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INTRODUCTION.

A HE great importance of Geography and To-
pography, .both in a civil and military point of
view, induced the French government, a few
years since, to publish, at its own expence, a work
entitled Memorial Topographique et Militaire,
which is now well known in England. The ma-
terials of that work were selected and arranged
under the direction of the Dépôt Général de la
Guerre* by men most profoundly skilled in the
subjects which it contains, and its publication has
been highly beneficial to the French ; first, it has
afforded them a desirable uniformity in the execu-
tion of Topography, and therefore prevented the

* The Dépôt Général de la Guerre in France, is a govern-
ment institution, established in 1688, in the reign of Lewis the
Fourteenth, under the direction of which are maps, plans,
recounoissances, military memoirs, &c,
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adoption of such arbitrary methods as would not
always lead to results equally satisfactory. Se-
condly, this single work, both the extent and price
of which are moderate, compared with the variety
of subjects which it comprehends, now offers to
the French a valuable collection of precepts
which were previously dispersed through several
very voluminous and expensive publications.—
Lastly, it relieves the young- French Topographer
from the anxiety to which he was before subject,
respecting the method he ought to adopt, as it is
now sufficient for him to follow the path which
men of consummate knowledge and experience
have marked out for him in the Memorial.

The French Memorial Topographique et Mili-

taire forms the basis of the Treatis'e on Topo-
graphy, which js now offered to English readers
in their own language ; and, as it is to be regretted
that the limits of that work did not admit of less
conciseness in the explanations relative to practical
subjects, this kind of deficiency, in the French
publication, has been fully supplied in the second
volume of the English treatise; at least, as far as
concerns the detail of Geodesic Operations, With
regard to the application of Theory to Trigonome-

trical Surveying, the reader can undoubtedly not
have a better guide than Colonel Mudge's account
of the Trigonometrical Survey of England and
Wales, carried он under the direction of that
Officer.
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This treatise is divided mio four parts, illustrated
by a variety of suitable plates ; the first part con-
tains all the Geodesic Operations explained in the
Memorial Topographique et Militaire, with ap-
propriate tables for the principal requisite reduc-
tions ; most of the formulae in this part have been
selected from the works of Delambre, Laplace,
Legendre, and Puissant, and these formulae, as
well as the numerical examples by which they are
illustrated, have been reduced to English measures.
The same part includes, likewise, a minute descrip-
tion, accompanied with figures, of the Repeating
Circle and the method of using- it ; as well as the
description and use of Borda's Reflecting Circle.

Part the Second consists of a translation of Biot's
Essay on finding the .altitudes of places by means
of the barometer ; including a brief historical ac-
count of the barometrical formula, and its complete
demonstration by the simple elements of algebra ;
as well as tables, from which the difference of
altitude of any two places may be obtained by the
simple subtraction of two numbers; in this part,
the linear measures have been reduced from French
metres to English yards, and the heights of the
thermometer from degrees of the centesimal scale
to those of Fahrenheit's, generally used in this
country. These reductions have necessarily caused
the principal table to be recalculated from the re-
duced formula, and extended from forty-two columns
to seventy-four ; with some additional lines in
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length, on account of the number of yards exceed-
ing that of metres in a given space ; in the first
half of the table, where it was most essential, the
numbers have also been carried to one more place
of decimals in this treatise than in the French
essay.

Part the Third comprehends, besides observa-
tions relative to the triangles of the second order,
the method of forming triangles on the ground,
and of resolving them by plane-trigonometry, in a
manner analogous to that which is used in trigono-
metrical surveys. Important remarks and select
problems follow this explanation, which immedi-
ately precedes a description of the implements used
for surveying1, and an illustration of the methods
of making scales, tracing a right line on the ground
between two objects, and measuring it with a
chain or with rods; minor surveys, performed with
or without calculation, are then considered, as
well as the methods of transferring to paper, in
both cases, the points of the ground which have
been taken. A general description of the plane-
table is next given, and the use of this instrument
explained in the various circumstances in which
it may be employed. The surveying compass is
also described, and its use illustrated by practical
examples. Lastly, some easy methods of levelling,
and of taking a profile of a ground, will be found
in this part of the treatise.

Part the Fourth contains the translation of an
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Essay on Military Reconnoitring, written by
Allant, a lieutenant colonel in the French engi-
neers, with the notes and plates annexed to it.
The excellence of this essay, which the Depot Ge-
neral de la Guerre has published in the Memorial
Topo graphique et Militaire., is so generally ac-
knowledged, as to render it unnecessary to dwell
on its merits in this place ; it shall only be observed,
that the Author's extensive military knowledge has
enabled him to view military reconnoitring in its
true light; wherefore, instead of confining himself
within the narrow bonds of former authors, he has
embraced all the subjects essentially connected witli
this very important branch of military service.—
He first points out the various kinds of information
which war requires, and then investigates ths
means of procuring them. This leads him to the
subject of military reconnoitring1; and, after no-
ticing the instructions which officers engaged in
that operation may receive, he specifies the mate-
rials which will serve them in forming the outlines
of their work. He next considers the instruments
and processes by which a sufficient approximation
will be obtained in military reconnoitring, with-
respect to the fundamental triangles, the particu-
lar determination of a place, and the heights and
distances of objects. Surveys in which distances
are measured with rods, &c. or only by pacing, or
such as are carried on by the eye alone, and
without any actual measurement, are likewise the

b
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subjects of his explanations, together with
other operations that may be performed without
instruments.

Lastly, he gives proper directions for drawing
maps adapted to military reconnoitring, and for
the formation of descriptive and military me-
tnoirs.
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A

TREATISE

ON

T O P O G R A P H Y .

PART THE FIRST.

On Geodesic Operations, the Description and Use of the re-
peating Circle, the Description and Use of Borda's Reflect-
ing Circle, and the Theory of Spirit Levels.

CxEODESIA properly signifies measure of the ground;
the signification of this word» however, has been ex-
tended lo those operations, the object of which is to de-
termine the positions and respective distances of the
different points on the surface of the globe. Thus the
operations which serve to determine the length of terres-
trial degrees, and those by which the outlines of geogra-
phical maps are established, are geodesic operations.

Tire process of these operations, the description and
use of instruments employed in them, and ,the formulas
used in the resulting calculations, are now to be explain-
ed. Each formula will be accompanied by a numerical
example, and the necessary tables for simplifying the
different reductions will be subjoined.

Most of the formulae here used have been extracted
from Delambre's work, On the Determination of an
Arc of tfye Meridian. The Memoirs of the Academy of
Sciences, for 1778 and 1787, the measure of degrees in
Peru, by Bouguer and La Condamine ; the astronomical
travels of P. Boscovich ; the operations in France for

VOL. ï. в
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ascertaining lhe difference oflongihide. between (he ob-
servatories of Grccnwicli and Paris, by Cassini ; lhe
Connaissance des Temps, year 6, (these last two works
contain a description of the repeating circle,) Lalande's
Astronomy; Cagnoli's Trigonometry; and'the descrip-
tion and use of the reflecting circle, byBorda, may also
be consulted.

Summary Explanations of the Operations by which the general
outlines of large Maps are established.

The general outline is composed of triangles of the
first order, formed by the longest lines which the locali-
ties of the situation will permit, the telescopes, however,
magnifying sufficiently to be directed to the object with
precision. All these triangles ought to be connected
together, and to form, as much as possible, a kind of
continued net-work in all directions. The choice of
f riangleo is not indifferent ; it is known that equilateral
triangles are those in which small errors committed in
observing the ahgles have the least influence on the
length of the sides : but it would be very difficult to form
a series of triangles by admitting those only that arc
nearly equilateral ; and' the invention of-the repeating
circle, with which angles may be observed within one
second -of the truth, gives a greater latitude in the
choice of triangles. In general, however, all angles
below 30" and above 120°, ought to be avoided.

The' repeating circle is the only instrument which
should be employed at present for measuring the angles of
triangles of the first order,* if it be thirty-five centi-

* The author appears to have overlooked the excellent Theodolite
with which the conductors of the Trigonometrical survey in this
country have taken their angles with so much accuracy.
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metres, or nearly 14 English inches, ih diameter, it will
be sufficient for geodesic operations ; if greater, it would
be troublesome to convey from place to place, and could
not be placed in many situations, where it is necessary
to use it ; if less, it would not afford sufficient accuracy,
and the telescopes would not have sufficient power.

This inslrument, which is brought into the plane of the
objects with great facility, serves also to take the ap-
parent zenith distances; that is to say, for determining
tbe elements of the reduction of nn angle to (lie horizon,
and for finding t-he difference of level of the stations.

If the formation of the counlry in which the operations
are carried on does not present objects conveniently
situated for forming a suitable chain of triangles, this
inconvenience is to be remedied by signals erected at
elevated places. These signals are generally preferable
lo steeples or towers, which are frequently used for
directing the sights of the instrument, because lhat form
may be given to them which leaves the least uncertainty
relative to the points to which the sights were .directed.
Experience has shewn that the Vertices of quadrangular
pyramids, and balls of about a foot and n half diameter,
are objects which leave the least uncertainty on this
head.

We can seldom place ourselves exactly at the ma-
thematical point chosen for the vertex of the angle which
is to be observed, and when we cannot, this angle wants
a correction, known by the name of reduction io the
centre. The elements ought to be determined with
great precision; for it may happen that an enor of one
or two seconds may be committed in the reduction.

The place where the observation is made is com-
monly not -the poiiit de mire, or that to which the
sights of the instrument were directed; it is therefore
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necessary to measure the distance of the place of obser-
vation from this point, in order to reduce the observed
zenith distances to the summit of the object.

Frequently, when the sun shines on the object, we
can only see a phase ; and the apparent middle, that of
the illuminated part, does not correspond with the axis
of the object ; then the observed angle wants a correc-
tion, which depends on the form of the object and the
position of the sun.

We shall here recapitulate, in their natural order, the
corrections which an angle observed with the repeating
circle may require.

Correction for the eccentricity of the inferior teles-
Cope.

Correction for the phase of the signal when Acces-
sary-

Reduction to the centre.
Reduction to the horizontal plane by the knowledge of

the apparent zenith distances of the two objects to which
the sights have been directed : these distances having
been previously reduced to the summit of the station,
there remains only to correct the angles, for the sphe-
rical excess depending upon the surface of the triangles
to which they appertain.

The measure of angles gives only the ratio of the
length, or the relative length, of the sides of the triangles.
In order to have their absolute lengths, or these ex-
pressed in known measures, it is necessary to measure
one of them ; and this is what is called the measure
of a base. This operation requires the most scrupu-
lous attention; for its accuracy ought now to equal
that of the instrument employed in measuring the angles.

The actual distances between all the points chosen for
the vertices of the triangles may therefore be known ;
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but terrestrial operations alone cannot give more. It
is necessary to have recourse to astronomical observa-
tions to obtain the latitudes of the vertices of these
triangles and the directions of their sides.

The latitude of one of the stations, situated nearly
in the centre of the region, being observed, and also the
azimuth, or inclination of one of the sides of the series
from the meridian of the place, the azimuths of all the
sides of the triangles may be calculated with these data,
as well as the latitude of their vertices and their diffe-
rence of longitude.

We may also calculate, by means of the latitude and
azimuth, the distances of the vertices of the triangles
from the meridian, and from a line perpendicular to it
at the assumed origin of operation.

From these distances -we may proceed to the latitudes
and longitudes ; or from these latter conclude the for-
mer ; but it is at least as simple to determine t-he lati-
tudes and longitudes independent of the distances from
the meridian and its perpendicular.

As it is possible that errors may be committed either
in measuring the angles, or in calculating successively
the azimuths, latitudes, and longitudes, latitudes and
azimuths of verification ought to be taken at other places,
especially at the extremities of the chain, and which
ought to agree, or very nearly, with those previously
obtained by calculation. They should agree exactly,
if the figure of the earth and its inequalities were well
known. It is with, the same view that several bases of
verification, connected by the sides of the triangles, are
measured. If all these measures agree with each other
it is a proof of their accuracy.

The same operations also serve for determining the
Jengths of arcs of the meridian, aud consequently fur-
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nisli valuable data relative to the figure and dimensions
of the earth.

The sides of triangles of the first order serve as bases
to those of the second ; for which a better instrument
cannot be employed than the repeating circle ; but it is
not necessary that it sliQiild be so large as those used for
the principal triangles ; a diameter of about eight or ten
inches will be sufficient, and. the instrument will be very
portable.

For triangles of the second order it will not be ne-
cessary lo observe the angles with the accuracy of one
or two seconds, as in the principal triangles ; a precision
of 5'' or o" will be sufficient, as the objects arc much less
distant from each other. The corrections to be applied
to these angles will also be less numerous, as it „will be
sufficient to determine the correction for the eccentricity
of the inferior telescope,- and fof the reduction to the
centre of the station. The reduction to the horizontal
plane may generally be dispensed with, at least when
lhe zenith distances are not very considerable ; for
these reductions do not generally exceed a fraction of
a second.

With these reduced angles, the sides of the triangles
are to be calculated, after having divided the error
equally among the three angles of each triangle, so that
the sum may be equal to 180 . The distances of the
vertices of the secondary triangles from the meridian and
its perpendicular, may then be calculated, if necessary ;
•or their latitudes .and longitudes immediately deter-
mined. Then, by means of the distances, or of these"
latitudes and longitudes, the vertices of; all the triangles
may be laid down on paper, and the minutes of the
figure taken on the ground v/[{\i the plane-table, trans-
ferred to the same plan. If (he latitudes and longitudes
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are to be used for this purpose, the first step is to trace
the meridians and parallels of latitude on the map ; but
should it be intended to use the distances from the
meridian and its perpendicular, this meridian and per-
pendicular \vitb their parallels must be drawu.

Description and Use of the Repeating Circle.

TUE description and use of the repeating circle con-
tained in the Memorial Topographique et Militaire,
wot appearing so perspicuous as could be wished, on
account of its brevity and the want of a figure, it has
been thought proper to extract the following from the
second edition of Blot's Astronomie Physique. The
repeating circle niay be substituted alone for the mural
quadrant and transit instrument, which it replaces with
indefinite accuracy ; it requires very small corrections,
and may be conveniently transported from place to place,
on account of its moderate size ; finally, its great uti-
lity is not limited to astronomy only, but extends to
geodesic operations, topography, and to an infinity of
physical researches of all kinds, into which it carries an
unhoped-for precision.

The essential part of this instrument consists in a cir-
cular and vertical limb ZAP flg. 2. which may be
turned about the vertical line C P clrawir through its
centre, and also, about a horizontal axis, passing through,
the same centre. A telescope, O C L, furnished with
a micrometer and a Vernier, turns about the centre С and
may be successively passed overal l points of the limb.
The whole instrument is represented by flg. l. And
in order to comprehend its use, let us return to flg. 2,
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Let S be a distant and fixed object, the zenith distance
of which isto be measured ; or let us suppose S to be
a star. For though the heavenly bodies change their
places every instant on account of (he diurnal motion,
the effects of this change, during the interval of the ob-
servations, may be calculated and taken into the ac-
count; which brings the question to the same state as
if we had only to observe fixed points. This being pre-
mised, the operation is as follows :—First, the vernier
of the telescope must be fixed at the point zero of the
division ; the limb is then to be brought into the vertical
plane of the heavenly body, by means of the azimuthal
motion, and turned vertically about its centre, until the
point S answers to the centre of the wires ; this is re-
presented by Jig. 2. Now conceive a plumb ljue C P
to pass through the centre of the limb ; its direction pro-
duced will determine the zenith Z ; and the arc A Z read
upon the limb, will be the zenith distance. But the use
of this line and the reading of the arc may be avoided
in the following manner : —

Things being disposed as above described, an azimu-
thal motion is to be given to the limb about 'the теги-
cal line which passes through its centre, until it has made
half a revolution, and is thus brought again into the
vertical plane of the heavenly body, see Jig. 3. In
this movement, the point Z of the limb has not changed,
only, if the limb at first faced the east, it now faces the
west, and, as the telescope is fixed to the limb, it follows
that its actual direction LAC makes still the same angle
with the vertical line ; this telescope being loosened and
directed to the heavenly body by making it revolve on
the limb, its new direction C A' S will answer to another
point upon the limb, as A' ; and, since the heavenly body
is supposed stationary, the arc A' Z will be exactly equal
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to the arc A Z or the zenith distance. The total arc
A A', which the telescope has passed over, is therefore
the double of that distance. ,Tlius; b'y reading this arc,
which is indicated by the vernier upon the division of
the limb, and taking its hulf, -we shall have the zenith
distance without it being at all necessary to know the
point Z, and consequently, without having any occasion
for the plumb line.

This supposes, indeed, that the limb, in passing from
the first observation to the second, has turned precisely
about the vertical line, so that each of its points re*
mains exactly at the same height above the horizontal
plane. In order to ascertain this, a very sensible spirit
level is fixed to the back of the limb, and parallel to its
plane, which must be rendered horizontal in the first po-
sition of the circle, in •which the limb is supposed to
face the east,* then if the -point Z of the limb is a little
displaced by the motion when the limb is brought to face
the west, it will be seen by the level which is displaced
with it, as the bubble will not correspond any longer to
the same points of the division of the tube. In this
case íhe limb is to be brought to such a position as will
bring the bubble within its former limits ; thus, without
knowing the point Z, we are assured that it has returned

* For this purpose there is a division drawn by'the artist upon
the tube of the level, or parallel to its length. The zero of this di-
vision is placed at the middle of the tube. For rectifying the level,
its inclination is made to vary until the extremities of the bubble
answer to divisions equally distant from the point zero. Rigor-
ously, in observations with the circle, it is sufficient to place the
bubble between the same physical points of the tube, in each pair
of observations ; and it is not at all necessary that its middle should
correspond to the zero of the division.

VOL. 1. С
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to the same vertical plane. There are, in all circles,
repelling screws by which the limb is made to move by
insensible degrees, and the level rectified.

After a double zenith distance is thus found, a qua-
druple distance may be obtained in the following manner :
•without touching the telescope, the instrument is to be
returned, and the l imb brought to face the east, as it did
at first. The telescope then takes the direction of C A' L,

ßg. 4. If it were brought back towards the heavenly
body, the limb remaining fixed, it would arrive at the
point A, from which it was first moved, and the arc
which it had passed over would be destroyed. Instead
of this, it- is left fixed in A', but the limb must be turned
vertically about its centre, uni il the heavenly body re-ap-
pears in the telescope at the centre of the wires. Then
the point A' is directed towards this body, and the point
of departure descends to A,ßg. 5. This being done,
we find ourselves exactly in the same circumstances as at
the commencement of the first operation, Jig. 2 ; except
that the point of departure is A', that is to say, the end
of the first are .passnd ovei*. By setting off from this
point, and operating the same as before, we may make
a new double observation, whicli will bring the telescope
to A"; and as the arc A' A" will be equal to A A', the
total 'arc A A' A" will be the quadruple of the zenith
distance ; by dividing it by four we shall have tho single
distance.

Having the quadruple distance, the sextuple may be

* By thus moving the limb in the third observation, the level which
is attached to it and follows its motion ceases to be horizontal ; but
the observer, after loosening it, renders it again horizontal, and fixes
it in that position by its repelling screws; the same must be done
after each even obiervation.
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obtained by the samp process : the limb must be turned
to the enst, into Us first position, and the point A" brought
towards the heavenly body, without moving the telescope.
Then the new point of departure will be A" ; a new dou-

ble observation w i l l bring the telescope to A'", and the
arc A A' A" A'" will be the sextuple arc. By dividing

it by six we shall obtain the single arc.
By continuing thus indefinitely, we shall obtain any

multiple of the zenith distance that we wisli ; and, if we

divide the total arc by the number of observations, we
shall have the simple zenith distance. In this manner,
the telescope may pass over several entire circumferences,
the number of which it will be proper to estimate. But in
order to avoid the trouble of reckoning them one by one,
it is sufficient to read the double arc once, so as to know
the simple distance ; and when the observations are ended,
it is easily seen what number of entire circumferences
must be added, so that the total arc, divided by the
number of observations, may agaiji give the simple dis-
tance, determined approximately by the first reading.

Let us now examine in what the advantage of this
mulliplication consists. There would not be any, if the

divisions marked upon the circle were mathematically
exact, and if the pointing of the observer was always
perfectly (rue ; for then a single observation would give
the zenith distance accurately. But .as these conditions
are impossible to be fulfi l led in practice, the repetition
of the angles supplies them by compensations.

First, as to the error of the divisions, we see that the
arcs measured follow each other without interruption
гфоп the limb, so that the-point of the limb, which is,
the end of one observation, becomes the beginning of the
next. Thus the sum of the observations, that is to say,

the total arc passed over, will not contain any interme-
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diate error, but solely the two errors of the extreme
readings. Now these errors are diminished) as the in-
dices of the circle carry four verniers, which are read
separately, and the mean of which indicates the com-
mencement and end of the total arc with a great proba-
bility of precision. Finally, the small error, which may
still remain in the extreme readings, notwithstanding
these precautions, extends to Ihis total arc, which, as the
reader has seen, is to be divided by the number of ob-
servations ; wherefore the error, which is attenuated by
this division, scarcely nffects the simple arc passed over
in a single observation ; at least, if we suppose a suffi,-
cient number of observations. The errors of the divi-
sions are therefore decreased in the repeating circle by
the repetition itself, and the compensation which takes
place between them is not only probable, but certain.

In order to understand how far this compensation may
be carried, it is necessary to know that in our circle»,
which are about sixteen inches in diameter, the error of
the divisions can not certainly amount to fifteen sexagesi-
mal seconds. It will therefore be reduced to half a se-
cond at most, after thirty observations ; what does it be-
come then after eighty or one hundred ? What does it
become if, as may be done, and as frequently has been
done, the series of observations for several days is conti-
nued upon the limb, without interruption, so that the
two errors of the extreme readings only are divided upon
a total arc which coutixins several thousand times the sim-
ple arc ?

The error of the divisions is therefore as nothing in ob-
servations made with the circle. It is impossible that it
«hould be so rigorously destroyed in the largest instru-
ments, if they are not repeaters. The dexterity of the
artist can never equal a mathematical process.
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But there are other errors, which, in the use of the
circle, are destroyed on the principle of probabilities,
and which remain in other instruments. Such are the
errors of the level, which, already very small in the
first circles that were constructed, are still less in our
actual circles, in which the level gives immediately the
fractions of a second. Such are also the errors of the
pointing, which not only prove very small, when the
observations are carefully made, but are destroyed, like
those of the level, by their fortuitous compensations in
several thousand observations. Besides, large instru-
ments, such as the mural quadrant for instance, are
equally subject to these errors ; for the use of this in-
strument does not remove the possibility of an error in
directing.the sight, and the plumb line points out the
error of the level. But here, the small number of obser-
vations does not permit us to hope for a compensation so
exact as with the circle. If we suppose the accuracy of
the mean results to have a ratio compounded of the num-
ber of observations, and of the length of the radius of
the instrument, a hundred observations, made with a cir-
cle of eight inches radius, would be equivalent to a single
observation made with a mural quadrant of sixty^six feet
radius. Where can similar instruments be found, and
especially how can they be used for observations which
require travelling ?

After having explained, in general, the mechanism of
the repetition and its advantages, it is necessary to enter
into some details upon the particular verifications which
the repeating circle requires before being used for obser-
vations.

First, the limb ought to be exactly vertical, and to re-
main in that position during the observation ; had it de^
viated from it, the observer must rectify it. For this
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purpose, a small spirit level is placed behind the limb,
perpendicularly io its plane, which is attached (o the
horizontal axis about -which the circle turns, see fig. G.
Thus the limb is vertical when the level is horizontal.
Now, there .is in repeating circles a repelling screw, by
which the~ limb may be moved and rendered vertical,
when the level shows that it has departed from that posi-
tion.

With respect to this level, it is horizontal when the
extremities of the air bubble which it contains terminate
at two fixed lines drawn by the artist for that purpose.
But it is.useful to know how, in case of need, we may
supply this requisite.

In fact, even supposing that the artist has perfectly
regulated this level, it may happen to be derailed in its
mounting-, and will thus cease to be perpendicular to the
limb ; for which reason the observer must verify it, before
he commences the observations : to do this, he fixes upon
the limb two pincers P and Q, on which two extremely
fine points a redrawn, and placed at equal distances from the
plane of the limb, to which the pincers are applied. Artists
have very simple and accurate means of fulfilling this
condition. At one of these points, the most elevated,
the observer suspends a plumb line, and moves the limb
until this line strike exactly against the other point. Then,
the limb is vertical, since, by the construction, the ver-
tical line, drav n through the two points P and Q, is pa-
rallel to its plane. This being done, the observer uses
the repelling screws of the small level in order to make it
perfectly horizontal, and its variations will indicate after-
wards whether the limb has departed from its vertical po-
sition. Nay, the sensibility of the level renders the use
of it preferable for this purpose to that of the plumb line
and particularly as it is much more convenient.
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If it be wished also to verify the pincers themselves,
nothing will be more easy. The small level being recti-
fied, that is to say, rendered horizontal, turn the limb
vertically, so that the pincer which was at the lop comes
to ihe bottom, and that the other which was at the bottom
comes to the top. Then, suspend the plumb line afresh ;
and if it strike exactly as before iipon (he points P and Q,
the limb is vertical, and the pincers are well regulated.
•li the contrary case, the deviation of the plumb line will
be double of the error of parallellism. For let, for exam-
ple, L L, fig. 8. be the direction of the limb in its first
position, the vertical line P Q making with it a cerlaia
angle by the error of the pincers. In the turning of the
limb, each of the points P and Q describes the circum-
ference of a circle about the axis of rotation A C' C,
which is perpendicular to the limb. The line P Q there-
fore describes, about this axis, a conical surface, of which
the angle at the centre is P C' P', or Q' C' Q, P' and Q'
denoting the new positions of the points P and Q after the
limb has been turned ; if from the point C', C' L' be
drawn parallel to the limb, this line, which remains fixed
during the rotation, will divide the angle Q' C' P into
two halves, each of which will be equal to the angle
L' C' P, formed by the line P Q and the limb. Now,
when we suspend afresh the plumb line at Q', the quan-
tity Q" Q' P', by which it deviates from the line P' Q',
will be equal to the angle at the centre Q'C'P: this
deviation will consequently be double the error of paral-
lelism.

If an error of this kind should be perceived, it muet
- be corrected ; for this purpose, there should be, upon
the pincers, repelling screws, by which the points P and
Q may be moved as required. These points may there-
fore be moved so as to,destroy half the observed devia-
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tion, and with the pincers, thus regulated, the limb is
restored to its vertical position. But as it is very difficult
to make this bisection exactly the first time, when we have
ascertained the vertical position of the limb very nearly,
by means of the rectified pincers, we avail ourselves of
this approximative verticality for rectifying afresh the
pincers, and by proceeding thus for a series of succes-
sive trials and corrections, the regulation will soon, be
completely effected. The small level perpendicular to
the limb will then indicate if the verticality be preserved.
We may even, by repeating these trials on different
points of the limb, ascertain that the axis of rotation is ex-
actly perpendicular to it ; for if it were not, the positions
of the plumb line would not agree on all the different
radii of the circle.*

In order to appreciate the.error arising from a small defect in the
vertically, let the plane of the limb be produced to the celestial
sphere, and the intersection will be a great circle,"as II Z'H, fig. 7.
The most elevated point of this circle Z', will be the false zenith,
indicated by the instrument, and the line Z' O, drawn from the cen-
tre of the limb to this point, will be the apparent •vertical, about
which the zenith distances are measured on the limb. Now let O Z
be the true vertical,.in which case the angle Z' O Z will be the in-
clination of the plane of the limb to it; and call this angle I. This
being premised, if from the point O, the visual ray O S be drawn
to any star, the true zenith distance will be the angle Z O S, which
denote by Z. But the false distance, measured upon the limb, will
beZ'OS, which call Z'. The three sides Z Z', Z S, Z'S, will form
a spherical triangle, right angled at Z', and in which we shall have—

cos. Z = cos. Z' cos. I;
from this Z may be found, Z' being known. But the calculation must
be made with minute accuracy, on account of the factor, cos. I. which
differs very little from unity, since the inclination I. which may re-
main after the preceding verifications, is necessarily very small.
Hence it is more simple to find the difference of the angle» Z and
Z1 approximately. In order to accomplish this, for the cos. I, let its
Yalue 1— 2sin.' $1. be substituted, and we shall have

cos. Z' — cos. Z = 2 cos Z', sin.» i \.
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Rigorously, we might be satisfied with these precau-
tions relative to the verticality, for, if we should find it
deranged in an observation, the repelling screws of the
instrument would be sufficient to re-establish it, accord-
ing to the indication of the perpendicular lerei. But
as this operation takes a little time, it is proper that it
should be required as seldom as possible. Now, \ve
should be forced to make it at each observation after
turning the circle, if the column which supports the
latter were not exactly vertical. For, let L M flg. 9
ïepresent the limb, supposed vertical, in the first posi-
tion of the instrument when it faced to the east, and
AB the column inclined to the horizon : as the column

Now, cos.Z' — cos. Z = 2.3Ín.è(Z-i- Z'). sin. f (Z — Z'). Çubsti-
tuting this value in the preceding equation, we shall find

, „ cos Z'. sin.2 4L
sin. HZ — Z') = т-,y -,,,.-* ч ' bin. 4 (L -t- / )

that is the sine of the required difference, which will always be posi-
tive when Z' is less than a right angle. Consequently, w i t h i n tbis
limit, the true distance always exceeds 1he observed distance ; this
ought to take place, since Z is the hypothenuse of the triangle. As
the inclination I can never surpass afew minutes, the factor sin.2 i I,
which is contained in the numerator, -wj l l always be a very small
number, and the denominator sin. è (Z + Z') will be comparatively
very great, even for a zenith distance of 1°: So that, below this
term the difference of the arcs Z and Z' will be extremely small, and
then we may suppose Z = Z' in the second member, without appre-
hending any error; or, in other words, we may neglect the square of
Z — Z'. We shall therefore find definitively,

ï /*7 *7'Л sin. , A Ism. í (L — L ) == —T. »4 langt, il
In order to investigate the accuracy of this formula, the results that
it gives must Ъе compared with those obtained from the rigorous
formula, cos. Z = cos. Z', cos. I. Let it be supposed that I = 101,
and Z' = 1°, sexagesimal, It will be found that the two formulas
agree very nearly. The approximation diminishes nearer to the
zenith: and at last it ceases to be sufficiently accurate ; for example,
when Z' is nothing, it gives 21 —Z equal to infinity, instead of

ï. n
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is fixed while the limb is passing from the cast to the
west, (his last will take the direction L' M', which has
the same inclination as before with .regard to the column,
but which is no longer vertical ; wherefore it would be
requisite to rectify the limb at each observation, after
it has passed from one side to the other.

These inconveniences are avoided by rendering the
column vertical, and it is brought to this situation by
means of three screws adapted to the horizontal circle
upon which the column is raised, and which serves for
the base of the whole instrument.

These three screws denoted by V, V', V" in the
ßg, 10, are placed at equal intervals, so that the radii

Avhich the accurate formula then gives cos. Z = cos. I, or Z = I, that
is, all the error of verticality is transferred to the zenith distancé,
which in fact ought to be expected.

When the results have been obtained for any one inclination, as in
the present example where I = 10', and it is required to deduce from
them the results relative to any other inclination Г, it will be sut

I'*
ficient to multiply the first results by the ratio — for it is evident that

the values of sin. í (Z — Z') are to each other as the squares of the
sines of inclination when the zenith distances are equal; and as the
angles Z — Z'are very small, the arcs have also the same ratio.

Prom this we shall conclude, first, that the defect of verticality
must be attenuated as much as possible; secondly, that the observa-
tions should not be made very near the zenith, where the influence of
this defect upon the distances is most sensible, on account of the de-
nominator tang. Z'. This last inconvenience never exists with re-
spect to the polar star, by means of which latitudes are generally de-
termined. Its distance from the zenith is out of the limits where the
errors of verticality are considerable, at least, in all the habitable
countries where the observation may take place. Finally, should the
observations be made even at a few degrees distant from the zenith,
it will be proper to ascertain the inclination of the plane of the limb,
as exactly as possible, and to take it into the account by means of
the preceding formula, which will attenuate the error, and may evejj
render its influence altogether insensible,
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CV, CV', C V", drawn perpendicularly to the axis of
the column, make with each other angles equal to one
third of the circumference. The process consists in first
rendering one of these radii, CV for example, horizontal,
and then turning (he plane V V V" about CV consider-
ed as an axis, so as finally to render it perfectly, horizon-
tal in all directions. Then the axis С С', which by the
construction is perpendicular to the plane V V' V"
is necessarily vertical. *

To accomplish this we use the larger level, which
is adapted to the column of the circle, and which
serves to preserve the zenith in the revolving movements
of the instrument. The limb is to be directed into the
vertical plane of the screw V, and the level placed ho-
rizontally ; then an azimuthal motion is given to the
circle about the column С С', and it is causcd^o make half
a revolution, which brings the limb again into the vertical
plane of the screw V. But then the two ends of th*
level have changed their positions with respect to
that of the screw, the end which was south has be-
come the north, and that which was north has become
south ; and, since the rotation was made about the co-
lumn С С', the level has described a conical surface
about the line С С' as an axis. If this axis be vertical,
that surface becomes a horizontal plane, and the level
is not deranged ; but, if the column be inclined to the
horizon, the level can no longer be in a horizontal situa-
tion, and the inclination that produces its deviation from
it, is doubled by the revolving motion. The half of this
deviation is therefore corrected by turning the screw V
in a proper direction, that is, by raising or lowering
the point V, according to the indication of the level.
Then the other half of the correction is to be effected by
moving the leTel itself by means of its repelling screws,
until it is brought to the point of equality, in, which ú
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was placed at first. But, as we are not sure of having
made the bisection exactly, the operation is to be re-
commenced with the level thus corrected. If the revo-
lution then gives a difference, it is incomparably less,
and after a few trials it will at last be destroyed.

Then, the column Ç C' is in a vertical plane, perpendi-
cular to the radius C V. But this is still not sufficient, in
order that the column may be vertical ; for it may yet
incline toward V or V". In fact, by directing the limb,
in each of these azimuths successively, it will always be
found that it deviates in opposite ways, and by an equal
quantity. Thus, if one of the screws be raised and the
other depressed equally, the column ought to become
vertical and the level exact in all directions, without
it being necessary to touch it ; this is, in fact, what
takes place. But, as the screws are seldom raised and
depressed by exactly the same quantity, it follows that
the first radius C V may have deviated a little from its
horizontal position after these operations.

We therefore recommence, by beginning with this
radius, to re-establish the verticaJity of the axis. But this
time the corrections are incomparably less, and with
a little practice the axis may be rendered vertical by
two or three trials. Then the level remains horizontal,
in whatever azimuth the limb is directed. The opera-
tion which we have described is generally made before
all other verifications, because they are never so easy a»
when the axis is vertical ; however, as this operation
is not strictly necessary, I have not described it first.

When all the verifications are made, if we fix the
pincers on the limb, and suspend the plumb-line, it
should sinke upon the guiding points P and Q, in
•whatever azimuth it is placed, and, at the same time,
the large level .parallel and the small level perpendicn-



ON T O P O G R A P h Y . SI

lar to the limb ought to preserve their horizontal posi-
tions. This last verification embraces and confirms all
the others.

There only remains the optic axis of the telescope to
Ъс tendered parallel to the limb of the instrument,
•whijh is indispensable, in order that the arcs measured
on the latter may be equal to those described by the
former : this is done by means of a proof telescope, fig. 27,
which traverses two square pieces of brass, a, b, the
opposite faces of which are exactly parallel ; a fixed
wire is placed at the focus, which ought to be parallel
to these faces, and its proper direction is ascertained
by trials. For this purpose, the telescope is laid on an
even horizontal plane, and, after the observer has direct-
ed it to a distant object» he turns it over, and points
again to the same object ; if the wire answers to the
same point in this position as in the former, it is evident-
ly, parallel to the planes of the faces. This done, and
the proof telescope being ' applied to the circle, the
observer directs it toa distant object, and brings thö
vertical wire of the telescope of .the instrument to the
point where the object is cut by that of the proof teles-
cope. The optic axis is thus regulated : if there be no
proof telescope at hand, the azimuth circle, which serves
for the base of the column, and is generally divided
like the vertical circle, may be used. The following is
the process : direct the telescope upon a very distant
point, situated either in the horizon or very near it ; for
this, a. difference of ten or twelve degrees is not of any
consequence. Read upon the azimuthal circle the num-
ber of degrees and minutes which correspond to the index
jof the column, or, for greater accuracy, choose the point
of direction, so that the index may answer to an exact di-
vision, in order that you may know its position very
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nearly. The azimuth being correctly read, turn the co=
lumn half a circumference, so that the index, which at
first answered to the azimuth A, now answers to the azi-
muth A + 200° ;* and after it has been brought exactly
into this position, fix it by means of its pressing screw,
so as to render it invariable. By this operation, the ex-
tremities of the telescope have changed places ; loosen it,
and by sliding it upon the limb, bring it again to the point
of direction precisely as if you wished to take the zenith
distance of that point in an even observation. If the op-
tic axis of the telescope be parallel to the plane of the
limb, the point of direction ought to be found at the inter-
section, of the wires. But if this axis have the least incli-
nation, as it describes, by the revolution, a conical
surface about the central axis perpendicular to the
limb, the point of direction will no longer be found at
the aforesaid intersection. It will depart from it ei-
ther to the right or to the left. If the optic axis
really approach the limb on the side of the object glass,
the point of direction will appear to be removed from it.

On the contrary, should that extremity of the optic axis
recede from the limb, the point of direction, will ap-
pear to have approached it, because the telescopes re-
verse the objects ; and as the plane of the limb is always
in the same vertical plane, the apparent deviation of1 the
point of direction is double the error produced by the in-
clination of the optic axis. This is what is shown in jig.
II, in which А С В represents the vertical plane of the
limb, L' C O' the first direction of the telescope towards
the point O', which answers to the centre of the wires,

L" C O", the direction of the telescope after the revolu-
tion, and O' O" the deviation of the object O' by the

*JThe instrument being supposed to be divided into 400°,
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effect of the inclination of the optic axis upon the plane
of the limb, double the deviation O' lî which represents
the real effect of that inclination.*

W hen this error is to be measured, loosen the index
of the azimuthal circle, so that the column may be turn-
ed, and bring the intersection of the wires upon the point
of direction ; the angle passed over by the index upon
the a/imulhat circle will be equal to the angle О" С О',
and consequently double the error О" С В, supposing
the object to be in the horizon. If it be not, the angle
passed over upon the azimuthal circle will be the horizon-
tal projection of the real angle. The object has been

* Рог ascertaining the error that would result from a defect of paral-
lelism of the optic axis, conceive a visual ray to be drawn to the ob-
served object, and to pass through the optic axis of the telescope. The
arc between this ray and the vertical line will be the true zenith dis-
tance, or Z ; hut the apparent distance, or Z', as read upon the limb,
•will only be the projection of the preceding upon the plane of the
limb, by means of an arc of a circle, which measures the inclinatioa
of the opiic axis ; let I be this inclination ; then the arcs Z, Z', and
I, will be the three sides of a right-angled spherical triangle, of
which 2 is the hypothenuse, and, consequently, in which we have

cos. Z = cos. Z' cos. I.
This equation is the same as has been found for the vertically ot

the limb; therefore the same approximation may be obtained from,
it, which will always be sufficient, viz.

c. . ,~ ,,,4 Sin s ilSm i (Z — Z ) = S—2 tang. Z'
This error for the optic axis is generally less than that for the vcrtj-

cality, as it is very easy to avoid an error of 1' in the former, and the
effect would be insensible in such zenith distances as it is customary
to observe with the repeating circle. It also appears, that this effect
tends to diminish the zenith distances, since the distance Z', read upon
the limb, is less than the real distance Z..

Should the optic axis have been badly regulated, or the objects ob-
served at too great a distance from it, the observations may always be
corrected by means of the preceding formula.
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chosen ia the horizon, that the operation might give that
measure at once.

But, instead of measuring the error, if it be wished to
correct it, move the micrometer to wards the point oi direc-
tion, until half the deviation be annihilated. If this bi-
section be made exactly, the optic axis will become pa»
rallel to the plane of the limb. But, as we are never cer-
tain of accomplishing this the first time, the verification
is to be recommenced with the optic axis so regulated ;
and by a few trials, the parallelism will be obtained, with,
all necessary accuracy.— ( See lhe preceding Note.)

I take this opportunity of remarking again, that the
accuracy of astronomical processes is always founded
upon a series of trials and successive approximations.—•
This is equally true for the results of astronomical calcu-
lations ; and the same principle, transferred to other
sciences, offers equally the surest means, I might say
almost the only means, of arriving at a great precision.

By means of the verifications which have been de-
scribed, the circle is completely regulated, and may
immediately be used in observations. All these verifica«
tions arc much longer to explain than perform by those
accustomed to the use of the circle.

The repeating circle is not only useful in astronomical
observations, it also serves in geodesic operations and in
taking plans, for measuring the angles of position com-
prised between the objects. In order to render it more
proper for this purpose, a second telescope is substituted
for the larger level, moveable about the centre of the cir-
cle like the first, but placed on the oi her side of the limb;
lhe limb is to be loosened and brought into the plane of
the two objects of which the angle is required to be mea-
sured ; for which purpose, there are repelling screws in all
circles. In jig. 12, let S' S" be these two objects, and
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С the centre of the circle. After bringing the upper tele-
scope L' to the point zero of the division of the circle,
fix it there, and, without deranging it, turn the limb un-
til the point of the object S', upon which the visual ray is
to be directed, is found at the centre of the wires. Then
direct the lower telescope L" upon the object to the left,
which is here S", and the optic axes of the two telescopes
•will comprise between them the angle S' C S", which is
that of the two objects. But as the point A', which an-
swers to the second telescope, is not marked upon the
limb, that angle cannot be read. This is supplied by dou-
bling it, as is done to avoid reading off the plumb line in
vertical observations. /Without touching the telescopes,
turn the limb, so that <he lower telescope, which was di-
rected upon the object to the left, be now directed to that
on the right. Then the upper telescope will take the
direction С L',jtëg. 13, loosen it, the other remaining
fixed, and bring it upon the object to the left, which will
give it the position С A" S", fig. 14. In this movement
it has evidently described the angle А С A", exactly dou-
ble the angle comprised between the two objects. Thus
half the arc marked by the vernier of the upper telescope,
will give the required angle.*

* It is here supposed that the limb is divided from right to left, as
inßg. Ч. Then, by operating as directed, the upper telescope C L-
moves according to the order of the divisions. But if the circle be
divided from left to right, the arc thus passed over is what the arc in-
dicated by the vernier wants to be equal to the whole number of de-
grees marked upon the limb. In this case, it would be a little more
convenient to direct the upper telescope to the object on the left, and
the lower telescope upon that on the right, which afterwards requires
the circle to be turned from L' towards U',ßg. 12. in the contrary direc-
tion to that which we have supposed. At all events, in whatever man-
ner we operate, there is not any difficulty in valuing the arcs,

VOL. I. E
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Jf you now wish to have the quadruple angle, leave the
telescopes fixed ; and, after turning the limb until the
upper telescope is brought upon the object to the rightS',
loosen the lower telescope, and bring it upon the object to
the left, S", Jig. 15 ; then the circumstances are exact-
ly the same as in the first observation ; only the point of
departure of the upper telescope upon the limb is not
at A but at A" ; that is to say, at the extremity of the
double arc passed over in the first pair . of observa-
tions. Thus, by operating again in the same manner
as before, a new double arc will be added to the for-
mer, and if the observations be thus continued, any mul-
tiple of the angle will be obtained that may be wished.
When it is thought, from the number of observations,
that a sufficient accuracy has been obtained, the ver-
niers are to be read, and, by dividing the total arc by
the number of observations, we shall have the single
arc. This proceeding evidently possesses all the ad-
vantages arising from the repetition that have been ob-
served with regard io vertical angles.*

See now the precautions and verifications which it re-
quires.

The first is to render the optic axes of,the telescopes

* We find in the Memorial Topographique et Militaire, the fol-
lowing specimen of calculation for angles between terrestrial objects.

Example.
That is called the first index which is on the right of the eye-glass

cf the telescope, and » hich usually carries the repelling screw. The
second, in following the order of the divisions, will be that which is
towards the object glass of the upper telescope. The third is opposite
the first, and the fourth to the second.

Suppose that the first iudes being fixed at sero, the three others
mark the following numbers, the instrument being divided into 400
dtgrees.



ON TOPOGRAPHY. S7

parallelto the plane of the limb : nothing is щоге easy.
The process, with regard to the upper telescope has
been explained : when this is regulated, we direct it
to a distant object, and bring the axis of the other tele»
scope to the same point. The optic axes of the télescopée
are then parallelto each other; they are therefore both
parallel to the plane of the limb, since one of themлгав
before brought into that situation, ;

Though the repeating circle has all the advantages
which we have explained, it ought not to be dissem-
bled, that some defects of execution on the part of the
artist might destroy all its accuracy ; and this is so much
the more important to consider, as the defects in ques-
tion are very easily discovered; as it is very èas ,̂
when we foresee them, to elude their influence ; ap4 .&•

1st 2nd 3rd 4th
0.° 000 100° 046 199° 988 299.° 909

the sum of which, by rejecting the units, is — o.° 003 ; and thjrt vre
have observed.

Mul/iple angles. -A or single angle*.
2 A
•4 A
6 \
8 A

16 A
18 A

24 A

2.1. A

90 c

181
272
363

545
635
7°6
817

099
1090.

1000.

) 84° ..... ...
C84 .
527 . - ...
479
225
073 - -

9°1 • .
772 . .
618 .. ...

32 „ ...
1644
21Й/ . 666—. 003

154 Г 4

136 7

1C575

45.°

......45.

..' '..45.

.....45.

45

45.

45.

45.

45.

45.

45.°

4SI

421

421166

432375
4225

42275

422Q8

42325

42322
4235

4,93636

4ЭД5Т9
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nally, as, without proper precautions, we should be ex-
posed to great errors, of which nothing may warn us.

From what has been said at the beginning of this chap»
tet,' upon the construction of the repeating circle, it is
evident that ,thc only defects in it which we have to
fear are those which may oppose the principle of the
repetition, by producing a constant error at each obser-
vation. In fact, a similar error, accumulating with the
number of observations, and not being susceptible of

Having taken the sum of the numbers marked by the four
•indexes, and rejected the units, the angles given by .the successive
observations are to be written in a column, reading only one index
at each observation ; from these multiple angles the single angle shall
Ъе determined, which will also serve to show the terms of the series,
a|id to make known if any error has been committed in the ob-
servation. When ten or twelve double angles have been taken, the
error from the division will be sufficiently attenuated, and the four
indexes are then to be read; the numbers they give, omitting the
•units, are to be written one under another, and iheir sum taken,
•which in the example before us is 0.666, from which 0.003 is
to be subtracted, that is to say, the sum of the errors given by
the indeies when the jjist is at the nought of the division. The
fourth of this difference is the decimal part of the number of degrees
given> by. the last .observation, Thus, .in the above example, 0. 666
— 0,003= 0.663, the fourth of which = Q. 165T5 ; dividing by 24,
gives the single angle — 45.° 423579.

We might, strickJy speaking, dispense with reading all the ob-
served angles, and read only the last; but, if we have time, it will be
preferable to reiid them all, in order to know the terms of the se-
ries, as has been said, and be able to retake them in case of an error.

It is always proper to read the numbers marked by the four in-
dexes prior to commencing the operation for measuring an angle,
as they may mark different numbers at different times ; and this
may happen from a slight eccentricity of the indexes, occasioned
by conveying the instrument from one place to another, or even
by the different expansion of the brass rulers which connect the
indexes.
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compensation, since we always suppose the instrument of
an invariable form, would necessarily be found entire
in the mean zenith distance, which, in this respect, would
not be more exact than that derived from a single
observation.

Of this kind are the errors due to the inclination of the
optical axis and to a defect in the vertically of the
plane of the limb. We have given the methods of mea-
suring and destroying those errors, or of attenuating
them sufficiency to render their influence absolutely in-
sensible. But there may be still other causes of constant
errors in circles, to which we have not yet attended.
The first is the error of centrage. It lakes place, if the
upper telescope, in turning about the centre of the
limb, can play about the axis which supports it in or-
der to investigate the errors in the zenith distances \\hich
\vould result from this cause, let us commence with the
first position of the telescope at the beginning of the
observations, which is represented by O C' A,jÇ^. IG;
then the ring M N, pierced at the centre of the index
which carries the telescope, has descended by its weight
upon the axis C' M, about which the telescope turns ;
and the ring touches the axis in M, at its most elevated
point. Things remain the same in the second position of
the telescope after turning the circle, in order to pass
to the even observation^/tg. 17 and 18. Only the point
of contact of the ring has passed from M to N, upon
the opposite part of its circumference. Consequently,
the arc A Z A 1 passed over by the index upon the limb,

Jig. 18, is greater than the true angle a C' a', and the dif-
ference is equal to Aa + A'a' or 2 A a. But a contrary error,
and more considerable, takes place in passing from the se-
eond observation to the third. Jn fact, at the end of the se-
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cond, (be telescope has the position O C' Á.', fig. 18. In
the revolving movement of the circle, the telescope takes
the direction О С' A', ßg. 19. It preserves <he same in-
clination to the horizon; the point of contact N remains
the same, and the point A' likewise. But, when the
limb is afterwards turned vertically about its centre C',
in orderte Ьгш£ the telescope again towards the heavenly
body, :iucl io give it the direction О С' A", as in ßg. 20,
the point of contact of the ring, upon the central axis, is
no longer at the same point N. The telescope falls by its
weight, and the contact returns to the side of M, in the
opposite part of the circumference. This movement
causes the point A' to approach A, because the eye-glass,
denoted by О in f ho figure, is fixed by means of Us
pressing screw. The telescope therefore turns about the
point О as a centre. The object glass, in descending,
returns upon the limb by a quantity A'A", quadruple
of A'a' ; and, as the double arc concluded from the first
pair of observations was too great by 2 A a, the quadru-
ple arc concluded from the two consecutive pairs, is too
small by the same quantity. It is clear that the same
effect will always be produced upon each pair, and that
for equal zenith distances, it will always be in the same
direction by the same quantity, since the ring ofthe in-
dex and the central axis are both circular. This is
therefore a cause which will always tend to dimmish the
measure of the zenith distances. It is so much the more to
be feared, as the radius of the ring and that of the axis are
generally very small, so that even the least play between
them considerably increases when transferred to the limb.
It is therefore ofthe utmost importance that the juxtapo-
sition of these two pieces should be observed with ex-
treme care, and for this purpose, the axis of steel, which
carries the index, should be sufficiently produced, that
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tbe artist may adapt it exactly to the ring. Unfortu-
nately, it appears that sufficient attention has not yet
been paid to Ibis, except in the last circles that have
been constructed.

Another effect, absolutely similar to this, is produced,
if the pressing screw, designed to fix the index upon the
liroh, has not sufficient power to retain it invariable ; for,
in passing from the second observation to the third, or,
in general, from an even to an odd one, the telescope
might slide by its weight, in consequence of the motion
which is given to the limb ; and then the point A' is
also displaced in one direction or the other, so as cither
to augment or diminish the zenith distances. This dis-
placement will only have an influence in the passage from
odd to even observations, in which the fixity of the te-
lescope upon the limb is indispensably requisite.

Finally, an effect of the same kind is also produced
if the repelling screw which moves the telescope upon
the limb has the least play in its nut or its collar. For,
without entering here into too minute details on the con-
struction, this screw may be considered as intended also
to retain the telescope fixed in passing from even to odd
observations. If the screw be too loose in its nut, the
telescope which it moves might absolutely take the
same movements as the screw ; now, as the telescope is
necessarily reversed in passing from even to odd obser-
vations, the repelling screw, which is connected with it,
takes also opposite positions, as is shown in ßgs. 18 and
20, in which this screw is denoted by V. Consequently,.
if it have any play in the nut which retains it, there will
Leone of these two positions in which the telescope will
no longer be properly supported. Thus it will turn in
the direction in which it is drawn by graviiy, that is,
lhe point A' will descend if the end which carries the
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object glass be heavier than that where the eye-glass U
fixed ; should it be the contrary, it will rise : in the first
case, the zenith distance given by the first pair of obser-
vations, will be diminished j in the second case, it will
be increased.

In vain might we wish to guard against these errors by
reading with care the verniers in the two opposite po-
sitions of the telescope, as they could not be thus per-
ceived unless they are enormous. Fortunately,they may
all be corrected by a very simple means ; this is, by
observing the zenith distances of stars to the north and
south of the zenith ; for, if the circle give the distances
too great or too little, the sum of these distances will
also be too great or too little by a double quantity.
Now this sum is the difference of the polar distances of
the observed stars ; thus, by taking this difference in
very exact catalogues of the stars, it will be seen if the
circle has any error, and in what direction the error lies.
Unfortunately, we only know perfectly at present the
polar distances of those stars of which the two passages
can be observed. There is much uncertainty respecting
the others, and it would be a work of the greatest utility
to determine the declination of the most brilliant of them
exactly, by means of their meridian altitudes observed
with the repeating circle, in a place such as Paris, the
latitude of which has been exactly determined by a mul«
titude of passages of circumpolar stars. However, with-
out waiting for the execution of such a work, we may still
supply the knowledge of the polar distances, when we
do not want an absolute latitude, but only the difference
of latitude o f the two extremities of an observed arc, as ge-
nerally happens in geodesic operations, which are those in
which the greatest accuracy is required. Itis then suffici-
ent to repeat at these two extremities the observations of
the zenith distances of the same stars to the north and south
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of the zenith. The sum of these opposite distances is to

be taken for each station, in order to have the measures

of the same celestial arcs. Then, if any difference be

found, its half must be added to the distances observed

in the station where the sum of the distances is the least.

By this means the error of the circle will be the same at

the two stations, and the difference of latitude will be

correct. But the absolute latitude might have an error

of the whole quantity corresponding to the absolute

error of the circle.*

* Let N be the true zenith distance of a star situated to the north
of the zenith, in the most northerly station. Let S be the true zenith,
distance of a star situated to the south, and observed at the same
station. Call N' and S' the analogous quantities for the most
southern station. These would be the quantities observed if the
circle had not any error. Then the difference of latitude would be
№—N, orS —S'; and the celestial arcA = N + S; A' = N'+S',
would be the same in both stations, so that we should find A=:A'.
It will not be the same if the circle l}ave had a constant error e in the
first station, and the error e in the second. For then the observed
zenith distances would be N + e, S+e; N'+e', S' + e', and when
these are combined in order to find the difference of latitude, we shall
have, for the northern stars, N'—N + e' —e; for the southern stars,
S — S' + e —e'. The errors affect these results in contrary ways,

hence, they disappear by adding, and their half sum —~ + "~ -

will give the true difference of latitude, notwithstanding the constant
errors at each station.

But if it be wished to value the difference of these errors, that is,
the quantity which lhe constant error of the circle has changed, by
transporting this instrument from one station to the other, nothing
is more easy ; for, by taking, at each station, the sum of the zenith,
distances, in order to obtain the celestial arc, we shall have

' in the first, A=N+S-(-2e,
in the second, A' — N'+ S' + 2 e' ;

and as N' — N is equal to S— S' if these two equations he subtracted
the one from the other, there will be found,

A A *

A—A's2e — 2 e', consequently e — e's:

VOL. I. f
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It appears evident that the causes of the errors above
explained have produced the small differences which
have sometimes been remarked between the absolute
latitudes observed at the same point with different cir-
cles, or by different observers, although the particular
results agreed with each other. The corresponding ob-
servations at the north and south would bave corrected
the effect of these differences, if that means had been
thought of sooner ; it appears indispensable to employ
it henceforth whenever the greatest possible accuracy
is required.

In order to complete (his chnpler, ï conceive it will
be useful 1o explain accurately lhe theory of air
levels ; as many readf rs may not have very precise ideas
respecting these instruments, though they are very fre-
quently used in astronomy and physics.

We generally call a tube of glass closed at both ends,
and partly filled with a liquid, as water, alcohol, or
ether, an air level. The space which is not filled with
the liquid is occupied by air, or at least by the vapour
of the liquid ; and as this, by virtue of its gravity, al-
ways tends to occupy the lowest part of the tube, and
to preserve a horizontal surface, it results from it that
the bubble of air is thus displaced, and ascends to the
top of the tube. Consequently, its movements indicate
the variations in the inclination of the plane upou which
the level is placed.

Let us first examine the case in which the bubble of

that is the difference of the errors. Add this to the zenith distances,
N'+ e', S' + e', observed at the second station, they become N' -f e,
S' + e. They will therefore then be comparable to the observed dis-
tances in the first station, arid, by combining them, we shall have
N' — N, or S — S', for the true difference of the latitudes.
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air is so small, that it may be considered as a point.
If the interior of the tube were perfectly cylindrical,
there could be, strictly speaking, only one single posi-
tion of the level in which the bubble would remain sta-
tionary in the middle of the tube ; this would be the
bomontal position; the Inast inclination would displace
the bubble, and carry it wholly to one of lhe extremi-
ties. It is therefore necessary, in order fo avoi:l this
inconvenience, that the interior of the tube should be
slightly arched ; then the bubble wil l take such a posi-
tion as will cause its middle io answer to the point where
the tangent of the interior curve of the tube is horizon-
tal. If the inclination change, the bubble is displaced,
and is carried to that point of the tube which has be-
come the most elevated ; that is, where the tangent has
become parallel to the horizon.

Among all the curvatures that may be given to the
tube, the most advantageous is that of the circle, be-
cause the displacement of the bubble then immediately
measures upon the tube the variations of inclination.
In fact, let NS,^?g. 21, be an indefinite arc of a circle
which represents the longitudinal section of the level.
Let С be the centre of the arc, and С A a radius directed
according to the vertical line ; in this position of (he
level, the bubble of air, which we still suppose to be
extremely small, will be placed at A. But if the in-
clination changes, the radius С A wi l l be inclined, as in

Jig. 22, and another radius, such as С A', will become
vertical ; at the same time the bubble wi l l be displaced
and carried to the point A'. The arc A A', which it des-
cribes upon the level, is the measure of the angle А С А',
or of the change of inclination.

In all this it is supposed that the level is only a cir-
cular physical line. This is not possible in practice ;
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but the advantages of the circular ligure may still be
preserved by considering the interior surface of the level
as a ring generated by the circle D D', fig. 22, the centre
of which moves upon the circular direction NS. Such
a surface evidently preserves all the properties of the
system which we have considered. As to the manner of
giving this curvature to tubes, it consists in wearing out
their interior surfaces by friction, with metallic rods
which are successively introduced at both ends, until it
is found, after numerous trials, that the motion of the
air bubble agrees exactly with the changes of inclination.
Jn order to see when this condition is fulfilled, the level
is placed on an inclined plane of a determinate length,
the inclination of which may be rendered variable by

means of a vertical screw, the distance of whose threads
is known. The head of the screw supports a dial plate
divided into equal parts, and an index like the screw of
a micrometer. In turning the screw a known quantity,
it is easy, according to the preceding data, to calculate
the resulting variations in the inclination of the plane,

and it is then seen if the motion of the bubble iu the
tube is exactly conformable to them. To do this we
commence by drawing upon the glass tube equal divi-
sions through its whole length.*

For example, by submitting to this proof a level con-
structed by Fortin, for observations of the latitude at
Dunkirk, it was found that the air bubble passed over
three millimetres (about .118 of an English inch) upon
the tube, for a change of one sexagesimal second in the

* The practical explanation of these proceedings is found in a very
good memoir of M. de Chezy, vipon the construction of levels, in-
serted in the memoirs of the Academy of Sciences and learned Fo
'cigners.
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inclination, and it preserved this motion with perfect
regularity through the whole extent of the divisions.
This result may also be verified in a more exact man-
ner when the level is adapted to a repeating circle, by
observing a distant object. To accomplish this, place
the limb in a vertical position, and direct one of the feet
of the circle in the azimuth of the object ; bring the up-
per telescope to zero, and turn the limb until the object
comes to the centre of the wires ; then place the great
level so that the bubble may rest very near one of its ex-
tremities. This done, without touching the telescope,
turn the level and the limb together in their vertical
plane, by means of the repelling screws, until the bubble is
brought to the other extremity of the tube, so that it thus
passes over a great number of divisions ; then the object
no longer answers to the centre of the wires, and in
order to replace it, the telescope must be moved on the
limb. The arc which the telescope thus describes being
read, the change of inclination corresponding with the
number of divisions that the bubble has passed over will
be known ; and, consequently, by dividing this inclina-

tion by that number, we shall have the value of each of
them.

•The arc passed over in an observation of this kind
being always very small, a single observation will not
give it with sufficient accuracy, because of the errors
that may be committed in reading the verniers ; but the
principle of repetition may be applied here. In facf,
the first observation being made, and the telescope
brought again upon the object, displace the great level,
and bring the bubble to the other extremity of the tube j
then, without touching the telescope, turn the l imb ver-
tically, until the bubble return to the opposite extre-
mity ; aod as this movement will displace the object,
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bring it again to the centre of the wires, by moving the
telescope; by iliis means, the telescope will describe a
new arc, which, being added to lhe former that it had
passed over, circumstances will be precisely the sameasat
the time of the first observation ; wherefore the same
operation may be repeated, and even a third or fourth
observation made, so that the total arc passed over may
be large enough to allow the errors of the extreme
readings to be a very small aliquot part of it. This
arc, corresponding to 1000 or 1200 parts of the level,
will give, by the division, the value of one of them
wilh extreme precision. This proof is so much the
more necessary, as it indicates the value of the divisions
on the level when it is in its place, which value may
not be the same as when the level was free and simply
placed upon an inclined plane. For the mountings, in
which the level is generally set, may bend it and change
its curvature, especially if it has a considerable radius,
as in that used at Dunkirk, the radius of which was
619 metres, or about 677 English yards.*

In all the preceding explanations, it has been sup-
posed that the air bubble was sufficiently small to be
regarded as a point. This consideration was useful for
simplifying the reasoning, but it is properly avoided
in practice ; for experience shows that a bubble so
small moves with great slowness, and that the least
obstacle, the least irregularity in the tube is sufficient to

* This appears from the motion of the bubble in the level. Upon
this an arc of one sexagesimal second is expressed by three milli-
metres; now, it is known from trigonometrical calculations, that the
radius expressed in terms of the arc is> equal to 57° 17' 44". 8 of the
sexagesimal division, or which is the same thing, to 2062G4" 3.
Since each second amounts to three millimetres, 'he radius will be
three millimetres multiplied by 206264. 8, or 618,7944 metres, or
nearly 077 English yards.
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stop it ; on the contrary, the bubble is made very long,
because it has been observed, that the longer it is, the
more sensibly ; that is, the more quickly, it comes to an
equilibrium.

This phenomenon depends upon the reciprocal attrac-
tions of the liquid and the glass : it is of the kind of
those which we call capillary phenomena, because they
•were at iirst observed in very small tubes, in which it is
known that liquids which moisten the glass, rise above
their natural level, and form a small column terminated
by a concave surface. The edges of this surface, com-
posed of molecules adhering to the interior of the tube,
rise along it, and their inclination depends on the great-
er or less action of the tube upon the fluid, as well as on
the fluidity being more or less perfect. An analogous ef-
fect is produced in levels, upon the extremities of the
bubbles which they contain. These extremities are
raised along the tube, by which means the bubble is
rounded in the places where the surface of the liquid
touches the glass ; and more so at both ends than along
the sides. The bubble is also more rounded in a narrow
than in a wide tube. This agrees with the nature of capil-
lary forces, which, commencing at the surface and having
a sensible action only at a very small distance, have an
effect so much the more intense, as the surfaces which
exercise them are nearer to each other. For the same
reason the elevation of liquids, in narrow and vertical
tubes, increases as their interior diameters diminish, so
that the liquid column thus raised is reciprocally as
the diameter, as both experiment and calculation agree
in proving. From this it may be conceived that the
effect of these forces ought especially to be consider-
able upon a very small bubble, about which the fluid
forms a concave surface of a very small radius. Then
the least asperity of the tube may considerably change
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the attractions that determine this form^ and lengthen
the bubble in one direction more than in another, or even
absolutely stop it ; instead of which, these effects will
be much less upon a long bubble and in a large tube, ia
•which the raising of the fluid, by the effect of capillary
action, will be much less. Such are the advantages of
great levels, similar to those which Fortin has constructed
for our circles. But, in order that this length may be
useful, the interior of the tubes must be well worked, and
exactly bored according to the circular curve ; pre-
cautions which artists do not commonly take, contenting
themselves wi th the natural curves which tubes of glass
always take when they are made.

