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INTRODUCTION.

@@

THE 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, atits 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 Dépdt 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 Dépét 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 Treatise 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 cxplanations 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 on under the direction of that

Officer.
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This treatise is divided into jour 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 formulee in this part have been
selected from the works of Delambre, Laplace,
Legendre, and Puissant, and these formule, as
well as the numerical examples by which they are
illustrated, have been reduced to English measures.
The same part includes, likewise, 2 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 beenreduced 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 surveying, 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 Reconnoilring, written by
Allent, 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
Topographique 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 with
this very important branch of military service.—
He first points out the various kinds of information
which war requires, and then investigates the
means of procuring them. This leads him to the
subject of military reconnoitring ; 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



X INTRODUCTION.

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-
'moirs.
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ON

TOPOGRAPHY.

PART THE TFIRST.

s () r———

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.

GEO DESIA properly signifies measure of the ground ;
the signification of this word, however, has been ex-
tended to 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 thosé by which the outlines of geogra-
phical maps are established, are geodesic operations.

The process of these operations, the description and
use of instruments employed in them, and ,the formule
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 réductions will be subjoined.

Most.of the formulse here used have been extracted
from Delambre’s work, On the Determination of an
Arc of e 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 Frapce for

YOL. I. R
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ascertaining the difference of longitude between the ob-
servatorics of Greenwich and Paris, by Cassini; the
Connaissance des Témps, 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 gcncral'

outlines of large Mups are established.

“The general outline {s 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 dirccted 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
triangles is not indifferent ; it is known that equilateral
triangles are those in which small errors committed in
observing the angles have the least influence on the
length of the sides: bat it would be very difficnlt 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 oue
gecond of the truth, gives a greater lalitude in the
choice of triangles.  In general, however, all angles
below 30" and above ]_20’, ,oug'ht 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 ta have overlooked the excellent Theodolite
with which the conductors of the Trigonometrical surveéy in this
country have taken their angles with so much accuracy.
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metres, or nearly 14 English inches, in diameter, it will
be suflicient for geodesic operations ; if greater, il would
be troublesome 1o 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 instrument, which isbrought into the plane of the
objects with great facility, serves also to take the ap-
Parent zenith distances; that is to say, for determining
the elements of the reduction of an angle to the horizon,
and for finding the difference of level of the stations.

If the formation of the country in which the operations
are carricd on does not present objects conveniently
situated for forming a suitable chain of triangles, this
inconvenience is to be remedicd by signals erected at
clevated places. Thesc signals are generally preferable
to steeples or towers, which are frequently used for
directing t]le/sights of the instrument, because that form
may be given to them which leaves the least uncertainty -
relative to the poinis to which the sights were directed.
Experience has shewn that the vertices of quadrangular
pyramids, and balls of about a foot and a half dianieter,
are objects which leave the least uncertainty on this
bead. ' o -
‘We can seldom place ourselves exactly at {he ma-
thematical point chosen for the vertex of the :ingle which
is to be ‘observed, and when we cannot, this an_gl(_é wants
a correction, known by the name of reduction 1o the
cenire. The elements ought te be determined: witk
great precision ; for it may happen that an ertor of one
or two secpnds miy be committed in the reduction.

_The place where thie observation is made is com-
monly not-the point de mire, or that ta 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 sce 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 _neces-
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 actunal 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 {o 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 io 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 the 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 agrec with each other
it is a proof of their accuracy.

The same operations also derve for determining the
Jengths of arcs of the meridian, and conscquently fur-
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nish 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
cannol be employed than the repeating circle ; but it is
not neccssary that it shauld 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 to observe the angles with the accuracy of one
or two seconds, as in the principal triangles; a precision
of 5" or 6’ will be sufficient, as thé objects arc much less
distant from each other. The corrections to be applied
to these angles will also De less numerous, as it _will be
sufficient to determine the correction for the eccentricily
of the ioferior telescope, and for the reduclion to the
centre of the station. The reduction to the horizontal
plane may gencrally be dispensed with, at least when
the 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, sothat
the sum may be equal to 180°. The distanees of the
vertices of the secondary triangles from the meridian and
its perpendicular, may then be calculated, if necessary ;
or their latitudes gnd 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 with the plane-table,. trans-
ferred {o the same plan. If the 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 pet-
pendicular with their parallels must be drawn.

Description and Use of the Repeating Cirele.

Tue description and use of the repeating circle con-
tained in the Memorial Topographique et Militaire,
not appearing so perspicuous as could be wished, on
account of its-brevily and the want of a figure, it has
been thought proper to exiract the following from the
second edition of Biot’s Astronomie Physique. The
repeating circle may be substituted alonc for the mural
quadrant and transit iostrument, which it replaces with
indefinite accuracy; it requires very small corrections,
and may be conveniently transported from place to place,
on account of ils moderale 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 kuldb, into which it carries an
unhopcd for precision.

The essential part of this instrument consists in a cir-
cular and vertical limb Z A P Jfig. 2. which may be
turned about the vertical line C P drawn through its
centre, and also about a liorizontal axis, passing through
the same centre. A telescope, O C L, furnished with
a micrometer and a'vernier, turns about the centre C and
may be successively passed over all points of the limb.
The whole instrument is represented by Jige 1. And
in order to comprehend its use, let us return io fig. 2

,
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Let S be a distant and fixed object, the zenith distance
of which is to be measured ; or let us suppose S to be
a star. For though the heavenly bodies change their
places every instant on account of the 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 fig. 2. Now conceive a plumb ljue CP
to pass through the centre of the limb; its direction pro-
duced will determine the zenith Z ; and the arc A Z recad
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 verti-
cal line which passesihrough its centre, until it has made
half a revolution, and is thus brought again into the
veriical plane of the heavenly body, sce fig. 8. 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 L A C makes stili 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’y which the telescope has passed over, is therefore
the double of that distance. Thus, by reading this arc,
which is indicated by the vernier upon the division of
the limb, and taking its half, we shall have the zenith
distance without it being at all necessary to know the
point Z, and consequently, without havmg 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 babble will not correspond any longer to
the same points of the division of the tube. In this
case the limb is to be brought {0 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 itis not at all necessary that: its middle should
correspond to the zero of the division.

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

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 limb brought to face the east, as it did
at first. The telescope then takes the direction of C A’ I,
fig. 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, until the heavenly body re-ap-
pears in the telescope at the centre of the wircs. Then
the point A’ is directed towards this body, and the point
of departure descends to A, fig. 5. This being done,
we find ourselves exactly in the same circumstances as at
the commencement of the first operation, fig. 2; except
that the point of departure is A’y that is to say, the end
of the first are passed over¥. By sctting off from this
point, and operating the same as before, we may make
a new double ohservation, which will bring the telescope
1o A”’; and as the arc A’ A will be equal to A A/, the
total arc A A’ A will De the quadruple of the zenith
distance ; by d1v1d1ng it by four we shall have. th: 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 observation,
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obtained by the same process : the limb must be turned
to the east, into its 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 will 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 wish ; and, if we
divide the fotal 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 casily seen what number of cntire circumferences
must be added, so that the total arc, divided by the
number of observations, may again give the simple dis-
‘tance, determined approximately by the first reading.

Let us now examine in what the advantage of this
multiplication 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 true; for then a single observation would give
the zenith distance accurately.” But .as these conditions
are impossible to be fulfilled in practice, the repetition
of the angles supplics them by compensations.

First, us to the error of the divisions, we see .that the
arcs measured follow each other without interruption
upon the limb, so that the -point of the limb, which is,
the end of one observation, becomes the beginning of the
next,  Thus the sam 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 crrors ar¢ 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 (his total arc, which, asthe
reader has seen, is to be divided by the number of ob-
scrvations ; wherefore the error, which is altenuated by
this division, scarcely affects the simple arc passed over
in a single observation ; at least, if we suppose a sufli-
cient number of obscrvations. 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 fo understand how far this compensation may
be carried, it is necessary to know that in our circles,
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 thirly 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
clone, ihe 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 coutains several thousand times the sim.
plearc?

The error of (he divisions is therefore as nothing in ob.
servations made with the circle. It is impossible that it
should 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 theye 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 fnstrument, 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
radinvs. 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
fhe 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-
mnain 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 to its plane, which is attached to the
horizontal axis about whicl the circle turns, sce fig. 6
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 ihat posi-
tion. '

With respect to this level, it is horizontal when the
extremities of the air bubble which it conlains 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 perfecﬂy
regulated this level, it may happen to be deranged in its
mounting, and will thus ccase to be perpendicular o the
limb ; for which reason the observer must verify it, Vetore
he commences the observations : to do this, he fixes upon
the limb two pincers P and Q, on which two exiremely
fine points are drawn,and placed at equal distances from the
plane of the limb, to which the pincers are applicd. 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, dravn 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 {0 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, thatis to say, rendered horizontal, turn the limb
vertically, so that the pincer which was at the {op comes
to the bottom, and that the other which was at the bottom
comes {o the top. Then, suspend the plumb line afresh ;
and if it strike exactly as before upon the points P and Q,
the limb is vertical, and the pincers are well regulated.
In 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 thelimb in its first
Posilion, the vertical line P Q making with it a certain
angle by the error of the pincers. Inthe 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 bas been turned ; if from the point C’y; 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, ecach 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 pefceived, it must

- be corrected ; for this purpose, there should be, upon
the pincers, repelling screws, by which the points P and
Q may be moved ag required. These points may there-
fore be moved so as to.destroy half the observed devia-



16 A TREATISE

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 apprbximative 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
verticality, let the plane of the limb be produced to the celestigl
sphere, and the intersection will be a great circle,"as H 7 H, fig. 7.
The most elevated point of this circle Z', will be the false zenith,
jndicated 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 letO 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 Sbe drawn
to.any star, the true zenith distance will be the angle Z O §, which
denote by Z. But the false distance, measured upon the limh, will
be Z'O S, which call Z'. The three sidesZ Z', Z S, Z'S, will form

a2 spherical tnangle, right angled at Z’, and in whlch we shall have—

c0s.Z = cos. Z' cos. I;
from this Z may be found, Z' being known. Baut the calculation must
be made with minute accuracy, on account ot 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 motre simple to find the d:fference of the angles Z and
2 approximately. In order to accomplish this, for the cos. ¥, let its
value 1— 2sin.” $1. be substituted, and we shall have
€08. Z'—cos8. Z = 2cos Z.sin? L.
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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-cstablish it, accord-
ing to the indication of the perpendicular level. But
as this operation takes a little time, it is proper that it
should be required as seldom as possible. Now, we
should be forced to make it at each observation afier
turning {he circle, if the column which supports the
latter were not exactly vertical. For, let L M fig. 9
Yepresent the limb, supposed verlical, in the first posi-
tion of the instrument when it faced to the east, and
A B the column inclined to the horizon : as the column

Now, cos.Z’—cos. Z=2.sin.$(Z + Z"). sin.2(Z — Z'). Substi-
tuting this value in the preceding equation, we shall find
. cos. 2%, sin.2 L.
sim 3 (Z—Z) = YY)
that is the sine of the required difference, which will always be posi-
tive when 7’is less than a right angle. Consequently, within this
limit, the true distance always exceeds the observed distance; this
ought to take place, since Z is the hypothenuse of the triangle. As
the inclination I can never surpass & few minutes, the factor sin.* L I,
which 1s contained in the numerator, will always be a very small
number, and the denominator sin. § (Z + Z') will be comparatively
Very great, even for a zenjth 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,
sin. (2—2) =300 81,
tangt, 4 .
In order to investigate the accuracy of this formula, the results that
it gives must be compared with those obtained from the rigorous
formula, cos. Z = cos. Z/, cos.I. Let it be supposed that I =10,
and 2’ = 1°, sexagesimal, tt will be found that the two formule
ngree very nearly. The approximation diminishes nearer to the
zenith: and at Jast it ceases to be sufficiently accurate; for example,
when Z¢is nothing, it gives Z' —Z equal to infinity, instead of

VOL- I, D
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is fixed while the limb is passing from the cast to the
west, this last will take the direction L’ M’, which bas
the same inclination as before with regard to the column,
bul 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
- fig. 10, are placed at equal intervals, sothat the radii

which the accurate formula then gives cos. Z = co0s. I, or Z =1, that
is, all the error of verticality is transterred to the zemth dlstance
which in fact ought to be expected.

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

72
ficient to multiply the first results by the ratio IL’ for it is evident that

the values of sin. J (Z—7%") 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 véry small, the arcs have also the same ratio.

From 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 latitudesare 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 even
render its influence altogether insensible,
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Cv, CV', CV", 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 the 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 C C/y 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 C C’, and it is caused;to make half
a revolution, which brings the limb again into the vertical
plane of the screw V. But then the two ends of the
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 C C’, the level has described a conical surface
about the line C C' 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 efected by
moving the level itself by means of its repelling screws,
until it is brought to the point of equality, in which it
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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 revoe
lution then gives a difference, it is incomparably less,
and after a few trials it will at last be destroyed.

Then, the column G C’ is in a vertical plane, perpendi-
cular to the radius C V. Bat 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 cqually, 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 ilg
horizontal position after these operations.

We therefore recommence, by beginning with this
radius, to re-cstablish the verticality of the axis. Butthis
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 as
when the axis is vertical ; however, as this operation
is not strictly necessary, I bave 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 sisike 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 ievel perpendicu.
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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 tle telescope to
be rtendered parallel to the limb of the instrument,
* which is indispensable, in order that the arcs measured
on the latter may be equal to those described by the
former : this is done by meansof 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 tclescope 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 the
vertical wire of the telescope of .the instrument to the
point where the object is cut by that of the proof teles.:
eope. The optic axis is thus regulated : if there be ne
proof telescope at hand, the azimuth circle, which serves
for the base of the column, and is generally divided
Yike 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
censequence. Read upon the azimuthal circle the num-
ber of degrees and minutes which correspond to the index
of 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 1o the azi-
muth A + 200°;* and after it has been brought exactly
into this position, fix it by means of its pressing screw,
soas to render it invariuble. 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 pointin an even observation. 1f 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 thisaxis 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. 1If the oplic 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 of the
point of direclion is double the error produced by the in-
clination of the optic axis. This is what is shown in fig:
11, in which A C B represents the vertical plane of the
limb, 1'C O’ the first direction of the telescope towards
the point O’, which answers to the centre of the wires,
L C 0", the dircction of the telescope after the revolu-
tion, and O’ O the deviation of the object O’ by the

# The 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' B which represcnts
the real effect of that inclination. *

‘W hen this error is to be measured, loosen the index
of the azimuthal circle, sothat the column may be turn-
cd, and bring the intersection of the wires upon the point
of direction ; the angle passed over by the index upon
the azimuthal circle will be equal to the angle 0" C O/,
and consequently double the error O” C B, supposing
the object to be in the horizon. = If it be not, the angle

- passed over upon the azimuthal circle will be the horizons
tal projection of the real angle. The object has been

# For 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; but the apparent distance, or Z', as read upon the limb,
will only be the projection of the precediug upon the plane of the
limb, by means of an arc of a circle, which measures the inclination
of the optic axis; let 1 be this inclination; then the ares Z,Z', and
I, will be the three sides of a right-angled spherical triangle, of
whichZ is the hypothenuse, and, consequently, in which we have

cos. Z = cos. Z' cos. [,

This equation is the same as has been found for the verticality of
the limb; therefore the same approximation may be obtained from
it, which will always be sufficient, viz.

: ~n __ Sin2 3%
Sing(Z —2) = tang. 2’

This error for the optic axisis generally less than that for the vertj-
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
thelimb, 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 in 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 towards the point of direc-
tion, until half the deviation be annihilated. If this bi-
section be made exactly, the optic axis will become pa«
raliel to the plane of the limb. Bat, 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, wiih
all necessary accuracy.—(Sce the 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 cqually true for the results of astronomical calcus
lations; and the same principle, transfcrred to other
sciences, offers equally the surcst means, I might say
almost the only means, ofarriving 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 verificas
tions arc much longer to cxplain 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 é6rder to render it more
proper for this purposc, a second telescope is substituted
for the larger level, moveable about the centre of the cir-
cle like the first, but placed on the other side of the limb ;
the 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 inall
circles. In fig. 12, let 8’ 8§ be these two objecis, and
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C the centre of thecircle. 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 8‘, 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 8", 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, thatangle cannotbe read. This is suppliedby 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 the 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 C L', fig. 13, loosen it, the other remaining
fixed, and bring it upon the object to the left, which will
give it the position C A" 8/, fig. 14. In this movement
it has evidently described the angle A C 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
infig. 2. 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
convetient 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 1", fig.12. in the contrary direc-
tion to that which we have supposed. Atall events, in whatever man-
ner we operate, there is not any difficulty in valuing the ares,

vYOL. I. b i
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If 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", fig. 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, atthe 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-
wer, and if the observations be thus continucd, any mul-
tiple of the angle will be obtained that may be wished.
When it is thought, from the number of observations,
that a suflicient 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 evidenily possesses all the ad-
vantages arising from the repetition that have becn ob.
served with regard to 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 calculution for angles between terrestrial objects.
" Example,

That is called the first index which is on the right of the eye-glass
of the telescope, and which 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 index being fixed a¢ zero, the three others
nuark the follawing numbers, the instrument being divided into 400

degrees.
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parallel {o the plane of the limb: nothing.is more 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 teles
scope to the same point. . The optic axes of the telescopes
are then parallel to each other; they are therefore both
parallel to the plane of the limb, since one of them was
before brought into that situation. ;
Though the repeating circle has all the advantages
which we have explained, it ought not to be dissema
bled, that some defects of execcution 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 casily discovered; as it is’ very casy,
when we foresec them, to elude their influence ; npd fin

1st ond 3rd - 4th
0° 000 100.° 046 199.° 988 - 209.° 969
the sum of which, by rejecting the units, is = 0.° 003 ; and that we
have ohserved, , .
Multiple angles Aor single' auglc.ri :

2 A 90° 842 .-u... wasuvaessavenanus 455 421
4 A 181, 6B4 cevemeiacvacrcancanvoanadb . 421
6 A 972 5 cecicammumen amavaanc=od5 0 421166
3 A 863. 370 e-ccaunanmnmamavansnavan .45, 422375
10 A 454, 225 aeceeonmnamnmncann —ieaee 45. - 4225
12 A 545, 073 eeccamccenacacccinanaan-45. 42275
14 A 635. 921 wccnn. eemenfreemcammman 45, 42208
16 A 796, 772 ceccaannn camena meennmen 45. - 42325
18 A 817, 618 wanucarceacanmacanvanan- 45. 42322
“20 A 908. 47 ceceeccecm—cemccmsncannn 45. 4235
22 A 009. 32 caneun-- fecmmmavmaaan .--45. 4323636
24 A 1090. 164
212 " . 666-—. 003
154 T s
186

24 A 1000. 16575 nansenncasannnansannenaadd’ 423579
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nally,as, without proper precautions, we should be ex-
posed to great crrors, of which nothing may warn us,

" From what has been said at the beginning of this chap.
ter, upon the construction of the repeating circle, it is
cvident that the only defects in it which we have to
fear arc those which may oppose the principle of the
xepetition, 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 apgles given by the successive
observations are to be written in a column, reading only one index
ateach observation; from these multiple angles the single angle shall
be determined, which will also serve to show the terms of the series,
apd 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 foyr
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 indexes when the fisst 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_ohservation, Thys, in the above example, 0. 666
— 0,008 = 0.663, the fourth of which = 0. 16575 ; dividing by 24,
gives the single angle — 45.° 423579.

We _might, strickly speaking, dispense with reading all the ob-
served angles, and.read only the last; but, if we have time, it will be
preferable to read 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 priar to commencing the operation for measuring an angle,
as they may mark different numbers at different times; znd 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 errorsdue to the inclination of the
optical axis and to a defect in the verticality of the
Plane of the limb. We havegiven the methods of mea-
suring and destroying those errors, or of attenuating
them sufficienily 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 centrc of the
limb, can play about the axis which supports it Inor-
der to investigate the errors in the zenith distances which
would result from this cause, et us commence with the
first position of the telescope at the beginning of the
observations, which is represented by O C' A, fig. 16;
then the xing M N, pierced at the centre of the index
whiqh catries 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 clevated
point. Thingsremain the same in the second position of
the telescope’ after turning the circle, in order o pass
to the even observation, fig. 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’ passed over by the index upon the limb,
Jig. 18, isgreater than the true angle a C' a’, and the dif-
ference is equal to Aa + A‘a’ or 2 Aa. But a contrary error,
and more considcrable, takes place in passing from the se-
eond observation tothe third. In fact,at the end of the se-
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cond, the telescope has the position O C' A, fig. 18. In
the revolving movement of the circle, the telescope takes
the direction O C' A, fig. 19. It preserves the same in-
clination tothe horizon ; the point of confact N renaing
the samc, and the point A’ likewise. DBat, whben the
limb is afterwards turned vertically aboui its centre C/,
in orderto biiug the telescopeagain towards the heavenly
body, uid to give it the direction O C’ A", as in fig. 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 O in the figure, is fixed by means of its
pressing screw. The telescope therefore turns about the
point O as a eentre. The object glass, in dcscending;
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 Aa, 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 diminish the
measure of the zenith distances, It is so much the moreto
be feared, as thie 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,
1t is therefore of the utmost importance that the juxtapoe
sition of these two pieces should be observed with ex-
treme care, and for this purpose, the axis of steel, which
carrics the index, should be sufficiently produced, that
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the artist may adapt it exactly to the ring. Unfortu-
nately, it appears that sufficient attention has not yet
been paid to this, 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
limb, has not suflicient power to retain it invariable ; for,
in passing from the second observation to the third, ¢r,
in gencral, from an cven io 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 either
to augment or diminish the zenith distances. ‘This dis-
pPlacement will only have an influence in the passage from
odd to even obscrvations, 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 cven 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 figs. 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
be one 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 gravity, that is,
the point A’ will descend if the end which carries the
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object glass be heavier than that where the eye-glass is
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 ; 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 pere
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 mule
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 of the two extremities of an observed arc, as ge«
nerally happens in geodesic operations, which are those in
which the greatest accuracy isrequired. 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 differcnce 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 mcans 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 §' 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'— N, or S—8; and the celestial arc A=N-S; A'=N'4 8,
would be the same in both stations, so that we should find A= A"
It will not be the same if the circle have had a constant error e in the
first station, and the error ¢ in the second. For then the observed
zenith distances would be N+e, S+e; N'4 ¢, S+ ¢, 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,
§—§ +4e—e. The errors affect these results in contrary ways,

hence, they disappear by adding, and their half sym NN -;-S—Si

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

But if it be wished to value the difference of these errors, that is,
the quantity which the 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 thefirst, A=N4S 4 2e,
in thesecond, A'= N'4-& 4-2¢’;
and as N’ — N is equal to S— 8’ if these two equatiops be subtracted
the one from the other, there wiil be found,
A—A

A— A'=2e—~—2¢,consequently e —e ‘== =

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
Jatitudes observed at the same point with different cir-
cles, or by different observers, although the parlicular
results agreed viith each other. The corresponding ob-
servations at the north and south would have 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 reqaired.

In order to complete this chapter, I conceive it will
he wuscful {o explain accuralely the theory of air
levels ; as many readers may not have very precise ideas
respecting these instruments, thongh they arc very fre-
quently used in astronomy and physics.

‘We generally call a tubc 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 upon 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'+ ¢, 5 4 ¢, observed at the second station, they become N’ - ¢,
S +e. They will therefore then be comparable to the observed dis-
tances in the first station, and, by combining them, we shall have
N!— N, or S— &', for the true difference of the latitudes.
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air is so small, that it may be considercd as a point.
If the interior of the tube were perfectly cylindrical,
there could be, strictly speaking, anly 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
borizontal position ; the least inclination would displace
the bubble, and carry it wholly to one of the extremi-
ties. Itis thercforc necessary, in order to avoid this
inconvenience, that the iunterior of the tube should be
slightly arched ; then the bubble will take such a posi-
tion as will cause its middle to 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 tothat 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, fig. 21, be an indefinite arc of a circle
which represents the longitudinal scction of the level.
Let C be the centre of the arc, and C A a radius directed
according to the vertical line ; in this position of the
Ievel, the bubble of air, which we still suppose to be
exiremely small, will be placed at A. But if the in-
clination changes, the radius C A will be’inclined, as in
Jig. 22, and another radius, such as C A’, will become
vertical ; at the same time the bubble will be displaced
and carried to the point A’.  The arc A A’, which it des-
cribes upon the level, is the measare of the angle A C A/,
or of the change of inclination.

In all this it is supposed that the level is ouly a cir-
cular physical line. This is not possible in practice ;
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but the advantages of the circular figure 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 propertics 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 agrecs exactly with the changes of inclination.
In order to sce 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 guantity,
it is easy, according {o the preceding data, to calculate
ihe resulting variations in the inclination of the plane,
and it is then scen if the motion of the bubble in ihe
tube is exactly conformable to them. To do this we
commence by drawing upon the glass tube equal divi-
sions through its wholc length.*

For example, by submnitting to this proof a level con-
structed by Yortin, for obscrvations 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 onc sexagesimal sccond in the

* The practical explanation of these proceedings is found in a very
#ood memoir of M. de Chezy, upon the construction of levels, in-
serted in the memoirs of the Academy of Sciences and learned Fo-
eigaers, '
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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 dircct 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
Jevel 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 io 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, conscquently, by dividing this inclina-
tion by that number, we shall have the value of each of
them.

- ‘The arc passed over in an obscrvation 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 fact,
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;
then, without touching the telescope, turn the limb ver-
tically, until the bubble return to the opposite extre-
mity ; and 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 this means, the telescope will describe a
new arc, whicl, being added to the 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
rcadings 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
with 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
ils curvaturc, especially if it has a considerable radius,
as in that vsed 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 uscful 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 lcast
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 vne sexagesimal second is expressed by three milli-
metres; now, it is known from trigenowmetrical calculations, that the
radius expressed in terms of the arc is equal 10 57° 17" 44". 8 of the
sexagesimal division, or which is the same thing, 10 206264” 3,
Since each second amounts to three millimeires, the radius wiil be
three millimetres multiplied by 206264, 8, or 618,7944 meties, or
nearly 677 English yards.
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stO}i 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 atirac-
tions of the liquid and the glass : it is of the kind of
those which we call capillary phenomena, because they
were at first observed in very small tubes, in which itis
known that liquids which moisten the glass, rise above
their natural level, and form a small column terminated
by a concaye surface. The cdges of this surface, com-
posed of molecules adbering 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 ason
the fluidity being morc or less perfect. An analogousef-
fect is produced in levels, upon the extremities of the
bubbles which they contain. These extremilies are
raised along the tube, by which means the bubble is
rounded in the places where the surfuce 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
excrcise them are ncarer {o eacl other. For the same
rcason the elevation of liquids, in narrow and vertical
tubes, increases as their intevior diameters diminish, so
that the liquid column thus raised is reciprocally as
the diametcr, as both experiment and calculation agree
in proving. IFrom 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 direclion more than in another, or even
z{bsolutely stop it ; instead of which, these effects will
be much less upon a long bubble and in a large tube, in
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. Bat, in order that this length may be
uscful, the interior of the tubes must be well worked, and
exacily bored according to the circular curve; pre-
cautions which artists do not commonly fake, contenting
themselves with the natural curves which tubes of glass
always take when they are made.

The bubble of the level having a scnsible dimension,
its middle point is regaided as the most elevated point
of the tube, and it is the motion of this middle point
that determines the changes of inclination. In 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 the sum of the divisions which
limit its exiremitics is taken. This is strictly true if
the 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 pear the
middle of the tube: which is, in fact, more commo-
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dious, as the numbers arc then more simple. Buat
this is by no means necessary ; we might begin the
divisions at one of the ends, and half the sum of the
divisions, marked by the extremitics 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 repealing circles;
and to determine, by their variations, the changes of
inclination in the axis. By this means we avoid the
necessily of replacing the level for correcting these
changes, as was done before, which required time, and
increased the difficulty of the observations by the union
which was necessary between the observer who directed
the telescope, and he who rectified the level.

In this new disposition, the level is firmly attached
to the vertical column about which the circle turns. It
is placed perpendicularly to the direction of that column,
and parallel to the plane of the limb. The limb itself
may also be firmly aitached to the column, or rather tothe
vertical planc which the latter carries, and upon which
the limb is fixed by means of two strong screws. In order
to make the first observation, we begin as usual by
bringing the telescope to the zero of the division upon the
limb, or, which amounts to the same thing, by reading cor-
recily the 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 dirccted towards the
heavenly body, we fix it in that dircction, 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 neke
‘v'_OL. I. e
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half a revoiution in the usual mauner 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 brought again to the heavenly bady,
If the column, or rather if the axis of rotation of the
circle, still remains cxacily vertical, as we have supposed
it was in the first observation, the level will aot have
been deranged by the revolving movement of the circle ;
and the arc passcd over upon the limb will be double the
zenill distance wilhout any correction. But if the axis
were not perfectly vertical, or if it have taken any incli-
nation in passing from the first observation to the second,
as the circle has revolved about it, the bubble of the
~ Ievel will not correspond to the same points of the tube
after the revolution. This is the reason why the obser-
ver agaiu reads off the level in this second position, as he
had read it in the first, and by mcans 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
PA, fig. 23, bethe direction of that axis; and AZ S an
arc of a circle representing the longitudinal section of
thelevel. Let C 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 CA P will be the inclination of the axis of thelevel
to the axis of the ¢ircle, an inclination which we call 1.
If through the foot of the circle, or through the point P,
the vertical line PV be crected, 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 linc. Finally, if
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from the point C, the centre of the Ievel, the vertical
line C Z be drawn, meeting its circumference in Z, the
point Z will be the centre of the bubble, sincethis cenire
ought always to be found at the most clevated point of
the level; and the arc A Z, read upon the circular
division of the level, will be the measure of the angle
Z C A, thatis, of the inclination of the radius C A to the
vertical line. Now, by prolonging the direction AP of
the axis until it meet the vertical line CZ in D, it is
evident that the exterior angic Z CA of the triangle
C AD isequal to the sum of the two interior angles
CAD and CD A ; the first has been denoted by 1'; as
to the second, it is equalto VP A, ortol. Thus, by
substituting for these angles their values in parts of the
level, weshall have AZ —1 + 1",

Now, if the circle be returned as in fig. 24, as the ro-
tation will be performed ahout the axis A P, the radius
C A of the level will describe a conical surface about this
axis; sothat, after the revolution of the circle, the incli-
nation CA P 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 C Z* be raised, the point Z' will be the centre of the
bubble in the new position of the level; the angle
Z' D' A will still be equal to I, and by a reasoning simi-
lar to the above, we shall have A Z'=1—1'.

