Extraction of Gold and
its Practieal Applieation on the \Yitrvatersrand Gold
Fields in South Africa. Second edition. Enlarged.
8vo, cloth. Illustrations and folding plates.. . .... 3 (D

Practical Treatise on the lllar,ufacture and use of
Dynamite, Gun Cotton, Nitro-Glycerine and other
Explosive Cornpounds, including the manufacture
of Uollodion-Cottorr. wrth chapters on explosiles in
practical application. Second edition, enlarged u-ith
150 illusurations. 12mo, cloth 5 00

ffi.:LfOf (C. Tlr.), and STOBER, (F. ff.). A eompen-
dious Manual of Qualitative Chemical Analy*is.
Revised wich the co-.operation of the author's, try
Prof. William R. Nichols. Illustrated. Nineteenth
edition, neu'ly revised by Prof. W.B, Lindsay,, 12mo.
Cloth....... ....... .... lb
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ELLIOT (Mai. GEO.-E.). European Light-Hgyse
Svstems ii"i"S a ffeport of a 'iour of -Inspection
;i;,ilH rsz5. 

- 
sT eog.h,vings and 21 woodcurs. 8vo, - ^^6rJti.:...... "'5oo

ELLIS()N, (LEvyIs.11.): Practica.l Application of
--Tnu fndicaton 

'-Witn 
reference to the^adiustment of

fat;" Cea" oo all siylesof Engines. Second edition' ^ ^^
revised. sv6. a"tti; ioo ittustiations ' 2 00

E\IER,ETT (J. ID.). Elementary.. Text'book of
- ' FID;;J ilft;tr;;d. seventn edition 12mo, cloth 1 50

E\f,rING(Prof.A.J.).The.}Iagneticlnductioqir.^-- - 
fion ""a 

otnL" -"iuis. f rg illudtrations. 8vo, cloth 4 00

FANNINGI (J. T.). A Practical Treatiie.o+. H):qryy-
iid u"a water-Supptybngineering' Felating to the
iir,r""r"prv. Hvd'i'o-hvtarhics, and Practicat CgI:
f,rSi*,"*qil$;:T-t{tm:r#5l,o"l1f,L'fft''":F-6
ifiuiiiations-. 3yo; cloth. Fourteenth-edition, revis-
;a. 

-;n6igea, -a"h new tables and illustrations
added. 650 Pages---.

FISII (J. C. L.). Lett-ering of ,S'orking Drawings'
- -.T[i,:t"eo ptu,ies, wrth ddscriptive text. oblong,

F'ISI(E (LiErrt. BII,ADLEY A., IJ..S. N'.. EICCtTiC.
- -l;i-ri Tnedrv-and Fractices or, Tle Elements of

'di""tii""i"d"[i""L"i"i. - Bigntn 'edition. 8vo, cloth 2 50

I,.ISIIIIB (II. I(. C. a,nd- DAEBV, \M' C')' Students'
- ^-did, 

to SuUt""i"" Cable Testing. 8vci, cloth. . . . . . 2 50

x,'IstIHB (Iy. c"). -The Potentiometer and its Ad' o o*juncbs.' 8, or cloth. .. " ' ' i' e'o

T'LBIISCIIIVfANN (IM.). The Book of th-e Qair.1. 3- - mair*at of ifiu Science and Practice of Dairy Work.
Tra.slated from the Germ;;. by b. m' eitman and'

It. Patricrwitint.- s"o,ctotn.:..' ",o.."" ' 4 00

I'LEMING. (Prof. .r. A.). The Alternate current
- -E"unsforniei io-fneo"y'and Practice' Yol' 1-Tbp

frid;;[i"" of orectiic iurrents; 611 pages' New edi-
tion. Illustrated. 8vo, cloth '*. ""-',',: ' '

Vo'.- 2. The Utilization of Induced Currents. IIIus-

- 

Electric Lamps and Eleetric- T,iSFtiLg. P"joq p
couisu of four le^ciures de_livered at the Roval Insti-
rurion, ep"ii:rvrill I a"ez.- rti o-,-croi[, t u1y ifrustrared

500

500

500

300