The bubble of the level having a sensible dimension,
its iniddle point is rcgaided as the most elevated point
of <he tube, and it is the motion of this middle point
that determines the changes of inclination. Jn order to
express and measure these changes, the tube is divided
in all its length : the zero of the division answers to
its middle, and, for determining the position of the cen-
tre of the bubble, half (he sum of the divisions which
limit its extremities is taken. This is strictly true if
lhe tube be well bored, according to the annular form,
for then, its form being symmetrical in all its parts, that
of the bubble will necessarily be the same. We might
even, if we wished, take one of the extremities of the
bubble as the index of its motion, but the other method
is more advantageous, because it attenuates the small
irregularities of the tube by dividing them between the
two extemities of the bubble. At all events, it is certain
that both these proceedings are equally incorrect if the
tube be badly worked within.

It is the common custom to place the zero of the divi-
sion, as we have said, at the middle or very near the
middle of the tube : which b} in fact, more commo-
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dious, as the numbers arc then move simple. 13iit
this is by no means necessary ; we might begin lhe
divisions at one of the ends, and half the sum of the
divisions, marked by the extremities of the bubble, would
always give the position of its middle point : in general,
at whatever part the centre of the graduation was placed
Upon the tube, the level would serve equally.

The extreme perfection that has been given to levels
of late, has permitted to fix them to repeating circles;
and (o determine, by their variations, the changes of
inclination in the axis. By this means we avoid the
necessity of replacing the level for correcting these
changes, as was done before, which required time, and
increased the diff icul ty of the observations by the union
which was necessary between the observer who directed
the telescope, and he who rectified (he level.

Jn this new disposition, the level is firmly attached
to the vertical column about which the circle turns. It
is placed perpendicularly to the direction o f tha t column,
and parallel to the plane of the limb. The limb itself
may also be firmly attached to the column, or rather to the
vertical plane which (he latter carries, and upon which
the limb is fixed by means of two strong screws. Jn order
to make the first observation, we begin as usual by
bringing the telescope to the zero of the divisionupon the
limb, or, which amounts to the same thing, by reading cor-
rectly illc points of the division marked by the verniers :
these points serve for the origin of the arcs which the
telescope describes. Next, after loosening the limb, and
turning it until the telescope is directed towards the
heavenly body, we fix it in that direction, and use the
repelling screws to bring the body exactly to the wires.
At this instant one of the observers reads the arc, and
the other the level. The circle is then caused to make

VOL. ï. ,;
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half a revolution in the usual manner about the vertical
column in order to pass to the second observation. This
time the limb must remain fixed, but the telescope is
to be loosened and broxvght again to the heavenly body.
If the column, or ra'hcr if the axis of rotation of the
circle, still remains exactly vertical, as we have supposed
it was in the first observation, the level will not have
been deranged by the revolving movement of the circle ;
and the arc passed over upon the limb will be double the
zenith distance without any correction. But if the axis
were not perfectly vertical, or if it have taken any incli-
nation in passing from the first observation <o the second,
as the circle has revolved about it, the bubble of the
level will not correspond to the same points of the tube
after the revolution. This is the reason why the obser-
ver again reads off the level in this second position, as he
had read it in the first, and by means of these two read-
ings the inclination of the axis of rotation on the vertical
is found.

To conceive how this is done, let the respective posi-
tions of the level, and of the axis of rotation of the cir-
cle in the two observations, be carefully examined. Let
P A, fig. 23, be the direction of that axis ; and A Z S an
arc of a circle representing the longitudinal section of
the level. Let С be the centre of the level, which will
not be placed in the prolongation of the axis of rotation,
unless that axis be perpendicular to the level. The an-
gle C A P will be the inclination of the axis of the level
to the axis of the circle, an inclination which we call I'.
If through the foot of the circle, or through the point P,
the vertical line P V be erected, the angle V P A, which
is denoted by I, will be the inclination of the axis of
rotation of the circle to this vertical line. Finally, if
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from the point C, the centre of the îevel, the vertical
line G Z be drawn, meeting its circumference in Z, the
point Z will be the centre of the bubble, since this centre
ought always to be found at the most elevated point of
the level; and the arc AZ, read upon the circular
division of the level, will be lhe measure of the angle
Z C A, that is, of the inclination of the radius С A to the
vertical line. Now, by prolonging the direction A P of
the axis until it meet the vertical line C Z in D, it is
evident that the exterior angle Z C A of the triangle
CAD is equal to the sum of the two interior angles
CAD and C D A; the first has been denoted by l ' ; as
to the second, it is equal to V P A, or to I. Thus, by
substituting for these angles their values in parts of the
level, we shall have A Z = I + I'.

Now, if the circle be returned as in/ig-. 24, as the ro-
tation will be performed about the axis A P, the radius
С A of the level will describe a conical surface about this
axis ; so that, after the revolution of the circle, the incli-
nation CAP will be the same, but in an opposite direc-
tion ; that is, it will still be equal to I'. Besides, if
through the new position of the centre C, the vertical
line С Z' be raised, the point Z; will be the centre of the
bubble in the new position of the level ; the angle
Z1 D'A will still be equal to I, and by a reasoning simi-
lar to the above, we shall have A Z' = I—I'.

Thus, the arc A Z, in the first reading, is the sum of
the inclinations of the axis of the circle to the vertical
line, and the radius of the leve l ; while in the second
reading, the arc A Z' is equal to the difference of the same
angles ; from which it follows that the inclination of the
level to the axis of the circle is equal to the half differ-
ence of these arcs, aud the inclination of the axis of the
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circle to the vertical line is equal to their half sum ; that
is lo say, we have

,,— A Z — A Z ^ T _ A Z + AZ'
a ' ~ a

It still remains to find the value of these arcs A Z and
A Z'. This would be easy if the origin of the divisions
of the level was exactly at the point A, in the prolonga-
tion of the axis of rotation ; for theii the simple reading
•would express their values. But, whatever may be the
origin of the divisions, it is easy to obtain these values
from the two readings combined, and they almost im-
mediately give the correction due to the inclination of
the axis.*

In order to perceive (he effect of this inclination upon
the zenith distances, let C, Jig. 25, be the centre of the

* Let M,ßg. "23, be the origin of the divisions of the level, or the
position of the puint гего on the tube ; call A the distance AM, from
that origin to the intersection of the level by the prolongation of the
axis of rotation ; let 2 L be the whole length of the bubble, and de.
note by N and S the co-ordinates of its Nonh and South extremities
that is, the distances of these extremities from the origin M of the
division, or the arcs M N, M S. This being done, the point Z being
supposed to be the middle of the bubble, we have, in this first posi-
tion of the level and of the limb,

S= AZ + L-A, N = AZ—L—A.
Let the limb be returned in order to pass to the second observation

fa. u4. In this movement the point M will pass to M'cm the other
side of the axis. Let Z' be the centre of the bubble in this new po-
sition, and call also N' and S' the co-ordinates of its North and South
extremities, that is, the arcs M' N' and M.' S', we shall then have

S'=AZ' + L + A , N'=:AZ'—L + A;
from these expressions we obtain

AZ — AZ' = N—N'+ 2 A AZ—AZ'— S—S' + 2 A

kut 2 *s *'le incl ination of the axis of the circle to the ver

tical towards the North, which has been denoted by I; and

••—— j b the angle formed by the axis of the circle with the
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limb, C Z the vertical line, C S the visual ray drawn to

the heavenly body to be observed ; the angle S C Z will

be the true zenith distance. Now let C P be the direc-

tion of the axis of rotation of the circle, which is sup-

radius of the level; which augle has been called Г. \Vehave, there-
fore, the following values for these quantities,

т S'+ N , . S+N'!=. — , or else I— —-L ;
2 ' 2 '

I=:,
 N~N'. + A, or else Г- S~S' + Ap

In order to obtain a greater degree of symmetry in the calculations,
it has been supposed that the point M, which is the origin of the divi-
sions, fell without the bubble on the Northern side. The bubble,
however, is generally of such a magnitude, that this origin falls be-
tween its extremes ; and when the level is horizontal, the point M i»
nearly in the middle of the bubble. Then the distance N, from the
origin of the divisions to the Northern extremity, must be considered
as negative in the above formula. The same also for N'; and with
this modification the preceding expressions will become

T_S' —N T, S-N-.1— , 1 :z: —,
2 2 '

p_ N'-N _A r_S-S' .
1_ A, I г-Л.

We shall limit ourselves to examine the first two, which give the
inclination of the axis; the two others, containing the distance A,
which it is impossible to know, cannot be applied. But fortunately
the angle Г, which they determine, is not necessary to the observa-
tions. Now, it is evident that N and S' are the co-ordinates of the same
physical extremity of the bubble, before and after the turning of the
limb ; for, if this extremity were North in the first observation, it is
South in the second. It is the same for N' and S ; these are the co-ordi-
nates of the other end of the bubble. From that results the following
rule:—Observe, upon the division of the tube, the two numbers which
correspond to the same physical extremity of the bubble in the two
consecutive observations. Half the difference of these number»
will express the inclination of the axis towards the end which has
been considered as negative, that is, towards the North, if this end
was directed to the North of the zenith in the first observation, and
towards the South, if it was directed to the South.

This rule may be expressed in a manner still more simple, by re-
ferring it to the positions which the level successively takes, relative
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posed to be inclined to the vertical on the side of the
heavenly body ; (his axis, prolonged to Z', will deter-
mine the apparent zenith about which the limb turns.
Now, it is to this apparent zenith that we refer upon the

to the observer who reads ils divisions. Suppose, that in the first ob-
servation the South end of the bubble is on the left hand of the obser-
ver; in this case, the North end will be ün his right. Now, the limb
is turned in order to pass to the second observation, and he who rea'ds
the level also turns in passing to the other side of the limb. Then
the left extremity of the bubble is still the same physical end as be-
fore ; only, instead of being directed to the South of the zenith, it is
directed to the North. Thus, if we denote by L; R; L'; 11'; the left
and right extremities of the bubble in the two observations, we shall
have S— L; N =: R; S' — R' ; N'— L'. By substituting these letters
in the formula which gives the inclination of the axis towards the
end N or IL, we shall have,

T R'— R , T L — LI ~ - , or else 1 1= - ,
2 ' 2

under this form the interpretation of the formula does not offer any
uncertainty; and the application of it may be rendered very simple
by the following disposition. Write the readings of the two extremi-
ties of the bubble successively in two columns, which call L and
R, that is to say, left and right, as below.

Left Differences. Right Differences.

IS + » • III +

The first contains the successive values of L, L', for each pair of
observations; and the second, the values of R, R'. Thus, by taking the
differences of these values for each pair, we shall have L — L', and
R' — R. And if the half of these values be taken, it will give the
inclination I of the top of the axis towards the side R of the bubble,
or towards the side 11 of the zenith.

Here, for example, each of the two first pairs, gives — — = + 6;

that is, the top of the axis is inclined б parts towards the side R of
the zenith; consequently, towards the North if the end R is turned
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limb all the observed distances ; for the point of the limb
that remains fixed in its revolution is the point A', situa-
ted in the direction of the axis of rotation of the heavenly
body, instead of which, it should be the point A, situa-
ted in the prolongation of the vertical line. The

to the North of the zenith. If the observed heavenly borly is situated
on the same side, as in fig. 24, the zenith distances will be loo little
by 6 parts of the level ; wherefore they must be increased by that
quantity. This would be two sexagesimal seconds in the level used at
Dunkirk. But if the observed heavenly body were situated on the South
of the zenith on the side S, and that the level had been read as is here
supposed, the inclination towards N wouid augment the zenith dis-
tances, and it would be necessary to subtract it. The same result
would be found from the lefi end of the bubble ; for it gives L— M'J,

L'rzlSO, consequently I = -^—=+G.

The third pair of observations presents a little change in the incli-
nation, for we only find I — -\- 5. W e thus form all lhe difiereiites re-
lative to each pair of observations, and take the mean, which is the
correction to be applied to the mean distance deduced from the ex-
treme readings of the observed arc. In this addition, each of the
differences R'—R or L—L' must be written wi th its sign, lor some uf
them may be positive and others negative, if the level experience any
derangement in the course of the series; andi th is will almost always
happen when the inclination I is very small. If the tube be perfectly
bored, and if the temperature do not vary, the length of the bubble
remains constant, and it will be sufficient to observe one of its ex-
tremities : but as we can never be certain of absolutely avoiding all
these variations, it is always proper to observe the two extremities of
the bubble, and to take, the mean difference.

There is an undoubted advantage in using constantly lhe same
method of performing practical operations which are to be frequently
repeated. Wherefore it is proper always to read off the level in the
same manner; for example, in placing ourselves so lhat the side H
may be directed towards the heavenly body which is observed ; then,

if or Z is positive, it is to be added to the zenith distance;

if it be negative, it must be subtracted. All is then reduced to this
very simple rule, and there will never be any mistake committed
respecting the direction of ihe inclination.
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error of each distance is therefore equal to Z C Z' ;
that is, to the inclination of the axis to the vertical.
Jt diminishes the zenith distances, when the top of the
axis inclines towards the heavenly body, as in fig. 25 ;
on the contrary, it increases these distances when the axis
inclines from that body, relatively to the vertical line,
as inßg- 20. Thus, in the first case, the correction
determined by the level, ought to be added to the zenith
distance ; and in the second, it ought to be subtracted from
it. The verticality of the axis was not necessary in the
old circles, because the limb was rectified after the re-
volving movement, by means of the repelling1 screws,
so as to bring the level to its primitive position. This is
not possible in the new circles, since the level is not fixed
immediately to the limb, but to the column of the in-
strument. It is true, we might at once raise or depress,
according to circumstances, the screws adapted to the
base of the column, and which serve to render it ver-
tical. But it is a thousand times more simple, more com-
medious, and exact, to observe the deviation of the level,
and to correct the effect in the observations ; and so
much the more so, as neither the calculation nor the
application of this correction offers any difficulty.

This method only supposes, as a rigorous and indis-
pensable condition, that the limb of the circle remains
firmly fixed to the axis of rotation in the two consecutive
observations, without the pincers, which retain it, per-
mitting the least movement. If this condition were not
fulfilled, the point of the limb which answers to the
prolongation of the axis of rotation, would not remain
the same in the two consecutive observations, and this
change would produce an error impossible to appreciate.
The most minute care must, therefore, be taken in ma-
king the instrument, that the point where the axis of ro-
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tation and the limb are connected together be rigorous-
ly fixed ; tliis is what our excellent Fortin has ob-
tained by fastening the limb, by means of a strong pincer
and two pressing screws, against a vertical plane of
brass, which is itself fixed to the axis and supports the
limb, as has been said.

It may happen, and indeed it commonly does happen,
that the axis of the circle does not strictly preserve
the same inclination throughout the whole duration of
a long series of observations ; but the level indicates all
theso variations, and as it is read off at each observation,
it determines the true value of each correction : but only
the mean of these corrections enters into the medium
result.

When a long series of observations ought to be made,
for example, when it is wished to determine a latitude
•with the greatest accuracy, care should be taken to calcu-
late, every day, the value which the inclination of theaxis
Las had ; and as this inclination can be varied at pleasure
by means of the repelling screws adapted to the base of the
column, it should be so arranged, that its successive va-
lues, on each side of the zenith, may be nearly equal. Then
the positive and negative corrections of the level com-
pensating each other, we are independent of the values of
its parts, or at least, if the compensations are not strictly
exact, the number of parts of the level which remains
in lhe mean result is so small, that the error that may be
committed in their valuation is absolutely insensibje. This
is the method whicli we used ia the observations at For-
mentera and at Dunkirk ; as to the measure of the parts
of the level, and the determination of their values, the
operations have been explained at page 37.

VOL. i. H
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Description and Use of BORDA'S Reflecting Circle.

THE f o l l o w i n g description of Borcla's reflecting 1 circlft
and oï its use, is extracted from the second edit ion of
Biot's Astronomie Physique, where it is given by DE
ROSSET,, lute a captain in the French navy.

Л\'е are indebted to the learned Borda, who by his
•works has contr ibuted so much to the progress of navi-
gation, fur the best ref lect ing i n s t r u m e n t . His first in-
tention only was to improve the circle of Tobias Mayer,
a professor at GoUingeii ; but the improvements lie
made imparted to it so many advantages, that he may
be just ly regarded as the inventor of the reflecting circle
now in use.

The reflecting circle (ßgs. 28, 29, 30, and 31,) con-
sists of an entire circle ; but as it is calculated to give
the angles that the rays reflected from a mirror make
with each other, half degrees must be reckoned for de-
grees, and t i i e circle is divided into 720 parts instead of
360.. The large mirror L G is placed at the centre of
the instrument , and tu rns about it by means of the index
Cli. The small mirror IF, instead of being in a fixed
position, as in the sextant, is placed at the extremity of
a second index О Р, moveable about the centre of the
instrument, and carrying the telescope О at its other ex-
tremity. The position of the telescope О therefore re-
mains constant with respect to the small mirror I F ; but
when the index O P is moved, this mirror changes its
position relative to (he large mirror, and takes different
degrees of inclination with it. Suppose the index 1Î C,
which is called the index of the large mirror, to be at
the point zero of the graduation, and that the index P O
of the small mirror is fixed by a pressing screw in such
a position that the two mirrors are parallel ; then, if the
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index of the large mirror be moved from В to D, and an
object seen directly in the telescope О be made to coin-
cide with the image of another object reflected by the
large mirror, it is evident that double the arc B D, or the
number of degrees and minutes marked by the index in the
position C D, will be the angular distance of the two ob-
jects whose images have been brought into contact. This
method of observing with the reflecting circle is the
same as that employed when the sextant is used.
Wherefore the angles measured are affected with the
error that may take place in reading the index, when
the two mirrors are parallel.

What has been said is derived from the fundamental

principle of the construction of all reflecting instruments,
Tiz. that the artgles formed by lhe visual rays of two ob-
jects brought into contact with each other, are equal to

double the angle B C D , passed over by the index. But
when the index was at B, the mirrors were parallel ;
therefore the angles formed by the v i sua l rays of two
objects in contact, are also measured by double the an-
gle of inclination of the surfaces of the two mirrors :
thus, whenever these surfaces make an angle with each
other equal to B C D, the same objects wi l l still be found
in contact in the field of the telescope. From this re-
mark, a second method of observing single angles with
the reflecting circle may be derived ; this wi l l be to
move the index OP of (he small mirror, instead of С В,
that of the large une. In fact, the index С В being at
zero, and the surfaces of the mirrors parallel, if the index
of the small mirror be moved, in the direction in which
the divis ions are numbered, from P to P' (ßg. 31,) until it
has passed over an arc PP' equal to Vhe arc B D, (fig- 30)
which was previously described by the index of the
large mirror, the ai^le formed by the surfaces of the
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two mirrors will be the same in the latter case as in file
former, with only (his difference, that, after having
moved the index of the small mirror, this angle, instead
of having its opening on the arc P B D, (fig- 30,) will
have it on the opposite side, O'P P', (fig. 31 ;) therefore,
the direct rays of the star, or other object, (lie reflected
image of which is observed, will strike the surface of the
great mirror from the side O' P P', (f g- 31,) instead of
P B D, (Jig. 30,) and pass between the small mirror and
the object glass of the telescope, before arriving at the
large mirror. The means of fulfilling this condition is by
causing the instrument to make half a revolution, by turn-
ing it about the axis O P of the telescope. In this second
position, that face of the instrument which was to the left
hand will be turned to the right, and those parts which
•were the most elevated will become the most depressed,
and vice versa. In order to obtain the angular distance
of the objects which have been brought into contact by
this second method of observing, the number of degrees
and minutes indicated by the index when the mirrors were
parallel, must be subtracted from the number of degrees
and minutes given by the same index at the end of the
observation.

The observations already described have not any ad-
vantage over those that are made with a sextant ; on
the contrary, the radius of the circle being generally less
than that of Ui^ sextant, the single angles measured
•with the latter instrument will be susceptible of greater
precision than those that are measured with the former.
But if multiple angles are observed, and the two me-
thods above described be combined; that is, if the two
indices are moved alternately, and the direct rays of
the heavenly body whose reflected image is observed,
fall upon the large mirror, in passing alternately between
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trie object glass of the telescope and the small mirror,
or on (he contrary side, then the reflecting circle pos-
sesses so many advantages over the sextant, that the lat-
ter ins t rument will ргоЬлЫу be wholly abandoned at last.

Suppose that it is required to observe the angular dis-
tance of two objects, and that, after placing the index of
the large mirror upon the point zero of the graduation,
the index of the small mirror is moved until the direct
image of one of the objects, and the reflected image of
the other, coincide in the field of the telescope. After
having completed this observation, if the index of the
small mirror be regarded as fixed, and that of the large
mirror be made to advance in its turn over the arc B D,
(fig. 31,) equal to the arc P P', w h i c h has been described
by the index of the small mirror, it is evident that when
this moving index is in the position CD, the surfaces of
the two mirrors will be parallel. Suppose that the index
of the large mirror be then caused to advance over the arc
D E, equal to B D, it wil l have actually passed over an
arc, the number of degrees of which, marked on the
graduated limb, will be double of the observed angle ;
but the angle that the surfaces of the two mirrors then
make with each other, will be the same as that of their
mutual inclinations at the end of the first observation ;
this angle, instead of having its opening on the side
O' P P', wi l l have it on the opposite side P B D. There-
fore, in order that the objects may be found again in
contact in the field of the telescope, the instrument must
be caused to make half a revolution about the axis of
the telescope, so that the direct rays of the heaven-
ly body whose reflected image was observed, may
fall upon the large mirror from the side P lî D. It
should be remarked, that it is not necessary to know
the point D, to which, the index corresponds when lhe
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mirrors are parallel ; by bringing the two objects into
contact, ihe arc BE, which is double the observed
angular distance, is obtained directly. The angle thus
measured will not therefore be affected wHh the error
that may be committed with regard to the point of paral-
lelism of the two mirrors, which may be a fourth or a
third of a minute, that is 15" or 20". But another ad-
vantage is, that an error at the point of graduation which
answers to the index of the large mirror, only influences
double the observed angle by its whole value ; and con-
sequently the error of the single angle will only be half
that of the graduation.

When the second observation is finished, a third may
be commenced, and the index of the small mirror made
to describe an arc double the observed angle : then (he
two objects are to be brought into contact. In a fourth
observation, the index of the large mirror is moved over
the same number of degrees, &c. and when the two ob-
jects have been made to coincide, the arc indicated by this
index will be the quadruple of the observed angle. Ob-
servations of the same angle may be repeated at pleasure ;
and at the end of the sixth observation, for example, the
arc marked by the index of the great mirror will be the
sextuple of the angle observed : at the termination of the
eighth, it will contain eight times the angle, and so in
succession. In general, the observed angle will be
equal to the arc passed over by the index of the large
mirror, divided by the number of observations ; and this
angle can only be obtained at the end of each even ob-
servation. As the error at (hat point of the graduation
which corresponds to the indexât the end of the second
observation, only influences the measure of the angle
by half its value, at the end of the fourth observation it
will only influence it by its fourth, at the end of the
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sixth by ifs sixth : the influence of this error will there-
fore :ilways be diminished in proportion as the number
of observations is increased ; and it would be possible
to in i i l l ip ly them unt i l this influence is nearly insensible.
It is from this last property, and that which renders it
unnecessary to know the point of graduation which an-
swers to the index when the mirrors are parallel to each
other, that Borda's reflecting' circle derives its principal
advanlages over other reflecting instruments. Thus it
appears that it is solely in the disposition of the com-
ponent parts of this instrument that the inventor has
found remedies for those imperfections that could not
be avoided in its construction ; and also for the weak-
ness of our organs. Jt cannot be too much admired
by what a simple combination of mind, he has been able
to give that precision to angles measured with this cir-
cle which the most able artists could never attain in the
construction of the largest instruments.

On verifying the Positions of Ific Mirrors, and cf the Axis of
ike Telescope with respect to the Plane of the Instrument.

THE first verification is that of ascertaining whether
the two mirrors are perpendicular to the plane of the
instrument. This is done precisely in the same manner
as for the mirrors of the sextant.

The telescope О of the circle is fixed to the index of
the small mirror, and is held to the supports R and V by
two pieces placed near the ends of the telescope, and
"which enter the grooves of the supports. Each support
has a repelling screw intended to vary the distance of
the telescope from the plane of the instrument, as it is
wished to have more or less of the quicksilvered part of
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the small mirror in the field of the telescope. The sup-
ports R and V are each divided in the same man-
ner, which serves to place the axis of the teles-
cope in a si tuation parallel to the plane of the instru-
ment. As different degrees of inclination may be given
to the telescope, by means of the repelling screws placed
near its extremities, it becomes necessary to know the
point of the division on each support with which the
proof-lines of the repelling screws correspond, when the
axis of the telescope is parallel to the plane of the circle.
This is ascertained in ilie following manner: first, after
laying- the circle flat upon a (able, and bringing the
wires of the telescope parallel to the plane of the instru-
ment, f.Wo pieces of brass, similar to those represented by

ßg. 3ö,* are placed on the limb at two points almost
diametrically opposite each other. The instrument is
next disposed in such a manner that a very distinct ob-
ject, at least from 12 to 20 feet distant, is seen in the di-
rection of a line passing through the upper part of the
aforesaid pieces of brass ; then the telescope is placed at
the/его of the division on each support, and the index of
the small mirror moved until the same object is seen in
the field of the telescope. If the object appear exactly
at the intersection of the wires, it will be a proof that
ilie axis of the telescope is parallel to the plane of the
instrument, and in all observations, the proof lines of
the repelling screw of each support must be placed at
the corresponding points of each division. But, when the
object does not appear exactly at the centre of the wires,
by moving the index of the small mirror, it may easily
be brought to it by turning the repelling screw nearest
the limb ; and then the point of the division which an-

* The French call these pieces of brass viseurs.
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swers to Ae proof-line of the screw is to be observed.
Suppose ii were one or two degrees above that of the
repelling screw which is nearest the centre of the instru«
ment, then the proof-line of the former must always be
placed the same number of degrees above that of the
latter : if the same line had been a certain number of
degrees below that nearest the centre, it must be so
placed in all observations.

When the axis of the telescope has been rendered
parallel to the plane of the instrument, the observation
is to be made exactly in the same manner as with a
sextant.

On ascertaining when the Surfaces of the Large Mirror
are parallel.

BORDA, in his work, entitled " The Description and
Use of the Reflecting Circle", has given the following
table, by which the errors arising from a defect of paral-
lelism of (he surfaces of the large mirror may be corrected.

This table is calculated from the hypothesis that the in-
clination of the surfaces of the large mirror is equal to
one minute ; liorda means by right observation, the obser-
vation, in which the reflected image comes from the right,
and by left observation, that in which it comes from the
left ; he calls cross observations, the two successive ob-
servations, one on the right, and the other on the left,
•which render unnecessary the preparatory observation of
the parallelism, of the mirrors.

VOL. ï.
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Observed
An if les .

0
10

í 20
; SO
i 40
j 45

50
55
60
65
70
75
80
85
90

I 95
100

: 105: no
\ 115

120
125
130

Right
Observations.

0"
2
G

10
16
19
23
28
33
38
47
55

1' 4
1 15
1 23
1 43
2 1
2 23
2 50
3 23
4 5
5 0
5 58 „

Left
Observations.

0"
1
2
1
0
1
2
4
6
8

10
13
16
19
23
28
33
38
47
55

1', 4
1 15
1 28

Cross
Observations.

0"
2
4
6
8
9

11
12
14
15
18
21
24
28
32
37
43
53

1' 2
1 12
1 31
1 53
2 15

We shall now explain the preliminary operations
which should be performed before this table is used.

After ascertaining that the two mirrors are perpen-
dicular to the plane of the instrument, and that the axis
of the telescope is parallel to it, two very distant terres-
trial objects are to be chosen, the outlines of which are
nevertheless well defined, and their angular distance
being not less than 120°. This distance is to be mea-
sured by numerous observations : as soon as these ob-
servations are finished, the large mirror should be taken
from its box, and replaced in a contrary way ; that is,
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with that edge which was nearest the telescope in the first
position of the mirror, the farthest from it in the second ;
the large mirror is then to be rendered perpendicular to
the plane of the instrument, and the angular distance be-
tween the two terrestrial objects to be measured again
by the same number of observations as before. If the
two series of observations give equal measures for this
distance, it will be a proof that the surfaces of the mirror
are parallel ; and then the observed angles will not want
any correction. But if these two measures of the dis-
tance are not equal, the large mirror is prismatic, and the
half of their sum will be free from error ; hence it follows
that half their difference will be the error of the observed
angles. This errorshould be added to the angle measured
when the mirror is in its first position, if that angle is less
than the angle given by the second series of observations ;
but, should it be greater, the error must be subtracted.

Borda's table aifords the means of calculating, by a
simple proportion, the error of the observed distances,
whatever may be the inclination of the surfaces of the
large mirror. The proportion is the following; as the
error indicated by the table, which answers to the dis-
tance observed for verifying the instrument, is to the
error given by the same table for any other angle, 90",
for example, so is the error found by the verification, to a
fourth term, which will be the error arising from the
large mirror when an angle of 90° has been measured.

Whenever the observations are repeated with a circle,
the direct rays of the object, seen by reflection, fall upon
the surface of the large mirror alternately from the sides
PB D, (ßg. 31,) and O' P P' ; the angle of incidence will
sometimes be on the side where the two surfaces of the mir-
ror are nearest to each other, and sometimes on the oppo-
site side. The errors of the observed angles will there-
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fore take place in contrary directions ; but they will be
greater when the rays of the object seen by reflection fall
upon the large mirror from the side P B D, than when the
same rays pass between the small mirror and the object
glass of the telescope ; because their obliquity is greater
in the former case than in the latter. At the end of each
even observation, after the half, the fourth, or the sixth
of the observed angles has been taken, the error will be
equal to half the difference of'lhese two errors.

It ought to be remarked, that, when the direct rays of
the object seen by reflection come from the side PBD,
the observations are the same as those that would have
been made with a sextant. Therefore, the errors arising
from a defect of parallelism in the surfaces of the large
mirror will be less with the circle than with the sextant.
It has been observed that these errors arc the least when
Ihedirect rays of the object seen by reflection pass between
the small mirror and the object glass of the telescope ;
it may therefore be regarded as a general rule, that, when
it is wished to observe a single angle, the index of the
large mirror must be fixed at the point zero of the gra-
duation, and the index of the small mirror moved iu the
direction of the same graduation.

On the Coloured Glasses, and the Parallelism of their
Surfaces.

THE coloured glasses of the reflecting circle, (fig. 33,)
are detached from the body of the instrument : if it
be wished to weaken the light of the heavenly body seen
by reflection, they are placed at H, (ßg. 28 and 29,) in
the sockc-t made to receive them; but , 'when the light
of the body seen directly is to be weakened, they are
placed at K. The two surfaces of these glasses should
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be exactly parallel, in order, that they may not occasion
any error in the measures of (he single angles ; however»
if they are not parallel, the errors of the observed angles,
occasioned by this imperfection, are to be corrected in
the following manner.

Place the index of the large mirror upon the point zero
of the graduation, and that of the small mirror upon the
point where the two mirrors are parallel ; put a coloured
glass in the socket H, and another in that at II ; then the
sun must be observed, and the edges of his direct and re-
flected images brought into contact by moving the index
of the small mirror. When this first observation is
finished, the glass in the socket H must be turned so as
to present its other surface to the huge mirror; and, if,
on observing the sun again, the edges are still found to
be in contact, the surfaces of the coloured glass are pa-
rallel, and the single angles observed with this glass
will not want correction. But, if the disks of the two
images arc either distant from or cover each other, the
repelling screw of the index of the large mirror must
be turned, and the images brought again into contact.
.The arc passed over by the index of the large mirror
will be double the error occasioned by the defect of pa-
rallelism of the surfaces of the coloured glasses. The
same observation may be repeated several times ; in the
fourth observation, the arc passed over by the index
will be quadruple of the error, and in the sixth, it
will be sextuple. G'enerally, the error from the coloured
glass will be equal to the arc passed over by the index
of the large mirror, divided by the number of observa-
tions, lhe position of the line CN remaining con-
stant with respect to the coloured glass, the correction
of that error will be the same for all the observed angles.
By operating iu the same manner, the errors of all the
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coloured glasses, similar to those of ßg. 33, may be as-
certained when they arc placed at H. It will be equally
easy to ascertain the errors of these same glasses when
they are placed at К ; the process will be the same s
except that, between the observations, the glass in the
socket К must be turned instead of that in H. The po-
sition of the line O N P is invariable with respect to the
situation of the coloured glass placed at K, and the
correction found in this case will be applicable to all the
angles.

The advantage which, in general, is derived from
increasing the number of observations made with a cir-
cle, is as great with respect to these errors as to all the
others ; for, whatever may be the inclination of the sur-
faces of the coloured glasses, the error of the angle
measured will be nothing at the end of each even ob-
servation. It has been already shown that the error
>vas the same in all the observations; thus it will have
the same value whether the direct rays of the object seen
by reflection fall upon the large mirror from the side
P B D, (fig. 3l,) or from the opposite side. But the
instrument is reversed in the second observation; con-
sequently, if the refraction experienced by the reflected
ray in passing through the coloured glass, tends to ele-
vate this ray in the first observation, the same refrac-
tion ought to depress it equally in the second. Thea
the half of the double angle, or the fourth of the qua-
druple angle, and so on in succession, will be free from
error.

It is to be regretted that the glasses of fig. 33 cannot
be used in all circumstances. Jn fact, if, through the
centre С of the large mirror and the edges S S of the
mounting of one of these glasses, the lines C M, C Y be

whenever the direct rays of the body seen by
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reflection fall in the angular space M C Y, they meet,
before they arrive at the large mirror, the coloured glass
or its mounting, and the observation will be imperfect.
In the circles constructed according to Ihc dimensions
fixed by Borda, the angle M C Y should be 28" 40'. If
the line C X be drawn parallel to the axis of the telescope,
the angle Y С X will be 53 20'. Hence, in the case
in. which the direct rays of the object seen by reflection
pass between the small mirror and the object glass of the
telescope, it is impossible to make use of the glasses of
flg. 33, whenever the observed angle is between 5° 20'
and 34Э. The glasses offíg. 34 must then be employed,
and placed before the large mirror in the sockets q. q.
But these glasses may occasion errors rather considerable.
In fact, thqy are first traversed by the rays falling upon the
large mirror, and then again by the reflected rays ; there-
fore, the rays of the body seen by reflection experience a
double refraction. Besides, the errors arising from the de-
fect of parallelism of their surfaces vary in each observed
angle, because the angles that the direct and reflected
rays make with these surfaces are not the same. The
glasses oîjig. 34 must, therefore, be used only tor ob-
serving altitudes between 5Э 20' and 34°. At all events,
the obliquity of the rays of the body seen by reflection
will not be very great when the angles are below 34°, and
the errors occasioned by the- defect of this kind of glasses,
will be less in the circumstances in which we are obliged
to use them than in all others. The distances- between
the sun and moon are always greater than 40% and those
between the moon and stars are so seldom less than 34%
that the coloured glasses placed before the large mirror
are scarcely of any use in observations of distances.
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Point of Parallelism of the two Mirrors.

WHEN simple angles are tobe measured with the re-
flecting circle, the point of the divis ion, which corre-
sponds to the index of the small mirror when the surfaces
of the two mirrors are parallel, must be known ; suppo-
sing, however, that the index of the large mirror has pre-
Tiously beon brought to the zero ; this is what is called
the point of parallelism of the two mirrors ; and the
process for finding it is the same as with a sextant; with
only this difference, that, instead of taking half the dif-
ference of the two arcs observed for obtaining the rectifi-
cation of the sextant, that is, the point of parallelism of
the two mirrors, half the sum of the two arcs, given by

the index of the small mirror at (he end of each obser-
vation, must be taken when the circle is used. ч The rea-
son is very simple, and arises from the index of the small
mirror being on a part of the limb in which the division
is continued.

Observations of the Altitudes of the heavenly Bodies, and of
the distances between the Moon and the Sun, or the Stars.

THE simple observation of the altitude of any of the
heavenly b'odies is the same with the circle as with the
»extant. The index of the large mirror is first to be
fixed at the point zero of the graduation ; then, after ha-
ving placed the index of the small mirror upon the point
of parallelism of the two mirrors, the heavenly body, of
•which the all ilude is required, is to be observed directly
in the telescope. When the sun is to be observed, a co-
loured glass is placed behind the small mirror. The re-
flected image is UK-II to be depressed, still preserving it in
the field of the telescope ; and lastly, after having re-
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moved the second coloured glass, this image is to be
brought into contact with lhe horizon. The arc indicated
by the index, diminished by that which answers to the
latter, when the surfaces of the mirrors are parallel, is equal
to the observed altitude. The index of the small mirror
may also be fixed at the point of parallelism, and that of
the large one moved ; in which case, the arc marked by
this index will be the observed altitude. The reasons for
which it is preferable to use the index of the small mirror,
and to regard that of the large mirror as being fixed,
have been explained at the conclusion of the article on
the parallelism of the surfaces of the large mirror.

The reflecting circle can possess all its advantages only
when the observations are repeated ; single altitudes
must therefore be observed only in cases in which it is
impossible to make several observations in succession)
as when the meridian altitude of a heavenly body is re«
quired. In all other circumstances the observations
should be repeated. From the rising of the heavenly
bodies to their passing the meridian, their altitudes in-
crease ; and, from the instant of this passage to that of
their setting, they decrease. In both cases the motions
in altitude are very unequal; nevertheless, the varia-
tions which they experience are not so considerable as to
prevent us from supposing, without sensible error, that,
during the short interval of four or six observations, the
changes in altitude are proportional to the time. If
several altitudes are to be observed when this supposition
is nearest the truth, that is, when the Sun is not too near
the meridian, the method of proceeding is the follow-
ing :—The hour, minute, and second, in which each ob-
servations is made, are to be written down ; and the arc
passed over by the index, divided by the number of ob-
servations, will be the mean altitude corresponding to the

VOL. ï. к
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mean time of the observations. In fact, the first obser-,
ved altitude will be that of the botly at the instant of
the first observation ; the second altitude will be equal to
the first, plus or minus the quantity which the body has
ascended or descended in the interval between the first
and second observations, or its actual altitude at the in-
stant of the second observation. The arc, described by the
index of the large mirror, will, therefore, be equal to the
sum of the two observed altitudes ; and, if the motion in
altitude was sensibly proportional to the time, half the
sum of these two altitudes, or half the arc reckoned
on the instrument, will be the mean altitude correspond-
ing to the mean time, or to half the sum of the times of
the two observations. When four observations are taken,
lhe arc described by the index will be the sum of the
four observed, altitudes ; and a fourth of this sum will
give the mean altitude corresponding to a fourth paît of
the sum of the times of the four observations, or to their
mean time. Should six observations be made, a sixth of
the arc passed over by the index must be taken for the
mean altitude corresponding to the mean time, and so on
in succession for any greater uumber of observations.

The quantity by which the distances of the moon from
the sun or the stars vary in a given interval of time, is
much less than the changes in altitude in the same inter-
val ; and the supposition, that the ciianges in the distan-
ces are proportional to the time, may be regarded as be-
ing very exact in practice. The case in which the moon
is very near the meridian, and passes it at a very great
altitude, must, however, be exccpted. Though the
changes in the true distance are not affected by this cir-
cumstance, yet, as the apparent distance, which then
experiences тегу great and very unequal changes is
observed, this hypothesis may become the cause of er-
rors, the influence of which, on the calculated true dis-
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tance, and consequently upon the longitude deduced
from if, would be very sensible ; lor which reason, dis-
tances should never be taken d u r i n g the half hour which
precedes, and that which follows the moon's passage
over lhe meridian.

It should always be ascertained before observing dis«
tances, if the mirrors are perpendicular to the plane of
the instrument. At all events, as the circle is much
lighter than the sextant, it is more easily held in all po-
sitions ; it will really be troublesome only when the
heavenly body that is seen directly has a very great alti-
tude. The method of observing the contact, wi th a cir-
cle, in a plane parallel to that of the instrument, is the
same as that used with a sextant.

Jn order to avoid useless trouble in bringing the ima-
ges of the (wo heavenly bodies, of which the distance is
to be observed, into the field of the telescope at each
observation, search beforehand in the Nautical Almanac
what this dihtance ought to be Jiearly. \Vhen this is
found, it wi l l be easy to conclude lhe position that the
indexes should have at the instant of each observation.

For instance : — Suppose that the mirrrors of the cir«
cle that is tobe used are parallel, when the index of the
small mirror answers to 471 30'; and that the distance
is 80% add the single distance of 80' to 471° 30', and
we shall have 551J 30' for the first position of the index
of the small mirror.

Double the distance, or 160°, will be the position of the
index of the large mirror in the second observation. The
position of the index of the »mall mirror in the third
observation will be 551° 30' + 160% or7IP 30'. That of
the large mirror in the fourth observation will be 160° 4-
160J or 320 ; and so on, by always adding double the
distance to the number which indicates the preceding
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position of the same ind^x. The successive positions
that the indexes ought to have, may be written down in
the following manner :—

Positions of the Indexes.

Observations.

1st -
g.
3 .
4
5........
6
7
8

Large Mirror.

160°

320

480

640
&c.

Small Mirror.

551 J 30'

711 30

151 30

su 30

&c.

К the indexes be successively placed in the positions
which this specimen indicates, the two bodies will be
found in the field of the telescope without any diffi-
culty.

Eight or ten observations may be employed for one cal-
culation ; but it is best to use only six. Supposing the
greatest error in the graduation to be half a minute, or
30", the error can ne ver exceed a sixth part of this, or 5" ;
and most frequently it will not exceed 3". After having
read the arc described by the index at the end of the
sixth observation, the index of the large mirror might
be brought back to the point zero of the division, and
other six observations be commenced for a second cal-
culation ; but it is better to regard the termination of the
arc that has been read, as the point of departure, and to
continue to move the indexes alternately in the direction
of the divisions ; wherefore other numbers should be
•written in the preceding specimen, and 12 or 18 different
positions indicated. The sum of the last six observed
distances will be equal to the arc reckoned to the end of
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the observation relative to them, minus 1be arc reckoned
to the end of the observation of the first six. This method
is preferable to lhe other for several reasons ; first, the
errors of the graduation, by which the distances used in
each calculation may be affected, will be different, and
there wi l l be no reason to fear the influence of the maxi-
mum of these errors upon the mean longitude which re-
sults from the two calculations. On the other hand, as
the indexes had different positions upon the limb of the
instrument, if there be any small imperfections in its
centrage, pr in any other essential parts of its construc-
tion, the influence of these imperfections w i l l never have
its maximum upon all the longitudes given by the dif-

ferent calculations.
Distances observed with a reflecting circle will not be

affected with the error that may be committed in observ-
ing the point of division which answers to the index of
the small mirror, when the two mirrors are parallel to
each other ; they will be free from the errors arising from,
the defect of parallelism in the surfaces of the coloured
glasses ; and the error arising from the want of parallel-
ism of the surfaces of the large mirror may, in a great
measure, be corrected. The greatest errors that are to
be feared are those of graduation, which have beei)
valued at 5" or 6", after six observations. If half of
this quantity be added for the small unknown imperfec-
tions to which it is impossible to apply a remedy, it may
be concluded, that the reflecting circle gives the dis«
tances of the sun and moon to at least 8" or 9" nearly.
This small error is combined with the inevitable errors
that may be committed in bringing the bodies into con-
tact, and it results from their union that the distances will
be obtained within 15" or 18" of the truth. Hence, it
appears that the reflecting circle give« the angles with я



70 A TREATISE

degree of accuracy that leaves nothing to be desired ; and
mariners cannot be too much induced to use an instru-
ment that possesses such great advantages over all others.

When it is wished to ascertain the astronomical bear-
ing of a terrestrial object "with great precision, the dis-
tance of the sun from this object may be taken by six or
eight observations ; but in common cases a double dis-
tance will be sufficient.

The angular distances of terrestrial objects may equally
be measured with a circle ; but unless these distances are
intended for delicate observations, it would be better to
use a sextant. Even the most common octants have suf-
ficient accuracy when it is only required to take bearings
for hydrographical charts.

Reduction to the Centre of the Station,

THE centre of the instrument ought to be placed, as
often as possible, at the centre of the station, by which

means the calculation of this reduction will be avoided,
in which an error of one or two seconds may sometimes
Ъе committed if the elements are not determined with a
certain precision.

It very frequently happens that the instrument cannot
be placed at the centre of the station ; and this gener-
ally takes place in towers and steeples, as most of them
'are embarrassed with carpentry, or have their centres
occupied by a vertical beam, or because the openings are
not conveniently disposed for directing the sights to the
objects chosen for the vertices of the triangles, when the
ins'rument is placed at the centre. In this case, the

angle wants a correction, which consists of the follow-
ing :—
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The observer should have placed lhe instrument at the
point C, the centre of the station (Jig. 37) ; but he has
been obliged to place it at O, where he has observed the
angle A O ß : it is required to apply to this angle the
necessary correction, in order to obtain the angle А С В,
which should have been observed.

For the purpose of abridging the work, let А С В = С,
AOB^O, OC=r, AC = D, BC=G, BOC=Y,
and consequently А О С — (О + Y).

C = A1B — C B O = O + OAC —СВО
_n r sin. (O-f Y)— г-sin. Y. T , , , , , , .= U x >—-П— in order that this

L) Lr

expression may be in seconds, it must be multiplied by
the arc equal to radius, that is, by 57° 17'44". 8* or,
which is the same, divided by the sine of one second :
thus the correction to be applied to the angle О

j r sin.(O + Y)_ rsin Y .
D. si».. 1" G sin. l"

D is the distance of the object to the right, and G of
that to the left. It is sufficient to know them to

about __part; OC=ris obtained by the exact mea-

sure from the centre of the instrument to the centre of
the station. For this purpose, a point is marked on the
top of the tube of the upper telescope, which should be
in a perpendicular to the plane of the limb, supposed to
be raised from the centre of the circle. This point is
used instead of the centre of the instrument, which
the telescope covers.

The angle B O C = Y is to be measured with the cir-
cle. When the angle АО В has been measured, the

* 57° 17'44". 8 = 206264". 8; log:=5. 3144251. Theradiusinthe
centesimal division := 63°. 66197 =: 636C19".7 ; log. — 5. 8038801.
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upper telescope is directed to the object В on the left,*
and the lower one to A on the right ; the upper tele-
scope is then moved according to the order of the divU
sions unti l it points to С : the space which it will have
passed over on the limb, will be the measure of the an-
gle BOG. During this operation, the lower telescope
should always remain fixed upon the object on the right;
if it does not, it may be brought to it by means of the
drum screw, and the superior telescope directed again
to the centre. This should be repeated two or three
times, and the mean of (he results be taken.

The distance О С is always loo small to allow the
plumb line, which is suspended in the axis of the station,
to be perceived with the telescope. There should there-
fore be two remarkable points on the upper part of the
superior telescope, one towards each extremity, which
may serve to direct it to the plumb line. These two
points ought to coincide with the direction of the optic
axis of the telescope. For this purpose, the telescope
may be mounted with two small pinnules, or sights.

The above formula is general, and does not require
the construction of any figure ; it will be sufficient to pay
attention to the signs of the sines of (O + Y) and Y.

* This supposes that the divisions of the limb are numbered from
left to right. Should they proceed in a contrary direction, the angle
Л ОС, greater than 180°, is then measured. If this angle be called Y',
we shall have Yz=360° — О—Y'; and the formula wi l l become

r sin. (O-f 360° — Ü— Y' г sin. (360" — O — Y')
ü G »

ОГ r sin. (360°-Y') r sin. (360°) - (O + Y') . b '

D G '
(360" — Y') — - sin. Y-, and sin. (360°) — (О + Y') = — sin.

(p + Y') : hence the formula becomes r "'"• (O + Y<) Г5'пЛ".
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Thus the first term of the reduction will be positive

when the angle (O + Y) is less than ISO ; and it will
become negative when (O + Y) exceeds 180°.

The second lerm will be negative when the angle Y

is less 1 ban 180° ; and positive when it is greater than
180°.

Application of the Formula to an Example.

Let D n 4510 yards, G = 4730yds. r = 3.96yds;

О = 33° 58' 37". 43 ; Y = 232° 55' ; (О + Y) = 2G6»
53' 37".43,

Specimen of Calculation.

1st TERM. 2nd TERM.
Log. r = 3.96yds 0.597695
Сотр. log, sin. 1" 5.314425

+ 5.912120 —5.912120
Сотр. log. D 6.345824 log. sin. Y -9.901872

Log. sin. (О + Y)..—9.999361 сотр. log G 6.325139
— 180".84 2T25730~5 + 137".76...2.139Ï3l

— 180".84
Reduction— 43".08

Thus 43".08 must be subtracted from the observed
angle at the point O, in order to obtain the angle В с' А.
It may happen that the correction will be nothing ; and
this will be the case when the point О is situated in the
circumference of a circle passing Hi rough thethree points
C, A, and В ; then we shall have .sin. (O + Y) : sin.

Y : : D : G.
The sign — has been given to the log. sin. of (O + Y)

and of Y, because (O + Y) and Y both exceed 180°.
The first part of the reduction will always be of the

same sign as the sin. of (O + Y) ; and the second will
l)e of a contrary sign to the sine of Y.

VOL. ï. ï.
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If the operation were performed with grades or deci-
mal degrees, the calculation should be made in the same
manner ; but then it would be necessary to lake instead
of (he log. sin. of 1" sexagesimal, that of 1" decimal,
that is 4. Í961199, the arithmetical complement of which
is = 5.8038801.

What has been said relative to the reduction to the
centre of the station, supposes that ОС and the angle
BOG can be measured, w h i c h cannot be immediately
done wlii-n the centre С is occupied by a vertical beam.
Delambre has given formula; for finding in that case the
angle of direction and the distance from the centre ; but
the calculation, w h i c h is very laborious, may almost
always ne avoided. An easy construction will give, with

sufficient accuracy, the distance from the centre and a
point in the direction of that centre through which the
lelescopi- may be pointed. We cannot expect to ascer-
tain the elements for the reduction to the centre of the
station with rigorous precision ; as, for this purpose, it
•would be necessar3' to suspend a plumb line from the

point to which the telescope is directed, which is some-
times ten, fifteen, or twenty yards above the place where
the instrument can be fixed. This is generally imposai-
ble, even supposing thut the floors and interior carpentry
would admit the operation, as the aforesaid point is above
the top of the building. It is therefore necessary to de-
termine the place which is perpendicularly below the point
to which the telescope was pointed, by ascertaining the
centre of the interior of the edifice ; and it necessarily
supposes great perfection in its construction not (o appre-

bend a difference of three or four inches between the
centre and this point.

At all events, this difference is very slight, and appears
to be much less than the error of observation, parties-
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larly if the signals are at a certain distance; it likewise
proves (hat no great degree of precision is required in
this instance, and the following construction will be suf-
ficiently accurate in almost all cases.

Suppose that A B E D (ßg. 38,) is a rectangular beam
which occupies the centre of th-.-station C, and О the cen-
tre of the instrument ; we can neither measure О С, not
the angle of direction M OC, (M is the object to the
left,

From (he point F, the middle of the side A B, erect a
perpendicular FG, making it = \ B E = •£ A D = F C.
Draw О G and O F ; from any point H in O G, draw
H K parallel to G F, and make 1 К = H I. The point
К will be in the direction О С.

A plumb-line may therefore be suspended on the point
K, and the angle M O K — MOO be taken.

If О К be produced to L, and L G drawn, we shall
have OL + L G = ÖL + L C = OC, (lie distance
from the centre. Then in the above formula, there will
be known r and Y, with which the reduction to the centre
may be calculated.

This construction, which may be made on a floor,
requires only a small s(ring and a piece of chalk; the
point О may be determined by a plumb-line before the
instrument is placed.

The process w i l l be the same for a square beam.
\t the beam be hexagonal, let A B D E F G (ßg. 39)

be its contour, О the centre of the instrument. From
the points A a n d B , with the radius AB, describe the
arcs l H and K L, which cut each other in X ; draw
X Z to the middle of А В ; join 0 X and O Z ; from any
point N of OX, draw NQ parallel to X Z ; make P Q
= N P : the point Q will be in the direction О С ; the

angle MOQ = MOC may then be measured. Pro-
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long O Q, and А В until they meet in V ; join Q X ; and
you will have OV + VX = OV + VC = OC.

If the beam be octagonal, the quadilateral A B E D
(fig. 40) may be constructed, and the other part of the
operation will be the same as for the rectangular beam.

Lastly, if the beam be cylindrical, let ADBE (fig. 41)
be its circumference. The angles MOA and M O B,
which lines drawn from the same point О as tangents to
the cylinder, make with the object to the left, may be
taken with the repeating circle ; and half the sum of
these two angles will give the angle of direction MO C.

In order to obtain О С, let O D be drawn equal to the
shortest distance from the point О to the beam ; and for
D C, the cylinder is to be encompassed with a string

which must be measured to have the circumference;
then, from the logarithm of the number of parts which
it contains, subtract the constant log. 0.79818 ; the re-
mainder will be the logarithm of the number of parts in
DC; 0.79818 is the logarithm of the ratio of the cir-
cumference to the radius.

Suppose, for example, that the circumference of the
cylinder had been found equal to 46 inches.

Log. 46 1.66276
Constant log 0.79818

0.86458 = 7.3212 in. = DC.

It may still happen that some obstacle will prevent the
centre from being seen from the place where the instru-
ment is fixed ; let the observer be at О (fig. 42) : and
suppose that an obstacle prevents him from seeing the
centre С ; in this case, a point В should be chosen, from
which both О and С can be seen ; and after taking the
angle В О С either with the circle or with any other in-
strument, В С and В О must be measured ; then О С is
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to be calculated, as well as lhe angle В О С, -wliicli, being
added to the angle BOM taken with the circle, will
give the angle of directic»:; M О С. This method will
be particularly applicable when we are obliged to ob-
serve from a gallery without an edifice.

Such are nearly all the difficulties that can be met
with. All cannot be foreseen; different expedients must
be devised for different circumstances, which skill and
experience will readily discover. When openings suit-
able to our purposes can be made in steeples and towers,
the operations may be performed with more ease and
accuracy.

Whenever the instrument cannot be placed at the
centre of the station, in order to make an observation, it
must be so disposed, if it can be done, that all the objects
of which the angular distances are required can be seen
at once. There will then be only a single distance from
this centre to measure, and only one angle of direction
to take ; the others will be obtained by the successive
additions of this angle to the observed angles. If the
angle of direction BOG (/ig. 43) has been observed,
we shall have AO C - A O B + B O G j E O C , greater
than 180° = AGE + АО В + ВО С, &с.

Reduction to the Horizon.

The observed angles are generally in a plane inclined
to the horizon of the observer; in this case, they require
to be reduced, so that the triangles may be, as it Were,
projected on a prolongation of the surface of the sea, or
on a plane parallel to it.

The elements of this reduction are the zenith distances
of the two signals and the observed angle. The use of
the repeating circle, in taking zenith dislances, lias al-
ready been explained.
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Being at O (ßg. 44;, the angle GOD, between thé
two objects G and D, has been observed in a plane in-
clined to the horizon atO; this angle ought to be rec
duced to P O Q, formed by the lines O P and O Q,
which arc the intersections of the horizontal plane of the
observer wilh the planes drawn through O G and O D to
the centre of the earth.

If at the point О the perpendicular O Z be erected,
and with any radius O Z the arcs dZ,gZ, and gc/be
described, we shall have a spherical triangle Z d g-, in
which the three sides are known, vi/. the apparent zenith
distances d Z and g Z, which have been observed, and
g d = the arc subtending the observed angle. Let this
angle be denoted by A, and the same angle, when re-
duced to ilie horizon, by « ; call H and h lhe heights Ad
and B g of the two signals above the horizon of the ob-
servcr}(which are the complements of the zenith distances;)
then we shall have, by supposing the radius =1, cos.
A — cos. « cos.H cos. h — sin. H sin. h ; or

cos. A + sin. H sin. h r ,. , . , .
cos. a — —, from which we obtam

cos. H cos. Ji

[— A) sin. f C A — H + h)sin. ï; a -=. ' l

COS. H COS. /4 J *

These two formulas give the reduced angle, which is
always considerable, and indispensably requires to be
calculated with great accuracy ; but it is generally pre-
ferable to ascertain the reduction, which is always very
small.

Let A + к —a} we shall have cos, A = cos. A cos. x
cos. В cos. h —sin. A sin. x cos. H cos. Л + sin. H sin. Л ;
from which

, A sin. H sin h — cos A
sin. x — cot. A cos. x — _ ; u j—,

sm. A cos. H cos. A ?
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and sin. x 4- 2 sin.1 •£ x cot. A =.................
tang, j A sin.1 -jr (Ti + /<) — co1.-VAsin.4(H — A)

,'cos. H cos. Л
For lhe sake of abridging the expression, let tbe nu-

merator of the second member be denoted by я, we shall
have
sin. x + Sstn.1^- x cot. A = я sec. H sec. A, and
g sin. -í- x cos. \ x — я sec. H sec. A — 2 sin. •£ *
cot. A ; from which, after squaring, we have sin+. l x —
sin.1 A (1 + «.cot. A. sec. H sec. Л) sin1, -í -x — — \ n~
sin.1 A sect.1 H sec.1 h.

Representing this equation for the purpose of abridg-
ing it, by sin.4 -í x — p sin.1 ± x — — \ q ; we shall
have

+ i -С + -H -£- + &c.-

and sin. -i- л? — -±3- +-JJ1?-* and
p* p4 '

S sin. * л? =: _i- + Íil= chord д; : but

a? = chord x + Л (chord ^ = ^+

or * =7* + ^:(1+*Р>;

So that by substituting the values of p and ç in thi»
expression, developing as far as и3, and reducing

x — n sec. H sec. A — -J- (и sec. H sec. A)1 -: - - +
sin*

i (я sec. H sec. A)3 ( * t̂ ',' A ) .

The first term will generally be sufficient, and the se-
cond always. In all cases we may see how easy it isto
unite the lust two terras in a table, which must be twice
entered.
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The quantity я — tang. •£ A sin1. ± (H + A) — cot. | A
sin1. 4 (H— Л), is calculated by means of two tables of
easy use. The first gives for each value of (H + A) and
(H—A), for every minute, the quantity 10000 sin1. £
(H + A) ; the second gives for each value of A, for every
ten minutes, the quantities 0".0001 tang. -J A, and
0"'.OOOJ. cot. JA. Table III gives the factor sec. II
sec. A, which in geodesic operations differs very little
from unily ; the arguments in it are H and A. Table IV.
gives the sum of the two following terms; the arguments
in itare (и sec. H sec. Л), and the angle A. These tables
for the reductions will be found at the end of this vo-

lume, calculated according to the sexagesimal system«

E X A M P L E ,

Let the observed angle A be 61° 9' 27".3 of the old.
d i vision of the circle, and the apparent zenith distances
of the two objects, 91° 25' 51" and 91° 32' 45" ; let it be
remembered also, that the quantities previously denoted

by H and A, arc ihe complements of the zenith distances.
Let the two zenith distances, which are the respective

complements H and A, be denoted] by D and d. If D of
and rf are both greater than '90°, H and A will be (D —

9), (and d — 90°) : (H + A) will be = (D+ d) — 180%
and (H — A) will be = (D — d}.

If D and d are both less than 90', then H and A will be
(90° —D) and(90° — d); (H + A) = 180°- (D + c?),and

(H-A) = (D—rf).
Lastly, if D is greater and d less than 90°, H will

be = (D — 90") and A = (90°- d) ; (H + A) becomes
- (D — d) and (H — A) = (D + d) —180°.
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This premised,
91° 25' 51"

and 91 32 45 If = 1° 32' 45"
(II + A) = 2° 58 36 A - 1» 25 51
(H — A ) = 6'51

(TI -i- A) 1st table + 6. 746 (H — A) 1st. table + 0. 010
Tang. A 2nd. tab. + 12. 19 Cot. A 2nd table — 34.89

60714 — 0.3489
6746 + 82. 2337

13492 n - + 81-.8848
6746

+ 82.23374
The first part of the reduction is always additive, and

the second subtructive. In order to obtain this reduction
more accurately, multiply it by (sec. H sec. A) ; table
III. w i t h H and A gives for this factor 1.0007.

n = 81".8848
Sec H sec. A 1. 0007
n (sec. H sec. A)..81.942167

Lastly, if regard be had to the last two terms of the
formula, table IV. must be used, which is calculated
upon the supposition, that («sec. H sec. A) is 100".

With the observed angle.610 9', we .find in table IV
lhe correction — 0". 013 : this is what it would be neces-
sary to subtract if (n sec. H sec. A) were 100" ; but, as
that quantity is only 82", the correction — 0". 013 must

be multiplied by ( .§?- )г- 0.6724, and — 0".013 x 0.67

= -т-0".009.
(wsec. H sec. A) rb81".94r

— 0. 009
+ 81".93= 1' 21".9S

Observed angle 61° 9' 27". 3
Reduction 1'21. 93

Angle reduced to the horizon 61° 10' 49' .23.
Thus it appears, that n would have sufficed, and \ve
V O L . ï. M
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may always confine ourselves to n when the reduction
is a small number of seconds, and the zenith distances do
Hot differ much from 90°.

The following operation gives the solution of the
spherical triangle by the exact formula,

N .
)'sin. 8e_ cos. H cos. A

by employing the same given quantities as above, so thai
the two methods may be compared, when it is thought
proper.

H ........ 1° 32' 46"
A ....... .1.25 51
(H~A)..0°. 6' 54"

A = 61° 9' 27".3 A = 61° 9' 27". 3
(H - A) 0 6' 54" (И - A) 0 6' 54

A + (H — A)=ui° J6'2l".3 A-(H—А) =(Л0Й'аЗ".3
-JA+ (H—A)=30° 38' 10".65 IA—(H—A)=30° 3l' lü".65

Сотр. log. cos. H 0.0001581
Сотр. log. cos. Л 0.001350

Log. sin. £[A + (H-A)].. 9.7072179
Log. sin.-HA—(H-A)].- 9.7057427
Log. sin. 4« 19.4132541
Log. sin.. ±.a - 9.70662703=30° 35' 24".59.

Therefore a, the reduced horizontal angle, = 61° 10'
49". 18. This is within about 0. 05 of a second of the
angle found above. If Л unity be added to the 8th figure
of the log. sin. \ a, it will give exactly 61° W 49". 23;
but the log. sines in the common tables are only correct
to about ± a unit in the 7th figure ; from which we may
conclude, that tables which give more than 7 figures
should be used, in order to answer the reduction to 0.01 of
a second ; an accuracy which the approximating formula
gives, and which may be more commodiously obtained
by its means, by employing it however, in the cases
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H and h do not exceed 3° or 4;. If H = A, then
H — Л = 0, and the formula sin 4 a

"--ИА + (Н — ЛУ1 sin. ^ ГА — (H--A)J V
Лcos. H. cos. А

sin. -Л A - . ,, .. rbecomes sin. ^ a = ' - » и, in the approximating for-

mula, becomes tang. A sin7. J-(li + Л), and the correc-
tion will only have a single part.

Correction f or the Eccentricity of the. lower Telescope.

IN the repeating circles, the axis of the inferior teles-
cope does not pass through the centre of the instrument ;
this construction causes the observed angle to require a
correction.

On beginning to observe an angle А С В (fig. 45,) the
npper telescope is brought to the object A (*), to the right,
in the direction С A. If the lower telescope were con-
centric and brought into the direction CB, the inter-
cepted arc of the limb would give the angle sought; but
because of the eccentricity C D, the lower telescope,

•which is fixed at D, takes the direction D B,
Therefore, when the lower telescope is next directed

to the object A, the point D, by the motion of the in-
strument on its pivot, is transferred to E, and the teles-
cope itself takes the direction A E ; so that the motion im-
parted to the instrument is equal to the angle D C E, and
not to the angle А С В.