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 level; while in the second
reading, thearc A Z’ is equal {o 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, and the inclination of the axis of the
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circle to the vertical line is equal to their half sum; that
is tosay, we have
r= éi_—-}AZ’ , [ AZ -;; AZ

It still remains to find the value of these arcs A Z and
A Z'. 'This would be casy 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 then the simple reading
would express their values. But, whatever may be the
origin of the divisions, it is casy 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 {n perceive the effect of this inclination upon
the zenith distances, let C, fig. 25, be the centre of the

* Let M, fig. 23, be the origin of the divisions of the level, or the
position of the point zero 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 8 the co-ordinates of its North and South extremities,
that is, the distances of these extremities from the origin M of the
division, or the arcs M N, M. 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 4 L—A, N=AZ—L—A.

Let the limb be returned in order to pass to the second observation,
fig. 24. In this movement the point M will pass to M‘on the other
side of the axis. Let Z’ be the centre of the bubble in this new po-
sition, and call also N” and § the co-ordinates of its North and South
extremities, that is, the arcs M’ N7 and M’ &', we shall then have

S=AZ + L4 A, N'=AZ —L4 A;
from these expressions we obtain
AZ 4+ AZ=N+¥¢ AZ+AZ=N'48
AZ — AL =N-N'4+2A AZ—AZ'—S—S 4. 2A
AZ+ A7), . .
but g is the inclination of the axis of the circle to the ver*

tical towards the North, which has been denoted byI; and

..’_\_Z_';_A_Z_, is the angle formed by the axis of the circle with the
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limb, CZ tile vertical line, CS the visual ray drawn to
the heavenly body fo be observed ; the angle SC Z will
be the truc zenith distance. Now let CP be the direc-
tion of the axis of rotation of the circle, which is sup-

radius of the level; which augle has been called I'.  'We have, there-
fore, the following values for these quantities,
I= S—ji, orelse I—= ii;_l.q.—

b4
_._.___N;N' 4+A, orelse I'= _____S;S' +4,

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 is
nearlyin 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 formule. The same also for N¢; and with
this modification the preceding expressions will become

I=

§'—N \_S—N',
I:__E_.., I'= T
N'—N —5—8
= —A I'==—_— 1A,
P} ? 2 T

We shall limit ourselves to examine the first two, which give the
inclination of the axis; the two others, containing the distance 4,
which it is impossible to know, cannot be applied. But fortunately
the angle I’, which they determine, is not necessary to the observa-
tions. Now, it is evident that N and S are the cc-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
Southin 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. Hulf the difference of these numbers
will express the inclination of the axis towards the end which has
heen considered as negative, that is, towards the North, if thisend
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-
ferting 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 ; this 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

1o the observer who readsits divisions. Suppose, that in the first ob-
servation the Sout: end of the Lubble is on the left hand of the obser-
ver; in this case, the Avr/fi end will be on his right. Now, thelimb
is turned in order to pass to the second observation, and he who redds
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'; Re; 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 R, we shall have,

=8—R , or else I= L-L »

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 w0 say, left and right, as below.

Loft Differences, Right Differences.

142 136

130 + 12 148 + 12
42 136

150 + 12 © 148 + 12

144 134

134 + 10 144 + 10

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. Andif the half of these values be taken, it will give the
inclination T of the top of the axis towards the side R of the bubble,
or towards the side R of the zenith.

[

Here, for example, each of the two first pairs, gives

=+6;
that is, the top of the axis is inclined 6 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 ils revolution is the point A/, situa-
ted in the direction of the axisof 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 body is situated
on the same side, as in fig. 24, the zenith distances will be too 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 cbserved heavenly body were situated onthe South
of the zenith on the side S, and that the level had been read asis here
supposed, the inclination towards N would augment the zenith dis-
tauces, and it would be necessary to subtractit., The same result
would be found from the /fi end of the hubble ; for it gives L — 1472,

L:
——=+G.

L'= 150, consequently I =

The third pair of observations preseots a little change in the incli-
nation, for we only find 1=+ 5. We thus form all the differences re-
lative to each pair of observations, and take the mean, which is the
correction to be applied to the mcan distance deduced from the ex-
treme readings of the observed arc. In this addition, cach of the
differences R'—R or L— L' must be written with its sign, for some of
them may be positive and others negative, if the level experience any
derangement in the course of the series; and.this will almost always
happen when the inclination I is very small. 1f 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 the 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 that the side R

may be directed towards the heavenly body which is observed ; then,
.. R"—R . e el . .
if —5 o Z is positive, it is to be added to the zenith disiance;

if it be negative, it must be subtracted. All is then reduced to this
very simple rule, and there will never be any mistake commiited
respecting the direction of the inclination.
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error of ecach distance is therefore equal to ZCZ’;
that is, to the inclination of the axis to the vertical.
It diminishes the zenith distances, when the top of the
axis inclines towards the heavenly body, asin fig. 25;
on the contrary, it increases these distances when the axis
inclines from that body, relatively to the vertical line,
as in fig. 26. Thus, in the first case, ihe 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 rectificd after the re-
volving movement, by means of the repelling screws,
so as to bring the level to ils primitive position. This is
not possiblein 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 morc simple, more com-
madious, 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; this 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 obscrvations; but the level indicates all
these variations, and as it is read off at cach observation,
it determines the true value of cach 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
has 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 cach 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 atlcast, if the compensations are not strictly
exact, the number of parts of the level which remains
in the mean result is so small, that the error that may be
committed in their valnation is absolutely insensifle. This
is the method which we used ig 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,

YOL. 1. H
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Description and Use of BorDA’s Reflecting Circle.

Tue following description of Borda’s reflecting circle
and of its use, is extracted from the second edition of
Biot’s Astronomie Physiquc, where it is given by De
Rossern, late a captain in the French navy.

Weare indebted to the learned Borda, who by his
works has confributed so much to the progress of navi-
gation, for the best reflecting instrument.  His first in
tention only was to improve the circle of Tobias Mayer,
a professor at Gottingen ; but the improvements he
made imparted fo it so many advantages, that he may
be justly regarded as the inventor of the refiecting circle
now in use.

The reflecting cirele ( figs. 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 cach other, half degrees must be reckoned for de-
grees, and the circle is divided into 720 parts instead of
560. The large mirror L G is placed at the centre of
the instrument, and tarns about it by means of the index
CB. The small mirror I F, instead of being ina fixed
position, as in the sextant, is placed at the extremity of
a second index O P, moveable about the centre of the
instrmment, and carrying the telescope O at its other ex-
tremity. The position of the tclescope O 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 the large mirror, and takes different
degrees of inclination with it. Suppose the index B C,
which is called' the index of the large mirror, to be at
the point zcro of the graduation, and that the index P O
of the small mirror is fixed by a pressing screw in such
o position that the two mirrors are parallel ; then, if the
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index of the large mirror be moved from B to D, and an
object seen directly in the telescope O 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
numberof degrees and minutes marked by theindex inthe
position CD, will be the angular distance of the two ob-
Jjects 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 mecasured 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,
viz. that the angles formed by the visual rays of two ob-
jects brought into contact with each other, are egual 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 visual rays of two
objects in contact, are also measured by double the an-
gle of inclination of the surfaces of the {wo mirrors:
thus, whenever these surfaces make an angle with each
other equal to B C D, the same objects will still be found
in contact in the field of the telescope. From this re-
nmark, a second method of observing single angles with
the reflecting circle may be derived; this will be to
move the index O P of the small mirror, instead of CB,
that of the large one. In fact, the index C B being at
zero, and the surfaces of the mirrors parallel, if theindex
of the small mirror be moved, iun the direction in which
the divisions are numbered, from P to P’ ( fig. 31,) until it
has passed overan are PP’ equal to the arc B D, (fig. 30)
which was previously described by the index of the
large mirror, the angle formed by the surfaces of the
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two mirrors will be the same in the laiter case as in flie
former, with only this difference, that, after having
moved the index of the small mirror, this angle, instead
of having ifs 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, the reflected
image of which is observed, will strike the surface of the
great mirror from the side O’ P P/, (fig. 31,) instead of
P B D, ( fig. 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 conditien is by
causing the instrument tomake halfa 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 info 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 dcscribed have not any ad-
vantage over thosc that are made with a sexiant; on
the contrary, the radius of the circle being generally less
than that of th» sextant, the single angles measured
with the latter justrument will be susceptible of greater
precision than those that are measured with the former.
But if multiple angles are observed, and the iwo me-
thods above described be combined ; that is, if the two
indices arc moved alternately, and the direct rays of
the heavenly body whose reflected image is observed,
fall upon the large mirror, in passing alternately betwecen
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the object glass of the telescope and the small mirror,
or on the confrary side, then the reflecting circle pos-
sesses so many advantages over the sextant, that the lat-
ter instrument will probably be wholly abandoned at Iast.

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 ficld 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 madeto advance in its tnrn over the arc BD,
(fig. 31,) equalto thearc P P/, which 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.  Supposc that the index
of the large mirror be then caused to advance over the are
D E, equal to BD, it will have actually passed over an
arc, the number of degrees of which, marked on the
graduoated limb, will be double of the observed angle ;
but the angle that the surfaces of the two mirrors then
make with cach 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/, will have it on the opposite side P BD. 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 refleccted image was observed, may
fall upon: the large mirror from the side P B D. 1t
should be remarked, that it is not necessary to know
the point D, to which the index corresponds when the
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mirrars are parallel ; by bringing the two objects into
contact, the arc BE, which is double the observed
angular distance, is obtained directly, Theangle thus
measurcd will not therefore be affected with 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", DBut another ad-
vantage is, ibat an error at the point of graduation which
answers (o 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 the
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.
servalions of the same angle may he repeated at pleasure ;
and at the end of the sixth obscrvation, for example, the
arc marked by the index of the grecat mirror will be the
sextuple of the angle observed : at the termination of the
eighth, it will contain cight 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 De obtained at the end of each even ob-
servation. As the error at that point of the graduation
which corresponds to the index at the end of the second
observation, only influences the measure of the angle
by half iis 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 always be diminished in proportion as the number
of obscrvations is increased ; and it would be possible
to multiply them until 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 Borde’s reflecting circle derives its principal
advantages 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 remcdies for those imperfections that could not
be avoided in its construction ; and also for the weake
ness of onr organs. It cannol 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.

R —

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

Tue first verification is that of ascertaining whether
the {wo mirrors are perpendicular to the plane of the
instrament. This is done precisely in the same manner
as for the mirrors of the sextant.

The telescope O of the circle is fixed to the index of
the small mirror, and is held to the supports Rand V by
two pieces placed mear 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 I& and V are cach divided in the same man-
ner, which serves to place the axis of the teles-
cope in a situation parallel to the plaune of the instru-
ment. As different degrees of inclination may be given
to the telescope, by means of the repelling screws placed
near its exlremities, 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 the 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, two pieces of brass, similar to those represented by
Sfig. 36,* 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, atleast from 1€ to 20 fect 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 zero of the division on each support, and the indexof
the small mirror moved until the same object is seen in
the ficld of the telescope. If the object appear exactly
at the intersection of the wires, it will be a proof that
the axis of the felescope 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 cach 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 the proof-line of the screw is to be observed.
Suppose it were one or two degrees above that of the
repelling screw which is nearest the centre of the instrus
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 whken the Surfaces of the Large Mirror
are pareallel.

Borpa, in his work, entitled ¢ The Description and
"Use of the Reflecling Circle”, has given the following
table, by which the errors arising from a defect of paral.
lelism of the 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 ; Borda means by right observation, the obser-
vation in which the reflected image comes from the right,
and by left obsercation, 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 obscrvation of
the parallelism of the mirrors.

YOL. 1., - I
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Observed Right Lejt Cross
AnGles. |Observalions.|Observations. Qbservations.

O 0/1 0,, o

, 10 2 1 2

| 20 6 2 4

: 30 10 1 6

40 16 0 8

45 19 1 9

50 23 2 11

55 28 4 12

60 33 6 14

65 38 8 15

70 47 10 18

75 55 18 21

80 1t 4 16 24

85 1 15 19 28

90 1 98 - 93 32

95 1 43 98 37

100 2 1 33 43

105 2 93 38 53

110 2 50 AT 1 2

115 3 23 55 1 12

7 120 4 5 ', 4 1 31

125 5 0 1 15 1 53

130 5 58 1 98 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, tke 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 instrament, 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 thc mirrer
are parallel ; and then the observed angles will not want
any correction. But if thcse two measures of tlie dis-
tance are not equal, the large mirror is prismalic, 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 theangle given by the second series of observations ;
but, should it be greater, the error must be subtracted.
Borda’s table affords the means of calculating, by a
simple proportion, the error of the observed distances,
whatever may be the inclination of ihe 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, 907,
for example, so is the error found by the verification, toa
fourth term, which will be the error arising from the
large mirror when an angle of 90° has been measured.
W henever 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
PBD, (fig. 31,) and O’ P P’; the angle of incidence will
sometimes be on the side where the two surfaces of the mir-
Tor 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 these two errors.
1t oughtto be remarked, that, when the directrays of
the object seen by reflection come from the side PB D,
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 ervors are the least when
the direct rays of thie object scen 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
itis wished to observe a single angle, tlie index of the
large mirror must be fixed at the point zero of the gra-
duation, and the index of the small mirror moved in the
direction of the same graduation.

et

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

Tue coloured glasses of the reflecting circle, (fig. 38,)
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, (fig. 28and 29,) in
the socket 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 paralle], in order, that they may not occasion
any error in the measures of the 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 maaner.

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 R ; 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 large 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 are cither 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 lurge 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. Generally, 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 obscrva-
tions. The position of the line CN remaining cop-
stant with respect to the coloured glass, the correction
of that crror will be the same for all the observed angles.
By operating in the same manner, the errors of all the
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coloured glasses, similar to those of fig. 85, may be as-
certained when they are placed at H. It will be equally
easy to ascertain the errors of these same glasses when
they are placed at K ; the process will be the same>
except that, between the observations, the glass in the
socket K must be turned instead of thatin 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 cirs
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
was 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 BD, (fig. 31,) or from the opposite side. But the
instrament 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. Then
the balf 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. In fact, if, through the
centre C of the large mirror and the edges S of the
mounting of one of these glasses, the lines CM, CY be
drawn, whenever the direct rays of the body seen by
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reflection fall in the angular space M CY, 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 1o the dimensions
fixed by Borda, the angle M CY should be 28 40/, If
the line C X be drawn parallel {o the axis of the telescope,
the angle Y C X will be 5° 20'. Hence, in the case
in which the direct rays of the object secen by reflection
pass between the small mirror and the object glass of the
telescope, it is impossible to make use of the glasses of
Jfig. 33, whenever the observed angle is between 5° 20
and 84°. The glasses of fig. 34 must then be employed,
and placed before the large mirror in the sockets ¢. g.
Butthese glasses may occasion errors rather considerable.
In fact, they are first traversed by the rays falling uponthe
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 of fig. 34 must, therefore, be used only for ob-
serving allitudes between 5° 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 54°, and
the errors occasioned by the defect of this kind of glasses,
will be less in the circumstances in whieh we are obliged
to use them than in all others. The distances' between-
the sun and moon are always greater than 40°, and those
hetween the moon and stars are so scldom 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.

Wien simple angles are to be measured with the re-
flecting circle, the point of the division, 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-
viously been brought to the zcro; 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
anly this difference, that, instead of taking half the dif-
ference of the two arcs observed for obtaining the rectifi-
¢ation 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 the end of each obser-
vation, must be taken when the circle is used. * 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.

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

TrE simple observation of the altitude of any of the
heavenly Bodies is the same with the circle as with the
sextant. 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 parallclism of the two mirrors, the heavenly body, of
which the altitude 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 then to be depressed, still preserving it in
the field of the telescope; and lasily, after having re-
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moved the second coloured glass, this image is to be
brought into contact with the horizon. Thearc 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 usc 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 arlicle on
the parallelism of the surfaces of the large mirror.

The reflecting circle can possess all its advantages only
when the obscrvations 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 res
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 uncqual; nevertheless, the varia-
tious 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-
scrvations 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
YOL. I. K
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mean time of the observations. In fact, the first obser-
ved altitude will be that of the body 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
altitnde 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 timesof
the two observations. 'When four observations are taken,
the 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 part of
the sum of the times of the four observations, or to their
mean time. Should six obscrvations 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 number 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 changes in the distane
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 passesit at a very great
altitude, must, however, be excepted. Though the
changes in the true distance are not affected by this cir-
cumstance, yet, as the apparent distance, which then
experiences very great and very unequal changes is
‘abserved, this bypothesis may became the cause of er-
rors, the influence of which, on the calculated true dis-
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tance, and consequenily upon the longitude deduced
from it, would be very sensible; for which reason, dis-
tances should never be taken during the half hour which
precedes, and that which follows the moon’s passage
over the meridian. )

1t should always be ascertained before observing dise
tances, if the mirrors are perpendicular to the plane of
the instrument. At all cvents, 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 direcily has a very great alti-
tude. The metbod of observing the contact, with a cir-
cle, in a plane parallel to that of the instrument, is the
same as that used with a sextant,

In order to avoid useless trouble in bringing the ima-
ges of the two heavenly bodies, of which the distance is
to be observed, into the field of the telescape at each
observation, search beforehand in the Nautical Almanac
what this distance ought to be nearly. When this is
found, it will be easy to conclude the 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 551~ 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 small mirror in the third
‘observation will be 551° 80! 4+ 160°, or711° 80'. That of
the large mirror in the fourth observation will be 160° 4+
160° or 320 ; and so on, by always adding double the
distance to the numbex which indicates the preceding
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position of the same indrx,
that the indexes ought to have, may be written down in
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the following manner :—

The successive positions

Peositions of the Indexes.

Observations. Large Mirror. Small Mirror.
Isteoo. .. e cecr cmma re|acanan 551° 30/
Peeenconasjocannn 160°
kS, teeeceee @fon cnlemnnen 711 30
: R S 320
L J T R 151 30
i J PR 480
Taaarceealocne cnen memccalenenen 311 30
- JR I 640

&c. &c.

If the indexes be successively placed in the positions
which this specimen indicates, the two bodies will be
found in the ficld 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
80/, the error can never exceed a sixth partof 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; whercfore 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 obscervation relative to them, minus the arc reckoned
to the end of the observation of the firstsix. This method
is preferable to the 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 will be no reason to fear the influence of the mazi-
mum of these errors upon the mean longitude which re-
sults from the two calculations. On the other band, as
the indexes had different positions upon the limb of the
instrument, if there be any small imperfections in its
centrage, or in any other essential parts of its construc-
tion, the influence of these imperfictions will never have
its maximum upon all the longitudes given by the difs
ferent calculations.

Distances observed with a reflecting circle will not be
affected with the crror that may be committed in observ
ing the point of division which answers to the index of
the small mirror, when the two mirrors ave parallel to
cach 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 been
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 dise
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 gives the angles with a
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degree of accuracy thatleaves nothing to bedesired ; and
mariners cannot be too much induced to use an instrue
ment ihat possesses such great advantagesover 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 suflicient.

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.

e —

Reduction to the Centre of the Station.

Tue 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
be committed if the elements are not determined with a
certain precision.

It vlcry 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
ohjects 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 the instrument at the
point C, the centre of the station ( fig. 37) ; but he has
been obliged to place it at O, where he has observed the
angle AOB: itis required to apply to this angle the
necessary correction, in order to obtain the angle A C B,
which should have been observed.

For the purpose of abridging the work, let A CB=C,
AOB=0,0C=r, AC=D, BC=G, BOC=Y,
and consequently AO C =(0 + Y).

C=AIB—CBO_-0+0AC—CBO
=0 x 81N (04 Y) — rsin. Y.
D G

expression may be in seconds, it must be multiplied by
the arc equal to radius, thatis, 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 O
rsin.(O+Y)  rsinY,
. D, sin. 17 G sin. 17

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

In order that this

is

about l—éb-pnrt; O C=r1s obtained by the exact meca.

sure from the centre of the instrument fo the centre of
the station. For this purpose, a point is marked on the
top of the tube of the upper tclescope, 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 BO C=Y is to be measured with the cir-
cle. When the angle A O B has been measured, the

~r-

* 570 17+ 44", 8—206264". 8; log — 5. 3144251, Theradiusinthe
centesimal division == 63°. 66197 = 636619".7 ; log. = 5, 8038801,
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upper telescope is directed to the object B 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 divis
sions until it points to C: the space which it will have
passed over on the limb, will be the measure of the an-
gle BOC. During this operation, the lower telescope
should always remain fixed upon the object on theright;
if it does not, it ‘may be brought to it by means of the
drum screw, and the supcrior telescope directed again
to the centre. This should be repeated two or three
times, and the mean of the results be taken.

The distance O C is always too 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
Ieft to right.  Should they procecd in a contrary direction, the angle
A OC,greater than 180° is then measured. 1f this angle be called Y,
we shall have Y—=3860°—= 0 —Y’; and the formula will become

7sin. (O4860°—0—Y'  7sin. (360 —0—Y’)

D G >
r sin. (360° — Y') 7 sin. (360%) - (O +Y). a
r : D — G ) ut sin.
(360° ~— Y') = ~ sin. Y, and sin. (360°) — (O + Y') = — sin.

(O 4+ Y"): hence the formula becomes ~ sin. (8 + Y rsin Y
G
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Thus the first term of the reduction will be positive
when the angle (O + Y) is less than 180°; and it will
become negative when (O + Y) exceeds 180°.

T'he second term will be negative when the angle Y
is less than 180°; and positive when it is greater than

180°.
Application of the Formula to an Example.
"Let D = 4510 yards, G = 4730 yds. r = 8.96 yds;
O =383 58" 37". 43; Y = 252°55'; (O + Y) = 266°
531 87'.43,

Specimen of Calculation.

1st Term. 2nd TERM,
Log. r = 3.96 yds. ...0.597695
Comp. log. sin. 1''....5.8314425
+ 5.912120 —b5.912120
Comp. log. Do .- 6.345824 log.sin. Y —9.901872
Log.sin. (O +Y).. —9.999361 comp.log.G 6.325139
— 18084 e aean- 2.9p7305 + 187'.76...2.139181
— 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 B¢’ A.
1t may happen that the correction will be nothing ; and
this will be the case when the point O is situated in the
circumference of a circle passing through thethree points
C, A, and B ; 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
be of a contrary sign to the sine of Y.

VOoL. 1. 3
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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 take instead
of the log. sin. of 17 sexagesimal, that of 1" decimal,
that is 4.1961199, the arithmetical complement of which
is = 5.8038801.

What has been said relative to the reduction to the
centre of the station, supposes that O C and the angle
B O C can be measured, which cannot be immediately
done when the centre C is ocenpicd by a vertical beam.
Delambre has given formulee for finding in that case the
angle of direction and the distance from the centre ; but
the calculation, which is very laborious, may almost
always ve avoided. An casy construction will give, with
sufficient accuracy, the distance from the centre and a
point in the direction of that centre through which the
telescope may be poinfed.  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 necessary to suspend a piumb line from the
point to which the telescope is directed, which is some-
times ten, fifteen, ortwenty yards above the place where
the instrament can be fixed. This is genernlly impossi.
ble, even supposing that the floors and interior carpentry
would admit the operation, as the aforesaid pointis above
the top of the building. It is therefore necessary to de-
terminc the place whichis perpendicularly below the poing
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-
hend 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, particu-
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larly if the signals are at a certain distance ; it likewise
proves that 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 (fig. 33,) is a rectangular beam
whichoccupies the centre of th: station C, and O the cen-
tre of the instrument ; we cun neither measure O C, nor
the angle of direction MO C, (M is the object tothe
left,

From the point F, the middle of the side A B, erect a
perpendicular FG, makingit = 1BE =1AD = FC.
Draw O G and O F; from any point H in O G, draw
HK parallelto G F, and make 1K = HI. The point
K will be in the direction O C.

A plumb-line may therefore bz suspended on the point
K, and the angle M O K = MO be taken.

If O K be produced to L, and L G drawn, we shall
bhave OL + LG =O0OL + LC = 0OC, the 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 string and a piece of chalk; the
Point O may be determined by a plumb-line before the
instrament is placed. '

The process will be the same for a square beam.

If the beam be hexagonal, let ABD EF G (fig. 39)
be its contour, O the centre of the instrument. From
the points A and B, with the radius A B, describe the
arcs 1H and K L, which cut cach other in X ; draw
X Z 1o the middle of A B join O X and O Z ; from any
point Nof O X, graw N Q parallel to X Z ; make PQ
= NP: the point Q will be in the direction O C; the
angle MOQ = Mog¢ may then be measured. Pro-
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Jong O @ and A B until they meet in V; join QX ; and
you will have OV + VX =0V + VC = OC.

1f the beam be octagonal, the quadilateral ABED
(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 MO A and M OB,
which lines drawn from the same point O 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 O C, let O D be drawn equal to the
shortest distance from the point O to the beam ; and for
D C, the cylinder is to be encompassed with a string
which must be measured {o 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 becn found equal to46 inches.

Log. 46.cnana.. 1.66276
Constant log..... 0.79818
0.86458 = 7.8212in, = 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 O (fig. 42): and
suppose that an obstacle prevents him from seeing the
cenire C; in this case, a point B should be chosen, from
which both O and C can be seen ; and after taking the
angle B O C cither with the circle or with any other in.
strument, BC and B O must be measured ; then O C is
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to be calculated, as well as the angle B O C, which, being
added {o the angle BOM taken with the circle, will
give the angle of directicy MO C. This method will
be particularly applicable when we are obliged to ob«
serve from a gallery without an cdifice.

Such are nearly all the diflicullies 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 stecples and towers,
the operaiions 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, ifit canbedone, 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 centee 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 BOC (jig. 43) has been observed,
weshallhave AOC = AOB + BOC; EOC, greater
than 180°= AGE + AOB + BOG, &c.

Reduction to the Horizon.

The observed angles are generally in a plane inclined
to the horizon of the observer; in this case, they require
fo be reduced, so that the triangles may be, as it were,
projected on a prolongation of the surface of the sca, or
on a plane parallel 1o 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 distances, has al-
ready been explained.
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Being at O (fig. 44), the angle G O D, beiween the
two objects G and D, has been observed in a plane in:
clined to the horizon at O ; this angle ought to be ree
duced to PO Q, formed by the lines OP and O Q,
which are the intersections of the horizontal plane of the
observer with the planes drawn through O G and O D to
the centre of the earth.

If at the point O the perpendicular O Z be ecrected,
and with any radius O Z thearcs ¢Z, g Z, and gdbe
described, we shall have a spherical triangle Z d g, in
which the three sides are known, viz. 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 the horizon, by @; call H and / the heights Ad
and B g of the two signals above the horizon of the ob-
server,(which are the complements of the zenith distances;)
then we shall have, by supposing the radius = 1, cos.
A = cos. ¢ cos.H cos. b —sin. Hsin, % ; or

cos. A + sin. H sin. 7 . )
cos. ¢ = , from which we obtain
cos. H cos. A

sin. 3 a = \/(sin.{;(A+H-—h)sin._;[.—(A—H+/1)).

cos. H cos. £

These two formule 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 + & —a, we shall have cos, A = cos. A cos. =
cos. H cos. & —sin, A sin. & cos. H cos. & + sin. Hsin, /% ;
from which

sin. H sin 2 — cos A

sin, 2 — cot. A cos. v = 2
sin. A cos. H cos. & ?
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and sin. 2 + 2sin* L o COte A == eecevmmmcnsnnmans
tang. 1 A sin.* L (1 + Iz)—cm 1 A sin. 2J-(H—-/z)
cos. H cos. &

For the sake of abridging the expression, let the nu-
merator of the second member be denoted by z, we shall
have
sin. 2 + 2sin.*% 2 cot. A = 7z sec. H sec. &, and
92sin. 4 & cos. 1 w = nsec. H sec. b — 2sin. {1 2
cot. A ; from which, after squaring, we have sin*. { z—
sin.* A (1 + nzcot. A. sec. Hscc. 2) sin®s 4o =— 4 #°
sin.* A sect.” H sec.” &.

Representing this equation for the purpose of abridg-

ing it, by sins*1 2 — psin.® L @ = — 4 ¢*; we shall
have
sincio =1L (1+39. 4152 + &)
p p Y
. 3
andsin. I o = +q iTQ_; and
P P
2sin.1 2= L ¢ 30— chord x : but
p:  pi .
— s 49 27 __9__
T chord # + 25 (chord 2)* = P‘L+ p5 Ty
r g l 1
or r — — S

So that by substltuting the values of p and ¢ in this

expression, developing as far as »°, and reducing
cot. A

i

-+

x = nsec. Hsec. k —1 (» scc. Hsec, h)

3 + cot.” A )
in*1J°
The first term will generally be suflicient, and the se-
cond always. In all cases we may see how easy it isto
unite the last two terms in a table, which must be twice
entered,

+ 1 (nsec, H sec. 71)3(



§0 A TREATISE

The quantity » = tang.  Asin®>. 2 (H + &) —cot. 4 A
sin *. 1 (H— %), is calculated by means of two tables of
easy use. The first gives for cach value of (H + %) and
(H—1), for every minute, the quantity 10000 sin® %
(H + %) ; thesecond gives for each value of A, for every
ten minutes, the quantilies 0'.0001 tang. 1 A, and
0'.0001. cot. 1 A. Table 11I gives the factor sec. H
sec. k, which in geodesic operations differs very little
from unity ; the arguments in it are H and 2. TablelV,
gives the sum of the two following terms; the arguments
initare (2 scc. H sec. i), and theangle A. These tables
for the reductions will be found at the end of this vo-
Jume, calculated according to the sexagesimal system.

EXAMPLE,

Let the observed angle A be GI° 9'27/.3 of the old
division of the circle, and the apparent zenith distances
of the two objects, 91°25' 51'" and 91° 32'45" ; let it be
remembercd also, thatthe quantities previously denoted
by H and 4, arc the complements of the zenith distances.

Let the two zenith distances, which are the respective
complements H and %, be denoted] by D and d.  1f D of
and d are both greater than 90°, H and % will be (D —
9), (and d —90°): (H + &) willbe = (D + d) — 180°,
and (H — &) will be = (D —a).

- 1f D and d areboth less than 90°, then H and % will be
(90°—D) and (90°—d); (H + &) = 180°~ (D + d),and
H-D=D-—4ad.

Lastly, if D is greater and & less than 90°, H will
be = (D —90° and & = (90°— d); (H + ) becomes
=((D—d)and(H—7%) = (D + d) — 180",
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This premised,
9l 25 517
and 91 32 45 H = 1° 32" 45"
(I + &)= 2 58 36 h = 1° 25 51
(H--h) = 6 51
(11 + &) Ist table 4 6.746 (H — %) Ist. table + 0, 010
Tang. A 2od.tab. + 12. 19 Cot. A 2nd table — 34. 89

607 14 — 0.3489

6746 + 82, 2337
13192 n = + 8l . 5848
6746

+ 82.23374
The first part of the reduction is always additive, and
the second subtractive. In order to obtain this reduction
more accurately, multiply it by (sec. H sec. Z); table
I11. with H and % gives for this factor 1. 0007.

N ™= cemecocannas 81/, 8848
Sec H sec. 2 .... 1. 0007

n (sec. H sec. )..81.94216.

Lastly, if regard be had to the last two terms of the
formula, table 1V. must be used, which is calculated
upon the supposition, that (zsec. H sec. £) is 100*.

With the observed angle.6l° 9, we find in table LV
the correction — 0%/, 013 : this is what it would be neces.
sary to subtract if (n sec. H sec. &) were 100" ; but, as
that quantity is only 82", the correction — 0", 013 must

. 82 \,
be multiplied by( 106 ) =0.6724, and —0'.013 x 0.67
= —0".009. .
(n sec. H sec. &) +,817.94

— 0. 009
+ 81193 =1'21'.98
Observed angle ....61°9* 27".3
Reduction.. ... 1'2]1. 93
Angle reduced to the horizon 61° {0 49,283,
Thus it appears, that # would bave sufficed, and we
VOL. I. M
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may always confine oursclves to 2 when the reduction
is a small number of seconds, and the zenith distances do
not differ much from 90°.

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

sin. %a___\/(sin-.%rAHH -hy]sin. L [A—(H- &) )

cos. H cos. £ ’
by employing the same given quantities as above, so that
the two methods may be compared, when it is thought

proper.

| (R, 1° 82' 46"
Roveeeenn. 1.25 51
(H—7%)..0° 6" 54
A = 61° 9 27".3 A =619 273
(H—1) 0 6' 54" (H—1k) 0 6' 54

A+ H-BDH=6I"16'21".3 A—H—="7~) =612 35".3
+A + (H—nh)=30° 38’ 10¥.656 L1A—(H—Hk)=30°31'16".65
Comp. log. cos. H....0.0001581
Comp. log. cos. &....0.001350
Log. sin, +[A+H—A)].. 9.7072179
Log. sin. 4 [A—H—h)].. 9.7057427
Log. sin, >3 @ccavenn...19.41325%1
Log.sin. L Gavreacnnen 9.70662705=30° 85' 24".59,
Therefore a, the reduced horizontal angle, = 61° 10¢
491, 18. This is within about 0. 05 of a second of the
angle found above. If £ unity be added to the 8th figure
of the log. sin. 1 a, it will give exactly 61° 10’ 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 toanswer the reduction to 0.01 of
a second ; an accuracy which the approximating formula
gives, and which may be mor¢ comwmodiously obtained
by its means, by employing it however, in the cases
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where H and £ do not exceed 3° or 4°. If H = £, then
H— /& =0, aud the formulasin 1 @

=\/(sin.—?_<. [A + (H—1)] sin. 3 ['_A——-(.H—Iz)]),

cos. H. cos. £
. sin 2A. ., .

becomes sin. £ a = o ™ in theapproximating for-
mula, becomes tang. A sin®. 1(H + &), and the correc-
tion will only have a single part.

]

Correction for the Eccentricity of the lower Telescope.

I~ 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 te require a
correction.

On beginning to observe an angle A CB (fig. 45,) the
uppertelescopeis brought to the object A (*), to the right,
in the direction CA. If the lower telescope were con-
ceniric and brought into the direction CB, the inter-
cepted arcof the limb would give the angle sought; but
because of the eccentricity CD, 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 IS ; so that the motion im-
parted tothe instrument is equal to the angle D C K, and
not to the angle A C B,

Now, DCLE = ACE—ACD =ACE —(BCD--
BCA) = ACE —BCD + BCA = (90°— A) —(90°

(™) This supposes that the divisions of the instnunent are num.
bered from lett to right.
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—~B) +BCA=90—A—90+B +BCA = BCA

cCDh CE.
+B—A =BCA + CB &1’

for, the angles A and B being very small, their sines may
be substituted for the arcs; therefore, the upper teles-
cope is removed to the right, beyond the angle A CB, by
. CD CELE
aquantity = BCA + .
quantiy = CB™ CA
Hence, in order to bring it to B, it must be made to

CD __CE
iy — 9,

describe ACB + CB CA + ACB=2ACDB +
Ch_CE
CB CA~

Consequently, when we take half the arc measured on

CD CE

the limb, weobtamACB+2(JB SCA = + (arc
measured) ; hence A C B = 1 (arc mensured) + QC(JE\

ECE[?B ; and therefore, in order to have the angle A C B,

1 icity
to half the measured angle must be added ———(EBM

—_— JL—"'-————————m“'CT’,‘"c“y 5 Dand 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 tothe left, it would have been negative, and the cor-
rection would have had contrary signs.

In general, the correction is equal to half the eccen-
tricity, reduced into seconds, and divided by the dis-
tance of the object which is on the same side with it,
minus half the eccentricity, divided by the distance of
the ohject which is on the other side with respect to the
eccentric telescope.
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The eccentricily varies according to the dimensions of
the circles and the diameter of the 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 cccentricity must be ex-
pressed in the samne unit as is used for the sides of the
triangles.

Suppose the sides of the triangles to be calculated in
fathoms, and that the cccentricity is 11 inch; % the ec-
#inch
1 fathom
angles are measured in sexagesimal degrees, we shall have
57° 17" 44,8 -

GG = 2148".G.

= L., If the

centricity = 4 ofan inch, and %

2148".6 _ 2148".6
D G
eccentricity is to the right. It would be casy to calcu-
late the correction for different distances, which might be
made 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-
tive one with the distance to theleft; the difference of
these two corrections will be the quantity which must be
added to, or subtracted from the observed angle for the
eccentricity. 1If the cccentricity were on the left, the
additive correction must be taken with the distance to
the left, and the subtraciive correction with the distance

to the right. '

But, suppose that the sides of the triangles are express-
cd in metres, and the angles in grades or decimal degrees :
then, let the eccentricity = 2 centimetres, 3 the eccen-

tricity = 1 centimetre, and (_)l_O_l_ = 0.01 metre ; thera-

Thus, the formula will be , if the

dius = (3°.66197, and 636619".7 » 0.01 = 6366".2.
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14 K- ]
Thus the formula becomes 6363 2 6363 = for the

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, still supposing the
eccentricily = 2 centimetres, 57° 17' 44".8 or 206264"'.8

. 2062'.65

x 0.01 = 2062/'.65 ; and the formula would be D
2062".65
——
the correction will be nothing. Therefore, the effect of
the eccentricity onthethree angles of a triangle is redu-

ced to nothing.

for the eccentricity to the right. IfD = G,

Reduction to the Axisof the observed Signal.

SieNavs of which the points are not well defined
ought, as much as possible, to be avoided. Such are
round, square, and rcctangular 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 middleof the enlightened part.

Forexample, let abed (fig. 46) be the signal. If
on account of the distance, we could see ouly the illumi-
nated faccab, the point A has been observed instcad of
the point M, the centre of thesignal ; and the obscrved
angle wants a correction cqual to the angle A O M; nay,
it is not strictly true, that by directing the telescope to
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the middle of the face A B (fig. 47,) we are pointing it
to E. In fact, the line A B, seen from the point O, ap-
pears to the eye to agree with the line A C, perpendicular
to OF, which bisects the angle A O B; thus the visual
ray is directed to the point F, the middle of A C, and
consequently to the point D, and not to the point E, as
it ought to be : the error inthe obscrved angle is equal to
the angle DO E.

CallAB, F; ADO,4¢; AO=OE,D; AOB, b;
FFis parallel to OB; thus DFE=DOB=154: be-
cause the triangle A BC may be considered as right an-
gled, FE = 1 F cos. a.
bFcos.a,

Wehave D: 1 Fcos.a::10: = 3D’

AC _ ABsin.a
AOsin. 1 = AOsin. 17? therefore # =

F*. sin. a. cos. a
“4D*Rsin. 17 °

If the second object is to the left of the observer, the
correction will be additive whenever the angle ADF 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 huundredths of a second may always be neglected.
Let us return to that which depends on the sun.

If from the point O (fig. 46,) only the face ab can be
seen, the correction is equal to the angle AOM; now,

AMsin.AMO
AOM -2 e
AOsm T * if the face bc only could

the

angle b =
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BMsin. BMO

BOsin. 1"~
If the signal be a round tower, the correction will be a
little more .troublesome to calculate. The following is
the inethod :—

An observer placed at O (fig. 48,) at a convenient dis-
tance from the tower ADBS, can sce that tower only
when it is illuminated by the sun, and e¢ven then he sces
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 itis required to dctermine.

Let CS be the direction of the sun at the time of ob-
servation, M S will be the azimuth reckoned from the
south: make MS = z, the semi-circle ASB will be
illuminated, Let O C now be the visual ray of the ob-
server; make M CO = M Q = #, and draw DE per-
pendicular to O C.

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 QSME only can be seen : let fall AF perpendicular
to D'E, LF will be the orthographic projection of the
visible arc, and this arc consequently appears like .the
right line F I£, which is less than the -diameter by the
quantity DF=CD 2sin*. 1 AD=2CDsin*. 1 QS =
2CDsin". :(MQ—MS) = 2CDsin’ 1 (r —2=2).

The error of observation will therefore be exibit-
ed by CDsin*. 1 (x—z2). In order to express this
quantity in seconds, it must be divided by O C sin. 1"
thus, makine OC = D, CD = r, we shall have
rsint, L (z—3)

D sin. 1+ .

If the sun and the object to which we compare the
tower are on the same side, the correction is additive 3
but if they are on different sides it is subtractive.

be seen, the correction would be BO M=

for the required correction.
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I1fz is greater than =, the sun will be on the right of the
observer. Knowing the latitude of the place and the
time of observation, x and z may be calculated ; but, as
great precision in this case is not required, it will be suf-
ficient to remark, that (z —)=Q 8, is the supplement
of the azimuth observed at the point O, between the sun
and the 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 \'signhl, and the num-
ber of degrees observed which the index marks on the
azimuthal circle: the same telescope is then to be brought -
towards the sun, by turning the whole instrument on its
column according to the order of the divisions. Thearc
passed over on the azimuthal circle will be the.angle
COP, the supplement of QCS. If this angle is less
than 180°, 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 duaring the lime of taking
the apgle, 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 observatiorn,
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 ofthe sun during the time of the olservation,
has increased or diminished in an cquidifferent progres-

sion.
EXAMPLE.
Let an azimuth taken before the observation
be.vncercracmancacaaaan semeimaescaeaaaa 2170 157

™ This supposes that the divisions on the azimuthal circle are
feckoned from left to right.
VOL. I, N
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brought over.o..--.. 217° 15/

Another taken immecdiately after the observa-
tion ..... ememomen mAmmeecicesecasmaamanan 208 5
425" 20!
Azimuth for the middle of the observation... 212° 40

(P —eaennn — 180°
T 52 407
Also, let r=2.64 yards
D=10728 yards

" . S R = 0.42160
Log. sin®. } (z—2)=
Log. sin*, 16° 20" =18.89810
Comp. log. D .... = 5.96948
Comp. log. sin. 1" = 5.31442

30.60360=4".01

Thus the correclion is 4,01 : it will be additive if the
object with which the tower is compared is to the right ;
and subtractive, if it be to the left.

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

Greater precision on this subject would be superfluous.
Formule 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 Lave recourse to them.

onre
Spherical Excess.

ArTER 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 state, 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 threc observed angles and the sum of the
three angles of the spherical triangle ; and. this differ-
ence is properly the error of observalion,

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 which is now attained. When
the sum of the three obscrved angles was not equal to
two right angles, a third of the difference was applied to
cach angle as a correction; and then the calculation was
made as for plane triangles. 'This agrees with Legen-
dre’s theorem, given in the following page.

The triangles formed on the surfuce of the ground
might therefore be treated as spherical triangles in cal-
culating their sides; from the surface of a triangle we
shonld conclude the excess of the three angles above two
right angles ; then make the three observed angles cqual
to two right angles plus this excess; and with thesc new
angles the sides of the spherical triangles should be cal-
culated by the known formule ; but, because trinangleson
the ground, which are the subjects of consideration in
geodesic operations, -differ very little from plane trian-_
gles, their sides being very small with respect to the ra-
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dius of the sphere, it has been suggested that the calcu-
lation of the sides micht be simplified, and the spherical
triangles be brought to plane triangles, the solution of
which is less troublesome.  This has 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:—1If, from each angle of a spherical triangle,
the sides of whick are very small with respect to the ra-
dius of the sphere, there be sublracted 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 to know the excess of the sum of the three
angles of the spherical triangle ubove tworightangles. In
order to oblain this, the surface of the triangle must be
calculated d priori, by considering it as a plane triangle ;
this will give it at least with suflicient accuracy.

If wehave two sides, b and ¢ with the contained angle
A, thesurface will be 8 = 1 b esin. A.  If we have one
side a, and the two adjacent angles B and C, the. surface

. ., sin. B sin. C ) )
willbe S= 1a S0 (B3 C) If the spherical excess

be denoted by e, we shall then have e = r—s_R ; T being

the radius of the earth which should be expressed in the
same units as the sides of the triangle; R is the number
of seconds comprised in the radius; therefore e will be
expressed in seconds. i

Thus, in order to have the spherical excess in scconds,
to the logarithm of the surface of the triangle must be
added (log. R — 2log. 1), whichisa constant quantity.
If the sides of the triangles are expressed in yards, and’
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theangles according to the old division of the circle, the
log. of = will be = G. 84264, andlog. R = 5.51443, then
the (log. R — 2 log. r) = 1.62915 — 10, which must be
added to the logarithm of the surface of the triangle, 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= (.80388, and
log. B = 5.80388; from which (log. R — 2 log.r) =
2.19612 — 10.

Lastly, if the metre be employed for expressing the
sides of the triangles, and the sexagesimal division of the
circle used for the angles, it will be necessary to add to
the logarithm of the surface of the triangle the constant
Jogarithm, 1.70667 — 10. ‘

Suppose, for example, that we had the two sides @ and
b expressed in yards, and the contained angle C given.

Viz,on.. C =105 19’ 10",
Log.a = 4.917733
log. b = 4.850510

We should have for the calculatien of the quantity
1 ab sin. C, which expresses the arca of the triangle,

log. @.euee--.4.917733

log.becuuana-. 4.850510
Log. sin. C..... 9.988135
Comp. log. 2. ...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 cx-
ceed tworight angles by 12715 ; what is wanting will be
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the error of observation. The preceding calculation is
not necessary for finding the sides of the triangles; it is
uscful only for making known the crror of obscrvation in
the angles, and for bringing them to their true value, by
applying a third of this crror to each angle, in order to
render their sum equal to two right angles, plusthe sphe-
rical excess.

We may satisfy ourselves in calculating triangles, with
distributing the excess or the difference between 180° and
ihe three observed angles, by thirds, in order that the sum
of the observed angles may become cqual 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 patticular angle.

The three angles thus reduced to 18(°, 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
angles 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 fect of the three signals, projected on the surface
of the sea produced.

For the purpose of bringing the spherical angle com-
prised between two terrestrial objects, to the angle of the
chords, it may he 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 cliords;
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, by
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 may be employed,

K ( -1 cf"'sin’. L)
Rsino 100 /2

in which K is a side of the triangle expressed in known
measures ; e is the ellipticity of the earth; 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 cxtremity of the arc, and the right line drawn
{rom the other extremity to the point where the normal
mects the 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 ; '

1—131 ¢
K ( R sin. J').

‘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 these numbers the two faclors are to be
sought in the first table, with the angle reduced to the
horizon, The tangent and cotangent numbers may be
sought in Table 1I. The sign —is ta be given to the
tangent, and the sign -+ to the cotangent.

EXAMPLE.

Ler it be proposed to reduce the horizontal angle
G1° 10" 49".8 comprised between the two sides of 18687
and 22271 English yards, in the latitude 49° 20’, to the
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angle of the chords. Thesc sides being respectively.
denoted by % and K, the corresponding arcs may be

d in minutes by the formula K (‘-}e*sin?- L )

expressed in minutes by ormula K o T
—1 1.

The fdctor1 ¢ sin. must first be calculated, and

Rsin. I'
then may be denoted by M.

Log. sin®>. L= 19.7599268

log. e ....=—3. 7766529
log.0.5....=—1.6989700
Log. ¢ sin®. L =—38. 5.9855297 —=number . ...0.00172

1—1% €% sin*. L,.=0.99898
Log. (1 — 1 ¢ sin*. L) =—1.9992524
Comp. log. sin. I' = 3.5862793
Comp. log. R in Eng. yds.= 35.1567060
6.6922377 = log. M.
Then we shall have

Log. Mo....... 6.6922577 Log. M ...... 6.6992377
log. k= 18687 - - 4.2715596 log. K =29271. .4 $477397
0.9637773=9'.20 "1.0899774
=10'.96
Thus P=10'.96 and Q=9'.20 |
10'.96 10.96
9'.20 9.90
(P + Q)=20".16 (P—Q)=1.76

(P + Q)tab. 1st....0.085 (P — Q) tab. 1st...0.000
~ withtheobsang. 3 —12.19  with the obs.ang. ) +54.89
tab. 2. % G095 tub. 2. E 0.000
9752 !
_ —1/.03615
. obs.ang.61° 10749/, 3
61° 10748726
The angle comprchended by the chords is thercfore
61° 10’ 48'1.26.
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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
differcnce between that sum and two right angles: after
which the calculation may be made as for a plane
triangle.

L o

Observations of Latitude.

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

The invintion of the repeating circle enables us to
obtain the latitude, in onc 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 obscrvations 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. 1. °
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LetHZPR (fig. 50) be the meridian, Z the zenith,
E the star, PE its distance from the pole, Z E the ob-
served zenith distance ; make Pe =P E; it is required
to determine Z ¢ from Z E which was observed.

Let the latitude of the place, which it is sufficient to
know nearly, be denoted by L ; the declination of the
star by D, and its distance from the meridian, or
the borary angle, ZPE, by P; Ze= ZP —~PE =
(90°— L) +— (90°— D) = D—L. It is evident that
Z ¢ is less than ZE. Let 2 be the difference, then
ZE=Ze¢+ 2= (D—L + z); the spherical trians
gle ZP IL gives cos. Z E = cos. P E cos. P Z + sin.
PEsin. P Z cos. Porcos. (D—L + &) = 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.

( 2 s5in.* L P cos, D cos. L )__
sin. (D — L) sin, 1¢
2sin.* 4 P cos. D co
: ( sin. (i)—CL) sm?lsz’ L) COt (D— L) sin. 17 —
in.2 3
(Bt Do Ly o ) ns s

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 # must be changed.

‘When the star passes below the pole, the signs of = in
the 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 zegjth, the

T =
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signs in the value of x must be changed, and (I. — D)
written for (D — L.)

Ifthe declination of the star be north, D will have its
gign chsuged.

By wking only the first term of the formula, we shall
have 2 sin.*4 P = sin. vers. I, and (tung. D T tang. L)
_ s (D + LY.

———=5 this may be put under this form
‘cus. D eos, fu ‘

e=T7F sin, vers.. P
(tang. D Fiang. L) sin, 177

This forim.la woald serve for the calculation of gene-
ral tables, with the argument (tang. D I tang. L).

Otherwise, the calculation of tables from the preceding
formula is very cusy. It is to be remarked that the first
term has only the sin.* 1 P variable, and the second only
sin.* 2+ P. The logarithms of the two consecutive nume
bers of the tables vary therefore only on account of the
variation of log. sin.> 1 P and of log. sin,* 1 P. Thus,
when we have the logarithm of the first number of the
table, we shall have those of all the others, by adding
successively the differences of the logarithms of the sin,®
1 P and sin.* 3 P. '

It will be suflicient to calculate the second term for
every minute of lime; the infermediate terms 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 51° 2' 10" = L, and
the declination of the star 88° 12’ 50" = D, we have
(D —L)=387"10'40". (D 4 L) =139"15' 0",
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Superior passage, Inferior passage.
log.@eacrvcnnnnn. 0.30103
Com. log. sin. 1/ . .5.51443
Jog.cos. Devvcunes 8.49372
log.cos. Liccaev--- -9.79853 .
"3.90771 ..-.. amcrcennon- 3.90771
Com.log.sin.(D—=1)0.21875 Com.log.sin. (D+L)0 18525
log. a-evmn-n. — 4.12646 log. a.cuennn. + 4.09296
2log. @emen... + 8.25292 2log. @ ccccnvnn- 8.18592
10g } ceenannn — 1.69897 eeemeeeann — 1.69897
C30 T L 4.68557 ...... tasanaeen 4.68557
cot. (D—L) -----. 0.12008 cot, (D +L).. — 0.06467
log. bevreennns + 275754 log. bocoue-.. +2.63513

Thus, the constant logarithms of the first term of the
formula are — 4,12646 for thc 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 term 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.* 1 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 negatlve,
and the second positive; but, as this last is always much
the least, the reduction is subtractive.

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 he
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regarded as constant daring the interval, though it may
be three or four months ; but afler 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, its
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
time 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 the number of the observations, will be the
mean reduction, which is to be subtracted (for the su-
perior passage) from the 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 becn observed on
the meridian, '

The method of calculating particular tables of rednc-
tion for any star whatever, has becn 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 to observe
a great number of stars, and {o limit ourselves to about
a hundred observations for each. The mecthod of con-
structing these tables is'the following :— -

The formula found above may be put under this
form :

2 = 2sin.” 1 P cos. D cos. L
sin. 1" sin, (L, — D)

(?in.‘-}Peos. D cos. L )‘ __iil';i'i_____&c

sin, 1" sin, (L—D) * 2tang. (L—D) -

+evcnea
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There is not any thing variable in this formula but
the factors (2 sin,” 3 P )

sin. 17

sin, 1Y

All the rest may be supposed constant during any
serics 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,
of the factor-—_—_—-_—‘:;: ?L(iisi)?., or it may be supposed
equal to unity, considering only the variable quantity
2sin* L P

sin. L
solcly 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 sum of these values being multiplied by the
cos. D cos. L, 1
sin, (L—D) ~ tang. L — tang. D
we shall have the whole correction, such as it would
have becn obtained from a particular table which gives
2 sin.* L P cos. D cos. L

sin. (L — D) sin. 1’7
The second term of the formula may be written thus,
in*L P cos. L cos, *
(2“:3 ) (% (LC“: DI))) cot. (L — D), where

2 sint L P | . .
r——————— :i‘: T is the only variable factor, for which a
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; aud the
sum of these values, multiplied by the common factor

cos. L cos. D\? ey -
( m—__—_—'T) ) cot.(L—D) will give the whole correc-

and constructing a table from it, depending

common facfor

at once the whole term
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tion, relative to the term (

cot. (L—D).

‘We shall thus have the two terms of the value of .
But, in order to facjlitate still more the calculation of
cos. D cos. L, and

sin. (L— D)’

cos. I, cos. D\: ) -

(“_sin. L=D) ) cotang. (L — D), _mxght be reduced

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

The values of 2—————:::'17',P must be calculated for
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

2sintL1 P
values of—s———l—”— for every 10”. 'We may even,

2sin*1 Py pcos. L cos.D)z
sin. 17 ) (‘sin. L—D)

this value, the two factors

very frequently, omit the values contained in this table',
cos. L cos.

_ ) @
(L—D), In fact; in order that the product resulting
from these two factors may be sensible, the union of
two circamstances is necessary ; viz. that the zenith
distance may be inconsiderable, and the horary angle
rather large: now, when the zenith distance is small,
We ought o avoid large horary angles, because the least
error in- the {ime of observation would have a very
sensible influence on the reduction, and, consequently,
on the reduced distance. 1t will be proper, for ex-
ample, to discontinue the observations when the res
duction increascs by 3 or 4 of a second of a degree
for a gecond of txme, 'md this happens at some
minutes distance from the meridian when the star is

also those in that of the factor(
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very elevated. To find the moment at which the res
duction increcases 4 or % of a second, for one second of

. ]
time, or in general ;th of a second, webave only to

9 cin.? 1 ‘
make —I—:: dr =g (230 = P cos. D cos. [)

n sin. (L — D)
d P sin. P cos. L cos. D. 6 hicl
- sin. (Li— D). > lrom \'v'uc 1
gy podz sin(L—D)  sin.(L—D)

d P " "cos.L cos. D = I5ndt cos. L cos. D
If we suppose » = 1 and dt = 1", that isy if we

investigate the time in which 1" of time changes the re-

“duction 1" of a degree, we shall have

sin. (L— D) .

15 cos. L cos.D’

angle, we may suppose the arc proportionaI to its sine,

sin. P = andas P is generally a small

and say that P decreases as the fraction —:;decreases. 1t

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

Delambre has given, in the Connaissance des Temps,
for the year 12 (1804) two tables for the factors
2 si.n.’ 1 Pand QS.in.“% P
sins 1 sin, 1"
in the first, and for every 10”in the second, as far as
16/ of time. There are also similax tables for the factors
cos. L cos. D cos. L cos. DY*
=Dy nd <~—sin. Dy ) cotang. (L — D)
for the latitude 48° 51', which will serve for the different
observatories of Paris. There is also subjoineda table
for finding the horary angle for thie same latifude, when
the reduction varies one sccond of a degree for each
second of time. This table is calculated from the fors
sin, (I, — D)
15 cos. Licos. D)’

. calculated for every second

mula P =
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From this table it may be seen; for example, that for
30° of north declination, the horary angle is 8.7 ; from
which we may conclude that, about 4% before and after
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
1 of ‘asecond. Very little dependence can, therefore,
be placed on observations made with this declination
when the horary angle exceeds five minutes. Now, at
five minutes, the second term is 07.006 x 9.1, (see the
subsequent tables) that is 0".054, a quantity toe small
to affect the calculation. '

At 20° of declination, the horary angle is 11°.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 07.012 x 3.0 = 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. il

The stars that are onty 20° from the pole may be obe
served at Paris in both their superior and inferior pas-
sages, without the neglecting of the second term ever pro-
ducing a sensible error as far as 16’ from the meridian ;
as will shortly be demonstrated.

Such is therefore the use of Table V ; it shews the
duration that cun 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
YOL. 1. ¥
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may be commenced 15 minutes before the passage, and
end 15/ after it, and so on for other declinations.
" 'We shall now give an example of the Tables 1. IL
111, and 1V. inserted at the end of this volume.

Suppose we had twenty-two horary angles, as in the
specimen of calculation following the tables. With
these angles we take from Tables I. and IH. 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
passages observed below the pole ; we also take the sum
of the second coluzw, which is, in this instance, 8.83,
and always has the sign +- prefixed to it.

The logarithms of the two sums arc to be taken and
written down separately ; below each of theselogarithms,
the arithmetical complement of the number of observa-
tions, which is here 22, is to be writtcn,

Thus far nothing depends either on latitude or decli-
nation, the opcration 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
94’ or 38°.4 south declination, scarch, in Table 1I, the

value of the factor _sl_l——(l)— cos. D)J callingit F, and which
is 0.5544 ;' and in table IV, the value of the factor

cos. L cos. D
( sin. (Ls — D)
noted by f. 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'.0065 : thus the reduction will be = —
108,98 + 04.00656 = — 108".97 = — 1" 48".97.

The second term in this case is inseusible: now the

cotang. (L — D), which may be dc-
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quantity + 3'.33 is a kind of maximum ; divided by the
number of observations it becomes 0".1514; therefore, it
may be neglected when f does not exceed unity. In
looking over the table, it will be seen that below the
pole, 07.1514 f cannot exceed 0”.067 ; even abave the
pole, from 90° to 69 of declination, the second term
never exceeds 0".2.  Whercfore, 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 07.1; at 10° of north declination it is 0.2
at most ; it will 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

218 _ '

3.33
that the 1 T Y — o s
1at the 55 will be reduced to 50 = 0°.109, if

) 1.2
the two extreme observations be suppressed; to 129 =

18
0/..645
9

= 0".072, if the four extremes are suppressed.

By continuing this examination it wonld be seen that the
use of Tables 11. and 1V. will seldom be required : at all
events, the operation would not be more diflicult, nor
much longer.

1t would be easy, by mecans 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 casc ; this method is as easy and simple, as when
particular tables are employed.