Now, DC E = A C E - r A C D = A C E — ( B C D —
B C A ) = A G E — BCD + B C A = (90е— A) —(90°

(*) This supposes thai the divisions of the instrument ure num-
bered from left to right.
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— В) + В С А = 90°— Л - 90° + В + В С А = В G A

for, the angles A and В being very small, their sines may
be substituted for tbe arcs ; therefore, the upper teles-
cope is removed fo the right, beyond the angle A C ß, by

_ .

Hence, in order to bring it to ß, it must be made to

describe ACB +£S~ ^ + A CB = 2 A C B +L>o Ь А
CD CE
C B C A '

Consequently, -when we take half the arc measured on
P Г) Г1 V

the limb, we obtain А С ß + OTMÎ ~ 9~Г~Т = ^ '̂ГС

С* P4

measured) ; hence A C B — ± (arc measured) + я-тт-г —

О Г)
I an(l therefore, in order to liavc the angle A C B ,

io half the measured angle must be added - - rr - —

— ^ — - — ~ - — ', D and G are the respective distan-

ces of the objects on the right and left.
In the figure, the eccentricity is to the right ; if it had

been to the left, it would have been negative, and the cor-
rection would have had contrary signs.

In general, the correction is equal to hal f the eccen-
tricity, reduced into seconds, and divided by the dis-
tance of the object which is on the same side with if,
minus half the eccentricity, divided by the distance of
the object which is on the other side with respect to the
eccentric telescope.
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The eccentricity varies according to the dimensions of
the circles and the diameter of (he telescopes ; it would
be easy to form a table for this correction, when the eccen-
tricity of the instrument has been measured. In the
construction of this table, the eccentricity must be ex-
pressed in the same unit as is used for the sides of the
triangles.

Suppose the sides of the triangles to be calculated in
fathoms, and that the eccentricity is 1 .V inch ; •£ the ec-

centricity = i of au inch, and 4,. ~ „V • ^ tne
J * 1 latliom

angles are measured in sexagesimal degrees, we shall have
57° 17' 44"-8

 = 2148-.G.
96

Q14S" G °148'' G .
Thus, the formula will be —rr— — —-;— , if the

eccentricity is to the right. It would be easy to calcu-
late the correction for different distances, which might be
inade to increase for every 1000 fathoms or other mea-
sures. Then, with the distance to the right, an additive
correction is to be taken from the table, and a subtrac-
tivo one with the distance to the left ; the difference of
these two corrections will be the quantity which must be
added to, or subtracted from the observed angle for the
eccentricity. If the eccentricity were on the left, the
additive correction must be taken with the distance to
the left, and the subtract!ve correction with the distance
to the right.

But, suppose that the sides of the triangles are express-
ed in metres, and the angles in grades or decimal degrees :
then, let the eccentricity = 2 centimetres, } the eccen-

tricity = 1 centimetre, and —^— = 0.01 metre ; the ra-

dius = G3°.G6197, and G3G619".7 У 0.01 = 63G6".2.
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m «, r тт. 6366".2 6SG6".2 f 4.Thus the formula becomes —F;— ^— for the
U (j

eccentricity to the right. A table might also be calcula-
ted of this for every 1000 metres.

Lastly, if, in preserving the sexagesimal degrees for
the measure of the angles, the sides of the triangles were
expressed in metres, we should have, s<i l l supposing the

eccentricity = 2 centimetres, 57° 17' 44".8 or 206264".8
OORQ'I «S

x 0.01 = 2062".65 ; and the formula would be • •

9Q69" 55
for the eccentricity to the right. If D = G,

G
the correction will be nothing. Therefore, the effect of
the eccentricity on the three angles of a triangle is redu-

ced to nothing.

Reduction to the Axis of the observed Signal.

SIGNALS of which the points are not well defined

ought, as much as possible, to be avoided. Such are

round, square, and rectangular towers, &c. which are
not surmounted with spires. The telescope can only be
directed to the estimated axis of these signals, and the
error of the observation may come to several seconds;

they are also inconvenient from being frequently illumi-
nated obliquely by the sun : in that case, when we think
we are pointing to the middle of the signal, we point only
to the middle of the enlightened part.

For example, let a b cd (fig. 46) be the signal. If,
on account of the distance, we could see ouly the illumi-

nated face a b, the point A has been observed instead of
the point M, the centre of the signal ; and the observed
angle wants a correction equal to the angle A O M ; nay,
U is not s t r ict ly true, that by directing the telescope to
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lhe middle of the face А В (Jig. Í7,) we are pointing it
to E. In fact, the line A B, seen from the point O, ap-
pears to lhe eye to agree with the line A C, perpendicular
<o O F, which bisects the angle А О В ; thus the visual
ray is directed to the point F, the middle of AC, and
consequently to the point D, and not to the point E, as
it ought to be : the error in the observed angle is equal to
the angle DOE.

Cal lAB, F; A D O , a ; AO = O E , D ; A O B, b •
F F is parallel to О В ; thus D F E = D O B = i b : be-
cause the triangle ABC may be considered as right an-
gled, FE =-^Fcos. о.

We have D : i F cos. a : : ^ b : <r = —. ... ' ! the
4 D "

, , AC AB sin. a
angle b — •: _ . = . I therefore x —

АО sin. 1" АО sin. I'7

F1. sin. a. cos. a
4D l rlsin. I" '

If the second object is to the left of the observer, the
correction will be additive whenever the angle A D F is
less than 90'; at 90° the correction is nothing; and when
the angle exceeds 90°, it will be subtractive. If the se-
cond object is on the right, the correction will be con-
trary to the preceding.

It follows from this, that unless the visual ray be per-
pendicular to one of the faces of a square, hexagonal, or
octagonal signal, it will not be directed to the axis of the
signal ; indeed, the correction which gives only one or
two hundredths of a second may always be neglected.
Let us return to that which depends on the sun.

If from the point О (Jig. 46,) only the face a b can be
seen, the correction is equal to the angle A O M ; now,
A n л/г— A M sin. A M O . ., ,, f , , ,.А О M = i. -.— • !f the face b с only could

A O sin. ï" * • J
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.. .. „. R r k M B M s i n . B M O
be seen, the correction Avould be Б U AI — —т—-—: — .

u O sin. l"
J f lhe signal be a round tower, the correction will be я
little more troublesome to calculate. Tbc following is

the method :—
An observer placed at O Cßg. 48,,) at a convenient dis-

iance from the tower A D B S, can see tluit tower only
when it is i l luminated by the sun, and even (hen he sees
only the enlightened part; and if he take the middle of
this part for the axis of the tower, he commits an error
the quantity of which it is required to determine.

Let C S be the direction of the sun at the time of ob-
servation, M S will be the azimuth reckoned from the
south : make M S — r, the semi-circle A S B will be
illuminated. Let О С now be the visual ray of the ob-

server ; make M С О = M Q = x, and draw DE per-
pendicular to О С.

The semi-circle D A Q E is that which faces the obser-
ver; but as the part A D is not illuminated, the part

A Q S M E only can be seen : let fall A F perpendicular

to DE, E F will be the orthographic projection of the

visible arc, and tin's arc consequently appears like the
right line F E, which is less than the diameter by the
quantity D F = C D 2 sin\ ̂  A D = 2 C D sin1. •£ Q S =
2CDsin\ i (M Q — MS) = 2 C D sin1, i (# — s).

The error of observation will therefore be exibit-
ed by C D sin", -í (x—г). In order to express tkis
quantity in seconds, it must be divided by О С sin. 1" ;

thus, making О С = D, C D = г, we shall have
r sin". ^ (x— г) „ . . j ,.

—•^ —— for the required correction.
U sin. J • ^

If the sun and the object to which we compare the
tower are on the same side, the correction is additive ;

but H they are on different sides it is sublrnctive.
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I f x is greater than £,lhe sun will be on the right of the
observer. Knowing the latitude of the place and the
lime of observation, x and z may be calculated ; but, as
great precision in this case is not required, it will be suf-
ficient (o remark, that (ж—s) = QS, is the supplement
of (lie az imuth observed at the point O, between the sun
and (he signal.

If the sun can be seen from the point O, the instru-
ment is to be placed in a vertical position ;, the upper
telescope is to be directed to the signal, and the num-
ber of degrees observed which the index marks on the
azimuthal circle: the same telescope is then to be brought
towards (he sun, by turning the whole instrument on its
column according to the order of the divisions. The arc
passed over on the azimuthal circle wi l l be the^angle
COP, the supplement of Q C S. If this angle is less
than ISO"1, the sun will be to the left of the observer; if

it be greater, the sun will be on his right.*
Since the sun has advanced during the time of taking

(he angle, it will be more accurate to have the azimuth
for the middle of the observation; for this purpose, an

azimuth may be taken before commencing the observât ion,
and another after it is finished : half the sum of the two
will give the azimuth for the middle ; this azimuth will
then agree with the measured angle, which, on account
of the motion of the sun during the time of the observation,
has increased or diminished in an equidifferent progres-
sion.

E X A M P L E .

Let an azimuth taken before the observation

be 217° 15'

* Tliis supposes that the divisions on the azimuthal circle are
reckoned (Vom left to right.

VOL. I. Ч
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brought over ........ 217° 15'
Another taken immediately after the observa-

tion ................................... 208 5
425° 20'

Azimuth for the middle of the observation.- . 21S° 40'
(x — z) ...... — 180°

32° 40»
Also, let }-=2.G4 yards

D = 10728 yards
'log. r ........... = 0.42160

Log. sin1. ± (x — z) =
Log. sur. 1G°20' =18.89810

Сотр. log. D ____ = 5.9694S
Сотр. log. sin. 1" - 5.31442

30.ü03ö0r:4".0i
Thus the correction is 4". 01 : it will be additive if the

object with which the tower is compared isto the right :
and subtraclive, if it be to the left.

]f the sun could not be seen from the point О (fig. 49)
a plumb-line may be suspended at A, the shadow of which
will fall in lhe direction A B, and should be sufficiently
prolonged to meet С О produced in В ; then, after mea-
suring AB, OB, and the angle А О В, the angle ABO,
the required azimuth, may be calculated.

Greater precision on this subject would be superfluous.
Formulae might be given for the cases of hexagonal, oc-
tagonal towers, &c. ; but these investigations are unne-
cessary, as occasions seldom occur in which it would be
required to have recourse to them.

Spherical Excess.

A F T E R the observed angles have been reduced to the
centre of the. station, and to the horizon, and corrected for
the eccentricity of the lower telescope, as well as for the
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phase of the signal, if necessary, these angles are really
the spherical angles comprised between the sides of the
triangles, projected upon the surface of the sea, or upon
a plane parallel to it.

In this suite, the sum of the three angles of a triangle
ought to exceed two right angles, by a quantity equal to
the surface of the triangle, reduced into seconds, by the
known property of the area of spherical triangles ; but
there is generally a difference of some seconds between
the sum of the three observed angles and the sum of the
three angles of the spherical triangle; and this differ-
ence is properly the error of observation.

It is not long since, in geodesic operations, any regard
was paid to the spherical excess of the three angles of a
triangle; this excess was confounded with the error of
observation, which always was rather great, as the imper-
fection of instruments did not permit angles to be mea-
sured with that accuracy Avhich is now attained. When
the sum of the three observed angles was not equal to
two right angles, a third of the difference was applied to
each angle as a correction ; and then the calculation was
made as for plane triangles. This agrees with Legen-
dre's theorem, given in die following page.

The triangles formed on the surface of the ground
might therefore be treated as spherical triangles in cal-
culating their sides ; from the surface of a triangle we
should conclude the excess of the three angles above two
right angles ; then make the three observed angles equal
to two right angles plus this excess ; and with these new
angles the sides of the spherical triangles should be cal-
culated by the known formula? ; but, because triangles on
the ground, which are the subjects of consideration in
geodesic operations, differ very little from plane trian-_
glcs, their aides being very small with respect to the ra-
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dins of the sphere, it has been suggested that the calcu-
lation of the sides might be simplified, and the spherical
triangles be brought to pliine triangles, the solution of
which is less troublesome. This lias been done, and twe
of the methods shall be explained, which may be com-
pared together at pleasure. One of them is an applica-
tion of a fine theorem of Legendre, the annunciation of
which is :—If, from each angle of a spherical triangle,
the sides of which are very small with respect to the ra-
dius of the sphere, there be subtracted a third of the ex-
cess of the three angles above two right angles, the an-
gles thus din.inished may be taken for the angles of a
plane triangle, the sides of which are equal in length to
those of the proposed spherical triangle. It is, there-
fore, necessary Io know lhe excess of the sum of the three
angles of the spherical triangle above two right angles. In
order to obtain this, lhe surface of the triangle must be
calculated à priori, by considering it as a plane triangle ;
this will give it atlca&t wi th sufficient accuracy.

Jf we have two bides, b and с with the contained angle
A, the surface will be S =. -J ô c sin. Л. Jf we have one
side a, and the two adjacent angles ß and C, the surface

•n u c. , .sin. B sin. С -. '. , . ,
will be S = ±a sin rij Т7Г)' Jf tlic spherical excess

be denoted by <?, we shall then have e — — .R ; т being
r-

the radius of the earth which should be expressed in the
same unils as the sides of the triangle ; 11 is the number
of seconds comprised in lhe radius; therefore e wil l be
expressed in seconds.

Thus, in order to have the spherical excess in seconds,
to the logarithm qf the surface of the triangle must be
added (log. R — 2 log. r), which is a constant quantity.
If the sides of the triangles are expressed in yards, and
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lhe angles according to Hie old division of Hie circle, the
log, of »• mil be = 6.84264, and log. IÍ = Г).S1443, then
the (log. R — 2 log. r) = l .62915 — 10, wli ich must be
added to the logarithm of the surface of the triangl'1, to
obtain the logarithm of the spherical excess in seconds.

But if the sides of the triangles are given in metres,
and the centesimal division of the circle is employed
for the angles, we shall have the log. of r=: o.80388, and
log. R - 5.803S8; from which (log. 11—2 log. r) =
2.19612—10.

Lastly, if the metre be employed for expressing the
sides of the triangles, and the sexagesimal divis ion of the
circle used for the angles, it will be necessary lo add lo
the logarithm of the surface of the triangle the constant
logarithm, l .70G67 — 10.

Suppose, for example, that we had the two sides a and
Ъ expressed in yards, and the contained angle С given.

viz С = 103° 19' 10".
Log. a - 4.917733
log. b - 4.850510

We should have for the calculation of the quantity
^ ab sin. C, which expresses the area of the triangle,

log. a 4.917733
log. i 4.850510

Log. sin. С 9.988135
Сотр. log. 8 9.698970

9.455348
Constant log. — 9.629144

1.084492= 12".15
Thus the spherical excess amounts to 12". 15, because the
the sides of the triangle are very great : this excess
seldom exceeds 5", in geodesic operations.

The three observed angles of the triangle ought to ex-
ceed two right angles by 12"15 ; what is wanting w i l l be
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the error of observation. The preceding calculation is
not necessary for finding lhe sides of the triangles ; it is
useful only for making known the error of observation in
the angles, and for bringing them to their true value, by
applying a third of this error to each angle, in order to
render their sum equal io two right angles, plus the sphe-
rical excess.

We may satisfy ourselves in calculating triangles, with
distributing the excess or the difference between 180" and
the three observed angles, by thirds, in order that the sum
of the observed angles may become equal to two right an-
gles ; unless some particular reason induce the observer
to make some other distribution, depending upon the
greater or less reliance he has upon the accuracy of
any particular angle.

The three angles thus reduced to 180°, arc those that
arc to be employed in calculating the sides of the trian-
gles, considered as plane triangles.

Dclambre's method consists in reducing the horizontal
singles comprised between the objects, to the angles com-
prised between the chords which subtend the terrestrial
arcs ; by this means the.spherical triangle will be redu-
ced to a plane triangle, formed by right lines supposed to
join the feet of the three signals, projected on the surface
of the sea produced.

For the purpose of bringing lhe spherical angle com-
prised between two terrestrial objects, to the angle of the
chords, it may be supposed that it is required to bring the
angle reduced to the horizon to another plane, the situa-
tion of which is determined by the length of the arcs
which contain the angle, in fact, these arcs are the
measures of the angles of depression between the plane
of the horizontal angles and the plane of the chords;
for, the angle comprised between a chord and its tangent,
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is measured by half the arc of that chord: hence, this
problem is the. reverse of that for the reduction to the
horizon. The same formula may therefore be used, bj
Changing the signs of the tables.

The arcs of the great circles, including the angle, must
be expressed in minutes; for this conversion the follow-
ing formula maybe employed,

j^ / ] — i e'"sina. L\
( Я sin. 1'. )>

in which К is a side of the triangle expressed in known
measures; e is the ellipticily of the earl h ; L the lati-
tude; R the equatorial radius in the same measures as K.
This quantity is the angle formed by the normal drawn
from one extremity of the arc, and the right line drawn
from the other extremity to the point where the normal

meets lhe axis. This angle differs very little from the
terrestrial arc. For the regions about 45° degrees of la-
titude, the following formula may be used ;

R sin. l1

When the two terrestrial arcs have been determined,
their halves are to be taken, and called P and Q ; the sum
of these halves will be (P + Q), and the difference
(P—Q). With thcye numbers the two factors are to be
sought in the first table, w i t h the angle reduced to the
horizon. The tangent and cotangent numbers may be
sought in Table II. The sign — is to be given to the
tangent, and the sign + to the cotangent.

E X A M P L E .

LET it be proposed to reduce the horizontal angle
Cl° 10' 49".S comprised between the two sides of 1868T
and 22271 English yards, in the latitude 49° 20', to the



96 A TREATISE

angle of the chords. These sides being respectively.
denoted by k and K, Ibc corresponding arcs may be

. . , , , / . , », / l ^rstn 5 . L Л
expressed in minutes by the formula k 1 -Hh—: p- l.

The factor—ÏT-T———- must first be calculated, and
R sin. 1' '

then may be denoted by M.
Log. sin*.L= 19.7599268
log. e- =—3.7766529
log.O.à = -Л.б989700

Log. ±c"- sin1. L =—3.2355297=number Q.OOI72
1—Jel.sin1.L=0.998g8

Log. (1 —i ег sin1. L) =—1.9999524
Сотр. log. sin. J' = 3.5362793
Сотр. log. R in Eng. yds.rr 5.]567060

6.6922377 = log. M.
Then we shall have

Log. M 6.C922377 Log. M 6.6922377
log. k= 18687..4.27]5396 log. К =22271.-4 3177397

0.9637773=9'.20 TÖ399774-
= 10'.96

Thus P= 10'.96 and Q=9'.20
JO'.96 I0'.96
9'.SO 9'.20

(P + Q)=20'.16 (P-Q)=l476~
(PfQ) t ab . l s t 0.085 (P — Q) tab- 1st...0.000
\viththeobs.ang. l —12.19 with the obs.ang. i +34.89

tab. 2. $ 6095 tab. 2. \ 0.000
9752

—1".03615
obs.ang.61° IQ'49".3

61°10'48".26
The angle comprehended by the chords is then Гол;

6P 10' 48".26.



ok ToroGnApHY. 97

The same reduction must be made for each of the an-
gles, and their sum rendered equal to two right angles,
by adding to, or subtracting from each a third of the
difference between that sum and two right angles : after
which the calculation may be made as for a plane
triangle.

Observations of Latitude.

MERIUI AN altitudes either of the sun or of the stars may
be employed in determining the latitudes of places on
the earth ; the method is the same for both. The mo-
mcnt the star passes the meridian is ascertained by means
of its right ascension, and several attitudes of it are
observed before and after the passage, taking the exact
time of the observations by a seconds pendulum.

The invention of the repeating circle enables us to
obtain the latitude, in one night, within a second of the
truth ; an accuracy which before required the successive
observations of several years.

In fact, we may take 30 or 40 zenith distances of the
same star before and after it has passed the meridian ;
similar observations may be made on several stars during
the same night, and consequently, in a few hours, we
may obtain a hundred observations of latitude. The
altitudes of the same star are taken by prolonging the
series of observations, without reading each of them : it
will be sufficient to read the last, and to divide the arc
passed over by the number of angles observed, because
the motion of the star may be considered as uniform
during these small intervals of time.

The different heights of a star taken at some distance
from the meridian want a correction to reduce them to
the meridian.

VOL. ï. о
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LetHZPR (ßg. 50) be the meridian, Z the zenitJi,
E the star, P E Us distance from the pole, Z E the ob-
served zenith distance ; make P e —t P E ; it is required
to determine Z e from Z E which was observed.

Let the latitude of the place, which it is sufficient to
know nearly, be denoted by L ; lhe declination of the
star by D, and its distance from the meridian, or
the horary angle, ZPE, by P ; Ze= Z P — P E =
(90o — L) i- (90° — D) = D — L. H is evident that
Z e is less than Z E. Let x be the difference, then
ZE = Ze + œ = (D — L +#) ; the spherical trian-
gle Z P E gives cos. Z E = cos. P E cos. P Z + sin*
PE sin. P Z cos. P or cos. (D — L + x) = sin. D sin.
L + cos. D cos. L cos. P.

It was from this equation that Delambre found x, which
he has expressed in the following series, viz.

_ f 2 sin.1 V P cos. D cos. L \
~~ I sin. (D — L) sin. 1" /

2 sin." -i- P cos. D cos. Ly-
sin. (D — L)sin. 1"~ J cot< (D ~~ L) sm- !" ""

j ( S!"' * C°T
S'4 • C°iu ) cot. (D — L) sin.7 1"ч sin. (D — L) siii. l" J ^

The third term is always insensible; the second is
easily calculated by means of the first, but the first is
generally sufficient.

The value of x is to be subtracted from the observed
distance when the star passes between the pole and the
zenith, according to the figure ; hence, in this case, the
signs of the above value of x must be changed.

When the star passes below the pole, the signs of x in
ihe preceding value are not to be changed, but (D + L)
is. used for (D — L).

Lastly, if the star pass to the south of the zeajth, the
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signs in the value of x must be changed, and (L — D)
Written for (D —L.)

If the declination of the star be north, D will have its
sign cli! uced.

By ciking only the first term of the formula, we shall
havi Й si».M P — sin. vers. P, and(ttmg. D + taug. L)
__ яп. (Г* -г L). .

P. — > this ma}' be put under this iorm
COS. D C-OS. JJ ^ Г

«in. vors.. PФ — ц.
(Uüg . D -t-t.ung. L) sin. l"'*

This forin .Ла would servo for the calculation of gene-
ral tables, v*i rh the argument (tang. D + tang. L).

Otuerwise, thv calculation of tables from the preceding
formula is very easy. 16 is to be remarked that the first
ierm has only lhe sin.* J P variable, and the second only
Ein. 4 i P. The logarithms of the two consecutive mira»
bers of the tables vary therefore only on account of the
variation of log. sin.7.-£ P and of log. sin.* í P. ThuSj
when we have the logarithm of the fifst number of the
table, we shall have those of all the others, by adding
successively the differences of the logarithms of the sin."
•i P and sin.4 * P.
ï

It wil l be sufficient to calculate the second term for
every minute of time; the intermediate terras may be
concluded from these by an easy interpolation.

Tables of reduction might therefore be calculated for
the star or stars which have been chosen for the observa-
tion of latitude.

Suppose, for example, that a table of reduction was
required for the polar star, which appears to be prefer-
able to all others for observations of latitude.

The latitude of the place being 5Г 2' 10" = L, and
the declination of the star 88° 12' 50" = D, we have
(D — L)=37010' 40". (D + L) = 139° 15' 0".
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Superior passage. Inferior passage,
log.2 0.30103
Com. log. sin. 1'i ..5.31443
log. cos. D 8.49372
log. cos. L .9.79853

3.90771 S.90771
Com.log. sin.(D -L) 0.21875 Com.log.sin.(D+L)Q. 18525
log. я — 4.Т2Й46 log. a + 4.09296
Slog.fl + ~872529S 2bg. a 8J8592
log.-^ — 1.69897 —1.69897
sin. J " 4.68557 4.68557
cot. ( D - L) -OJ2008_ cot f (D + L).. — 0.06467
log. ô + 2.757~54~ log. 6... +2.63513

Thus, the constant logarithms of the first term of the
formula are —4.12646 for the superior passage, and
+ 4.09296 for the inferior ; these logarithms are to be
added to the logarithmic differences of sin.1^ P, to ob-
tain the logarithms of the corrections answering to the
different horary angles P, due to the first term.

The constant logarithms of the second terra are+2.75754
for the superior passage, and + 2.63513 for the inferior ;
these logarithms must be added to the logarithmic dif-
ferences of sin.*-£ P, in order to have the logarithms of
the corrections corresponding to the different horary
angles P, of the second term.

For the superior passage, the first term is negative,
and the second positive ; but, as this last is always much
the least, the reduction is subtract!ve.

For the inferior passage, both the first and second
terms are positive, because (D + L) is always greater
than 90°.

During the observation of the same star, D varies by
reason of the precession, aberration, and nutation ; but
this variation is so small, that the declination may b,e
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Regarded as constant during the interval, though !t may
be three or four months ; but after some years, the tables
require recalculating.

When we wish to observe the same star, it will be
convenient to make a table, which gives, for the whole
interval, the apparent position of the star; that is, Us
right ascension in time and its distance from the pole
nearly, both affected with .the precession, aberration,
and nutation.

The instants of the observations compared with the
timp of passage over the meridian will give the horary
angles P, with which the proper reductions may be
taken from the table. The sum of all these reductions,
divided by lhe number of the observations, will be the
mean reduction, which is to be subtracted (for the su-
perior passage) from tlic mean of all the observed dis»
tances, (which is the arc passed over divided by the
number of observations :) the remainder will be the
apparent distance, as it would have been observed on
the meridian.

The method of calculating particular tables of reduc-
tion for any star whatever, has been applied to the polar
star, and explained; but, instead of these particular
tables, it is advantageous, in certain cases, to employ
those of a general nature, as when we propose io observe
a great number of stars, and lo limit ourselves to about
a hundred observations ior each. The method of con-
structing these tables is the following : —

The formula found above may be put under this
forra :
x — 2 sin.1 J P cos. D cos. L

"~ sin. 1" sin. (L — D)
2 sin.* j P cos. D cos. L \ г sin. I" __

' C>

/
V sin Л "»in, (L — D> ' 2 tang. (L — D)
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There is not any thing variable in this formula but
,2 sin/ JT Pthe factors ( li^ltü ) and •

V sin. 1" I sin. l"
ЛИ the rest may be supposed constant during any

series of observations, at least, when the body upon
•which they are made is not the moon. Abstraction may
therefore be made from the first term of the formula,
лР <1,Q A,«*/-.- COS. D COS. L . , ,oí ше iactor__—— ^ Or it may be supposed

sin. (L — D). . rr

equal to unity, considering only lhe variable quantity

—r—' * - and constructing a table from it, depending

solely on the horary angle.
The different values of the variable quantity may be

taken from this table for each of the observations ; and
then the sura of these values being multiplied by the

cos. D coe. L l
common factor —:—7: yrr = т ï 7^мп. (Ь— IJj tang. L —lang. D
we shall have the whole correction, such as it would
have been obtained from a particular table which give«

.. . , . 2 sin.x A P cos. D cos. L
at once the whole term :—'—. =г—: .

sin. (L — D) sin. 1"

The second term of the formula may be written thus,
2 s i n . * - V P \ / cos. L cos. D\z

-TSTF- ) ( sin. (L - D) ) cot> (L - D)> where

2 sin * J- P
» :—'—— is the only variable factor, for which a

sm« i
table may be constructed depending on the horary an?
gle. In this table the different values of the variable
quantity may be taken for each observation ; and the
sum of these values, multiplied by the common factor
/ ens. L cos. D\a .
( —:—ту fr- l cot.(L—D) will give the whole corrcc-
\ 51Пï ^JU~~" L/J '
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2sín .*^P\ /cos. L cos. D• , . , , . . , , . / . \ /
tion, relative to the term ( — : — r~ \ { —. — -p - кг

^ sin. l" J \ siii. (L — D)
cot. (L— D).

We shall tli lis have the two terms of the value of #.
But, in order to facilitate still more the calculation of
... , ., . • <:os. D cos. L т
this value, the two factors —. — -^ - —, and

sin. (L — D)
I COS. L COS. OX1 т тл • , ^ ï л i
I — : — ; -- r—- j cotaug. (L — L)), might be reduced

into tables, for each particular latitude in which they
were intended to be used.

g sin.1 -f- P
The values of — . ' ,7, must be calculated for

sin. 1"
every second of the horary angles, at least as far as
16', so that the quantities may be taken from the table
at once, and without any proportional parts : it will be
sufficient to calculate, for the same space of time, the

9 sin * l P
Values of . ' ,'-', for every 10". We may even,

sin. 1
тегу frequently, omit the values contained in this table,

•ï л л , . , • « • /cos. L cos. О\г ,also those m that of the factor (— — n - =— ) cot.N sin. (L — D) /
(L — D), In factj in, order that lhe product resulting
from these two factors may be sensible, tho union of
two circumstances is necessary ; viz. that the zenith
distance may be inconsiderable, and the horary angle
rather large : now, \\hen the zenith distance is small,
we ought to avoid large horary angles, because the least
error in- the time of observation луоиМ have a very
sensible influence on the reduction, and, consequently,
on the reduced distance. It will be proper, for .ex-
ample, to discontinue the observations when the re-
auction increases by A or A of a second of a degree
for a second of time ; and this happens at some
minutes distance from the meridian when the star is
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very elevated. To find the moment at which the res
duclion increases •£ or -J of a second, for one second of

time, or in general —th of a second, we have only to

, l j j (~ si"-1 * P cos. D cos. L\make —= ax — a \ :—-= =- ) —
n ч sm. (L — D) /

d P sin. P cos. L cos. D . .. i . .
:—-r fr- , írora whichsm. (L — D)
d x sin. (L —Ô) sin. (L —D)
d L1' cos. L cos. í) IÕHÍ/Í cos. L cos. D"

If we suppose n = l and dt — l", that is, if we
investigate the time in which 1" of time changes the re-
duction 1" of a degree, we shall have
. p sin. (L — D) . , n • n 11sin. l =: _ and as r is generally a small

15 cos. L cos. D ь

angle, we may suppose the arc proportional to its sinej

and say that P decreases as the fraction — decreases. It
n

would be useful to calculate tables from this formula,
for different latitudes, in which it might be seen how far
the observations may be continued in the different cases.

Delambre has given, in the Connaissance des Temps,
íor the year 12 (1804) two tables for the factors
2sin.*4P n r 1 Ssin.MP , , . , , . ,
—:—n;— atul —-—ГГГ". calculated tor every second

in the firsi, and for every 10" in Hie second, as far as
lo' of time. There are also similar tables for the factors
cos. L cos. D , /cos. L cos. D \г . „ ,-..
—•—r,—ïvr- ancl (—=—7Г ггг ) cotang. (L — D)sm. (L—D) ч sm. (L — D) J ° ^
for the latitude 48° 51', which will serve for the different
observatories of Paris. There is also subjoined a table
for finding the horary angle for the same latitude, when
the reduction varies one second of a degree for each
second of time. This table is calculated from the for»

sin. (L — D)
nui'la P r=

lueos.Iicos.D*
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From this table it may be seen, for example, that for
SO3 of north declination, the horary angle is 8'.7 ; from
which we may conclude that, about 4'^ before and aftet
the passage over the meridian, we shall have 0".5 error
in the reduction for an error of 1" in the time of obser-
vation ; and that at about 3 the error would be nearly
•J- of a second. Very little dependence can, therefore,
be placed on observations made with this declination,
when the horary angle exceeds five minutes. Now, aí
five minutes, the second term is 0".006 x 9.1, (seethe
subsequent tables) that is 0".0o4, a quantity too small
to affpct the calculation.

At 20° of declination, the horary angle is IP.9; there-
fore, the observations may scarcely be commenced but
6' or 7' before the passage over the meridian ; and, in
this case, the second term will be 0".012xS.O = 0".036.

Hence, it appears that the second term of the reduc-
tion may be neglected as far as 30° of north declination.
Beyond that height, the use of Borda's circle is perhaps
not sufficiently certain, since 10' of inclination in the
plane produces an error of 2".53, and 5' an error of
0".64, "

The stars that are only 20° from the pole may be ob-
served at Paris in both their superior and inferior pas-
sages, withont lhe neglecting of the second term ever pro-
ducing a sensible error as far as IG' from the meridian ;
as will shortly be demonstrated.

Such is therefore the use of Table V ; it shews the
duration that can be given to a series of observations.
At 30* degrees of north declination it gives 8'.7, that is,
the observations may be continued about 9', four and a
half before the passage, and as long after. At 40° of
south declination, we find 30', that is} the observations

VOL. i. r
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may be commenced 15 minutes before the passage, ami
end 15' after it, and so on for other declinations.

We shall now give an example of the Tables J. II.
III. and IV. inserted at the end of this volume.

Suppose we hud twenty-two horary angles, as in the
specimen of calculation following the tables. With
these angles we take from Tables I. and lib the forty-
four corresponding numbers, and place them in two
columns. The sum of the first is, in this example,
4324".5, to which the sign — is prefixed, except in
passais observed below the pole ; we also take the sum,
of the second colu:ru;, which is, in this instance, 3".33}

and always has the sign -t- prefixed to it.
The logarithms of the two sums are to be taken and

•written down separately ; below each of these logarithms,
the arithmetical complement of the number of observa-
tions, which is here 22, is to be written.

Thus far nothing depends either on latitude or decli-
nation, the operation is always the same ; only the
horary angles and the number of observations are consi-
dered. To complete the calculation, suppose 48° 41'
the latitude, 33° 24' the south declination. With 33'
24' or 33°.4 south declination, search, in Table II, the

value of the factor -. ' •.- '— calling it F, and which

is 0.5544;' and in table IV, the value of the factor
/ cos. L cos. D \ a TW ï • ï 11/ r -_- ) cotane. (L — D), which may be dc-
^ sin. (L— u) '
noted by/. This factor is equal to 0.043. The loga-
rithm of F being added to the first calculation, and
that of f to the second, the sums are the logarithms of
108".58 and 0".006o : thus the reduction will be = —
Ю8".У8 + 0-.0065 = — 108".97 = — 1' 48"-97.

The second terra in thig case is insensible : now the
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quantity + 3".S3 is a kind of maximum ; divided by the
number of observations it becomes 0". 1514; therefore, it
may be neglected when / does not exceed u n i f y . In
looking over the table, it луШ be seen that below the
pole, 0". 1514/cannot exceed 0".067 ; even above the
pole, from 90Q to 69° of declination, the second term
never exceeds 0".2. Wherefore, it may be neglected
on the north side, from the horizon as far as 20° of zenith
distance.

Towards the south, as far as 41° of height, that is, as
long as the declination is south, the second term cannot
much exceed 0". 1 ; at 10° of north declination it is 0".2
a lmost ; it wi l l even be insensible, if, instead of observ-
ing during 32', the time be reduced to 15', as prescri-
bed in Table V, or even to 20' ; for it should be remarked

Q./ QQ O'l 1C '

that the ±^ will be reduced to —^~ = 0".I09, if

1".29
the two extreme observations be suppressed; to —~~ =

Jo

—'—— •=. 0''.072, if the four extremes are suppressed.

By coniinuing this examination it would be seen that the
use of Tables II. and IV. will seldom be required : at all
events, the operation would not be more difficult, nor
much longer.

It would be easy, by means of general tables, the
construction of which has already been explained, to
calculate particular tables for each star and for different
latitudes; but this trouble may be avoided, by means of
the general tables, especially when the second term of
the reduction can be neglected, which is almost always
the case ; this method is as easy and simple, as when
particular tables are employed.

The correction or reduction which is obtained either
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from particular от general tables, being applied to ihe
apparent zenith distance of the observed star, gives the
true meridional distance, or what it would have been if
the obseryation had been made when the star V/RS on the
meridian.

The mean refraction ami the correction due to the
height of the barometer and thermometer must then be
added ; and lastly, the distance of the star from the pole.
The sum will be the true distance from the pole to the
zenith ; the complement of which to 90" will be the re-
quired latitude.

For an inferior passage, the reduction is additive, and
the polar distance substractive.

Any error committed in the declination equally affects
the latitude; in order to avoid this, the two passages of
the same star over the meridian ought, as often as pos-
sible, to be observed on the same night. Jf the decli-
nation be not accurate, the two latitudes will not be
equal: they wi l l differ from each other by double the
correction of the declination, and the half sum of the two
will be the true latitude,

Jt is diff icult to ascertain the vertical position of the
nstrument within 2" or 3" when the zenith distances are
taken ; which causes a diminution in these distances,*
which is equal to 2 sin.1 •£ í cot. D ; í is the inclina-
ion of the circle, and D the zenith distance.

Tt appears that the error increases as D diminishes.
The observations should therefore not be made on stars
near the zenith ; it is much better to choose them in the
vicinity of the pole.

This supposes the distances to be less than 90°.
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For ë, of the Great Bear and of the Goat, at 4° from the
zenith, the error would be 3" for 5' of inclination.

For the polar star at 37° from the zenith, it would only-
he 0".29 for the same inclination.

In northern observations, the inclination increnses the
latitude ; but it diminishes it in those to the south.

Unless a star be very brilliant, or one of the first magni-
tude, it is almost impossible to observe it at the intersection
of the wires; it must, therefore, be observed at some dis-
tance from it. It is also very difficult to place the wife
exactly in the horizontal position.

The error arising from an observation made at some
distance from the vertical wire is similar to that which is
produced by the inclination of the circle ; it has the
same sign when the observation is made on a star to the
south, and a contrary sign when to the north. The best
way is to observe the star at the same physical point in
the telescope, and as near the wire as possible.

Observations of the Azimuth.

IN order to lay down a series of triangles, it is neces-
sary to know the azimuth of one of the sides, or its incli-
nation to the meridian ; the azimuths of all the other
sides may then be found by calculation.

Observations of the azimuth are made by taking the
distance between the sun and a terrestrial object. Sup-
pose M R (fig- ò\) to be the intersection of the meridian
•with the horizon of the place M, and M S the intersection
of the same horizon with a vertical circle passing through
the centre of the sun ; the angle S MR mny be calcu-
lated ; and if the angle S M D, between the sun and a
terrestrial object D be observed, the angle D M R, or
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the inclination of the side D M to 4hc meridian of M
•will be known.

A star may also be employed instead of the sun, but
then it will be necessary to have a light for the terrestrial
object, which is not so convenient.

Azimuths are generally taken when the sun is near the
horizon, and this operation should be performed as offen
as possible when the sun is rising or setting; thus
the mean result is rendered independent of the errors
produced by those of the declination of the sun, the
latitude of the place, and the pendulum. The repeat,
ing circle does not give the simple distance of the lumi-
nary from the terrestrial object ; it can be obtained only
by pairs ; but as the motion of the luminary, with res-
pect to the signal, m a y b e considered as uniform during
small intervals of time, the arc passed over may be di-
vided by the number of observations ; and the mean arc
resulting from the division is sensibly the distance of the
sun from the signal, for the mean instant of (lie observa-
tions.

For the distance between a terrestrial object and the
centre of the sun, without respect to its diameter, the
vertical wire of the telescopes should be alternately direct-
ed to the east and west limb of (he disk of the sun. If, for
example, the terrestrial object is to the right of the sun,
nfter the upper telescope has been fixed upon the object,
the vertical wire of the lower telescope is to be brought to
that limb of the disk which appears to the right in the te-
lescope ; and when the lower telescope is next directed to
the same object, the upper must be brought to that limb
which appears to the left.

The observations may be continued in the same man-
ner, and the final distance will be that between the centre
of the sun and the terrestrial object.



ON T O P O G R A P H Y ; 111

The time, or the horary angle of the heavenly body, is
one of the essential elements of the calculation ; an error of
one second in the true time would produce one of several
seconds in the azimuth : it is therefore necessary, in order
to have the true time with great precision at the moment
of the observation, to know well the rate of the pendulum,
and to take corresponding altitudes, on the day of obser-
vation, which should be taken again on the following
day. If the same azimuthal observations be repeated for
several successive days, any errors that may have beea
committed either in the measured distance, or lhe time,
will be attenuated.

Now, l e t N P Z M (fig. 52; be the meridian, N the
northern point of the horizon, P the pole, Z the zenith, S
the true place of the sun, S' his apparent place, and G
the terrestrial object ; the pendulum will give for the in-
staut of the observation, the horary angle Z PS — P.
There is also known PS, the complement of the declina-
tion of the sun — C; and PZ, the complement of the
latitude = H ; there will therefore be given in the trian-
gle Z P S : cos. Z S or cos. В = cos. P sin. H sin. С Ч-
cos.H cos. C ; this is the true distance of the sun-from the

41. 1 • О V О • rr Sin. P Sill. С mi
zenith; and sin. r Z a or sin. Z =. : 5— • лле

sin. ß
angle Z is the azimuth of the sun, reckoned from the
north.

Let r be the refraction and p the parallax in altitude ;
then \ve shall have '/., S' =: 13' — 13 — r -b p : in the
triangle Z G S', there will be known Z S', the appa-
rent distance of the sun from the zenith; Z G, the op-
parent distance of the terrestrial object from the zenith ;
and G S' the observed distance; it'S'G be made equal D,

and Z G = A, and if We make R = £±J?1±-IL ~ A
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and R' = — B', we shall have sin.1 £
A

З'.ОГ Sin.1-?, Z' = . ' •. :—'—Tf,
sin. Л sin. tí'

If the instrument has not been placed at the centre of
the station, this angle Z' wants a correction, in which
case, the reduction given by the formula (page 7J)
is to be used ; and here it must be remarked, that the
correction is always reduced to a single term, because the
distance of the heavenly body, which is in the denomina-
tor of the other term, may be considered as infinite with
respect to the distance from the centre of the station.
Thus, if the body is to the left of the terrestrial object,
4i «• -11 u i i t , rsin.(O + Y) .the correction will be reduced to + —=r—.——— ,

D sin. 1"
and if it be to the right ofthat object, the correction will
b r sin. Y

Gsin.l"
E X A M P L E .

Suppose, that on the 22nd of July, J798, the distance
Between the sun and a terrestrial object had been taken.

The barometer stood at 30.2 English inches ; and the
thermometer at 52^ deg. of Fahrenheit.

The arc passed over by the telescope, divided by the
number of observations, gave 67° 19' Si". 7 = D, for the
distance between the object and the centre of the sun.

The mean instant of all those of the observations, given
by the pendulum, was 6 A, 36 m. 44 s. ; the corresponding
altitudes taken in the morning, gave 0 A. 3 »г. 36 í. for
the true noon : those taken on the following day, gave
0 A. 4m. 27s. for the true noon ; so that the pendulum
had gained 51 seconds in 24 hours.

To reduce the instant of observation to true time, 3m.
36s. must be subtracted from 6 A. 36 m. 44s.; the re-
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mainder 6Л. 33m. 8s. л\Ш be the time elapsed, ac-
cording1 to the pendulum, from the preceding noon to the
moment of observation. Now, to find how much the
pendulum gained in б A. 33 m. 8 s. we have the following
proportion, viz. 24 A. 0 m. 51 s. :5 l s . :: 6Л. 33m.8s. -
13.9s. ; which taken from б A. 33 m. 8s. there remains
6 A. 32m. and 54.1 seconds for the true time of the
observation.

The declination of the sun on the 22nd of July, at 6 A.
32m. 54s. was 19' 57' 22".5 north; thus PS = С =
70° 2' 37" .5;

The latitude of the place = 42° S' 32" ; thus H = 47»
5 Г 28";

And the distance of the terrestrial object from the ze-
nith = 90° 21' 10";

б Л. 32 m. 54. Is. - 3s 8" 13' 31".5 = the horary
angle = P.

If the observation had been made in the morning, this
quantity would be the supplement of the horary angle,
which would consequently be 2» 21°46'28".5 = — P,
unless we reckon the horary angles from, one noon to ano-
ther, or from 0" to 360°; then we should have P =
8"2Г46'28".5.

SPECIMEN Of C A L C U L A T I O N .

Log. cos. P = —9.1555425
log. sin. H = 9.8701003 log. cos. H = 9.8267052
log. sin. С = 9.9731064 log. cos. С = 9.5331395
—0.0997124...-.8.9987492 +0.2290048- ..9.3598447

+ 0.2290048
—0.0997124

Cos. B= + 0.1292924 log. соз. В = 9.1115729
Therefore В = 82 34'16".67 = the true distance of

the sun from the zenith. В would be greater than 90° if
the cos. of В were negative.

VOL. I. Q
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Сотр. log. sin. В = 0.003G60G
Log. »in. P = 9.9955092
Log. sin. С = 9.97310GÍ

Log. sin. PZS or sin. Z ..... = 9.9722702 therefore
Z ^ 69° 44' 40"-4.
This solution does not shew whether Z is greater or less

than 90°; for the sine is the same in both cases. It is
generally known before of what kind the angle Z is ; but
the doubt when it does occur is easily removed.

The angle PZS is ISO3 at noon, and it decreases as
the sun approaches the moment of his setting; the in-
stant may be determined at which that angle is just 90°,
by considering the triangle Z P S as right angled at Z ;
for if, in this triangle, we calculate the horary angle P,
we shall know at what instant the angle Z was 90°, and
we shall also know whether it was acute or obtuse at
the moment of the observation. If the calculation, in our
example, be made, we shall find the horary angle P less
than 3"s- 21°, &c. when the angle Z was 90° : it was
therefore less than 90° at the instant of the observation ;
so that making B= 82°34' 16".G7
Mean refraction for that distance (Table > G 49 *35

VI. following) ' ?
Correction for temperature (Table VII. £ , n OQ fr

Г 11 • s* i ' ' " * "J

following)* „.. 3

Paral. of the sun July S2nd at7°.25' of> - 0 8 31
altitude .... ... .. 5

B'the apparent altitude of the sun 82° 28' 4 "."28

* Attention must always be paid to take the correction for the
temperature given in Table VII. with a contrary sign to that corres-
ponding to the factor (.t + y + xy) expressed in that table, because
the absolute refraction — r= dr (r denoting the mean refraction, and
dr its correction) ought always to diminish the number answering to
(* +У + *?) i" '^e calculations of the azimuthal angles.
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A.. 90° 21' 10"
B'.-82 28 4.28
D..G7 19 3-Í.7

CA + K' + D) =240 8 48.98
(A + B' + D)

л

A = 90 §1 10 B'= 82 §8 4. 28
R = 29° 43' 14449 R'=:370 36' 20", 21

Сотр. log. sin. A. ........ 0.0000082
Сотр. log. sin. B' ........ 0.0037G3S
Log. sin. R ............. 9.G952S23
Log. sin. R' ............ 9.7854884
Log. sin.^Z' ........ = 19.4845425
Log. sin,. -tZ' ........ = 9.7422712

Tlierefore
i-Z'= 33° 32' 0".06, andZ'=67°4'0".12

Thus the distance of the terrestrial object from the
centre of the sun, reckoned on the horizon, =G7°4'0". 12,
which it would still be necessary to reduce to the centre
of the station if circumstances required it.

Let O {ßg, 53) be the place of observation, N the
north point of the horizon, and M the south point, S the
sun, and G the terrestrial object ; then as.SON=Z au'd
S O G=Z', we shall have M O G— the azimuth counted
from the south = 180° -̂ (Z +Z') Thus the true azimuth
will be 180° — (69° 44'.40".4 + 67° 4'0".12) = 43U 11'
20".48, and G is to the west o f M ? if (Z+Z') exceeded
180°, G would be to the east of M, and we should then
haveMOG=(Z + Z') — 180'; it would have been lhe
contrary if the azimuth had been observed in the morn-
ing. This is for the case iu which the object is to the
left of the luminary,

If the terrestrial object were G', we should then have
N O G ' = N O S — SOG'=(Z — Z'); this would be the
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azimuth counicd from the north towards the west. And
if we had Z1^. Z, NOG' would be=(Z' — Z)=lheazi-
muth reckoned from the north towards the east ; it would
be the contrary for an observation made in the morning.
Here the object is supposed to be on the right of the sun.

The elements of the calculations of azimuthal observa-
tions would be the same, if a star was employed instead
of the sun. It would be necessary to know the declina-
tion of the star -which had been chosen, corrected for
aberration and nutation, and also its right ascension,
equally corrected ; the comparison of the instant of obser-
vation with the passage of the star over the meridian
would give the horary angle P. The calculation would
be the same as in the preceding example ; there would
not be the parallax to add to the true height to have the
apparent height.

' The azimuthal observation, by which the position of
all the sides in the chain of triangles is determined, ought
to be made nearly in the middle of that chain, and in a
place of which the latitude has been accurately deter-
mined ; azimuths of verification are then to be taken at
the extremities of the chain, and particularly in the direc-
tion of the meridian of the former place, which ought to
agree very nearly with the azimuths from calculation.

Too much attention cannot be paid to azimuthal obser-
vations : they require great experience and precision in
the observers, who should, therefore, exercise themselves
some days previous to the observation.
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CHAPTER li.

On Refraction, and the Method of determining it when the

Earth is considered as Spherical.

I. JL HE air being continually subject to the action of so-
lav light, and holding in solution substances of a différent
nature, cannot possess a constant density. Л ray of
light which traverses the atmosphere obliquely, and
which is besides progressively attracted by the lower beds
of air, is forced to deviate every instant from the direction
it followed the preceding instant ; it is this effect which
is called Refraction.

If from the point A (fig.bk) a terrestrial object В be
observed, the luminous ray by which its image is trans-
mitted will follow the curve B D A, and the object В
will be seen in the direction of the tangent to that curve,
that is at B' ; from which it follows, that refraction makes
objects in general appear more elevated than they are ;
the angle B ' A B therefore measures the effect of refrac-
tion.* The determination of this angle is lhe subject of
the present investigation.

* It is here supposed that the curve of refraction is of a single
curvature, and that its plane is vertical ; but some observers, and

chiefly Delambre, have ascertained, in a certain state of lhe atmos-
phere, the existence of a horizontal refraction, the effect of which is,
indeed, much less than that of the vertical refraction, since it
scarcely amounts to a few seconds. Nevertheless, when both these

deviations take place, the curve .of refraction has necessarily a double

curvature.
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Let С be (he centre of the earth ( fig. 55) and A and В
two signals ; if from the point A the point В be observed, Ц
•will appear at B' by the effect of refraction ; in the same
manner the point A will appear to be at A' when observed
at B.

Making the apparent zenith distances,
Z A B ' = J, VBA'=i-,

and the angles of refraction
B A B' = r, AB A', = r' ;

we shall have for the true zenith distances,
Z A B = î + r = D

therefore Z AB -t- V B A = í + 3" + r + r' ........ (l)
Again, since the outward angle of a triangle is equal

to the sum of the two inward and opposite angles, wr
shall have

ZAB = C + ABC
V B A n C + B A C ;

therefore Z AB + VB A = 2q* + C= D + D' ...... (2)
This result shews that the two true zenith distances ex-

ceed two right angles by a quantity precisely equal to the
arc of a great terrestrial circle drawn from one signal to
the other.

So that from the equations (I) and (2) we conclude
í + í' + r + r ' = 2 q + Cí

or else, because r- is sensibly equal to r',

r = £ — $(* + * — 8î) ............. ,...(3)

Dividing both sides by C, we shall have

С Li

and finally r = n C.

q here signifies a quadrant, or 90°.
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n varies according to the state of the atmosphere ; and
Dclambre has remarked, that, in France, the value of n
is about 0,075 in summer, 0.08 in spring and autumn, and
that it varies from 0.09 to 0.10 in winter. If n were ne-
gative, the refraction would depress objects instead of
elevating them, but this very seldom happens.

it follows from what precedes, that
Z AB = í+r=q + i C44 (i—i-),.
VBÀ=î'+r l=jH-iC—i(î—í1).

In all these calculations, it is supposed that the instru-
ment is placed at the summits of the signals, which
does not lake place in practice.* If, for example, the
centre of the circle is at the point a, the true distance
from the point В to the zenith is Z a B, and its observ-
ed apparent distance — Z a B ' ; denoting this last by
д, we shall evidently have Z AB' = Z aß' + A B'a
=z д A B' a ; it remains then to determine the angle A B' a,
which is the error committed.

Let AB'=AB=B, Лв='«Ш, and A B' a-d д ; the
, . , , „ , ... . . , d H sin. д
triangle A B'a will give sin.d д = -rr .

Taking the arc for the sine, and reducing it into se-
, _ . d H sin. д

conds n 9, it will become d д — R" - (5).

When the triangles are calculated according to De-
lambre's method, (which has been explained,) we obtain
the chord of the angle С for a sphere, the radius of which
is equal to the distance from the horizon of the sea to the

* It will easily be conceived, that, in order that the refraction may
be determined with accuracy for the moment of observation, it ï»
essential that the zenith distances of the points A and В be taken by
two observers at the same instant.
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centre of the earth ; and this chord is less than the dis-
tance a B=B. In order to ascertain the error, we might
make ада function of the known chord K, and of the
jadius of the earih (Delambre's Memoir, page 92) ; but it
will be sufficient, in all cases, to make use of the prece-
ding formula, substituting in it, however, К for B.

The preceding correction being applied to the two
observed zenith distances, we shall have, for those which
should have been observed at the tops of the signals,

Z A B ' - д + rf д =£
VBA'= д' + d A ' -Í1.

Such are the values to be employed in the formuLï
(3) and (4), for estimating the refraction.

On the Difference of Level on the Sphere.

II. Two or more points are said to be on the same
level when they arc situated in the same surface, similar
to and concentric with that of a calm sea; and a right
line perpendicular to the line of gravitation is called an
horizontal line. On the hypothesis that the earth is a
per feet sphere, all the vertical lines or directions of gra-
vitation pass through its centre ; but if we consider tte
terrestrial globe as a spheroid generated by the revolu-
tion of an ellipse about its less axis, which is more pro-
bable, the vertical lines are normals to the surface of
the spheroid, though they do not all pass through the cen-
tre of the earth.

These definitions being well understood, let С be the
centre of the globe considered as spherical (fig- 56) and
A,B, two points unequally distant from that centre.

If A B' be a line of level, or a terrestrial arc, the height
В B'irïl will be the difference of level of the two points
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A, B; if, besides, Z A B=D=zí+>- be the true distance
from the zenith to the point B, we shall have, by observ-
ing íhat B' A C = q — -£ С,
ВАВ'=2 ? — Z A B — В ' А С = 2 < 7 — D — q+±C=q —
D +4 С,
ABB' = AB С — В AB' = q—±C—q + D — ЛС =

D — С;
but the triangle A B B ' gives, by making the chord A B'

-K.

H - ~ ?ÍÍ!' ^ - K sin- (У + -?•• С — P) _
~~ ~si~ru"ß~ sín. (D — G)

K cos. (J C — D)
sin. (СГ^С) '

If this triangle be supposed to be right-angled at B',
it is easy lo perceive that we shall have, with sufficient
accuracy, for the difference of level required,

H = Kcot. tf+r— iC) .. .................. (1)
we shall have also,

H =- К cot. (З-'-ы — i C) ................ (2).
Now the value of H, expressed in a function of the

two apparent zenith distances, may be obtained in the
following manner :

From No. 1, we have
2+iC + ± ( ï— S'),

and it is evident that
BAC=S ? — ZAB= ? — ̂ C + ̂ (i' — 3)
B'AC=í — J-C
В А В'=В А С — B' A C= i, (Î — 3-,)

=2j — VB A=Î — 4C — Jr(3-' — Í).
K sin- B A B / - К s in, j (fr — 3)_т. ini- HI h u s B J i =H=:

V O L » I.

; - — -- j; -
siii. A B B ' /-ï r« , —cos. /-ï r« , — \.(iC + — g— J
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This formula is exact ; but in many cases •£ С may be

made — 0 ; then because the —- = tan?, we shall evi-
cos. ь

dently have Ы - К tang. -\ ($' — í) (3).
Whení'í> 34, H is positive ; the contrary takes place

«hen ï' < 3", î being the observed distance at the place
of known elevation, and 5" at that of which the elevation
is required. Delambre has also investigated, by a very
«legant calculation, the value of -í- (?' — î) in a function of
H ; but the little utility of that value induces us to
omit the detail respecting it.

К and r might be eliminated from all the formula; into
which they enter ; for it has been shewn that r=n C, and
it is easy to shew that K —2 c sin. f C, e being the radius
of the earth correspond ing with the middle of the chord K.

The method of determining the elevations of the tops
of signals above a common horizon, (that of the sea, for
example,) is evident from the preceding investigation ;
thus by subtracting from them the heights of the signals,
we shall have the altitudes of the ground above the level
of the sea. The example which we propose to give of this
calculation will likewise fix the ideas in this respect. But
let us suppose for a moment, that the points В, В', В".-ВП

are unequally elevated above a common horizon, so that
k' is the elevation of the point B' above the level of В ;
li" that of B" above B' ; d'" the depression of the point
B'" below the point B" ; and so on : then it is evident
that we shall have generally

H — D —the difference of level,
by taking the altitudes A positive, and the depressions d
negative, supposing them to be reckoned from left to
right. If the result of this formula be + the point
B" will be above В ; and if it be affected with the sign —
the point B" will be below the same level.
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From this we may conclude, that if N is the keight of
the point В above the level of the sea, N+H — D will
be the height of any other point above the same level.
The method which has been here explained is the same
as is used in the practice of levelling.

As the difference of level on the spheroid may be cal-
culated in the s tme manner as upon the sphere, (Mem;
of Delambre, page 104), we shall only make one obser-
vation on that subject; which is, that instead of the
angle С formed at the centre of the earth considered as
spherical, we may substitute another angle С or ç =z

5^ (1 — Je'sin.'L).

111. When the horizon of the sea can be seen from
the place where the observation is made, it is easy to
conclude immediately the height of the place above
that horizon, by means of the observed angle between
the horizon and the zenith ; the following is the me-
thod.

Jf from the place of observation В (Jig. 57} a tan-
gent В A be supposed to be drawn to the surface of the
sea, the radius of the earth С Ang will evidently be per-
pendicular to A B. Jf we suppose, besides, a line of
level or a terrestrial arc AB' intercepted between the
point A and the vertical line V B, BB' = N will be the
height required. Now, making as before the true ze-
nith distance V B A^D^í+r, í being the apparent ob-
served distance, and r the refraction, the right-angled
triangle CAB will give, because the angle C B A=j —
С and C A =ç,

-; _ _ — _
Sin. (q - C) COS, G*

from which it follows that
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but 1 —cos. Crrsin. С tang. £ С ; therefore
Nirçtang. C tang. -iC;

likewise C-? — B=î — (2 g — D)=D — f,
andDzià + j-; therefore

N=e tang, (í+í- — v) tang, -i (î+r — ç) (D-
When r is unknown, its value may be deduced from

the equation r—n C (No. 1), but it will be more conve-
nient to transform N into a function of w, as follows :

First, C = í—q, by neglecting the refraction: thus,
•without sensible error,

r-nC-n(i— q).

Substituting this last value in the equation (4), and
remarking that we may make the tang, m x—m tang, „т,
when .r is very small and m less than unity or does not
much exceed it, we shall have
N=-A-e tang.1 P— q + n (Î— ?)] =

^ ? tang/ - [ ( l+?0( í— í) J-
Therefore, very nearly,

tang. l(î—j) (5).

Investigation of the Formula for expressing, in a Function
of the Latitude, Parts of the Elliptic Meridian of the
Earth.

IV. Let C E be the radius of <he equator, and P the
pole (ßg. 58}. If through the point A the tangent AT
be drawn to the elliptic arc PA E, the right line A M,
perpendicular to AT, wil l be the normal at that point,
and the angle A L T=F AT will be the latitude of the
point A.

The equation of the ellipse is d'i/* + b1xL=:alb'1 ; and
for the point A the co-ordinates of which are x',i/', we
shall have

а1 у1 г + Ьг х1 г - tf ò\
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At the same point A, the equation of the normal A L

á1 v' f
y— y' — ~ -̂t t-r—.т') ; and if we make.yzro,

we shall have the absciss C L, or
аг— Zr .

* = __*.;

from this it is easily concluded that the normal A L = ?z,
has for its value,

L e t A L F = L , we shall have y' — n s i n . L, and con-
sequently

from which is obtained

^ _ _6lBin.lL_
•* - Я '_(о1— u^sin.'-L .............. ^ Jl

and from this

--' .......... (2).
a

If, for the sake of abridgment, we make, in t h i s re-
sult, a=],and 1 — Ь^ — с') where e denotes the el l ipticity,
we shall have

- . = - - - _J (1 — с" sin/ L.) -i.
and the equation (1) becomes

(I).

On the same hypothesis, the equation of the ellipse
maybe changed into

y ' x =(l— c') (!-*");
hence, by means of the preceding equation,
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For the same reason, the value of C L, found above,
may be changed into

C L = e' x1 ;
but л' is given by the equation (5), therefore

cos. L
г тC L-

All the values which are here obtained suppose x tobe
tiikcn on the major axis of the ellipse ; but if the minor
axis were referred to, the method of calculation would be
the same lor the values of the lines A M, and С M, &c.
To prove this, let

аг s? + tf jf—a-tf
be the equation of the ellipse, x now being taken on the
less axis, CP. If we make the normal Л М=я', we
shall evidently have for the point A,

y~—n' - cos.2 L ;
but, from the equation (2) by changing о for 6, and vice
•ceriß, as well as the sine for the cosine, we shall
have

and since we have always
e=l, i2— 1=— e-, 6 = (1 —

it follows that

я' =

ГГ (7).(l— e2 sin.2 L) -k

On the other hand уг—п1г cos.s L, therefore

*>= COS-'L :
1 — ë' sin.a L

and ás the actual equation of the ellipse gives y~ —
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_

т - - — y Ъу equating these two values, we shall

have
(I— e')!sin.! L

X- — — -----
J — e2 sin.2 L

д1 _ l)-

Besides, it has been found above that C L— - ; — я';

, in lhe present case we have
o MT & — ac — e"
С M = - x — - x.

b- \ — e-

By substituting for a? its value obtained from the pre-
ceding equation, \ve shall have

C M = . - ~- e- S-AVi-T7 = — e'-w's in. L ........ (8)
(] — ë1 sm. L)^ v

As to the value of A C, it is evidently represented by

', thus, whether we make use of the above

values of x1 andj/% or have recourse to the equations (4)
and (5), we shall obtain

. . . . . . - -1-е- sin.- L J
This last formula may be brought to a more simple

form, as follows.
If we suppose the ellipsoid circumscribed by a sphere

•which has for its radius that of the equator, the angle
а С Er=F aT:=x will be the latitude of the point а он
the sphere ; but the points a and A have the same absciss
CF; therefore, if we make A F = i/' and aF—?/ 1 1, the
equations of the circle and of the ellipse wi l l be respec-
tively

У '=!-*',
y=4'(l— *»);

from which, by expunging „г*, we obtain
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But я F is the sine of x, since a C=l ; therefore

sin.'-'л— ' ' •
1 — e'-'sin.: L '

from this the equation (9) becomes

A.C=(L—e*sin."x)2 (10).

We might now find the value of л ; but this Delam-
bre has done in a manner that leaves nothing to be
desired (see page 70 of his Memoir already cited).

V. It miiy be useful to know the nature of the curve
formed upon the spheroid by a plane perpendicular to
that of the meridian : this research requires first, that we
Lave the equation of the surface of the spheroid of revo-
lution ; then by referring that surface to co-ordinates
taken in the cutting plane, we shall obtain an equation
between two indeterminate quantit ies only, and we shall
thus have the equation of the curve made by the inter-
section.

To find the equation of a spheroid generated by the
revolution of an ellipse about its shorter axis, it must be
considered that the generating curve being plane, its
equations w i l l be

a y +ò x _a b } (Д)

We shall have besides,

у—л being the equation of a plane perpendicular to the
axis of rotation ; and the last, that of a sphere, the cen-
tre of which is at the origin of the co-ordinates. (Feuilles

d'Analyse de Monge, No. 6.)
These four equations ought to take place at the same

time, that the proposed surface may be a surface of
revolution. Therefore, if we exterminate x, ?/, and к
we ^shall have агог — аг«- + Ъга =. Ьг f (a) ; and by
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substituting for a and/ (a) their values (B) we shall have
iV + a*y' + iaa?*=a'u* ........ (I).

for the equation of the surface of the spheroid of revo-
lution.

Now, if AM be the intersection of the cutting plane
with that of the meridian, taken for the plane of the #,y>
and that these two planes are perpendicular to each
other, we must in the equations relative to the transforma-
tion of the axes (see Le Traité des Surfaces du 2e Ordre
par Biol, No. 153) make fl=l, and we shall have for all
points of the cutting plane

y—b' + x1 sin.tf

Substituting these values in the equation (1) we shall
find by putting, for the sake of simplification,

b'=c'= o,
b"y lx + (aL3in.zc> + b* cos.1 ч>) х'г +2 а1 Ъъ cos. ç x' = (ог

-Oix ........ (S),
an equation of the ellipse, and that of the required inter-
section.

This equation would be that of the circle if the co-ef-
ficients of x1'1 andy * were equal, that is, if

This condition may be fulfilled by making <p=o, for,
in this case, sin. ?=o, and cos. \f =1. The curve of
intersection is therefore a circle when the cutting plane is
parallel to the greater axis of the spheroid of revolution.

If it be required that the intersection A M of the cutting
plane should coincide with the normal corresponding to
the latitude L, we must make p=L, and

é1 cos. L
a -CL= - <™°-

The equation (2), in -which \ve may likewise make
VOL. ï. s
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fl=I and 6*=1 — é1 will then become, by means of these
values,

+ - - L ) . Se' cos.' L
T 1— e' (1— e2sin.2L)e

e''cos.2L
l — e2 sin.3 L '

To have the points in which the curve of intersection
cuts the axis of the x1, we may make^'^0, thea

/2 2e3cos.5 L (l —e1)_

(1-е' cos.2 L) ( l -^ ег sia.1 L)4

=o

«f _

_ _ _ _ _ _
l — e'.sin.'JL. ' ' (l — e?cos.JL)

If the two roots of this equation be denoted by x, xlt "we
shall have

1— e'
л-,—

,
and х

(1-е

l + e5 còs.s L '_ ( I +'t*cb&Sl±\„ _ — ^ __-r_— --j- ;

The first root is the expression for the normal obtained
above, and the second root is the value of the opposite
normal.

Wlien L=y, we have evidently

— e2) = ^, and *„=_

The actual curve of intersection ought not to be con-
founded with the line which, between the pole and the
equator, would be perpendicular to the meridian ; for
this last has essentially a double curvature in the sphe-
roid. But these two curves differ much less from each
other as the ellipticity of the earth diminishes.

By measuring, in the greatest breadth of France, an
arc of the perpendicular to the meridian of the observa-
tory of Paris, with the accuracy which characterises th«
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last measure of an arc of the meridian comprised be-
tween Dunkirk and Barcelona, we should have more
certain data relative to the curvature of the earth's sur-
face. This is an operation desired by the learned, and
of which the government will, doubtless, shortly order
the execution.

Calculation of Terrestrial Refraction.

VI. At 18.6 yards below the top of the signal A (fg. 55}
the zenith distance was observed tobe 90° J 3' from tho
upper extremity of the signal В ; reciprocally at 16.5
yards below the upper extremity of B, the zenith dis-
tance to the point A was 89" 56' ; the rectilinear distance
between (he two signals being 31172.8 yards=K, it is
required to determine the value of ilie refraction an'd
of its со-efficient.

To reduce the zenith distances to the tops of the Big-
aals, we may make use of the formula (5) No. 1

. dH sin. AR"
rfA= g

Thus with respect to the signal A we have
<Ш = 18.6, д =90° 13;

and with regard to the signal B,
dH' = 16.5, A' = 89° 56:

Log. d H = 1.2695129 Log. d H'=1.2174839

Log. sin. A =9.9999969 Log. sin. A ' =9.9999997

Com.log.B=5.5062243 Com.log. В =5.5062243

bg.R"=5.314425J. log. 11"=5.3144251
Log. </ д =2.0901592=123".07Log.rf д'=2.0381330=

= 109". 18

A =90" 13' д'=89° 56'

t/A= 0 2 3".Q7 dA'=0 149^.18
Reduction to 5 90° 15' 3".07 Reductionto £ 89" 57' 49". 18
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After (.he apparent zenith distances have been reduced
to the summits of the signals, the following formulae are
to be employed in obtaining the refraction and its co-
efficient.

r= i C — i (í + î' — 180), « = £
L/'

These formula? require the angle С at the centre of the
earth to be known and expressed in parts of the sexage-
simal degree. Now the distance К between <he two
signals A and B=3I 172. 8 yards; and the logarithm of
the equatorial radius 5 in yards=6. 8433891. Thus we
shall have the angle С by the formula (No. 10) or solely

K R"
by the assistance of -- .

Log. К ---- =4.4937757
Log. R"... =5.3144251
Сотр. log. g=3. 1566 109

2.9648117=922". 17=C.
Therefore the distance А В answers to the arc 922". 17

or 15' 22". 17.
The following is the calculation of r.

Î =90° 15' 3".07
»=89 57 49 .18

= 0°12'52".25

l+?/-180° = 0 626 .125
&

i C = О 7 41 .085
r = О 1 14 .96 or 74".96Log.r= 1.8748296

Log. 0=2.9648110
Log.n= -2.9100186

Therefore «=.081286=^ nearly.
Thus, when the refraction is constant, we have

г=яС=(.08).С;
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Calculation of the Difference of Level.

VIÍ. All things remaining as in the preceding exam-
ple, required the difference of level of the tops of the
two signals A and B (ßg. 55). This difference is given
by the exact formula, No. 2, by supposing that we
know the two apparent zenith distances ?and ï' :

Ksin.-H?' — 3")
cos. i (5' — í + C)

& = 89°.57'49"
í = 90.15 3 Log. К = 4.493775T
V—S =—OM7' J4" Log.sin.i(î'—î)=— 7.3990650

С... = + 0.15 22 Сотр. log. cos. J
(?'—í + C) = +0.0000000

í* — í+ C = —0°. l'52" —l.8928407
Therefore H=—78.134 yds.
Let us now find this difference of level by the approxi»

mating formula H=K tang. £ (ï' — ï) ;
Log. К = 4.4937757

Log. tang. ( ^Ç- } =—7.3990П63

— 118988490= — 78.135 yds.
It follows from this that the point В is lower than A

by 78.135 yds.
If we know only the zenith distance í, taken at the

point A, it will be necessary to recur to the exact for-
mula (No. 2,) or to this approximating one,

H=Kcot. (i+r —iC).
In this case we have

H=K cot. (>+ .08С — .5 C)=Kcot. (>-.42 C).
ï =90". 15' 3" Log К = 4.4937757

—.48C= 0. 627 — log.tan.8'36('=—7.3982855
9СГГ8'Зе" —1.8920012=

= — 77.984yds.
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Finally, if we had only 31', the required difference of
lerei would be obtained from the formula

H=— К cot. (Î4r — iC)
Î' = 89°.57'49" Log. К = 4.4937757

—.42 C= — 0. 627 —log. tang. 8'38"=-—'7.3999055

89°.51'22" — 1.8936812

= •— 78.286yds.

And by taking the mean of these last two results we
shall obtain that which precedes them ; viz.—78.135 yds.

After having thus found the difference of level of two
points from which the zenith distances had been recipro-
cally observed, let us now investigate that of two
inaccessible objects, the rectilinear distances of which,
from the centre of the station, are known.

From the point A (flg. 59), the zenith distances of
the points D and С have been observed ; one being 90°
19' 49" and the other 90° 48'. Required the difference of
level of those two points, knowing also that their distances
from the station A are respectively 30739.1 and 7052.1
English yards, and that the co-efficient of the refraction
was at that time 0.08. We have

K=30739.1yds K,=7052.1yds
9= 90° 19' 40" 3-,=90°48'"

N=Kcot. (ï+r—i C) N,=K, cot. (?,+r,—4C,).
Thus the difference of level required will be N — N, :

Log. К =4.4876916 Log. K, =3.8483179
Сотр. log. « =3.1566109 Comp-log.ç=3.1566109

Log. R"=5.3144251 log. R"=5.3144251
Log. С =2.9587276:=909".343 log. С,=2ТзТ93539

=208",62

í=rSO°.19'.49" í, =90° 48' О"
— .42 С = О . 6 22 —.420,= О 1 28

90°.13'.27" " У О " 46' 32"
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Log. KIT: 4.4876916 bog.K,— 3.8483179
>- log. tang. 13'S7"—— 7.5924506 — log.tang.46'32''—— 8.131516g

— 2.0801422 —1.9798347"

= —120.27 yds—N — — 95.463 yds—N,

therefore the difference of level of the two points С and
D=N — N,= —24.807 yds, very nearly.

If the same points G and D had been observed at the
other station B, we should have had the means of- verifi-
cation ; for> by working the same as above, we ought to
obtain the same result ; or, if the two results differ very
little from each other, it will be proper to take the
mean, if there be not any reason for preferring one of
them to the other. It was by similar reciprocal opera-
tions that the last measured base in Bavaria was levelled
by M. Henry ) astronomer of the general Depot of war.

Calculation of the Height of a Place from which the Horizon

of the Sea can be se.en,

VIII. From the top of a mountain the distance be-
tween the zenith and the horizon of the sea was found
99° 19' 8".5, required the height of the centre of observa»*"
tion above the level of the sea.

We have (formula 5, No. 2) :
H =i f (I +nf tang.* (í— 90")

î=900 19' 8".5 Log. -J =—1.6989700
— 90 Log. ç = 6.8433891

0°. 19'S".5 Log. (1.08)* = 0.0668475
Log. tang.1 (ï—90°):= 15.4914206

2.1006272=
-126.075yds.

Hence the centre of the instrument, with which the
observation was made, was 126.075 yds above the horizon
of the sea.
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Demonstrations of the Formulée proposed by Legendre, for
calculating the Latitudes, Longitudes, and Azimuths of
terrestrial Objects.

IX. WE are indebted to Dionis-du-Sejour for a very
ingenious and exact method of finding the latitude and
longitude of a known place on the earth, by its distances
from the meridian oi another known place, and from its
perpendicular. Nevertheless, this method is neither so
simple nor so direct as the nature of the problem admits.
Those which Legendre and Delambre have lately given
on the occasion of the new measure of an arc of the meri-
dian, are free from all objections, and for this reason
appear to deserve the preference, wherefore most of the
engineers employed in geodesic operations of the first
order, make particular use of them.

Such is the motive which induces us to give the de-
monstrations of some of the formula луЫсЬ Legendre
Las only enunciated in his Memoirs published ia 179S.
These formulée, which relate to the present subject, re-
quire only the looking out of a very few logarithms, and
all have common elements which render the calculations
susceptible of being quickly performed.

The following series may be employed, which are too
well known to require their demonstrations to be re-
peated :

sin. x—x—

l . 2 . 3 . 4

tang.^x +-f-g-+ jf/^ +.
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There will also be occasion to convert into parfs of a
quadrant or degrees, an arc given in parts of the radius
taken for unity : this operation is founded upon the fol-
lowing consideration :

If we suppose the radius to be applied to the circum-
ference, it will intercept a number of parts of the qua-
drant which may be obtained by means of this propor-
tion,

W : 1 :: 2? : R = 2-г;
IT

УГ denoting the semi-circumference of a circle whose
radius is I, ja quadrant,' and R an arc equal to the
radius, ,

In practice q depends upon the system of the division
which is adopted : thus on the hypothesis that $r=90°,
the radius will be expressed in sexagesimal minutes, by

IT

the logarithm of which is == 3.5362738 ; because ет=
3. 141592 and 2 q= 180°=]0800'.

In the same .manner the radius will be expressed in
seconds by

R" =

the logarithm of which is 5.3144251.
Thus, any arc whatever given in parts of the radius

considered as unily, will be expressed in seconds, for
example, by multiplying it by R" ; and an arc given
in seconds will be converted into parts of the radius, by
dividing it by R".

The calculation of latitudes, longitudes, and azimuths
is derived, as will shortly be seen, from the complete
solution of a right-angled spherical triangle, one side of
which, adjacent to the right angle, is very small witfc

V O L . I. т
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respect to the other two. It is therefore essential to give
this solution as an introduction: for t ins purpose, let
the three angles, as usual, be denoted by A, B, C, and
the sides opposite them by a, b, r, respectively.

If A be the right angle, and b the adjacent side which
is supposed to be very small with respect to the radius
of the sphere upon the surface of which the triangle
А В С is situated, we shall have, by the known princi-
ples of the exact solution of spherical triangles,

cos- a=cos. b cos. с

tang. В =
sin. с

„ taner.c
tang. С = —.-2-r-6 sin. ô

It follows from the hypothesis laid down above, that
the arcs a and с differ very little from each other. Let
then a=c4-#; the substitution of this value in the first
of the preceding equations, will give

cos. (c + ,r)=cos. b cos. c ;
developing the first member it will become

cos. c cos. x— sin. с sin. X=CQS. b cos. c.
But x being very small, we have, by taking only the

first terms of the series (A), sin. x = x, cos. x =. l j
therefore

cos- e—x sin. c— cos. b cos. c
and because ò, which is likewise very small, has for its

cosine I 5- +-•-•• .It follows that
A

COS. С — X sin. С Г= COS. С (I т,"

Therefore я — -rr -^Íl£_ —\ ôzcot t ;
2 sin. с
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and to have x in seconds
*=JR" V1 cot. c;

therefore lastly
a=c + eR"o*cot. с ................. (1).

Such is the value of the hypothenuse in a function of
the other two sides ; if, on the contrary, с were required
in a function of a and ô, it might be obtained by a pro-
cess similar to the preceding. In fact, let c=o — *',
we shall have

cos. a— cos. b cos. (a — x1) ;
when developed it will become

cos. a=cos. b (cos. a + x' sin. a),
or else

/ &2 ^cot. a = cos. b (cot. a+x1) r= I 1 — ~ ) (cot. a +*')?

from which we obtain, by neglecting the fourth powers
of£,

*'— -pcot. a(l -- -. J~~ =10* cot. a;

therefore,
c = a— J R" 6a cot. a ...... . ......... (2).

Now, let us proceed to the developement of the second
equation (B) which, by means of the values of the tan-
gents В and 6, becomes

B=-4_ (14sin. c V а ' 3

The angle В and its opposite side being very small,
we shall sensibly have

в= —Л — , and вз= Л ;
sm. c' sin. с *

therefore the preceding equation will take this form)

sin. с V 3 sin.a с
l \ .

' '
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g.
,....т,,т.(Э),

from which we conclude that
R" b R" 6' cos.3 c
— -- - S - 5 т.,....т

Sin. С 3 Sin. С

There only remains the third equation (B) to be
treated. КОЛУ, if we make in it C—q — y, ï/ being
supposed very small, it will become

taiiff. с .
fang. (q—yy=cot.y= -^n7£->

from which
tang.yrrcot. с sin. o.

Substituting for the tang, у and sin. 6, their values
deduced from the series (A) we shall have

у1 Ь1

У + '̂ -= ô cot. с -- -^- cot. c.

This equation shews that we have very nearly у—Ъ
уЗ J3

cot. c, or *~ — TT cot.3 С ;

Thus the same equation will take the following form,

-- ~ cot. с (•!• + cot.1 c):
b3

.c

we have therefore

С = q - R" b cot. с + R" -51 cot.c ( -J- + cot.1 c) ---- (4).

This is the value of the angle С given in a function of
the two sides about the right angle. The relation which
subsists between C, a, b, may now be found.

First, from the preceding solution, wehavee=:a — -J
tf cot. a ; thus

C=j — b cot. (a — -J b1 cot. a) +

J^cot.(a-iixcotva)[j+cot.7(u— -^cot. a)] ;

Developing this on the hypothesis that the second (erra
of the value oi с is very small ; and neglecting the
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fourth and higher powers of b, we shall have, be-

cause the cot. a tang, a—1 and that = cot.
tang.

+ ^) (cot. a + f~cot.'a)

-Ho3 cot. a (i +cot.1 a),
and then
C = q—R" bcot. a — ± R" ô3 cot. a(l + $ со1.га)..(5).

On <Ae Meridian, and the Perpendicular to that Meridian.

X. W H E N all the triangles which form the outlines
of a great geographical map have been calculated ac-
cording to the principles already explained, the vertices of
their angles arc to be referred to two lines perpendicular
to each other: the one exactly represents the meridian
of the principal place of ilie map, and is called the
meridian ; the other passes through the same place, and
is called the perpendicular.

To these two lines, considered as axes to which the ab-
cisses and ordinales arc drawn, are referred, like the points
of a curve, all those of the country which the triangles cm.
brace. If the map is only of small extent, the distances
of the objects from the perpendicular, converted into
parts of the quadrant, will express the latitudes with
sufficient accuracy ; and the distances from the meridian,
converted into the same parts, will express the longi-
tudes relative to these two axes. Then it wi l l be easy
to know the absolute latitudes and longitudes of the
same objects, that is (heir situations on the globe. But
this method is not admissible when the points referred
to the meridian and its perpendicular are very distant
from them, aud it is essential, in this case, to take into
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the account tbe ellipticity of the earth ; such is the sub«
jectofthe following formula;.

Let P be the pole of the earth, (fg. 60), PA and P B
two elliptic meridians ; let also the known latitude of the
point A be denoted by L : it is required to find the lati-
tude of the point B, situated on the arc AB, perpendi-
cular to PA; Us longitude, and the angle РВА or
the azimuth of A, observed from B.

Suppose at the two points A and В the vertical lines
AM and BN, and make AB=y, AM=r, NB=r'.
The small arc у having r for its radius of curvature, it
follows that a similar arc Q>, the radius of which is 1>

This being premised, if, from the point M as a centre,
and with M& = I; as a radius, the arcs a 5, ap} pb, be
described, we shall have the spherical triangle p a &, in
•which the side p a=q— L, the side a b—tp, and the con-
tained angle p a e=: j, are known by the hypothesis;
now, according to the principles of trigonometry,

cos. (pb~)=zsm. L cos. p,

tang. q>
tang. P = — =-р.

° cos. L'

. 7 cot. L
tang, b — - .ь sin. «p

These formulas are tbe same as those which have been
denoted above by (B), No. 9 ; by comparing them toge-
ther it will'easily be seen that

a=(p&), i=?, c=?— L, B=P, С=й.
It follows from this, and from the devclopemcnts per-

formed in the number above cited, that
-q— L +-JT p3 tang. L,
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——
-cos.3 L*

b—q <f tang. L +i 9 lang. L (^-ftang.5 L).
From the value of (p b) we deduce, for an approsi«

mation to the latitude of B,
Î — (p 6)=L - A i>2 tang. L;

The value of P is the difference of longitude between
the two points A and B, and the value of 6 is the re-
quired azimuth Р В А .

To obtain the latitude of the point В more exactly,
it may be remarked that it is equal to the complement
of the angle P N B or of lhe angle PMB+NBM^;^u +
N B M ; but because the angle NAM is very nearly
equal to the angle N B M, we shall have

N B M = = M N | C o S . L
r

M N is easily obtained by means of the formula (8) of
jío. 4; for if we make n'—r, we shall have, independent
of the sign, CM=e5 r sin, L. In like manner for the
point B, the latitude of which is L', we have С N=e* r*
sin. L' ; thus, very nearly,

M N=ea r (sin. L — sin, L').
Likewise, from the trigonometrical formulae, we

have

sin. L - sin. L'= 2 sin. ( ±^± ) cos. ( Ц^ ) ;

from which it follows, that

M N=2 ег r sin. Ъ^. cos, L+L'.

On the supposition that L — L' is very small, the arc
may be taken for the sine, and the cos, li substituted

instead of cos. —Q—. It then becomes

MN=e'r(L—L') cos. L,
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Now, if it be considered that the approximative lati-
tude of В is L' = L —4- p1 tang L, we shall have

MN=eV(L — L+ip ? tang. L) cos. L.
:=-£ e7 r p'tang. L cos. L^^e3 r p1 sin. L.

Thence it follows that the angle N B M=4- ег <рг sin. L
cos. L, and consequently that the true latitude of

B=:q — (pb) — 41 will be
L'^L—-Jp4ang. L — 4 e'p'sin. L cos. L.

Strictly speaking, the azimuth above calculated ie
only an approximation; for the t r u e a z i m u l h of AB,
with respect to the meridian PB, is the angle formed by
the two planes PN В and A BN, since their common
section or the vertical from the point В is the right line
B N : but we shall demonstrate, agreeably to Delambre,
that the correction of the azimuth is insensible.

Jf the point В be considered as the centre of a sphere,
the three planes A B M , NBM, ABN (fig. 60), form,
by their intersection with thé surface, a spherical trian-
gle a' M n ; now in this triangle we know the angle
a' M я ; which is the calculated azimuth. We also know
the arc n M or the angle NBM +4/, which is the correc-
tion of the latitude; and because the angle A M B z r p
we have, by considering the triangle A B M as isosceles,

Ф
the arc a' M.—q — g- ', therefore, if í denote the correc-

tion of the azimuth, and Z' the true azimuth reckoned
from the north, in which case Z' — |=<z' M n will be
the approximative azimuth, we shall, as is well known,
bave

- tang. Z'= .JMZVgL : ;
íang- ~ sin. 4- — cos. (Z' — {) cos. 4/

from,which
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tang. (Z'—!)=tang. Z' соз. Ф —tang. Z' tang.^-sin. ф

cõs.(Z'^-0 '*
adding the tangent of Z' to both sides, and changing all
the signs, it will become
tang. Z' — tang. (Z' — Í) = tang. Z' (Í — сов. ф) +

tang. Z' tang. |- sin. ф

cos.(Z' —2)
If we clear the denominator, the first member may

be put under this form,
cos. I (tang. Z'cos. Z' — sin. Z')-hsin.| (tang. Z' sin.Z«
+ cos. Z1),

* ^ sin. £ . , . „, sin. Z1

and be reduced to =77, because tang. Z'= ^cos. Z' ° cos. Z'
and sin.2 Z' 4-cos.2 Z'=l. Therefore, by observing
that 1 — cosing яш. а£Ф, and that { is very small,
the preceding equation becomes,
Î = sin. Z' tang. 3 ip sin. Ф + 2 sin. Z' sin.1 J ф cos.

It appears from this formula thatf is less than ф, which
is itself very small : the correction of the azimuth
may therefore always be neglected, which might other-
wise be calculated, siuce the true azimuth=the approx-
imative azimuth + £.

It results from what precedes, that, if L be the latitude
of the point A, (ßg. 60), L1 the latitude of the point
B,ythe perpendicular distance Â B from the meridian
of A, and r the radius of the earth, or the normal at th*
point A, we shall have, by denoting the number of sex*
agesimal seconds in the radius by R,
т v* v*Jj'=L—iR-^L tang. L — i R e^ siu. L со». L ....(e).

r ° r
and reciprocally

VOL.I . ц
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L=L'+i Rotang. L'+-LRcT^-sin. L'cos. L'-.-(b).

As e denotes the ellipticity of the earfh, it is evident
that the last terra of these formulae may almost always
be neglected.

The same being premised, we shall have the difference
of longitude of the points A and B. by this formula.

and the azimuth of the arc В A or angle РВА will be

Z' = q У- tang. L + \ —r tang.L(^+tang.aL)(d).

If L' only be known, the formula 5 (No. 9) must be
used, and we shall have

Z'~q — R^ tang. L'—4- R ^y tang. L' (I + i tang.1

D - (e).
It often happens that we do not immediately know the

latitude L of the point A ; but then we necessarily know
the distance x from tin's point to the perpendicular of
the principal place on the map : in this case, ос must be
reduced into parts of a degree, and, according as it is
north or south of this perpendicular, its value must
be added or subtracted from the latitude of the principal
place, in order to obtain that of the point A. This re-
duction may be deduced with sufficient accuracy from
the value of <f> expressed in a function of the latitude L
of the point A ; for, because

f — ^-andr'=: a .——- (formula 7, No. 4) we

have
f—y (1 — e- sin.1 Ъ)\—у (1 —• i è1 sin.x L.. . .)•
In this equation, у is understood as making part of

the xadius of the equator=1 ; butin practice, this ra-
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dius=j ; hence it will be necessary to substitute —

for?/, which will be reduced into seconds by this for-
mula

and by substituting x í or y we shall in the same manner
have the arc x reduced into parts of a degree.

For the latitude L = £ •«— ± q, we have sin.x L = *
and then

Lastly, on the hypothesis that the earth is spherical,
we shall have e=0, therefore

лf =

Applicatiok of the preceding Formulae.

XI. Let L=39°4rl'24", the latitude of the point A
(fig 60J and _y=:25960 yards, the perpendicular A B to
the meridian AP; required the latitude of the point B,
the difference oflongitudc of A and B, and the azimuth of
A observed at the point B, or the angle A P B.

The radius of curvature r of the arc A B ma y be
calculated by the fprmula

т = ..*. (No. 4) thus
(1 — e'sin.-

Log. ет = log. 0.00597900 = —3.7766330
Log. sialL=log.sm.239041'24"= Л9.6Ю50а4. 1.0000000

•— 3.3871364=0.0024386
1-е1 sin. *L =0^9975614

Log. ç ............ =6.8433891
Com. log. (1-е2 sin.1 L)» =0.0005302

Log. r=6.b43919S
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Having found the logarithm of the radius, we* shall
now work out the latitude of В by means of the for«
mula (a).

Log. #=4.4143047
Comp.Iog.r-3. ШЮ807

7.5703854

Log. II".. = 5.3144251
Log. 0.5 =— L698970J^

O.Io41659=:M.
1st Term of lho corr<>cf ion. 2»d Term.

M-0 IÒ4IG59 M-0. 1541659
Log.tang.L^ 9 9.90369 Log.c'=-3.77u6330

Log.sin.L= 9.Я05^5 17
Log.cos.L=9 8862148

=0".OÛ4â
Laut ade L =39° 4l' 24'<

Iff Term 1. 184 , _
2«d Term 0.0042} ta ° ° '

39» 4l' 22".8II8=IatitudeL'.
This solution shews that we might have neglected the

second term of the correction without incurring any prac-
tical inconvenience.

For calculating the difference of longitude, the equa«
tion (c) may be used, and we shall have
Log. i -—1.5228787

.... =-5.1407708

Log. tang.* L = 19.8380738 1
—f 6.5017233=0.0000031748

0.9999968252=N
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log.'N-* =—1.9999984
Log. R" = 5.3144251

Log. £ =—3.5703854
r

Сотр. log. cos. L = 0.1137852
Log. P ..= 2.9985941=99ß".77

Henpc the required difference of longitude is 0° 16' 37"
nearly.

There still remains to be fount! theazimutb of A or the
angle P В Л, which may be done by means of the equa-
tion (d), from which results the following computation :

1st Term of correction.
Log.R* =53144251 0.5

Log. -L — —3.5703854 Log. tang.1 L = 19.8380738 = 0.6887Г

Log. tang.L=9.Q 190369 Q =l,lb8T7
'i 80„84?4=63б".57. Subtractive

2/zd Term.

Log. i-... =—1.5228787
Log. R"..= -5.3144251

Log.^... =—8.7111562

Log. Q... = 0.0750979
-n3.6235579=0".004203 Additive

We have therefore
1 si Term— G36".57 > 90°
2nd + 0".0042 £ 0" 10'36".5

=89 49 23 .5 for the azim. reqi.
The total correction of the azimuth=10' 36".5 very

nearly is also called the angle of convergence of the
meridians PA, PB.
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Developement of Legendre's Method for Finding the Equa-
tions between the Lengths of Terrestrial arcs and the
Latitudes of their Extremities.

XII. The determination of the exact length of a meri-
dian has in all times occupied the most distinguished
geometers ; and when it was proposed to establish the
metric system in France, it b.-came again the object of
the most learned researches. The nature of this work
does not permit us to enter much into details on that im-
portant subject ; but we shall endeavour to represent
clearly one of the most elegant and -accurate methods
that has ever been proposed relative to the measure of
the earth. If a concise explanation would be sufficient
for persons who. are not- much versed in an:;lysis, it
•would only be necessary to refer them to the excellent
memoir of Legcndre ; but, for such persons, illustra: ions
may not be superfluous ; U is therefore thought, that, by
re-establishing in a simple manner the intermediate steps
of the calculus of that, distinguished g-.unieíer, young
mathematicians will more easily comprehend his me-
thod.

.Let a be the radius C E of the equator fßg. 60) b the
semi-axis or polar radius C P, o the radius vector A C,
and f the angle P C A.

JfC be the origin of the co-ordinates, and C E the
axis of the abscisses, we shall evidently have

x=v sin. <p, y—"0 cos. <p ;
and, supposing first that P A E is an elliptic arc, the
equation of the points will be

аг^ + Ьгхг=:а-Ь\'
which being transformed into that of the polar co-ordi-
nates, becomes

ej«? cos.s ?+6Vsin.= c=a>b'2;
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from which we obtain

t>a= — .
d' COS,'J<p + O 'SÍI1.Y

Let a. be the el'lipticUy of the earth, that is, the excess
of the greater over the less axis, denoting the greater by
unity. We shall have OD this hypothesis,

i ~o ( l— я); from this

1 —(2 я— oc) sin.2p '

and by taking the square root,
7> — b [1 +(я — -\ я2) sin1 <p 4--?, я'sin.4 <p~\.

by limiting ourselves to quantities of the order я-.
For t lie sake of abridgement, this equation may be

written thus :
г> = 6 (1 + m sin.2 <p + n sin.4 ?) (A.).

This equation will therefore be identical with the pre-
ceding one, if we have

or as m differs very little fro'm «, if ?2=^- m".
Adding together the two equations above, gives

So that, when we know m + n, we shall have the value
of the elliplicity.

The most general hypothesis that can be assumed for
the nature of the curve of the meridian is expressed by
(A). It is confirmed by numerous investigations on the

* This first result is not absolutely the same as Legendre's, be-

cause this geometer has supposed a— A (!+»'). that is, he has taken
the less axis as unity. On this latter hypothesis we should have
»i=a'J- a'% wrr£ л'1, and т+л—а,'. At all events, it is evidint

that if «'——-be the ellipticity relative to the smaller axis, — r: a,

will be the ellipticity when referred to the greater.
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theory of the equilibrium of fluids ; and if the condition»
ary equation я=г4 т* is not fulfilled in that circumstance,
it wi l l serve at least to enable us to judge how far the
figure of the meridian approaches that of an ellipse, and
to indicate that n is of the order то*.

This premised, let S be the arc of the meridian com-
prised between between the two radii vector a, v : and
we shall have in general

To render this differential of the arc a function of «
and 9, the differential calculus may be applied to the
equations x•=.v sin. ç,i/~v cos. p, regarding v and f as
variable quantities, and we shall have

dx=.-oiï$ cos. <f+ dvs'm.c,
dy=.—vdf sin. f + dvcos. f,

•which being squared, added together, and reduced, will
give

d я? + dy1 — v* d f* + d v*.

It is obvious that the arc S diminishes when the ra-
dius vector t) increases, thus

Extracting the root, and observing that as d v is of
the order a, we may stop at the quantities of the order
et inclusively, we shall find

but the differential of the equation (A) is
аъ~Ъ (Smsin. pcos. p r f p + 4 nsin.3 f cos.

squaring the whole, and dividing by 2 v d f , we shall
have

dif ^ . ï t fnfùn

by neglecting the other terras ; therefore
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•^b dp (I +m sinSQ + n sin.* f +2 ?«5sin.*p cos.7 f).
In order to integrate this equation, the quantity within

the parenthesis may be put under the following form;
that is, all the sines may be changed- into cosines,
1 -\-m sin.z<p + ?z sin.* ç +2 m' sin.1 p cos.1 q>
— í + m + я + (2 тг-^2 n— m) cos*1 f + (я — 2 m1) cos.* 0 ;
or, for the purpose of abridging,

= M+N cos.'p + P cos.4 f.
If we indicate only the integration of the above for-

mula, we shall have
S=— b (M f d p + N/d q cos.1 <p + Pfd f> cos.* p).

/"rf ^ cos.x?>=i/d ^ cos. 2^ + •}-/•«? ^=i sin.
fd<pcos.*4>=^fdçcos. 4 <P+±fdç cos. 2

=-£z sin. 4 ?> +i sin. 2 p +i ? ;
therefore S=— ôf>(M+-iN+-f P)— i (iN+^P) sín.2í>

— i (з^Р) sin. 4 ç» + constant quantity*
Restoring the values of M, N, P, we shall have.

_ „ 0 ï ï , m 3nfinally, S = — Й _ - — _

4- b (i m + -i «) sin. 2 p
тг

7 f тг n \ . .
+ ( If" — "яо" )sin'4 9+ const, quan.

The constant quantitity is determined by making ç^q,
q denoting a quadrant ; now, in this case, S=0, sin. 2 p
=0, sin. 4 f—0 ; and therefore the constant quantify

It follows from this, that

+ * (•£ т + i ri) sin. Sc í
(B).

isin. 4 a> v
16 32

V O L . I.
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It is now proper to introduce for the angle ç, (lie lati-
tude L of the extremity of the arc. To accomplish this,
suppose (he radius vector C R (Jig. 61) to be infinitely
near to С A ; and from the point С as a centre, with a
radius A C, describe the arc A Q, which may be consi-
dered as sensibly equal to a chord perpendicular to the
radius vector A C. Suppose also the right line A R to
be a tangent to the curve at the point A, and produce
the right lines С A. and LA to Z ; then it is evident
that the angle С A L=Z A V, will be very nearly equal
to the angle R A Q .

This being premised, let САЬ=Ф, we shall have,
by preserving the same denominations as above

L=y — р + Ф, from which ф— ç +L — q;
therefore, tang. Ф=1апд. (p + L — q).

On the other side, the triangle C A Q, supposed right-
angled at A, gives A Q=v d ç ; and as the triangle A Q R
is sensibly right-angled, at Q, and Q R— d v, we shall
have

d Q
tang. Q A R or tang. -ф= — -т— — tang. (p + L — q}.

The angle 4- being very small, we may without sen-
sible error make

T dv
<p+L — q — — — -.

•* v dip
From this results

т dv „ .Li— a — ф+ — ;- = <? — Ç + Ssin.p cos.01 vac •*
[m + (2 я— m-) sin..1 ?],

or because

2 sin. ç cos. ç -sin. 2 e, and sin.2 <p=. ~°"o — -

(nz + я — ±тг) sin. 2 ç
f m" n\ . г

V"4 -- ~У 8т<4ф .......... ' ...... ( }*
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Now, to find <f in a function of L, it may be remarked
thnt we have first, very nearly, <p=q— L, consequently

sin. 2p =sin. (2 q— 2 L) = sin. 2 L ;
sin. 4 ip:=sin. (4 j — 4 L)= — sin. 4 L.

These two last values being introduced into the equa^
lion (C), we shall have, in a manner more approximative,

?>=?— L + (m +n -- ^-) sm.SL— (' m2 — Ы) sin. 4L,

or, for abridging, <p— g — L + x ; x being evidently a very
small quantity.

Substituiing again this last quantity in the same equa-
tion (C), we shall have, for a nearer approximation,

$>=?— L-t-(m + n— ~

+ (1 »ï* — * «) sin. (4 j — 4 L + 4 x) ;
But

sin. (2(/ — 2 L+2 jr)=:sin. 2 L — 2#cos. SL
sin. (4? — 4 Ь-|-4д7) = — sin. 4L+4#cos. 4L

Therefore

и -- -- (sin. 2L-^2íccos. SL)

?n2 — * ^ (— sin. 4 L+4 xcos. 4 L).

Developing, always stopping at quantities of the same
order, and eliminating #, we shall obtain, defiaitively,

< f=q—L+( m + n — ~ Jsin.SL— ( i ni1 — ̂ - y sin. 4 L,

or, for abridging the work, let p=j — L+y.
This value being substituted in the equation denoted

by (B,) we shall have, because of the forrnukp (D) and
from

У s z / ю + я--«.) sin. 2 L —(l w»— |-) sin. 4 L,
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S=ô[( l + ̂ +~V£ ) L-iCw + i.) sin. g L

. .......... (E).

Let M denote a quadrant of the meridian, we shall
have, by making L=A тт, я- being the semi-circumference
of a circle -whose radius::: 1,

and therefore'

Ifm + n, lhe co-efficient of sin. 2L, and ml — ", the

co-efficient of sin. 4 L, be divided by the second mem-
ber of this equation, and the very small terms neglect-
ed, lhe quotients will be respectively

m , 3 n , »г*\— I
й+8-+т)

thus, very nearly,
w* \ M

. n__

from this, the equation (E) will become

S = M -t= sin. 2 L
яг

т
Therefore, if S' be another arc terminating one way at

the latitude L', and the other at the equator, we shall
evidently have
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(sin. 2 L1 —

sin. 2 L) + Ц( т~П (sin. 4 L'— sin. 4 L)l.
V • ST ' -1

Such is the equation which gives the relation of any
arc S' — S of the meridian, and the latitudes of its ex-
tremities. Jt appears that, from this equation, the length
of a quarter of the meridian M, may be immediately
obtained when the co-efficients m and n arc known.

Jf, in order to abridge the expression, we make
m + n— J- m~ \ ,mr — ± n"

we shall have

S'—S —M(-^ p (s in.2L'~ sin.SL)

-f-j(sin. 4 L'—sin.4L)) (G).

In this equation, p and q may be regarded as the un-
known co-efficients; and as y is much less than p, there
is not any impropriety in neglecting, at first, the terra
that contains q.

Let us call L, L', L", L'", L"", the respective lati-
tudes of thc-parts P, P', P", P'", P"", situated on the
same meridian, and suppose L <íL' -<L"<L'"<;L"";
also call S, S', S", S'", S"", the arcs of the meridian
comprised between the equator and each of these diffe-
rent points. The preceding equation, applied succes-
sively to the two arcs, S S", S'' S"" will give, by neg«
lecting 5, these two equations,

S"—S=M-;^ M /j(sin. 2L"—sin.2L),

8""—8"=М~""л -~—Mff(sin.2L('"—sin.SL") ;
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from which it will be easy to determine the values of m
and p, which ought to be already very near approxima-
tions, since only the quantities of the order a? have been
neglected .

Let M° and p° be the first approximating values of M
and p ; then, to have them more accurate, we may make
M = M" (l + o?), Mp = М>° (1 +3/), M г = M«t;
and, bjr substituting in the general equation (G) the quan-
tities relative to the four arcs SS", S" S"", SS'", S' S"",
we shal l have the four following equations, viz.

Ь~М?- ̂ TL (1 + X) ~~P"(l +У} («n- 2L"-sin. 2 L)
+ % (sin. 4 L" — sin. 4 L),

-
+ z (sin. 4 Liv — sin. 4 L"),

(1 +*)-p' (1 +3/)(sin. 2 L'"— sin. 2 L)

+ 2 (sin. 4 L'" — sin. 4 L),

1'— sin.SL')
M"

+ s(sin. 4L1V — sin. 4L').
But M" and p" having been determined by the equations

(H), it is evident that the first two equations above will
be reduced to

0=b^Ilíí^— w(sin.2L"-sin.2L) + s (sin.4L"-sin.4L),
•^ ft

Q=
L'V~— д?- гу(вш.2Ь*'— sin.SL") + 2 (sin. 4L1'— sin.4L") ;

so that \ve shall have four equations of this form.

0=/ x —

J

—.(J),
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from which the values of #, y, and z must be found. In
this kind of analysis, of which astronomical questions
afford many examples, it is not necessary to attempt to
resolve exactly three of the equations, which would cause
all the error tobe transferred to the fourth ; but we must
endeavour to compensate the errors in such a manner
that they may be nearly equal in each of the four, which
will not be attended with any difficulty when the numeral
coefficients are substituted.

The value of x being known, we shall immediately
have the length of the quarter of the meridian M = M*
(I +#), which is the chief object of these investigations.—
Then the values of у and г will afford valuable notions
relative to the figure of the meridian.

We shall first have
p\1 + y) .

P= -nVrr-* and ï 1+x
or simply, by performing the divisions,

p=p°(l+y— л), 5=3.
But we have made

, m + n — -J- m* . . . m"1

«=
Therefore let ^ p -n + -{-f- q *=t* ; we suall hâve f*. ~

$ m? + 7H, from which т=.ц — f тг ; and as m is very
small, we may, for the first approximation, make т~ц;
then more accurately

lastly, from the preceding value of j, we obtain

The quantity m + n is therefore now known. Thus,
from the preceeding Note, we have

1
m +n =; я' =; £-.

Therefore the value of the elliplicity of the earth is
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Finally, if the curve of the meridian, the equation of
which is -o — b ( 1 + »í sin.1 f + n sin.4 p),
be an ellipse, it is necessary, as has already been remark-
ed, that n — i тг = 0, or, which amounts to the same,
that the equation^ ni1 — -J-4 q ir — 0 , may be fulf i l led.

As to the value of Ibe semiconjiigate axis b, it may
evidently be obtained from the equation

3
M = ò (l + -i wz + -0-и+ }»1г) 4" ;

о
and then, by this formula

b = я (l — a),
we shall have the value of the equatorial radius a, which

lias been denoted by ç in No. 10.
XI I I . it would not be difficult to prove that the nor-

mal A M = r (fig. 60) has for its expression
r = b (l +2 í« — m cos.* L).

Then, by lhe method followed in No. 10, we shall obtain
CN = 2??г r sin. L', M N =. mr<f" sin. L,

angle N B M = nz <рг sin. L. cos. L,
and it may be concluded, that

L' — L — J ç2 tang. L — m tf siu. L cos. L.
Reciprocally, we shall have
L = L' + -J- фг tang. L' + m cr sin. L' cos. L',

by pn serving the notation in the number referred to.

After demonstrating and applying the formulae of Le-
gend re, for determining the latitudes and longitudes of
places situated upon an elliptic spheroid, those of Delam-
bre, on the same subject, will be indicated in this place,
as they are very accurate and very convenient for calcula-
tion. The reader is referred for their demonstration to
the excellent Méthodes anafyliques pour la Determina-
tion сГи-п Arc du Méridien.
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The difference of the methods employed by these two
geometers, for calculating the respective positions of pla-
ces on the earth, consists in this: Legendre adopted for
the distance between two points, the arc of a great circle
comprised belvveen their verticals ; while Delambre took
for this distance the chord of the snmearc. Indeed, the
excess of the arc aboVe the chord is often insensible in
geodesic operations, even the most delicate ; yet, when we
aim at great precision, we ought not to neglect it. Now,
if the side of a spherical triangle very little curved be
denoted by b, for a sphere of which the radius = 1, and
the corresponding chord by k} we shall have by the first
scries (Л) No. 9,-

b — a s i n . i = b — A-= -1.

When В is the length of an arc and К that of its chord,
fora radius =. g, we have evidently

/ B'b ±= — ,
e
В3

therefore b — /c or g — -^ —5--
e

Such is the excess of the arc above its' chord, oh the
supposition that b makes part of the radius taken for
unity ; but that excess will be given in the same measures
as the radius of the earth, by multiplying the value of
о by ç ; that is to say, we shall then have

Ti3

B -fcorárr-^-r-e
Lastly, we shall have 2 in seconda by ra^ans of the

B3

formula -^ R "-у-.
«

This being premised, let
VOL. i. v
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ф be the arc expressed in seconds, corresponding to the
chord К of a terrestrial arc, that is, to a side of a tri-

angle.
L the known latitude of one extremity of lhe chord K,
L' the required latitude of the other extremity,

M the known longitude ) re,koned from the soiuh toward»
M' the required longitude $ the west from o° to 360".

Z the known azimuth )
> reckoned trom the same ;

Z' the required azimuth)

•we shall then liave
R"K , . . ...

ç = (1 l e" sin.• L).
í

L' =; L— (pcos. Z +-Í psin. <p sin.5 Z tang. L)
(l + e- cos.-L).

Z' = 2 q + Z — ç sin. Z (ang. L' —- í -«ps in . ç sin. 2 Z.

,,, ,, sin. ZM' = M + f —.
cos. L'

By making Z — q in the last three equations, and sin.
ç — ç, the first terms of the analogous formula?, No. 10,
will be found again.

Measure of a base.

Ground cannot be every where found which is conve-
nient for measuring long bases. In fact, луе rarely meet,
even in the finest plains, with an extent in a right line of
several leagues, луНиоиС obstacles, or without sensible
inequalities, which prevent the two extremities of tha^
right line from being seen from each other.

The longest bases that have hereto been measured did
not generally exceed thirteen or fifteen thousand English
yards, or thereabouts ; that which has lately been mea-
sured in Bavaria was 11107 toises, about 23669 English
yards, but this length can seldom be attained. Besides,
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great length alone will not suffice for bases, and it is also
requisite lhat they should be properly connected with
two summits, at least, of the chain of triangles.

Indeed it is to be wished that bases -were always con-
nected with the summits of the chain by equilateral tri-
angles ; but this cannot generally be done ; wherefore we
must confine ourselves to making them ns long as possible,
and be satisfied with isosceles triangles, or such as aie
nearly so.

This shows the conditions to be fulfilled in the choice
of bases; the most convenient spots for them are gene«
rally found on the borders of the sea, on lhe banks of ri-
vers which have but lit t le declivity, across passable
marshes, or along roads ; obstacles frequently oblige us
to deviate a little from the right line ; then the base is
formed of two lines which make an angle very nearly
equal to 180°, and in this case it ought to be reduced (o
a right line.

The methods of measuring long bases are various ;
sometimes they are measured on the ground, or on a kind
of bridge elevated above it ; sometimes, too, a horizontal
line is followed, or else, the inclination of the ground
when it is uniform ; in which case, this inclination must
be reduced to the horizontal line. The latier method,
when it can be employed, is preferable to the former, be-
cause the small errors which necessarily result from the
change of level are avoided.

Jn all cases, convenience and exactness should be
sought ; for, this operation indispensably requires such
an accuracy as wil l answer to that given by lhe instru-
ment which is used for measuring the angles.

In order to measure a base on the ground, the surface
should be smoothed and levelled, which is not always
practicable. To trace the base, poles arc fixed in the
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ground at proper distances from each other ; the best in-
strument that can be employed for placing them jn the
requisite direction is a Transit instrument, but others
may be used. These poles are not suffered to remain du-
ring the whole measurement, as they would run a risk of
being carried away, but piquets are driven into the ground
at the places where they stand, and poles are substituted
afterward? for these piquets, as we advance in the opera-
tion.

Rods of various materials have been employed for mea-
suring1 bases ; the English used glass rods for the mea-
sure of the base on Hownslow Heath. Rods of deal, of
iron, and of platina, were employed for measuring the
two bases which served to determine the arc of the meri-
dian by which the length of the metre was fixed.

Deal rods appear to be the least exact, on account of
their hygromeirical variations. But if the precaution
be taken to boil them for a long time in someoilly matter,
and then to cover them with a thick coat of paint, the
different states of humidity of the atmosphere will not
affect them, and they will not only become as good as
metal rods, but prove much more convenient, as they are
lighter. It may be added, that they expand much less
by heat than metal rods, wherefore they are preferable
to them in that respect. They should be properly sup-
ported so that they may not get bent.

Three, four, or five rods are generally used, and
their extremities may either be brought into contact, or
not suffered to touch each other, as has been lately done
in France, with a view to avoid the recoil that may be
produced by bringing one rod into contact with another
already placed. But then, it will be necessary to mea-
sure with a vernier the space left between them ; besides,
it is scarcely possible that any recoil may take place, if
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one rod is brought to press gently against three or four
which afford a considerable resistance.

The most important operation, perhaps, isto determine
exactly lhe total length of the rods in common measures
when they are placed end to end, which the French call
portées : for this purpose^ a standard may be constructed
on the ground, as has been done in Bavaria.

Great care should be taken in measuring bases, not to
commit any mistake in reckoning the portées; for this,
a. line or chord is used, which is made equal to a certain
number of portes, and serves for placing gradually, as
we advance, poles which indicate the number of portées
that have been passed over.

When rods of wood or metal are used, it is necessary
to take an account of the variations of the thermometer,
as it will afford the means of bringing the whole length
of the base to (he same temperature.

END OF ТЛЕ rillST P A R T .
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PART IL

PORTATIVE BAROMETRICAL TABLES,

Giving the Difference of Lcvtl by a, Simple Subtraction ;
with an introduction, containing the History of the Ba-
rometrical Formula, and its Complete Demonstration by
the Simple Elements of Algebra.

BY M. BIOT.

T R A N S L A T E D A N D A D A P T E D T O E N G L I S H

I N S T R U M E N T S A N D D I V I S I O N S .

®-

PRELIMINARY NOTICE.

A i i o u T one hundred and sixty years have elapsed
since Pascal, having caused Torricelli's barometer to be
carried (o the top of Puy-de-Dôme^ remarked (hat this
instrument presented the means of levelling the most
distant places.

This first idea was not abandoned, but in order to
render it applicable for ascertaining the lengths of the
columns of air passed through, according to the dimi-
nut ions observed in the column of mercury, many ele-
ments stil l remained to be determined. We had the
balance, but knew not the values of the weights. The
first thing that it was necessary to know was the law
of ihc condensation of air under difterent pressures.
Mariotle in Trance, Boyle and Townley in England,
found from experiment that the density of this fluid is
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proportional to the compressing weight. This law is true
only when the temperature of the air remains constant;
but attention was not then paid to this important re-
striction, which, in fact, could not be indicated by ex-
periments in which the compared volumes of air always
had nearly the same temperature. The law c;f (lie compres-
sion of air being known, И alley made use of it for calcu-
lating the decrease of density in the beds of the atmos-
phere at different h e i g h t s ; and he thus discovered the
mathematical formula, by means of which the différence
of altitude of two stations may be calculated from the
heights of the mercury in the barometer, observed at
each of them. Newton,- in his Principia, perfected that
theory by showing what regard was to be p:\id to the
diminution of the gravity of the molecules of air, ac-
cording as the distance from tlie surface of the earth
increased, ßut, what is very remarkable in so scru-
pulous an observer of nature, lie omitted also to con-
sider lhe effect of the variations of heat, and of the pro-
gressive decrease of the temperature on lhe density of the
beds of air. At this time observations of the barome-
ter and thermometer were not even employed in the
measure of astronomical refractions. It was Bradley,
Mayer, and Lacaillc, Avho began to introduce these
corrections about 1750 ; unt i l then, the only method was
to use different tables of refraction for summer and winter .

The barometrical formula, without the correction
which renders it applicable at all temperatures, could
only furnish a very imperfect approximation. Thus,
the philosophers and astronomers who endeavoured" to
apply it, found that it succeeded only in a few instances,
and that, in general, it was subject to considerable errors
which did not appear to follow any law. Different hy-
pothesis were formed by some for explaniug these irregn-
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laritiés, and others concluded that the formula was abso-»
lutcly to be rejected. No person thought of the true
cause ; and this omission is very extraordinary when we
reflect that Bougucr and Lambert, two men of the most
singular merit'and different talents, the one an ingenious
and accurate philosopher, the other a most inventive and
acute geometer, were both much occupied with the ba-
rometer and its application.

It was M. Deine who at last discovered the source of
all these anomalies ; lie sought in the observations them-
selves lhe correspondence between the temperature of the
air and the corrections which the formula required. Nu-
merous experiments on the comparative expansions of
air and mercury enabled him to perceive the law that
those corrections ought to follow, and the intensity which
should be assigned to them.

This remarkable discovery, by giving to the barome-
trical formula an unexpected accuracy, animated the
zeal of philosophers, and barometrical observations were
multiplied. Dr. Maskelyne undertook to translate the
new formula into English measures. Mr. Playfair add-
ed a correction for the variation of gravity in different
latitudes. Sir George SUuckburgh, by very exact mea-
sures, verified the results of M. Oeluc, and gave them
a «neater degree of precision. General Roy also made
an application of it at a great number of places in the
Britannic Isles. The Alps -were levelled by M. M.
Saussure and Pictct ; the Pyrenees, by M. Ramond, and
the Andes, by M. Humboldt. The barometer, rendered
portative, became un indispensable instrument to all well-
informed travellers.

However, notwithstanding so many successful appli-
cations, the theory of barometrical levelling was far from
being brought to its most simple terms. M. Deluc had
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adapted the constant co-efficients of his formula to a
certain temperature, which he called the normal tempera-
ture^ and which he had fixed from the condition, that, for
this temperature, the difference of level became a decimal
multiple of the difference of the tabular logarithms of the
observed barometrical heights. All the corrections rela-
tive to temperature which the formula required, commen-
ced therefore, according to M. Deluc, at the normal tem-
perature ; in consequenceof which this point of commence-
ment changed whenever the formula was applied to any
other measures than French toiscs. These variations
were very inconvenient, and it appeared much more
natural to make all the corrections commence at some
fixed term, as the free/ing point, which is given by ex-
perience, and common to observers of all countries.
This is what Laplace has done in a chapter of his Mé-
canique céleste^ in which he has established the barome-
trical formula upon the most simple and accurate data.
He determines the correction for temperature, relative to
the expansion of air, according to the experiments of M.
Gay-Lussac; but he has modified his results in such a
manner, as to take into the account the humjdity of the
atmosphere ; and, what is very fortunate, the sum of this
correction and the coefficient of the expansion of air is

4just equal to With respect to the expansion of

mercury, Laplace employed the values he obtained in
conjunction with the illustrious Lavoisier, in experiments
on the expansion of bodies, of which there unhappily
remains only a small number of results. Finally, he de-
termined the general coefficient of the formula from baro-
metrical observations themselves, by combining for this
purpose a great number of experiments made in the Py-
renees by M. Ramond, with a care and an accuracy that,

VOL. ï. z
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leave nothing (о desire. The value of this coefficient has

since been confirmed in adirect manner by lhe experiments
made by Д1. Arago and myself, on the comparative
Aveights of air and mereury ; so that all the elements of
the barometrical formula, the research of which has cost
travellers so much labour, might have been obtained di-

rectly, and with as much accuracy, without going out of
the chemical laboratory. Laplace's formula, founded
upon data so exact and so ably combined, represents
observations better than any other in which these advan-

tages are not united. The rigorous proofs to which

M. M. Ramond and Daubusson have submitted it experi-
mentally, proved its utility. It still remained, however,
lo render l l io observations comparable with each other,

though made with different barometers. But Laplace has

shown that the different indications of these instruments,
in circumstances otherwise equal, are the effects of cap-
pillary action, and he has given tables for correcting this

effect.
The barometrical formula being thus improved, or

lather perfected, observations with the barometer have
been considerably multiplied, and carried to a degree of
precision almost incredible, as the observers were guided
by accurate rules ; we may now entertain a hope, that in

the space of some years the general levelling of Europe

•will be obtained ; and we may undertake, agreeable to
the idea suggested by Laplace, to add to the latitude and
longitude of cities their height above the level of the sea,

as a third co-ordinate which would completely determine
their positions.

In order to favour this idea, I have insened, in the first
edition of my astronomy, tables by which we might find
directly the height of a place above the level of the sea,
on the supposition that, from a great number of observa-
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lions made at tlie same place, the mean heights of the
barometer and thermometer had been determined. I
have had the satisfaction of knowing that these tables
have been useful to many observers.

Since that time, an astronomer known by his accuracy,
M. Lindenau, has published barometrical tables on a
much more extended plan. They show the difference
of level of any two stations whatever, where the corre»
spending heights of the barometer and thermometer have
been observed. But, though these tables are very useful
for calculating barometrical observations in the study,
the space they occupy, which is 170 pages, does not
permit them to be conveniently carried in mountainous
journeys ; and still less to be used at the places them-
selves. Horsley and Schuckburg have also long since
attempted to calculate tables from the formula of Deluc ;
but their work, inserted in the Philosophical Translations,
wants one essential quality, which is, simplicity. Com-
plicated tables can be consulted only by persons accus-
tomed to calculation, and for these the best of all tables
is the formula itself.

M. Oltmans, a young astronomer who has made him-
self known by a rare and singular devotedness to numeri-
cal calculations, having undertaken to calculate, by La-
place's formula, the barometrical observations which M.
Humboldt had made in his celebrated travels between the
tropics, was naturally led by this great undertaking io
desire tables for abridging it. He constructed some
•which are very remarkable for their simplicity, without
causing the formula to lose any of its rigour ; he has
succeeded in bringing it into three tables of a double en-
try, which are contained in only fourteen folio pages.

The height is calculated by simple additions and sub-
tractions. But it is accessary to enter the tables four
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times wiíh different arguments which are deduced suc-
cessively one from another ; this requires an attention
always very difficult to an observer who is not accus-
tomed to the use of astronomical tables. It is besides
very inconvenient <o French observers, as these tables
suppose the height of the barometer to be observed in
lines, and give the difference of level in toises. This
construction necessarily requires troublesome reductions
when the observations are made in parts of the metrical
scale, which is almost always the case at present in thé
French barometers.

The publication of a second edition of my astronomy
having made it a duty that I should investigate with great
care the most simple and accurate methods for all kinds
of application which fall within the object of that treatise,
I have endeavoured to perfect my former barometrical
tables, and to render their utility more general. I was
above all desirous of rendering them so simple and com-
modious, that philosophers, naturalists, and all well-in-
formed travellers might carry them in their journeys,
and make use of them upon the spot for calculating their
observations. I hope I have succeeded in this attempt,
but experience alone can decide.

I have considered first, that, for persons little accus-
tomed to the use of tables, a very short and simple arith-
metical computation was preferable to the use of several
tables which it would be necessary to consult with dif-
ferent arguments, I have, therefore, thrown into this
form the correction for the expansion of mercury, and
that for the latitude. The first requires only the observ-
ed barometer at the colder station to be reduced to the
temperature of the warmer, by adding to the barometri-

cal column -qpyg part of its length, for every degree
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of Fahrenheits thermometer. The correction for the la-
titude is noiliiiig at the parallel of 45° ; it will be almost
always insensible in observations made in Europe, and
naturalists have not any occasion to take it into the ac-
count in tlieir travels. But, as it may become necessary-
to have respect to it in very exact observations, I have
inserted it in a small table of fractions of the height which
must be added according to the different latitudes.

Suppose, now, that the heights of the barometer and
thermometer Lad been observed at two stations unequally
elevated, the calculation of the difference of level would
be reduced to two very simple and constantly uniform
operations.

With the sum of the temperatures and the height of
the barometer observed at the upper station, the table
is to be entered, and the number corresponding to this
given quantity taken.

With, the same sum of the temperatures, and the ob-
served height of the barometer at the lower station, the
same table is to be entered again, and the corresponding
number taken. The difference of these numbers is the
difference of level. If this difference be greater than
2180 yards, there is another quantity to be added, which
is found in the same table, and always by the same pro-
ceeding. This suffices as far as 43GO yards ; but the
use of the table may be extended indefinitely by a similar
proceeding, and the calculation never becomes more
complicated.

Such is the form of the portable barometrical tables,
•which are here presented to well-informed travellers, that
they may be easily carried in the pocket, and the observa-
tions thereby calculated on the spot at the same time they
are made.

These tables are preceded by instructions explaining
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their use, and containing a complete demonstration of
the barometrical formula. This demonstration only re-
quires the reader to be acquainted with the first rudiments
.of Algebra, but persons who are entirely strangers to
these notions, may pass immediately to the numerical
examples inserted at ihe end of this part of the Treatise,
with specimens of calculation for all cases, which may
be constantly taken as models, no alteration being ever
requisite.

All my efforts have been used to bring these tables to
the greatest degree of simplicity of which they arc sus-
ceptible ; and I shall esteem myself very happy if they
should increase the taste for barometrical observations,
and contribute to the perfection of physical geography,
too little cultivated among us.

On the Measure of Altitudes by barometrical Observations.

As the measure of altitudes by barometrical observa-
tions may be of very frequent utility, I have united in
this chapter all the details that can be desired, relative
to both the demonstration of the rigorous formula and
ts application.

Conceive a vertical tube to be filled with air, which
extends from the surface of the earth to the limits of the
atmosphere. Besides, for the purpose of simplifying the
problem, let it be supposed, at first, that the column of
air thus formed is composed of air perfectly dry, and the
temperature the same throughout its extent. Let it be
supposed, also, that the decrease of gravity, according
to the greater elevation, is abstracted ; so that this force
may be considered as acting with an equal intensity at
all heights. On (hese suppositions, let us examine the
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the state of equilibrium of the column. It is evident
that each molecule will be compressed by the weight of
all those above it; and as the air, in consequence of its
elasticity, is condensed proportionally to the compressing
force, its density will decrease from the bottom to the top
by an insensible gradation. To discover the law of this
gradation, conceive the column to be divided into an in-
definite number of very thin beds or strata, the thickness
of each not exceeding a thousandth part of a yard for
example ; so that the density may be sensibly the same
throughout the height of the same stratum, and vary only
from one to another. Then, if the barometer be carried

successively into each of these beds, at different distances
from the centre of the earth, there will be a certain ratio
between these distances, represented by л1:, л;2? х3, and
the elevations of the mercury in the barometer denoted

by H1? Ц„, H3. .This is the ratio which it is required to
determine.

For this purpose, it may be remarked, that the thickness
of the first bed or stratum is expressed by x« — x\. The
depression of the mercury, in raising it through that bed
is Hi — Hj. CoflsequcntJy, at that elevation, a column
of air of the height #2 — xit weighs as much as a column

of mercury of lhe same base, and having for ils height
HI—He. Unis the density of that stratum, compared

T¥ TT

with that of mercury, is —l- —j for the densities
.Ï2 #1

are reciprocally as the magnitudes when the weights are
equal.

But this ratio, between the density of the stratum anil
that of mercury, may be obtained in a different manner.
For, at an equal temperature, the density of each stratum
is proportional to the pressure it sustains, that is, to the
weight of the superior beds. Now, since all the beds are
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supposed to have the srune temperature, the pressure
which each sustains is proportional to the height of the
mercury in the barometer. Thus, on the suppositions
we have admitted, the density of the différent beds may
be represented by С Hi, СНг, CH3,--C being a con-
stant cp-efficient, common to the whole column. In this
manner, two expressions for the density of the first stra-

ti _ TT

turn are obtained, viz. -- — and С Ht ; and by put«
X% — ̂ т J^l

ting these equal to each other \ve shall have

3

from which weoMaia H., = U1 < 1 — C(*„— х г )\ .

The same relation will subsist in passing from the
second stratum to the third, from the third to the fourth.
and so on in succession, at least on the suppositions that
have been admitted ; so that we shall have the following
equations.

&c.
Or, if we represent by D the thickness of the stratum,

which is supposed to be always the same,

H3 =
H4 = H 3(1-CD),
H 5 =H 4 (1~CD),
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from which we obtain the following vaincs :

II, =1^(1 — CD)',
H 4 - H a ( l - C D ) %
H S = H 1 ( 1 — CD)*,

and we shall have between the differences of level and
the depression of lhe mercury the corresponding series :

i-=(l — CD)',
ï

the quantity 1 — C D is necessarily a fraction ; for С and

D are both positive ; and let С be wlmt it may, D тяу
always be taken suff iciently small, that the product C D
may be a fraction. Then the different powers of 1 — CD
will be less and less. Thus it appears from the preceding
series, that, when the altitudes above the first station in-
crease in an arithmetical progression, the heights of the
mercury in the barometer decrease in a geometrical pro-

gression,

In order to obtain this result, it has been supposed that
each stratum of air, of a thousandth of a yard in height,
•was thoughout of an equal density. This supposition is

not strictly true ; but it approaches more and more to the
truth as the thickness of the beds, or strata, is less. Now,
instead of takinga thousandth of a yard for the thickness,
we may take it a hundredth part of that, or any other and
smaller dimensions, the error will bediminished indefinite-

ly, without our being prevented from arriving at the same
VOL. i . SA
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consequences. Thus, the law which туе have fonnd is
true i» itself, and independent of all suppositions relative
to the thickness of the beds, от strata. This is what the
following calculation confirms.