The corrcction or veduction which is obtained either
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from particular or general tables, being applied to the
apparent zenith distance of the observed star, gives the
true meridional distance, or what it would have been if
the observation had been made when the star was on the
meridian.

The mean refraction and the correction due to the
height of the barometer and thermomecter 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 arder 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. Ifthe decli-
nation be not accurate, the two latitudes will not be
equal: they will differ from each other by double the
correction of the declination, and the half sum of the two
will be the true latitude,

It is difficult 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 2sin.* 1 I cot. D; [ is the inclina-
ion of the circle, and D the zenith distance.

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

# This supposes the- distances to be less than 90°,
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For ¢ ofthe Great Bearand of the Goat, at4° from the
zenith, the error would be 3 for 5' of inclination.

For the polar star at 37° from the zenith, it would only
be 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 wire
cxactly 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.

o —

Observations of the Azimuth.

I~ 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. Sap-
pose M R (fig. 51) 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 SMR may be calcu-
lated ; and if the angleS M D, between the sun and a
terrestrial ohject D be observed, the angle D MR, or
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the inclination of the side DM to ‘the meridian of M
will be known.

A star may also be employed instead of the sun, but
then it will be necessary to havea 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 often
as possible when the sun is rising or setling; thus
the mean result is rendered independent of the errors
produced by these 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, may be considered asuniform 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 the 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 cast and west limb of the disk of the sun.  If, for
example, the terrestrial object is to the right of the sun,
after the upper telescope has been fixed upon the object,
the verfical wire of the lower telescope is to be brought {o
thatlimb of the disk which appears to the right in the te-
lIescope ; 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 ohject.
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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 azimuih: itis 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 been
committed either in the measured distance, or the time,
will be attenuated. _

Now, letNPZ M ( fig. 52) be the meridian, N the
northern point of the horizon, P the pole, Z the zenith, 8
the true place of the sun, §’ his apparent place, and G
the terrestrial object ; the pendulum will give for the in-
staut of the observation, the horary angle ZPS = P.
There is also known PS, the complement of the declina-
tion of the sun = C; and P Z, the complement of the
latitude = H ; there will thercfore be given in the trian-
gle ZPS: cos. Z S or cos. B = cos. P sin. H sin. C 4
cos.H cos. C ; this is the true distance of the sun{rom the
sin. _P' sin. G . The

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

Let r be the refraction and p the parallax in altitude ;
then we shall have 2 S = B' =B —r 4 p: in the
triangle Z G S, there will be known ZS‘, the appa-
rent distance of the sun from the zenith; Z G, the ap-
parent distance of the terrestrial object from the zenith ;
and G 8 theobserved distance; if S’ G be made equal D,
A+B +D 4

o
2

zenith; andsin. PZ S or sin. Z =

and Z G = A, and if we make R =
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and R’ - A—.—*——BQ__-_*_—.D — BI’ we shall have sin.’-'- %
GZ S orsin21Z' = sin. R sin. R/

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 71)
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,
rsin. (O +Y) |
" Dsin. 17 ?
and if it be to the right of that object, the correction will
be— T sin. Y

G sin. 1

the correction will be reduced to +

EXAMPLE.

Suppose, that on the 22nd of July, 1798, the distance
between the sun and a terrestrial object had been taken.

The barometer stood at 30.2 English inches; and the
thermometer at 521 deg. of Fahrenheit.

The arc passed over by the telescope, divided by the
number of observations, gave 67° 19’ 34.7 = D, for the
distance between the object and the centrc of the sun.

The mean instant of all those of the observations, given
by the pendulum, was 6 k. 36 m. 44 s. ; the corresponding
altitudes taken in the morning, gave O i, 3 m. 56s. for
the true noon : those taken on the following day, gave
0 L. Am. 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 . 56 m. 44s.; the re-
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mainder 6. 33m. 8s. will be the time elapsed, ac-
cording to the pendulum, from the preceding noon to the
moment of observation. Now, to find how much the
pendulum gained in 6 £. 83 m. 8 5. we have the following
proportion, viz. 24 2.0 m. bl s. : 51s. :: 6/%. 33m.8s.:
13.9 5. ; which taken from Gh&. 33 m. 8s. there remains
Gh. 32m. and 54.1 seconds for the true time of the
observation.

The declination of the sun on the 22nd of July, at6 /.
32m. 545, was 19° 57' 22,5 north; thus PS=C =
70°2' 375 ;

The latitude of the place = 42° 8' 32" ; thusH =47
51' 28

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

6L 32m, 54,1s, = 3813 31".5 = the horary
angle = P,

Ifthe observation had been made in the morning, this
quantity would be the supplement of the horary angle,
which would econsequently be 2¢ 21°46°28".5 = — P,
unless we reckon the horary angles from one noon to ano-
ther, or from 0° to 560°; then we should have P =
8+ 21° 46’ 28".5.

SPECYMEN OF CALCULATION.
Log. cos. P = —9.1555425
log, sin. H =  9.8701003 log. cos. H = 9.8267052

log. sin. C =  9.973106¢ log. cos. C = 9.53313895
—0.0997124....8.9987492 +0.2200048. . .9.3598447
+ 0.2290048
—0.0997124

Cos. B= + 0.1292024 log. cos. B = 9.1115729
Thercfore B = 82 34'16".67 = the true distance of
the sun from the zenith. B would be greater than 90° if

the cos. of B were regative,
YOL. 1. Q
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Comp. log. sin. B = 0.003660G

Log.sin. P...... = 9.9955092
Log. sin, C...... = 9.9781064
Log. sin. PZS or sin. Z .... = 9.9722762 thercfore

Z = 69 44 40" 4.

This solution does not shew whether Z is greater or less
than 80° ; for the sinc is the same in both cases. It is
generally known before of what kind the angle Z is ; bu(;
the deubt when it does occur is easily removed.

The angle PZ S is 180° 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 PS 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. 1f the calculation, in our
example, be made, we shall find the horary angle P less
than 3¢ 21° &c. when the angle Z was 90°: it was
therefore less than 90° at ihe instant of the observation ;
so that making B = cceecaananean. --82°34' 16".67
Mecan refraction for that distance (Tableg_ 6 49. 35

VI. following) cacevameccncaicnas
Correction for temperature (Table VII. ; + 098.65

following)* e aceaccacannan.. vana
Paral. _of the sun July 22ud at 7°.25' ofg + 0 8.3l
altitude camevcmnrecmccnncacaina

B! the apparent altitude of the sun.... 82 28’ 4,98

* Attention must always be paid to take the correction for the
temperature given in Table VII. with a contrary sign 1o that corres-
ponding to the factor (x 4- ¥ 4- 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
x +y + xv) in the calculativns of the azimuthal angles. .
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A..00° 21' 107
B..82 28 4.28
D..67 19 84.7
(A+B+D) =240 5 43.98

Y—‘HE—"LD) = 120 4 2149 120°  4' 24".49

A= 9 2 10 B=82 28 4.928
‘ R = 29° 43 14".49 R'=37° 36' 20".21
Comp. log. sin. A cccc.... 0.0000082
Comp. log. sin. B'. ca..... 0.0037636
Log. sin. Rovaevovaann.. 9.6952823
Log.sin, R'cnmmeeanaa.. 0.7854884
Log.sin*} Z'canuca.. =19.4845425
Log. sinv. $Z' eau.... = 9.7422712
Therefore

L Z'= 33 32' 0".06, and Z'=67°4' 0".12

Thus the distance of the terrestrial object from the
centre of the sun, reckoned on the horizon,=67°4'0".12,
which it would still be necessary to reduce to the centre
of the station if circumstances required it.

Let O (fig. 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 aud
SO G=Z', we shall have M O G=the azimuth eounied
from the south=180°+— (Z +Z') 'Thusthe true azimnih
will be 180°— (69 44/.40".4 + 67° 4'0"",12) = 43" 11’
20".48, and G isto the west of M : if (Z +Z) exceeded
180°, G would be to the east of M, and we should then
have MO G=(Z +Z') — 180°; it would have been the
contrary if the azimuth had becn aobserved in the moin-
ing. This is for the case in which the object is to the
Ieft of the luminary,

If the terrestrial object were G’y we should then have
NOG'=NOS—SOG'=(Z—2Z"); this would be the
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azimuth counted from the north towards the west. And
if we had Z'>. Z, N O G’ would be=(Z' —Z)=the azi-
muth reckoned from the north towards the east ; it would
be the contrary for an observation made in the morning.
Herc the object is supposed to be on the right of the sun.
The clements 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, andin a
place of which the latitude has been accurately deter-
mined ; azimuths of verification are then to be iaken at
the extremities of the ehain, 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, thercfore, exercise themselves
some days previous to the observation.
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CHAPTER II.

S ——

On Refraction, and the Method of determining it when the
Euarth is considered as Spherical.

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

If from the point A (fig. 54) a terrestrial object B be’
observed, the luminous ray by which its image is trans-
mitted will follow the curve BD A, and the object B
will be seen in the direction of the tangent to that curve,
thatis 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 the subject of
the present investigation.

= It is here supposed that the curve of refraction is of a single
curvature, and that its planeis vertical ; but some observers, and
chiefly Delambre, have ascertained, in a certain state of the 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 2 few seconds. Nevcrtheless, when both these
deviations take place, the curve of refraction has necessarily a double
curvatyre.,
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Let C bethe centre of the earth (fig. 55) and A and B
two signals ; if from the point A the point B be observed, it
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,

ZAB' =23 VBA' =7,
and the angles of refraction
BAB' =r, ABAY,, =7/
we shall have for the ¢rue zenith distances,
ZAB=0+r=D
VBA=%+r=D';
therefore ZAB + VBA =3 4+ 4 741 eeeeunn. H
- Again, since the outward angle of a triangle is equal
to the sum of the two inward and opposite angles, we
shall have '
ZAB=C+ ABC
VBA=C+BAC;
therefore ZAB+VBA=2¢*+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 (1) and (2) we conclude

04+ & +7+1=2¢g+C,
or else, because r is sensibly equal tor/,
ry = g—§(3‘+3’—9q) ............. e (3)
Dividing both sides by C, we shall have
r_ 3C—1(@+¥—2¢

C C el “@

and finally » = n C.

* ¢ here signifies a quadrant, or 90°,



ON TOPOGRAPHY. 119

n varies according to the state of the atmosphere ; and
Dclambre has remarked, that, in France, the valueof »
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 » were ne-
gative, the refraction would depress objects instead of
clevating them, but this very seldom happens.

It follows from what precedes, that

ZAB= 3+7':q +1 C+1(F—0),
VBA:3’+1":q +4C—3(@—).

In all these calculations, it is supposed that the instru-
ment is placed at the summits of the signals, which
does not take place in practice.* If, for example, the
centre of the circle is at the point a, the truc distance
from the point B to the zenith is Za B, and its obsery-
ed apparcnt distance = ZaB’; dcnoting this last by
4, we shall evidently have ZAB' = Z aB' + AB'«a
= a A B'a; itremains then to determine the angle A B’ a,
which is the error committed.

Let AB=AB=B, Ae=dH, and AB'a=d a ; the

. ar e d H sin.
triangle AB'a will give sin.d & = —S;n 2.
Taking the arc for the sine, and reducing it into se-
. d H sin.
conds 7° 9, it will become d & = R” ————S;;—e——-- (5).

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

* Tt will easily be conceived, that, in order that the refraction may
be determined with accuracy for the moment of observation, it is
essential that the zenith disfances of the points A and B 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 « B=B. In order to ascertain the error, we might
maked A a function of the known chord K, and of the
radius of the earth (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, K 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,

ZAB = a+da =29
VBA'= A" +da'=7.

Such are the values to be employed in the formule

(3) and (4), for estimating the refraction.

e —

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 calmsea; and a right
line perpendicular to the line of gravitation is called an
horizontal line. On the hypothesis that the earth is a
perfect sphere, all the vertical lines or directions of gra-
vitation pass through its centre ; but if we consider the
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 carth.

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

If A B' be a line of level, or a terrestrial arc, the height
B B'=H will be the difference of level of the two points
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A, B; if; besides, Z A B=D=03+r be the true distance
from the zenith to the point B, we shall have, by observ-
ingthat BAC = ¢— 1 C,
BAB'=2¢—ZAB—B'AC=2¢q—D—g+1C=g —
D+1c,
ABB ' =ABC—BAB' =¢g—1C—¢ +D—-1C=
D—-—C;
but the triangle A B B’ gives, by making the chord A B’
=K.
H — Ksin. A - Ksin. (¢ +12C—D) _
sin, B sin. (D —G) -
Kcos. (2 C—1D)
sin. (D —C)
If this triangle be supposed to be right-angled at B,
it is easy to perceive that we shall have, with sufficient
accuracy, for the difference of level required,

II:KCOt. (3+T—~}C) ABARrMmASscncnmEmnas (1)
we shall have also,
ll _— K COt. (6" '}’r_'li C) ---------------- (9)-

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

ZAB=¢g+1C + 1 (33,
VBA=¢+1C—1(—¥;
and it is evident that
BAC=2¢—ZAB=¢g—1C+1 (' —29
BAC=¢—1C
BAB'=BAC—B'AC=1(—17)
BBA=2¢—VBA=¢—1C—1(&—10).
Thus B B’ :H:K sin. BAB’ _ K sin, 1 (& —0)

sim. ABB T o —2
cos.(.l_,C-i--—Q—)

VOL, I. R
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This formula is exact ; but in many cases + C may be
sin. .
made=0 ; then because the cos. = tang. we shall evi-

dently have H=Ktang. 1 (&' —8)cccemuca-oo. .

When 3 & 3, H is positive ; the contrary takes place
when &’ <3, 3 being the observed distance at the place
of known elevation, and &’ at that of which the elevation
is required. Delambre has also investigated, by a very
¢legant calculation, the valucof 4 (& —3) in a function of
H ; but the little utility of that value induces us to
omit the detail respecting it.

K and r might be eliminated from all the formule into
which they enter; for it has been shewn that r=2 C, and
it is easy to shew that K=2 ¢sin. £ C, , being the radius
of the earth corresponding 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 themn 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 B, B, B. B
are uncqually elevated above a common horizon, so that
%' is the elevation of the point B’ above the level of B;
%' 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 % positive, and the degressions d
negative, supposing them to be reckoned from left to
right. If the result of this formula be + the point
B* will be above B ; 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 height of
the point B 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 s1me 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 C formed at the centre of the earth considered as
spherical, we may substitute another angle C or ¢ =

R'K (1— 1 ée*sin” L),

11I. When the horizon of the sca can be seen from
the place where the observation is made, it is easy to
conclude immediately the heigbt of the place above
that horizon, by means of the observed angle between
the horizon and the zenith ; the following is the me-
thod.

If from the place of observation B ( fig. 57) a tan-
gent B A be supposed to be drawn to the surface of the
sea, the radius of the carth C A=, will evidently be per-
pendicular to A B. If we suppose, besides, a line of
level or a terrestrial arc A B'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 VB A=D=2d+r, ¢ being the apparent ob-
served distance, and r the refraction, the right-angled
triangle C A B will give, because the angle CB A=¢—
Cand CA=,,

— € —_ e .
CB—mq—U) " cos, C”’
from which it follows that

BN = (1=20))

K]

cos. C




124 A TREATISE

but 1 —cos. C=sin. C tang. 1 C; therefore
N=¢tang. C tang. 1 C;

likewise C=¢g—~B=¢— (2¢ —D)=D —y,
and D=3 +7; therclore

N=¢tang. @+r—g)tang. L +7r—g)ecc-aen- (1.

‘When r is unknown, its value may be deduced from
the equation 7=2 C (No. 1), but it will be more conve-
nient to transform N into a function of 2, as follows:

First, C=3—g¢, by ncglecting the refraction: thus,
without sensible error,

r=nC=n (C—9q).

Substituting this last value in the equation (4), and
remarking that we may make the tang. m 2=m tang. z,"
when x is very small and s less than unity or does not
much exceed it, we shall have

=letang.’ [d—g+n —¢)]=

Tetang* [(1+4n) 0—].
Therefore, very nearly,
=te(l+n) tang.” O—gleemcnan... (5.

-

TInvestigation of the Formule for capressing, in a Function
of the Lalitude, Parls of the Elliptic Meridian of the
Earth.
1V. Let C E be the radius of the equator, and P the

pole (fig. 58). If through the point A the tangent AT

be drawn to the elliptic arc PA L, the right line A M,

perpendicular to AT, will be the normal at that point,

and the angle ALT=F AT will be the latitude of the

point A.

The equation of the ellipse is &’y +b°2*=a’d*; and
for the point A the co-ordinates of which are a', y’, we
shall have

ayt+b ot =a b
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At the same point A, the equation of the normal A L
is
y—y' = %i% (*—z7y; and if we make y=o,
we shall have the absciss CI., or
a —b?

T = X!

A

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

b 2 a— D 2}k,
==106" VAN &
z a[ + b Y

Let ALF=L, weshall have »'=nsin. L, and con-

_ sequently
'—b [ +4 J ]sm.

from which is obtamcd

2 btsin.* L )
¥ = @ — (@*—b*)sin*L, """ OF

and from this
b [1 — -sm 2L:l .......... .

1f, for the sake of abndgmcnt, we make, in this re-

sult, a=1, and 1 — J*=¢*, where e denotes the ellipticity,
we shall have

2z 2 o+ 2 — 1 I —e
a=(l—e)[1—¢sin*L]  ~ = (l——c‘.s;i‘:.lL) ] -(8)-

and the equation (1) becomes
AF—=y— (1—¢)sin. L . N
4 (l—esin* L)y "777777777"" (0.
On the same hypothesis, the equation of the ellipse
may be changed into

Y =1 —)(l—=a");
hence, by means of the preceding cquation,

o cos. L
CF =2 T(—esint L)L T -0
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For the same reason, the value of C L, found above,
may be changed into
CL=¢é¢a;
but a'is given by the equation (5), therefore
e cos. L
CL= (1 —é&sinIyr " """"" ~=--(0).

All the values which are here obtained suppose z tobe
taken on the major axis of the ellipse; but if the minor
axis were referred to, the method of calculation would be
the same for the values of the lines AM, and CM, &c.
To prove this, let

& & +0 y=al?
be the equation of the cllipse, # now being taken on the
less axis, CP. If we make the normal A M==n', we
shall evidently have for the point A,

y'=n'*cos.* L;
but, from the equation (2) by changing a for b, and vice
versa, as well as the sine for the cosine, we shall
have

A M:n’:% [1 — (_____I)-—b:a ) cos.* L] i
and since we have always

a=1l, b~ l1=—e, b=(1—¢)
it follows that

1
n' = ~
(1—et [1 + I_C = (l—sin.”L)]{:
— l -
T (L—esint L)4 TUTTTRTTTTTTRC --(D-
On the other hand y*=n'? cos.? L, therefore
¥ = cos.? L,

I—¢sin L’
and 4s the actual equation of the ellipse gives y* =
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((_ 7Y e 2 .
L) by equating these two values, we shall

] — e 3

have

. (1— 6"'23_Si—!'l.2 L .

I —¢ sin? L
Besides, it has been found above that C L= = -:b- X'
a
thus, in ihe present case we have
b—d — ¢
CM= = ———— .
e penr

By substituting for 2 its value obtained from the pre-
ceding equation, we shall have

CM=_"" ¢ S—i—n~'-—L~————

(d—esin L)L

As to the value of AC, itis evidently represented by

\/ a*+y® ; thus, whether we make use of the above

values of &* and %°, or have recourse to the cquations (4)
and (5), we shall obtain
. e(l—e)sin? Lt
AC=r= [1— vt

This last formula may be brought to a morc simple
form, as follows.

If we suppose the ellipsoid circumscribed by a sphere
which has for its radius that of the equator, the angle
e CE=F aT=»x will be the latitude of the point & on
the sphere ; but the points @ and A have the same absciss
CF; therefore, if we make AF=y' and aF=y', the
equations of the circle and of the ellipse will be respee-
tively

—ensin. Loeaoo.. ®

y'i=l-—a,
Y= —a);

from which, by expunging z°, we obtain
2//9:&7 'l/” 2
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But a F is the sine of A, since a C=1; thercfore
A (l—e¢e)sin* L

B e Tic) A
from this the equation (9) becomes
AC=(l —€*sin." At ceecunnn (10).

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

V. It may be usceful to know the nature of the curve
formed upon the spheroid by a plane perpendicular to
that of the meridian : this rescarch requires first, that we
have 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 guantities only, and we shall
thus have the cquation 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
considcred that the generating curve being plane, its
equations will be

@y 0t =a b

c=o §W
‘We shall have besides,
Y=« B
x*+y + 3" =[(a) } o

y=a being the equation of a planc perpendicular to the
axis of rolation ; and the last, that of a sphere, the cen-
tre of which is atthe origin of the co-ordinates. (Feuilles
d’Analyse de Monge, No.6.)

These four cquations ought to take place at the same
time, that the proposed surface may be a surface of
revolution. Therefore, if we exterminate 2, ¥, and =
we jshall bave a°8" — a*a*+0°a’ = 0" f (#); and by
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substitating for « and f () their values (B) weshallhave
U+ a* y + 0" =a 0 e nmaanas .

for the equation of the surface of the spheroid of rcvo-

lution. ‘

Now, if AM be the intersection of the cutting plane
with that of the meridian, taken for the plane of the z, 7,
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 2¢ Ordre

par Biot, No. 153) make =1, and we shall have for all
points of the cutting plane

x—a +z\ cos @
y=b'+a' sim @
s=c'+y's _

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

bi=c'=o,
bey!*+{a" sin.” ¢ + b* cos.* 9) 2" +2 a' b* cos. ¢ &' = (@
—a®) b e (D,
an cquation of the ellipse, and that of the required inter-
section.
" This equation would be that of the circle if the co-ef-
ficients of 2'* and y'* were equal, that is, if

b*=a*sin.* 9 +b*cos.” p.

This condition may be fulfilled by making ¢=o, for,
in this case, sin. ¢=o0, and cos.ip=1. The curve of
intersection is thereforc 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

¢ cos. L
a=CL= Tt (No. 4. equa.6).

(1 - € sin.

The equation (2), in which we may likewisc make
VOoL. I. s
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a=1 and b*=1— ¢* will then become, by means of these
values,

Ja (l—e’cos. L) , 2écos.”L P
R T—esnrlp ©
et cos.? L, ‘ ' .

I—¢sin L

" To have the points in which the curve of intersection

cuts the axis of the 2/, we may make y'=0, then

2écos.2 L (1 —&)

d—=¢cos L)y(l —¢& sm.“L)i

(1 __ €ecostL ) (1 —¢&»)
1— e sin? L (1—écos.*L)

If the two roots of this equation be denoted by #, x,, we

shall have :

! —

T 4 -

:0_

. 1 —_—
. A
{ —-e’sln.*L)."rs
o 1 4 ercos.t I (1—e)
andz, = — (1 -—-e'cOS 1, ) (}—¢&sint L)t

The first root is the e\pressmn for the normal obtained
above, and the second rootis the value of the OppOSIte
normal. :

When L=g¢, we have evidently

«“=,/U—=¢ bandx,,:—-\/(l—c)——-b

The aciual 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 2 doubie curvatare in the sphee
roid. But these two curves differ much less from each
other as the ellipticity of the carth diminishes.

By mcasuring, 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 the
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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.
R

Calculation of Terrestrial Refraction.

VI. At18.6 yards below the top of the signal A (fig.55)
the zenith distance was observed to be 90° 13 from tho
upper extremity of the signal B; 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 the two signals being 31172.8 yards=K, it is
required to determine the value of the refraction and
of its co-cfficient.

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

d A= dH sin. a R“
- B

Thus with respect to the signal A we have

dH=18.6, o =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. B =5.5062243

log . R11—=5.3144251 log. R1'=5.3144251
Log. d a =2,0901592=123'.07 Low da'=2.0381330=
—109".18
A:QO" 181 AT=89 56/
da= 0 238107 da'=0 149".18

Reduction to ggoo 167 87.07 Reducuontogm’—/{ﬁ;ls

the summit A —3 the summitB =¥
~
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After the apparent zenith distances have been reduced
to the summits of the signals, the following formule are
to be employed in obtaining the refraction and its co-
efficient.

r=1C—10@+ ¥ —180),n= %

These formula require the angle C at the centre of the
earth to be known and expressed in parts of the sexage-
simal degree. Now the distance K between the two
signals A and B=31172.8 yards; and the logarithm of
the equatorial radins ¢ in yards—6.8433891. Thus we
shall have the angle C by the formula (No. 10)or solely

i

by the assistance of I—{—li-
Log. K....= =4. 4937757
Log.R...=5.3144251

Comp.log. ¢=3.1566109
2.9648117=9%2"".17=C.
Therefore the distance A B answers to the arc 922,17
or 15 221,17,
The following is the calculation of 7.
o =90° 15" 84.07
=89 57 49 .18
343 —180° = O° 12" 52".25

0
3+ —180° _ o 6 o6 195

2
1C =0 741 .085
r =0 1 14 .960r74".96 Log.r= 1.8748296
Log. C=2.9648110
Log.n=—2.9100186
Therefore #=.081286 = 1; nearly.
Thus, when the refraction is constant, we have
r=nC=(.08)C:

ke
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Calculation of the Difference of Level.

VII. All things remaining as in the preceding exam-
ple, required the difference of level of the tops of the
two signals A and B (fig. 55). This difference is given
by the exact formula, No. 2, by supposing that we
know the two apparent zenith distances &and 3" :

K sin 1(31—3)

H:: (6'—3‘ + C)
R = 89" 5"' 491
P = 90.15 3 Log.K...... = 4.4987757
b A, S =—0°17" 14" Log,sin.é(i"—b‘):——7.5990650

C... =+0.15 22 Comp. log. cos.
@'—0+ C) +0.0000000
¥ —3+C = —0. 152" —1.8928407
Therefore H= — 78.134 yds.
Let us now find this difference of level by the approxlo
mating formula H=K tang. + (%' —9);
Log. K..c..... omena= 4.4937757

Log. tang. ( a) =—17.3990663

— 1.8928420 = — 78.135 yds.

it follows from this that the point B is lower than A
by 78.135 yds.

If we know only the zenith distance 3, taken at the
point A, it will be necessary to recur to the exact for-
mula (No. 2,) or to this approximating cne,

H=K cot. @+r—13 C).

In this case we have '

H=K cot. 3+.08 C — .5 C)=Kcot. (3 —.42C).

3 =90°.15' 3" Log.....K = 4.4937757
—A42C= 0. 627 —log tan.8'86/ ==—7.39822b5
#—.42C=90", §'36"" —1.8920012=

= —77.984 yds.
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Finally, if we had only &, the required difference of
level would be obtained from the formula
H=—K cot. (&' +r—10)

¥ = 89°.5749" Log.K..ec.e-e.=  4.4937757
—.42C=— 0. 6 27 —log. tang. 858" =— 7.8999055
80°.51 51'22'1 — 1.8036812

= — 78.286 yds.

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

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

From the point A (fig. 59), the zenith distances of
the points D and C have been observed ; one being 90°
19/ 49/ and the other90°48’. Required the difference of
level of those two points, knewing 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=50789.1 yds K,=7052.1 yds

3=90° 19 49"/ 3,=90° 48'
=K cot. @+r—1C) N,=K, cot. (8, +r,—1C)).
Thus the difference of level required will be N—N,:

Log. K —=4.4876916 Log. K, =3.8483179
Comp. log. ¢ =3.1566109 Comp log. 5_3.1566109
Log. R”-—5 3144251 log. R""=5.8144251
Log.C =2. 2.9587276=909"".343 log. C,=2.5193539
—208,62

3=90°.19'.49". A 5 =90" 48’ 0"

— 42C = 0. 6 22 — A42C,=0 128

80°.13".97"" “90% 46’ 391
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Log. XK= 4.4876916 Log.K,— 8.8483179
~ log. tang. 13 27" =—7.5024506 — log.tang.46'32"=—8.1315168
~-2.080142¢2 —1.9798347

=—120.27 yas=N = — 95.463 yds=N,

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

If the same points C and D had been observed at the
other station B, we should havehad the means of- verifi-
cation ; for, by working the same as above, we oughtto
obtain the same result ; or, if the two results differ very
little from cach other, it will be proper to take the
mean, if there be not any rcason 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 Depbt of war,

D . o

Calculation of the Height of a Place from which the Horizon
of the Sea can be seen.

VILI. 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 observas
tion above the level of the sea.

‘We have (formula 5, No. 2) :

=1 ¢ (1 +n)* tang.* (53— 90°)

$=90° 19’ 8".5 Log.} cacenama-- =—1.6989700
—90 Log.¢ ~ncamncan- = 6.8433891
0% 19 8.5 Log. (1.08)*.cn... = 0.0668475
Log, tang.* (3—90") = 15.4914206

2.1006272=

—126.075 yds.

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 Formule proposcd by Legendre, fof
calculating the Latitudes, Loungitudes, 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 of 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 frec from all objections; and for this reason
appear to deserve the preference, wherefore most of the
enginecrs 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 formule which Legendre
has only enunciated in his Memoirs published in 1799.
These formula, 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 :

‘t3

sin.z=2~ 1535V oy

Z
T at

}
€os.r=1— + |> --(A).

|

J

1.2 1.2.3.

at 2 2
tang. I:x'*" 11.3 + l.gr - +-ov
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There will also be occasion to convert into parls of a
quadrant or degrees, anarc 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,

w1 ::Qq:R:Q;i;
# denoting the semi-circumference of a circle whose
radius is 1, ga quadrant; and R an arc equal to the
radius. .

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

R = 10300 =3437.74

the logarithm of which is = 8.5362738 ; because 7=
3.141592 and 2 ¢=180"=10800".

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

R = %80 a06969:.3,
the logarithm of which is 5.3144251.

Thus, any arc whatever given in parts of the radius
considered as unity, 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 with
YaL. &, T
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respect to the other two. It is therefore essential to give
this solution as an introduction; for this purpose, let
the three angles, as usual, be denoted by A, B,C, and
the sides opposite them by a, b, ¢, respectively.

If A be the right angle, and & 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
A B C is situated, we shall have, by the known princi-
ples of the exact solution of spherical triangles,

€0S. a=co0s. b cos. ¢
tang. &
sin. ¢

tang. B =

tang.c ----(B).
tang, C = -~

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

cos. (¢ +x)=cos. b Cos. c;
developing the first member it will become
cos. ¢ cos. #— sin. ¢ sin. ¥=cas. & cos. ¢c.

But z being very small, we have, by taking only the
first terms of the serics (A), sin, 2 =&, cos. =13
therefore

€os. ¢— % sin. ¢= cos. b cos, ¢
and because 4, which is likewise very small, has for its

2

cosine ] — %— P It follows that

. b*
cos. ¢ — 2 sin. ¢ = cos, ¢(1— 3 )l,

CO0S. C
sin. ¢

Therefore » = % =21bd'cote;
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and to have z in seconds

2=} R b* cot. c;
thérefore lastly

a=c+iR"b coticnau--. ascanmanann(l)e

Such is the value of the hypothenuse in a function of

the other two sides ; if, on the contrary, ¢ were required
in a fanction of ¢ and 4, it might be obtained by a pro-
cess similar to the preceding. In fact, let c=a—a,
we shall have

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

- cos. a=cos. b (cos. a+2a' sin. a),

or else

cot. @ = cos. b (cot. a+2') = ( == )(cot a+z2),

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

b b Y—1 .
y:-g—cot.a(l——--;) =1 b cot. a;
therefore,
c=a-—1}R'" b cot. @.-... chamcammnca (2).

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

B= sin. ( ) ) —E'

The angle B and its opposnte side bemg very small,
we shall sensibly have
B= ', aam=—2;
O G e MY T Tt 2
therefore the preceding equation will take this form,
b (1 +b’(sin.’ c—1

B: ———— ”
sin. ¢ - Jsinie¢

E
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from which we conclude that
R*b R/bcos.?c
B= —-— —
sip. ¢ 3sint ¢
There only remains the third equation (B) to be
treated. Now, if we make in it C=g— y, v being
supposed very small, it will become

tang. ¢,
tang, (g—-—y):cqt.y: ~n 3’
from which
tang. y=cot. csin. b.
Substituting for the tang. y and sin. b, their values

deduced from the series (A) we shall bave
'2/3 _ X
Y+ 3_bcot.c —Ecot.c.

This equation shews that we have very ncarly y=b&

3

Thus the same equnation will take the following form,
-

b
y=bcot.c— 5 cot.c (3+cot’c):

3 b!
cot. ¢, or Y~ 3 cot.* C;

we have therefore

3
C=g¢g—-R"b cot. ¢ + R —I;j—cot.c(-1:+cot.’c) cen(d).

This is the value of the angle C 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, we have c=a—
1" cot. a; thus

C=¢—2b cot. (a— 14 V* cot.a) +
3 a
.%— cot. (a—1 b*cot, a){ 1 +cot.” (a— -%- cot. a)] s

Developing this on the Lypothesis that the second term

of the value of ¢ is very small; and neglecting the
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fourth and higher powers of &, we shall have, be-

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

tang

o

ot *
C=¢q—~ (b +—-§) ( cot. a + —bé*cot.’a)
+% &’ cot. @ (1 +cot.” a), '
and then

C=¢g—R" b cot. a — L R" b3 cot. a (1 +1 cot.” &).-(3).
e —

On the Meridian, and the Perpendicular to that Meridian.

X. Wiuen all the triangles which form the outlines
ofa great geographical map have been calculated ac-
cording to the principles already explained, the vertices of
their angles are to be referred to two lines perpendicular
to each other: the one exactly represents the meridian.
of the principal place of ihe map, and is called the
meridiar ; 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 ordinates arc drawn, are referred, like the points
of a curve, all those of the country which the triangles cm.
brace. 1If the map is only of small extent, the dislances
of the objects from the perpendicular, converted into
parts of the quadrant, will express tlie latitudes with
sufficient accuracy ; and the distances from the meridian,
converted into the same parts, will express the longi-
tudes relalive to these two axes. Then it will be casy
to know the absolute latitudes and longitudes of the
same objects, that is their 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, and it is essential, in this case, to take into
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the account the ellipticity of the earth ; such is the sub.
ject of the following formula.

Let P be the pole of the carth, (fig.60), PA and PB
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; its longitude, and the angle PBA or
the azimuth of A, observed from B.

Suppose at the two points A and B the vertical lines
AM and BN, and make AB=¢y, AM=r, NB=r.
The small arc ¥ having r for its radius of curvature, it
follows that a similar are ¢, the radius of which is I

will be -,
r

This being premised, if, from the point M as a centre,
and with M =1, as aradius, the arcsa b, ap, p b, be
described, we shall have the spherical triangle pa b, in
which the side p a=¢ — L, the side a =9, and the con-
‘tained angle p ab=q, are known by the hypothesis ;
now, according tothe principles of trigonometry,

cos. (pb)=sin. L cos. ¢,

_ tang. ¢

tang. P = D
cot. _L

tang. & = .
g sin. ¢

These formula are the same as those which have been
denoted above by (B), No. 9; by comparing them toge-
ther it will'easily be seen that

a=(pb), b=¢, c=¢—L, B=P, C=b.

It follows from this, and from the developements per-
formed in the number above cited, that

(pb)=g— L+1 ¢*tang. L,
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- ® gy psintL
“cos. L * 7 cosdL?
b=g otang. L+ ¢ tang. L (3+tang.? L).

From the value of (p b) we deduce, for an approxis

mation to the latitude of B,
¢g—(b)=L - 1¢ tang. L;

The value of P is the difference of longitude between
the two points A and B, and the value of b is the re-
quired azimuth P B A, _

To obtain the latitude of the point B more exactly,
it may be remarked that it is equal to the complement
of the angle P N B orof theangle PMB-+NBM=p b+
N BM; but because the angle NAM is very nearly
equal to the angle N B M, we shall have

NBM: MN cos. L = 4.

M N is easily obtained by means of the formula (8) of
No. 4; for if we make n'=r, we shall have, independent
of the sign, CM=¢* rsin, L. In like manner for the
point B, the latitude of which is L/, we have C N=e* 1"
sin. L’ ; thus, very nearly,

M N=¢"r (sin, Li —sin, L').

Likewise, from the trigonometrical formul®e, we

have

sin. L — sin. L'= 2 sin. (L;LI )cos. (L ';L' ) R

from whicl it follows, that

M N=2 ¢*rsin. L -; L cos, L ; Ll.

On the supposition that L —’L' is very small, the arc
may be taken for the sine, and the cos. L substituted
instead of cos. L :E It then becomes

MNz=er (L— L) cos. L,
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Now, if it be considered that the approximative lati.

tude of B is L'=L —3 ¢* tang L, we shall have
MN=¢'r(L— L+ ¢ tang. L) cos. L,
=1 e'r ¢'tang. L cos, L=1¢' r¢”sin. L,

Thence it follows that the angle NB M=1¢* ¢*sin. L

cos. L, and consequently that the true latitude of
B=q—(pbd)—+ will be
L'=L—%¢*tang. L — 1 e*¢*sin. L cos. L.

Strictly speaking, the azimuth above calculated is
only an approximatien; for the trueazimuth of AB,
with respect to'the meridian PB, is the angle formed by
the two planes PN B and A BN, since their common
section ar the vertical from the point B is the right line
B N : but we shall demonstrate, agreeably to Delambre,
that the correction of the azimuth is insensible.

If the point B be considered as the centre of a sphere,
the three planes ABM, NBM, ABN (fg. 60), form,
by their intersection with the surface, a spherical trian-
glea’M n; now in this triangle we know the angle
a' Mz ; whichis the calculated azimuth. We also know
the arc » M or the angle N B M +4, which is the correc-
tion of the latitude; and because the angle AMB=¢p
we have, by considering the triangle A B M as isosceles,

the arc a’ M=¢q — g—; therefore, if £ denote the correc-
-~

tion of the azimuth, and Z' the true azimuth reckoned
from the north, in which case Z' — £=a' M 2 will be
the approximative azimuth, we shall, as is well known,
have '

Sin. (Z’—'E) .
tang. % sin. ¢ — cos. (Z' — &) cos. ¥

— tango Zl-:

from which
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tang. (Z'—§)=tang. Z' cos. } —tang. Z' tang. 5 ? sin. ¢

*y

cos. (4'—§)
adding the tangent of Z’ to both sides, and changing all
the signs, it will become

tang. Z’ — tang. (Z'— %) = tang. Z' (1.~ cos. 4). +
tang. Z'tang. g—.sm. ¥

cos. (Z'—2)

If we clear the denominator, the first member may
.be put under this form,
cos. £ (tang. Z‘ cos, Z* —sin. Z‘) +-sin. E(tang Z'sinZ+
+cos. Z'),
sin. ¢ , sin, Z!

cos. Z'’ cos. Z°
and sin? Z‘+cos.? Z’:l. Therefore, by observing
that 1 —cos. 4 = 2 sin.> 14, and that § is- verj’ small,
the preceding equation becomes,

§ = sin. Z' tang. § @ sin. 4 + 2sin. Z"sin.* 1 4 cos.
(Z'—¥9.

1t appears from this formula that# is less than J, which
is itself very small: the correction of the azimuth
may therefore always be neglected, which might other-
wise be calculated, since the true azimuth—=the approx-
imative azimuth +£.

It results from what precedes, that, if L be the latitude
of the point A, (fig. 60), L' the latitude of the point
B, y the perpendicular distince A B from the meridian
of A, and r the radius of the earth, or the normal at the
point A, we shall have, by denoting the number of sexs
agesimal seconds in the radius by R,

LI*L—'-LR'y tang. L-—-LR e ‘— Sln. L CO8. L ----(a)'

and remprocally
VOL. I. v

and be reduced to because tang. Z'=
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L:L‘-}--}R%’;2 tang. L' +4 R ¢ %:-sin. L cos. L/ ..(b).

As e denotes the ellipticity of the earth, it is evident
that the last term of these formul® 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.
P = 7_:1:{1‘ 1—% %tang.,’ L ) wmeaman=(C).
and the azimuth of the arc B A or angle P B A will be

3
72~ g— I_{ﬁ tang. L + 4 Er;—:— tang.L({ 4tang.* L)(d).

1f L' only be known, the formula 5 (No. 9) must be
used, and we shall have

3
Z'=q —R-‘% tang. L'—%1 R '—Zﬁ tang. L’ (1 + $tang.?

It often happens that we do rot immediately know the
latitude L of the point A ; but then we necessarily know
the distance @ from this point to the perpendicular of
the principal place on the map: in this case, x 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 ¢ expressed in a function of the latitude L,
of the point A ; for, because

?'z '-;{—aud r= (—l_——e_’s—_—fnb)% (formula 7, No. 4) we
have

p=y (1 —esin.* L)I=y (1 — 1" sin* L....).

In this equation, y is understvod as making part of
the radius of the equator=1; butin practice, this ra.
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dius=,; hence it will be necessary to substitute &
€
for 7, which will be reduced into seconds by this for-

mula
R”J

(1—1esin*L);

and by substitutmp' & for y we shall in the same manner
have the arc # reduced into parts of a degree.

For the latitude L =% »=21¢, we havesin,* L =1
and then

= B—g—/— (I—1e).

Lastly, on the hypothesis that the earth is spherical,

we shall bave ¢ =0, therefore
e °
e

dApplication of the preceding Formule.

XI. Let L=39"41/24", thé latitude of the point A
(fig 60) and y=25960 yards, the perpendicular A B to
the meridian A P; required the latitude of the pomt B,
the difference of longitude of A and B, and the azimuth of
A observed at the point B, or the angle AP B,

The radius of curvature 7 of the arc AB maybe
calculated by the formula

r= _——-(l—-c :\n Ty, (No. 1) thus-
Log. ¢ = log. 0.00597906 = — 3.7766330"
Log.sin’Li=log.sin. 39°41'24/'=19.6105054 1.0000000
— 3.3371364=0.0024386
1—e* sin.* I, =0,9976614

Log, g cmcceececane= =G.8433891

Com, log. (1—e?sin.* L)t =0.0005302
Log. r=6.5439193
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Having found the logarithm of the radius, we shall
now work out the latitude of B by means of the for-
mula (a).

Log. y=4.4143047
Comp.log.r=_3.1560807
7.5703854

Log (% ) =—5.1407708

Log. R”..= 5.3144251

Log. 0.5 =— 1.6989700
0.1541659=M.

1s¢ Term of the eorreciion. 2nd Term.
M=0 1541659 M =0.1541659
Log.lang.L=9 9.90369 Log.e'=—3.7766330

—0.0752098=1",184 Log.sin.L=9.5052517
Log.cos, Li=9 8562148
~—3.622265%
=0".0042
Latitude L =39 41’ 24"

1st Term LlS&; =0 0 11882

2nd Term 0.0042
39° 41’ 22'.8118=latitude L.
This solution shews that we might have neglected the
second term of the correction withoul incurrisg any prac.
tical iuconvenience.
For calculating the difference of longitude, the equas
tion (c) may be used, and we shall have

LOg. 3. eecenen=—1.5928787
Log-( £).... =—5.1407708

Logl tang"'L — 19-8380738 ll.llll'.lll...
-~ 6.5017233=0.0000031748
0.9999968252=N
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Log. Noviseeneana.=—1.9999984

Log. R «iveenen-. —  5.3144251
Log. —37-‘ ............ =—3.5703854

Comp. log. cos. Lieac.= 0.1137852
Log. P ecvcnconanaa= 2.9985941=996/.77

Henge the required difference of longitude is 0° 16’ 7+
nearly.

There still remains to be found the azimuth of A or the
angle P B A, which may be done by means of the equa-
tion (d), from which results the following computation :

1st Term of correction,

Log.R"....=5 3144251 0.5
Log. ¥ =-—3.5703854 Log. tang.* L = 19.8380738 = 0.68877
Log. t;ng.Lzo.OIQOBC_S_Q_ Q =1.1u877
'9.80.:8474=2636".57. Subtractive
2nd Term.

Log. }....=—1.5298787
Log. R#..= '5.3144251

Log ... =—8.7111562
Log. Q...= 0.0750979
—3.6235579=0'.004203 Additive
‘We have therefore
1st Term —636'/.57 90
nd aaa. + 0“.0042% _0°10'36".5
=89 49 23 .5 for the azim. reqd.
The total correction of the azimuth—=10'36".5 very
nearly is also called the angle of convergence of the
meridians P A, PB.
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Developement of Legendre’s Method for Finding the Equa-
tions between the Lengths of Terresirial 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
geomcters ; and when it was proposed to establish the
metric system in France, it beocame again the object of
the most learned researches. The nature of this work
does not permit us to enter wuch into details on that im-
portant subject ; -but we shall endcavour to represent
clearly onc of the most elcgant and uccurate methods
that has ever been proposed relative to the measure of
the earth. If a concise explanation would be suflicient
for persons who. are not much versed in an:lysis, it
would only be necessary to refer them o the excellent
memoir of Legendre ; but, for such persons, illustra:ions
may not be superfluous ; itis therefore thought, that, by
re-establishing in a simple manner the intermediate steps
of the calculus of that distingnished goumeter, young
mathematicians will more easily comprehend his me-
thod.

Let a be the radius CE of the equator (ﬁg 60) b the
semi-axis or polar radius CP, o the radius vector A C,
and ¢ the angle PC A,

If C be the origin of the co-ordinates, and C E the
axis of the abscisses, we shall evidently have

x=vsin. ¢, y=0 cos. ¢
and, supposing first that PA E is an elhptlc arc, the
equation of the points will be

ay+ba'=a b
which being transformed into that of the polar co-ordie
nates, becomes

& 0° €0s.* ¢+ ¢ sin.* p=a’ b’ ;
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from which we obtain
ab’
a’cos. @+ b sinp’

Let a be the ellipticity of the earth, that is, the excess
of the greater over the less axis, denoting the greater by
unity. 'We shall bave oo this hypothesis,

b=a (1—a); from this
e b .
1—(2a—a*)sin.2p”
and by faking the square root,

' =b {1 +(a—1 o) sin* ¢+ &?sin.t ¢ s
by limiting ourselves to quantities of the order a*.

For the sake of abridgement this equation may be
written thus :

o=b(l +m sin2@P+725D*P) couarceca- (A).
This equation will therefore be identical with the pre-
ceding one, if we have
m=—a—1a, _—-__% ol
or as m differs very little from «, if n=3% m".
Adding together the two equations above, gives
mitn=ata ;¥ .

So that, when we know m +n, we shall have the value
of the elhphmty

The most general hypothesis that can be assumed for
the nature of the curve of the meridian is expressed by
(A). Itis confirmed by numerous investigations on the

=

v

* This first result is not absolutely the same as Legendre’s, be-
cause this genmeter has supposed «—b (1-+a'), that is, he has taken
the less axis as unity. On this latter hypothesis we should have
m=a' 3 &% n=3 &%, and m+nza’. At all events, it is evident

that ifa':%be the ellipticity relative to the smaller axis, C:Ii-_ = a

will he the ellipticity when referred to the greater.
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theory of the equilibrium of fluids ; and if the conditions
ary equation n=2 m* is not fulfilled in that circumstance,
it will serve at Jeast to enable us to judge how far the
figure of the mcridian approaches that of an ellipse, and
to indicate that z is of the order m*,

This premised, let S be the arc of the meridian com-
prised betwcen between the two radii vector a,9: and
we shall have in general

dS= vz +dy*).

To render this differential of the arc a function of %
and ¢, the differential calculus may be applied to the
equations £=v sin. 9, y=v cos. ¢, regarding vand ¢ as
variable quantities, and we shall have

dx=vd¢ cos. ¢+ dvsin. ¢,

dy=—vdesin. 9+dvcos. ¢;
which being squared, added together, and reduced, will
give :

dr+dy*=v"do*+dv*.

It is obvious that the arc S diminishes when the rae
dius vector v increases, thus

dS=—y (@ do*+dv).

Extracling the root, and observing that as dvis of
the order o, we may stop at the quantities of the order
«* inclusively, we shall find

dv:
2vde ’
but the differential of the equation (A) is

do=b (2msin. pcos. pd@+4 nsin.’ ¢ cos. ¢ do)y
squaring the whole, and dividing by 2vdg, we shall
have ,

dvt  _ 40" m'sin.* ¢ cos.’ pd*
3vde  Rbde(I+msin." )
by neglecting the other terms ; therefore

dS = —odp—~

=2b d ¢m’sin.’p cos} e
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do
2vdp
~=bdp (l4+msin? @+nsin* ¢+2 m?sin.* ¢ €os.* ¢).

In order to integrate this cquation, the quantity within
the parenthesis may be put under the following form ;
that is, all the sines may be changed into cosines,
1+msin.” ¢ 42 sin.* ¢ +2 m*sin.” ¢ cos.” ¢
=l +m+n+(2m'—2 n—m) cos.* p+ (n—2 m*) cos.* 93
ory for the purpose of abridging,

=M+N cos.? 94 P cos.* ¢

If we indicate only the integration of the abgve fors
mula, we shall have
S=—b (M fdo¢+Nfdocos.”e+Pfd¢ cos.*9p).

But/do=¢
[docos.*p=Lfdpcos.2¢0+1fdo=1sin.2¢+1¢,
[d ¢ cos. 4:p {fdocos. 4o+1fdocos.2e+ifde

Hrsin4o+Lsine 204303
therefore S_—_--—bzp(M +iN+4& P)—b (A N+1P)sin. 2¢
— b (3; P) sin. 4 ¢+constant guantity.

Restoring the values of M, N, P, we shall have,

finally, S =—12%¢ ( 1+ Zl+08n +7—Z )
+ b(%m-i—ln)sm 2p

dS=—ydp—

+ b ( )sm,4 ¢+ const. quan.

The constant quantltny is determmed by making ¢=g¢,
q denoting a gquadrant ; now, in this case, S=0, sin. 2 ¢
=0, sin. 4 ¢=0; and therefore the constant quantity
=qgb{1 ?73’-{-3_72_ e
70 (L+5+5+7
It follows from this, that
=0 (1 + 243242 ) g—p)

2 8
+b(a}m+ln)sin.2¢ B
--i------( ).
+o(™
(16 E) )Sm e

VOL. k. X
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It is now proper {o introduce for the angle ¢, the lati-
tude L of the extremity of the arc. To accomplish this,
suppose the radius vector C R (fig. 61) to be infinitely
near to C A ; and from the point C as a centre, witha
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 AR to
be a tangent to the curve at the point A, and produce
the right lines C A and LA to Z; then it is cvident
that the angle CA L=Z AV, will be very nearly equal
to the angle RAQ.

This being premised, let CA L=+, we shall have,
by preserving the same denominaijons as above

L=g—p+4, from whichd=¢ +L—q;
therefore, tang. J=lang. (p+L—yg).

On the other side, the triangle C A Q, supposed right-
angled at A, gives A Q=vd¢; and asthetriangle AQR
is sensibly right-angled at Q, and Q R=d v, we shall
have

tang. Q A R or tang. »L:;C%%— = tang. (¢ +L—g).

The angle ¢ being very small, we may without sen-
sible error make
dv

p+l—g= vdp

From this resulis
L=g—o+ z%%:q-— ¢ + 2sin. ¢ cos.o
[#+ (2 n—m*) sin.? ¢,
or because
1—cos.2 ¢
5—

2sin. ¢ cos. ¢ =sin. 2 ¢, and sin.? p=

L=¢—¢+ (m+n—1m*)sin. 29

"‘(—722‘ = %) $i0e4 @uneesansnsnesanas(C)
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Now, to find ¢ in a function of L, it may be remarked
that we have first, very nearly, ¢=g¢~L, consequently
sin. 29 =sin. (2¢—2 L)=sin. 2 L ;
sin. 4 p=sin. (4¢—4 L)=—sin. 4 L.
These two last values being introduced into the equas-
tion (C), we shall have, in 2 maaner more approximative,

¢=¢—L +( m + 71— _m_) sin, 2 L—(1 m*—1n)sin.AL,
or, for abridging, p=¢—L +2; 2 bemtr evidently a very
small quantity. _
Substituting again thlb last quantity in the same equa-
tion (C), we shall have, for a ncarér approximation,
p=g—L+(m + n— -Zg—) sin. (2¢—2L+22)

+(mr—1in)sin. (dqg—4 L+42);
But
sin, (2¢9—2L+24)=sin. 2L ~22cos. 2L
sin. (4 ¢—4 L +4 )= —sin. 4L+4wcos. 4L
Therefore

- (D);

¢:g—L+(1n 72— %) (sin. 2 L2« ¢os. 2 L)
+ ( %mu-f; ) (—sin.4L+4%¢*cos.4L).

Developing, always stopping at quantitiés of the same
order, and climinating =, we shall obtain, definitively,

p= q——L+(m+n-—-~2-)sm2L—~(*'m ——%)Slﬂ 4 L,

or, for abridging the work, let p—=¢ ——L+y

This value being substituted in the eguation denoted
by (B,) we shall have, because of the formule (D) and
from

.Z/‘-:(m+7z—%:)sin.2L ( m* -—é-) sin. 4 L,
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S= b[( L+ m+§—7~z+’f— ) L—3 (m+n) sin. 2 L

+ 15 (m?® -——.}n)sm./lL].-...._ .......... (E).
Let M denote a quadrant of the meridian, we shall
have, by making L=} 7, 7 being the semi-circumference
of a circle whose radius=1,

=p (1424 300 )
S=M=0(1+2 + 32,2,
and Lhe;efore

M Sn  wm"
m—( + “—8'—‘+ )-------c- ------ (F)
If m +n, the co-efficient of sin. 2 L, and m*— -—g, the

co-cfficient of sin. 4 L, be divided by the second mem-
ber of tbis equation, and the very small terms neglect-
ed, the quotients will be respectively

Sn , m*\— 2
(m +n)(1 +m+?n+4) l_m+n—-’—z—-’

n m 3n m —1
e o 1 2 1y
(m 5) (1+ gt T) =m—in;
thus, very nearly,
m*\M
A P A
m’_é—_(m 2 )-.ynb ?
from this, the equation (E) will become
L m + n—4 m*\ .
[ ( - ) sin. 2 L

+

n
+ﬁ(”“§>sm4L];
ix
Therefore, if 8 be another arc terminating one way at
the latitude L’;, and the other at the equator, we shall
evidently have
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T, —1
$'—-8=M [LJ m_I % ( m+n m ) (sin. 2 L —

21
sin, 2 L)+J,-Z.(m - ; n) (sin. 4 L/'— sin. 4 L)].

Such is the equation which gives the relation of any
arc 8’ — S of the meridian, and the latitudes of its ex-
tremitics. It appears that, from this equation, the length
of a quarter of the meridian M, may be immediately
obtained when the co-eflicients m and » are known,

If, in order to abridge the expression, we make

._.J. T .1
p= \(m-}—n m® ) g =1 m 271),
3w /? N Lw
we shall have

S'—8=M (L'J_ L —p (5in. 2 L ~ sin. 2L)

g (sin. & Li—sin. A1) )eeenomenonnns ).

In this equation, p and ¢ may be regarded as the un-
known co-efficients ; and as ¢ is much less than p, there

is not any impropriety in neglecting, at first, the term
that contains ¢.

Let us call L, L¢y L¢, L', L/, the respective lati-
tudes of the-parts P, P/, P, P!, P!, situated on the
same meridian, and suppose L <L/ <L! <L/ <L
also call S, 8, 8v, S/, S/, the arcs of the meridian
comprised between the cquator and cach of these diffe«
rent points. The preceding equation, applied succes-
sively to the two arcs, S 8/, S8 S/ will give, by neg«
lecting g, thesc two equations,

L—-—
gu_g= Mi—L

—M p(sin. 2 L#¥'—sin. 2 L),
Llul_L

Srn_Si=M ~Mp(sin.2L/""—sin, 2 L") ; (H),
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from which it will be easy to detcrmine the values of m
and p, which ought to be already very near approxima-
tions, since only the quantities of the order ™ 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( +2),Mp = M°p°(l +7), Mg = M2
and, by substituting in the general equation (G) the quan-
tities relative to the four arcs 88+, S §uu | §§nt, 8 Sun
we shall have the four following equations, viz.
b%_ Lr—L (I+2) —p° (1 +y) (sin, 2 L'~sin. 2 L)
+ (sin. 4 L/' — sin. 4 L),

2= o) e+ Gin. 2L —sin 2L

M° g™
+ (sm 4 Liv —sin, 4 L"),
Sul:\; S:Lu: 7,- ' (A +2)—p° (1 +7) (sin. 2 L'~sin. 2 L)

+ 2 (sin. 4 L' —~5sin. 4 L),
Siv— St Livee L
M~ ix
+ z(sin. 4 L¥ —sin, 4 L').
But M and p° having been determined by the equations
(H), it is evident that the first two equations above will
be reduced {o

(1 +x)—p°(1-+7)(sin. 2 Li*—sin.2 L")

o—L”—'Lx——J(sm oL —sin.2L) + z (sin.4L"’—sin.4L),
L“'_' LII 1 v,

0= &— y(sin.2Li" —sin.2L") + 2 (sin. 4L —sin.4L1) ;

s0 that we shall have four equations of this form.

O=fax—gy+hx
O=fz—~g'y+h'=z
e'=fla—g" y-t+h'z
eM=f1"x—g" y+hs

axms(d))
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from which the values of #, ¥, 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
cndeavour to compensate the errors in such a manner
thatthey may be nearly equal in each of the four, which
will not be attended with any difficulty when the numeral
cocflicients are substituted.

The value of x being known, we shall immediately
have the lengih of the quarter of the meridian M=M*
(1+x), which is the chief object of these investigations.—
Then the valucs of ¥ and = will afford valuable notions
relative to the figure of the meridian.

‘We shall first have
_ pPd+y) _ =
=T ?andq._ iva

or simply, by performing the divisions,
p=p° (l+y— 2), g==.
But we have made
_gmtn — im® m—21y

= ’ = i
4 .l_,vr q 16 Jf’r s

Therefore let % p » 4. 1% ¢ w=u; we shall have u =
3 m* 4 m, from which m=u— & m*; and as m is very
small, we may, for the first approximation, make m=g;
then more accurately

m=p-—3u;
lastly, from the preceding value of g, we obtain
n=2 m' — 1% g =.

The quantity m + » is therefore now known. Thus,

from the preceeding Note, we have

min=a = .
+ e

Therefore the value of the ellipticity of the earth is
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1
exl

Finally, if the curve of the meridian, the equation of
whichis v = & (1 + msin.*¢ + nsin.* 9),
be an ellipse, it is necessary, as has already been remark-
ed, that 2 — 2 m* = 0, or, which amounts to the same,
that the equation 3 m* — 1% 9 x =0, may be fulfilled.

As to the value of the semiconjugate axis &, it may
evidently be obtained from the equation

a =

M=5b{1+ tm + —g—n-}- Tm?) Lm;
and then, by this formula
b=a(l—a),
we shall have the value of the equatorial radius a, whiclt
has been denoted by 4 in No. 10.
X111 1t would not be difficult {o prove that the nor-
mal AM = r (fig. 60) has f{or its expression
r=b(l +2m—m cos.* L).
Then, by the method followed in No. 10, we shall obtain
CN=2mrsin. Ly MN = mr¢*sin. L,
angle NBM = m ¢*sin. L. cos. L,
and it may be concluded, that
Lt = L — J ¢*tang. L —m ¢*sin. L cos. L.
Reciprocally, we shall have
L= L'+ 1 ¢* tang. L' + m ¢*sin, L’ cos. L,
by preserving the notation in the number referred to.