If the rank of any term whatever in the two preceding
series be denoted by и, and its value be found, -which
may be done in the second series by means of logarithms,
we find

- •*»-*• ï — -Ti n - _ (bg-H,— log. Hn+ i )
D 3 log. (1 — CD) '

from which we obtain
D (log. H , - l o g H n + . )

* „ + , — * , _ log. ( i_C D) '

x ,i 4. j — л1!, is the difference of level of the two sta-
tions ; for greater simplicity, it may be denoted by X.
Hj is the height of the mercury answering to the lower
station, which may be represented by H. Lastly,
H M + í is the height of the mercury at the upper station,
which shall be denoted by A/ for, having nothing to con-
sider but the extremities of the column, the accents by
which the différent beds were distinguished, are not of
any further utility. We shall then have

The value of X seems to depend upon the thickness
J), which we have supposed to be that of the different
beds of air; but, in fact, it does not depend upon this
quantity. For, by developing the logarithm of 1 — CD,

1 / P* Л- P3 Т13
we have log. (1_CD)=- ~( CD + ±1L. + Ь_Ё

, C+ D* . \
+ -£- + &C. )

M being the modulus of the common tables, or
2.302585092994:, consequently
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M
С2 D , C3 D2

log. (l-CD) - С + -~ +

The thickness D is supposed extremely small ; and to
attain the utmost rigour, it must be made equal to no-

thing, which gives — IT(TD) = ~C » lhe" tMs

co-efficient becomes independent of D ; and it now ap-
pears, that, by deferring till this time, to suppose that
quantity equal to nothing, it was only to effect the possi-
bility of establishing the reasoning, and performing the
calculus.

From this result, we shall have the formula

X = — (log, H — log. Л),

that is to say, the difference of level is proportional to
the difference of the logarithms of the heights of mer-,
cury in the barometer.

There remains only the co-efficient С to find. Now,
by representing the density of the air under the pressure
H by $> that of mercury being unity, we have, agreea-;
ble to the preceding suppositions, 3"= С H, H being the
height of the mercury in the barometer. The value of
С may therefore be obtained, if we have, from very ac-
curate experiments, the ratio of the densities of air and
mercury under a given pressure of the atmosphere.

This ratio is not (he same in all countries ; for in all
countries the force of gravity has not the same intensity,.
as is proved by experiments, with, the pendulum ; and the

g.
ratio и varies with the force of gravity. In fact, î is the

density of air under a given pressure ; for example, under
a pressure of 0.76 of a metre, or .§31136 of an En-
glish yard. But, according as the intensity of gravity
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is greater or less, a column of mercury having always
.851136 of a yard of altitude, will weigh more or
less ; consequently, the air sustaining this pressure
will be more or less compressed. Now, from expe-
riments with the pendulum made in different latitudes,
it is found, that, by calling 1 the force of gravity at the
parallel of 45°, the gravity under any other parallel of
latitude ф, is expressed by 1—0.002837 cos. 2 4-. The
density ^ being proportional to the force of gravity, will
vary iu tbe same ratio, that is, by calling it ï at the

parallel of 45°, and under the pressure H, it will become
for any other latitude, and under a column of mercury of
the same length, í (1 — 0.002837. cos. 24,).

The co-efficient Ç, which expresses the ratio of the
density to the height of the barometrical column, ought
therefore to vary in tbe same proportion, and consequent-
ly it will become C(l —0.002837. cos. 2 ф), which be-
ing substituted in the value of X; gives

x_ M /н\
С (I-0.002837. cos. 24-; b ' U / '

in this manner it will be sufficient to find the co-efficient
M

C (l — 0.002837)
by experiment for a given latitude.

M
For then Ф being known, we shall also know —', and

L/

the formula will become applicable to all possible lati-

tudes.
This formula may be rendered more convenient by

making the denominator disappear, which is easily done;

for the fraction __^___ being trans-

formed into a series by division, becomes 1 + 0.002837.

cos. 2ф + O.OOOOOS04857. cos." 2 4- + &c. or sim-
ply 1 + 0.002837. cos. 24-, by taking only the first
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terra, which alone is sensible. We shall then have

X = ̂ (i +0.002837. cos.
Л/

Hitherto it has been supposed that lhe value of the
Î

co-efficient C, or ^y was the same in all the strata of the

column. But this is not so in nature, and several causes
concur in making this ratio vary. The principal of these
is the difference of temperature of the strata. For the
elasticity of air is increased by heat ; so that with a less
density, it may sustain an equal column of mercury,

у
which causes the ratio jj-, or C, to vary. This ratio also

varies according to the quantity of aqueous vapour (hat
is suspended in the different strata of the column. For
this vapour weighs less than dry air of an equal elastic
force ; so that its introduction into the different beds of
air renders them similarly susceptible of sustaining, with
a less density, a column of mercury of equal height.
Lastly, the decrease of gravity, arising from greater de-
ration, is also another cause of change ; for, in conse-
quence of this decrease, a column of mercury, the length
of which is 11, weighs less as it is more distant from lhe
centre of the earth ; now, if it weigh less, the beds of
air into which it is transported are less cpmpressed ; thus
the ratio of their density to the length of the mercurial

j.
column, or — is no longer the same for these beds as

ri7 '
for those below them. Let us now search the numerical
value of the influence of these various causes on the co-
efficient C.

We shall commence with the decrease of gravity in a
vertical direction. Let gj, gn, g'3, be the different in-
tensities of that force in the d.iifereBt beds, or strata. The



A THEATIS£

of (he columns of mercury H1} Н„, Н3, which
they solicit, are proportional to (hem ; consequently, if all
other circumstances were equal, the densities of the beds
of air, compressed by these columns would also -have the

^same-proportion. Т he ratio -т or С,, ought therefore to

vary from one bed to another ргорогиолаНу to the gra-
vity, g.

X»et us ПОЛУ consider the influence of temperature. In
virtue of this cause, a mass of air, the magnitude of
which will be J at 2cro of temperature, becomes at t de-
grecs above the freezing point of Fahrenheit's Шегтоод-
ter 1 + 0.0020833 1 , the barometrical pressure remaining
the same. Now, the densities of this mass under- a con-
stant pressure are reciprocal to the spaces which it is
made to occupy ; consequently^ if its, density at zero be 1,

i<s density, aU degrees „ill be _*__1 the

Î
pressure remaining the same. The ratio ц or C, ought

therefore to vary in the different beds proportionally to
1 _

X+ 0,0)020833 Г
"We shall now examine the influence of aqueous va-

pour. According to the experiments of Saussure and
Watt, the weight of this vapour is. to that of air as 10 to
14, when their temperatures and elastic forces are the
same; that is, when the air and vapour, having the
same temperature, sustain equal columns of mercury.
Hence, the substitution of this vapour in, the strata of ait
renders them specifically lighter without diminishing
their elasticity. To find the value of this effect, let H be
the barometrical pressure which a certain bed of air sup-
ports : call F the elastic force of the aqueous vnpour con-
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tained in it, that is, the part of the barometrical pres-
sure which the vapour sustains. The total weight of the
bed may be considered as composed of two parfs ; vis.
of a certain quantity of vapour, the elastic force of which
is F, and of a certain quantity of dry atmospheric air,
the elasticity of which is H — F; let p be the whole
weight of the bed, if it were entirely composed of dry
air, under a pressure H. The weight of lhe same vo-
lumn of dry air, under a pressure equal to II — F will

be p—_— . The weight of the same volume under

» F
the pressure F, will be -TV— ', so that, if this volume, re-

maining alwnys under the pressure F, were composed
entirely of aqueous vapour, its weight would be -J-& of

p F
lhe preceding, that is, f^- u • Now, it is known by

тегу positive experiments, that, in a mixture of vapour
and air in a state of permanent equilibrium, these two
fluids are uniformly expanded throughout the whole
space which they occupy. Thus, the weight of the mix-
ture'in the preceding proportions, will be equal to the
ium. of the weights of air and vapour which occupy the
given space under the pressures H — F and F ; that is,

cH F\ n p
the weight will be p. —n— + i"- -j, j or «пф1*

p. -—. "' •-. But, before the introduction of the va-
H

pour, the weight of the same volume of dry air, sustain-
ing the same pressure H, was denoted by p- The den-
sities being proportional to the weights, if £ represent
'the density of a stratum in the dry state, Us density in the

humid state will'be ï. =—:vr—-> or*• ( *"~^H/'
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the pressure being the same. From this it appears, tha't
th,e introduction of aqueous vapour into the beds nf air

3- _ F
causes the ratio — or С to vary proportionally to 1 — -.• ̂

By resuming the three kinds of variation to winch the
co-efficient is subject, the most general expression for it
ivill take the following form :

Agí i—г L]
c _ al __ ' и/

~~ 1+0. 0020833 1 *
A being a constant quantity common to all the strata.
There only remains to substitute in this expression for
g1, H, F, and í, their values relative to the different beds.

The value of the factor g shall first be calculated. It
is known, that, in receding from the centre of the earth,
the force of gravity is reciprocally as the square of the
distance. The distances of the different beds have been
denoted by a?« xs, #s» therefore, by calling g,, g.2, g"3,
the corresponding intensities of gravity, we shall have

i-si? 2—

We shall now find the lertn dependent on the aqueous
vapour. The tension F of that vapour is always very lit-
tle in the temperatures in which barometrical observa-
tions are generally made. By calculating their values
in parts of a yard, for the point of extreme saturation,
according to the formula which Laplace has given in his
Mécanique céleste, and which he deduced from the cx-
periments of Dalton, we find
at 32° of Fahrenheit's thermometer .. F =0.00560142 ̂
at86°(or540abovethefreezingpoint)..F=0.0346562 £y

and between these two limits which are nearly those of
barometrical observations, the increase of F may be re-
presented with sufficient accuracy by the' arithmetical
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progression F = 0.00560149 + о'!о005а547/, í being
the number of degr«-es in the temperature above the
freezing point in Fahrenheit's thermometer. Though
this formula may not be very exact, yet it will be suffi-
cient in (his case, because of tbe small influence which
it has on the observed heights. But, before it be ap-
plied to the almosphere, there must still be a modifica-
tion mad--. It relates to the point of extreme saturation,
which very rarely takes place in the atmosphere; and
consequently, lhe value which ii gives for F will be al»
rpost always much too great. It is true that we cannot
determine any thing certain relative to the quantity of
aqueous vapour suspended in the atmosphere. This quan-
tity is extremely variable at different times ; nay, it va-
ries from one stratum to another in a very irregular, and
sometimes abrupt manner, as is experienced on mouu-
tains where strata, very little charged with vapours,
succeed to others which are at a maximum of humidity.
But, independent of these extraordinary circumstances,
there is the greatest reason to believe that we shall ap-
proach the most frequently to nature by avoiding the ex-
tremes, and then the most simple method is to take for
the expression of F in the atmosphere, the half of the
•value which answers to the point of extreme humidity ;

that is, F = (XÒ0280071 + 0.TQ0026S74:1.
On substituting this value in the expression for the

co-efficient C, it must be multiplied by the variable fac-
2

*or srr • But> because of the smallness of this, correction»7 rl
and the little difference in the values of H in the extent
of the columns of air which are usually measured, ii will
be sufficient to put for H the constant value .831136 yd.
•which is the mean pressure at the level of the sea. This
substitution will have even the advantage of diminishing

тоь. ï, í? w
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the correction for humidity in the upper strata of the
column, which agrees with nature ; for the humidity of
these strata generally decreases as their height is greater,
and sometimes the most elevated possess a great de-
gree of driness. By adopting this simplification, we

shall have 1 - ** = !___«__ (^00280071

-Ь 0.У00026274 í,) = 1 — 0У.0009628 — 0.00009031.
This expression may, without sensible error, be brought to

yd. yd.

lhe following form, (1— 0.000963S.)(1— 0.00009Q4 í)
which gives

yd. yd.

r _ A (1 — 0.0009628), g( I— 0.0000904 t
J + 0.0020833 í ;

Jn this manner С contains a constant factor, common to
all the strata. The other factor depending upon t} which
is still found in the numerator, may be united to that
which arises from the temperature. In fact, because of

the smallness of the co-efficient 0.0000904, we may,

without sensible error, substitute -0

 :

 :

1 + 0'. 00009041
yd-

for 1—0.0000904/, then we have in the denomi-

nator the product (1 + 0.0000904Í.) (1 + Ó.ÒQ20833/}.
Jn performing the multiplication, the product of
3d. yd.

0.0000904 by 0.0020833may be neglected. The denorni-
yd.

.nator will then become (1+0.0021737 /)• The co-efficient
of í in this result may be changed into 0.0022, without in-
curring any sensible error, which will simplify the com-,
nutation. We shall therefore have

C -X1 — O-0009628)g-

(l +0>.bo22í
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It appears. that the consideration of the humidity of
the air only increases a little the co-efficient of the ex-
pansion which agrees with dry air. A simple letter
might have been substituted for the product of the two
constant factors which are contained in the numerator ;
but it has been thought preferable to retain them) to show
the effect of the humidity upon the co-efficient.

Let us now search, in this general case, the ratio of the
heights of the barometer with the elevations of the strata.
For this we must recur to the same source of reasonings
which we have used in the simple case, at first treated.
In considering the first stratum, it has been remarked,
that, at this elevation, a column of air> the thickness of

•which is .г;, — д?!, weighs as much as s( column of mer*

cury :of the same base, and of which the height was
ï . • • тj тг

Hj. — Нг, and it lias been concluded, that — was
X« — Xi '

the ratio of the densities of mercury and air in this stra-
tum. This consideration is also applicable to (he actual
case ;•• only, as gravity is supposed to vary from one stra-
tum to another, the intensity of this force upon the co-
lumn of mercury Ho, which takes place in the second
'stratum'; is different from that which solicits the column,
of mercury Hj. To express the weight of the first stra-
tum of air in parts of the column of mercury H1} it will
be necessary to bring the column H2, to what it would be
if the same gravity gj acted upon it ; that is, to multiply

it by 5.Î, the ratio of gravity in the two strata. We shall

•^ " • Hsff '
thus have Нл, ^—- for the diminution of the ba-

rometrical pressure in the extent of the first stratum of air,
the thickness of which, will always be #« — я \ ъ я before.
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The ratio of the densities of air and mercury in this
stratum will therefore be equal to

H, —H8ga
«• pr H, gi— Ff-jg", .

but this same ratio may yet be expressed by C„ H„ by
representing by C,, the value of the со- efficient С in the
itralum under consideration; then, by equaling these
two values, and always denoting the thickness of the
stratum by D, we shall have

~ H, g", - Heg, p TT
хг — x. = D, — - - 2_r=U, Ht;1 ' £л(х г— Хг)

or else by obtaining the value of Нг gn jct — xt rs D»

H, ga = H, gl I i - C, te—*,) \ .

The passage from the second stratum to the third, and
from the third to the fourth, and so on, will all give simi-
lar equations ; from these we shall have

&C. &C.

By successively performing 4he eliminations, as itt
page 178, as far as the last stratum the rank of which is
represented by и + i, we shall find х„ +г — xl= я D,
H„+ig-„+! =H l f f l (l— CiD). (l—G, D) (1—C, D)
---- (l— C„D).

The second member of this latter equation bas as
many factors as there are strata. In the first case, which
we have considered, all these factors were equal to eacli
other; instead of which, in this place they are different,
because of the variable nature of C. Now, if this last
equation be put into logarithms, we shall have

- =-loS-<1 - C. D) -
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(l — C„D) ---- — log.(l — C„D). Here n is not Found
explicitly in the second member ; we cannot, therefore,
eliminate it as at page 178. But we may follow the ваше
method of calculation ; and. by taking the value of
xn -f i — x, we find

Now, by developing the logarithms, performing the
division by D, and then supposing D to be equal to
nothing, precisely the same as in the case which was first
treated, page 178, we shull obtain

l ri - , fr *

&' H„+, "e-..,+ ," )

M being the modulus of the logarithmic tables, or
2.30258509. This formula is analogous to that at page
179, only, instead of having С in the denominator, we
have the sum of all the co-efficients Clt С„, С^, and
this is the reason why« is still retained in the numerator.
if we were to suppose all these co-efficients equal to each
other, and to C, their sura would become nC ; n would
disappear, and we should obtain identically the first for-
mula»

For the sake of abridgment, the sura of all the co-effi-
cients C., C2, C3, &c. taken in the whole length of the
column of air, may be denoted by S Сг ; we may also
denote by X, as before, the difference of level ля+i — x t
of the extreme strata ; substituting A instead of H^-J-j
to represent the height of the barometer at the upper
station, and denoting by H that at the lower station, we
shall bave

log. "- -M
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It is also necessary to find the value of the ratio———
gn+l

which is that of gravity in the two extreme stations*
Since the force of gravily is reciprocally as the square of
the distance from the centre of the earth, we shall have

——— — ——.—'-', but, since X is the difference of

level of the two stations, we have x,,+ i = XL +X. Con-

sequently, log. -£jL— = 2 log. (l+ —) *, is the

distance from the centre of (he earth to the lower station;
the difft-ruiice of level X being always extremely small
compared with that distance, we may limit ourselves to
iake for x the mean radius of the terrestrial surface, the
value of which in yards is 6962074; and representing
it by a, we shall have with sufficient accuracy,

consequently,

[ log. i| + Slog,
x_ __

lïefore we investigate the Value of S Clt vfè may ap-
ply to each of the co-efficients G 1} C„, C3, the correc-
tion respecting the variation of gravity for different lati-
tudes ; this correction, of which the detail has been given
at page 180, will consistiu multiplying each of them by
the factor 1 — O.OOS8S7 cos. 2ф, ф being the latitude;
and as this factor is common to all the co-efficients, since
all the points of the column of air are situated in the
same vertical line, and may be regarded, therefore, as
at the same latitude, it appears that SCa will become
(1—0.002837 cos. 2 ф) SCj, and by transferring this
correction into the numerator by developing it into я
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series, as we have already done at page 180, we shall have
c H / x \ )

Mn (1 + 0.00283Г cos. 2 40 y°s' 7T+2 l u= \1+Т/ Г *

The value of S Cj must now be found ; but from the
general expression for the co-efficient C, which has been
determined at page 186, it is evident that

;1=:A(1 — OÍ0009G28). (—-+ 0.0022^

4. Si 4. ffs , £ . _ \

1 +0.0022 t„ l+0.0022fs '/
To accomplish this summation in a strict manner, it

would be necessary to know the law of the decrease of
temperaturein the atmosphere. This law is subject to.
many irregularities. But generally, at small heights,
such as those at which barometrical observations are
made, it is a very slow arithmetical progression. We
sha}l, therefore, not be far from the t ruth, by supposing1

all the temperatures/ï , £2, £3» equal to each other, and
to the mean temperature between those of the extreme

t 4- t?, 4-
strata; that is, to b~"^~^ T'1'8 supposition will

increase the temperatures of the upper strata, but it will
diminish those of the lower ones, which produces a kind
of compensation. By this means the facfor dependent
upon the temperature becomes common to all the terms
of SC19 and by writing T instead of tt and t for t,,+ i1

analogous to the notation which we have adoped for fl
and //, we shall have

— O'. 0009628

J + (T о * )°-0022

•£ /

~ -h &c. ; but gravity being reciprocally ae the
el
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square of the distance from the centre of the earth, we

• и». я- _ *ie í, _ *iz £« — •''i2
,h,U have - = -i., _-, -.,te., , i

and so on in succession. Now, since the difference of the

distances of two consecutive strata is D, "— = *' ,

&c. by perform-
r» ^F

ing the division algebraically, in each of these terms,
they may be reduced to a series, disposed according to

the powers of — . We may limit ourselves to the first
xi

power of this ratio, which will be sufficient for the ob-
ject whicjh we have in view, and we shall have

*«-l_2D *.•,_!_* D ^-i_6J> &c .— _.l— - . - — 1— - ., —r —•! - « Ublx.

ffl *1 ffl *1 ffl ^l

fü that the required sum will become,

J + Cl+£? +&с.=я— Л (D+^D+ЗD-i- ---- «D).
íi ffi *i

The part included between the parenthesis constitutes an
arithmetic progression, the common difference of which
is equal D, and the number of terms n. The sum will

therefore be, -^ — ̂  — . New, since D is the thickness
л

of one of the beds, or strata, and n their number, nD is
the difference of level of the extreme stations, a differ-
ence which has been represented by X ; we shall thete-

fore have 1 + C« + £» + &c. -n Ь— (l + 1 1 ? } .
Si Si < я / * , *

We see here again the factor n, which remained in
the numerator of the expression for the difference of le-
vel. By substituting this result in S C,, it will be suffi-
cient to take instead of x the mean radius of the earth,
which has previously been denoted by л. We have
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already made use of this simplification; besides, as tbe
rmmber of sírata contained i» the column is greater as

their thickness is less, we ought to neglect the term —

with respect to those which have riot n for a divisor.
For, since we finally make D equal to nothing^ я will
then necessarily be infinite ; we shall therefore have

A (I -0.0009628) Sl nil - X Л
0 °i = V a )

т 900
This transformation of the co-efficient of Т + í does

not change its value ; it only renders it more commodious
for calculation. This value of S C l being known, it may
be substituted in the general expression for X ; in which
n disappears by being common to both terms; and there
remains

M(1+0.002837cos.2Ф) j l + ÇE+ûl J log. îi+3logj(14-L > '
_. * 900 * t « a {*

A f, (l —0.0009628). ( l
V a

v
The factor l may be changed into the numerator

^ X X' a , t
by division ; f o r ï x = l + T+ —г +&с; thus, by^ ^ Л -— J*. /w ft ' *

a

•ĵtaking only the first power of — 5 which will be sufficieat

in all cases, we shall have simply

This equation, containing X in both its members,
seems not yet to be completely resolved ; but it may be

VOL. ï. 2 с
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remarked, that the X in the second member is divided
by a, which is always extremely great ïvith respect to
X. There is therefore no necessity in calculating these
terms, to know X very accurately, but only nearly.
Hence the calculation may be divided into two parts.
The value of X may be first calculated by neglecting
these terms, and then use may be made of that value in.
calculating them; by uniting these two results the com-
plete value of X will be obtained.

That we may be able to apply the formula which has
just been obtained, there only remains the constant co-
efficient A to be determined ; now, by referring to page
181, where it was first introduced, it will appear, that
by calling ?the ratio of the densities of dry air and mer-
cury, under the pressure H and the temperature <, in a
place where the latitude is ф and the gravity g, we have

generally 9 = A (1-0.002837 сов, g*) g H
0 У 1+0.0020833 í.

The most simple means of finding A is that of weighing
very exactly known quantities of air and mercury, under
a determinate pressure and temperature, and at a place
the latitude and height of which are known. This ex-
periment has been made at Paris with the greatest care,
by Arago and myself. We found that, at the tempera*
ture of melting ice, and under a pressure of .831136 yd.

wehadf r— .-,„„ , from which we obtain
JO'tOJ '

A_ I
10463. g(l — 0.002837 cos. S ф) .831136 yd.

Ф being the latitude of Paris ; consequently, if the
modulus of the logarithmic tables, or 2.30258509, be de-
noted by M, the co-efficient of the barometrical formula,

M ....
or — will become

A
Si

M s-
- — = 10463 (l —0.0028S7 cos. 2ф) .SSI1S6 M. -£-
A St St
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If this value be reduced info numbers, by taking ф=
48° 50' 14", which is the latitude of the observatory,

we have —— = 20031.27435. -f-j and consequently^
* S ï •= ï

M yls- a-
=20050.5054 *

A f f l 0 -0.0009628) — g-.
Let r be the height of the lower station above the level

of the sea, a+r will be its distance from the centre of
the earth. The height of lhe place where our experi-
ments relative to the weights of air and mercury were
made, may be estimated at 65.G yards above the level of
the sea ; its distance from the centre of the earth was
therefore u +65.6. From this, the ratio of the gravities

-^— is very nearly equal to pri*' an expression

which is reduceable to ( 1 — ), í 1 + : r —Ji

by developing the two squares and limiting ourselves

to the first powers of -—-—. and — . The first factor
. a a

13] 2
1 — may be reduced into numbers by taking

«=6962074 yards, the number already used. It will di-
minish the barometrical co-efficient by .3828 yd. which.

M >ds- / 9 r \
gives-^-=20050.1820 í 1 + — J.

This co-efficient may also be determined « posteriori,
by comparing observations of the barometer with diffe-
rences of level measured trigonometrically. A great num-
ber of very accurate observations, made by M. Kamond
in this manner, have given 20052.2196 yds. for the va-
lue of the co-efficient, which we have found equal to
20050.1826yds. from the weights of air and mercury.
This agreement proves in a positive manner the accuracy
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of the formula, and that of the daf,a upon which it is
founded.

There might even be obtained from this agreement, 3
confirmation of the decrease of gravity in a vertical line.
In fact, should not the effect of that decrease be consi-
dered, the barometrical observations of M. Ramond
would give 20114.5848 yds. for the co-efficient, instead
of 20050.1826 yds. as found above from the comparative
•weights of air and mercury. The difference cannot be
attributed to the value which we have assigned to the
humidity of the air; for this value is rather top great
than too little ; and besides, the above difference would
not disappear even by supposing the air in, a state of
extreme humidity, since this supposition, by doubling
the correction which has already been made for this ob-
ject,willonly cause 19.2911 yds to be added to 20050.1826,
which would be 20069.4737 yds, still much inferior to
20114.5848. It must therefore be acknowledged that
the decrease of gravity, though but inconsiderable in the
limits in which barometrical observations are made, be-
comes sensible ; and the agreement of the results, when
this decrease is taken into the account, demonstrates its
reality.

The inequality of temperature in the extreme beds of
the column of air which is measured, is communicated
to the barometer used, and requires a reduction in
the observed heights. In fact, mercury, like other
bodies, is condensed by cold and expanded by heat.
This variation from the freezing point to 212° of Fah-
renheit's thermometer is uniform, according to the

experiments of Gay-Lussac, and equal to Q , for

each degree of that thermometer, conformably to the ex-
periments of M. M. Lavoisier and Laplace, which agree
with those of the Royal Society of London. Thus, when
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the height of the barometer is observed in the colder sta-
tion, the column of mercury which is condensed ought to
appear a little shorter than if it had been observed at the
warmer, which is generally the lower. To bring those
heights to the same terms, the length of the mercurial
column, at the upper station, must be increased in conse-
quence of the different temperatures of the mercury, and
proportionally to the condensation which ought to result
from it ; that is, if the observed length be A', there must

be taken, Й = А'( 1 + '^± ) .

This supposes that the mercury of the barometer has
the same temperature as the surrounding air ; but this
is not alwaj's the case, and the temperatures are some-
times very different. If, at each station where this cir-
cumstance is met with, we wished to wait until the ba-
rometer had acquired the same temperature as the am-
bient air, we should be obliged to wait several hours be-
fore we should be able to make the observation ; for these
changes are only completed with great slowness. To a void
this inconvenience, the temperature of the mercury, in
the barometer, is measured by means of a small thermo-
meter adapted to the former instrument ; and the tem-
perature indicated by this thermometer at the two stations,
is that which must be used in the reduction of the barome-
ters to the same temperature. Suppose that it marks
(T) degrees at the lower station, (/) at the upper, and
that the length of the mercurial column observed at this

last station is A', we are to take Л = A' [ 1 + - ).
v Ü/42 '

By resuming the preceding considerations, the defini-
tive formula for the measure of heights by barometri-
cal observations, according to our experiments, will be

X=20050.1S2G (1 + 0.002837 cos. 2 40 [(l + —-).
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in which ^ is the latitude of the place, h and t the ba--
rometrtcal height and temperature at the upper station,
H and T the analogous quantities at the lower station,
r the height of that same station above the level of the
sea, expressed in yards, and a the mean radius of the
earth, expressed in the same measures ; that is, equal
6962074 yds.

By means of the preceding formula, the difference of
level of any two places may be very accurately determin-
ed from barometrical observations ; but these observa-
tions must be made -with great care, and very good in-
struments, without which great errors may be commit-
ted. Calm weather, and near the middle of the day,
should be chosen for the observations as often as possi-
ble. Оне observer should be fixed at each station with
instruments previously compared. There each of them

observes, at the t inie appointed, the height of the ba-
rometer ; he notes at the same instant the state of the
thermometer attached to the barometer, in order to
bave the temperature of the mercury ; and also that of a
very sensible detached thermometer, exposed in the shade
as well as the barometer, and intended to give the tem-
perature of the air. These observations should be re-
peated every quarter of an hour, the watches having been
well regulated by each other, until a certain number of
obervations have been attained, ten or twelve, for exam-
ple. Then the two observers meet and compare again
their instruments, in order to ascertain whether they have
suffered any accident. If they are found to correspond
accurately ) the mean of the observations made at each
station is to be taken, and the difference of level calcu-
lated with these means. If the operation have Ьеец
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performed with all the precautions above described, the
result will only be susceptible of very small errors, ari»
sing from accidental irregularities of pressure and tem-
perature of the atmospheric strata: errors which may
be made to disappear by their reciprocal compensations,
by repeating the observations on different days, and ta-
king an arithmetical mean between all the results. Bjr
thus uniting five or six series of corresponding observa-
tions, made with good thermometers, and with a barome«
ter mounted with anonius which gives at least the-j^tti
of an inch, we may answer for two or three yards in the
greatest heights.

If, by a long series of observations made at the same
place, the mean height of the barometer and the mean,
temperature of the atmosphere be determined, the for-
mula will give the height ofthat place above the level of
the sea, or any other determinate point. For this, we
must also have the mean height of the barometer and
thermometer at this second point, and then calculate by
the formula as we should do for two stations where we
had corresponding observations. This supposes that the
mean temperature at the surface of the earth always re-
mains constant, as well as the height of the barometer at
each place, and it is possible that these elements may
suffer sume variations ; but the invention of the barome-
ter and thermometer being of too modern a date to deter-
mine this, we may, at least, without sensible error, re-
gard them as constant during an interval of some years.

For performing the calculation, the mean height of the
barometer at the level of the sea must be known. Ac-
cording to the experiments of Sir George Schuckburg,
which are regarded as very accurate, it is 30.035 inches,
or .834507 of a yard, at the latitude of 50°, the mean
temperature of the air and of the barometer being
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of Fahrenheit's thermometer. At Paris, at the level of
the mean waters of the Seine^ tinder the Pont Royal.;
the mean height of the barometer is .831136yds., and
the mean temperature 53°.0 ; with these given quantities,
and a long series of good observations made at the same
place, the height of that place above the level of Paris,
or of the sea, might be found.

Barometrical observations, calculated in this manner,
and combined with the latitude and longitude, would
serve to determine the position of the different points
of the earth's surface. In fact, the two co-ordinatesy
hitherto used, only determine the projection of places
upon the surface of the globe ; they do not make their
elevation known, which the height of the barometer may
serve to indicate. For this purpose, there should be
made at each place a series of observations with the ba-
rometer and thermometer for several years, in order to
ascertain the mean temperature and the mean height of
ibe mercury. Good instruments only should be employ-
ed, and they should be well compared with each other.

Similar operations, which might easily be extended to
the whole of Europe, would give, for this fine portion
of the globe, a complete levelling, and much more ex-
tended than any obtained from trigonometrical measure-
ments. It would distinctly mark the directions of the
chains of mountains, the declivities of rivers, and, above
all, it would show the form of the earth's surface much
better than simple descriptions. Physical geography,
too little cultivated at present, would undoubtedly de-
rive great advantage from it.

To induce observers to undertake this work, I have
subjoined a table, which, without any other calculation
than a single subtraction of two numbers, will give the
elevation of places, and the difference of level, from the
observed heights of the barometer and thermometer.
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This Table is calculated from a modification of the
formula which 1ms already been indicated, and which
consists in u n i t i n g the correction relative to the decrease
of g r a v i t y w i t h the constant co-efficient of the formula,
w h i c h raises it to 20114.5848 instead of §0050. 1 826,

as shall now be shown.
For this purpose, the rigorous formula may be

resumed, making, for the sake of abridging the

work, N= 20050. 1856 ( l + 3-\i+ 0.002S37 cos. 2 Ф)

(1 + - }> and we shall have

As X is contained in botli members of this equation,

it must be eliminated. To effect this, let the logarithm
V

of 1 -h — be developed, and the first power only be ta-

V

ken, whence we have -^- ? M being the modulus of the

log-tables, or 2.3025850 ; then, by performing the multi-
X

plication with the factor 1 4 -- , and always limiting

ourselves to the first power, we shall have

from which we readily obtain

x= Nloe

'--„('- M )•
The denominator of the second member is nearly

N
equal to unity ; for the co-cflicient—, by which the se-

V o b . ï. 2 n
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cond term is multiplied, is a very small fraction, and very

little different from OJTT; and the other factor, log.

H 2
-т + jTji can never exceed unity within the limits

of barometrical observations; in fact, the quantity

2
Tt is constant and equal to .8685830 ; the other term,

TT

log. — which is variable, is much smaller still, since

even by supposing H = .831136 yd, and /t = . 656 16 yd,
which answers (o a difference of level of nearly 2190 yds,
its numerical value is only = 0.1026623. We might,
therefore, neglect this term, because of its small in-
fluence; but it will be better to retain it, and assign to it
the mean value obtained from the preceding calculation ;
for the error which may result from it when h is less than
.65616yd, wil l always be small in the greatest heights to
which we can attain ; and that which may take place

when A is greater, will be attenuated by the smallness of

the log. -- in the numerator. By this means, the se-

cond term of the denominator becomes constant ; for,
on account of its smallness, we may calculate it with the

constant part of N, and then its value, ( by using — =

-£ ) is 0.0028071. The denominator is, therefore,

1 — 0.0028071, i ind , by carrying it into the numerator by
division, as a factor, it becomes

X-N(I+0.0028071)log. Ц.

In the value of N, a mean value might in the same
manner be assigned tj r, which expresses the height of

the lower station above the level of the sea ; for the cor-
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red ion which results from it, having the radius of the
earth for a divisor, is so small, that we might almost re-
ject it altogether, especially in small différences of level ;
but for the same reason, it will be better to retain it, and.
assign to it a mean value which approaches to those in.
which its influence may become sensible. For this pur-
posej let it be supposed that r == 1312.32 yds, which is,
perhaps, nearly the mean height at which travellers may
have the most frequent occasions to make observations
upon the mountains in our climates. We shall thus have
9~ <?(\9i (\/L
- - -ъ£я*я = 0.00037699: The constant part ofa 6962074:

the co-efficient, which was at first 20050. 1826, wil l , there-
fore, by these transformations, become 20050. 182G
(1+0.00037699).(1+0.0028071)=20114.5848, and con-
sequenlly, the expression for the difference of level
will become X=20 1 14.5848 yds. (1 + 0.002837 cos. 2 Ф)

Н

This formula possesses all the accuracy which we can.
hope to attain by barometrical observations; Compared
with the rigorous expression for X, it will give only a little
more than four yards of error in the height of Chimba-
rago, which is about 6430 yards, according to the obser-
vations of M. Humboldt ; much more will it be sufficient
in all the barometrical levellings in which travellers may
be interested. It is this simplified formula that has been
reduced into a table.

Explanation of the Barometrical Tables.

IT may first be remarked, that the factor 1 +0.002837
cos. 2 ф, which depends upon the latitude, will always be
extremely small, for it is nothing at 45° of latitude ; and at
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the equator, or at the pole, where it attains its maximum ,
its second term is also less than -poiruth) so that the cor-
rection which results from it, wi l l not be the -j-g-o^th of
the observed height. It might, therefore, be neglected
in most observations ; but, in order that it may be taken
into the account, 1 have formed a small table of its values

.for every 5° of latitude. This table shows at once what
is to be added to or taken from the difference of level
calculated with the other terms of the formula, in order
to have regard (o this correction. Thus, it appears, for
example, that at 45" of latitude, the height does not re-
quire any correction ; at 40° there must be added to the
height calculated, -õ-^th of i(s value; at 35° it is 7^-5 ,̂
and so on ; on the contrary, from 45° to the pole, the
fraction of the height contained in the table must be sub-
tracted. An application of this correction will be made
by and by to some numerical examples.

It therefore only remains to consider the other terms of
the expression for X, which becomes

The difficulty of reducing this expression into a. table,
arises from the circumstance of its containing three varia-
ble elements, T + /, H, A; that is, the sum of the de-
tached thermometers, and each of the observed heights
of the barometer at the two stations, after being correct-
ed for tlie expansion of the mercury. But this difficulty
may be eluded by a simple artifice, which may be useful
in many other cases ; this artifice consists in decomposing

ti-
the log. -7 into two terms of the same form, viz. log.

.831136yd. , . v T t . . , , . , .
- -r— — — log. - 7j-i — . It is evident, m fact,
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TT

that the difference of these two terms is equal to log. —. \

but these terms being both of the same form, may be given
by the same table. By introducing them into the value
of X, we shall have

It appears that it will be sufficient to construct a table
of the quantity,

. _ _
900 h. У

in which we may give to T +t and Л, all the values which
may be met with in common observations. Then, when

thevalues Т + í, Л and H, are given for a particular ob-

servation, we may enter the table first with T+< and A,
and we shall find a number; then with T + t and H we
shall find another number. The difference of these two
numbers will be strictly the difference of level X. The
table which is subjoined to the end of this chapter is
thus constructed. The first vertical column of each page

contains the heights of the barometer for every thou-

sandth part of a yard, from .831 yd,* (29.916 inches)
to ,650yd, (23.4 inches,) which answers to about 2310

yards in the difference of level. These values are sup-
posed to be brought to the same temperature, for exam.
pie, to that of the lower station ; so that if the lengths of
the observed columns of mercury are H and /г, and their

* As the first column of the Table conta ins only three figures, the
last three of the number .831136 are necessarily omitted; and for
the value of these, viz. 136, see the note opposite the first page of the
Table. Translator.
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temperatures (T) and (í), (be fable must be entered with

th<? numbers 'ï+t, H and h ( l + —qjJõ—)•

It would be almost as simple to reduce the temperatures
of the two columns of mercury to that of melting ice,
луЫс!) w o u l d render the calculations uniform.

The first l ior izont . i l d i v i s i o n of the table, entitled
SUM OF THE D I : T A C H E D T H E R M O M E T E R S , presents
the values of T + t, calculated for every degree of Fah-
renheit's thermometer, from 20° to 74°.

Though the extent of this iablc is confined to the
limits which have been assigned, its use may be
extended (o all possible cases, by means of a very simple
artifice, \vhich shall be subsequently explained by ap-
plying it to the calculation of the height of Chimboraco.
For the present, we shal l consider the common case, in
which the table is to be entered with such values of T + i.
H and Л, as are comprised in it.

H a v i n g the height of the barometer at the upper sta-
tion, the small correction is to be made for the expansion
of mercury, and we shall then have // ; we must then
find in the first column of the table lhe number which
approaches nearest to it, and follow the horizontal
line corresponding with this number, until we arrive at
the column which answers to Т + í ; the number which is
found at lhe meeting of these two columns will be the
first term of the formula expressed in yards.

The same operation is to be repeated with the value
of H relative to the lower station, always employing the
same value of T + Í ; and the second term, of the formula
will be obtained in yards.

If H be less than .851 yd. the second term is to be
subira«, ïcd from the first; and the difference will be the
value of X, or the difference of level required.
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But if H be greater than .831 yd. the second terra
must be added to ihe first.

Let it be supposed, for example, that the following
quantities were given.

Lower Station

Upper Station

Height of the
Baromtter.

0.8202yd.

0.65495

Detached
Thermometer

+ 6i°A

+ 46°.4

Attached
Thermometer

+ 64". 4

+ 4G°.4

Latitude.

00"

The difference of the temperatures of the mercury is
18°; the correction of the upper barometer is therefore
65405 v 18

" - = .00121 yd. additive; we have therefore

<=46°.4 H=O.S202 yd. Л =0.63616 yd.

With T+<-4G°.4 and //=0.65616 the table g ives 21G9.97
With T + i!=460.4 and H =0.8202 .......... — 120.16

Difference .................. 2049.81

Add ..... , ................. 1.5*
205 1. 3 1.

..... — J.01Correction for the latitude -
1

2030
The required difference of level in yards 205U.30

This table also furnishes the means of ascertaining the
heights of places above the level of the sea, w lien, from.
a long series of observations,',the mean heights of the baro-
meter and thermometer are known. It will be sutucient
to combine these given quantities with those aitalogous
to them at the surface of the sea. Now, according to
the observations of M. Shuckburg, which are reckoned
very exact, the mean height of the barometer at the level
of the ocean, for the latitude of 50% is ,83431 yd. ; and
the mean temperature,at the same latitude, 55°.04 ot Fah-

renheit's thermometer.

* See the note opposite lhe first page of the Table. Translator.
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Let these values be compared with their corresponding
encs at Geneva, latitude 46°. 12'. According to the ob-
serrations of the celebrated Saussure, the temperature at
Geneva is equal to 53\6 of Fahrenheit. The mean height
of the barometer in that city, according to M. Cotte, is
,79461yd. This result is derived from a series of ob-
servations continued for 14 years.

The temperatures of the mercurial columns are here
the same as that of the air; their difference is 55°.04 —
53°.6 = 1°.44 ; consequently

М=.79473 yd.

With Ä-.79473 yd. and T + f=44°.64,
the table gives* 409.17yds.

With H = .83431 yd- and T + f=44°.64..+ 36.64
H being greater than .831, the sum is to be

taken =445.81

Correction for the mean latitude

Height of Geneva above the level of the sea=445.5u yds.

* As the table is only calculated for every degree of the thermome-
ter, and every thousandth part of a yard for the height of the baro-
lometer, when smaller fractions than these are to be used, their
values must be obtained by means of proportional parts. For exam-
ple, the value of Ã at Geneva being .79473 yds. the corresponding
number is comprised between those answering to -795 and .794 ; look
ineachof these lines for the numberswhich correspond to T+/ — 44°;
in the first, it is 405.77 yds. with a difference of .432 for lg ; this will
give 0.28 nearly, for 0.64 : thus, the number in this line which an-
swers to 44°.64 is 406.05 yds. The same for the following line, from
which the analogous number is 417.31 yds. with a difference of .444
for 1°, which gives nearly .29 for Og.6i : thus the number in this
line corresponding to 4i°.64 is 417.6 yds. Subtracting the less of
these numbers from the greater, the difference 11.55 is the variation
in altitude, for a change of one thousandth' part of a yard in the
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These two examples are sufficient for the cases where
TI, Л and T + i are comprised within the l imi t s of (he
table, as the calculation w i l l always be the same. We
s h a l l pass to the case when on-.1 of these quantit ies is with-
out (he l i m i t s of (he table ; let H be T -t-í.

It very seldom happens in observations that the sum
of (lie detached thermometers is less than 20° above the
freezing point of Fahrenheit's scale, or more than 74o:
but when this does take place, the operation is as fol-
lows :—

J f T + / he less than 20°, let (he number of degrees ne-
cessary to make it equal to that be added. Suppose I' (o
be this number. With (l ie observed barometrical co-
lumns II, h and T + í + í':=20", enter the (able as usual ;
but when the partial heights have been found in yards,
subtract from each of them the product of V multiplied
by the différence for ]", which is found in the same hori-
zontal line. Tlius you shall obtain the same numbers as
lhe table would have given if it had extended below 20°.

An artif ice analogous to th is must be employed, if the
sum of the detached thermometers, the degrees of each es-
timated from the freezing point, exceeds 74° of Fahrenheit.
In this case, the number of degrees necessary to bring it to
71° is to be subtracted ; and to each of the par t ia l results

height of the barometer at this leniperaii ire : but from .79172 to .705
the change is 0.00028 yds.; t ins gives 3.234 yd"., which must
be added to 406.Oj, answering to .79Jyd. ; we shall then have
<10i>.281 yds: t his increased by 1.5 (see l lie note opposite l he first page о Г
the Table) gives 410.781 yds. the required number. These rcmici ions
are taken at sight from the table, and, w i t h a l i t t l e experience,
they are much easier to execute than to expla in. It is in t h i s man-
ner, tha i in the use of logar i thms, we lind the logar i thm of a number

which is not in the tables, but contained between two
'hat are comprised in them.

V O L . 1. 2 E
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obtained for H and /г, the product of ibis excess by the
difference for J° is lo be added.

The reasons uj>on w h i c h these methods of opcrstion
are founded is, that ihe numbers in ihe same horizon-
tal line of the table increase by the same q u a n t i t y tor
each degree. The common di f ference of t h i s a r i th-
metical progression is ex presM-d in the last column, en-
titled, Differences for 1°.

Nevertheless, as has already been remarked, we shall
very seldom have occasion to make use of these reduc-
tions.

It will not be the same for those which relate to H and
Jt. These quantities may often be out of the l imi t s of
the table, but they may always be brought w i t h i n them
}jy an artifice so simple, that it w i l l be better to make
use of it than to increase the extent of the table.

First, if H exceed .831 yd. w h i c h only happens very
seldom, the difference « i l l always be very small; for

the greatest Jirig-hls of the barometer that ave observed at
the surface of the earth, do not exceed .853yd.; in this
case, the two observed heights H and Л, may be dimi-
nished in the same p/oportion ; that is to say, we may
subtract from each of them -f-fo of its value, or -Д if it
be necessary. Then II w i l l be found in the table, and
the operations may be performed w i t h these transformed
values the same as in the common case.

The reason for this proceeding is that the formula

X = 201I4i!U848 ( 1 + Цщ ) k'ë- J, contains only (he

ratio — of the two barometrical columns, a ratio which

not be altered by either increasing or diminishing
both terms in the sun e proportion. If it be not sufficient
to subtract — i^th from 11 to bring it wi th in the table, -
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may be subtracted, and then it will certainly be -within
the limits. Suppose that we had, for example,

H=;O.S5yd. and Л=0.76 yd.;

Subtractin - J t h .0.085 0.076
The corrected values of H=0.7u5 Л =

which are both found in the table. With these values
and that of T + i, look for the partial heights as usual,
and their difference wi l l give the difference of level.

Any other fraction might be equally subtracted. Re-
suming this example,

11=0.85 yd A=0.76yd.

Subtracting TJ.T,th 0.0085 0.0076
H=0.8415 A=0.7o24:

As II does not yet enter into
the table, subtract again —J-^th 0.008415 0.007521
The corrected values are H =0.832085 and Л=:0.74487о

These values will give the same difference of level аз
the two first which were obtained by subtracting -j^th ;
this may easily be proved from the table, by calculating
•with each of them separately.

Let us now examine the case in which h is less than
.65 yd. the superior l imit of the table. In this case it
might easily be brought witliin the limits by an analo-
gous operation, that is, by mul t ip ly ing the two terms of

the fraction— by the same number; but this operation

may have the inconvenience of causing H to exceed the ta-
ble, by making it greater than .835 yd. In order to avoid
t h i s inconvenience, the operation may be performed in the
following manner. Resuming the formula

:=20114Ü5848 ( l + Ц^). ( log '-̂ ~
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i l 1" \ , т .»л-1- , .831(I+ J

4 ) ,
т:— ) • make Log. —-. = log. --т-т--——— log.
JH. j * It

then have X = 20114.5818 (l +

-83P"- , .8311* , .S3P"-
000

shall

lo.£

— log. + 6G491 l

The three terms which constitute the value of X may
be taken in the table. Let Arr.uS-"1', we shall have
h ( I +J) = .C51"1-, and Л will be brought within the limits
of the table. This proceeding will therefore suffice when
the barometrical column at the upper station is not less

than .52Jd-, which answers to an alt i tude of about 4155
yards above the level of the sea. This case requires only
the addition of one term more, audi t very seldom hap-
pens that we are elevated to greater heights, at least in
Europe.

E X A M P L E . M. Humboldt made the following obser-

vations upon the mountain ofQuindiù, in the kingdom
of New Grenada, at the point of separation of the waters
which flow on the one side into the Atlantic ocean, and
on the other into the Pacific Ocean.

Upper Station

Л t the level of
the Pacific
Ocean, at t he
мню time

//. ig/it of lite
/luruinctcr.

Yd.
Ó.557ã37

0.834356

Detached •
Thermometer.

65°.75

77.54

Attached
Thermometer.

68"

77.51

JLatititdt.

Û»
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Here we have A =0.557537 í l t ~~ ) = Í558083

Addi th of Л ....... .............. . ____ 0.139551
Value of Л brought w i t h i n the table, _____ A=0. 697604

With Л=0.697604') .......... I the table gives J 663. 65

II =0-834356 &Т+Ь=79".29') ........ + 38.20
Theconbt.0.66491 j ---- ...... £ ........ 2119.73

Add .................. _ 1.5 t
Sum ................ 38У3.08

Correction for latitude + -ã^-Tj .......... f JO. 67
Height above the ocean ................ 5833.75 yds

The same artifice would also serve for points still more
elevated, for if A was not within Hie limits of the table
when we had multiplied it by -í], nothing prevents us
from multiplying again by J, provided that, instead of

DO j

the term log. —^— yd. we take its double. In effect,

, -ï « , -SS1 т -S31 П + 1-У ,we have evidently log. — -f- = log. —j-—-—±L - I0ff

.831 01 , , -831 .831
---— +2 lo..

.66491»

then we shall have X = SOI lluS48 1 +

* The reduction of the numbers from French 1o English measures
increuses the numberofc lec imalplar .es , and renders the calculat ions
much more troublesome than those which result from actual observa-

tions, in which the observed number seldom exceeds three places of
decimals. It may also be remarked, that, in reducinglhe height of
the barometer as observed at one stat ion to what it would have been
at the temperature of the other, it w i l l general ly be a suff icient
approximation to d iv ide by ÍI600 instead of 9742, and to l i m i t our-
selves to four or five places of decimals, which will faciliiate the cal-
culations. Translator.

t See the note opposite ihu f i rs t page of the TaUe.
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This formula is not more difficult to calculate than the
preceding one. It will be sufficient for any altitude
equnl to that of Chiinborago ; but, if we wish to exceed
all the heights accessible to man, even that of the ascen-
sion of Gay-Lussac, we shall have only to take

~— + 31o£. -^гргг } ' a formula which will also be
H ° ,ot)491 / '

very easy to calculate. The following is an example
of it applied to the measure of the height of Chimboraço,
by M. de Humboldt.

Upper Station

At the level of
the Pacific
Ocean

Height of lhe
ßarometcr

.412588yd

.833323yd

Dclachcil
Thermometer

29°. 13

77». 54

Attached
Thermometer.

50°

77.54

Latitude*

1«45'

Here we have

/z = .4I25SS(l +
974:2

=.4125SS+.002S27=:.415415

Tothisadd ithof h .................... = .103854
.519209

The result not being comprised in the table,
add-Lth of its value again .129817

Ж9086"
This result is very near the limits of the table,

let -^tli of its value be added again 1G22725
We have finally ..............,...„..„Л~
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With h =.811358) r шс tat,* ел« 218.566
H = .833323 '& Т+*=42".Сб) + 25.548

Const. quan.=.G6491 ( / 2040.174
2040. Ï74
2040.171

Add 1.5x3 4.5
Sum 636У. 136
Correct ion for latitude-3^-.+18.094

Height of Chimboraco above the sea ;. .0387.23yds

Lastly, there only remains the case to be examined, in
which the two values of H and h are both less than .65
yd. ; this is very easy. But the quantities are to be
mul t ip l ied by the same number, so that the lower station
may be found in the table, after which the operation is
the same as above.

E X A M P L E . Suppose that travellers had passed the
night at 2624.G4 yards of elevation, and that they begin
to ascend from this point. At the time of departure the
barometer stood at .634 yd. and the heights observed in
ascending were all less than that number. Required the
calculation by the table.

In order to fix the ideas, sup-

pose we had H =0.634 Л=0.514 .
Adding TV<-h to each height 0.0634 0.0514

II =0.b'977yd.A = 0.5651yd.
Now H being contained in the table, the calculation is

to be performed as in the preceding examples.
Specimens of these different examples have been sub-

joined to the Table, in order to bring the numerical ap-
plications into one view, and avoid the necessity of re-
curring to the text.

Some general indications, which M. Ramond has de-
duced from numerous experiments, shall now be spcci-
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fied ; they will serve to show observers what degree of
precision they may expect from barometrical measures,
according to lhe state of (he atmosphere.

1. The estimated alt i tudes are generally (oo little,
When the observation, is made in the morning or

evening.
When (he lower barometer is in a plain, and the up-

per barometer in a narrow and deep valley ;
When (he wind blows strongly from the south ;
When the weather is stormy ; and in th i s case we may

commit great errors.
][. The estimated altitudes, on the contrary, are .too

great,
When (he observations are made between twelve and

two or three o'clock, especially during summer, and
under an ardent, sun.

When the upper barometer is at (he top of a moun-
tain, and (he lower one in a narrow and commanded pass.

When the norlh wind blows strongly, particularly if
we are on a mountain, and the wind strike against its
steep side.

Lastly, an important remark may be added.
Observation proves, that all other circumstances being

(he same, the mercury is always more elevated in a syphon
barometer than in a cistern barometer. M. Laplace has
shown that (his i n e q u a l i t y isan effect of capillary action,
which depresses (he column of mercury in (he cistern ba-
rometer, whi le i( is compensated in the two legs, of the
syphon barometer.

The following (able has been calculated by M. Laplace
to correct (his effect, and (he reader will find, at the
end of l he Barometrical Tubles, the Table relative to the
correction for latitude.
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Table of Depression of the Mercury in the Barometer, arising
from Capillary Action.

Interior diameter of the 1'ubts, Depression in

ÎH dtciin. of an fnch.. дешп, of an inch.

.07874 ..................... 17952
.1181 ..................... 11426
.1575 ..................... 08027
.1968 ..................... 05927
.2362 ..................... 04520

.2756 ..................... 03470

.3150 ....... . ............. 02697

.3513 ..................... 02104
.3937 , .................... 01654

.4331 ..................... 01380

.4724 ..................... 01024
.5118 ..................... 00806
.5512 ..................... 00629
. 5590 ................... '. .00490
.6299 ..................... 00382
.6693 ................... ..00297
.7087 ..................... 00232
.7480 ..................... 00170

.7874 ..................... 00139

Numerical Examples of the Calculation of dltiliuks by the
Formula.

X =20 114.5848(1 +0.002837 cos. 24). ( J + -™- ).

П-(Ье height of the column of mercury at the lower
station, expressed in decimal fractions of a yard.

/<=ihe height, of the mercurial column in the upper
station, corrected for the expansion of mercury,

V O L . ï. '3 p
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=the sum of the temperatures of (be air at the
two stations, expressed in degrees of Fahrenheit's
thermometer.

Case I. "When h and II are bolh comprised in the
Table, consult it immediately. Example.

Height n/ tltc ne.lachtd
B ar unit-i cr. T/tcrmoniclcr.

Lower StationO.SS03yd. -r 6i" l

+ 4ö". 4 + 4ü". 4

Luti/udc.

50°
Upper Station O.C5495yd

I .

T-H-4G".4, H = . 8202yd, A = .65495 yd. ( 1 + ~- \

= . 65616yd.
With Л = .65616

H = .8202
»be table ghesgj 69. 97ydï

........ -120.16
Diflerencc ........... ...... .2049.81

Add ............ 1.5

Correction for Latitude
l

Ü030'

2051.31

. —1.01

Diflerence of level SOSO.yOyds

The term H is subtractive vhcn its value is less than
.831 yd. and additive when it is grcaicrthan .831yd.

Case JI. When Л is not comprised in the table, bul
exceeds .525 yd. Example.

Upper Station

Lower Station

llf.ight of tin
liaromeler.

.557537yd

.834356yd

DetricJierl
Thermometer.

+ 65°.75

+ 77°. 54

Attache's
Thermometer.

+ 68°

— IT M

Latitude.



ON T O l ' O G H A P H Y . 219

T + t = 79".29, H = .834356yJ- Л = .557537>d-

' ......... =0.558083 .̂.
Adding -Uh of Л ....... ... 0.139521

Value comprised in the table ........ Л = 0.697604:
With A = .697604) £the table giv« 1603.65yds.

H=.83435o> &T + t=79".29) ........ +38.20
Constant .06491) ( ........ 2119.73

Add ................ 1.5
SS23.0.8

Correclion for Latitude ........ -t-10.67
DifTcrenceoi level ........ ~3833JT5yus.

Case 111. When h is less than .525 yd. and greater
than .42 yd. Example.

Upper Station

Lower Station

Height of the
Barometer.

.429719

.833323

Detached
Thermometer.

29°. 12

77°.54

Attached
Thermometer,

50"

77:54:

Latitude*

1"45-

T + t - .Î2°.6G, H = .83332?, Л = .429-719
97° ri-

Add ithof h ........................... 108136
.540082

Add again ith of this value ............. 135171
Л = .675853

With h =.675853 ~\ í лсиы^»« 1890.818
H =. 833323 V SsT+í=42'.66< ...... +25.548

Const, q. = .66491 ) ^ ...... 2040.174
Add this term again .................. 2040.Í74-
Add 1.5x2.

Sum 5999.7li
Correction for latitude v-J-тг.. + 17.045
Difference of level 6016.759yds.
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Case IV. When H is not comprised in lhe lable, it
maybe made to enter it by mult ip ly ing or dividing both
H and h by the same number ; ior example, by either
adding or subtracting from each ^ of iis value.

Lcl ........ H = .6278 yd. li- .557 yd.
...... .06278 .05S7_

H = .69058 Ä.js.5797
Then the altitude is to be calculated with these num-

bers as in the preceding examples.
If, on the contrary, H = . 853 yd. h=.795

Subtract - ......... .0853 .0795
H= .7677 /г

Then tbe remainder of the calculation is to be per-
formed with these heights.

If the sum of the detached thermometers is not com-
prised in the table, the proportional parts contained at
the end of each line are to be used.

When the difference of level is very small, the ine-
quality of the temperatures of the two -columns of
mercury may prevent the real difference of their lengths
from being ascertained; and then it will not be known
which is to be taken for Л and H. But, in this case,
it is only necessary to reduce cither of them to the
temperature of the other ; and then the shorter will be
A, and the longer H.

Lastly. W h e n an error of a few yards is of no con-
sequence, as in the courses of Botany, it will be suffi-
cient <o take for A, H and Т + í, (he even thousandths of
a yard and whole degrees only, neglecting the fractions ;
then the difference of level will not require fifteen se«
couds of time for (he calculation.
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OBSERVATION.—As the scale of the centigrade thermo-
meter, used by the French, commences at the freezing
point, the zero, or 0, on that scale, corresponds to the
32nd degree of Fahrenheit's thermometer; and, as T+t,
in the preceding formulœand examples, indicate the sum
of the two temperatures taken above the freezing point,
it was necessary, in reducing the degrees from the centi-
grade to Fahrenheit's scale, to add 32° to each number;
consequently, 64° must be subtracted from the sum of
the temperatures, as given by Fahrenheit's thermometer,
and the Table entered with the remainder, as stated at
the head of each page. For instance, in the example
relative to the height of Chimboraco, page 214 or 219,
the two temperatures as marked by the detached thermo-
meter, according to Fahrenheit's scale, are 29°.12 and
77°.54; and therefore T+t = (29° .12+77° .54) — 64'
= 42°.66 ; the number with which the Table is to be en-
tered. But, should the remainder not be found in thé
Table, the process to be followed is explained at page
209, and applied to the subsequent examples.

The same observation is also applicable to all the other
cases.

Translator.
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GEODESIC OPERATIONS.

TABLE I.
To Reduce ' an Aitglt Observed in an Inclined Plane to the

corresponding Horizontal Angle, take a Number in this
Table, with the Argument (H + h), and then a Second
Numbtr, with the Argument H — h).

To Reduce a tlcrizontal or Spherical Angle to the Angle of
the Chords, take in the same Table aßrst Number, with the
Argument (P+Q)and a Secondwith the Argument (P — Q).

A R G U M E N T S (H +A), (P±Q).

M.

1
2
3
4
5

о
7
8
9

10

11
12
J3
J 4
1.Í

JO'
17
18
19
20

21
22
23
24
25

0°

0,000
0,001
0,009.
0,003
0,005

0,007
0,010
0,013
0,017
0,021

0,026
0,030
0,036
0,041
0,047

0,054
0,06l
0,008
0,076
0,084

0,093
0,10-2
0,112
0,122
0,132

1°

0,787
0,813
0,839
0,866
0,893

0,921
0,949
0,978
1,0l >7
1 ,030"

1 ,0б6
1,096
1,127
1,158
1,190

1,222
1,254
1,287
1,320
1,354

1,388
1,422
1,457
1,492
1,528

2°

3,097
3,!48
3,200
3,2 =,2
3,305

3,358
3,41 1
3,46'5
3,520
3,575

3,630
3,685
3,741
3.7Q8
3,355

3,912
3,970
4,028
4,086
4,145

4,205
4,205
4,325
4,38б
4,447

3°.

6,928
7,005
7,082
7,1 60
7,237

7,31 6
7,395
7,475
7,554
7,634

7,715
7,796
7,*77
7,959
8,041

S, 124
8,207
8,291
8,375
8,459

8,544
8,629
8,715
8,801
8,887

4°.

12,281
12,383
12,486
12,580
12,692

12,796
12,900
13,005
13,110
13,215

13,321
13,428
33,534
13,641
13,749

13,857
13,965
14,074
14,184
14,293

14,403
14,514
14,625
14,736
14,848
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M.

2б
27
28
29 '
30

3l
32
33
34
35

36
37
38
39
40

4l
42
43
44
45

40
47
48
49

. 50

51
52
53
54
55

56
57
58
59
60

0°.

0,143
0,154
0,166
0,178
0,1 SO

0,203
0,217
0,230
0,244
0,259

0,274
0,289
0,305
0,321
0,338

0,335
0,373
0,391
0,409
0,428

0,446
0,467
0,487
0,508
0,529

0,550
0,572
0,594
0,617
0,640

0,663
0,687
0,711
0,736
0,76l

1°.

1,564.
1,601
1,638
1,675
1,713

1,751
Ь790
1,829
1,8б9
1,909

1,9*9
1,990
2,031
2,073
2,115

2,153
2,200
2,244
2,288
2,332

2,376
2,421
2,467
2,513
2;559

2,606
2,653
2,701
2,749
2,797

2,846
2,895
2,940
2,995
3,046

2°.

4,508
4,570
4,633
4,695
4,759

4,822
4,8S6
4,951
5,016
5,081

5,147
5,213
5,280
5,347
5,414

5,482
5,550
5,619
5,688
5,758

5,828
5,899
5,970
6,041
6,112

6,184
6,257
6,330
6,403
6,477

6,551'
6,626
6,701
б,77б
6,852

3°.

8,974
9,06 1
9,149
9,237
9,326

9,415
9,504
9,594
9,681
9,775

9,866
9,958

10,050
10,142
10,235

10,328
10,422
10,516
10,610
10,705

10,800
10,896
Ю.У92
11,089
11,186

11,283
11,381
11,480
11,578
11,677

11,777
П.877
11,977
12,078
12,179

4°.

14,960
1 5,073
15,186
15,300
15,413

15,528
15,642
15,757
15,873
15,989

16,105
1б,222
l(i,340
16,457
16,575

16,694
16,813
1б,932
17,052
17,172

17,293
17,414
17,535
17,657
17,780

17,903
1 8,026
18,150
18,274
18,398

18,523
18,648
18,774
18,900
19,026
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TABLE II.

In the Reduction to the Horizon, the Tangent Number is posi-

tive, and the Co-tangent Number is negative. The contrary

takes place f or the Angle of the Chords,

Angl.
D.M.

0 0
10
20
30
40
50

1 0

10
20
30
40
50

2 0

JO
20
30
40
50

3 0

10
20
30
40
50

4 0

Taug.

n
0,00
0,03
0,00
o,oy
0,1 Ч
0,15
0,18

0,21
0,24
IW
0,30
0,33
0,36

0,39
0,42
0,4.5
0,4S
0,51
0,54

0,57
O.o'O
0,63
0,66
0,69
0,72

Cot.

Cotaii g.

/ /
00

14181, 5
70gO, 8
4727, 2
3545, 4
2S36, 3
236'3, S

2025, 9
í 772, 6
1575, 7
1418, 1
1289, 1
Í181, 7

1090,80
1010,80
945,30
886,20
834,05
787,70

7'K>,22
708,89
67 5, П
544,40
616,37
590,6s

Tang.

180 0
.50
40
30
20
10

179 0

50
40
30
20
10

178 0

50
40
30
20
10

177 0

50
40
30
20
10

176 o

D.M.
Anple.

Angl.
D. M.

4 0
10
20
30
40
50

5 0

10
20
30
40
50

6 С

10
20
30
40
50

7 o

10
20
30

j 40
50

S 0

Tang

It

0,72
0,75
0,78
0,81
0,84
0,87
0,90

0,93
0,96
0,9.9
1,02
1,05
1,08

1,11
1,14

,17
,20
,23
,26

,2.9
,32
,35
,38
,41

1,44

Cot.