After demonstrating and applying the formule of Le-
gendre, for determining the latitudes and longitudes of
places situated upon an elliptic spheroid, those of Delam-
bre, onthe 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 analytiques pour la Détermina-
tion d’wn Arc du Meridien,
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Tlie 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 betweentwo points, the arc of a great circle
comprised between their verticals ; while Delambre took
for this distance the chord of the samearc. 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 %, we shall have by the first
series (A) No. 9y

. - ;b
' b——Qsm.{:b:b—-k:—ﬁ—f
When B is thelength of an arc and K that of its chord,
fora radius = ¢, we have evidently
b= E;
. R
therefore b —rkorg= 4 =

Such is the excess of the arc above its chord, on 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 carthy by multiplying the value of
¢ bye; that is to say, weshall then have

X X 3
B —-KorX :31;%—-

Lastly, we shall have X inscconds by m:ans of the
3

formula 4 RV'—-.
¢ .
This being premised, let
VOL.' I. Y
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@ be the arc cxpressed in seconds, corresponding to the
chord K of a terrestrial arc, thatis, to a sidc of a tri-
angle.

L the known latitude of one extremity of the chord K,

L/ the required latitude of the other extremity,

M the known longitude

M/ the required longitude %

Z the known azimuth

Z.! the required azimuth

we shall then have
0= R'K

reckoned from the south towards
the west from 0° to 360°.

% reckoned from the same;

(1 — 1 € sin* L),

L'= L— (pcos. Z +1 ¢sin. ¢ sin.* Z tang. L)
(1 4 €* cos.” L).
Z!' =294 Z — ¢sin. Z tang. L' — 1 ¢sin. ¢ sin. 2 Z.
M =M sin. 7 '

cos. L/

By making Z = g inthe last three cquations, and sin.
¢ = ¢, the first terms of the analogous formule, No. 10,
will be found again.

e

Measure of a Dase.

Ground cannot be every where found which is conve-
nient for measuring long bases.  In fact, werarely meet,
even in the finest plains, with an extent in a right line of
several leagues, without obstacles, or without sensible
inequalities, which prevent the two extremities of thag
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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zreal length alone will not suffice for bases, and it is also
requisite that they should be properly connected with
two summils, 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 as long as possible,
and be satisfied with isosceles triangles, or such as axe
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 the banks of ri-
vers which have but little 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
cqual to 180° and in this case it ought to be reduced to
a right line.

The methods of measuring long bases are various;
sometimes they are measured on the ground, or on a kind
of bridge clevated above it ; sometimes, loo, 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 latter 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.

In all cases, convenience and exuactness should be
sought ; for, this operation indispensably requires such
an accuracy as will answer to that given by the instru-
ment which is uscd for measuring the angles,

In orderto measure a base on the ground, the surface
should be smoothed and levelled, which is not always
practicable. Lo trace the base, poles are 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
requisitc direction is a Transit instrument, but others
may be used. 'These poles are notsuffered toremain du-
ring the whole measurement, as they would run a risk of
being carried away, but piquetsare driven info the ground
at the places where they stand, and poles are substituted
afterwards for these piquets, as we advance in the opera-
tion. :

Rods of various materials have been employed for mea-
suring 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
iwo bases which served to determine the arc of the meri-
dian by which the length of the metre was fixed.

~ Deal rods appear 1o be the lcast exact, on account of
their lnygr_omctfical variations. But if the precaution
be taken to hoil them for along time in some oilly 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 ithan metal rods, wherefore they are prcferablé
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 cxtremilies may either be brought into contact, or
not suffered to touch each other, as has been lately done
in France, wiih a view to avoid the recoil that may be
produced by bringing one rod into contact with anoiher
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 genily against three or four
which afford a considerable resistance.

The most important operation, perhaps, isto determine
exactly the total lcnglh 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 {aken in measuring bases, not to
commit any mistake in reckoring the portées ; for this,
a line or chord is used, which is made equal to a certain
number of poriées, 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 tcmperaturc.

Se——r———
END OF THE FIRST PART.
FRR

C——
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PART IIL

———

PORTATIVE BAROMETRICAL TABLES,

Gising the Difference of Level by a Simple Subtraction ;
with an Iniveduction, conlaining the History of the Ba-
rometrical formula, and its Complete Demonstration by
the Simple Elements of Algebra.

BY M. BIOT.

TRANSLATED AND ADAPTED TO ENGLISH
INSTRUMENTS AND DIVISIONS.

—_——

PRELIMINARY NOTICE.

Avout one hundred and sixiy ycars have clapsed
since Pascal, having caused Torricelli’s barometer to be
carried to the top of Puy-de-Domce, remarked that 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-
nutions observed in the column of mercury, many ele-
ments siill remained to be determined. We bad the
balance, but knew not the values of the weights, The
first thing that it was necessary to know was the law
of the condensation of air under different pressures.
Mariotte in I'rance, Boyle and Townley in England,
found from experiment that the density of this fluid is
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proportional tothe compressing weight. Thislaw 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 ¢f the compres-
sion of air being known, Halley made useof it for calcu-
lating the decrease of densily in the beds of the atmos-
plere at different heights ; and he thus discovered the
mathematical formula, by means of which the difference
of altitude of two stations may be calculated from the
heights of the mercury in the barometer, obscrved at
cach of them. Newton, in his Principia, perfected that
theory by showing what regard was to be paid to. the
diminution of the gravity of the molecules ol air, ac-
cording as the distance from the surface of the earth
increascd. But, what is very remarkable in so scru-
pulous an observer of nature, he omiited also to con-
sider the effect of the variations of heat, and of the pro-
gressive decrease of the temperature on the density of the
beds of air. At this time observatious of the barome-
ter and thermomefer were not cven employed in the
measure of astronomical refractions. It was Bradley,
Mayer, and Lacaille, who began to introduce these
correclions about 1750 ; until 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 endezvoured to
apply it, found that it succecded only in a few instances,
and that, in general, it was subject (o considerable crrors
which did not appear to follow any law. Different liy-
pothesis were formed by some for explaning these irregu-
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larities; and others concluded that the formula was absos
lutely to be rejected. No person thought of the truc
cause ; and this omission is very extraordinary when we
reflect that Bouguer and Lambert, two mcn of the most
singular merit ‘and different talents, the onc an ingenious
and accurate philosoplier, the other a most inventive and
acute gecometer, were both much occupied with the ba-

rometer and its application.
It was M. Deluc who at last discovered the source of

all these anomalics; he sought in the observations them-
selves the 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 bim to perceive the law that
those corrections ought to follow, and the infensity whiclt
shounld be assigned to them.

This remarkable discovery, by giving to the baromes
trical formula an’unexpected accuracy, animated the
zeal of philosophers, and barometrical observations were
multipliecd. Dr. Maskelyne underteok to translate the
new formula into English measures. Mr. Playfair add-
ed a correction for the variation of gravity in different
latitudes. Sir George Shuckburgh, by very exact mea-
sures, verified the results of M. Deluc, and gave them
a greater 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 Pictet ; the Pyrenees, by M. Ramond, and
the Andes, by M. Humboldt. The barometer, rendered
portative, became an indispensable instrument to all well-
informed travetlers.

flowever, notwithstanding so many successfal appli-
cations, thetheory 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 ihe difference of the tabunlarlogarithms of the
observed barometrical heights, All the corrections rela-
tive to temperature which the formula required, coramen-
ced therefore, according to M. Deluc, at the normal tem-
perature ; inconsequenceof which this point of commence-
ment changed whenever the formula was applied to any
other measures than French toises. These variations
were very inconvenient, and it appeared much more
natural to make all the corrections commence at some
fixed term, as the freezing 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 Z¢-
canique céleste, in which he has established the barome-
trical formula upon the most simple and accurate data.
He determines the correction for temperature, relativeto
the expansion of air, according to the experiments of M.
Gay-Lussac ; but he has modified his results in such a
manaer, 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

just equalto ﬁ)_o_ With respect to the expansion of

mercury, Laplace employed the valucs 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 carc and an accuracy that,
VOL. I. 7
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leave nothing todesire. The value of this coefficient has
since been confirmed in adirect manner by the experiments
made by M. Arago and mysclf, on the comparative
weiglts of air and mereury ; so that all the elements of
the barometrical formula, the research of which has cost
travellersso 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 dafa 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,
1o render the 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
cffect. _

The barometrical formula being thus improved, or
rather perfecied, observations with the barometer have
been considerably multiplied, and carried to a degree of
precision almost incredible, as the observers were guided
by accurate ruleés ; we may now entertain a hope, that in
the space of some years the general levelling of Europe
will be obiained ; and we may undertake, agreceable to
the idea suggested by Laplace, to add to the latitudeand
longitude of cities their height above the level of the sea,
as a third co-ordinate whick would completely determine
iheir positions.

In order to favour this idea, I have inser:ed, 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-



ON TOPOGRATPHY. 171

tions made at the same place, the mean heights of the
barometer and thermometer had been determined. 1
have had the satisfaction of knowing that these tables
have been useful to many observers.

Since that (ime, 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-
sponding 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 tbey occupy, which is 170 pages, does not
permit them to be conveniently carried in mountainous
journcys ; and still Jess Lo 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 rarc 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 to
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 ¢n-
try, which are contained in only fourtcen folio pages.

The height is calculated by simple additions and sub-
tractions. Bat it is necessary to enter the tables four
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times with different arguments which are deduced suc-
cessively onc 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 to French observers, as these tables
supposc the height of the barometer to be observed in
lines, and give the difference of level in toises. This
construction necessatily 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-
m:odious, that philosophers, naturalists, and all well-in-
formed travellers might carry them in their journeys,
and make usc of them upon the spot for calculating their
observations. I hope I have succeeded in this attempt,
but experience alone can decide.

I bave 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-

1
cal column oD part of ifs length, for every degree
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of Fahrenhei?’s thermometer. The correclion for the la-
titude is nov!ﬁug 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 their iravels. DBut, 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 beight which
must be added according to the different latifudes.

Suppose, now, that the heights of the barometer and
thermometer had 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 beentered, and the number coriesponding o 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 tableis 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 4360 yards; but the
use of the table may be cxtended indefinitely by a similar
proceeding, and the calcplation never becomes more
complicated.

Such is the form of the portable barometrical tables,
which arc 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. completc 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 sirangers to
thesc notions, may pass immedialely to the numerical
examples inserted at the 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 are sus-
ceptible; and I shall estcem myself very happy if they
should increase the taste for barometrical observations,
and contribute to the perfection of physical geography,
too liltle cultivated among us.

cmsrt———
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 unitfed in
this chapter all the details that can be desired, relative
to both the demonstration of the rigorous formula and
ts application.

Conccive 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 these suppositions, let us examine the
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the state of ethbnum of the column Tt is evident
that each molecule will be compressed by the weight of
all those above it; and asthe air, in consequeénce 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-
definile 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 cach of these beds, at different distances
from the centre of tbe carth, there will be a certain ratio
between these dnshnces, represented by @1, @,y x5, and
the elevations of the mercury in the barometer denoted
by H,, H,, H - 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 o — 2. The
depression of the mercury, in raising it through that bed
is Hi— H.. Consequently, at that elevation, a column
of air of the height #. — @, weighs as muchas a column
of mercury of ﬂfe same base, and baving for its height
H;—H:. Thus the dcnsity of that stratum, compared
—H. .

with that of m'ércury, is 5 for the densitics

&y — &y
are reciprocally as the magnitudes when the weights are
cqual.

But this ratio, between the density of the stratum and
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



176 4 TREATISE

supposed to have the same 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 different beds may
be represented by C H,, CH,, CHj,..C being a con-
stant cp-cfficient, common to the whole column. In this
manner, two cxpressions for the density of the first stras
—H,

ry _—3_1— and CH, ; and by put.
ting these equal to cach other we shall have

CH, = H,— EI—"

12
z?—a,

tum are obtained, viz.

J

from which we obtain H, = H, {1 -—C(xg.-.z-l)} .

The same rclation will subsist in passing from the
second stratum to the third, from the third to the fourtb
and soon in successsion, at least on the supposmons that
have been admitted ; so that we shall have the following
equations.

H, =1, 31__,-,0(%_%)},
H,=H, gl.—,C(xs —w,)g,
Ho=H,§1-Ce. -2},

H,=H, gl—-C(xs—au)},
&ec.
Or, if we represent by D the thickness of the stratum,
which is supposed to be always the same,
H,=H,1—-CD),
H, =H,(1—-CD),
H,=H,1-—-CD),
H,=H, (1—CD),

5



ON TOPOGRAPHY. 177

from which we obtain the following values:
H,=H,(1—CD),
H,=H,(1—CDy,
H,=H,(—CDy,
H, =H, (11— CD)%,

and we shall have between the differences of level and

the depression of the mercury the corresponding series

r,—g, =D g—?:(l——CD);
£y — z, =5D gfﬂl — CDy,
r, —x, =4D %i =1 — CD),

. 1
the quantity 1 — C D is necessarily a fraction ; for Cand

D are both positive ; and let C be what it may, D may
always be taken sufficiently small, that the product CD
may be a fraction. Then the different powers of 1 — CD
will be less and less.  T'hus it appears from the preceding
seriey, that, when the altiludes above l/le“ﬁrst station ir-
crease in an arithmelical progression, the heights of the
mercury tn the barometer decreasein a geomelrical pro-
gression.

In order to obtain this result, it has been supposed that
cach stratum of air, of a thousandth of a yard in height,
was thoughout of an equaldensity. This supposition is
not strictly true ; bat it approaches more and more to the
truth as the thickness of the beds, or strata, is less. Now,
instead of taking a thousandth of a yard for the thickness,
we may take it a hundredth partof that, or any other and
smallerdimensions, the error will bediminished indefinite-
ly, without our being prevenied from arriving at the same

VOL. I, 2a
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consequences, Thus, the law which we have found is
true in itsclf, and independent of all suppositions relative
to the thickness of the beds, or strata. This is what the
following calculation confirms.

If the rank of any term whatever in the two preceding
series be denoted by #, and its value be found, which
may be done in the second serics by means of logarithms,
we find
Tn4 17— &, n__:___(log'HJ_"log-Hn-Fl)'_

b ? log. 1 —CD)y ~
from which wc obtain

2 ==

D {dog. H, —log Hn 4 1)
Tnd | —a, = — glog.‘(l —%D) .

Zn 4 —,, is the difference of level of the two sta-
tions; for greater simplicity, it may be denoted by X.
H, is the height of the mercury answering to the lower
station, which may be represented by H.  Lastly,
H, 4 , is'the height of ‘the mercury at the upper station,
which shall be denoted by % ; for, having nothing to con-
sider but the extremitics of the column, the accents by
which the different beds were distiiiguished, are not of
any further utility. 'We shall then have

X = o (—1—— D(, —p;(los- H — log. 1. |

The value of Xscems to depend upon the thickness
D, 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 —C'D,

we bhave log. (1 —CD)=— ﬁ(CD 4+ CID -}-C';D3
C* D
+ it &c. )

M being the modulus of the common -tables, or
2.302585092994, consequently
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D M
~ g (I—CD) = C + -PLQ_D_ L oD

4

The thickness D.is supposed extremely small; and to
attain the utmost rigour, it must be made equal to no-
———_Iog. (IQ—'_C—D—) _ I_\é; then this
co-efficient becomes independent of D 5 and it now ap-
pears, thaty 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

-+ &cr

<

thing, which gives —

M
X= T (log. H — log. 1),

that is to say, the difference of level is praportional to
the difference of the logarithms of the heights of mers
cury in the barometer.

There remains only the co-cfficient C to find. Now,
by representing the density of the air under the pressure
H by 9, that of mercury being unity, we have, agreea-
ble to the preceding suppositions, 3 = CH, H being the
height of the mercury in the barometer. The value of*
C may thercfore 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 the 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

ratio %varies with the force of gravity. In fact, Jis the

density of air under a given pressure ; for example, under
a pressure of 0.76 of a metre, or .831136 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
.831136 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 ¥, is expressed by 1 —0.002837 cos. 24. The
density 3‘; being proportional to the force of gravity, will
vary in the same ratio, that is, by calling it Jat the
parailel of 45°, and under the pressure H, it will become
for any other latitude, and under a column of mercury of
the same length, & (1 — 0.002837. cos. 24).

The co-efficient C, which expresses the ratio of the
density to the height of the barometrical column, ought
therefore to vary in the same proportion, and consequent-
1y it will become C(1 — 0.002837. cos. 2 ), which be~
ing substituted in the value of X, gives

X=— Mn log. (E) ;
O (1 — 0.002857. cos. 24) h
in this manner it will be sufficient to find the co-efficient

C (1 —0.009837) by experiment for a given latitude.

For then 4 being known, we shall also know 1%; and

the formula will become applicable 1o all possible lati«
tudes.

This formula may be rendercd more convenient by
making the denominator disappear, which is easily done;
1 .

T 0.002857. Gos. 2§ 0O"8  trans-
formed into a series by division, becomes 1 + 0.002837.
cos. 2+ + 0.00000804857. cos.°2¢. ...+ &c, or sim-
Ply 1 + 0.002837. cos. 24, by taking only the first

for the fraction
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term, which alone is sensible. 'We shall then have
- M - H
X = . 3 g. (—
C (1+0 0028.)1‘. cos.2¢)10: ( lz)'
Hitherto it has been supposed that the value of the

)
co-efficient C, or T s the same in all the strata of the

column. But this is not so in nature, and several causes
concurin making this ratio vary. T'he principal of these
is the difference of temperature of the strata. For the
clasticity of air is increased by heat; so that with a less
density, it may sustain an equal column of mercury,

. .0
which causes the ratio o o C,tovary. Thisratioalso

varies according to the quantity of aqucous vapour that
is suspended in the different strata of the column. For
this vapour weighs less than dry air of an equal eclastic
force ; so that its introduction into the diflerent 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 ele-
vation, is also another cause ‘of change; for, in conses
quence of this decrease, a column of mercury, the length
of which is I, weighs less as it is more distant from the
centre of the earth; now, if it weigh less, the beds of
air into which it is transported are less compressed ; thus
the ratio of their density to the length of the mercurial

. ;
column, or 1, ismo longer the same for these beds as

for those below them. Let us now search the numerical
value of the influence of these various causcs on the co-
efficient C.

We shall commence with the decrease of gravity in a
vertical direction. Let g,, g., g,, be the different in-
Lensities of that force in the different beds, or strata. The
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weight of the columns of mercury H,, H,, H,, whick
they solicit, are proportional to them ; consequently, ifall
other circuunstances were equal, the densities of the beds
of air, compressed by these calumns would also-have the

same-proportion, 'I'heratio }—(}, or C,, ought therefore to
vary from oae bed to another proportionally to the gra-
vity g.

Let us now consider the influence of temperature. In
virtue of this cause, a mass of air, the magnitude of
which will be 1 at zero of temperature, becomes at ¢ do-
grees above the freezing point of Fahrenheit’s thermome-
ter 1 -+ 0.0020835¢, the barometrical pressure remaining
the same. Now, the densities of this mass under- a cone
stant pressure are reciprocal to the spaces which it is
made to occupy ; conscquently; ifits deasity at zero be 1,

1 the

i asity at ¢ i :
ifs depsity at ¢ degrees will be T3 0.0030855 i

L . . @
pressure remaining the same. The ratio — or C, ought

H>
therefore {o vary in the. different beds proportiopally io
1 :
1 + 0.0020833 ¢*

- 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, sastain equal columns of mercury.
Hence, the substitution of this vapour in the strata of aix
renders them specifically lighter without diminishing
‘their elasticity. To find the value of this effect, let H be
the barometrical pressurc which a certain bed of air sup-
ports : call F the elastic force of the aqueous vapour con-
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tained in it, that is, the part of the barometrical prés-
sure which the vapour sustains. The total weight of-the
bed may be considered as composed of two parts ; viz.
of a certain quantity of vapour, the clastic force of which
is F, and of a certain quantily of dry atmospheric air,
the elasticity of which is H— I'; Iet pbe the whole
weight of the bed, if it were entirely composed of dry
air, under a pressure H. The weight of the same vo-
Jumn of dry air, under a pressure equal to H — F will

be p(H ). The weight of the same volume under

the pressure F, will bepTlE s sothat, if thisvolume, re-

‘maining always under the pressure F, were composed
entircly of aqueous vapour, its weight would be 1¢ of

~
4

the preceding, that is, 4. TlHl Now, it is known by

very positive experiments, that, in-a mixture of vapour
-and air in a state of permanent cquilibrium, 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
-sum of the weights of air and vapour which occupy the
-given space under the:pressures H — F and I ; that is,
(H—F) pF

m + 15, 12 or simply

the weight will be p.

=21
Pr—x
pour, the weight of the same -volume of dry air, sustain-
ing thesame pressure-H, was: denoted by p.  The den-
sities being : proportional to the weighis, if o represent
‘the density of a stratum in the dry state, its density in the

H—:I 2 F
humid state will be &, ¢ H——-z—, or d. ( l~--‘7‘-ﬁ),

. But, before the introduction of the va-
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the presstre being the same.  Irom this it appears, that
the introduction of aqueous vapour inlo the beds of air

) . F
causes the ratio T C to vary proportionally to 1— 3 R

By resuming the three kinds of variation to which the
co-efficient is subject, the most gencral expression for it
will take the following form:

~ 1+0.0030833¢°

A being a constant quantity common to all the strata,
There only remains to substitute in this expression for
g, H, T, and £, their values relative to the different beds.

The value of the factor g shall first be calculated. It
is known, that, in rcceding 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 z1, @z, x3, therefore, by calling g, g2 &3
the corresponding intensities of gravity, we shall have

o 2 s 2
U 104 W S L W
S1— 51y 52— 2 ) O3 — 2 9 .
X, T,

We shall now find the term dependent on the aqueous
vapour. The tension F of that vapouris always very lit.
tle in the temperatures in which barometrical observa-
tions arc generally made. By calculating their values
in parts of a yard, forthe point of extreme saturation,
according to the formule which Laplace has givenin his
Mécanique céleste, and which he deduced from the cx-
periments of Dalton, we find
at 32° of Fahrenheit’s thermometer .. I =0.00560142 s
at 86° (or 54° above the freezing point) . . F =0.0346562 % yas.
and between these two limits which are nearly those of
barometrical observations, the increase of F may be re-
presented with sufficient accuracy by thé arithmetical
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progression F = 0.00560142 + 0.00052547¢, ¢ being
the number of degrees in the temperature above the
freezing point in Fahrenheit’s thermometer. - Though
this formuia may not be very exact, yet it will be suffi-
cient in this case, because of the small influence which
it has on the observed heights, But, before it be ap-
plied to the atmosphere, 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, the value which it gives for F will be alw
most 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 siratum to amother in a very irregular, and
sometimes abrupt manner, as is experienced on moune.
tains where strata, very little charged with vapours,
succeed to others which are at a mazimum of bumidity.
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 ;

vd, i,
that is, F = 0.00280071 + 0.00026274 ¢.
On substituting this value in the expression for the

co-efficient C, it must be multiplied by the variable fac.
tor 7%-[ But, because of the smallness of this correction,
and the little difference in the values of H in the extent
of the columns of air which are usually measured, it wilk
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
YOL. I, 2 n
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ihe correction for humidity in the upper strata of the
column, whigh agrees with nature ; for the humidity of -
these strata gencrally decreasts as their height is greater,
and sometimes the most clevated possess a great de-
gree of driness, By adopting this simplificalion, we
2 F 2 yd.
hallhave ] — 7 _ —=1— v
she 7TH Tx.831196yd. (0-00280071
d. yd. yd.
+ 0,00026274%) = 1 — 0.0000628 — 0.0000903 .
This expression may, Without sensible ertor, be brought to

the following form, (1—0 00096"8 )(l ——O 0000904 t)
which gives
C = Ad -—0 0009628), g(l——O 0000904 ¢
T+ 0.0020833¢ ;

In this manoer C contains a constant factor, common to
all the strata. The other factor depending upon ¢, which
is still found in tbe numerator, may be uniled to that
which arises from the temperature. In fact, because of

yd.
ihe smallness of the co-cflicient _O).OOOOQOLL, we may,
1 + 0.0000904¢
vel.
for 1-——6.0000904t, then we have in the denomi-

without sensible error, substitute

yd. d.
nator the product (1 -+ 0.0000904¢.) (1 + 6.0020833(}.
In performing the multiplication; the product of

d. pd. N
0.0000004 by 0.0020838 may be neglected. The denomis

yd.
nator will then become (1+0.0021737 t). The co-efficient
of ¢ in this result may be changed into 0.0022, without in-
curring any sensible crror, which will simplify the coms
putation- ‘We shall theretore have
| c=Ad—0 0009628)b

(1 +0, 0022 ¢
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1t appears:that the consideration of the humidity of
the air only increases a little the co-eflicient 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 scarch, 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 cousidering the first stratum, it has been remarked,
that, at this elevation, a column of air, the thickness of

which is  z,, — z,, weighs as much as a column of mer~

cury ’ ‘of the.'same base, and of which the beight was
H, —H.

Zo — L1 ’
theratio of the densitics of mercury and air in this stra-
tum. This consideration is also applicable to the actual
case ;- only as gravity is supposed to vary from onc stra-
tum to another, the intensity of this force upon the co-
lumn of mercilry H,, which takes place in the second
stratani, is' different from that which solicits the column
of mercury H,. To express the weight of the first stra-
tum of air in parts of the column of mercury Hy, it will
be necessary to bring the column H,, to what it would be
if the same gravity g, acted upon it ; that is, to mulliply

‘was

H,—H,, and it has been concluded, that —

it by &2, the ratio of gravity in the two strata. 'We shall
&
H
thus ‘have HJ, - :_g’
S
rometrical pressure in the extent of the first stxjatum of air,
the thickness of which will always be z2— &, as before.

for the diminution of the ba-
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The ratio of the densities of air and mercury in this
stratum will therefore be equal to

H _H’-‘ga
! £, or H, gl—-Hog', .
2 — g gl(xe_'r)

but this same ratio may yet be expressed by C,, H,, by
representing by C,, the value of the co-efficient C in the
stralum under consideration; then, by equaling these
two values, and always denoting the thickness of the
stratum by D, weshallhave

— Higi —Hog, _

&y —2, =D, m =C, H,;

or else by obtaining the value of Hygoy 22—, = D,

H. gg-—'— H,z g | —C,(x;—z,) } .

The passage from the second stratum to the third, and
from the third to the fourth, and so on, will all give s1m1-
lar equations ; from these we shall have

Ly=—— Zg = D HJDS— Hzaz {l-cz(xs_—x;’)}’

»,—z,=D, H,g,=H,pg, gl—Cs(xg-—:cs)g,
: &c. &c.

By successivb]y performing "the eliminatidns, as in
page 178, as far as the last stratum the rank of which is
represented by z+1, we shall find », 4., —a,= 2 D,
H'n+1 Bnd1 = ngl(l"" C.: D). (1—-C,D) 1—C; D)
-n=a(1—C. D).

‘The second member of this laiter equation has as
nmany factors as there are strata. In the first case which
we have considered, all these factors were equal to each
other ; instead of which, in this placc they are different,
because of the variable nature of C. Now, if this last
equatxon be put into loganthms. we shall have

log + log. ==log.(1 = C1 D) — log.

n+l
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(1—C_D)....—~log.(1—CnD). Here z is not found
explicitly in the second member ; we cannot, therefore,
eliminate itas at page 178. But we may follow the same
method of calculation ; and, by taking the value of
&Ly 4 , ~x, we find

—~2D (log. H, log, 51 )

— Hn+1 g72+1
~ log.(1—C 1L log (1—C o). . 4log(1—Cn0)"

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 shall obtain

H, £
(log. Yy + log-.gh+' )
Ci+Coenacana. +Gn

M being the modulus of the logarithmic tables, or
2.30258509. This formula is analogous to that at page
179, only, instead of having C in the dencminator, we
have the sum of all the co-efficients C,, C,, C,, 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 sum would become 2C; 2 would
disappear, and we should obtain identically the first for-
mula,

For the sake of abridgment, the sum of all the co-efli-
cients C,, C,, C;, &c. taken in the whole length of the
column of air, may be denoted by SC, ; we may also
denote by X, as before, the difference of level 2n4-1—2,
of the extreme strata ; substituting % instead of H,.4,
to represent the height of the barometer at the uwpper
station, and denoting by H that at the lower station, we
shall have

Xnty

&, —2=Mn

H
. log.- 81
(log h * Oggn-f-l )
X:Mn SCA =
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&y
Sn+1
which is that of gravity in the (wo extremc siations.
Since the force of gravity is reciprocally as the square of
the distance from the centre of the earth, we shall have

It is also necessaryto find the value of the ratio

‘Igw - . . .
£ = Zntes but, since X is the difference of
Sn + 1 x,”

lIevel of the two stations, we have 2.4+, = #, +X. Con=

o X
sequently, log. gb_*'_ = 2 log. (1+ -;—) x, is the

L 1
distance from the centre of the earth to the lowerstation ;
the difference of level X being always extremely small
compared with that-distance, we may limit oursclves to
take for « the mean radios of the terrestrial surface, the
value of which in yards is 6962074 ; and rcpresenting
it by a, we'shall have with sufficient accuracy,
X
1 T -—g—'— = 21 . 1 -_
o8 Znta °g ( + a ))
conscquently, _
H X
Mﬂ{ log. - +210g.( 1+ -—)i_

a

o= 8C, .