Cotang.

590,68
567,02
545,19
524,98
506,2 1
488,74
472,44

457,57
442,86
429,42
410,77
404,84
393,58

382,92
372,83
363,24
354,14
345,49
337,24

329,38
321,87
314,70
307,84
301,27
294,98

Tang.

176 0
50
40
30
20
10

175 0

50
40
30
20
10

174 0

50
40
30
20
10

173 0

50
40
30
20
10

172 0

D.M.
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Angl.
D. M.

S 0
10
20
30
40
50

9 0

10
20
30
40
50

10 0

10
20
30
40
50

11 0

10
20
30
40
50

12 0

10
20
30
40
50

13 0

10
20
30
40
50

14 0

Tang.

I'AÍ
1,47
1,50
1,53
1,56
1,59
1,62

1,65
J, 68
1,71
1,74
1,77
1,80

1,83
1,86
1,90
J, УЗ
i,yö
í ,99

2,02
2,05
2,08
2,11
2,14
2,17

2,20
2,23
2,26
2,29
2,32
2,35

2,38
2,41
2,44
2,47
2,50
2,53

Cot.

Cotang.

294̂ 98
288,93
283,14
277,56
272,20
207,05
262,09

257,30
252,68
248,23
243,93
239,78
235,77

231,88
228,12
224,47
.220,95
217,52
214,22

211-.00
207,87
204,84
201,90
1.99,03
196,25

193,54
190,90
188,34
185,84
183,40
181,04

178,72
176,37
174,27
172,12
170,03
167,99

Tang.

172 0
50
40
30
20
10

171 0

50
40
30
20
10

170 0

50
40
30
20
10

1б9 о

50
40
30
26
10

168 0

50
40
30
20
10

167 0

50
40
30
20
10

166 0

D.M.
Äugle.

Anfíl.
D.M.

U 0
10
20
30
40
50

15 0

10
20
30
40
50

16 0

10
20
.JO
40
50

17 0

10
20
30
40
50

18 0

10
20
30
4(
50

19 o

JO
20
30
40
50

20 0

Tang.

2,'S3
2,56
2,60
2,63
2,66
2,69
2,72

2,75
2,78
2,81
2,84
2,87
2,91

2,93
2,96
2,99
3,02
3,05
3,05

3,11
3,1t
3,18
3,21
3,2-J
3,27

3,30
3,33
3,30
3,39
3,42
3,45

3,48
3,51
3,55
3,58
3,6)
3,64

Cot.

Cotaiig.

16'7,'9()
J 6'5,ОД
164,04

162,14
160,27
158,45
156,68

154,93
153,23
151,50
149,93
148,33
146,77

145,23
143,72
142,26
140,82
139,40
138,02

136,66
135,32
134,01
132,73
131,47
130,23

129.02
127,82
126,65
125,50
124,37
123,26

122,17
121,09
120,04
119,00
117,98
116,98

Tang.

166 0
50
40
30
20
10

165 0

50
40
30
20
10

164 0

50
40
30
20
10

163 0

50
40
30
20
10

162 о

50
40
30
20
10

161 0

50
40
30
20
10

1 60 0

D.M.
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An™].
D. M.

20 0
. 10
• '20
30
40
50

21 0

. 10
20

. 30
40
50

22 <>

. 10

. 20
30
40
50

23 0

10
20
30
40
50

24. 0

10
20

. 30

40
50

25 0

10
2<»

. 30
40
50

2<J (

Tang.

3,'б4
3,Ь7
3,70
3,73
3,76
3,79
3,82

3,85
3,88

'ò,9'2
3,95
3,9S
4,01

4,04
4,07
4,11
4,14
4,17
4, 'Л'.

4,23
4,20'

4,29
4-, 32
4-35
4,38

4, -il
4,45
4.48
4,51
4,54
4,57

4.6o
4,63
4,6"7
4,70
4,73
4,7ö

Cot.

Cotang.

116,98
1 1 5,99
115,02
114.07
113,13
112,20
П1,29

110,39
109,51
J 08,64

107,79
1 06,0.4
1 Об, 1 1

105,30
104,49
103,70
102,91
102,14
101,38

100,63
99, Ь9
99.17
os»*4
97,74
97-04

96,35
95,67
9J.OO
94,34
93,6s
93,04

92,40
91,77
91,10
90,54
S9.94.
S9.35

Tang.

160 о
50
40
30
20
10

159 0

50
40
30
20
10

158 0

50
40
30
20
10

157 0

50
40
30
20
10

156 0

50
40
30
20
10

155 0

5l)
40
30
2 С
10

15t 0

D.M.
Angle.

Angle.
D.M.

26 0
10
20
30
40
50

27 0

10
20
30
40
50

28 0

10
20
30
40
50

29 o

10
20
30
40
50

30 0

10
20
30
40
50

31 0

10
20
30
40
50

32 0

Tang.

4,Vö
4,79
4, S 2
4,86
4,89
4,92
4,95

4,98
5,02
5,05
5,08
5,11
5,14

5,17
5,21
5,24
5,27
5,30
5,33

5,36
5,40
5,43
5,46
5,49
5,53

5,56
5,5.9
5,62
5,66
5,69
5,72

5,7-5
5,78
5,82
5,85
5,88
5,91

Cot.

Cotang.

89,35
88,75
88,17
57,60
87,03
86,58
85,92

85,37
84,83
84,30
83,77
83,25
82,74

82,22
81,71
81,12
80,73
80,24
79,7ö

79,28
78,81
78.34
77,89
77,43
76,98

76,53
76,09
75,60
75,23
74,70
74,38

73,96
73,55
73,14
72,73
72,33
71,93

Tang.

154 0
50
40
30
20
10

153 0

50
40
30
20
10

152 0

50
40
30
20
10

151 0

50
40
30
20
10

150 0

50
40
30
20
10

149 0

50
40
30
20
10

148 0

D.M.
Angle.



GEODESIC O P E R A T I O N S .

Angl.
D. M.

32 0

10
20
50

40
50

33 0

10

30
40
50

34 0

10
20
30
40
50

35 0

. 10
20
30
40
50

36 0

10
20
30
40
50

37 о

10
20
30
40
50

38 0

Tang.

//

5,91
5,94

5,93
6,01
6,04

6,0?
6, U

6', 14
ti, 18
6,21
6,24

ö,27
6,31

6,34
0,37
6,41
6,44
6,47
6,50

6,54
6,57
0,00
6,64
0,67
6,70

6,73
6,77
6,80
6,84
6,87
6,yo

6,93
6,97
7,01
7,04
7,07
7,10

Cot.

Cotaiig.

7 ",93
71,54
71,15
70,77
70,39
70,01
69,63

69,26
68,90
68,54
68,16
67,82
67,4-7

67,12
66,77
66,43
66,09
65,95
60,42

65,05)
64,70
64,42
64,12
63,80
63,48

63,17
62, 86
62,55
62,25
61,95
61,65

6 1,35
61,06
60,77
60,4-8
60,19
59,90

Tang.

14.8 0
50
40
30
20
10

147 0

501

40
30
20
10

146 0

50
40
30
20
10

145 0

50
40
30
20
10

144 0

50
40
30
20
10

143 0

50
40
30
20
10

142 0

D.M.
Anale.

Angl.
D.M.

88 0
10
20
30
40
50

39 0

10
20
30
40
50

40 0

10
20
30
40
50

41 0

10
20
30
40
50

42 0

10
20
30
40
50

43 0

10
20
30
40
50

44 0

Tang.

7" 10
7,13
7,17
7,2l
7,24
7'27
7.30

7,33
7,37
7,40
7»44
7-47
7>51

7,54
7.57
7,6l
7,64
7,68
7,7l

7,74
7,78
7,8l
7,85
7,88
7,92

7,95
7,98
8,02
8,05
8,08
8,12

8,15
8,19
8,22
8,26
8,29
8,33

Cot.

Cotang.

59,90
59,62
59,34
59,06
58,79
58,52
58,25

57,98
57,71
57,45
57.19
56,93
56,6/

50,42
56,1?
55,92
55,67
55,42
55,17

54,93
54,69
54,45
54,21
53,97
53,73

53,50
53,27
53,04
52,81
52,58
52,36

52,14
51,92
51,70
51,48
51,26
51,05

Tang.

J 42 0
50
40
30
20
10

141 0

50
40
30
Í20
10

140 0

50
40
30
20
10

139 O

50
40
30
20
10

138 .0

50
40
30
20:

10
137 0

50
40
30
20
10

136 0

D.M.



GEODESIC OPERATIONS.

Angl.
D.M.

44. 0
10
20
30
40
50

45 0

JO
20
30
40
50

46 0

JO
20
30
40
50

47 0

10
20
30
40
50

48 0

10
20
30
40
50

49 0

ÍO
20
SO
40
50

50 0

Tang.

8,'33
8,36
8,40
8,43
847
8,50
8,54-

8,57
8,6l
8,65
8,6'S
8,72
8,76

8,79
8,83
8,87
8,90
8,94
8,97

9,00
9,04
3,07
9Л1
9,' *
9,18

9,21
9,25
9i29
9,32
9,36
9,40

9,43
9,4?
9,51
9,54
9,58
9,62

Cot.

Colang.

51,05
50,84
50,63
50,42
50/2)
50,00
49,80

49,59
49,39
49лУ
48,99
48,79
48,59

48,39
48,20
48,01
*7,82
47,63
47,44

47,25
47,06
46,88
46,69
46,51
46,33

46,15
45,97
45,79
45, 6l
45,43
45,26

45,08
44,91
44,74
44,57
44,40
44,23

Tang.

136 0
50
40
30
20
10

135 0

50
40
30
20
10

134 0

50
40
30
.50
10

133 0

50
40
30
20
10

132 0

50
40
30
20
10

131 0

50
40
30
20
10

130 0

D.M.
Angle.

Angle.
D.M.

50 0
10
20
30
40
50

51 0

10
20
30
40
50

52 0

10
20
30
40
50

53 0

10
20
30
40
50

54 0

10
20
30
40
50

55 0

10
20
30
40
50

56 0

Tang.

/ /

9,62
9,65
9,69
9,73
9,76
9,80
9.84

9,87
9,91
9,95
9,9«

10,02
10,0б

10,09
10,13
10,17
10,20
10,24
10,28

10,31
10,35
10,39
10,43
10,47
10,51

10,54
10,58
10,62
10,66
10,70
10,74

10,77
10,81
10,85
16,80
10,93
Ю.У7

Cot.

Cotang.

//
44,23
44,06
43,90
43,73
43,57
43,40
43.24

43.O8
42,92
4'2,7G
42,60
42,44
42,29

42,13
41,98
41,82
41,67
41,52
41,37

41,22
41,07
40,92
40,77
40,62
40,48

40,33
40,19
40,04
39,90
39,76
39,62

39,48
39,34
39,20
39,06
38,92
38,79

.Tang.

130 0
50
40
30
20
10

129 0

50
40
30
20
10

128 0

50
40
30
20
10

127 0

50
40
30
20
10

196 0,

50
40
30
20
10

125 0

50
40
30
20
10

124 0

D.M.
Angle. .



GEODESIC OPEI IATIONS.

Continuation of TABLE I.

A R G U M E N T , Horary angle in Time.

Sec.

30
31
32
33
34

35
âtí
37
3S
39

40
41
4'2
43
4,4

45
40
47
4S
4.9

50
51
52
53
54

55
50
57
58
59

()'

0,5
0,5
0,6

0,6
0,6'

0,7
0,7
0,7
0,8
0,8

0,9
0,9
1,0
1,0
1,1
,1
о
о

,3
,3

,4
,4

1,5
1,5
1,0

1,6
1,7
1,3
1,8
i,9

1'

//

4,4
Ч-, 5
4,6
4,7
4, S

•1,9
0,0
5,1
5,2
5,3

5,4
5,о
5,7
5,8
5,9

6,0
6,1
ö,2
6,4
6,5

6,6
6,7
6,8
7,0
7,1

7,2
7,3
7,5
7,6

V'7

0'

12,3
12,4
1 2,6
12,S
I '-',9

13,1
1 3,3
lj,4
13,6
13,8

14,0
14,1
.4,3
14,5
14,7

14,8
15,0
10,2
15,4
15,6

15,8
15,9
l6.1
16,3
l(i,5

16,7
16,4
17,1
17,3
17,5

o'

2-1,0
24,3
04.5
24,7
25,0

25,2
25,4
25.7
25,9
26,2

20. 4
20', G
26,9
27.1
27,4

27,6
'^7-9
28,1
2S.3
2S,6

x'S.S
29,1
29,4
29,6
29, У

30,1
30,4
30,6
30,;;

4'

и

39.8
40 1
40,3
•J 0,6
•10 9

41,2
41,5
41 ,Ь
42,1
42,5

42:8

-J 3,1
4.!, 4
43,7
•14,0

•14,3
4-1.6
44,9
45,2
45,5

«,9
40,2
46,5
46,8
47, 1

47,5
47,8
48,1
48,4

31,1 44,8
ï

5'

a

5.Q.4
•\9,o
60,1
бО, 5
00. 8

61,2
61 6
6 i . 9
62.3
62.7

6.3,0
í> 3 t
63,8
64,2
64,5

D'4, í)
65,3
05,7
06,0
66,4

06,8
67,2
07,6
68 0
6'S,3

6'8J
!'9,i
6.9,5
b<j>9
70,3

6'

S3 0
83,4
83,8
81,2
84,7

85,1
8:,, 5
86,0
86,4
N6,8

87.3
87,7
SiS.I
88,6
»9.0

89,5
89,9
ÍK>,3
90,8
9 1 , 2

91,7
92,1
92,6
93,0
93,5

93.9
94,4
94, S
9r-,3
95,7

7'

110,4
i ; 0,9
111,4
111,9
112,4

N2,9
113,4
1 1 3 9
114,4
114,9

115,4
H5,9
116,4
116,9
117,4

47,9
118,4
118,9
119,5
120,0

120,0
121,0
121,5
122,0
122,5

123,1
123.6
124,1
12t,6
125,1



GEODESIC OPERATION«).

Continuation of TABLE f.

ARGUMENT, Horary Angle in Time.

Sec.

0
1
2
3
4

5
6
7
8
9

JO
11
12
13
14

15
16
17
IS
19

20
21
22
23
24

25
*6
27
28
29

S'

/ /

125,7
1 20', 2
126.7
127, v
127,8

! 28, 3

9'

t/

159,0
159,6'
160,2
1бО,8
I6 l ,4

162,0
128,8 1б2, 6"
129,41l 63,2
129,9
130,4

131,0
131,5
1 32, 0
132,6
133, 1

133,6
134,2
134,7
135,3

1()3, 8
164,4

16'5, 0
165,6
166,2
Io6,8
107,4

168,0
168,6
169,2
169,8

1 35, 8j 1 70, 4

136, 4^171,0
I36,9;I7J,6
U7.4172.2
138,0!172,9
138,5

13.9, 1
139, t
140, S
140,7
141,3

'73,5

174,1
174,7
'75,3
175,9
17M

i

10'

196,3
197,0
197,6
198,3
198,9

199,6
200,3
200,9
201,6
202,2

202,9
203,6
204,2
204,9
205,6

206,3
20б,9
207,6
20S,3
?OS,9

209,6
210,3
2H,0
211,6
212,3

213,0
2!3,7
214,4
215,1
215,8

11'

el

237,5
238,3
239,0
239,7
240,4

241, C!
241,9
242,6
243,3
244,1

244,8
21.5,5
246,2
247,0
247,7

248,5
249,2
249,9
250,7
25 J, 4

252,2
252,9
253,6
254,4
255,1

25.5,9
256,6
257,4
258,1
258,9

12'

280,7
283,5
2 Si, 2
285,0
2S5.S

286,6
287,4
288,2
289,0
289,8

290,6
29Ь4
2.92,2
293,0
293,8

294.G
295,4
296,2
297,0
29л s

290,6
299,4
300,2
301,0
301,8

302,6
303,5
304,3
305,1
305,9

13'

331,8
3.32,6
333,4
334,3
335,3

336,0
336,9
337,7
338,6
339,4

340,3
ЗФ1,2
34.2,0
342, Q
343,7

344,6
345,5

346,3
1 < 7 OJ-»V>4

34S.J

349,0
349,8
350,7
351,6
352,5

353,3
354,2
355,1
356,0
356,9

14'

/ /

384,7
385,6
386,5
387,5
388,4

389,3
390,2
391,1
392,1
393,0

393,9
394,8
395,8
396,7
397,6

398,6
399,5
400,5
401,4
402,3

403,3
404,2
405,1
406,1
407,0

408,0
408,9
409,9
410,8
411,7

15-'

4-41,6
442,6
443, (i
444,6
445,6 .

446,5
447,0
448,5

419,5
450,á

451.5
402,5
453,5
454,5
455,5

456,5
4.37,5
458,5
459,5
4tíu,.S

4()1,5
462.5
463,5
464,5
i65,5

466,5
467,5
468,5
469,5
470,5



CtEODESIC OPERATIONS.

Continuation of TABLE I.

A R G U M E N T , Horary Angle in Time,

Sec.

30
31
32
33
3-t

35
3«
37
38
39

40
41
40
43
44

45
40
47
4 S
•1-9

50
51
.5-2
53
54

55
óó'
57
58
59

8'

//

14,1,8
142,4
143,0
143,5
14-4,1

144,6
145,2
145,8
146,3
140,9

1*7,5
148,0
148,6
149,2
1-19,7

150,3
150,9
151,5
152,0
152,6

153,2
153,8
154,4
154,9
155,5

156,1
1 56,7
157,3
157,8
158,4

9'

II

177,2
177,8
1/8,4
173,0
179,7

180,3
130,9
181,6
1 82,2
182,8

183,4
184,1
184,7
185,4
186,0

186,6
187,3
187,9
188,5
189,2

189,8
190,5
191,1
191,8
192,4

193,1
193,7
1.9-î,*
195,0
195,7

10'

/ /

2! 6,4
217,3
217,8
21«, 5
2! 9,2

219,9
220,6
221,3
222,0
222,7

223,4
224,1
224,8
225,5
226,2

226,9
227,6
22S.3
229,0
229,7

230,4
231,1
231,8
232,5
233,3

234,0
234,7
235,4
236,1
23ò',8

11'

If

259,6
260,4
26l,l
261,9
202,6

2бЗ,4
264, 1
2ó'4,g
265,7
266,4

267,2
2б7,9
268,7
269,5
270,2

271,0
271,8
272,6
273,3
274,1

274,Q
275,6
276,4
277,2
278,0

278,;)
279,5
2MJ.3
281,1
281,9

12'

30б,7
307,5
308,4
309,2
310,0

310,8
81 1,6
3(2,5
313,3
314,2

315,0
315,8
316,6
317,4
318,3

319,1
319,9
320,8
321,6
322,4

323,3
324,1
325,0
325,8
326,7

327,5
328,4
329,2
330,0
330,9

13'

/ /

357,7
358,6
3.59,5
360,5
Зб!,Д

362,2
303,1
363,9
364,6
365,7

366,6
307,5
368,4
369,3
370,2

371,1
372,0
372,9
375,8
374,7

375,6
376,5
377,4
378,3
379,2

380,2
3>1,1
3N2.Ü
38-2,9
383,8

14'

I I

442,7
413,0
414,6
4 K,, G
416,6

417,3
418,4
419,4
420,3
421,3

422,2
423,2
424,,2
4C5, )
426,1

427,0
42S.O
420,0
4oO 0
43U,9

431,9
432,8
433,8
434.8
435,7

436,7
437,7
438,7
4396
440,6

15'

tt

471,0
472,6
473,6
474.6
475 6'

•(76,6
477,6
478.7
479,7
4S0.7

481,7
482,8
483,8
484,8
485,8

486,9
487,9
-1-88,9
490.0
•J-91,0

492,0
493, 1
494,1
495,2
496,2

497,2
4-98,2
499.2
500.3
501,4



GEODESIC OPERATIONS.

I TABLE II.

For the Latitude 48° 51'. Factor F for multiplying
the numbers of Table J.

A R G U M E N T , Declination.

D

ti. s
40.
39.
38.
37.
36.

35.
34.
33.
32.
31.

30.
'29.
28.
27.
•:6.

25.
24.
•J3.
22.
21.

20.
19.
18.
17.
16.

15.
14.
13.

1 1<2-

1"

F.

0.496.9
0.5042
0.5118
0.5193
0.5209
0.5345

0.5422
0-5498
0.5575
0.5652
0.5730

0.5808
0.5SS7
0.5967
0.6047
0.6127

0.6209
0.6291
0.6375
0.64-3.9
'.6544

(1.6630
1.6/18
1.6807
'.68^7
Í.6983

0.7081
0.7175
0.7272
0.7371
0.7470

Dif.

V"
/6
/ Д
<6
70
77

76
77
77
78
78

У У
80
SO
80
S2

82
84
84
85
86

88
89
90
yi
i'3

.94
97
99
99

102

D.

10. S
9.
s-
7-
6.
5.

4.
3.
2.
1. S
0.

l .N
2.
3.
4.
5.

6.
7-
6.
9.

10.

î!.
12.
13.
14.
15.

16.
17.
18.
19-
20.

F.

0.7572
0.7676
0.7780
0.7892
0.8004

Dif.

104
107
109
112

O . S I l S i 1 1 - 4 '
l u s

O.S236
0.83.6 12°
O..S4SO|124

O.S60S1128

O.S7391131

135
0.8874
0.901 t
0.9)58
o.ysos
0.9463

0.1.623
(»•978.9
0..99Ö3
1.0143
1.0331

.0527

.(732

.0947
.1174
.1411

.1661

.19^5
.2205
.2501
.2815

140
144
150
155
l60

166
174
ISO
18S
190

J05
215
227
23'/
250

204
„'SO

296
314
335

D.

2l. N
22.
23.
24.
25.
26.

27.
28.
29-
30.
3l.

32.
33.
34.
35.
36.

37.
3«.
39.
40.
4l .

42.
43.
44.
45.
46.

47.
48.
49-

F.

1 .3 1 50
1.3509
1.3893
1.4305
1.4750
1.5231

1.5754
1.6324
1.6.950
1 .7636
1.840:

1.92J2
2.0<;06
2.1286
2.2517
2.3;Ш

2.5592
2.7547
2-98.94
3-w65
3.036l

4.IO'3
4.7217
5.5980
б.р^уь
9-I93Ó

13.9014
-'9-90
16.49

Di/.

35.9
38-t
4 i 2
435
4SI
523

570
6\'6
688
703
851

954
1 OSO
1231
:421
1654

1955
2347
28/1
35.46
4^77

617.9
•76'9



G E O D E S I C O P E R A T I O N S .

Continuation of TABLE И.

ARGUMENT, Declination.

D.

50. N.
51.
52.
53.
54.
Л 5.

56.

57.
.44.

59-
6o.

о').
02.
63.
64.
65.

6:>.

67.
68.
6y.
/o.

71-
72.
73-
74.
75.

76.
77-
7, s.
79-
80.

F.

l. 7ó
i .0 39
7.373
5.472
4.30.У
3.523

2.9563
:.52SJ
2.1929
l..')2J2
1.701 4

1.5 i oh
1.3.580
1 2220
1 M37
0 999«

0.9076
0.82.U
0.751 -v
0.6846
0.6238

0.56s6
O.o 17 j
Ü.470V
C.42Ö8
0.3SÖ4

0.348;,-
0.313«
0.2.-.ОУ
0.2500
0.2209

»,

922
822
740
66's
60S

552

514
470
434
404
375

351
329
"ÎOQ
291

"•
SO. N.
SI.
82.
S3.
84.
85.

86.
87.
SS.
89.
90.

89-
fiiS.
87.
80".
85.

84.
S3.
82.
8l.
80.

79-
78.
77.
76.
75.

74.
73.
7-2.
7l .
70.

F.

0.2209
0.1935
0.16/5
0. 1 42M
0.1195
0.0972

0«76'0
0 0558
0 0-364
0-0178
0.0000

0.0171
0.0336
0.0494
0.06'47
0.0795

0.('<)3S
0.1 077
0.1211
0.134.1
O.U67

0. 1 590
0.1710
0.1 8 20'
0.1. 'Mo
0.20/) 1

0.2 15 9
0.2264
0.2368
0.2470
0.256.9

Щ.

274
260
246
23-P
223

2 1 2
20C
1.94
; «6
378

17!
165

153
14,-

143
139
13 +
i 3 ' -
126'

Г2Ь
120
i l6
114

108
' O'j
104

99

D.

70. N.
09.
6s.
67.
66.
05.

64.
63.
62.
6l.
60.

5У.
58.
57.
56.
55.

54.
53.
52.
51.
50.

49-
48.
17-
46.
45.

44.
43.
4'/.

F.

0.2569
0.266/
0 2763
0.2857
0 2.949
0 3040

0.3130
0.32 1.Q
0.3306
0.3392
0.3477

0.356l
0.3644
0.3726
0.3807
O.SSt-7

0.390'7
0.404(
0.4 12j
0.4203
0.428)

0 435b
11.443
0 451
0 458
0.4 664

0.474-0
0.4X15
0.489 J

Dif.

98
96
94
92
9l
90

89
87
SO
85
84

S3

Sl
80
80

79
79
78
78
77

77
76.
76

7ö

75
76



ÎÎÉODBSIC OPERATIC» W9.

III. GENERAL TABLE. Second Term.

ARGUMENT, Horary Angle.

M.S.

0. 0
1. 0
2. О
3. 0
4. 0
5. 0

10
20
30
40
50

6. 0

J O
20
30
40
50

7. о

10
20
30
40
50

8. 0

s.

0.000
0.000
0.000
0.001
0.002
0-006

0.007
0.008
0.009
0.010
0 Ol l
0-012

0.013
0.014
0.01 6
0 018
0.020
0.022

0.024
O.OJö
0.025;
0.032
0.035
0.038

Dif. M.S.

8. 10
20
30
40
50

9- о

10
20
SO
40
50

10. 0

10
20
30
40
50

II. 0

J O
20
30
40
50

1.2. 0

S,

0.041
0.045
0.049
0 053
0-057
O.OO'l

О.Обб
O.O71
0.070
0.031

Ю.087
о.орз

0.100
0.107
0.114
0.121
0.129
0.137

' 0.145
0.154
0.1.63
0.173
0-1 S3
0.194

Dif.

4
4
4
4
4
5

5
£

A1

7

7

7
V
о

8
8

9
.9

10
10
H

M.S.

12. 10
ÍO
DO
40
50

13. 0

10
20
30
40
50

14. 0

10
20
30
40
50

15. 0

10
20
30
40
50

16. 0

S.

0.205
0.217
0.22Q
0.241
0.254
0.257

0/281
0.295
0-310
O 32(i
0 342
0-359

0.376
0.394
0.413
0-432
0452
0473

0.404
0-516'
0.539
0-563

.O.5S7
0.612

Dif.

12
12
12
13
13
14

14
15
IG
Io
17
17

18
19
19
f)C\

21
21

~2
23
24
24
25

This second term is always additive, but the first term is
additive only in the inferior passages of the circumpolar stars

- ,
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TABLE IV.

Factors for multiplying the numbers in Table III.

ARGUMENT, Declination.

D.

41. S.
40.
39-
38.
37.
36.

35.
34.
33.
32.
31.

30.
29-
28.
27,
-26.

25.
24.
23.
22.
21.

20.
19.
18.
17-
16.

15.
14.
13.
12.
11.

/'

0.001
O.OO.i
0.010
0.015
0.02o
0.026

0.032
0.038
O.O44
0.051
0.059

0.067
0.075
0.083
0.092
0.102

0.112
0.122
0.-33
0.145
0.157

0.170
0.184
0.19S
0.213
0.229

0.246

0283
0.303
0.324

w-
4
5
5
5
6
6

6
6
7
8
8

8

9
10
10

10
1 1
1 2
12
13

1 4
J 4
15
16
17

18
19
20
21

D.

IG. s.
9.
s.
7.
6.
5.

4.
3.
2.
1. S.
0.

l. N.
2.
3.
4.
5.

6.
7.
S.
9-

10.

11.
12.
13.
14.
15.

16.
17-
18.
19.
20.

'•
0.347
Ü.3/0
0.390'
0.423
0.451
0.482

0.514
0.54l;

0.580
0.64 j
0.667

0.713
0.762
0.814
0.871
0.932

0.999
1.0/0

.148

.233

.325

.426

.537
• 659
•793
•942

2.Í06
2.289
2.4.Q4
2.723
2-974

Vif.

23
26'
27
28
3l
32

35
37
39
4'.'
4б

49

6l
67

71
70

92
101

122
134
i 49
164

183
205
229
251

D,

20. N.
21.
22.
23.
.'4.
25.

•26.
27-
.8.

30.

31.
32.
53.
Í34.
35.

36.
37.
38.
39.
40.

41.
42.
•13.
44.
45.

46.
47.
48.
4-9-

/•
2.97^
3.273
3.606
3.984
4.418
4.921

5.505
6. 1 8í,
6.990
7-95-
9-1 к

10.515
J2.237
14.38J
17.08h
SO.56'6

25.120
31.216
39.591
51.468
08.949

Я5.90
140. J 9
217.60
369.-Ю
713.59

!б'97-8
5983-0

Dif.

29!)
332
379
434
503
584

684
807
962

L1Ô4
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Continuation of TABLE IV.

A R G C M E N T , Declination,

D.

50. N.
51.
52.
53.
54.
55.

56.
57.
58.
59.
60.

62!
63.
64.
65.

66.
67.
6s.
«9.
70.
71.
72.
73.
74.
75.

76.
77.
78.
79.
80.

/•
324.6
987. 7
412.7
206.0
115.2

69.67
44.63
29-86
20.66
15.03

10.67
7.89
5-95
4.50
3.45

2.67
2;OS
1.63
1.28
1.01

0.80
0.63
0.49
0.39
0.30

0.24.
0.18
0.14
0.10
0.08

Dif.

88

45
35

21

17
14
10
9
6

6
4
4
2

D.

80. N.
S I .
82.
S3.
84.
85.

86.
87.
88.
89-
90.

89-
88.
Ä7.
86.
85.

84.
83.
82.
81.
80.

79.
78.
77-
76.
75.

74,
73.
72.
71.
70.

/•

О 080
о.обо
0.0-13
0.030
0.020
0.013

0.008
0.004
0.002
0.000

ii i fe i ior
Passag.
0.002
0.004
0.006

0.008
0.010
0.013
0.015
0.017

0.020
0.022
0.024
0,026
0.028

0.030
0.032
('.034
0.035
0,036

Dif.

20
17
13
10

7
5

4
2
0

Z
Q.
2

2
3
2

3

2
2

52
о

2

2
2
1
1

D.

70. N.
69.
68.
67.
66.
65.

64.
63.
62.
6l.
6o.

5.9.
58.
57-
56.
55.

54.
53.
.32.
51.
50.

49-
48.
47-
46.
45.

44.
43.
42.

/'

0.036
0.038
0.039
0.040
0.040
0.041

0 041
ô. 041
0.042
0042
0 041

0.041
0.010
0.039
0.038
0.037

0.036
0.034
0.033
0.031
0.029

0.056
0 OJ4
0.021
0.0 IS
O.Ulo

0.011
0.008
0.004

Dif.

2

0
1
0

0
1
0
1
0

1
1
1
1
1

2
I
2
2
3

2
3
3
3
4

3
4



OPERATIONS.

TABLE V. Lalllude 48°, SI'.

Horary Angle when the Reduction varies one fécond of a
. degree f or each second of Tinie. ;

D.

41. S.
. 40.
-39-
38.

; 37.
зв.

;35.

34.
33.
33.
31.

30.
29.
28.
27.
26.

25.
24.
23.
22.
21.

20.
19- '
18.
17.
16.

15.
14.
13.
12.
11.

Horary
Angle.

' 30',g
30,4
29,9
?9, 5
29, 1
28,7

23,3
27,9
27,5

•' 27, 1
26,7

26,4
26,0
25,7
25,3
25,0

24,6
•24,3
•24,0
23,7
23,4

23,1
.22,, 8
22,5
22,2
21,9

21,6
21,4
21,1
20,9
20,6

DIJ.

5
j

4
Л

4
- 4

4
. 4
j.

. 4
3

. 4

. 4
3
4

3

g
g

3

0•9
3з

3

3
2

D.

IG. s
9.
8.
7-
6.
5.

4.
3.
2.
I. S.
0.

l. N.
2. ,
3.
4.
5.

6.
7.
S.
9-

10.

N.
12.
13.
.4.
15,

16.
' 7-
18.
19.
20.

Hórarj
Angle

CO'.Ï
ï . ' A < )
19,7
19,4
19, í
IS, S

J S, Ö
18,4
18,1
17,8
17,5

17,3
17,0
16, S
16,5
16,3

15,9
15,7
I5,,4
14,'
14,8

14,5
14,3
14,0
13,7
13,3

13,1
12,9
12,6
12,2

' 11,9

Di/.

2
л

а
ч

3
2

О

з
3
2

Ч

2
4

2
0

* Q

3 ;

Q

3
о

4
2

4

D.

20. N
21.
23.
23.
24.
25.

26.
S?.
•28.

29r
3P,

31.
32.
33.
34.
35,

}6. '
37.
38.
39;

40.

41.
Í2.
43. .
44.
*5.

46.
47.
48,
49. -
50.

Ногам
A ng k-

l l f,i>
•H,7

П., £
11, с
10,7
10, £

IQ, J
ã, 7
9,4
.9,1
S, 7

8,3
7, £
7, i
7, S
6,8

6,4
6,0
5,5
5,1
4,7

4,2
3,7
3,2
2,7
2,2

1,7
b J
0,5
0,0

'Di/.-

? :
4 "
Й .!
3
4 .
3

•3

3

4.
4Í

^ í
4

! 4
.4

4 .
Д '-t

jl '

5 ;-:

e

|5;:

g

5

5

ж о
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Continuation of TABLE V.

Horary jingle when the Reduction varies one second of a

degree for each second of Time.

P.

50. N.
51.
52.
53.
54.
55.

56.
57.
58.
59.
60. ч

61.
62.
63.
64.
65.

66.
67-
68.
69.
70.

71.
72.
73.
74.
75.

76.
77.
78.

j 7.9.
1 80.

lorary
Angle.

...'..
l',4
2,1
2,8
3,5
4,3

5 2
6,1
7,0
7.9
9,o

10,1
11,3
12,5
13,9
15,3

16.9
18,5
20,3
22,3
24,5

26,9
29,7
32,6
35,6
38,7

44.,!
49. 1
54,9
61,9
70,2

Dif.

HI
11
7
С

9

лУ
9
9

il

12
12
14
14
16

1б

20
22
24

28
«9
30
31
34

50
58
70
83

D.

80. N.
81.
82.
83.
84.
85.

86.
87.
88.
89.
90.

89-
88.
87.
86.
85.

84.
83.
82.
81.
80. .

79.
78-
77.
76.
75.

74,
73.
72.
7l.
70.

йогагу
Äugle.

70',2
80,6
93,8

111,3
135,7
160,9

245,2

inferior
Passage

181,1
153,1
133,7
119,3
108,1

99,2
91,8
85,7
80,4
75,9

71,9
68,5
65,4
62,7
60,2

Dif.

74
6l
.53
45
40

34
31
27
25

\
D.

70. N.
69.
68.
67.
66.
65.

64.
63.
62.
6l.
60.

59-
58;
57-
56.
55.

54.
53.
52.
51.
50.

49-
48.
47.
4б.
45.

44.
43.
42.

Horary
Angle.

бО',2
57*9
55,9
54,1
52,3
50,7

49,2
47,9
46,5
45,3
4Ф, 2

43,2
42,2
41,2
40,3
39,5

38,7
37,9
37,2
36,5
55,9

35,2
34,6
34,0
33,5
32,9

32,3
31,8
31,3

Dif.

23
20
18
18
16
15

13
14
-12
11
10

10
10
9
8
8

8
7
7
6
7

6
6
5
6
6

5
5



GEODESIC OPERATIONS.

EXAMPLE.

D=33° 24' S
=33°. 4
Table IL

For 33° S, F=0.5575
For 0,4 — 31

.F=0.5544
Table IV.

/=0,043

Sums + 4324.5+3,23
Log. 4324.5 3.63594
Compi. 1. 22 S.6575S
Log. F=0,5544 9-74382

Log. 3.33 , 0.5224
8.6576

Log. /=0.043 8.6335

— 108"98 2.03734 + 0"0065
— 108.98

7.8135

Reduction = — 108,97= — 1 '48",97

The sign jf. of the first term serves only for circumpolar
stars in their inferior passages.



TABLES
OF THE MEAN REFRACTIONS,

AND OF

THEIR CORRECTIONS

For the True Zenith Distances.

TABLE VI.

Of the Mean Rif radions for the True Zenith Distances. ;

Dist.T.

0
1
2
3
4
5

6
7
8
9

10

11
12
1-3 •
14 "
15

1« '
17
T8
19
20

21
22
23
24
25

Tlcfrac.

0 0.0
1.0
2.0
3.0
4.0
5.0

6.0
7.0
8.0
9.0

10X>

11.0
12.0
13.1
14.Г
15.2

•1-6.-2
17.3
T8.4
19.5
20.6

21.7
22.9
24.0
25-2
26.4

Dif.

1.0
1.0
1.0
1.0
1 0

1 0

1.0
1.0
1.0
1.0

1 0

•-1-Я'
1.1
г.«

Л .f\

1.1
1.1
1.1
1.1
1 7

1.2
1.1
1.2
1 ч

Dist.T.

- 25
26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

41
42
43
44
45

*46
47
48
49
50

Rèfrac.

0 26.4
27.6
28.9
30.1
31.4
32.7

,34.0
• 35.4

36.8
38.2
'39.7

41.2
42.7
44.3
45.9
47.5

49.2
51.0
52.8
-54.7
56.6

58.6
1 0.7
1 2.8
1 5.1
1 7.4

Dif.

1.2
1.3
1.2
1.3
13

1 3

1.4
1.4
1.4.
1.5

1 5

1.5
1.6

'1.6

1 7

1.8
1.8.
1.9
1.9

2 0

2.1
2.1
2.3
*> 3

Dist. T.

50
51
52
5'3
54
55

56,
57 '
58
59
60

ei
"62
63
64
65

66
.67
6« -
6fl
70

71
72
73
74
75

Refrac.

1 7.4
1 '9.8
1 12.4
1 lô.O
1 17. S
1 20.7

1 "23.8
1 27.0
1 30.4
1 34.0
1 37.«

1 41.8
1 46.1
1 50.7
1 5-5.6
2 0.8

2 6.5
2 12.6

'£ 19.1
2 «6.4
2 34.3

2 43.0
2 52.5
3 3.1
3 15.0
3 28.2

Dif.

2.4
2.6
2.6
2.8
0 9

3 1

3.2
3.4
3.6
3.8
4 Q

4.3
4.6
4.9

5 7

6.1
•6.5
7.3

'>т -n7.9)

8 7

9.5
10.6
11. 9^
13 2í



GEODESIC OPERATIONS.

Continuation of TABLE VI.

Of the Mean Refractions for the True Zenith Distances.

Dist.T.

0

75
76
77
78
79 ,
во о

10
20
.30
40

• 50
81 0

10
20
30

' 40
50

82 0

10
20
30
40
50

•#3 0

10
20
30
40
50

84 0

Refrac.

S 28.2
3 43.3
4 0.5
4 20.3
4 43.3
5 1O.4

5 15.5
5 20.7
5 26.0
5 31.5
5 37.2
5 43.1

5 49.1
5 55.4
6 1.9
6 8.6
В 15.5
6 22.7

6 30.1
6 37.8
в 45.S
« 54. Î
7 2.7
7 11.7

7 21.0
7 30.7J
7 40.8
7 51.3
8 2.3
8 13.8

Dif.

H

15.1
17.2
19.8
23.0
27.1

5 1
5.2
5.3
5.5
5.7
5.9

6 0
б.З
6.5
6.7
6.9
7.2

7 4

7.7
8.0
8.3
8.6
9.0

9 3

9 7
10.1
10.5
11 0
11 5

Dist. т.

0 /

84 0
10
20
SO
40
50

85 0
10
20
ЗО
40
50

86 0
10
20
30
40
50

87 0
10
20
30
40
50

88 0
10
20
30
40

' 50
89 О

Refrac.

i n
8 13.8
8 25.7
8 38.2
8 51.2
9 4.9
9 19.2

9 34.1
9 49.8

10 6.3
IO 23.6
10 41.8
11 Í.O

U 21.2
11 42.2
12 4,7
12 28.3
12 53.2
13 19,4

13 47.3
14 16.7
14 47.7
15 20.6
15 55.4
16 32.7

17 11.2
17 52.6
1« 36.2
19 22.0
20 11.1
21 2.8
21 57.3

Di/.

n

11.9
12.5
13.0
13.7
14.3

14 9
15.7
16.5
17.3
18.2
19.2

20 2

21.0
22.5
23.6
24.9
26.2
27 9

29,4
31.0
32.9
34.8
37.3
38 5;

4l 3
43.6
45.8
49 1
51 7
54.5

Dist. т.

0 /

89 0
10
20
30
40
50

90 0
10
20
30
40
50

Of Q

Refrac.

/ и

21 57.3
22 54.7
23 65.3
24 58.9
26 5.8
27 15.9

28 29.4
29 46.2
31 6.1
32 29.3
33 55.8
35 25.4
36 58 2

Dif

n

57.4
60.6
63.6
66.9
70.1

73 5

76.8
79.9
83.2
86.5
89.6
ПО о



GEODESIC OPERATIONS.

TABLE VII.

Corrections for Refraction.

Barometer.

—
in. dec.
29-85
29.8
29-7
29.6
29.5
29.4
29.3
29-2
29. l
S9.0
28.9
28.8
28.7
28.6

•2S.5
28.4
28.3
2 «.2
28.1
2S.O
27.9
27.8
27.7
27.6
27.5
27.4
27.3
27.2
27.1
27.0

+
in. dec.
29.85
29-9
30.0
ЗОЛ
30.2
30.3
30.4
30.5
Я0.6
30.7
30.8
ЗО.о
3J.O
31.1
31.2
31.5
31-4
31.5
31.6
31-7
31-8
31-9
32-0
32.1
32.2
32-3
32.4
32-5
32.6
32.7

л;

0.0000
0.0017
0.0050
0.0083
0.0116
0.0149
0.0182
0.0215
0.024S
0.0281
0.0314
0.0357
0.038p
0.0422
0.0455
0.0488
0.0521
0.0554
0.0587
0.0620
0.0653
0.0686

0.0719
0.0753
0.0787
0.0821
0.0855
0.0889
0.0923
0.0956

Fahrenheit's
Thermometer.

Deg.

80
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55

У

—0.0992
0.0967
0.0942
0.0917
0.0892
O.OS66
0-0840
0-0814
0-0788
0-0762
0.0736
0-0710
0.0684
0.0657
о.обзо
о.обоз
0.0576
0.0549
0-0521
0.0493
0.0465
0.0437
0.0409
0.0381
0.0353
0.0325
0.0296
0.0267
0.0238
0.020.9
0.0180
O.OJ50

Dif.

25
25
25
25
26
26
пК~О
26
2б
26
26
26
27
27
27
27
2f
28
28
28
ОО^о
28
28
28
OQ
2О

29
29
29
29
^9
30

USE OF

THIS TABLE.

With the height of
(he Barometer, enter
the first part of the Ta-
ble, and take a number
x, to which the sign —
s to be prefixed if the
íeightof the Barometer
>e less than 29.85 inches,
but the sign + if it be
;reater than that num-
icr.

With the height of
he mercury in Fab-
enheit's thermometer,
akea number t/, in the
econd part, with the
ign which precedes it.

The function of (.r+j/
+xy) will be the factor
>y which the mean re-
'raction must he raulti-
»lied, in order to ob-
ain the correction

which it is necessary to
apply <o that refrac-
tion.

The product of r v
may frequently be neg-
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Continuation of TABLE VII.

Corrections for Refraction.

Fahrenheit's
Thermometer.

Dég.

54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39

-38
37
36
35
34
33
32
31
30

У

—0.0120
O.OOgO
о.ообо
0.0030
0.0000

+ 0.0030
o.oetfi
0.0092
0.0123
0.0155
0.01 S7
0.0219
0.0251
0.0283
0.0315
0.0347
0.0380
0.0413
0.0446
0.0480
0.0514
0.0548
0.0582
0.0616
0.0650

Dif.

30
30
30
30
30
30
31
31
31
32
32
32
32
32
32
32
33
33
33
34
34.
34
34
34
34

Fahrenheit's
Thermometer.

Deg.

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
T l
10
.9
8
7
6
5

У
'

+ 0.06S5
0.0720
0.0755
0.0791
0.0827
0.0863
0.0899
0.0935
0.0972
0.1009
0.1046
0.1083
0.1121
0.1159
О.П97
0.1236
0.1275
0.1314
0.1353
0.1392
0.1432
0.1472
0.1512
0.1553
0.1594

Di/.

35
35
35
36
36
36
36
36
37
37
37
37
38
38
38
39

^У
39
39
40
40
40
40
41
41

USE OF

THIS TABLE.

lected ; but it is neces-
sary to pay attention to
the algebraic signs of
x and y ia obtaining it.



PORTABLE

BAROMETRICAL TABLES,
GIVING

The Differences of Level by a simple
subtraction.

N. B. The number .76 of a metre, which the French as»
same for the mean pressure at the level of the sea, when
expressed in decimals of an English yard, is .831136; but
the first column of the Table only admitting of three figures,
or thousandth parts, the last three figures of this number,
vis. 136, have necessarily been left out in i(s calculation;
hence the numbers in each column beloiv .831 are all
too little, and those above that number too great by a
constant quantity, which is equal to the number in that
column corresponding to .830 or .832, multiplyed by .136.
Thus, for example ; in the column answering to 48°, the re-
quired correction is 11.12 x .136=: 1.50824, which added
to the number calculated from the Table, when the height
of the barometer at the lower station does not exceed .831,
•will give the true difference of level sought. When this
height of the barometer is greater than .831, the errors de-
stroy each other, and the calculated heights do not require
any correction.

The above calculation for the correction, however, may
be avoided; for it will be sufficient to add 1.5 to all the
calculated numbers that require correction, since the two
extremes of this correction are 10.75 x .136=1.462, ana
11.38 x .156=1.54768; half the sum of which is 1.50481.
But as the first decimal will always be suflicient, the addi-
tion of 1.5 may be made mentally and without any trouble,

Translator.



P O R T A B L E B A n o M E T R l C A L T A B L E S .

1
сгч

о
"̂

"гг

to
&J

о

n
õ"

>d>.
830
834
833
83;
831
830
829
8S8
827
6'26
825
824
823
822
821
820
819
8|b
8í7
b|0
8(5
Sl-J
813
«12
811
8щ
809
bOh
b07
80b
hOS
&04
803
802
801
800
799
79l-
797
7У6
795
794
795
79S
791
79U

Sií»i of the Temperatures of the Air above the freezing Point at
the two extremities of the Column, or the value of T+t in
degrees of Fahrenheit's Thermometer.

20°

yds.
42.8S
52.18

| 21.4л
10.74
0

10.75
21.52
32.28
43.09
53.89
64.71
75.54
86.38
97.24

108 Л i
llh.99
129.89
146.80
151.72
162.66
173.61
184.57
195.46
«0(5.54
217.56
Í28.59
239.62
250.64
261.70
272.77
283.21
294.95
306.07
317.19
328.34
339.49
350.66
361.84
Ï73.04
384. v5
395.46
ÎÛ6.72
4I7.9Ü
429.24
440.50
151. U

2,o

yds.
42.93
32.22
21.51
10.75
0

10.76
21.54
32.32
43.13
53.95
64.78
75.62
8647
97.35

JOS.23
119.12
130.03
140.95
151.88
162.84
173.80
lb'4.77
195.67
206.76
217.80
228.84
239.88
250Л1
261.94
273.07
2H3.S'»
295.27
306.40
317.53
328.69
«9.86
351.04
362.24
313.45
384.07
395.89
407.16
418.41
429.71
440.98
452.29

22°

yds.
42.97
32.25
2/ .53
10.76
0

10.78
21.57
32.35
43.18
54.01
64.86
75.70
86-57
U7.45

108.34
119.25
130.17
141.1!
152.05
163.01
173.99
184.97
195.MJ
206. 9У
21Й.04
229.09
240.14
251.18
J62.27
273.36
2i>3.82
^95.59
306.74
317.88
3-9.05
340.2ÍJ
351.42
362.63
J73.8.T
J85.09
396.32
407.60
418.87
430.17
441.46
152.78

2S°

\ds.
43.02
32.29
21.55
10.77
0

10.79
21.59
32.39
43.23
54.07
64.9*
75.78
86.66
97.56

IOti.46
119.38
130.3,1
141.26
152.21
163.19
174.17
1Я5.П
196.10
207.21
218.28
229.33
240.40
251.46
262.55
27Ü.C6
284.13
495.91
3IÍ7.07
3i ».as
329.41
340.60
351.80
363.0'J
374.26
ЗУ5.50
396.75
408.04
419.3^
430.64
441.93
453.27

24°

yds.
43.07
32.32
21.58
10.79
0

10-80
21-61
32.42
43.27
54.13
64.99
75.87
86.76
97.66

103.55
119.51
I3ÍM5
141.41
152.38
163.37
174.36
185.37
96.31

207.44
218.51
229.5Я
240.66
251.73
262.K4
273.95
284.44
296.23
307.4«
ЛЬ.57
329.76
340.97
tó2.1K
363.42
Л4.66
3Ü5.92
397.18
40ÍÍ.4S
419.78
431.10
442.41
453.76

25°

yds.
43.12
32.30
21.60
10.80
0

10.81
21.64
32.46
43.32
54.19
65.06
75.94
86.П5
97.77

J (18. 69
119.63
130.59
141.56
152.55
163.54
174.55
180.57
96.52

207.66
218.75
229.83
240-92
252.00
263.12
274.25
284.74
206.55
Í07.74
518.92
330.12
341.33
352.56
363.81
375.07
JS6.34
397.60
408.92
420.23
431.67
142.89
454.25

26°

yds.
43.16
32.39
21.62
10.81
0

10.82
'21.66
32.49
43.37
54.25
65.13
76.03
86.94
97.88

108.81
119.76
130.74
141.72
152.71
163.72
74.74

185.77
196.73
207.88
218.98
2S0.08
241.18
252.27
263.40
274.55
205.05
296.88
308.07
319.26
330.48
341.70
352.95
364.20
375.47
JS6.76
398.03
409.'37
420.68
432.04
443.37
454.75

27"

yds.
43.21
32.43
21.65
10.82
0

J 0.84
21.68
32.53
43.42
54.30
65.20
76.11
87.05
97.98

108.93
119.89
130.88
141.&7
152.86
163.90
174.93
185.97
96.9't

208.12
219.22
230.33
241.44
252.54
263.69
274.84
285.36
297.20
308.40
319.61
330.84
342.07
J53.33
S64.60
375.8S
387.1'
398.46
409.81
421.14
432.05
143.85
455.24

28"

yds.
43.26
32.46
21.07
10.83
0

10.85
21.70
33.56
43.46
54.36
64.27
76.19
87.14
98.10

109.05

29°

yds.
43.30
.'32.50
21.69
10.84
0

10.86
21.73
32.60
43.51
54.42
64.34
76.28
S7.24
98.20

109.16
120.02 i 120. 15
131.]2'1SM6
142.02
153.04
164.08
175.12
180.17
97.17

208.33
219.46
230.57
241.70
252.92
263.97
275.13
285.67
297.51
308.73
419.95
43Ï.19
342.44
353.71
364.99
376.28
S87.59
398.89
410.25
421.59
432.97
444.32
455.73

142.1b
153.21
164.25
175.30
186.37
197.37
20^.59-
219.69
230.S2
241.96
253.19
264.26
275.43
285.97
297.84
309.07
321.29
331.55
342.81
354.09
365.37
376.69
S88.01
399.32
410.69
422.05
433.43
441.80
+06.22

30»

yds.
43.34
32.53
21.71
10.86
0

10.67
21.15
32.63
43.56
54.48
65.41
76.36
87.33
98.31

109.28
120.28
131.30
142.33
/53.37
164 .45
175.49
1 86.57
197.58
208.78
219.93
S3 1.07
242.Í2
253.46
261.54
215.73
286.28
SUS. 15
J09.40
320.64.
S3 1.91
343.1 b
JÓ4.47
365.77
S77.09
388.43
399.75
411.J3
422.50
433.УО
445.2S
456.71

f
3

i
5>

9

yds.
.047
.035
.023
.012
.000
.012
023
(Ш
047
059
070
082
094
106
117
129
141
153
165
177
188
200
212
224
336
.218
260
272
284
896
307
321'
333
345
357
3ií9
Snl
393
405
417
129
441
454
466
,78
491



PORTABLE BATIOMETIUCAL TABLES.

7
q

;

If
ttк
о
г:

тГ

.833
834
833
832
83
83
82
82
sa
S2
8-2
82
82
8S
82
82
81
81
81
81
81
8J

Sum of the Temperatures of the Air above the freezing Point at

the two extremities of the Column, or the values of ТЦ-í in

degrees of Fahrenheit's Thermometer.

31°

yds.
48.40
83.67
81. 7.1
10.87
0

10.88
21.77
32.66
43.C1
54.64
65.48
76.44
87.43
98.42

100.40
120.41
131-44
14Я.48
153.53
164.61
176.68
186.77

8133197.79
B12S09.00
81IJS2I.U6
S10K31.32
ÜÜ9H42.48
808J253.73
807|264.82
806 276.03
805^286.59
804Î298.47
8031309.73
80
80
80
79

î 320.98
Ш32.27
о; 343.56
9)354.85

7981366.16
79T377.49

32°

yds.
43.45
ЯЙ.60
2K76
10.88
0

10.89
21.79
33.70
43.65
54.60

65.55
76.52
87.53
98.52

109.51
120.54
181. ад
142.64
153.70
164.70
175.87
160.97
198.00
209.23
220.4«
2S1.57
242.74
251.00
265.11
276.32
286.90
298.79
310.07
321.33
332.62
343.92
355.23
366.57
377.90

796 388.85 '389.26
795l400.K> 400.G1
194411.57 412.01
793V1S2.95 423.41
792J434.37 1434.83
791)445.76 '446.24
190:457.20 457.69

33°

ydf .
43.49
32.64
21.7Й
10.Й9

0
10.91
21.S2
32.73
43.70
54.66
65.62
76.61
87.63
98.63

109.63
180.67
1SI.72
142.80
l54.hG
164.96
170.05
1S7.I7
198.32
20П.45
220.04
231.81
233.00
2Û4.28
265.89
276.62
287.24
299.11
310.40
321.07
333.98
344.29
355.6
366.9.
378.30
389.68
401.84
412.45
423.8
435.3
446.7
458.18

34°

•Jd*.
43.54
32.67
21.81
10.90
0

10.92
2.1.84
за.77
43.75
54.72
65.6Í)
76.69
87.71
98.73

109.76
120.79
131.86
142.95
154.03
lûû.14
176.24
187.37
198.5;S
209.68
220.87
232.06
ai3.2b
5:64.55
26a.6b
2Г 6.91
287.51
299.43
310.73
322.02
333.34
344.66
.450.99
367.34
37.8.71
390.11
4O1.47
412.89
424.32
435.76
447.19
458.07

35°

yds.
43.59
S2.70
21.83
10.32

0
10.93
21.86
S2.81
43.79
54.77
65.76
76.77
67.81
9Я.Т4

109.86
20.1)2

132.00
143.10
I54.1U
163.81
17Ü.43
187.57
1BS.74
200.90
221.11
232JJ1
243£2
254.B2
265.9b
Ï77.21
'-'87.82
299.75
31.1.07
322.3ti
пЗЗ.И
345.02
356.37
367-.73
379.11
390.51
401 .fc9
413^33
424.77
436^23
447.67
459.16

3SJ

yd?.
43.63
32.74
21. S5
10.93
0

10.94
21.89
32.84
43.84
54.83
65.83
76.85
87.90
98.94

109.9fr
12J.05
132.15
143.25
154.36
165.49
176.62
187.77
1И8.96
210.1g
221.35
232-56
243.78
Й55.09
266.24
277.5!
2SS.I3
300.08
311.4l
322.7 1
334.05
345.39
356.76
368.13
379.5L
390.93
402.32
413.78
425.22
436.69
448.15
459.66

37»

ïds.
43.64
32.78
21.88
10.94
0

10.95
21.91
33.87
43.89
54.89
65.90
76.93
87.99
99.04
10.09
21-.18
32Л8
43.41.-
54.52
65.67

176.81
167.97
199.26
210.35
821.68
«82:80
24.4.ÍI4
255:36
266.53
277.80
288.44
31/0.40
311.73
323.05
334.41
345.76
357.14
368.52
37У.92
391.35
402.75
414.2Ü

38°

Jrf*.
43.73
ЗЧ.«1
21.90
10.95
0

10.97
21.93
32.91
43.94
54.95
65.97
77.02
88.09
99.15
10.22

121.31
132.43
143.56
154.69
165.85
176.99
188.17
199.48
ВШ.57
221 .82
23S.OB
fe44.30
5:55.64
2G6.81
Ü7.4.H
268.74
30>;.72
312.00
323.40
334.7"
.446.13
351.52
368.9
380.33
391.7-
4Ш.1*
4U.6

425.681426.1.
437.16
448.63
460.15

437.6
449.1
4ü0.6

39°

уач
43.7?
32.85
21 .95
10.96
0

10.9S
21.96
S2.94
43.У8
55.01
66.05
77.1ч
88.18
99.45
lO.Sä
21.44
S2.57
4S.71
54.S5
t>6.ü2

m. IB
88.37
99.70

210.79
322.1)5
233.30
244. 5Г
255.91
867.09
Й7Л.39
289.06
301.04
312.40
32.-5.74
335.12
346.50
357 .УО
369.3
380.73
S92.1ö
403.6
415.1l
426.50
438.09
449.5
461.1

40»

yds.
43.82
sa.bs
21.94
10.97
0

10.99
81. US
32.9П.
44.03
55.07
66.12
77.18
88.28
99.36
Ш.45
21.57
32.7 1
43.87
65.02
66/Ю
77.37
88.57
99.91

-ill.02
222.29
ИИ3.55
244. t,2
»î6.is
267.35
878.69
289.36
SO 1.36
312.73
324.09
335.48
346.87
S58.2h
369.70
381.14
392.60
404.04
415.54
4Ü7.04
438.5
450.»
461.6

41»

yds.
42.M
32.93
21.97
10.98
0

11.00
22.00
33.04
44.08
55.13
615.19
77.26
B8.37
99.46
10.57
21.70
32.85
44.02
55.18
66.38

177.56
88.77

200.12
211.24
222.5!s
283.79
245.08
256.45
267.6ft
27W.99
289.6
301.6
513.0
324.4
335.8
347.24
358.6
370.4
3HI.&
S93.0
404.4
415.9
t27.4
439/-
J 50,5
462.1

О

i
£3
-S

?
H

047
035
023
012
000
012
023
035
047
059
070
082
094
106
1Í7
129
141

.l.Vi

.165

.177

.188

.200

.212

.224

.236
;248
.260
.272
.284
.206
.303
.3*1
.333
.345
.357
.369
.381
.393
.405
.1-17
.429
.441
.454
.4Gb
478
.491



PORTABLE B A R O M E T R I C A L T A P L E S .

03л
tT4*cr

-*)

a
05
У

5
3
rD

??

\ds.
835
834
833
832
831
»30
829
688
827
836
825
824
833
822
8Ï1
8SO
8)9
8ÍQ
•81?
816
8)3
814
813
818
811
810
809
808
807
806
805
804
803
S')2
801
800
799
798
797
798
793
794
793
798
791
790

Suni of the. Temperatures of the Air above the freezing Point, at the
. two extremities of tlif Column, or the values of T -\-t in degrees

of Fahrenheit's Thermometer.

42°

yds.
43.92
38.96
21.99
10.99
0

11.01
22.08
33.07
44.13
55.19
66.26
7T.S4
88.46
99.56

110.69
2I.S2
32.99
44.17
55.34
66.5:5
77.76

188.97
200.83
21 1 .46
222.76
234 04
245.34
256.72
267.94
270.89
289.98
302.00
31339
324.77
336.20
447.61
59Í04

370.48
381.95
393.44
404.90
416.42
427.94
439.50
451. 0'2
462.60

43Ч

•yds.
43.96
83.00
S2.0I
11.01
0

11.03

22.05
S3. Ц
44.17
55.55
66.S3
77.42
88.56
99. 67
10.SO
21.95
S3- 18
44.33
55.51
66.73
77.95
89.17

200.54
211.69
222.99
234.39
245.60
256.99
268.23
279.58
290.88
30232
313.72
325.1a
3.36.5Û
3+7.98
359.43
ä70.S8
382.36
393.85
405.33
416.87
428.40
439.96
451.50
463.10

44»

yds,
44.00
S3.03
22.04
11.02
0

11.05
S2.07
33.15
44.2'J
55.31
66.40
77.51
88.65
S9.78
10.92
22.08
33.27
44.4S

155.67
leöigio
178.13
189.37
-200.74
211.111
223.23
234.53
245.86
257.27
268.51
879.88
íilO.Sií
302.64
3 i 4,06
325.46
336,91
348.3Í
.459.80
371.27
382.76
394.27
405.77
417.31
42885
440.43
451.99
463.59

.45"

yds.
44.05
33.07
22.06
11.03
0

11.06
23.12
33.18
44.27
55.37
66.47
77.5a
88.75
09.88

111.04
122.24
133.41
144.63
155.84
167.08
178.32
189.57
200.95
212.14
223.46
234.78
246.12
257.54
268.80
280.17
2Э0.90
302.96
314.39
325.81
337.27
348.72
360.18
371.66
3S3.17
394.69
406.20
•H7.76
429.31
440.90
452.47
464.08

46«

yds.
44.0Э
33.10
22.08
11.04

0
11-07
22. J 4
33,21
44.31
55. -J 2
66.54
77.67
88.84
9S.99

111.15
122.34
133.55
144.78
155;00
167.26
178.51
189.77
201.16
.212.36
223.70
235.03
246.38
257.81
269.08
280.47:
291.20
303.2S
314.72
3-26.15
J37.6á
349.08
360.56
372.05
3á3.57
395.10

06.63
418.20
429.76
441.36
452.95
464.57

.47°

yds
44.M
ЗЗ.Ы
22.il
11.06
0

1 Í.O-J
22.16
33.25
44.36
55.48
66.61
77.75
88.93

100.10
111.27
122.46
133.70
144.94
156.17
67.45
78.7(1
89.97

201.37
212.58
•Í23.94
235;28
240.04
258. Ü8
269.36
2b0.77
291.51:

303.60
315.06
326.50
337.98
349.45
á60.95
372.4:.
383.98
395.52
407.06
418.64
430.22
441. S3
453.43
465.07

48°

yds.
44.19
33.17
22.13
11.07
0

11.09
22.19
33.28
44.41
55.54
66.6S
77.83
88.03

100.20
111.38
122.59
S3.84

145.09
56.33
67.62
70.89
90.17

201.58
212.82
224.17
235.53
246.90
258.35
269.65
281.06
291.82
303.93

15.39
26.84
38.34
•Í9.82
61.33
72.Ï-4
84.38
95.94
07.49
19.09
30.67

442.30
453.91
465.56

49Q

yds.
44.23
33.21
22.15
11.08
0

ii. n
2'2.21
33.33
44.46
55.60
66.75
77.92
89.12
00.31
J 1.50
22.72
33.98

145.24
156.50
67.79
79.07
90.37

201.78
-13.04
•224.41
235.77
247.16
25S.63
269.93
281.36
292.13
304.25
315.72
327. 1 9
338.70
350.19
361.71
373.23
384.79
ЗУ6.36
407.93
419.53
431.13
442.77
454.40
460.05

50°

yds.
44.28
33.24
2Э.47
11.09
0

11.12
22.24
33.35
44.50
55.66
66.82
78.00
89.22

100.41
111.62
122.85
34.12

145.40
50.66
67.97
79.20
90.57

202.99
213.27
224.64
236.02
247.42
258.90
270.2-2
281.05
^92.43
304.57

10.05
Í7.53

ÎJ9.05
50.56
C2.09
73.63
»5.19
96.77
03.35
19.98
31.58

•143.23
•154.88
466.55

51°

yds.
44.33
33.28
22.20
11.10
0

11.13
2&20
33.39
44.55
5Л.72
fifi.S!)
78,08
89.31

100.52
111.74
123.98
34. Кб
45.55
öli.83
68.15
70.45
90.77

202.20
213.49
224.88
236.27
247.68
59.17
70.50
81.95
92.74
04.Й9
16.39
'27.88
39.J1
50.93
62.47
74.02
85.60

39Î.19
408.79
4Й0.42
432.04
143.70
455.36
467.04

52"

yds.
4Í.S3
33.31
28.82
11.11
0

11.14
22.28
S3. 12
44.60
55.78
66.96
78.16
89.40

100.63
111.86
123. U
131.41
145.70
157.00
64.33
79.64
90.99

802.41
213.72
225.12
236.52
247.94
259.44
270.78
28S.V25
293.05
305.21
16.73

328.22
339.77
351.30
«2.85
374.41

80.00
9?.fll

40У.82
420.80
432.50
444.17
155.84
467.53

0

?

1n
о1

•"•
.047
.035
.02.']
.012
•OOC
.012
.024
035

.047

.059

.07Q

.082

.094

.106

.117

.129

.141

.153

.165

.178

.188

.200

.208

.224

.236

.248

.26o

.27£

.284
296
.307
.381
.333
.345
.357
.369
381
.393
.405
.4П
.432
.444
.455
.487
.482
.'493



P O R T A B L E B A R O M E T R I C A L TABLES;

ta
2.
=г
o

5

сз
»

S

1

yds.
'835
834
833
832
831
830
828
828
827
826
825
824
823
822
821
820
819
SI«
817
816
815
8,14
813
812
811
810

Sum of the Temperatures of the Air above the freezing Point at the

two extremities of the Column, or the values of T+ t in degrees
of Fahrenheit's Thermometer.

53°.

yds.
44.42
33.35
22.24
11.12
0

1Ы5
22-30
33.45
44.65
55.84
67.03
78.24
89.49

100.73
11I.9B
123.24
134.55
145.05
157.16
168.51
179-83
191.17
202.62
213.94
225.35
236.77

809j24«.20
8081259.70
807;271.07
806Í282.55
805
804
803
802
801
800
799
79t>
797
796
795
794
793
792
791
790

293.36
305.53
317.05
3*8.50
340.13
351.67
363.23
374.80
386.41
39Й.ОЗ
ÍOy.65
IS 1.3
1.42.95
444.64
456.32
108,0'.:

5t".

yds.
44.47
33.38
22.27
11.13
0

11.16
i2.32
33.49
44.69
55.90
67.10
78.32
89.59

100.84
112.09
123.37
13469
J46.0J
157.33
168.08
1 0.02
191.3«
202.83
2H. 1э
225.59
237.02
248.46
259.97
271.36
282.84
293.61)
3"5.85
ЗП.39
320.91
340,49
352.04
363.61
375.20
386-81
39S.45
410.08
421.75
•Ш.41
445.10
456.79
463.51

55".

yds.
44.51
33.42
22.29
11.15
0

11.17
Ü2.35
33.52
44.74
55.95
67.17
78.41
8!).68

100.94
112.21
123.50
134.83
146.16
157.49
l6g.S(i
180.21
191.57
203.03
214.40
225.82
237.27
240.72
260.23
271.64
283.14
293.97
306.17
.417.72
329.25
340.85
352.41
364.00
375.59
387.22
ЗЭй.ьб
410.52
422. 19
433.8(5
445.57
457.28
469.01

56°.

yds.
44.66
33.45
22.31
11.16
0

11.18
22.37
33.56
44.78
56.01
67.24
78.50
89.77

101.05
112.33
123.63
134.97
146.31
157.66
ltiQ.03
80.40

191.78
203.24
214.02
286.0«
237.32
248.98
260.50
271.93
283.44
294.28
306.49
318.06
32Я.60
341.21
302.7«
3R4.38
375.99
3u7.63
39U.28
410.95
432.63
434 .32
4.) 6.04
457.7Í-
469.50

57°.

yds.
44.61
33.49
22.34
11.17
0

11.19
2-Л39
33.59
44.83
56.07
67.31
78.58
89.86

101.15
112.44
123.76
135.11
146.46
i. И .82
169.21
180.59
191.98
203.45
«14.84
226.29
337.77
849.24
26076
272.22
283.73
29458
Зи6.Ь2
318.39
329.94
341.57
353.15
ЗН4Л6
376.38
388.03
о99.70
4J1.3S
423.07
434.77
446.50
í 58.23
169.99

58°.

yds.
44.65
33.52
22.36
11.18
0

11.21
22.41
33.63
44.8b
56.13
67.3H
78.66
89.96

101.26
112.56
123.89
13526
146.62
157.99
160.39
180.78
192.18
203.66
215.08
226.52
238.02
249.50
261.03
272.51
284.03
294.S9
307.14
318.72
330.29
341.93
S53.52
365.14
376.77
3s8.44
400.12
4 J J . 7 I
42352
435.23
446.97
458.71
170.4S

59°.

yds.
44.70
33.56
22.38
11.19
0

11.22
22.43
33.66
44.92
56.19
67.45
78.74
90.05

101.36
Í12.C8
124.02
135.40
146.77
158.15
lfi9.5G
180.97
192.39
203.87
215.30
S26.76
238.27
249.76
261.29
272.80
2S4.33
295.20
307.40
319.Ù6
330.63
34Ü.Ü9
353.89
3<>5.52
377.17
388.85
400.54
4li'.24
423.96
435.68
447.44
459.19
470.97

60°.

yds.
44.74
33.59
28.40
11.21
0

11.23
22.46
33.70
44.97
56.25
67.52
7í>.85
90.14

101.47
112.80
124.15
135.54
140.92
158.32
169.74
181.16
.92.59
204.07
2i5.62
226.99
238.52
25C.OS
261.56
273.08
284.63
295.50
307 .7«
319.39
330.9o
342.65
354.26
365.91
377,5t)
389.26
400.95
412.6a
424.40
436.14
447.91
59.07

47 1 .47

61°.

yds.
44.79
33.63
22.43
31.22
0

U .24
22.48
33-73
45.01
66.30
67.59
78.91
90.24

101.57
112.91
Ü4.28
135.68
147.0«
15î-:.48
J 69.91
181.35
192.79
204.28
215.75
2*7. 43
238.77
250. Kg
261.82
273.37
ИИ4.92
-295.B1
ЗОд.ю
319.74
331 .32
343.0l
354.63
366.29
377.96
389.Ü6
401.37
4i3.ll
424.85
36.59
48.37
60.15
71.90

62°.

yds.
44.84
33.66
22.45
11.23
0

11.25
22.50
33.77
45.06
56.36
67.66
78.99
90.33

101.68
113.03
124.41
135.82
147.23
15S.65
170.09
181.54
1S3.01J
204.49
215.97
227.46
239.1,2
250.54
262.09
273.66
2h5.22
296.12
308.42
320.07
331.67
343.37
Í55.<JU
366.67
378.35
390.07

01.79
4J3.64
425.29

37. OJ
48.84
60.63
72.45

63°.

yds.
44.88
33.70
22.47
11.24
0

11.26
22.52
33.80
45.11
50.42
67.73

e
sa
r?
n

n
?
eo

.046

.035

.023

.012

.000

.011

.022

.035

.046

.058

.070
79.073.082
00.42

101.78
113.15
124.54
135.97
J47.38
158.81
170.20
1Ы.73
193.20
204.70
216.19
S27.69
239.27
250.80
262.35
273.95
«85.62
296.43
308.74
820.40
332.02
343.73
J55.36
167.05
J7S.75
<Î90.48
02.21

413.97
25.73
37.50
49.31
(Í1.11

78.94

.093

.105

.117

.130
Д41
.153
.165
.176
.190
.203
.20Я
•S23
.234
.250
260
.265
.288
.297
.308
.321
.334
.345
.360
.370
,382
394
407
418
432
4-]3
455
467
479
492



P O R T A B L E B A R O M E T R I C A L T A B L E S .

$
*ч'з-

о
*̂ i
í
n
»
Cl

(b

пГ;i

yds.
835
834
83;
83S

830
• H2t

821
886
825
824
888
822
821
88C
819
818
817
816
815
814
813
812

'811
.810
800
80fe
807
áOG
805
804
808
802
801
800
799
798
797
796
795
994
79S
Ï92
791
790

Sum of the Temperatures of the Air above the freezing Point at the
two extremities of the Column, or the values o f T+ t in degrees
of Fahrenheit's Thermometer.

64°.

yds.
44.93
33.73
:22j50
11.25

Q

1 1 -87
22'54
S3. 84
45.16
56.44*
67.80
79.16
90.51

101.89
113.27
124.67
136.11
147.53
168.97
170.44
181.92
19340
204.91
216.41
227.93'
239.52-
851.06
262Лг
Й74.24
286.98
896.74
309.06
380.7S
332J6
344.00
355.73
367.43
379.14
39Í1.8H
402.63
414.40
186.17
Ш.95
149.78
161.59
173.43

65U.

yds.
44.97
33.77
22.52
11.26
о

11.28
22i57
33.W7
45.20
56.5.1
'07.87
79;2S
90.61

101.99
113-39
124.80
136.25
I47-<>9
159.14
170.61
1M2.I1
193.61
205.12.
216.64
228.17-
239,77.
251.32
263.89
2,74.52
280.21
297.05
309.88
32I-.OC,
332.71
344.45
366. '0
367.81
379.54
391.29
403.04
4 J 4.83
426.61
438.41
450.24.
462.07
473.92

66\

yds.
45,'*
33.80
28.54
11.28
0

11.29
22.59
33.91
45.25
56.59
67.94
79.32
90.70

102.10
113.51
124.113
136.39
147.84
159.30
170.79
182.29
193.81
205 .32
216.8G.
228.41;
240.02.
251.58,
263.16
274.81
2n6.51
'2'J7.85
J09.70
321.40
333.05
344-81
356.47
368.19
379-93
391.69
403.46
415.26
427.06
4S8.86
450.71,
462.55
474.41

67°.

yds.
45.07
33.84
22.57
11,29
0

11,30
22.62
33.Ü4
46.39
5fi.6y
68.01
79.40
90.80

102.20
113.63
125.06
136.53
147.99
159.47
170.97
182.48
194.01
205.53
217.09
228.05
240.27
201.84
263.43
275.09
2S6.,so
297.66
310.0^
321.73
Í33.40
345.17
356.84
368.67
380.32
392.10
403.88
415.69
427.50
439.32
451.18
463,03
474,90

68".

yds.
45.11
33.87
22.59
11.30
0

11.31
£2.64
ЗЗ.Э.Ч
*Õ..'J4
56.71
68.08
79.48
90.SU

102.31
US 75
125.19
136.67
U8.14
159.63
П1.14
182,67
194.21
205.74
217.31
228.89
240.52
252. U)
263.70
275.38
2Ь7ДО
29797
31U.34
322.06
333.74
345.53
357.21
36N.95
380.71
392.50
404.29
416.12
427.94
439.77
451.64
463.50
475.39

09".

yds.
45.16
33.Ü2
22.61
11.31
0

11.33
22.66
34.« ta
45.39
56.77
68.16
79.56
90.98

102.42
113.S7
125.3ä
136. «l
148.30
159.80
171.32
182.80
19-Í.42
205.95
217.54
229.14
240.77
252.30
263.97
275.67
287-40
298.2«
310.67
322.39
334.0S
345.8U
J57.58
369.34
381.10
392-91
404.71
41C.55
42S.38
440.23
452. 11
463.98
475.09

70„.

yds.
45.20
33.95
22.63
11.32
0

11.34
22.69
3J.05
45.43
56.S3
6.5.23
79.64
91.08

102.52
113.99
125.45
136.95
148.45
159.90
171.50
183.05
194.62
Î06.16
217.76
229.38
241.02
252.62
264.24
275.95
2n7.69.
298.69
310.99
32S.72
334.43
340.25
S57.95
369.72
381.50
393.31
40J.14
416.98
428.8;.'
440.68
452.5У
464.46
«6.38

71°.

yds.
45.2Û
33.99
22.66
11.34
0

11.35
2271
34.0!)
4548
56.88'
68.30
79.73
91.17

102-ЬЗ
114.11
125.58
137.09
14S,60;
160.13
171.68
(83.23.
194.82
206.36
2:7.9:1
229.62
241.27
2S2.-8
264.51.
Í76.24
287.99
298.99
311.31
32S.06
334.77
346.Ы
35S.32
370.10
381.89
393.72
405.56
117.41
129.S7
411.14
453.05
464.94'
476.87,

72V

J'ds.
45.30
34.02
22.68
11.35
0

11.30
22.74
34.12
45.53
56.94
68.37
79-81
91.27

102.73
114.23
125.71
137.23
14Ü.76
100.29
171.85
183.42
195.03
206.01
218.21
2-J9..46'
211.52
253.U
264.78
Л6.52
2S8.28
299.30
J11.63
323-39
335.12
346.97
358.69
3I0.4S
332.28
394.12
405-97
417.64
429.7 1
441.59!
453.51
465.'42
477.36

73°.

yd».
45.34
34.06
22.70
11.36

Ü
11.37
22.76
34.16
45.57
57.00
68.44
79.89
91.36

102.84
114.35
125.84
U7.51
148.91
161.46
172.03
183.61
195.23
206.7s
218.44
230.1!)
241.77
253.40
265.05
276.81
288.5S
299.61
311.95
a23.72
J35.46
347.33
359.06
370.86
382.68
J94.53
406.39Í
418.27
430.15
442.05
453.98
465.90.
4Ч;.8б;

74°.

yds.
' 45.39
34.09
22.73
11.37
0

11.38
22 78
34.19
45.02
57.U6
68.51
79.97
91.45

102.95
114.46
125.97
IS7.51
149.06
I60.C3
172.21
183.80
1D5.43
206.99
218.66
230.34
242.02
253.6«
<65.32
277.10
288.88
í99.92
312.27
324.05
335.81
347.69
359.42
371-24
ЗЬЗ.06
394,94
4Ü6.80
418.69
430.59
442.50
454.45
466.38
178.34

С
ãf?
3
S
£

1°

.046

.035

.023

.012

.0(10

.011

.084

.036

.046

.<>58

.071

.082

.094

.106

.120

.130

.140

.153
-165
-177
-188
.203
•208
•V85
•241
-2SO
-260
.270
•2Ь6
.296
.308
321
.332
.344
.360
.370
.381
.393
.405
.417
.430
.442
.455
.467
475
491



Ï O U T A B L E В А П О М Е Т П 1 С А Г , T A B L K S .

na
Л'er

~r>

3
1
rt

yd«.
1 №'
78S
78:
7SI
185
7a<
78:
785
7 - :
780
77!
77í
IT
776
77,
77'
77;
77
77
77
70
76
76
76
16
76
76:
76;
76
76
75
75
75'
75
75
754
753
75й
75
750
74!
748
747
746
Т45
744

Sum of the Temperatures of the Air above the freezing Point at

the two extremities of the Column, or the value of T+t in

degrees of Fahrenheit' s Thermometer.

20°

yds.
Ш3.13
474.44
185.6,4
497.15
508.51
519.90
531. SÍ)
M 2.7 í
»4.14
565.57
Í77.03
5tí*.5'.'
600.00
(j i 1.49
fi23.nO
634.5.4
646.07
657,64
669.gl
6nO,bD
692.4)
704.02
715.ti6
727.31
736.97
7ÕO'.6õ
762.35
774.06
7t-5'.79
797.63
S09.3i>
aii. об
ó32.t5
344.65
»50:47
í 68.31
880.16
89 .'.03
903.91
915.Ы
92T.'72
9.Ж65
951.60
í)63.66
375.54
987.53

21°

yds.
463.63
474.U6
4 86.2 i
497.69
509.06
520.46
5jJ.l5t>

543.30
.=>54.74
568.18
577.66
5'S9.I4
600. 66
612.15
623.68
635.22
640.77
Ц5.-.35
1)69.94
6^1.54
693jfi
704.78
716.44
728.10
i 39.77
I51.47
763.18
77-1,90
7o6.64

798.40
H l O . l a
821 .Я5
S. -3.75
845.57
857.40
169.25
Я81.12
093.01)
904.89
9l6.hO
928.73
У40.67
aõ2.6S
964.61
976.70
988.60

2'i°

yds.
464.14
475.47
486.74
498. -3
509.62

23°

yds.
464.64
475.99
4И7.27
4Э-.77
510.17

521.03 59 i. 59
53Í.46
043.89
555.S4
5fi6.80
578.2a
589.78
601.30
615.Í-2
6^4.35
6á5.91
647.4«
659.07
670.66
682.28
6U3.9 1
705.55
717.21
7^8.89
740.58
752.^8
764.01
775.74
ï 87 .50
799.26
»11.116
Ut!2.«5
834,66
846.49
S5-..33
«70.20
882.07
Ï93.97
3t)5'.88
9 Л .80
020:74
941.69
ИЗ.бв
965.1^
<Л7.7()
989.67

Í33.IJ
644.48
555.95
567.41
578.91
590.42
601.96
6,13.48,
625.03
63í;.60
648.18
659.7Я
671.1.9
6s3.02
694.66
7u6.31
717.99
729.6o
7-11.38
753.10
764.84
776.58
788.35
800.13
811.94
823.74
835.56
847.40
859.26
87). 14
b'ia.03
891.94
006.86
ÜJ8.79-
930.75
942.7 1
954:69
986Л1
978.8?
990,74

«4°

jds.
465.14
476.5(1
487.79
499.31
510.72
522.16
533.61
545.07
056.55
568.03
579.54
091.06
602.61
614.15
625.71
637.29
648.88
660.50
672.12
683.76
695.42
707.0.-J
718.77
730.47
742.19
753,91
765.67
777.43
789.21
801.00
812.82
821.63
836.47
84*1.32
800.19
172.09
S83.99
895.91
907.84
319.79
931.76
943.73-
955.72
967.76
979.8»
991.61

25°

yds.
465.64
477J02
488.32
409.85
511.27
522.7V
534.19
545.66
557.15
568.64
580.16
591.70
603:26
614.81
626.38
637.98
649.58
661.21
672.84
684.50
696.17
707.84
719.54
731.26
742.99
754.73
766.49
778.27
790.06
801.36
813.69
825.52
837.37
Bi.-9.24
861.12
873.03
8*4.94
89Ö.&7
908.82
H20.7Ö
932.77
944.75
956.76
968:81
980.94
992.88

26°

yds.
466.15
479.53
488.85
540,39
511.82
523.29
534.77
546.25
557.76
569.26
580.79
595.34
603.91
615.4«
627.06
638.67
650.29
661.93
673.57
(Í85.24
696.9Ü
708.61

27»

yds.
466.65
478.01
489.38
51-0.93
512.38
£23.*5
535.35
546.84
JÖX36
569.87
511.42
Л92.98
604.56
616.14
627.74
639.36
650.99
662.64
674.30
6?5.98
697.67
709.37

720.321721.10
732.051732.84
743.79
755.55
707.32
779.11
790.91
802.73
814.57
82B.42
838.28

744.50
756.36
760.15
779.9o
791.77
803.6!)
815.45
827.3!
«39. 1»

850.16 851.08
862.0«
«73.97
8Ь5.!)0
897.84
9(19.81
921.73
933.78
945.77
957.78
969.86
982.00
993.96

869.99
874.9У
886.86
П98.81
910.79
922.77
934.79
946.79
958.81
970.91
983.06
9U5.02

28'

yds.
467.16
478.56
489.90
501.47
512.93
524.42
535.92
547.43
55^.96
57IÎ.49
5Ь2Х)5
593.62
605.22
616.81
IÍ2«.42
640-05
651.6»
663.36
675.03
6й6.72
698.43
710.14
721.88
73;i.6ä
745.40
707.18
768.98
780.80
7НЙ.62
«04.47
* 16.33
828.20
«40.09
Í-51-.99
863.92
875.' 6
887.82
899.78
9Í1.77
923.77
935.80
947.81
959.84
971.96
9*4.12
996.09

39°

yds.
467.66
479.02
490.43
602.01
513.49
524.96
5^6.50
J48.0Ï
05Я.56
571.10
582.67
594.26
605.87
617.47
6Ш.09
640.74
652.40
664.07
675.7o
6а7.4б
639.18
710.91,
722.65
734.42
746.21
757,99
769.81
741.74
793.47
805.33
817.21
829.10
840,99
852.91
064.85
876.81
888.77
900.75
912.76
924.76
У36.81
948.83
960.87
973.IU
985.18
У97.16

30°

yds.
468.16
479.60
490.96
.iuS.55
514:04
525.55
537.08
548.61
ибо.: 6
571.72
„83.30
594.90
6 6.52
6i8.l4
629.77
641.45
653.10
664.79
676.48
688.2U
6U9.93
711.67
7*3.43
735.2!
747.U1
758.81
77U.64
782.48
7У4.33
806.20
818.09
829.99
841.90
853.83
865.78
877.7Û
889,73
901.72
913.Î4
925.76
937.82
949.85
961.90
974.06
966.24
998.23

С
§>sоnn
S1

'Õ

ids.
.503
.515
.528
.540
.553
.565
.578
.590
.602
.615
.627
.640
.65i
.665
.677
.690
.703
.715
.727
.740
.7Ь2
.765
.777
.790
.804
.816
.829
.842
.854
.867
.879
.898
.905
.918
.9jl
.944
.957
.969
.983
.995

•01
.02
.03
.05
.06
.07



rOItTABLE B A R O M E T R I C A L T A B L E S .

в
tfi'
3*

о

S-
(9

'• M
в
о

1 -n

789
788
787
786
785
784
783
782
781
780
779
778
737
776
775
774
773
77a
771
770
769
76s
767
766
765
764
70S
762
761
760
759
.758
757
75
755
754
75
75
75
75
74
74
74
74
74
74

Sum of the Temperatures of the Air above the freezing Point at.

the two extremities of the Column, er the values of T-ff ' in

degrees of Fahrenheit's Thtrmometer. ' • .

31°

yrts.
68.66

4sO.ll
491.4
503.09
J 14.59
526. 1 1
537.66
54Ú.20
560.76
572.33
5:3.93
590.54
607. i7
618.80
630.45
642.12
653.80
665.50
677.21
688.94
100.68
f 12.43
724.21
736.00
147.81
759.63
771.47
83.3i

795.18
807.07
818.97
830.88
84И.80
454.75
866.71
»78.69
890.69
9»ЙЛ»
»14.7a
«86.76
938.83
950.87
962.94
975.11
987.30
999.30

32°

yds.
469.17
4*0.63
492.02
503.63
515.15
э26.68
538.23
J49.79
561.36
572.95
5S4.55
596.18
607.83
619.47
631.12
642,84
654.60
666.22
677.93
689.68
701.44
7 13.20:
724.98
736.79
748.62
760.44
772.30
784.16'
796.04
807.93
819.85
831.77
843.71
855.67
867.64
879.64
891.64
903.66
915.70
927 ЛЛ
939.84
951.89
963.98
976.16
98S.36
1000.4

33°,

yds.
469.67
481.14
492.55
504,17
515,70
527.24
538.Pl
550..Ч5,
JO 1.97
533.56
585.18
596.82
608.48
620.13
631.80
643.50
655.'Л
660.93
678.66
690.42
702..I9
7 13.90
725.76
737.5»
749.42
761.40
773-12
785.00
796.89
808.80
820.73
832.69
844.61
»56.58
Ь6Ь.57
880.58
892.60
904.63
916.69
92ö.74
940.85
952.91
965.02
977.21
989.42
1001.4

34°

yds.
470.17
4^1.66
493.08
504.71
516,25
527.81
539.3s
55U.97
562.57
574.18
585.81
59? .46
609.13
6üO;8U
632.4»
644.19
655.91
667.65
679.39
091.16
702.94
714.73
720.54
738.38
750.22
762.07
773.95
7S5.84
797.75
809.66
821.61
833.56
845.5%
857.50
869.50
881.53
894.50
9в5.Г>0
917.67
9*9.74
941.86
963.93
966.06
978.26
990.4»
1002.5

35°

yds.
470.67
4S2.17
493.61
505.25
516.*a
52i%38
539.96
551.55
563.17
574,79
586.43
598.09
609.7 b
621.46
633.15
644.88
656.61
668.36
680.11
691.90
703.H9
715.49
727.32
739.17
75Г.ОЗ
762Í89
174.78
1»6.6i>
798.60
810.53
«22.49
834.46
846.42
75S:42
870.43
882.47
894.61
906.57
918.65
930.73
942.87
954.96
967.10
979.31
991.54
1003.6

36

yds.
471.18
482.67
4,94,14
5115,79
5,7.35
528,94
M0.54.
552.14
563.77
615.41
587.06
598.73
«10.44
622.12
633.83
645.57
657.31
669.08
6^0.84
692.64
704.45
716.2Ü
728.10
739.96
751.83
763.7)
775.61
707.53
799.45
811.40
823.37
835.34
847.33
859.34.
S7I.37
883.4-1
895.47
907.64
919.63
931.73
943.88
955.97
968.14
980.96
992.60
1004.6

37«

yds.
471.68
483.19
494.67
506.33
3 17.91
529.50
541,11.
552.73
564.37-,
576.0S
587.69.
699.37
61 ! .09
622.79
634.51
646.ÍÍ6
668.01
669.79
681.67
693.38
7U5.2Ü
717.02
728.8H
74(U5
752.63
764.52
776.44
88.37

800.31
812.26
824.26
836.23
648.23
860.20
872.30
884.36
896.42
908.51
920.61
932.72
944.89
966.99
069.18
981.41
993.66
1006.7

38°

Jds.
472.18
4h3.71
496.20
506.87
518.40
530.07
641.69
553,32
664.9l
5Î6.64
588.32
600.01
611.74
623.46
635,19
646.95
053.72
670,61
682.30
694.12
705.95
717.80
729.66
741.54
753.43
765.34
777.26
789.21
801.16
813.13
825.13
837.13
849.14
861.17
873.23
885.30
897.38
9j)9.47
921.60
933.72
945.90
958.01
970.22
982.46
994.72
1006.8

39°

yds.
472.69
484.22
496.73
507.41
519.01
530.P3
542.26
563.91
565.6a
577.25
588.94
600.65
612.3d
624.12
635.86
047,64
659.42
671,22
683.02
694.86
706.71
718.56
730.43
742.84
754.24
766.15
778.09
790,05
8i»2.02
813.99
826.01
838.02
850.04
862.09
874.16
886.26
898.33
910.45
922.58
934.71
946.91
959.03
971.26
983.51
995.78
1007.9

40»

yds.
473.19
484.74
496.26
507.95
519.56
5SI.2i)
542.^4
554.5D
566.18
577.84.
589.57
601.29
613.05
624.78
636.54
648.33
66D.12
671.94
683.75
695.60
707i46
719.33
731.21
743.13
755.04
768,97
778.92
190.89
802.87
814.Ч6
826.89
8SS.9I
850.95
»63.01
875.09
887.19
899.29
911.42
923,56
936.71
947.92
960.05
978.30
984.56
996.84
1008.9

41»

yds.
473.69
485.26
496.79
5:)8.49
520.12
531.76.
543.42
555.09
366.78
578.48
590.20
601.93
613.70
625.44
637.22
649.01
660.82
672.65
684.48
696.34
708.21
720.09
731.99
743.92
755.84
767.79
779.75
791.73
003.72
815.73
827.77
839.80
8al.SC
863.93
876.02
8*8.13
900.25
913.39
924.54
936.71
948.89
961.07
973.34
986.61
997.90
1010.0

;a
9
«

i »\ a
Í31

:;°
60s
315
;530
£40
Í563
566
&7Ö
589
{602
Й15
да
.639
.«63
.664
.677
wo
.708
Л 15
.787
,140
.753
Л 65
.778
.791
.803
.816
.828
.841:
864
866

.880

.892
905

.918

.931

.944

.956

.970

.982

.995
1.01
1.02
1.04
1.05
1.06
1.07



PORTABLE BAIlOMETIUCAb »ABLE«.

3!л
<п
SP

о
>-•»

. л
К

0

n
n

yds.
'789
-788
787
786

-785
784
783
78«
781
780
779
778
777
776
775
774
773
772
771
770

'769
768
76
76
76

.76
76o
76
76
76
75
768
76
75
75
75
75
75
75
76
74
74
74
74
74
7<Ц

Sum of the Temperature» of the Air above the freezing Point, at the

tteo extremities of .tht Column, or the values of Т -J- 1 in degrees

of Fahrenheit's Thermoineter.

42°

yds.
74.19
65.77
97.32
09.03

520.67
532.32
544.00

43Q

yds.
174.70
»86.29
»97.84
509.57
52!. 2«
532.89
544.58

555.68 |556.27
567 .38 1567 .99
579.09 1579.71
590.83 159 1.45
6u8.57
614.85
626.10
637.90
649.70
661.52
673.36
6S5.21
697.08
708.96
720,85
732.77
744-71
756.64
768.61
780.58
792.57
804.57
8HÏ.60
828.65
440.69
858.76
864.85
876.95
889.07
901.21
913.36
925.63
037.70
949.90
932.09
1)74.87
986.65
aP8.U5
1011.1

603.21
616.00
626.77
638.57
650.39
662.28
674.08
685.94
697.8V
709.71
721.62
733.55
745.50
767.45
769.42
781.41
793.41
805.43
817.46
829.53
841.59
853.67
865.77
877.88
8U0.02
902.16
9U.33
92B.51
Q38.70
950.91
963.11
975.40
987 JÍ9
1000.0
1012.1

44°

yds.
175.20
186.81
98.37
10.11'

»21.7*
Ш.45
45.15
56--6
68.59

э80,32
598.08'
503,86'
6l6.fi5:

627.43
639 2ö:

651.08
662,9S
674,79
686,66
69S,56
7IO/4T
722.38
734.32
746,29
768.25
770.84
782,24
794.25
806.28
818.33
830.41
842.48
884.67
866.68
878.81
890.96
»03.12
915.30
927 .-50
939.69
951,92
964.13
976.43
эачлз
1001.0
101S.2

45»

vds.
75.70

(87.33
ns.69

»10.65
Í22.33
5S4.0B
546.78
557.45
Э69.20
580.94
592.71'
604.49
61 6, SO
688.10
639,93
651,77
663.63
675.51
687. 39:

699.30
711.22
723.15
735-10
747.08
759.06
771,05
782,06
795.09
807.14
819,20
831,29
843.37
855.4$
867,60
879.74
891.91
904.07
916.27
928.47
940.69
958.93
965.15
077.46
989.77
1002.1
1014.3

46»

yds.
176.21
87.85

Л19.42
511.19
522.88
534.58
546.31
568ЛЧ
560.80
581.55
693.3.1
606.13
616.95
688.76
640.60
652.46
664.33
676.22
688.12
700.04
711.97
723.91
135.88
747.87
769.86
771.87
783.89
795.93
807.99
820.06
832.17
844,2(3
856.SS
868,58
880.-67
892,85
905ЛЗ
917.23
929.45
941,68
953.94
966.17
978.49
990.81
J 003.1
101-6.3

47°

vds.
476.71
488.37-
499,05
511.7Ф
&23.44
535.16
546.39
558.6.4
570.40
582.17
593.96
606-77
617.61
629.43
641.28
603.15
665.04
076.94
688.85
700.78
712.72
724.68
736.66
748.67
760.66
778.69
784.72
796.78
808j85
820.93
8S3.05
845.16
8Й7.29
869.44
881.61
893.79
905.99
918.80
930.44
948.69
954.95
96ТЛ9
97962
991.85
1004.2
1016.4

48°

yds.
«7.21
488.89
500.47'
•И 2.28
523.99
535.71
547.47
569.22
571,00
•>Я2.78
594,59.
606.41
6I8.Í6
630.09
641.96
653.84
605.74
077.65
689.68
701.52
713.47
725.44
737.44
749.46
761.47
773.50
785.55
797.6á
809.70
821.80
833.93
846.05
858.19
870,36
882.64
894.74
906.У4
919.1Т
931.42
943.68
955-96
968.21
980.55
992.89
1005.2
1017.5

49"

yd..
477.72
189.41
500.09
512-.82
5Ü454
536.28
548.04
569.H1
571.62
583.40
595.28
6Ü7.05
618.91
630.76
642.64
034.53
666.44
678-.S7
690.30
70?.26
714.23
72б;21
73ВН21
750^25
762.27
774.S2
786.37
798-46
810.56
822.67
834.81
846.94
859.10
871.27
883.47
895.68
907.89
920.14
932.41
944.68
956:97
969.23
981.58
993.93
1006.3
1018.6

50°

yds.
Í78.23
489.93
501,52
513.36
525. Ш
536.84
548.6?
560.40
572.22
^84.01
595.84
607.69
619.56
631.42
643.31
655.42
667.15
679.08
bOl.OS
703.00
714.98
7.26.97'
738.99'
751.04
763.08
775.13
787.Ï1
799.30
811-41
823.53
83569
847.84
860.00
872.19
884.40
806.63
908.86
921.11
933.38
045.67
957.98
970.25
982.61
994.97
1007.3
1019.6

51°

vis.
»78.73
190.45
502.05
Î1S.90
5ï5.65
W.4 1
549.ÍO
560.99
572.H2
58463
596.47
608.33
620.21
632.09
643.99
656.91
667.85
679.80
691.76
703.74
715.73
727.74
739.77
751.83-
763.88
775.95
788.04
800.41
812.27
884.40
836.57
848.73
860.90
873.11
885.33
897.57
909.81
922.0S
9S4.S7
946.67
958.99
971.28
98S.64
996.01
1008.4
1020.7

52°

vds.
7f).eS
90.97
02.68

Л4.44
526.20
5.S7.98
5J9.78
561.58
5T3-42
585.81
597. !0
608.97
680.86
6.42.76
644.67
656.60
«68.55
680.51
698.49
704-48
716.4B
7Ï8.51
740.55
758.62
764.68
776.7,
788.87
000.98
813.18
88557
837.45
849.68
861.82
874.03
386.86
898.51
910.77
923.05
936.35
94T.66
960.00
978.89
984.67
997.05
1009.5
1021.8

d
f
т

g»
?

504
520
бае
54l
553
5Н5
578
590
603
•615
•627
•640
tíSi
•666
•677
•690
•70S
•715
•728
•740
•752
•765
•778
•791
•804
•81«
•829
•84l
•855
•865
•880
•893
•905
•918
•931
•944
•9.56
•9.69
•98S
•995
1.0Д
1.02
1.03
1.04
1.06
1,07



P O R T A B L E B A R O M E T R I C A L TABLES.

sn
A'cr
о
~»

n
Wа
о
В
n
ït

~

78!
788
781
78t
785
784
783
70S
78í
78(
77£
77Ь
777
77 (
.775
774
775
7.7>
771
77(1
769
76S
767
.766
765
764
76Э
.762
761
76Q
759
75h
767
766
755
754
763
753
751
76о
749
748
747
746
745
7*4

Sum of the Temperatures of the Air above the freezing Point at

the two extremities of the Column, or i/ie value of T+t in

degrees of Fahreniuit's Thermometer . •

53°

yàs.
479.73
191.48
503.11
514.98
§26.75
538.54
550.36
562.17
574.02
585,85
597.73
699.01
621.51
633.42
645.35
657.S9
669.£5
6И1.22
693.22
705.22
Г 17.23
729.27
741.32
'53.41
'65.48.

777.58
789.70
801.83
813.97
826.14
8S8.S3
850.61
862.72
874.95
887.19
899.45
911.73
924.02
936.33
'48.65

961.01
T3.32

985.71
»98.10
1010.6
1028.9

.54°

yds.
480.24
498.00
503.64
515.55
527.31
539.11
550.93
562.7«
574.62
5S6.47
598.35
610.25
622.17
634.09
64Ü.02
657.98
669.9.5
681.94
693.94
705.96
717.99
730.04
742. 11
754.20
766.2.9
778.38
790.53
802,69
814.83
827.00
839.21
851.41
863.63
875.87
883.12
900,40
912.68
924.99
937.32
949.65
963.02
974.S5
986.75
999.15
1011.6
1024.0

55°

yds.
480.74
492.51
504.16
516.06
527.86
539.67
551.57
563.35
575.23
587.08
598.98
610.89
622.82
634.75
646.10
658.67
670.66
§й2.6з
694.67
706.7Q
718.74
730.80
742.88.
754.99
76.7.09
7,79,20
791.35
803.51
815.68
827.87
Й40.09
852.30
864.53
876Л8
4Ç9.05
901.34
J 13, б*
925.96
938.30
900.64
963.03
975.38
987.79
ШОО.Ч
1012Л
1025.0

56°

yds.
481.25
493.03
504.69
516.60
52(j.41
540.24
552.09
563.94
575.fe3
587.70
599.61
611.53
623.41
635.42
647.38
659.36
67Ï.36
083.37
095.40
707.44
719.4U
731.57
743.C6
755.78
767.89
780.01
792.18
»04.35
816.54
823.74
840.97
853.19
865.44
S77.70
889.98
902.29
JH.5U
92fi.9S
939.28
951,64
964.04
976.41
988.8S
1001.2
1013.7
Ю26.1

57a

yds.
481.75
493.54
505.22
517.14
528.96
540.80
552.66
561.53
576.43
588.31
600.23
612.16
624.12
636.08
048.05
660.05
672.06
684.08
096.12
708.18
720.24
T32.3S
744.44
756.56
1 68.69
780.83
793.01
805.19
817.39
829.6U
841.84
854.08
866.34
878.62
890.91
903.23
915.55
927.90
940.26
952.63
965.05
977Í44
989.87
1002.3
1014.8
1087.2

5S°

yds.
483.25
Í90.06
505.75
517.08
529.52
541.37
553.24
565.12
577.03
588.93
600.86
612.80
624.78
636.75
648.13
660.14
672.76
684.80
696.85
708.9*
721.00
733. Í 0
745.22
757.35
769.50
781.65
793.84
806.03
818.24
830.47
842.78
854.98
867.2Й
819.5-1
891.85
904.1 "l
916.51
QgS.87
941.85
953.63
966.06
978.47
990.91
1003.3
1016.9
1028.3

5U°

yds.
482.76
494.57
506.28
518.22
530.07
541.93
553.82
565.71
577.63
589.54
601.49
613.44
625.43
637.41
649.41
661.43
673.46
685.51
607.58
709.66
721.75
733.H6
740.00
753.14
770.30
782.46
794.67
806.81
819.10
831.34
743.60
855.87
808.16
880.46
892.78
905.12
917.46
929.84
942.23
954.62
967.07
979.50
991.95
1004.4
10J6.9
1029.4

60"

yds.
483.26
495.09
5Ü6.80
518.33
530.62
542.50
5;>4.40
566.30
57d.24
590.16
602.12
614.08
626.08
63S.08
650.09
662.12
014.17
686.23
698.31
710.40
722.50
134.03
746.77
758.93
171.10
783.28
795.49
807.72
819.95
832.21
844.48
856.76
869.06
881.37
093.71
906.06
918.42
930.81
943.21
955.62
968.08
980.53
992.99
Ю05.4
1018.0
1030.4

61»

yds.
483.77
495.60
507.33
519.30
531. IS
543.06
554.97
506.89
578.84
590.77
602,74
614.72
626.74
638.74
650.78
662.81
674.87
686.94
699.03
711.14
723.26
135.39
747.55
759.72
771.91
784.09
796.32
b08.56
820.81
»33.07
845.36
857.60
869.96
882.29
894.64
907.01
919.37
831.78
944.20
956.61
969.0S
981.56
994.03
1006.5
1019.0
1031.5

62°

yds.
484.27
496.12
507.86
519.84
531.73
543.68
555.55
56 ï. 48
579.44
591.39
603.37
615.36
627.39
639.41
651.44
(Ï63.50
615.57
6S7.66
699.76
711.88
724.01
736.16
748.33
760.51
772.71
784.91
797.15
809.40
821.66
833.94
846.24
858.55
810.87
8S3.21
895.57
901.91
920.33
932Л5
945.18
957.61
910.09
982.58
995.01
1007.5
1020.1
1032.6

63° \

yds. .
484.78
496.63
508.39
520.38
532.28
544.20
556.13
568.07
580.04
592.01
604.00
616.00
628.04
640.07
652.12
664.19
676.27
688.37
700.49
712.62
734.76
736.93
749.10
761.30
773.51
785.74
797.9s
810.24
822.51
8S4.81
847.12
859.44
871.78
884.13
896.50
908.89
921.29
933Л2
940.16
958.61
971.10
983.61
996.10
Ю08.6
1021.2
1033.7

С

9
3
s
n
2>

Q '

504
.515
.528
.540
.553
.565
.577
.590
.602
.615
.627
.639
.653
.665
677
690
702
715
727
740
753
765
778
789
.803
.816
.828
.842
.854
.861
.879
.893
.905
.918
.931
.944
.956
.970
.983
.995
1.01
1.03
1.04
1.05
1.06
1.08



P O R T A B L E B A R O M E T R I C A L TABLES;

n.
CM*

о<-*>

í
ce
S>l
с
3
a
ti

789
788
787
786
785
784
783
782
781
780
779
778
777
778
775
774
773
772
771
770
769
768
767
766
765
764
763
762
761
760
759
758
757
756
755
754
753
752
751
750
749
748
747
746
745
744

Sum of the Temperatures of the Air above the freezing Point at the

two extremities of the Column, or the values of T+ t in degrees

of Fahrenheit's Thermometer.

64°

yds.
485.28
497.14
508.92
520.92
5S2.S3
544.76
556.70
568.66
5S0.64
592.62
604.63
6 16. (14
628.69
640.73
652.80
664.88
676.97
689.08
701.22
713.36
725.51
737.69
I49.S8
762.09
774.31
786.55
798.81
Sll.OS
823.36
835.63
848.00
860.33
872.68
885.05
897.43
909.84
922.25
934.69
947.14
959.60
972.11
984.63
907.13
! 009.6
1 2'ЛЗ
034.8

65°

yds.
485.79
497.66
509.45
521.46
533.39
545.33
557.28
569.25
581.24
593.24
605.25
6)7.28
629.35
641.40
653.47
665.57
677.68
6S9.80
701.94
714.10
736.27
738.46
750.66
762.88
775.12
787.37
799.64
811.92
824.22
«36.54
848.88
861.22
873.59
«85.97
898,36
910.78
9S3.SO
935.66
U48.I3
960.60
973.12
985.65
098.16
1010.7
1023.3
1035.8

66"

yds.
4S6.29
498.17
509.97
522.00
533.94
545.89
557.86
569.84
581.85
593.85
605.8H
617.92
630.00
642.00
654.15
666.26
678.3S
690.51
702.07
714.84
727.02
739.22
751.43
763.67
775.92
788.18
800.47
812.76
825.07
£37.4,1
849.76
802.17
»74.49
886.8S
899.29
911.73
924.16
9SG.63
949.11
961.59
974.13
986:67
999.19
1011.7
1024.4
1036.9

67°

yds.
486.79
498.69
510.50
522.54
534.49
5JG.46
5.Í8.44
570.43
582.45
594.47
6U6.51
618.56
030.65
642.73
654.83
bfi6.95
679 OS
691.23
703.40
715.58
7*7.7«
739.99
752.21
764.46
776.73
789.00
801.30
«13.60
825.93
$38.27
850.64
863.01
S75.40
887.80
900.23
912.67
925.12
937.60
950.09
962.59
975.14
987.69
Ю00.2
IOI2.S
1025.4
1038.0

68°.

yds.
407.29
499.20
511.03
523.08
535.04
547.02
559.01
571.02
583.05
595.08
607.13
619.20
631.30
643.39
655.50
667.64
679.78
691.94
704. J2
716.32
728.53
740.75
752.99
765.25
777.53
789.81
802.12
S14.44
S26.78
839.14
851.52
«6:3.90
876.30
888.72
9i)J.15
913.62
926.07
938.56
951.07
963,58
976.15
988.7 1
1001.2
1013.8
1026,5
1039.0

69°.

yds.
487.80
499.72
511.5o
523.63
535.60
5Í7.59
559.59
571.61
583.65
595.70
607.76
619.84
631.96
644.06
656.18
668.33
680.49
69S.66
704.85
717.06
729.27
741.52
753.77
766.00
778.33
790.63
802.95
siõ.ga
827.64
840.01
852.40
«61.79
877.21
S89.64
90a.o9
914.57
927.03
939.53
95S.06
964.58
í)77.16
9Й9.73
1002.3
1014.9
10Л.6
1040.1

70°.

yds.
488.30
500.23
512.09
524.17
5,46.15
548.15
560.17
572.20
584.25
596.32
608.39
620.48
632.61
644.72
656.86
669.02
681.19
693.37
705.58
717.80
730.03
742.28
754.55
766.84
779.14
791.44
803.78
816.13
82H.49
fc'40.87
853.28
1*65,63
878.11
890.57
903.02
915.51
927,99
9.Ю.50
953.04
965.57
97S.17
990.75
1003Ï3
1015.9
I02S.6
1041.2

71".

yds.
488.80
500.75
512.61
524.71
53fi.70
548.72
560.75
572.79
581.86
596.93
609.02
621.12
833.26
64S.39
657.54
669.71
681.89
694.09
706.31
718.54
730.78
743.05
755.32
767.63
779.94
792.26
804.61
ai6Í97
S29.35
841.74
854.16
566.58
879.02
891.47
903.95
916.46
928.95
941.47
951.02
J66.57
978.18
99J.77
1004.3
1017.0
1029.7
1042.3

72°.

yds.
489.31
501.26
513.14
525.25
537.26
549.28
561.32
573.SS
5S5.46
597.54
609.64
621.76
633.92
646.05
658.21
670.40
682.60
694.80
707.03
719.28
731.55
743.82
756.10
768.42
780.75
J93.07
805.44
017.81
830.20
842:60
855.04
867.4:7
879.92
892.39
904. 80
917.40
929.90
942.44
955.01
J57.56
979.19
993.79
1005.4
018.0

1030.7
1043.3

73°.

yds.
489.81
501.78
513.67
525.79
537.01
549.85
561.90
073.97
586.06
598.16
610.27
622.40
634.57
646.72
658.90
671.09
683.30
695.52
707.76
730.02
732.30
744.58
756.88
769.21
781.65
79389
S06.27
818.65
831.06
843'47
855.92
868.3 G
880.83
893.31
905.81
918.35
930.86
943.41
056.09
957.56
B80.20
993.81
1006.4
1019.1
1031.8
1044.4

74«.

yds.
490.31
502.30
514.20
526.33
538.36
050.41
562.48
574.56
586.66
598,77
610.90
623.04
635.22
647.38
659.57
671.78
684.00
696.24
708.49
720.76
733.05
745.35
757 -66
770,00
782.35
794.71
807.10
819.49
831.91
844.34
856.80
869.25
881.73
894.23
906.74
919.29
931.82
944.38
956.97
969.55
982.21
994.83
1007.4
1020.1
IÜS2.9
1045,5

D

ffta
n
5>
t-ь

.503
515
526
541
553

.565
577

.590
602
615
627
640
653

.665

.677
690
703
715
727
740
754
765
778
791
804
615
829
841
855

'see
880
892

.905

.918

.931

.946
Í957
.969
.983
,995
l. 01
1.02
LOS

.Ob
06

Г.07



P O R T A B L E B A R O M E T R I C A L T A B L E S .

fr
оч'

о
"Ч

а
аP

S"

yds
74
74
74
74
73
73
73
73
735
734
733
732
731
730
729
728
727
726
725
724
723
7 122
72l
720
П9
718
717
716
715
714
713
712
711
710
709
708
707
706
705
704
703
702
701
700
699
698
697

Sum of the Temperatures of the Air above the freezing Point, at the
two extremities of the Column, or the values of T + t in degrees

of Fahrenheit's Thermometer.

20°

yds.
999.75
I O i l . 6
1023.6
1035.7
1047.7
1059.8
1071.9
1084.1
1096.2
1108.4
1120.5
I13Í2.8
1144.9
1157.2
1169.4
1181. 6
1193.9
1206.2
1218.5
1230.9
1243.2
1255.6
1268.0
1280.3
292.8
305.2
317.6
330.1
342.6
355.1
367.6
380.1
392.7
405.2
417.8
430.4
443.0
455.6
46Г..З
481.0
493.7
506.4
519.1
531.9
544.7
557.4
570.2

21°

yds.
1000.8
1012.7
1024.7
1036.8
1048.8
1060.9
1073.1
1065.3
1097.4
1109.6
1121.7
1134.1
1146.2
1158.5
1170.7
1182.9
1195.2
1207.5
1219.8
1232.2
1244.5
1257.0
1269.4
1281.7
1294.2
1306.6
1319.0
1331.5
1344.0
1356.6
1369.1
1381.6
Г394.«
1406.7
1419.3
1432.0
1444.6
1457.2
1469.9
í 482.6
1495.3
1508.0
1520.7
1533.6
1546.4
1559.1
1571.9

22"

yds.
1001.9
1013.8
1025.8
1037.9
1050.0
1062.1
1074-2
1086.5
1098.6
1110.8
1122.9
1135.3
1147.4
1159.7
1171.9
1184.2
1196.5
1208.8
1221.2
1233.6
1-245.9
1258.3
1270.7
1283.1
295.6

ISOá.O
1320.5
333.0

1345.5
35S.O

1370.6
383.1

1395.7
403.3
420.9
433.5
446.1
458.8
471.5
484.2
497.0
509.7
522.4
535.2
548.0
560.8
573.G

23°

yds.
1003.0
1014.9
1026.9
1039.1
1051.1
1063.2
1075.4
1087.6
1099.8
1112.0
1124.2
1136.5
1148.6
1161.0
1173.2
1185,5
1197.Й
1210.2
1222,5
1234.9
1247.2
1259.7
1272.1
1284.5
1297.0
309.5

1321.9
334.4
346.9
359.5
372.0
384.6
397.2
409.8
422.4
435.1
447.7
46U.3
473.1
485.8
493.6
511.3
524.0
536.9
649.7
562.5
575.4

24»

yds.
1004.1
1016.0
10280
1040.2
1052.3
1064.4
1076.6
1088.8
IIOI.O
1113.2
1125.4
1137.7
1149.9
1162.4
1174.5
1186.8
1199.1
1211.5
1223.8
1236.3
1248.6
1261.0
1273.5
1285.9
298.4
310.9
323.3
o35.9
348.4
361.0
373.5
386.1
39S.7
411.3
424.0
4-36.6
449.3
461.9
474.7
487.4
500.Э
513.0
525.7
538.5
551.4
564.2
577.0

25°

yds.
1005.2
1017.1
1029.1
1041.4
1053.4
1065.5
1077.7
1090.0
1102.1
Ш4.4
И26.6
113Й.9
1151.1
1163.5
1175.7
1188.0
1200.4
1212.8
1225.1
1237.6
1249.9
1262.4
1274.8
12S7.2
1299.S
S12.3
324.7
337.3
349.8
362.4
375.0
387.6
400.2
412.8
425.5
438.2
450.8
463.5
476.3
489.0
501.8
514.6
527.3
540.2
553.0
565.8
Í78.7

26°

yds.
1006.2
1018.2
1030.3
1042.5
1055.5
1066.7
1078.9
1091.2
110S.3
1115.6
1127.8
1140.2
H 52.4
1164.8
1177.0
1189.3
1201.7
1214.1
1226.5
1238.9
lio 1.3
126'i.S
1276.2
1288.6
301.2
313.7
326.2
338.7
351.3
363.9
316.5
389.1
401.8
414.4
4K7.0
439.8
452.4
465.1
477.9
490.7
503.5
516.3

27Ч

yds.
1007.3
1019.3
1031.4
1013.6
1056.7
Ю67.8
1080.1
1092.4
1104.5
1116.8
1129.0
1141.4
1153.6
1166.0
1178.3
1190.6
1203.0
1215.4
1227.8
1240.4
1252.6
1263.1
1277.6
1*911.0
302.6
315.1
32Т.6
340.2
35У.7
365.4
378.0
390.6
403.3
415.9
428.6
441.3
454.0
466.71
479.5 !

28°

yds.
10(18.4
1020.4
1032.5
1044.7
1057.8
1069.0
10Й1.3
1093.5
1105,7
11180
1130.3
1142.6
1154.9
1167.3
1179.6
1191.9
1204.3
1216.8
1229.1
1241.6
1254.0
266.5
279.0
291.4
304.0
316.6
329.0
341.6
354.2
366.9
379.4
39?.l
404.8
•H7.4
•130. í
442.9
"l 5-3. 6

1468.;;
1-181.1

492.3 1149.'3.9
605.1 i
517.9 í

529.0 ilSoO.O
541.9
554.7
507.5
580.5

154.4.5
1556.4
1569.2
1582.2

150G.7
151Ü.5
153У.З
1545.2
155Ь'.1
1570.9
1583.9

29°

yds.
1009.5
1021.5
1033.G
1045.8
1058.9
1070.1
1082.4
1094.7
1106.9
1119.3
1131.5
1143.9
1156.1
1168.5
1180.8
1193:2
1205.6
1218J
1230.5
1242.9
1255.3
1267.8
12S0.3
1292.8
1305.4
318.0

1330,5
1343.1
1355.6
1368.3
1380.9
1393.6
1406.3
1419.0
1431. 7
1444.4
1457.1
U69.8
1482.7
1495.5
150S.4
1521.2
1533.9
1546.8
155S7
1572.6
I585.t>

30°

yds.
1010.6
1022.6
1034.7
1046.9
1059.1
1071.3
1083.6
1095.9
1108.1
1120.4
1132.7
1145.1
1 157.4
1169.8
1 182.1
П94.5
1206.9
12Í9.4
1231.8
244.3
256.7
^69.2
281.7
294.2
306.8
319.4
331.9
344.5
357.1
369.S
382.4
395.1
407.8
420.5
433.2
446.0
458.7
471.4
484.3
497.1
510.0
522.8
535.6
518.5
561.4
574.Я
Jb7.3

I

0 I
i l
ft 1
в ï
п. .1
S1 1

1
ydsTI
[.081

1.101
l . l l l
.121

1.14l
1.13l
1.171
.181
.191
.201
.22i
.831

1Í25I
1.26
.27
.29
.30
.32
.33
34
.35
.36
37
39
40
42
43
44
45
47
48
50
51
53 '
54
56
57
58
60
61
63
6-1
65
fiti
61
6:-.
7l



Г О П Т А В Ь Е B A R O M E T R I C A L T A B L E S .

п>
»т
о

n
а
1
Õ.

yds.
743
.742
741
.740
Í739
?38
73?
VSò
735
734
735
732
731
7SO
789
728
7S?
7S6
725
724
72S
722
721
720
713
718
717
7]fi
715
714
713
712
711
710
709
708
707
706
70o
70-
70j
70
70
70
69
69
69

Sum of t f te Temperatures of lhe Air above the freezing Point, at the
two extremities of the Column, or the value of T -f. í in degrees
of Fahrenheit's Thermometer.

31°

•yds.
Olt.7
023.7
1030.82
048.0
060.2
072.4
084.8
097.1

1109.3
121.6
13S.9
146.fl
158.6
171.0'
183.4
195.8
208.2

1220.7
233.1
245.6

1258.0
1270.6
1283.1
1295.6
1308.2
1320.8
1333.3
1345.9
1358.6
1371.3
1383.9
1396.6
1409.3
1422.0
1434.7
1447.5
1460.3
1473.0
1485.9
1498.7
1511.0
1524.4
1Û37.2
1550.2
1563.1
1576.0
1589.0

j'ü"

yds.
1012.8
1024.8
1036.94
Ю49.2
1061.5
10Г3.6
1085.9
1098.S
1110.5
1122.8
1135.1
1147.6
1159.9
1172.3
1184.6
1197.1
1209.5
1222.0
1234.4
1247.0
1259.4
1271.9
1284.5
1297.0
1309.6
1322.2
1334.8
1347.4
1360.0
1372.7
1385.4
1398.1
1410.8
1423.6
1436.3
1449.1
1461.8
1474.6
1487.5
ljOO.3
15)3.2
152<U
'538.9
1551.8
1564.8
1577.7
1590.7

33°

yds.
1013.9
1025.9
103l!.0t>

1050.3
1062.6
1074.7
1087.1
1099.4
1111.7
1124.0
1136.4
1148.8
1161.1
1173.5
1185:9
1198.3
1210.8
1223.3
1235.8
1248.3
1260.7
1273.3
1285.8
1298.4
1311.0
1323.7
1336,2
1348.8
1361.5
1374.2
1386.9
1399.6
U12.3
1425.1
1437.8
1450.6
1463.4
U76.1
1489.1
1501.9
1514.8
1527.7
1510.5
1 553.5
1566.4
1579.*
1592.4

34°

yd«.
1015.0
1037.0
1039.18
1051.4
1063.7
1075.9
1088.2
1100.6
1112.9
1125.2
1137.6
1150.0
1162.4
1174.П
1187.2
1199.6
1212.1
1224.6
1237.1
1249.7
1262.1
1274.6
1287.'.;
1299.8
1312.4
13Í5.1
1337.7
1350.3
1362.9
1375.7
1388.4
1401.1
1413.8
14*6.6
1439.4
1452.2
U65.0
1477.7
1490,7
1503.5
1516.5
15Ü9.4
1542.Й
1555.2
1568.1
1581.1
1594.1

3j"

yds.
1016.1
1028.1
1O10.30

1052.5
1064.8
1077.0
1089.4
1101.8
1114.0
1126.4
1138.8
1151.2
1163.6
1176.0
1188.4
1200.9
121S.4
1225.9
12S8.4
1254.0
1263.4
1276.0
1288,6
1301.2
1314.8
1326.5
1339.1
1S51.7
1364.4
1377,1
1389.8
1402.6
1415.3
1428.1
Ц-40.9
1453.7
1466.5
1479.3
1492.2
1505.1
1518.1
1531.0
1543.8
1556.8
1569.8
1582.8
1595.8

36°

~yfc.
1017.1
1029.3
1041.«
1053.7
1065.9
1078.2
1090.6
1103.0
1115.8
1127.7
1140.0
1152.5
1164.8
1 177.3
1189.7
1202.S
12H.7
1227:3
12S9.7
1252.3
1264.8
1277.4
1290.0
1302.6
1316.3
1327.9
1340.5
1353.2
1365.9
1378.6
1391.3
1404.1
1416-9
1429.7
1442.4
1455.3
1468.1
1480.9
1493.8
1506.8
1519.7
1532.6
1545.5
1558.5
1571.5
1584.5
1597.6

37°

yds.
1018.2
1030.3
aojz.54
1054.8
1C67.Í
1079.3
1091.7!
1104.2
1116.4
1128.9
1141.2
1153.7
1166.1
1178.5
1191.0
1203.5
1216.0
,1228.6
1241.0
1253.7
1266.1
1278.7
1291.4
1304.0
1317.7
1329.3
1342.0
1354.6
1367.3
1380.1
1392.8
1405.6
1418.4
1431.2
1444.0
1456.8
1469.7
1482.0
1495.4
1508.4
1521.3
1534.3
1547.1
1560.2
1573.2
1586.2
1599.3

38"

yds.
1019.3
1031.4
1043.66
1055.9
1068.2
1080.5
1092.9
1105.3
1117.6
1130.1
1142.í>
1154.9
1167.3
1179.8
1192.3
1204.7
1217.3
12299
1242.4
1255.0
1267.5
1280.1
1292.7
1305.4
1319.1
1330.8
1343.4
1356.1
1368.8
1381.6
1394.3
1407.1
U19.9
1432.7
H45.5
1458.4
1471.3
1484.0
1497.0
1510.0
1523.0
1535.9
1548.8
1561.9
1574.8
1587.9
1601.0

39°

yds.
1020.4
1032.5
1044.78
1057.1
1069.4
1081.6
1094.0,
1106.5
1118.8
1131.3
1143.7
1156.2
1168.6
11И1.0
1193.A
1206.0
1218.6
1231.2
1243.7
1256.4
1268.8
1281.4
1294.1
1306.8
1320.5
1332.2
I344í9
1357.5
1370.2
1383.0
1395.8
1408.6
1421.4
1434.3
1447.1
1459.9
1472.8
1485.6
1498.6
1511.6
1524.6
1537.6
1550.4
1563.5
1576.5
1589.6
1602.7

40°

yds.
1021.5
1033.6
1045.90
1058.2
1070.5
.1082.8
fl.095.2
1107.7
11.20 0
1132.5
1Í44.9
1157.4
11698
1182.3
1194.8
1207 .3
1219.9
1SS2.5
1245.0
1257.7
1270.2
1982.8
1295.5
1308.2
1321.9
1333.0
1346.3
1359.0
1371.7
1384.0
1397.3
1410.1
Î422.9
1435.8
1448.6
1461.5
1474.4
1487.2
1500.2
1513.2
1526.2
1539.Î
1552.1
1565.?
1578.2
1591.3
1604.4

4i° ;

yds.
1022.6
1034.7
1047.0
1059.3
1071.6
1C84.0
1096.4
1108.9
1121.2
1133.7
1146.1
1158.6
1171.1
1183.6
1196.1
1208.6
1221.2
1S33.8
1246-3
1259.0
1271.6
1284.2
1296-9
1309-6
1322.3
ISSo-O
IS47.7
1360.5
13734
1366-0
1398-8
1411-6
1424-4
1437-3
1450-2
1463.Í
1476-0
1488-8
1501-8
1514-8
1527.8
1540-8
1553-8
1566-9
1579-9
1599-0
1606-1

e
I
3Sz
г?;
ec '

yds.
l.OS
1.1 Û
1.12
1.1J
1.14
1.13
1.16
1.18
1.19
1.21
1.2Î
1.2S
.24
.25
.27
.28
.30
.3:
.35
.34
35
.36
.31
.4(
.4;
.4!
A>.
.45
.46
.47
•49
.50
.51
.53
•5i
.55
.57
.58
.5!
.61
.62
.6'
.65
.67
•68
.70

1.71



P O R T A B L E B A R O M E T R I C A L T A B L E S «

го
»ч*
с
с

=
tev
Q

Tl

5

yds.
743
742
741
740
739
738
7Í
736
735
734
733
73
73
730
729
728
727
726
725
7gj
72Í
722
72
72'
71!
718
717
711
715
714
713
712
711
710
7,09
'08

707
706
705
704
703
702
701
700
699
698
697

Sum of the Temperatures of the Air above the freezing Point at the
two extremities of the Column, or the values of T+ t in degrees

of Fahrenheit's Thermometer.