Before we investigate the value of 8 C,, we may ap.
ply to each of the co-efficients C,, C,, C;, the correc-
tion respecting the variation of gravity for different 1ati—
tudes ; this correction, of which the detailhas been given
at page 180, will consistin multiplying each of them by
the factor 1 —0.002857 cos. 24, ¥ being the latitade ;
‘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 S C, will become
(1 —0.002837 cos. 2 4) SC,, and by transferring this
correction into the numerator by developing it into a
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series, as we have already done at page 180, we shall have
: u X
Mn (1-0.002837 cos. 2 ¥) 31087~ +21°‘£<1+ ;)% .
ST, "
The value of S C, must now be found ; but from the

general expression for the co-efficient C, which has been
determined at page 186, it isevident that

yd.
$C,=A(1—0.0009628). ( —

X=

g1

I + 0.0022¢,
O’n n
e + Ode‘)Ot * l+0%0925 +&c')
To accomplish this summation in a strlct manuer, it
would be nccessary to know the law of the decrease of
temperature in the atmosphere.  This law is subject to
many irregularities. But gencrally, at small heights,
such as those at which barometrical observations are
made, it is a very slow arithmelical progression. We
shall, therefore, not be far from the trath, by supposing
all the temperatures ¢:, £2, ¢35, cqual to each other, and
to the mecan temperature between those of the cxtreme
bt bty
2 .

strata; that js, to This supposition will

increase the temperatures of the upper strata, but it will
diminish those of the lower ones, which producesa kind
of compensation. By this means the factor dependent
upon the temperature becomes common to all the terms
of $C,, and by writing T instcad of ¢, and ¢ for 2,41,
analogous to the notation which we have adoped for H
and %, weshall hzwe

SC = A(1—0.0009628 . (H& L &
1+ (2 ; ! )0.00:22 1 &1

+§~" -+ &c. ; but gravity being reciprocally -as the

1
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square of the distance from the centre of the carth, we

Bo . %, 2?2 B, _ 27
shall have && = 2L & = 2L Zf = oo
&1 22 gy LA > & Ty

and so on in succession. Now, since the difference of the

e A
distances of two consecutive strata is D, el
Br o 5P & &c
) (z,+2D)y? g, (x, +3D)"
ing the division algebraically, in each of these terms,
they may be reduced to a serics, disposed according to

by perform-

the powers of ?— ‘We may limit ourselves to the first

1
power of this ratio, which will be sufficient for the ob-

ject which we have in view, and we shall have
€3 2D g, %D &, 6D
€1 z,’ &, T, £ FN
so that the required sum will become,

&c'

1.4+ €8 4 & +&c.=n—f_ (D + 2D + 8D 4 . ananD),
1

€1 81
The part included between the parenthesis constitutes an
arithmelic progression, the common difference of which
is equal D, and the number of terms 7. The sum will

n(n +2' )D Neow, since D is the thickness

thercfore be,

of one of the beds, or strata, and » their number, #D is
the difference of level of the extreme stations, a differ-
ence which has been represented by X ; we shall there-
fom have I +&2 + 83 L &c.=n {l——(l-’r )X2 .
&1 &1 'y
~'We see here again the factor #, which remained in

the numerator of the expression for the difference of le=
vel. By substiluting this result in S C,, it will be suffi-
cient to take instead of « the mean radius of the carth,
which has previously been denoted by a. We have



ON TOPOGRAPHY. 193

alremdy made use of this simplification ; besides, as the
fimber of strata contained in the column is greater as

. 1
their thickress is less; we ought to neglect the term —

‘with respect to those which have riot # for a divisor.
For, since we finally make D equal to nothing; = will
then necessarily be infinite ; we shall therefore have
yd.
A (1—0.0009628 nfl — X
sc,="" Yeunl—2)

a

(T +1)
L+ 500
This transformation of the co-efficient of T +£ does
not change its value ; it only renders it more commodious
for calculation, This value of S C, being known, it may
be substitated in the general expression for X ; in which

n disappears by being common to both terms 3 and there
remains

_ (T+2) H X
. M (14-0.002857 cos.2\}) § 14 '366_; { log. 7+3logi(14= 7|

Ag, (1—0.0009628). (1 -—35_ )

The factor 1 — }—5_- mdy be changed into the numerator

1 X . <
by division; for T X =1+ 4 + —= t&¢; thus, by

[/

taking only the first power of?—j—, which will be sufficieat

in all cases; we shall have simply

_ M § 4 (T4+1)
= a3 0009628)[(1+o 002837 cos.2){ 1+ 22 E

flog. L4202 (14+ ) {‘+7§]-

This equation, containing X in both its members,
seems not yet to be completely resolved ; but it may be
VOL. 1. 2c
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remarked, that the X in the second member is divided
by a, which is always extremely greal with 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
Jjust been obtained, there only remains the constant co-
efficient A to be determined; now, by referring to page
184, where it was first introduced, it will appear, that
by calling 3 the ratio of ihe densities of dry air and mer-
cury, under the pressure H and the temperature ¢, in a
place where the latitude is 4 and the gravity g, we have
A (1—0.009837 cos. 24) g H

1+0.0020833¢.

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 temperas
ture of melting ice, and under a pressure of .831156 yd.

wehad?d =

generally & =

from which we obtain

1
= 10463. g (1 —0.002857 cos. 2 4) .831136 yd.
¥ being the latitude of Paris; consequently, if the
modulus of the logarithmic tables, or 2.80258509, be de-
noted by M, the co-efficient of the barometrical formula,

1
10463 ?

or will become

M
Ag,
M &
-~ ==10463 (1 — 0002837 cos. 2¢) .831186 M. -5

81 a1
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If this value be reduced into numbers, by taking 4=
48° 50’ 147, which is the latitude of tlie observatory,

!\' ds, N .
we have Y L 20031.27435. f s and consequently,
A g 1 '

hl yrls.r . o
= 5654 =,
Ag, (1 —0.0009628) 20050.5654 -

Let r be the height ofthe lower station above the level
of the sea, @+ will be its distance from the centre of
the carth. The beight of the place where our experi-
ments relative to the weights of air and mercury were
made, may be estimated at 65.6 yards above the level of
the sea; its distance from the cenire of the earth was
therefore ¢ +65.6.  From this, the ratio of the gravities

£ jsver ncarly equal to —-(ﬁ—r)?- an  expression
£, Yy iy eq (a+66)’" ‘p

) 9
which is reduceable to ( I_Eal:)' ( 1+ 1}),

by developing the two squares and limiting oursclves
65l6

to the first powers of

181.2

. and{-;, The first factor

1 may be reduced into numbers by taking

a=6962074 yards, the number already used. It will di-
minish the barometrical co-cflicient by .3828 yd. which

ives - =00050.i826 ( 1 + 21y
g Ag, =~ - 182 PRy
This co-cfficient may also be determined ¢ posteriori,
by comparing observations of the baromeier with diffe-
rences of Ievel measured trigonometrically, A greatnum-
ber of very accurate observations, made by M. Ramond
in this manner, have given 20052.2196 yds. for the va-
lue of the co-cfficient, which we have found equal to
20050.1826 yds. from the weights of air and mercury,
This agreement proves in a positive manner the accuracy
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ofthe formula, and that of the daty upon which it is
founded. '

There might even be obfained from this agrcement, g
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
bumidity of the air; for this value is rather too great
than too little ; and besides, the above difference would
not disappear even by sui')posinn- the air in a state of
extreme humidily, since this supposition, by doubling
‘the correction which has already been made for this ob-
Ject,willonly cause 19,2911 ydstobe addedto 20050.1826,
which would be 20069.4737 yds, still much inferior to
90114.5848. It must therefore be acknowledged that
the decrease of gravity, though but inconsiderable in the
limits in which barometrical observatlons are made, be-
comes sensible; and the agreement of the results, when
this decrease is taken into the account, demonstraics its
reality. o '

The inequality of temperature in the exireme beds of
the column of air which is measured, is communicated
to the baromctcr used, and requires a reduction in.
the observed heights. ln fact, mercury, like other
bodies, is con‘('lcnscd by cold and‘expanded by heat,
This variation from the freezing point to 212° of Fah-
renheit’s thermometer is u}liform, accbrding lo the
experiments of Gay-Lussac, and equal t09742 for
cach degree of that thermometer, conformably to the ex-
periments of M. M. Lavoisier and Laplace, which agree
with those of the Royal Suciety 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 thanif it had been observed at the
warmer, which is generally the lower. To bring those
heights to the same terms, the lengih 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 %', there must
be taken, k::/z’( 14 574; )

This supposes that the mercury of the barometer has
the same temperature as the surrounding air ; but this
is not always the case, and the temperatures are somec-
times very different. 1f, 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 fo make the observation; for these
changes are only completed with great slowness. Toavoid
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 teme
perature indicated by this thermometer at the two stations,
is that which must be used in the reduction of the baromes
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 %/, we are to take 2 = /' (l + =) [;))7-;2“)).
By resuming the preceding considerations, the defini-
tive formula for the measure of heights by barometri-

cal obscrvations, according to our experiments, will be

X =20050.1896 (1 + 0002857 cos. 2 ) [(1 + 2",
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(1+(T+t)) (1 )f{log_hgjuglog.(l +Xa—)}]p

in which ¥ is the latitude of the place, & and ¢ the ba~
vometrical 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
carth, expressed in the same measures; that is, equal
6962074 yds.

By mcans of the preceding formula, the difference of
level of any two places may be very accurately determina
ed from barometrical observations; but these observa.
tions must he 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 thc observations as often as possi-
ble. One observer should be fixed at each station with
instruments previously compared. There cach of them
observes, at the time appointed, the height of the ba-
romeler ; he nofes at the same inslant the state of the
thermometer attached to the Dbarometer, in order to
bave the temperature of the mercury ; and also that of a
very sensible detacbed 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-
Feated 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 been
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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. By
thus uniting five or six series of corresponding obscrva-
tions, made with good thermometers, and with a barome«
ter mounted with anonius which gives at least the 14ih
of an inch, we may answer for two or three yards in the
greatest heights.

If, by a long series of cbservations made at the same
place, the mean height of the barometer and the mcan
temperature of the atmosphere be delermined, the for-
mula will give the height of that 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 se¢ond point, and then calculate by
the formula as we should do for two stations where we
had corresponding obscrvations. This supposcs that the
mecan 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 thesc clements 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 semsible 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 sca must be known. Ac-
cording to the experiments of Sir George Schuckburg,
which are regarded as very accurate, itis 30,035 inches,
or .834807 of a yard, at the latitude of 50°, the mean
temperature of the air and of the barometer being 5504
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of Fahrenhcil’s thermometer. At Paris, at the level of
the mean waters of the Seine; under the Pont Royal;
t-h’e mean height of the barometer is 831136 yds., and
the mean temperature 53°.6 ; with these given quantities,
and a long series of good observations made at the same
place, the height of that place above the Ievel of Paris,
or of the sca, 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 carth’s surface. In fact, the two co-ordinates;
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 cach 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
ihe 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
elevalion 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 has already been indicated, and which
cousists in uniting the correction relative to the decrease
of gravity with the constant co-eflicient of the formula,
which raises it to 20114.5848 instead of 20050.1826,
as shall now be shown.

For this purpose, the rigorous formula may be
resumed, making, for thé sake of abridging the

work, N = 20050. 1896( )(1 + 0.002837 cos. 2 1)

T+
(l + (-9—;-61 s and we shall have

X=N§ log.0 4 9100.(1+ 2 ¢ (14 X),

As X is contained in both members of this equation,
it must be eliminated. To effect this, let the logarithm

X
of 1 -+ = be developed, and the first power only be ta-

ken, whence we have —M}—c—a, M being the modulus of the

log-tables, or 2.3025850 ; then, by performing the multi-

plication with the factor I+ —, and always limiting
a >

ourselves to the first power, we shall have
X=N.log. = + % ( -+_)x
from which we rcadnly abtain

Nlog. = H

X=

—(log G+ )’

The denominator of the second member is nearly

equal to unity ; for the co-cﬂicicnl?, by which the se-

YOL. I. Q n
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cond term is multiplied, is a very small fraction, and very

little different from 37}[6; and the other factor, log.
H 2

i +M’ can never exceed unity within the limits

of barometrical observations; in fact, the guantity

2 .
W s constant and cqual to .8685830; the other term,

log. % which is variable, is much smaller still, since

even by supposing H=.831136 yd, and 2=.65G16 yd,
which answers (o a difference of level of nearly 2190 yds,
its numerical value is only = 0.1026623, We might,
therefore, ncglect this term, because of its small in-
fluence; but it will be better to retain it, and assign te it
ihe mean value obtained from the preceding calculation ;
for the crror which may result from it when % is less than
.65616 yd, willalways be small in the greaiest heights to
which we can attain; and that which may take place
wben 7% is greater, will be altenuated by the smallness of

thelog. I}—l in the numerator, By this means, the se-

cond term of ihe 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 % =
1
346
1—0.0028071, and, by carrying it inlo the numerator by
division, as a factor, it becomes

) is 0.0028071, The denominator is, therefore,

X = N (1+0.0028071)log. %

In the value of N, a mean value might in the same
manner be assigned ty r, which expresses the height of
the lower station above the level of the sea ; for the cor-
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rection 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 differences of level ;
but for the same reason, it will be better to retain ity and
assign to it a mean value which approaches to those in
which its influence may become sensible. For this pur-
pose; 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 ohservations
upon the mountains in our climates. 'We shall thus have
2—;: = T;zgggo_gé = 0.00037699. The constant part of
the co-efficient, which was at first 20050.1826, will, there-
fore, by these transformations, become 20050.182G
(1+0.00087699).(1 +0.0028071) =20114.5848, and con=
sequently, the expression for the difference of level
will become X =20114.5848 yds. (1 + 0.002837 cos. 2 )

L

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 alittle
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 Ievellings in which travellers may
be interested. It is this simplified formula that has been
reduced into a table.

s

Explanation of the Barometrical Tubles,

It may first be remarked, that the factor 1 +0.002837
cos. 2+, 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 (&54th, so that the cor-
rection which results from it, will not be the ;3;5th of
the observed height. It might, therefore, be neglected
in most observations ; but, in order that it may be taken
into the account, I have formed a small table of its values
-for cvery 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 to 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, 5y55th of its value; at 35° it is 137,
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

vd, T+ H

X =g011475818(1+ (o2 log. =
The difficulty of reducing this expression into a table,
arises from the circumstance of its containing three varia-
ble elements, T +¢, H, %; 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 the 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

H .
the log. — into two terms of the same form, viz. log.

831136 yd. 8311 . L .
ek — log. -—821—}3-16—!-(1-. It is evident, in fact,
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that the difference of these two termsis equal to log. = ’
but these terms being hoth of the same form, may be given
by the same table. By introducing them into the value
of X, we shall have

X = 01145818 1+ TEL). (g, 221054

900 h
—log. .831136 yd )

T

It appears that it will be sufficient to construct a table
of the quantity,

YOy  (T+0) .831136 yd
20114.5848( 1 + ¢ oo ) SRL
in which we may give to T +¢ and %, all the values which
may be met with in common observations. Then, when
thevalues T +¢, 2and H, are given for a particular ob-
servation, we may enter the table first with T +¢ and &,
and we shall find a number; then with 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 veriical 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 .650 yd, (23.4 inches,) which answers to about 2310
yardsin the difference of level. These values are sup-
posed to be brought to the same temperature, for exam.
ple, to that of the lower station ; so that if the lengths of
the observed columns of mercury are H and %, and their

® As the first column of the Table contains only three figures, the
last three of the number 851136 are necessarily omitted; 2nd for

the value of these, viz. 136, see the note opposite the first page of the
Table. Translagor.
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temperalures (T) and (¢), the table must be entered with
M—)
9742 J°

It would be almost as simple to reduce the temperatures

the numbers T++¢, H and A ( 1 +

of the two columns of mercury to that of melting ice,
which wonld render the calenlations uniform.

The first horizontal division of the table, entitled
Sum or tue Deracuep THermMoMETERS, presents
the values of T +¢, calculated for every degree of Fah-
renheit’s thermometer, from 20° to 74°,

Though the extent of this {able is confined to the
limits which lave been assigned, its use may be
extended to all possible cases, by means of a very simple
arlifice, which shall be subscquently cxplained by ap.
plying it to the calculation of the height of Chimborago.
For the prescnt, we shall consider the common case, in
which the table is to be entered with such values of T +¢,
H and /%, asare comprised in it.

Having 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 the number which
approaches nearest to it, and follow the horizontal
line corresponding with this number, until we arrive at
the column which answers to T +¢ ; the number which is
found at the mecling 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 4-£; and the second term of the formula
will be obtained in yards.

It H be less than .851 yd. the second term is to be
subtracicd 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 term
must be added to the first.

Let it be supposed, for cxample, that the following
quantities were given.

Hcight of thel Detached Attached

Barometer. | Thermometer | Therniometer Latitude.

Lower Station0.8202yd.| + 64°.4 | + 644 | 50°
Upper Station0.65495 | 4+ 46°.4 | + 46°.4

|

The difference of the temperatures of the mercury is

18°; the correction of the upper barometer is therefore

.65495 x 18 ' .

T 9742
T+ ¢=46°.4 H=0.8202 yd. I =0.656106 yd.

With T.3t—46°.4 and /=0.65616 the table gives  2169.97

=.00121 yd. add.itiyc; we have therefore

WithT +£=46°.4and H=0.8202. c e ccecn.n — 120.16
Difference wenn.a-. . 2049.81

Add aan.. mmemmmmas s l.5%

. "2051.51

Correction for the latitude — 5050 """t — 1.01
The required difference of level in yards - .....2050.30

This table also furnishes the means of ascertaining the
heights of places above the level of the sea, when, from
a long serics of observations,;the mean heighis of the baro-
meter and thermometer are known. It will be sufficient
to combine these given gquantities with those analogous
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 of Fah-
renheit’s thermometer.

" See the note opposite the 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-
servations 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
79461 yd. This resultis derived from a scries 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 —
58°.6=1°44 ; consequently

79461 x 1°.44
h=.79461 t—9mg = 79473 yd.
With %2=.79473 yd. and T +¢=44".64,
the table gives* ceeeeuenemmanaaaae 409.17 yds.
With H=.83451 yd- and T 4¢=44°.64.. + 36.64
H being greater than .831, the sum is to be

takeN.eceaaccecanenran smeanan.amme—=445.81

. . 1
for th anl P — 22
Correction for the mean latitude 5050 2

Height of Geneva above the level of the sca=445.59 yds.

——

* As the table is only calculated for every degree of the thermome-
ter, and every thousandih part of a yard for the height of the baro-
rometer, 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 Zat Geneva being .79.473 yds. the corresponding
number is comprised between those answering to .795 and .794 ; look
in each of these lines for the numbers which correspond to T4/ — 44°;
in the first, it 15 405.77 yds. with a difference of .432 for 1%; 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 0°.64: thus the number in this
line corresponding to 43°.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 suflicient for the cases where
I, 2 and T'+¢ are comprised within the limits of the
table, as the calculation will always be the same, We
shali pass to the case when on- of these quantities is with-
out the limits of the table ; let it be T +4¢.

It very scldom happens in observations that the sum
of the detached thermometersis less than 20° above the
freezing point of Fahrenheit’s scale, or more than 74°:
but when this does take place, the operation is as fol-
lows :— ' '

I T +¢ be less thar 20°, let the number of degrees ne-
cessary to make it eqnal to that be added. -Sappose ¢/ to
be this number. With the observed barometrical co-
lamns H, Zand T +¢40=20" enter the table as usual ;
but when the partial heights ligve been found in yards,
suhtract from each of thewm the product of ¢’ multiptied
by the diflerence for 1°, which is found in the same hori-
zontalline. Thus you siall obtain the same numbers as
the table would have given if it had extended below 207,

An artifice analogous to this must be employed, if the
sum of Lhe detaclied thermometers, the degrecs of cach es-
timated from the freezing point, exceeds 74° of Fahrenlicit.
Inthis case, the number of degrees necessary to bring itio
74° is to be subtracted ; and to each of the partial results

height of the barometer at this temperature : but from 79472 to .705
the change is 0.00028 yds.; this gives 3.234 yde,, which must
be added to 406.05, avnswering to 705 yd.; we shall then have
409.28+ yds: thisincreused by 1.5 (see the note cpposite the first page of
the Table) gives 410.78¢ yds. the required number.  These reduciions
are taken at sight from the table, aund, with a little experience,
they are much easier to execute than to explain. 1t is in this man-
ner, that in the use of Jogarithims, we find the logarithm of 2 number
which is not in the tables, bLut contaiued beiween two numbers
tat are comprised in them.
VOL. 1, 2e
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obtained for H and %, the product of this excess by the
difference for 1° is to be added.

The reasons upon which these methods of operation
are founded is, that {he numbcers in (he same horizon-
tal line of the table increase by the same quantity tor
each degrce. The common difierence of tlus arith-
metical progression is expressed in ihe 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-
tious.

It will not be the same for those which relate to H and
%. These quantities may often be out of the limits of
the table, but they may always be brought within them
by an artifice so simple, that it will be better to make
use of it than to increase the exient of the table.

First, if H exceed ,831 yd. which only bappens very
scldom, the difference will always be very small; for
the greatest heights of the barometer that are observed at
the surface of the earth, do not exceed .853 yd.; in this
case, the two observed heights H and 2, may be dimi-
nished in the same proportion ; that is to say, we may
subtract from each of them 5 of its value, or Y if it
be necessary. Then H will be found in the table, and
the operations may be performed with these transformed
values the same as in the common case.

The reason for this proceeding is that the formula

it 'J"‘}'l I] .
X — .‘20114).1&848 ( 1 +(~gLTU_) ) log. ) containsonly the

. H . . .
ratio T of the two barometrical columns, a ratio which
will not be altered by cither increasing or diminishing
both terms in the sanie proportion.  If it be not suflicient
to subtract +}5th from H to bring it within the table, 4th
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may be subtracted, and then it will certainly be within
the limits. Suppose that we bad, for example,

H=:0.85yd. and A =0.76 yd,
Subtracting Lth.cueeecaaaa- 0.085 wuemcaa. 0.076
The corrected values of H=0.765......7=0.654
which are both found in the table. With these values
and that of T -+¢, look for the partial heights as usnal,
and their difference will give the difference of level.

Anyother fraction might be equally subtracted. Rea
suming this example,

=0.85 yd....-£=0.76 yd.
Subtracting 2oth ceceaacn.. 0.0085 csuunan. 0.0076
H=0.8415 «au. h=0.752%
As 1l doesnot yet enter into
thetable, subtract again 5th 0.008415...... 0.00752L
The corrected vnlues are H=0.833085 and 2=0.744576

These values will give the same difference of level as
the two first which were obtained by subtracting ;th ¢
this may easily be proved from the table, by calculating
with cach of them separately.

Let us now examine the case in which % is less than
.65 yd. the superior limit of the table. In this case it
might easily be brought within the limits by an analoa
gous operation, thatis, by multiplying the two terms of

. . .
the fractlon% by the same number; but this opcration

may have the inconvenicnce of causing H to exceed the ta-
ble, by making it greater than .835 yd. Inorder to avoid
thisinconvenience, the operation may be performed in the
following manner. Resuming the formula

. c yds. , 'I‘ + t) i 83] yde .
X=90114.5848 (1 + o0 o). (log ~ log.
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.8al" 830 .831(1+1)

A _10:,. A (1) &

) - make Log.

831 +log. 1=1og 88U sert
= g-i=log rar T8 geaot

- v, " {
then bhave X = 90114.5848 (1 o+ %O—)-)( log.

831 — loe. 831 + los _SL)
h(l1+1) ° H =" 66491

" The three terms which constitute the value of X may
be taken in the table. Let £=.52%", we shall have
h(1+1) = .65, and 2 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 .52, which answers to an altitude of about41355
yards above the level of the seca.  This case requires only
the addition of one term more, and it very seldom hap-
pens that we are elevated to greater heights, at least in
Europe.

Examriue. M. Humboldt made the following obser-
vations upon the mountain of Quindit, 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,

Hiight of the) Detached | tttached

Lalitude.
Baromeler. |Thermometer.| Thermometer. atitude
' yd.
Upper Station{ 0.557537 | 65°756 | 68° 5

Atthelevel of
the Pucific
Qcean,atthe
sametine 1 0.834356 1 77.54 77.54
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Here we have 2=0.557537 ( 1 + ?,.ff ): (})'?:558083
Add 1th of Aem e ce e aa e aaaaam 0.189521
Value of 4 brought within lhe table, -...A= 0.697604
With hi=0.697604%) «cceennn... S the table gives 1663.65
H=0831356 &T+1=79.29") .. _._.... + 58.20
Theconst0.66401 ) wneven--.. oeeenne 9119.78
Adda- ... femacamamana 1.5 +
SUM ceemccmmecnonnna 823,08
Correction for latitude + 51y --- +  10.67
Height above the ocean. . .- o ... ...o.o.. 5888.75 yds

The same artifice would also serve for points still more
elevated, for if 2 was not within the limits of the table
when we had multiplied it by <, nothing prevents us
from multiplying again by §, provided that, instcad of

831
the term log. 391 yd. we take its double. In effect,

004
' . 831 S31(1 4+ 3
we havev cvidently log. — = log. ——— ity s
.881 831 - .831

+ 2log. & = log 2 log

& h(+1r T8 Tegion
then we shall have X = 201 14.5848 ( 1+ QLI))

L+

900

* The reduction of the numbers from French 1o English measures
increases the number of decimal places, and renders the calculations
much more troublesome than those which result from actual observa-
tions, in which the observed number seldum exceeds three places of -
decimals. It may also be remarked, that, in reducing the height of
the burometer as observed at une station to what it would have been
at the temperature of the other, it will generally Le a sufficient
approximation to divide by 2600 instead of 9742, and to limit our.
selves to four or five places of decimals, which will fucilitate the cal-
culations. Translator,

+ See the note upposite the tirst page of the Talle,
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lo 851 P .831 +2log 851 )
( (s %% TH T 7S 66191

This formula is not more difficult to calculate than the
preceding onc. It will be sufficient for any altitude
equal to that of Chimborago; but, if we wish to exceed
all the heights accessible to man, even that of the ascens
sion of Gay-Lussac, we shall have only to take

, }'Lls- ('[‘-*-l) 831
X =201135848 (1 + “5557). ((log- iy los-
831 831 P
H__|_31 +G101 )’ a formula which will also be

very casy to calculate. The following is an example
of it applied to the measure of the height of Chimborago,
by M. de Humboldt.

Hcight of the] Detached Attached

Barometer | Thermometer|Thermomeler, Latitude.

Upper Station.412588 yd| 29°.12 | 50°

At the level of]
the Pacific
Ocean .....833323yd| 77°.54 77 .54 I°45¢

Here we have

h=412588 (1 + 257 5;1 o) =412588+.002827=-.415415
Tothisadd tthof fecemaccececcanaaa..-=.103834
519269
The result not being comprised in the table,
add Lth of its value again cueveaanana 129817
649086

This result is very ncar the limits of the table,
Jet 4th of its value be added again.....- -1622725
We have finally canvencscencansnaananalt=.8113585
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With £ =.811358 gthctablcgives 218.566
; H —=.833323"' & T +1=12".66. ----.. + 25.548
Const. quan.=.66491 5 o e 2040.174
' ' 2040.174
2040.174
Add 1.5x3 ceamanncann. -- 45
(1111 S «06309.1306
Correction for latitude 1. . +18.094
Hecight of Chimborago above the sea -....:. m&k

Lastly, there only remains the case to be examined, in
which the two values of H and % are both less than .65
yd.; this is very easy. DBut the quantitics are to be
multiplied by the same number, so that the lower station
may be found in the table, after which the operation is
the same as above.

ExamprLe. Suppose that iravellers had passed the
night at 2624.64 yards of clevation, 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. Rcquired the
calculation by the table.

In order to fix the ideas, sup- . .
pose we had coceunao.. H=0.634 h=0.514
Adding 4%th to each height....0.0634 0.0514
11=0.6977yd.2=0.5054 yd.
Now H being contained in thetable, 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 onc 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 speci-
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fied ; they will serve to show observers what degree of
precision they may expect from barometrical measures,
according to the state of the atmosphere.

1. The estimated altitudes are generally too little,

When the obscrvation, is made in the moruing or
evening.

When the lower barometer is in a plain, and the up-
per barometer in a narrow and deep valley

‘W hen the wind blows strongly from the south ;

When the weather is stormy ; and in this case we may
commit great errors.

II. The estimated altitudes, on the contrary, are {oo
great,

When the observations are made between twelve and
two or three o'clock, cspecially during summer, and
under an ardent sun,

When the upper barometer is at the top of a moun-
tain, and the lower onein a narrow and commanded pass.

‘When the north 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.

Obscrvation proves, that alt othier circumstances Lieing
the same, the mercury is always more elevated in a syphon
barometer than in a cistern barometer. M., Laplace has
shiown thatthis incquality isan cffect ofcnl)illz\ry action,
which depresses the column of mercury in the cistern ba-
rometer, while it is compensated in the two legs of the
syphon baromecter.

The following table has been calculated by M. Laplace
to correct this effect, and the reader will find, at the
end of the Barometrical Tables, the Table relative to the
correction for latitude,
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Tuable of Depression of the Mevcury in the Barometer, arising
Jrom Capillary Aetion,

Interior diameter of the Tubes, Depression in
in decim. of an Inch.. decim, of aninch.

0y 4= 17952
B 11426
I8 £ .08027
d968 e e el 05927
210 04520
R o F -ea 03470

B 3 5 R 02697
52157 2 2 N 02104
1851010 (SR 01654
;%1 D wmmmeamoaeaa. 01380

I8 42 01024
8.1 1 .00806

7 17] 1, vesnaa..00629
5590 accaann.- “eeceean. .00490
01240 1 00382
20093 s e a2 00207

B (1 00252
WTABD .« e iaaaas .00170

I 42 £ TSR 00139

et .
Numerical Examples of the Calculation of Altiludes by the
Formula.

yds, r]‘ t
X=20114-5848 (1+0.009857 cos.29). 1+ 1 ).

900
(Iog' 881 .831 )

h cTH

II=the height of the column of mercury at the lower
station, expressed in decimal fractions of a yard.
i= the height of the mercurial column in the upper
station, corrected for the expansion of mercury.
. VOoL. L. 27
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T +i=the sum of the temperatures of the air at the
two stations, expressed in degrees of Fahrenheit’s
thermometer.

==
Case I. When /i and H are both comprised in the

Tuble, consult it immediately. Example.

Height of the
Baromeler,

Detached
Thermameler.

Attached

Luiilude.
Lhermomeier.