42°

yds.
1023.
1035.
1048.
ЮбО.<
1072.
1085.
1097.
.110.
122.-
134.!
147.;
159.1
172.'
184. í
197.'
209.«
222.5

i 235.1
1247.6
260.;
272. í
285.f
298.Í
Sll.t
3J3.7
836.4

1349.1
361. S
374.7
387-5
400.3

1413-1
1425.9
438-8

1451-7
1464.6
477.6

1490.4
1503-4
1513-4
1529.4
1542.4
1555-4
1568.6
1581.6
1594.7
607.8

43°

yds.
1024.
1036.
1049.
1061.
1073.
1086.
1098.7
1111.2
1123.6
1136.
1148.5
1161.1
1173.6
1186.1
1198.6
1211.2
1223.3
1236.4
1249.0
1261.7
274.3
286.9
299. G
312.4
325.1
33Î-8
350.6
363.4
376.1
388.9
401.8
414.0

1427.4
440.4
45S.3

1466.2
1479.1
1492.0
505.0
518.0
531.1
544.1
557.1
570.2
583.2
596.4
609.5

44°

Yds.
1025.
1038.
lOãfi.
1062.
1075.
K.87.
1099.
1112.4
1124.8
1137.3
1149.8
1162.3
1174.8
118T.3

199.9
212.5
225.1
237.7
250.3
263.0
275.6
288.3
301.0
313.8
326.5
339.3
352.0
364.8
377.6
390.4
403.3
416.1
429.0
441.9
454.8
467.7
480.7
493.5
506.6
519.6
532.7
545.7
558.7
571.9
534.9
5П8.1
611.2

45Q

yds
1026.
1039.
1051.
1063.
1076.
1088.
MOI.
1113.6
1126.0
1138.5
1151.0
МбЗ.Л
M76.1
1188.6
1201.2
1213.8
1226.4
1239.0
1251.0
1261.4
277.0
289.6

1302.4
1315.2
1327.9
1310.7
1353.5
1366.3
1379.0
1391.9
1404.8
1417.6
1430.5
443.4
456.4
469.3
482.S
495.1
508.2
521.2
534.3
547.4
560.4
573.5
586.6
599.8
612.9

46°

yds
1028.
1040.
1052.
1064.
1077.
1089.
под-
пил
1127.
1139.7
1152/
1164.7
1177.3

189.«
1202.4
1215.0
'Í27.7
240.3
252.9
2G5.7
278.3
291.0
303.7
316.5
329.3
342.1
354.9
367Л
380.5
393.3
406.2
419.1
432.0
444.9
457.9
470.8
483-8
496.7
509.8
522.S
535.9
549.0
562.0
575.2
588.2
601.4
614.6

47°

yds.
1029.1
1041.3
1053.7
1066.1
1078.4
1090. a
1103.4

П15.9
1128.3
1140.9
1 153.4
1160.0
1170.5

191.1
203.7
216.3
229.0
241.7
254.3
267.0
279.7
292.4
305.1
317.9
330.7
343.5
356.3
369.2
382.0
394.8
407.7
420.6
433.5
446.5
459.4
472.4
485.4
498.3
511.4
524.5
537.6
550.6
563.7
576.9
589.9
603.1
616.3

48°

yils.
1030.
1042.
1054.
1067.
1079.
1092.
1104.5
1117.1
1 129.5
1142.1
1154.6
1167.2
11 79. S
1192.3
1205.0
1217.6
1230.3
1243.0
1255.6
12Ü8.4
1281.0
1293.7
1306.5
1319.3
1332.1
1344.9
1357.Ö
1370.6
1383.4
13963
1409.2
1422.1
1435.0
1448.0
1461.0
1473.9
1487.0
1499.9
1513.0
1526.]
538.2
552.3
565.3
578.5
591.6

1604.8

49°

yds.
1031.3

50°

yds.
1032

1043.5 1044.
10Л6.0 "
1068.3

1057.
1009.

1080.7 '1081.
1093.3 '1094.
И 05.7 Ü 1»6.
1118.3 1 119.
1ШЛ 'U3I.
1143.3 '1M4.
H55.9ÍH57.
1108.4 !l 169.
1181.0
193.6

1|й2.
Il 94.

IT6.3 1207.5
218.9 ] 12*0.2
231.6 '1232.9
244.311245.6
256.9 1258.3
269.7 1271.1
282..Ч 1283.6
295.1
307.9
3-20.7
333.5
346.4
:u9.a
372.1
3S4.9
ЗУ7.8
410.7
«3.6
•J36.6
149.5
162.5
475.5
41-8.6.
SUi.-l
Jll.6
027.7
04,0.3
05.4.9

67.0
5S0.4

93.3
6Ü6.5

618.0|l(il9.7

1296.4
1309.2
1322.1
1334.9
1347.Й
13Й0.7
1373.5
1386.3
139D.2
1418.Ï
1425.1
1438.1
1451. 1
1461.1
Н77.0
1490.1
1403.0
15IU.2
1529.4
1542.5
I5Ò5.0
1563.6
1581.8
1594.9
16Ü8.2
1 02 1.4

51°

yds
1033.
1045.
1058.
1070.
1083.
1095.
HOU.
1120.
1133.
1145.7
П5Ч.З
1П0.9
ПЬЗ.5
1196.1
I203.J5
1221.5
1234.2
1246.9
1259.6
1272.4
285.0
297.8
310.6
323.5
336.3
349.2
362.1
370.0
3*7.8
400.7
413.7
426.6
439.6
452.6
405.6
47 s G
Í91.7
504.6
517.S
5*0.9
o44.1
557.2
5Ï0.3
5Ü3.5
j9ö.6
(J,)9.9
<i«3. 1

52Q

yds.
1 034.5
1 046.8
lf'59.3
Ю71.7
1084.2
1096.7
1109.2
1121.8
1134.3
1146.9
1159.5
1172.1
1184.7

197.4
210.1
222.8
235.5
248.2
260.9
273.7
286.4
299.2
312.0
324.9
337.7
3506
363.5
376.4
389.3
40g.2
415.2
42s. 1
441.1
454.1

67.1
80.21
U3.3I
06.21
19.4

J32.5
45.7
58.8
71.9
H5.1
983
11.6
•J4.8

e
Ë?
3в
3 I
П
"1

ydirl
1.101
1.101
1.121
i.isl
1.14l
1.151
1.161
1.171
1.191
1.201
1.221
1.231
1.24

25
27
29
30
31
33
34

1.35
1.36
1.37
1.39
1.40
1.42
1.44
.45

1.46
1.47
1.49
.50
.52
.53
.54

1.55
1.57
l.5o
I.6Ü
1.6l
.63

1.64
1.65
1.6U
1.67
1.69

70



P O R T A B L E В А П О М Е Т Ш С А Ь T A B L E S .

кn
34=r
о

s-n
w
чii
5

>ds,
743
74L.
74
740
739
738
737
736
73 j
734
733
73
731
730
72
72
72
72
72
72
72
72*
721
1£0
719
\1«
117
713
715
714
71- Ч
718
711
710
709
70«
707
706
7«5
1(!4
703
702
701
7c;o
(Ш
6У8
W

Sum of the Temperatures of the Air above the freezing Point, at the

two extremities of the Column, or the values of T -f- 1 in degrees
of Fahrenheit's Thermometer.

53°.

vds.
H 35.0
1047.9
1060.4
Ю7Й.8
,0;5.S
10S<7.8
1110.4
1 123.0
1135.5
H4(M
H6Ü.7
.ПЗ.З
1185.9
1 198.7
1211.4
1224.1
1 236 8
1249.5
1262.2
1275.0
1287.7
13011.6
1313.4
ii2fi.j
ШУ-J
1352.0
13Ы.9
lo'il.H
1390.7
1403.7
1416.7
142У.6
1442.6
1455.6
146^.0
USI.h
1494.9
1-507-8
1521.0
1534.1
/547.3
156У.4
1573.5
15b6.8
luOO.O
1613.3
Ifi^r..-)

54°.

yds.
1036.1
1U49.0
1061.5
1 074.0
10Ы3.5
1099.0
1111.5
1 121.2
1136.7
,149.3
M til. 9
1174.6
1187.2
1199.9
1212.6
1225.4
1233.1
1250.8
1263.6
1V70.4
1Й89.1
1301.9
1314.8
1327.7
1340.5
1353.4
1366.4
1379.3
Ш2.2
U05.1
1418.2
1431.1
1444.1
1457.2
1470.2
Kb'3.3
1 -.196.4
150У.4
10Ï2.6
l5.-,ã.7
|.->,a.:,
|5o2.l
I.-I75.Ü
1Ô80..1
1001.7
JOI5 .0
1 ••*«.»

55°.

yds.
1031 .a
1050.1
1062.1
1075.1
1087. С
1100.1
1 1 12.7
H 25.3
1137.9
1150.5
U 63.2
1175.8
1188.4
1201.2
1213.9
1S26.7
'239.4
1252.1
1264.9
I277.T
1290.4
1303.3
1316.1
1 329.1
1341.9
1354.9
ШТ.»
1380.7
1393.6
1406.6
1419.6
1432.6
1 445.<5
1458.7
1471.7
1484.9
1498.0
1511.0
1524.4
1537.3
J 5 j", (i
tóí>3.7
Í57'>.b
1590.1
1B03.3
Í016.7
Ití2í>.!>

56°.

yds.
1038.9
Ю51.2
1063.8
Ю76.2
1088.8
1101.3
П13.9
U26.5
1 139.1
U51.7
1164.4
U77.1
1189.7
1202.4
1215.2
1227.9
1240.7
1253.4
1266.2
1279.1
1291.8
1304.6
1317.5
1330.4
1343.3
1356.3
1369.2
1382.2
1395.1
1408.1
1421.1
1434.1
1447.1
L464.2
1473.3
1486.4
1499.6
1512.6
15258
1538.9
/552.2
1565.4
I-37Ö.5
1U91.S
1605.0
1618.4
1031. в

57».

yds.
1039.9
1052-3
1064-9
1077-3
1089.9
llOá.4
1115.0
1127-7
1140-2
1152.9
1165-6
1178.3
1190.9
1203.7
1216.4
12292
1242.0
1254-7
1267.5
1280.4
1293.1
1306.0
1318.9
1331.8
1344.7
1357.7
1370.6
1;Ш.6
1396.5
1409.5
1422.6
1435.6
1448.6
Mol. 7
1174.8
Ы88.0
15Л.1
• 514.1
1527.4
1540.5
1553.0
151)7.0
1580.1
1593.4
1606.7
1620.1
1 633.3

58°.

yds.
1041.0
1053.4
1066.0
1078.5
1091.0
1103.6
IU6.2
1128.9
1141-4
1154.2
1166.8
1179.5
1192.2
120.Î.O
1217.7
12305
1243.3
1256.1
1268.9
1281.7
1294.5
1307.4
1320.3
1333.3
1346.2
1359.1
1372-1
13S5.0
1398.0
1411.0
1424.1
1437.1
1450.1
146:>3
1476.4
1489.6
15Ü2.7
1515.7
liSSJ.Ü
1542.2
1556.4
15C8.6
1581.8
1595.1
160S.4
j 621. 8
1635.1

59°.

yds.
1042.1
1054.5
1067.1
1079.6
1092.2
IIIW.1
1117.4
1130.1
1142.6
1)55.4
1 168.1
1180.8
1193.4
1206.2
1219.0
1231.6
1244.6
12Í7.4
1270.2
1283.1
1295.8
1308.7
1321.7
1334.6
1347.6
1360.6
1373.5
1386.5
1399.4
1412.5
1425.6
1438.6
1451.7
I4S4.S
1477.9
1491.1
1004.3
1517.3
1530.6
1543.8
U57.0
1570.3
1583.4
1596.8
1610.1
1623.5
1636.8

60»

yds.
1043.2
1055.6
1068.3
1080.7
1093.3
1 105.9
1118.6
1131.2
1143.8
1156.0
1169.3
1182.0
1194.7
1207.5
1220.3
1233.1
1245.9
1258.7
1271.5
1284.4
1297.2
1310.1
1323.0
1336.0
1349.»
1362.0
1374.9
1387.9
1400.9
1413-9
1427-0
1440.1
1453.2
1466.3
1479.5
1492.7
1505.9
1518.0
1532.2
1545.4
1558.7

61"

yds.
1044.3
1056.7
1069.4
I08I.9
1094.5
J 107 0
1119.7
И "2.4
1145.0
1157 8
1170.5
11833
II 95. 9
1 208 T
1221 [5
1234'*
I247Í2
1260.0
1272.9
I2H5.8
12985
l ü l l . 4
l;;24.4
13:57.4
1350.4
1363.4
1376 4
1389.4
UOâ.s
U15.4
I42S.5
'44l.fi
1454.7.
'467.9
1481.0
1494.2
1507.4
1520.5
1533.8
1547.0
1560.3

1071.9,1573.«
1585.1
1598.5
16 ИЛ
1625.2
1638.5

1586.7
1600.1
1613.4
1626.9
1640.3

62°

yds.
1045.4
1057.8
1070.5
1083.0
1095.6
1 108.2
1120.9
1133.6
1146.2
1159.0
1171.7
1184.5
1197.2
1210.0
1222.8
1235.7
1248.5
1261.3
1274.2
1287.1
1299.9
1312.8
1325.8
1338.8
loõl.S
1364.8
1 37,7̂ 8
U90.8
1403.8
I4HÎ.9
1430.0
1443 1
1456.2
(4H0.4
1482.6
1195.8
1509.0
1522.1
1535.4'
1548.0
1561.9
1675.2
I5S8.4
1001.8
IM5.1
1628.6
1641.11

63°

yds.
1046.5
1058.9
Il71.fi
1084.1
1096.7
1109.4
1 1 gg. ]
1134.8
1147.4
1 1 60.5
1172.S
1185.1
1198.;
1211. £
1 224. 1
1237. í
1249. í
l262>(
1275-5
1288.5
1 30 \'
1314.S
1327.2
1340.Î
1353.5
1366.2
1379.2
1392,2
1405.3
I41K.4
(431.5
l444,6
1-157,7
1470.9
1484.1
1497.4
1510.6
1523.7
1537.0
1550.2
1563.5
1576.8
L590.1
1 60S. 5
161 6.8.
1630.3
1043.6

Ô
1

In
g»

H-

Jds.
.09
.10
.12
.13
.14
.15
.17
.18
.19

1.21
.22

1-24
•25
.26

Iiá7
1.ЙЁ

1.3C
1.31
1.33
.84
.35

1.36
1.3S
1.39

•41
.42
«43
.44
•45
.47
.48
,5íJ
.'si
.53
!o5
.56
.S7
.59
.60
.61
.62
.64
.65
.67
.6b
.70
.71



P O R T A B L E B A R O M E T l l I C A L TABLES.

иn
и'
£Г

?

Cd
0
3n
Я

yds.
743
74g
74)
740
739
738
737
736
7S5
734
733Í
732
731
730
729
728
727
126
725
724
723
722
121
120
719
7Ш
111
710
715
114
7'13
712
711
710
709
lot
701
706
70S
104
11)3
ТОЙ
101
7(!0
699
69S
(Í97

Sum of the Temperatures of the Air above the freezing Point, at the
two extremities of the Column, or the value of T + 1 in degrees
of Fahrenheit's Thermometer.

04°

vds.
1041.6
1060.0
1072.7
1085.2
1097.H
1110.5
1.123.3
1136.0
1148.6
1161.4
1174.1
ili-6.9
1199.7
1212.5
1225.4
129S.b
1251.1
1263.9
1276.8
1289.S
1302.6
1315.6
1328.0
1341.6
1354.6
1367.6
1Л80.6
1393.0
l4dG.8
14^1 9.9
1438.0
1446.1
1459.2
1472.4
1485.6
I498.U
1512.1
15S5.3
153S.6
ISM.»
1565.1
157H.4
1591.7
1605.2
Í61H.5
1632.0
1645.3

05"

yds.
1048.1
1061.0
1073-S
1086.4
1099.0
111 1.1
1124.4
1137.1
1149.8
1162.6
1П5.3
H8S.2
12U1.I
1213.8
I226.C
Ш9.5
1252.4
1ÍÍ65.2
ЮН.Ъ
1291.2
1304.0
1316.9
13:>0.0
1343.0
1356.0
1369.0
13Й2.1
1395.1
H08.2
I421.S
1434.5
1447.6
1460.7
1473.9
1487.2
1500.5
1513.7
1526.9

66°

yds.
1049.7
1062.1
1014.9
1087.5
1100.1
1112.5
1125.6
113H.3
1151.0
1163.H
1116.6
1189.3
1202.2
1215.0
1227.9
1240.S
253.7

1266-a
1279.5
1292.5
1305.3
13IS.3
1331.3
1344.4
1351.4
1370.5
1383.Л
1396.5
140У-7
1422.«
U36.ll
14-19.1
14^2.3
1415.5
1488.1

.61°

yds.
1Ó5D.8
1063.2
1Ü76.II
1088.6
1101.3
1114.0
1126.1
1139.5
1152.У
I I 65.1)
I177.S
1 190.0
1203.5
1216.3
1229.1
Г-Л.М
1255.0
I207.S
[ЙВО.о
12AÏ.9
1306.7
1319.1
1332.7
;.'W5.8
1358.8
1371.9
Ы1М.9
ISÍÍ7.9
1411. »
1424.3
1437.0
1450.6
14C3.8
1417.9
1490.3

1Л02.0 15U3.6
;> 15.3 151 G.S
52K.4 1530.0

1540.2 15(1.8 JSI3.4
1 553.4 Í15U5.0 ]5.5b.(i
l56ü.S,lJ(i«.4 151U.O
1580.1 Î15S1.1 1JS3.4
li)93.4iJ595.i> 159IÏ.1
I COG.S; 1608.5 1610.1
1620.4 1621. tf HiaS.b
Ki33.7,l(i35.4 IÜ31.1
1647.0 1648.1 1650.4

68"

jds.
1051.9
1064.2
11.17.1
1089.7
1102.4
1115.1
1 127.9
I14U.6

69°

yds.
1053.0
1065.3
1078.2
1090.9
1 103.5
111С..Ч
11 "3.1
114] 8

1 153.3 1 1154. 5
1166.2
1179.0
HOI.«
1204.7
12П.5
[".';'!). 4
1-.-Í.S.3
isjse.s

11Ü7.4
IlhO.S
119Í.1
12(5.9
1218.h
1231.7
1И44.Н
1257.5

ucg.i li« 0.4
2Ü2.1
29J.2
308.0
321.11
334.1
341.1
36D.2
313.3
ЗИ6.3
399.4
4l2.(i
425.1
43S.9
452.1
465.;i
478.5
491.8
•jOâ.l
518.4
031.6
514.9

15J8.Ï!
571. (i

Ias5.ii
59U.3

1611.»
1625. S
1638.1
1653.1

1283.5
1V96.5
1S09.4
Ш2.4
1335.5
1348.5
1361.6
1314.1
1381. 8
!4-<0.t>
1414.1
1427.2
1440.4
1453.6
1466.8
I4fc0.1
14"3.3
1506.1
1520.0
1533.2
1546.5
155Я.9
1Л13.3
15SO.G
i»;o.o
1 (il 3.5
lu ï f i .9
1640.4

70»

yds.
1054.1
1036.4
1079.«
KW2.0
1104.7
1117.4
L ISO. i
1143.0
1155.7
l I6ä.r>
1181.4
HU4.3
1207.2
1220.0
1232.9
1215.9
1258.8
1271.8
12Н4.Ь
1297.9
1310.7
1322.8
1336.8
1349.9
1363.0
1376.1
13S9.2
1402.3
1415.51

142h.7
1441.9
M 55.1
1468.3
1481.6
14Ü4.9
1508.2
1521.5
1534.8
1548.1
1561.5
1574.9
InS-.S
1601.6
lf i ló .1
I 6 2 - . 6
1«.". 2.1

1053.8 !)ß55. fi

11"

yds.
li '55.1
1067.5
1080.4
1093.1
1105.8
1118.fi
1131.4
1141Л
1156.9
1169.8
1182.7
1Ш.5
1208.4
1221.3
lüSt.S
1247.2
1260.1
1213.1
126o. 1
1299.2
1312.1
1325.2
ISS'J.t
1351.3
1364.4
1317.6
139C.6
1403.1
14П.О
14311.2
1443.4
1456.6
1469.9
1-1H3.1
,490.4
1509.8
1523.1
1536.3
15-10.7
1503.1
157G.5
158!).»
HÍ03.3
1616.8
16^'".-
l64d.M
1G57.3

7«.

yds.
1056.2
lOfiS.6
1081.5
10U4.3
HOT M
111У.1
1132.5
1145.3
115S.1
1171.0
1183.9
1196.8
1209.6
Iíi22.5
1235.4
24S.4
2IÍ1.4
27 J. -1
2-7.5
300.6

1313.4
1326.5
1339.6
1352.7
JSíiS.S
1319.0
l SOW. I
1405.2
141S.4
1431.6
1444.9
1458.1
1471.4
1484.1
1498.0
1511.3
1524.fi
1537.9
1.551. a
I50Î.7
151S.3
l.VJl.G
IliOi.»
16 bf .4
1631.9
1GJ5.5
1659.0

v;
yds.

1057.3
10H9.1
10-2.6
1095.4
1108.1
llïO.t!

1133.7
H 6.5
159.3

U7S.2
Isu
19И.О
210.9
223.8
236.7
249.7
262.7
275.1
288.8
301.9
314.8
3?7.f)
Л J 1.0
354.1
367.2
380.4
393.5
406.6
419.9
433.1
446.4

14°

yds.
10ДЧ.4
Ю70.8
ЮйЗЛ
1096.5
1109.2
1122.1
1134.9
i 147-7
i 160.5
1173.4
M 80.3
И 99.3
21 -M
225.1
238.0
2.51.0

1264.0
1271.0
129 M
1303.2
1,416.2
1329.3
1342.4
135Û.3
1368.6
1381. h
1394,9
uoa.l
1421.4
1434.6
1447.9

4.59. G 1461.1
472.У '1474.4
486.ïï!i4S7.1
499.5 !i 501.0
512.9 1511.4
Süf i -ü ' lSST.S
539.5 1541.1
532.9 1554.5
506.3 1561.9
.510.8 1581.4
5!'3.2jl.594.8
tWO.6'100,,.3
6i0.l'l621.8
(133.6 1635.3
647.2 1648.9

1 660.7 1662.4

G
9
3
S
H1

^
yds.
1.08
t.09
1.10
1.13
1.14
1.15
1.16
1.11
1.19
1.20
1.22
1.23
.24
.25
.26
.27
29
.31
33

.34

.35
37
.sa
39
•in
42
4S
44
46
47
40
50
53
53
54

1.55
1.56
.58
.59
.61
.63
.64

1.65
1.66
l - f i ~
1.69
1.71
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2.

0

s1

n

£i
n
n
•

yds.
696
695
694
693
692
691
690
68
68
68
68
68
68
68
68
68
68
67
67
67
67
67
67
67
67
67
67
66
66
66
66
66
66
66
66
66
66
65
65
65
65
riü
65
65
65
65
65

Sum of the Temperatures of the Air above the freezing Point at
the two extremities of the Column, or the value of T+t in
degrees of Fahrenheit's Tliermometer.

20° I 21°
1

yds.
I5S3.I
1595.9
1608.7
1621.7
1634.5
1647.4
1660.4
1673.3
1686.3
1699..Ч
1712.3
1725.3
1738.4
1751.4
1764.5
17776
17907
1803.9
1817.0
1830.2
1843.4
1856.G
1869.9
1883.1
1896.4
1909.8
1923.1
1936.4
1949.7
1963.1
1976.5
1 989.8
2003.4
2016.8
2030.3
2043.8
2057.3
2070 !
2084.4
2098.0
2111-6
2125.2
2138.9
Ü152.5
2166.2
S179.1
'19S.7

yds.
584.S
597.6

1610.4
623.5
636.3
649.2

1662.2
1675.1
1688.1
1701.1
1714.2
1727.2
1740.3
1753.3
1766.4
1779.5
1792.6
1805.9
1819.0
1832.2
1845.4
1858.6
1871.9
1885.1
1898.5
1911.9
1925.2
1938.5
1У51.8
1965.2
1978.6
1992.0
2005.6
2019.0
2П32.5
2046.0
2059.5
2073.1
2086.7
2100.3
2113.9
2127.5
2141.2
2154.8
2168.6
2182.3
CMPli . l

22°

yds.
15SU.5
1599.4
1612.2

23°

yds.
1588.2
1 601 .1
1613.9

1625.2 '1627.0
1638.1
651.0

1664.0
1Й76.9
168ÍÍ.9
1703.0
1716.0
1729.0
1742.2
1755,2
1768.3
1781.5
1794.6
1807.8
1821.0
1834.2
1847.4
1860.6
1873.9
1887.2
1900.5
1913.9
1927.3
1940.6
1953.9
1 967.4
1980.8
1994.1
2007.8
2021.2
2034.7
2048.2
2061.8
2075.4
2088.9
2102.6
2116.2
2129.C

639.8
652.8
665.8
679.8
691.8

1704.8
1717.9
1730.9
1744 1
1757.1
1770.3
1783.4
1796.5
1809.8
1822.9
18362
1849-4
1862.7
1876.0
1889.2
190Й.6
1916.0
1U29.3
1942.7
19Л6.1
1969.5
1982.9
1996.3
S0 10.0
2023.4
2036.9
2050.Э
2064.0
2077.6
2091-2
2104.8
2118.5
2132.1

21435 2145.9
2157 2 ti 59.5
2170.9 Í2 173.3

24°

yds.
590.0

1602.0
1615 7
1628.7
1641.6
1654.6
1667.6
1680.6
1693 6
1706.7
1719.7
1732.8
1746.0
1759.0
1772.2
1765.3
1798.5
1811.7
182-1.9
1838. S,
1851.4
1B64.7
1U7H.O
1891.3
1904.6
1918.1
1931.4
1944.8
1958.1
1971.6
1985.1
1998.5
2012.2
2025.6
2039.1
2052.7
2066.3
2079.9
2093.5
2107.1
2120.0
2134.4
2148/
2161.9
2l75.b

2184.6 ''Л87.0 2189.4
Ï19H.5 '2200.1 22(1;).'

25°

yds.
591.7
604..6
617.4
630.5
643.4
656.4
609.4

1682.4
1695.4
17085
1721.6
1734.6
1747.8
1760.9
1774.1
1787.2
1800.4
1313.7
1826.9
1840.1
1853.4
1866.7
1880.0
1893.3
1906.7
1920.1
1933.5
194 (».9
1960.3
1973.7
1987.2
2000.6
2014.4
2027.7
2041.3
20Л4'9
2068.5
2082.1
2005.7
2109.4
2123.1
2136.7
2150.5
2164.2
2178.0
2192.7
2205.6

26°

ydã.
593.4
606.3
619.2
632.3
645.2
658.1
671.2
684.2

1697.3
1710.4
1723.5
1736.5
1749.7
1762.8
1776.0
1789.2
1802..
1815.7
1828.9
1842.1
1855.5
186Ü.7
1832.
1895.4
1908.8
1922.2
1Ü35.6
1949.0
1962.
1975.9
19B9.4
2U02.8
2016..
2029.9
2043.
2057.
2070.
2084.
2098.
2111.7
2125,
i'ISU.
2lõ2.
2166.5
2180.
2194.
2208.

27Ч 1
1

yds.
595.1
608.1
620.9
034.0
617.0
659.9
673.0

1686.0
1699.1
1712.2
1725.3
1738.4
1751.6
1764.8
1777.9
1791.1
1804.3
|Й17.(
1S20.9
1844.2
1857.5
1Ь70.7
1884.1
1897.4
1910.8
1924.3
1937.7
1951.1
1964.5
197S.Í
1991.5
2005.0
2018.7
2032.1
2045.8
20.S9.3
2073.0
20*6.6
2100.3
2114.0
2127.7
2141.4
2155.1
21 Ca. 9
2 18SÍ .7
21У6.5
Ï210.4

28»

yds.
596.1
609.8
622.7
635.8
648.7
661.7
674.8
687.9
700.9

1714.1
1727.2
1740.3
1753.5
1766.7
1779.9
1 793.0
1806.3
1819.6
1832.8
1846.1
1859.5
1872.8
1886.1
IS99.5
1912.9
1926.4
19,39.7
1953.2
1966.7
1980.1
1993.7
»w.;.
2020.9
203-1.3
204S.O
2061.6
2075.2
2088.9
2102.6
2116.2
2130.0
2143.7
2157.5
2171.'-
2185.1
2198.9

29»

yds.
598.6
ОМ. о
624.4
637.5
650.5

1663.5
676.6
689.7
702.8

1715.9
1729.0
1742.1
1755.4
1768.6
1781.8
1795.0
1808.2
1821.5
1П34.8
1848.1
1861.5
1874.8
IS88.2
1U01.5
1914.9
1928.4
1941.8
1955.3
19fi8.b
1983.3
1995.8
2009.3
2Ü23.1
2036.5
2050.«
2063.8
2077.4
2091.1
2104.8
2118.5
2132.3
2146.0
2159.8
2173.0
2187.4
2201.2

2212.7 2213.1

30°

yds.
600.3
613.3
626.2
639.3
652.3
665.3
678.4
691.5
704.6
717.h
730.9
744.0
757.3
770.5
783.7

1796.9
18Ю.2
1823.5
1836.8
1850.1
I86S.5
1876.8
1890.2
1903.6
1917.0
1930.5
1943.9
1957.4
1970.«
|984.
1998.0
2011.5
2025
2038.
2052.
2066.
2079.
2093.
2107,
2120.
2134.
2148.
2162.
2175.
4189.
2203.
2217.

0

5?
§
n
-4J
Э

О

ds
.72
.74
.75
.76
-78
•79
•80
82
.83
.85

1.86
1.87
1,89
1.91
1.92
1.93
1.95
1.96
1.98
1.99
2.01
2.02
8.03
3.05
2.06
2.07
2.08
2.10
2.J2
2.13
2.15
2.17
8.18
2.19
2.21
2.22
2.24
2.25
2.27
2.28
2.30
2.31
2.32
2.S4
2.36
2.37
2.38
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я

í'3

••"w
, p
! 3

i?

\<in;f
•69
«69

6£

-CS
•6bm
•68
'6?
'<3S
6p
та
w
ЛК

(Й;
W)

Щ'
W

W
«j
«r

га
fi
w'
i
№
«ft}61
Í6J

ss5
550
55:
554
|Í5j
(4i
Í5J,

££

5w/» w/ <Ae Temperatures of the Air above the freezing Point, at the
two extremities of the Column, or the values of T -)- 1 in degrees
of 'Fahrenheit's Thermometer.

31°

• yds.
í 608.0
1615.0
1ÖS7.9
1641.1
L654.1
1667.1
6,80.2

1106.Í
Í7J9,0
iTS^.Í
1,745,9
/259.2
7Ti.^
7.H5.Í
708,.8
S"l 2- 1
f$5.5
в?8.в
a§2.i
fe78..8
esia^
005.6
ai'9.i;
Çi'eia
9Ф9.5
OîS'.o.
946.5,
•)()Ó 1.
il ЗЛ,
РЙ7.4O4o;§
054.6
068.?

Й01,?
)$5,ÓЮм
123.1

|ÖO,6
(64.4
178.S
192.1,
400,0.
«19.9

38"

yds.
1603.
1 lil fi.
16.89.
164Й.
1655.8
J 668.9
1682.0
1695.
1708.3
1781.6
I734.fi
17.47.7
Í761.1
1174.3
Í787.Ò
1790.8
àï-i.l
8».4
S4«,7
$54,1
Sífr.S
8SO.K
894.Í
9.07Л
921.1
9S4..6
948.1.
96.1,6.
675,2
98íj.7
Op$3
O.J5,8
ОЙ9.5'
043.1.
056,6
0^0.5
084.2
097.9
.11,1.6
J S5. 4,
139.8
152.9
166.7
180,6
•ЗЛО
20Й.З
222.3

33°,

yds.
1 бОл.
1618.5
16SK4
1G44.6
1657.6
1670.7
1683.8
1696.9
17Ю.1
1,723.3
1736.5
1749.ь
J762.9
m 6.2
И39.5
1792Л
IS-16.0
1829.4
842.7
850.1
869.5
882. U
89H-5
009.7
923,2
esa.7
P50.2
96S.7
977,3
990.8
004.4
0(8.0
631.7
045.3
059.0
OV2.7
086.4
100.1
113.9
127.6
Í41.5
155.2
169.1.
182.9

ЙЮЛ
224.7

34°

: yds.
1607.
1620.2
less.
1&16.3
1659.4
1672.5
1685.6
1C9S.8
1711.9
17 «5.2
1738.3
J751.5
1764.8
.1778.1
J.7S1.4
1,794.6
818.0
83 КЗ
S44.7
858.1
871.5
884.9
h9ö.4
»Ц .8
925.!}
938.8
952.3
965.8
9794
993.0
006.6
Oso.i
033.9.
047.5
C6I.Ü
074.9
'88.7
102.4
116.1
129.9
143 tj
iua.5
171.4
I&5.3
1$9,2
t\S. 1
is7a

35o

yds.
1608.
1681.
1634.
1648.
1661.
1674.2
16S7.4
П00.6
IT 13.8
17S7.0
1740-2
1753.3
1766.7
1780.0
П93.3
1796.6
1819.9
1833.3
1048.6
860.0-
»73.5
SÔ6.0
9U0.4
913.8
927.3
940.8
954.3
967,9
981.5
095.1
OOb.7
02ä.3
ОЗб.О
049Л
003.4
077.1
090.9
104.Ç
Ц.8.4
132.2
146.0
159.8
173.7
1Й7.6
201.5
215.4
ma

30°

yds
1610,
1623.
1636.
1649.9
1062.9
1676.0
16S9.3
1702.4
1715.6
172S.9
1742.1
1755.2
17fi8.r
1781,9
1795.2
»798.5
1N2Ï.9
IÊ35.3
Iä48'.fi
862.0
S75.:5
8$8.9
903.4
915.9
929.4
У42.0
950.4
970.1
983Л
997.2
010.Й
024.5
038.2
031.9
(/65.7
079.4
093.1
106.9
120.7
134.5
14S.S
16Й.2
17U.O
180Л
203.9

гзкн

370

yds.
1613.
1625,
1ПЗ.Ч.
1651.
1664.7
1677Л
1691.
1704.2
1717.5
1730.7
1743.9
1757.1
П70.5
17Й3.8
,1797.1
j:soo.4
J 823.8
1827.2,
B.50,6
864.0
877.5
890.9
904;5
917.9
PS1.4
945.0
958.5
072.8
985.8
J99.4
012.9
026.6
04U.4
'»54, 1
067.9
081.6
093.4
109.1
122.9

3t).H
50.0

164.5
17Я.З
,9?,3

í4oG.2
»22Ò.2
Í2-J4.2

38»

yds.
1614.1
1627.1
1640.S
1653.4
1666.5
1679.6
1-698.9
1700. í
1719.3
I732i6
1745.8
1759.0
1772.3
7Ç5.7

W99.Í
.1802.3
Jj25.s

»SS9.S
sse.c
866.0
S79.5
SP3.0
U06.5
920.0
D33.5
947,1
060.6
974.4
987.9
001.5
O''5.i
028.8
042.6
006.3
070.1
083.8
097.0
111.4
252.
39.0
52.9

1B6.8
1 0 Л

2IÜ4.6
îidti.b
J2ÏÎ.6
2246.6

39°

yds.
16)5
1628.
1641.
1655.
1668,
1691.
1694.
1707.
1721.
1734.
1747.
17fi0.8
,1774.2'
1787.6
Í1801.Q
J1SÓ4.3
JS27.7
1341.1
1854.5
IÉJ68.0
18SI.5
1Й95.0
1908.6
19-22.0
1935.5
1049.1
1962.7
1 976.4
1930.1
8003.7-
2017.8
Í030.9
2044.7
Í058.5
Í07ÍÍ.3
toss, ï
гоэа.а
Д13.Г)
Л27.4
Ü41.3
Î155.2
П09Л
ПяЗ.О
Ï197.0
Ï210.9
»aai.e
Í239.0

40»

yds
I6'J7
1630.
1643.
1656.
1670.
1683.
1696.
1709.
1723.
1736.
1749.
1762."
1776.
П89.5
1802.9
1806.a
í «29. 7
1843.1
S56.Í
h70.0
883.5
807.0
910.6
924.1
937.6
951.2
904.8
478,5
992.2
005.H

2019.4
033.1
046.9
)60.7

074.5
188.3
I'la.l
15.9
29.7
43.0
J7.5
71.4
85.3
fl'J.3

i 13.3
«<!7.3
241.4

41°.

yd.4.
16.19.S
1632-S
1645.4
1 6.5S.7
1671.8
1685.0
1698.3
1711.5
17S4.8
П38. 1
1751.4
1764,6
1778.0
1791.4
1804.8
18)8.2
831.6
845.1
S&4A

• .g

. i
-3-

yds.
1.72
1.73
1.75
1,76
1.77
ÜB.'
KSI'
1,82
1.84
1.85
Í.8C!
1.H7
1.88 )
1.90 r
1.92
1.93 1
1,95
Г.96. '•
1.97 ;

8ía.o|i.9'J|í
885^5 12.00 1
899.012.02 1
912.612.041
926.2
939.7
)53.3
966.9
9Й0.6
994.3
007.9
02Í.6
035.3
049.1
062.9
076.7
090.5

04 .3
IH.l
33.0
45.9
59.8
73.7
S7.6

ЛИ.«
*15.7
229.7
243.8

2,05
2.06
8.07
г.оэ
i. 11
ï 13
г.н
г. is
г.1б ,
г. 17
ï. КО
г.21.
Í.23
Í.2J
Í.25
'.V6 ;
Í.K8 ,
!.29
г.з!
!.32
!.34
Í.85
Î.37
Í.3U



P O R T A B L E B A R O M E T H J C A L T A B L U S .

£
o5cr

. о

Õ"n
К

3

; 5

yds.
:69б
•,695
'694
•:693
Ч692
691

'690
689
'688
:687
686
685
684
683
682
681
680
679
678
677
(>76
675
674
673
672
671
670
66»
668
667
666
665
664
663
66*
661
660
659
658
657
656
655
654
653
652
651
650

Sum of the Temperatures of the Air abore the freezing Point a! the

two extremities of the Column, or the values of T+ t in decrees
of Fahrenheit's Thermometer.

42"

yds.
1620.9
1634.0
1647. 1
1660.5
1673.6
1686.8
1700.1
1713.3
1726.6
1739.9
1763.3
1766,5
1779.9
1793.3
1806.7
1820.1
1833.5
1847.1
1860.5
1874.0
1887.5
1901.0
1914.6
1928.3
1941.7
1955.4
1969.0
1982.7
1U96.4
2010.0
Ï023.7
2037.5
2061.3
2065Л
2078.9
2092Л
2106.5
2120.3
2134.3
2148.2
2162.1
2I76:o
2IS9.9
2203.9
2218.0
2232.1
2246.5:

43°

yds.
\6uS.6
1635.8
1648.9
1662.2
1675.4
1 IÍ88.6
1701.9
1715.1
1728.5
1741.8
1755.1
1768.3
1781.8
1795,2
1808.6
1822.1
1835.5
1849.0
1862.4
1876.0
1889.5
19li3.0
1916.7
1930.3
1943.8
1957.4
1871.1
1984.8
199Й.5
2012.2
2Ü25.9
2039.6
2053.4
2067.3
2081.1
2094.9
210Й.8
2122.6
2136.5
2lûO,5
2164.4
2178.3
* 192.3
ï2l)o.;i
222o:4
üü.44.4
2248.6

44°

yds.

45"

yds.
1624. 4 ï 65-6.1
1637.5 1639.3
1650,6 1652.4
16G4.0 1C657
1677.1 !1678.9
1690.4 ''. 1692.2
1703.7 1705-5
1717.0 1718-8
1730,3 1732-J
1743.6 1745.5
П5Т.О;1758.8
1770.2
1783.7
1797.1
1810.6
1834.0
1837.4
1851.0
1864.4
1878.0
1691.5
1905.1
191И.7
1932,3
1945.8
1959.5
1973.2
19S0.9
2ono.<;
2014.3
2020.0
2041.8
2055.6
2069.5
2083.3
2097.2
2111.0
2124.8
2138.8
2-152.7
2166.7
ÜI80.6
2194.6
•J208.fi
2Ü22.7
2236.»
2250.9

1772.1
1785,6
1799.0
1812.6
1826.0
1839.4
1S52.9
IfcMU
1880.0
1893.5
1901.1
1920.7
1934.4
1947.9
1961.6
1975.3
1989.0
Í002.7
2016.4
ÏOS0.2
2043.9
2057.K
2C7J.7
20Ь5.5
2099.4
2113.3
2127.1
2141.0
2150.0
2169.0
21 89.9
2196.9
2210.9
2225.1
2tó9. l
2-J53.3

46=

yds.
1627.0
1641.0
1654.1
1667.0
16S0.7
1694.0
1707.3
1720.6
1733.9
1747.3
1760.7
1774.0
ПЬ7.5
1800.9
1814,4
1827.9
1841.3
18Л4.9
1668.3
1881.9
1895.5
1909.1
1922.7
1936.4
1949.3
1963.6
1977.3
1991.1
2004.8
2018.5
2032.3
2046.1
2059.9
2073.8
2Ш.7
2101.6
2115.5
2IS9.3
2143.3
2157.3
2171.3
2185.2
2l 99.2
2213.3
Ï227.4
2241.5
2255.7

47"

yds.
1629.5
1642,7
1655.9
1669.3
1682.5
KÍ95.8
170У.2
1722.4
1735.8
1749;2
1762.6
1775.9
1789.4)
1802.9
1816.3
1829.8
1843.4
1856.9
1870.3
1883.9
1897.5
1911.1
1924.8
1938.5
1952.0
1965.7
1979.4
1993.2
20U6.9
2020.7
2034.5
2048.3
2062.1
2076.0
.'ОЬ9.9
2103.8
2117.7
2131.6
2145.6
2159.6
-Л73.0
2187,6
«01.6
^215.6
2229.8
224S.9
iü58.i

48»

yds.
1631.2
1644.5
1657.6
1671.0
16Я4.3
1697.6
1711,0
1724.2
I7S7.6
1751.0
1764.4
1777.7
1791.3
1804.8
1818.2
1831.8
1845.2
1858.8
1872.3
1885.9
1899.5
1913.1
1926.8
1940.5
1954.0
1967. 8
1981.5
1995.3
2009.1
2022.6
2036.6
2050.4
2064.3
207ö.2
2092.1
2106.0
2120.0
2133.8
2148.8
2101.9
2170.9
2189.9
2203.9
2218.0
2232.1
2246.2
2260.5

49°

yds.
1 G33.0
1616.2
1659.4
1672.8
161-6.9
1699.4
1712.8
1726; 1
1739.4
1752.9
1766.3
1779.0
1793.2
1806.7
1820.1
1833.7
1847.2
1560.8
1874.3
1887.9
1901.5
1915.2
1928.8
1942.6
1956. 1
1969.9
I9t>3.6
1997.4
201 1. a
21)24.9
2038.8
2U52.6
206(3.5
2080.4
2094.3
2108.3
2122.8
2136.1
2150,1
2164.1
2178.2
2192.2
2206.2
2220.3
2234.5
2248.5
22Ü2.8

50°

yds.
1634 Г
1648.0
icei.i
1674.5
I6&7.8
1701,2
1714.6
1727.9
1741.3
1754.7
1768.1
1781.5
1795.1
1808.6
1822.1
1835.7
1849.1
1862.7
1876.2
18b9.9
1903.5
1917.2
1930.9
19,44.6
1958.1
1971.9
1985.7
1939.5
2013.3
2087.1
2040.9
2054.7
2068.6
2082,6
2U96.5
2110.5
2124.4
8138.3
2152.3
2166.4
2180.5
2194.5
2208.6
2222.7
2236.8
2250.9
2265.2

51°

yds.-
1636.4
1649:7

52°

yds.
1638.1
1651.4

1662.9 1664.7
1676.3
16-Í9.6
ПиЗ.0
П 16.4
1729.7
1743.1
1756.6
1770.0
1783.4
П97.0
1810,5
1824.0
1837.6
1851.1
1864.7
1878.2
1891.9
1905.5
1919.8
IÔ32.9
1946.6
1960.8
1974.0
1987. о
2001.6
2015.4
2089.8
2043.1
2056.9
2070.8
2084.8
2()Ü8.7
2112.7
2126.7
2140.6
2154.6

1678.1
1691.4
I704.S
1718.8
1731,5
1744.9
1758.4
1771.9
1785.3
179i.9
1Ы»4
1825.9
1839.5
1853.0
1866.7
1080.2
1893.9
1907.6
1621. 2
1934.9
1948.6
1962.3
J 976.1
1989.9
2003.7
2017.5
2031.4
2045.3
20A9.1
2073.0
2087.0
2100.9
2114.9
2128,9
2142.9
21й« fl

2168.7 2I7Ï.O
2182.8 !2lb5.1
2196.8 12199.1
á210.9 22I3.2
2225.0 JÜ227.4
2239.2 224 1. 6
2253.3 12255.7
2*67.62270.0

0
f
nsn
o1

•°

vds.

.74

.75

.76
•77
.60
.81
.82
.83
.85
.86
.88
.90
.91

1.92
94

[°gg

1 96
Го7».Vf
1.99
8.00
2.02
2.03
8.04
2.05

8.0T
2.09
8.10
2 l'l
2 IS
2ÍJ5
SÍ16
2' 17
2Í 19
2 SO
2 88
g 94
2 25
2.86
l.îb
Í.ÍSO
l'.3\
2.33
Í.34
Í.S5
Î.36
ïfish



PORTABLE ВАПОМЕТШСАЬ TABLESi

!?
A"
в-
о •

ET

К
p. s
nff

yds.

696
695
694
693
092
691
690
tí«9
688
687
686
685
684
C83
682
681
680
679
678
677
676
675
674
673
672
671
670
669
663
667
666
665
66-1
663
662
661
660
659
658
657
656
655
654
653
662
651
65Г

Sum of the Temperatures of the Air above the freezing Point at

the two extremities of the Column, or the value of T+t in

degrees of Fahrenheit's Thermometer.

53°

yds.
1639.8
1653.1
: 666.4
: 679.9
1IÍ93.2
1706.6
1720.0
1 733.3
1746.7
1760.2
1773.8
1787.2
1800.8
1814.3
1827.8
1841.4
1854.9
U 68.7
18s2.2
1895.9
1909.5
1983.2
1936.9
1950.6
1964.4
1978.2
1992.0
«005.8
2019.6
2033.5
Ï047.4
2061.3
2075.2
2089.2
2103.1
2117.1
2131.1
2145.1
2159.2
2173.3
21874
2201.4
2215.5
2229.7
Í243.9i
2258.1
2272.4

54'

yds.
1641.6
1654.9
166л.2
16.1.0
16P4.9
170S.4
1721. 8
1735.1
I748.G
1762.1
1775.6
1788.9
1802.7
1816.2
1829.7
1843.4
1856.9
1870.6
1884.2
1897.9
191 1.5
1925.2
1939.0
1952.7
1966.4
1980.3
1994.1
*'07.9
2021.7
2035.7
2049.6
2063.4
2077.4
2091.4
2105.3
2119.3
2133.4
2147.4
2161.4
2.175.5
2189.7
2203.7
2Í17.«
2232. 1
$246.3
2260.4
2274.7

50°

>ds;
1643.3
1656.6
166Э.9
1643.4
1696.7
1710.]
1723.6
1736.9
1750.4
1763.9
1777.5
1790.8
1804.5
I81S.1
1831.7
1845-3
1858-8
1872.6
1886.1
1899.8
1913.5
1927.2
1941.0
1954.7
196H.5
19s2.3
1998.2
2010.0
2023.9
2037.8
2051 7
2065.6
20795
2093.6
2107.5
2121.6
2135.6
2149.6
2163.7
2177.8
2198.0
2200.0
2220.2
2234.4
2248.6
2262.8
2277.1

56° .

yds.
1615.0
1658.4
1671.7
1685.1
169S.5
1711.9
П25.4
1738.9
П52.3
1765.8
П79.3
792.7
806.4

I8ÍO.O
1833.6
1847.2
1860.8
1874.5
888.1

1901.8
1915.5
1929.3
1943.1
1956.8
1970,6
1984.4
19У8.3
2012.1
2026.0
Д13Э.9
2053.9
2UC7.7
2081.7
2095.7
2109,7
2123.8
2137.8
2151.9
2165.9
2180.1
2194.3
2208.3
• 2̂i2.5
2236.7
2251.0
2265.1
2279.5

57°

yds.
1646.7
1660.1
1G73.4
1686.9
1700.2
1713.7
1727.2
1740.7
1754.]
1767.0
781.0

1794.5
Я08.3'

1821.9
1835.5
1849]
1862.7
1876.5
890. 1
903.7

1917.5
1931.3
1945.1
195ъ.8
1972.6
1986.5
-ЮОО.З
2014.2
20*8.1
2042.0
2056.0
20b9.9
20839
2097.9
2111.9
21260
2140.1
2154.1
21GS.2
2182.3
2196.5
2210.6
2224.B
2239.1
2253.-3
2267.5
2282.9

5bQ

yds,
648.5

1661.8
075.2
088.7
702.0
715.5
729.0
742.5
755.9
7t)9.5
7S3.1
7Я6.4
810.2

1823.8
1837.4
1S51.1
1804.7
18-8.5
892.1

1905.7
919.6

1933.3
9-17.1

1960.9
1974.7
19S8.C
2002.4
2010.4
2030.2
2044.2
a058.2
2072.1
208Q.1
2100.1
2114.2
2128.2
2142.3
2156.4
2170.5
2184.6
8108.8
2213.0
2227.2
2841.4
2255.7
2269.8
•Л85.3

59»

yds.
650.2
603.6
676.9
690.4

1703.8
1717.3
1730.8
1744.3
757,8
771.3
784.9
798.4

1812.1
825.7
8S9.3
853.0
866.6

1880.4
1894.1
1907.7
1921.6
1935.3
1949.9
1968.9
1976.8
1900.7
2004.5
2018.5
2032.3
2046.3
2060.3
2074.2
Í08S.3
2102.S
2116.4
2130.4
2144.6
2158.6
2172.7
2186.9
2201.1
2215.3
2229.5
2243.8
2258.0
2272.2
2287.6

60°

yds.
651.9

1665.3
Ш78.7
1692.2
1705.6
И19.0
1732.6
П46.2
П59.6
1773.1
1706.8
1800.3
1813.9
i 827. G
;841.3
1854.9
1808.6
18824
1896.0
909.7

1923.6
1937.4
1951.2
1965.0
1978.9
1992.7
2006.6
2020.C
2034.5
2048.4
.2062.5
2076.4
-'090.4
2104.5
2118.6
2132.7
2140.8
2160.9
2175.0
2189.2
2203.4
2217.6
2231.8
2246.1
2260.4
2274.8
2290.0

61e

yds.
653.7
667.1
680.4

1694.0
1707.3
1780.8
1734.4
1748.0
1761.5
1774.9
178S.6'
Ь02.1

1815.8
1829.5
1843.2
1856.9
1870.5
1884.3
1898.0
1911.7
1925.6
1939.4
1953.3
1967.0
1980.9
1994.8
2008.7
2022.7
203C.6
2060.6
Л064.6
Л>78.й
2092.G
2106.7
2120.8
2134.9
2149.1
2163.1
2177.2
2191.4
2205.7
2220.0
aSS4.a
2248.5
2262.7
2277.1
2292.4

62°

yds.
655.4
668.8
682.2
6957
709.1
722.6
736.2
7498
763.3
776.8
790.5
804.0
817.7

'831 Л
845.1
858.8

1872.5
886.3

^ 900.0
'913.7
1927.6
1941.4
1955.3
1969.1
:9S3.0
1996.9
^010.8
^024.8
2038.7
2052.7
;0fi6.&
•áOSO.7
^094.8
Л08.9
2123.0
2137.1
2151.3
2165.4
2179.5
2193.7
220S.O
22*2.2
2236.5
2250.8
2 26.x 1
2279.5
2294.S

63°

vds.
657.1

1670.5
1684.0
1697.5
1710.9
1724.4
П38.0
1751.5
L765.1
П78.7
П92.3
11Ш59
1819.6
1033.3
1847.0
1860.7
1874.4
1888.2
1902.0
1915.7
1929.G
1943.4
1957.3
1971.2
19b5.l
1999.0
5012.9
2026.9
2040.8
2054.8
2068.9
2082.9
2097.0
2111.1
2125.2
21,49.3
21535
2107.7
2181.8
2196.0
2210.3
2224.5
2338.S
•2253.;
2267.5
2281.8
2296 2

?̂
S-
i
J

eo'

yds
"73

1.74
1.75
1.7 (í
1.77
1.78
1.80
1 82
1.84
1.85
1.86
1.87
1.88
.90

1.92
.93
.95
.96
.98
,99

2.01
>,02
>.04
í,05
2.07
i.os
2.09
2.11
2,12
2.1S
Í.15
2.16
2.18
2.19
2.21
2.28
2,24
2.25
2.26
2 Ül
2.29
«.31
2.X)
2.3J
2.S5
2.ÖÜ
2.38.
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l ъ*
*«]

' э

з-
í ^
í Я

p
r O
f Э
? й
yds.
!696
t 695
iöUJ
693

f6íí2
!б<Н

690
6S9
C8S
687
fee
685

|ltf4
683
682
oVi
08Ü

ÎC79
6'73
67'T

;676
,675
674
6ÏÏ
672
671
(57(1
«(»9

(P*:t bÇ l
066
(tés
6ò.

! Об'!

'(Î6I
:ш1
ißu'J
fc 03h
4ÍJ7
fi-6

. 655
i 654
fííá
6JÏ

,850

Sum of the Temperatures of the Air above the freezing Point, at the
two extremities of the Column, or the value of T + t in degrees
of Fahrenheit's Thermometer.

64°

vds.
l(Jo6.8
1672.2
»08517
1699.2
171S.7
1726.«
Í739.8
I753.S
1766.9
17Í0.5'
179412
1807.0
1821.5
I8S5.2
1848.9
1868.6
1876.3
Í89Q.2
»9,04,0
1917,7
1931.6
1945.4
I9Û9.3
197а'.й
1987Л
2001.1
Î0.15.Q
2029.0
Í042:9
íi'56-9
í 07). о
Í985.I
Í039.2
ÏII3.3
íl'27.4
214 .5
i 155.7
Í16'J.9
2IS4.1
К19.Ч.З
^219.6
«220.8
2241.1
ï2i5.5
2Í09.S

Й9Я.6

65°

yds.

Ж'1675.9.
1631.5
1701.0
1714.4
í 7 28.0
1741.6
П55.1
I76S.8
17i>2.4.
П96.0
lé09.7
1823,4
1837Л
1850.S
1864.fi
1876.3
18.42. i.
19<>5'.9
1919.7
193-j.S
1947.4
1901.4
1975.3
1УЬ9.2
2005.1
2017.1,
2031.1'
2Ü45.0
2055.1
2 i7ö.S
У0;7 2
2Ш1.3
2115.5
212&.6
2143.7
2158.0
2172.2
21-0.3
22(l().ti
2214.9
:22y.l
2243.5
-'•Й7.0

66°

, y*r
l6éí,s
Ié75.7
10*9.2
П02.7
,1716.2
1729.8
П 43.4
1757.0
1780.6
1784.2
1791,9
1811.5.
1825.3
1839.0
185-аЛ-
ifc'66.5
1860.2
1804,1
19Í)7.9
1921.7
1935.6
1949,5
1963.4
1977.3
199». 2
2005.Smw
2033.2
«1/47.2
2061.2
2075. 3
2Ú89.4
'J 11)3.5
2117.7
aiai.s
2 ц 6.0
«ifio.a;
2174.4
218».̂ '!
•A02.fr'
2217.2
2231.5
2245:8
satO.2,

67°

• yds.
1664.0
1677.4
1691.0
1704.5
171S.O
1731.6
1745.2
175h.8-
177Í.4
17«fi.l-
1НР9Л-
1813.4
Дай7.2
Í840.9
[1854.7
,1868-4
Ib82.2
lf-96.0
1909.9
19Й3.7
1937.6
1951.5
1965.4
19Í9.4
1993.3
Й1Ю7.»
«ОД 1.3
«Q35.3
2049.3
Í063.4
ЛЛ7.5
Í091.5
Л (-'5.7
2119.9
2134.0
214S.S
¥162.5
2170.7.
2190.8
2205.]
2219,6
2Ï33.Î.-
2248.1
&6-Í.G

2272.2 3274.5,2276.9
W 6.5 2'.'8 .9 2Ï91.3
2301.1) 2303.4 23IÍU.H

68o

yds.
1665;7
1679.1
1692.7
1706.2
1719.7
1733.4
1747.0
I760.fr
1774.V
1787.9-
3 80.1. G
aaiö.3-
11869.0
Ш2.8
1856.0
I37ff.S
1884.1
189S.O
J91Í.S
1985,6
I939.Ü
1953.5
190.7:4
19Ï1.4
1995.3
8W9.3
2063.3
8057.4
2(151.4
20flâ.5
2M9.6
2093.7
«1D7.8
ЛЙ2.0
il SO. 8
Л 50.4
2164.7
2178.9
Л93.1
Ï207.4!
äail.S
Jasti.l
«60.5
Л64.9
1Í279.2
•ÍS93.6
ÖUS.l

C9°

yds.
1667:4
1640:9
1694.4
П08.0
1721.5
.1735.1
П 4 8.8
П63.4
1776.1
17S9.7
180S.5
1817.2
1830.9
1844.7
Í05S.5
1H72.3
1ÖS6.I
1ЙП9.9
191S.Ö
1927.«
194l.fi
1955.5
l'J(i9.5
1983.4
1997.4
aOH.4
го-г^л
2039.5
2053.5
2067.0
iOal.S
Ü095.9
illil.O
2124.'2:
2IS8.6
2152.7
2166.9
2JU1.2
2195.4
5:209.7
22í4.1
223S.4
2252.8
2267.2
2881.6
гаэил.
Í310.5

70°

yds.
1(569.1
1682.0
(696.3
1709.7
1723.3
1736.9
11750.6
1764,2
m 7. 9
1791.6
'1805.3
№19.1
4832.8
II 840.6
lí-60.4
4S74'.2
!№S.O
jOOl.9
iaio.8
»9Й9.6
1943.0
1957.5
1971.5
1985.5
IU99.4
£013.5
2027.5
204 1.ff
2055.6
2069>'
8083.9
20a«.0
2112.2
212R.4
21-JO.Î
2154.9
2169.2
21Ь3.4
2197.0
2212.0
2228.4
Ï240.7
8255.1
2269.6
828J.9
229S.4
2812.9

71°

yds.
1070.9
1684.3
1-698.0
1711.5
1720. 1
1733.7
1752.4
] 7 66.1
1779.7
1793,4
1807.2
]820.ü
[83Ф.Т
JS48L5
4^02.3
Íb7lU
)Ь9(->.0
1903.9
ÍU17.S
19:U.O
{945.6
1Я59.6
Í973-.6
I9a7.6
1>иОГ.6
«JI5.6
S029.0
Í043.7
2057.8
8071.9
8086.1
8100.2
81 14:4
8123.6
*H2.9
2157.1
2171.4
Slßo.7
3199:8
3214.2
2228.7
2S43.1
2257.4
2271 Л
2286.3
2300.8
гз!5.з

7^0

yd-V
1672.6
1686.1
1099.8
1713.2
17S6.8
1740.5
П64.2
1767.9
П81. 6
1705.3
1809.0
Ib22.8
1836.6
IB50.4
U 64.3
1678;l
1Й9Г.Э
1905.8
19197
IfKiS.G
1947.6
Í961.6
Í975.6
1989.6
8003.5
8<>1 7:6
3031-7
íd045.8
205Э.9
S074:i
S08N.2
S1Ö2.3
suas
2I30.K
2I45Ü
2159.3
2173.7
Í1S7.9
2202.1
aai6.5
2231.0
Я245.4
S259.8
3274.3
2288.6
3303.1
83И.7

7̂ °

yds.
1 674.3
IGST. b
»701.5
1715.0
1728.0
1742.3
1756.0
П'09.7
1783.4'
1797.1
1810.9
1824.7
1838.5
1852.it
18&6.2
)18ВЭ;.0
Í89S.9
1907.8
1921.7
lB35.fi
1949.6
1963. ti
1977.6
19» 1.6
2005.6
2US0.7
«OS3.B-
2047Í9
ЙОЙ .̂О
2076;aïoeo;4;

4104-.5
ills--.?'
21S3.0
S147."3
2161.6
2Í75'.9
2190.9
2*04;4
22J8.8
2233.3
«47.7
9S62.1
âá7'6-6-
229 lio

. 74°

; ias.
1д7б 0
1дн9:о
1703.2
(716.8
1730.4
1744Л
l75f.8
1771.5
1785.2
1799.0
leite
!IS26:&
1840'.'
ÍS54.2
18Б8.-1
Ш-о
l«te:8
I(J09.8
>9äS.7
ÏUS7.6
1951 -.6
}ö654'6
i!)79;fi
U>93.r
?р07'Д
ífer.8
2i)ä5;'9i
2Ü50.Ö
2йЬ;1
2( )78 S
2Ö92!i
iios-.-i
s'tg^g
2lS5.»
2'I49.S
2Í63,'»
«ifea
«I9A4:
2S06'#
eS81 •)•
9235.«
аззоЛ
Í264.4
ggfe^
ä5ri.4'ij

J3<»5;5 Й307А
»/«.i sáási»

t3

•9
ft

3
S1

yds.
1 »TO'

1.731.74
1.75
1.77
1.79
1.80
1.82
1.83
).R4
1.86
l:.88
1.89
I..9.Q
i:.92
Í.9.4
\;.9$
l. 9g
1.9?
Г.99-*:4
£i<>*
?."S:
ÎM'
«i°5

à
Ш
2.1S
Ч 1-4
?'Л5
?.16
S/J7-
«Д9-
Ш'
Í.SS
Ш-
ÍS5
А£в
Й'йв
teiSo
4.3*
fcStf
Ял

äi96'
.̂ 7

S.301



A Table of the Correction for Latitude.

LATITUDE.

0"
5

]0
15
20
25.
30
35
40 ..
45...
50
55.
60. .
65.
70
75. .
80
8ò...
90

CORRECTION.

+ 5:J-v of tlie calculated height.
i _ i_

+ ï

+ To1 7
+ ч-Ч-
4- l

~ i 4B

-Ь -s-J—T T Oí,

4. . 1
1 i Ü 30

-i L- к

o

"°/u

1 U 3U

1
70i

0 4 0

— ^4 -̂
1

4 0 7

' 37i-

1
3.S B

l._

From the equator to the latitude of 45е, the correction must he added to
the calculated difference of level, but it should be subtracted from it, from
the latitude of 45° to the pole.

N.B. The height of the mercury in the barometer, inserted in (he first
columns of each page of the preceding Barometrical Table, being given
in decimal« of an Knglish yard, it is necessary, of course, when this height
is observed in inch 4- i'.nd decimals of an inch, first to divide by 3C, the
number which expresses it; the Table is then tobe entered with the quo-
tient. Suppose, for example, that the height of the Barometer was ob-

the number with
29 7 4 95

served tobe 29iT inches; then, • — - rz — — — .825,
3(i 6

which the Table is to be entered.

VOL. I.

END OF VOL. J.
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ERRATA.

Page 10» fine 21, /or of the first are passed over, read of the first arc
passed over.

1C, i. 4, in the note, for the moit elevated point of this circle Z'
read the most elevated point Z' of this circle.

19, I. 10, far To accomplish this we use the larger level, read To
accomplish this we use the larger level N N'.

28, (.13, from the bottom of the note, between — 0,16575; and divi-
ding by 24, read therefore twelve times the double angle
= 1090°. 10575;

61, Í. 9, for and another in that at R, read and another in that at K.

73, |. 11, from the bottom, /or the angle Bc'A, readthe angle В С Л.
74, L 14, from the bottom, for the telescope is directed, reed the

telescope was directed.
79, Í. 7, for — 2 sin. l x, read — 2 sin.1 -$ or.
80, Í. 8 from the bottom, for 9), read 90е).

82, I. 18 from the bottom, for % A+(H— A), «ad| [A + (H — Л)}

and /or£ A— (H— Л), read* [A— (H— A)].
83, I. 5, for becomes tang. A sin.1, read becomes $ tang. A sin.1.
87, I. 10. for FF is parallel to О В, read F E is parallel to О В.
98, I. 12 from the bottom, for cot. (D — L) sin.1 Г, read col.1

(D— L)sin.a 1".
112, /. 12 from the bottom, for at 52£> of Fahrenheit, read at 5S£*

of Fahrenheit.
1J4, ?. 3 from the bottom (note), for — r — dr, read — r + dr.
119, /.П,/ог — д AB'a, read=: Д Ц- АВ' a.

140, г. 13, for — ̂  cot.3 c> read— b— cot.3 c.

144, 1. 2'l, /er or the angle N B M +ф, reaá or the angle NBM=^.

147, /.11 from the bottom, for or the angle A P B, read, or the ancle
А В P.

151, Í.3 from the bot. (note) for m — а' ~а'
г, rendmiz a.' — ̂ TT*'"

177, f. 3 from the bottom, for or any other and smaller dimension«,
the error, &c. read or any other smaller dimension, and the
error, &c. l.t, for was thoughout, read was throughout.

188, /. 3, for gi read

a- 2 — jc1 хг — л-,

192, 1.2, f or— ZL , &c. read=i! , &c.
X2* ' *4.S

N.B. The specimen of calculation alluded to in page 106, follows im-

mediately Table V.
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