Lower Station0.8¢02 vl + 64" 4 | = 0.1
i 50°
Upper Station0.65495ydy + 46°.4 | + 46°.4
[,
T+e=46'4, H=.8202yd, h=.65495yd. (1 + o )
’ ) _ 9742
=.65616 y.
With 2=.65616 . the table gives 2] G0, 97y ds
H =.8202 §8~ Ti=46°4 % ........ —120.16
DMIerencee s e e mce i me e 2049.81
Addweeeeenaan.. 1.5
\ Q051.31
Correction for Latitude 6557 - — 1.01
Difference of level cwenva.. amcmmman 2—()-5—0.30de

The term H is subtractioe when its value is less than
.831 yd. and additive when it is greaterthan .831 yd.

[ s—ammasememeny

Case 1I. \When & is not comprised in the table, but
exceeds .h25 yd. Example.

Upper Station

Lower Station

Height of th Detached Altached .
thgrom:{er. 'l'llefn:(fmillcr. Thern{:smceter. Latitude.
557537yd| + 65075 | + 68°

50
8343560 + T7°.54 | — 7154
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T + ¢t =79.29, H = .834356" h = 557537

9. 5-1 ' .

R e - e <22 =0.558083yds.

Adding thof ecanaan.-- 0.139521

Value comprised in the table ....... « 2 = 0.697604
With /2 =.697604 the table gives  1663.65yds.

H=.854850 > &T +t=79.29 0 .cc.ua-. + 38.20

Constant  .66491y  { cecrea-s 2119.78

Adde e eeimas 1.5

"§823.08

Correction for Latitude .wceane. +10.67
Difference of level ...... e 3835.75yds.

Case 117. When £ is less than .525 yd. and greater
than .42 yd. Example.

Height of the) Eetacked Allached

Burometer. |Thermometer |\ Thermometer. Latituds.
Upper Station| :429719 | 292,12 | 50°
1° 45
Lower Station] .835323 77°.54 77054

T +t = 4266, H = .833%22, A = .420719

0 R

(1+ _997_75_) ........................ = 432546
Add dthof i oo iiiiiviiaes, vesens J08136
.540682
Add again ith of this value ,.,......... 185171
h=.67585%8
With 2 =.675853 the wblegives  1890.818
H —=.833323 > & T+i=42".66< ..... « + 25,548
Const. q.=.65491 ¢ ...... 2040.174
Add this term again. ... oovevesvenenns 2040.174

Add 10X 2 eeereinnearonannes Cerenas 3
JOTT0 11 U 5999.714

Correction for latitude 52z.. +17.045
Difference of level <nu--- 6016.759yds.
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Case 1V. When H is not comprised in the {able, it
may be made to enter it by multiplying or dividing both
H and 2 by the same number; for example, by either-
addiug or subtracting from each ; of ifs value.

Lc(........H:.GQTSyd. h=.5%7yd.
AQd gueeren 06278 0527
H=.69058 b =.5797

Then the altitude is to be calculated with these num-
bers as in the preceding examples.

1f, on the contrary, H=.853 yd. h=.795
Subtract 1, ........: 0853 0795
H=.7677 h=.7155

Then the 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 contalned at
the end of each line are to be used. '

‘When the difference of levelis very small, the ine-
quality of the temperaturcs 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 4 and H. But, in this ecase,
" it is only necessary to reduce cither of them to the
temperature of the other; and then the shorter will be
&, and the longer H.

Lastly. When an error of a few yards is of no con-
sequence, as in the courses of Botany, it will be suffi-
cient to take for 2, H and T +¢, the cven thousandths of
a yard and whole degrees only, neglecting the fractions ;
then the difference of Ievel will not require fiftcen se-
conds of time for the calculation,
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OBservATION.—As the scale of the centigrade thermo-
imeter, 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 7+,
in the preceding formule and 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 Falrenheit’s scale, to add 32° to each number ;
consequently; 642 must be subtracted from the sum of
the temperattres, 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 Falrenheit’s scale, are 29°,12 and
77°.54; and therefore T+¢ = (29° .12+77° .54) — 64°
— 420,66 ; the number with which the Table is to be en-
tered. But, should the remainder not be found in the
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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REDUCING ANGLES

From one Plane to Another.



GEODESIC OPERATIONS.

TABLE 1.

To Reduce’ an Angle Observed in an Inclined Plane to the
corresponding Horizontal Angle, take @ Number in this
Teble, with the Argument (H 4 h), and then @ Sccond
Number, with the Argument H— ),

To Reduce ¢ Heorizontal or Spherical Angle to the Angle of
the Chords, take in the same Table a first Number, with the
rgument (P+Q) and a Second with the Argument (P— Q).

ARGUMENTs (H -+ 4), (P+ Q).

M. 0° 1° 9° 3°. 4°,
1 0,000 0,787 3,097 6,928 12,281
2 | 0,001 0,813 3,148 7,005 12,383
31 0,002 0,839 3,200 7,082 12,486
4| 0,003 0,566 3,232 7,160 12,580
5 0,005 0,893 3,305 7,237 12,602
6| o,007 0,921 3,358 7,316 12,790
7| 0,010 0,949 3,411 7,395 12,900

8| 0,013 0,978 3,465 7,475 13,005
9 (. 0017 1,007 3,520 7,554 13,110
10] 0,021 1,036 3,575 7,034 13,215
1! 0,026 1,060 3,030 7715 13,321
12 | 0,030 1,096 3,685 7,796 13,428
13| 0,036 1,127 5,741 7,877 13,584
14 0,041 1,158 3,798 7,959 13,641
15 0,047 1,190 3,855 5,041 13,749
16 | 0,054 1,222 3,912 8,14 13,857
17 | 0,061 1,254 3,970 8,207 13,965
18 0,068 1,287 4,028 8,291 14,074
19| 0,076 1,320 4,086 8,375 14,184
20 | 0,084 1,354 4,145 8,459 14,293
21 0,093 1,588 4,205 8,544 14,403
22 | 0,102 1,422 4,205 8,029 14,514
231 0,112 1,457 4,325 8,715 14,025
24 0,122 1,492 4,386 8,801 14,736

a5 | 0,132 1,528 4,447 8,587 14,848
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M. 0°. 1°, Q°, 3° 4%
26 0,143 1,504 4,508 8,974 14,960
7 0,154 1,601 4,570 9,061 15,073
28 0,166 1,638 | 4,033 9,149 | 15,186
29 | 0,178 1,675 4,695 9,237 | 15,300
30 0,190 1,713 4,759 9,326 | 15,413
31 0,203 1,751 4,822 9,415 | 15,528
32 0,217 1,790 4,850 9,504 15,642
33 0,230 1,829 4,951 9,594 | 15,757
34 0,244 1,869 5,010 9,684 | 15,873
35 0,259 1,909 5,081 9,775 | 15,989
36 0,274 1,949 5,147 9,866 | 16,105
37 0,289 1,990 5,213 9,958 | 16,222
38 0,305 2,051 5,280 10,050 | 16,340
39 0,321 2,073 5,347 10,142 | 16,457
40 0,338 2,115 5,414 10,235 | 16,575
41 0,335 2,158 5,482 10,328 | 16,694 F
42 0,373 2,200 5,550 10,422 | 16,513
43 0,391 2,244 5,619 10,516 | 16,932 “
44 0,409 2,288 5,688 10,610 | 17,052
45 0,428 2,332 5,758 10,705 | 17,172
46 0,446 2,376 |- 5,828 10,800 | 17,293
47 0,467 2,421 5,899 10,896 | 17,414
48 0,487 2,467 5,970 10,092 | 17,535
49 0,508 2,513 6,041 11,089 17,657
. 50 0,529 2,559 6,112 11,186 17,780
.51 0,550 2,606 6,184 11,283 | 17,903
52 0,572 2,053 6,257 11,381 | 18,026
53 0,594 2,701 6,330 11,480 18,150
54 0,617 2,749 6,403 11,578 18,274
55 0,640 2,797 6,477 11,677 | 18,398
. 56 0,663 2,840 6,551 1,777 18,523
57 0,687 2,895 0,626 11,877 | 18,648
58 0,711 2,045 6,701 11,977 18,774
59 0,736 2,995 6,776 12,078 | 18,900
60 0,761 3,040 6,852 12,179 | 19,026
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TABLE II.

In the Reduction to the Horizon, the Tungent Number is posi-
tive, and the Co-tangent Number is negative, The contrary
takes place for the Angle of the Chords.

%Dgl\lrl Tang.| Cotang. D“lKI] Tang.| Cotang.

1 1 n 1
0 0] 0,00 0] 180 0 4 0] 0,72 590,68] 176 ©
10 0,03) 14181, 5 50 10 0,751 567,02 50
20{ 0,06/ 7090, 8 40 20| 0,78 545,19 40
30{ 0,09} 4797, 2 30 30 0,81 524,98 30
40| 0,12} 3545, 4 20 40| 0,84 506,21 20
50 0,15] 2836, 3 10 50/ 0,87/ 488,74 10
1 0 0,18 2363, 8{ 179 0/l 5 o] 0,90 472,44 175 0
10} 0,21} 2025, 9 50|| 10| 0,93 457,57 50
200 0,94 1772, 6 40 20 0,96 442,86 40
30] 0,27f 1575, 7 30 30] 0,99/ 420,42 30
40| 0,30 1418, 1 20 40 1,02| 416,77 20
50 0,33 1289, 1 10 50{ 1,05/ 404,84 10
2 of 0,36 1181, 7 178 0l 6 ¢| 1,08 393,58{ 174 0
10} 0,39 1090,80 50 10| 1,11 382,92 50
20| 0,42 1019,80 40 20| 1,14 372,83 40
30] 0,45] 045,30 30 301 L,17] 303,24 50
40| 0,48 886,20 20 40| 1,20 354,14 20
501 0,611 834,05 10 50f 1,231 345,49 10
3 O 0,54 787,700 177 ofl 7 0] 1,26 337,24 173 ©
10{ 0,57\ 746,29 50 10} 1,29] 329,38 50
201 0.60] 708,89 40 20 1,32( 321,87 40
30| 0,69 675,11 30 30| 1,35 314,70 30
40} 0,66 544,40 20 40| 1,38{ 307,84 20
50, 0,69 616,37 10 50 1,41 301,27 10
4 0 0,72 590,68t 176 ol s o] 1,44 294,98; 172 O
D. M. D. M.
Cot. | Tang, Angle, Cot. | Tang. Angle.
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8"%} Tang.| Cotang. %nlq\ll Tang. | Cotang.

X (X4 n
§ 0 144 90408172 ©f 14 of 2,53} 167.99{166 o©
10l 1,47 288,93 50 10] 2,561 165,99 50
20{ 1,50 953,14 40 0] 2,60} 164,04 40
30| L58] 977,56 50| 30| 2,63| 162,14 3
40| 1,50] 97920 20 40| 2,001 160,97 20
50 L,590 967,05 10 50 208 158,55 10
9 0] 1,62 962,09(171 O 15 o0 2,72 156,68[165 ©

O —

10| 1,65 957,30 50 10| 2,75 154,93 50
20| 1,68 95908 40 20| 2,78} 158,23 40
30, L,71) 948,93 30 30| 2,81 151,50 30
40| L,74] 943 05 20 40| 2,84] 149,93 20
500 1,77| 239,78 10 50| 2,87) 148,33 10
10 0F 1,80 935,77|1170 O 16 o 2,9¢( 146,77\164 0
10| 1,83f 231,88 50 10| 2,931 145,93 50
20 1,86] 9as,12 40 20f 2,96 143,79} 40
3uf L,901 294 47 30 300 2,990 142,26 30
40} 1,931 220,95 20 40| 3,02 140,82 20
8 1,960 217,59 10 50| 3,05, 159,40 10
11 0] 1,99} 21429169 O} 17 0 3,08 138,02/163 ©
10 2,09} 211500 50 10| 3,11} 136,66 50
20| 2,05] 207,87 40 Q0 3,14 135,32 40
30| 2,08] 204,84 30 30 3,18 134,01 30
40| 2,111 201,90 20 40 3,21 132,73 20
501 2,14 199,03 10 50| 8,24} 131,47 10
12 0p 2,171 1906,25{168 o©f 18 ol 5,27 150,231162 0o
10} 2,20 193,54 50 100 3,30, 199.02 50
200 %23] 190,90 40 20| 3,33 127,82 40
30| 2,26{ 188,34 30 30| 3,35 120,65 30
40| 2,29 185,84 20 40 3,39 125,50 20
501 2,32] 183,40 10 50| 3,49 124,37 10
13 0 2,35 181,04/167 of 19 ol 3,45 123,26{161 ©
10{ 2,38] 178,72 50 10/ 3,48) 199,17 50
20} 2,41 176,37 40 20 3,51 121,09 40
30| 2,440 174,27 30 30| 3,55 120,04 30
40 2,47 179,12 20 40, 3,58 119,00 20
50| 2,50, 170,03 10 50 3,611 117,98 10
14 0 2,531 167,99466 0|l 20 o] 3,64 11698160 o
D. M. D. M.
Cot, | Tang. Angle, Cot.| Tang, Angle
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Anale,
]3\"1%} Tang.| Cotang. })11511& Tang.| Cotang.
1" , " X

20 ©0f 3,64/ 116,98160 ol 26 0| 4,76| s0.35/154 ©
10| 3,67 115,99 50 10| 4,79 88,75 50
20| 3,70 115,02 40 201 4,890 88,17 40
30| 8,73] 114,07 30 901 4,86|  s7,60] 30
40l 3,76] 113,13 20 401 4,801 57,03 <0
500 3,79 112,20 10 50| 4,991 86,58 10
21 0 3,820 111,29(159 o} 27 'O 4,95  85,02153 0
10| 3,851 110,39 50 10| 4,98 85,37 50
20| 5,88 109,51 40 201 5,00 84,83 40
30f 5,921 108,64, 30 301 5,051 84,30 30
40 3,95| 107,79 20 401 5,081 8s,77] 20
50| 3,98) 106,94 10 50} 5,111 83,25 10
22 O 4,011 106,11{158 O} 28 O 514 go74li52 O
10} 4,04{ 105,30 50 101 5,17 82,22 50
20| 4,07| 104,49 40 200 5,211 81,71] 40
30| 4,11 103,70 30 SO 5241 81,12 30
40 4,14} 109,91 20 40| 5,97 80,73 20
50 4,171 109,14 10 501 5,30 80,24 10
23 O] 4,200 101,38{157 0|| 29 0| 5,33 79,761151 0O
100 4,230 100,653 50 101 5,301 79,28 50
200 4,90 99,50 40 20| 5,40 78,81 40
300 4,29 99,17 30 3015,431 78,34 30
40 4552 9844 2 40 5,46) 77,89 20
50{ 4,35 97,74 10 501 5,40 77,43 10
24 0] 4,58 97,04{156 0| 80 O] 5,531  76,98/150 ©
101 4,41 96,35 50 10] 5,56 76,53 50
200 4,43] 95,67 40 20 5,500 76,09 40
50| 4,48 95,00 30 30[ 5,62 75,00 30
40! 4,51 94,34 20 40 5,66 75,23 20
50 4,54] 093,65 10 501 5,69 74,70 10
25 O 4,57)  03,04{155 Off 31 O} 579  74,58{149 o0
10] 4.60 02,40 50 10{ 5,75 73,96 50
20 4,63 91,77 40 20| 5,78 73,55 40
301 4,07 01,10 30 30| 5,82 78,14 30
40| 4,70 90,54 C 40| 5,85 72,783 20
50 4,73 89,94 10 50] 5,88 72,33 10
26 (| 4,76 89,35115% Ofi 32 O 5,91 71,93({148 ©
Cot. [ Tang. \?,gll\el Cot.| Tang. ‘E,glg
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o |
S"f\;[l Tang, | Cotang. l“)\"i;ll Tang.{ Cotang.
1 I " 1

32 0 5,091 71,93(148 0 88 0 7,100  50,00/J42 O
10} 5,94 71,54 50 10/ 7,13 59,02 50
20| 5,98 71,15 40 20} 7,17 59,34 40
30| 6,01 70,77 30 30| 7,21 59,00 30
40! 6,04 70,39 20 40| 7,24 58,79 Q0
50| 0,07 70,01 10 50| 7,27 58,52 10
83 O 0,11  69,63(147 0l 39 of 730 58,25/141 ©
100 0,14  (Yy,26 50 10} 7,35 57,98 50
20| 0,18 68,90 40, 20| 7,37 57,71 40
30| 6,21 68,54 30 30| 7,40 57,45 30
40 6,24 68,10 20 40| 744 57,19 20
. 8u 6,271 67,82 10 50 7:47| 56,95 1G]
34 0 6,31 67,47/146 0! 40 O T»51  56,07/140 ©
© 10| 6,34 67,12 50 10, 7,54 56,49 50
20{ 0,37 66,77 40 20| 7,57 50,17 40
30| 6,41 66,43 30 30, 7,011 55,92 30
40| 6,44 06,09 20 40| 7,64 55,07 20
50 6,47 05,95 10| 50| 7,68) 55,42 10
35 0 0,50, 65,421145 o)l 41 o 7.71] 55,i7/139 ©
10| 6,54 65,09 50 10{ 7,74 54,93 50
)| 06,57 64,76 40 20| 7,78 54,09 40
30! 6,60 04,42 30 30| 7,81 54,45 30
40} 0,64| (4,12 20 40! 7,85 54,21 20}
50| 6,67 63,80 10 50| 7,88] 53,97 10
36 0] 6,70  (3,48/144 0Ol 42 o 7,920 53,73/138 .0
10] 6,73 63,17 50 10} 7,95 53,50 50
20| 0,77( 62,86 40 20| 7,98{ 53,27 40
30} 0,80 62,55 30 30| 8,02 53,04 301
400 6,84] G295 20l 40l 8,05 52,81 20
50| 6,87} 61,95 10 50| 8,08 52,58 10
37 0} 6,901  61,65143 0|l 43 0o 8,12] 52,36!137 0
10l 6,93 61,35 50 10| 8,15 52,14 50
20, 0,971 61,061 40 20| 8,19/ 51,92 40
s0[ 7,01 00,77 30 30| 8,22 51,70 30
40 7,04 60,48 0 40! 8,20 51,48 20
50| 7,07 60,19 10 50| 8,29 51,20 10
38 ¢ 7,10 59,90;142 01 44 0| 8,33 51,050136 ©
. D.M. ; D. M.
Cot.| Tang. A"g{c. Cot.| Tang. I\”:\'i.




GEODESIC. OPERATIONS.

gni‘é} Tang.| Cotang. A;)‘b;& Tang.| Cotang.
” 7 w 1

44 0] 8,33 51,05{186 0} 50 0| 9,62 44,23[130 ©
10{ 8,36 50,84 50 10{ 8,65 44,06 50
20| 8,40 50,63 40 20| 9,09 43,90 40
30| 8,43 50,42 30 30! 9,78 43,73 30
40| & 47 50,21 20 40| 9,76] 43,57 20
50| 8,50 50,00 10 50| 9,80 43,40 10
45 0 8,54 49,80[135 0|} 51 0] 9,84 43,24{129 ©
10{ 8,57 49,59 50 10{ 9,87 43,08 50
20| 8,61 49,39 40 20f 9,911 42,92 40
30| 8,65 49,iY 30 30| 9,95 42,76 30
40{ 8,68 48,99 20 40 9,98 42,60 20
50| 8,72 43,79 10 50(10,02 42,44 10
46 o| 8,76] 48,59]134 0| 52 0{10,06] 42,20{128 ©
1o} 8,79 48,39 50 10| 10,09 49,13 50
20! 8,53 48,20 40 20| 10,13 41,98 40
30| 8,87 48,01 30 30/10,17 41,82 30
40| 8,90 47,82 20 40| 10,20 41,67 20
50| 8,94 47,63 10} 50/ 10,24 41,52 10
47 o 8,97 47,44{183 0of| 83 0|10,28 41,37]1°7 ©
10{ 9,00 47,25 50 10{10,31 41,92 50
- 20| 9,04 47,06 40 20/10,35 41,07 40
30| 9,07 46,88 30 30| 10,39 40,92 50
400 9,11 46,69 20 40{10,43| 40,77 20
50] 9,14 46,51 10 50]10,47 40,062 101
48 0 9,18 46,33|132 0| 54 0[10,51 40,48{196 0
10! 9,21 46,15 50 10[10,54) 40,33 50;
20{ 9,25 45,97 40 20| 10,58 40,19 40
30| 9,29 45,79 30 30| 10,62 40,04 30
40| 9,32 45,601 20 40| 10,66 39,90 20,
50, 9,36 45,43 10 50! 10,70 39,70 10
49 ol 9,40 45,26{131 0| 55 0[10,74 39,62(125 ©
10| 9.43 45,08 50 10/10,77 59,48 50
20| 9,47 44,91 40 20/10,81 89,34 40
30] 9,51 44,74 30 30{10,85 39,20 30
40| 9,54 44,57 20 40[10,89 39,06 20
50 9,58 44,40 10 50)10,93 38,92 10
50 o] 9,620 44,230130 o|l 56 ol10,y7]  38,79[124 O
o : D.M, M.’
Cot. | Tung. Angle, Cot. | .Tang. agll\:. '
MR




GEODESIC OPERATIONSY,

Abigen
Continuationof TABLE 1.
ARGUMENT, FHorary Angle in Tane.
Sec.| 0f 1/ Q’ 37 4 5 6’ 7°
i i i i Ly " i i

30105 14,4 1123 1210 {308 |594 83011104
31105 | 4,5 | 12,4 [ 24,3 | 401 | 59,8 | 83,4 | 1:0,9
32 )06 | 4,6 | 12,6 | 245 | 40,3 | 60,1 | 83,8 | 111.4
331 0,6 4,7 | 12,8 | 24,7 1406 | 60,5 | 84,2 | 111,9
34106 { 4,8 | 19,9 1250 | 109 | 60,8 [ 84,7 | 112,4
35107 | 4,9 | 13,1 } 252 | 41,2 | 61,21 85,1 | t12,9
30 | 07 |50 | 155 | 254 | 41,5 | 616 | 85,5 | 113,4
37107 | 5,1 | 13,4 | 257 | 41,8 | 6i9 | 86,0 | 1139
38 10,8 |52 [ 13,6 | 259|421 | 623 | 80,4 | 114,4
3910,8 § 53 (13,8 ]206,2 {425 | 627 | 56,8 | 1149
40 10,9 | 54 | 14,0 | 26,4 | 428 | 63,0 | 87.3 | 1154
41109 | 50 | 14,1 {206 | 43,0 [ 651 | §7.7 | 115,09
42 1,0 | 5,7 | 45 | 20,9 | 444 | 03,8 | 88,1 | 116,4
48 | 1,0 | 5,8 | 14,5 | 27.1 | 43,7 ():-L,‘Z 88,6 { 1106,9
4430 1,1 | 5,9 | 14,7 | 27,4 | 44,0 | 64,5 | 89,0 | 117,4
45| 1,1 | 6,0 | 14,8 | 27,6 | 443 | 049 | 89,5 [ 117,9
46 | 1,2 | G0 | 150 [ 27.9 | 440 | 053 | 89,9 | 118,4
47 01,2 6,2 | 15,2 | 28,1 | 44,9 [ 057 {1 90,3 | t18,9
48 [ 1,3 | 0,4 | 154 | 28,3 | 45,2 | 60,0 | 90,8 | 119,5
491 1,5 16,5 | 156 | 28,6 | 455 | 66,4 ] 91,2 | 120,0
50 [ 1,4 | 6,6 | 158 | 28,8 | 45,9 | 00,8 | 91,7 | 120,5
51| 1,4 | 6,7 | 159 | 29,1 | 46,2 07,2 1 92,1 | 1210
521 1,5 | 6,8 | 16,1 | 29,4 | 46,5 [ 07,6 | 92,6 | 121,5
53 1 1,5 17,0 | 16,3 | 29,6 | 40,8 [ 03.0 | 93,0 | 122,0
54 ]16 7)1 1()-)5 29,9 4'7,1 ()S)S 9,‘3'5 122,5
55 | 1,6 | 7,2 | 10,7 | 30,1 | 47,5 6_3,7 93.9 | 193,1
56 | 1,7 | 73 | 16,9 1 30,4 | 47,8 | 99,1 | 94,4 { 1256
571 1,8 | 7,6 | 17,1 | 50,0 | 48,1 | 69,5 | 94,8 | 1241
58 11,8 17,6 | 17,3 150,91 48,4 | 09,9 | 955 | 1246
591 L9 L 7,7 | 17,6 | 31,1 = 48,8 | 70:8 | 95,7 | 125,1




GEODESIC OPERATIONS,

Continuation of TABLE F.

ARGUMENT, Horary Angle in Time.

Sec.

f 8/ 9!

10/

|

11/

12/

13’

15!

B LD~ O

4 L

125, 7|159, 0
126, 2]159, 6
190, 71160, 2
197, ¢]160, 8
127, 8{1G1, 4

[r

196,3
197,0
197,6
198,3
198.9

i
287,5
238,3
239,0
39,7
Q40,4

‘"

250,7
283,5
284,2
285,0
285,8

531,8
332,06
353,4
354,3

335,53

RS

tt

441,60}
442,0
443,0
444,06
115,01}

W HL~ e

128, 81162, 0
128, 8!162,0
129, 41163, 2
129, 91163, 8
130, 4/164, 4

199,6
200,35
200,9
201,06
202,2

241,92
241,9
249,06
243,3
244,

286,6
2874
288,2
289,0
289,8

11
12
13
14

330,0
330,9
337,7
538,0
339,4

146,5
447,5
248,53
4149,5
450,3

131, 0i1165,0
131, 5'165,6
132, 0/166, 2
132,0166, 8
133, 1167, 4

202,9
205,0
204,2
204,9
205,6

24.4,8
215,5
246,2
247,0
247,7

290,6
201,4
202,2
293,0
293,8

340,3
341,2
342,0
342,98
343,7

| 452,

451,

453,
454,
455,

or Lr O U Ot

15
16
17
18
19

133,61168,0
134, 2/168, 6
134,7(169, 2
135,3169, 8
135,8170, 4

206,3
206,9
07,6
208,3
208,9

248,5
249,2
249,9
250,7
251,4

294,G6
95,4
296,2
297,0
297,8

344,6
345,5
346,3
347,2
348,1

456,5
457,5
458,5
450,5
460,5

20
21
22
23
24

136, 4171, 0
130,9'171,6
137,4172,2
138,0'172, 9
138,5(i73, 5

09,6
210,3
211,0
211,06
212,3

252,2
252,9
253,06
Q54,4
255,1

298,06
299,4
300,2
301,0
301,8

349,0
349,8
350,7
351,06
352,35

25
26
7
28
29

139, 1{174,1
139,6{174,7
140,2/175, 3
140,7)175,9

141, 3[176, 0
i

213,0
213,7
214,4
Q15,1
215,8

255,9
256,06
257,4
258,1
258,9

302,6
308,5
304,3
305,1
305,9

353,3
354,2
355,1
356,0
356,9

401,5
402,5




GEODESIC OPERATIONS.

Continuation of TABLE 1.

ARGUMENT, Horary Aungle in Time,

Sec.

8[

9’

10’

12/

13/

14/

15/

30
3t
32
3

34

35
36
37
38
39

"

14.1,8
142,4
1453,0
143,5
144,1

177,52
177,8
178,1
179,0
179,7

i

216,4
217,1
217,8
218,5
219,2

i
357,7
358,60
359,5
360,5
361,]

'

41,7
413,06
414,06
415,06
410,6

471,5
472,6
473.G6
474.6
1756

144,6
145,2
145,8
146,3
146,9

180,3
180,9
181,6
182,2
182,8

219,9
220,06
221,3
299.0

-~y

222,7

362,2
303,1
363,9
364,6
30,7

437,5
418,4
410,4
420,3
421,3

470.6
477.6
478.7
479.7
430.7

40
41
42
43
44

147,5
148,0
148,06
149,2
1‘1‘917

183,4/
184,1
184,7
185,4
186,0

293,4
224,1
224,8
25,5
226,2

366,6
307,5
368,4
369,3
370,2

429,9
423,92
424,2
45,1
420,1

481,7
482,8
483,8
484,8
485,8

45
46
47
43
19

150,3
150,9
151,5
15¢,0
152,6

186,6
187,3
187)9
188,5
189,2

226,9
227,6
298,3
220,0
229,7

571,1
372,0
572,
375,8
374,7

427.,0
428,0
4200
43500
430,9

486.,9
487,9
488,9
490.0
491,0

50
51
5
53
54

153,2
153,8
154,4
154,9

155,5

189,8
190,5
191,1
191,8
192,4

230,4
231,1
231,8
232,5
233,3

375,0
370,5
377,4
378,3
379,2

55
56
57
58
59

15G,1
156,7
157,3
157,8
158,4

193,1
193,7
19,4
195,0

195,7

234,0
234,7
233,4
236,1
236,8

328,4
329,2
330,0
350,9

350,2
351,1
382,0
382,9
385,8

431.9
432,8
433,8
434.8
435,7

430,7
437.7
438,7
439 6
440,06

492,0
493,1
494,1
495,2
490,¢

497.2
498,92
499.2
500.3
501.4




GEODESIC OPERATIONS,

TABLE II.

For the Latitude 4%° 51'. Factor F for multiplying
the numbers of Table 1.

ARGUMENT, Declinulion.

. | F. |Dir] D. F. [Dif} D. | F. |Dif.
41, 3 ]0.4969 .| 10.8]0.757¢2 21. N| 1.3150
10. |o.s042] 701 0. |0.767610% | 22. | 1.3500| 359
59. lo.5118] 70} 8 l0.7783(107 | 25, | 1.3893] 88+
38, [0.5103 Zg 7. 107892109 § 24, | 1.4305] 412
37. {0.5269] 'Y § 6. [0.8004!112 } 25. 1.4750] 435
36. |0.5345] 70 L 5. losiis lid |26 | 1.5231] 4%
77 118 — 523
as. o.ss02) o1 4 0.5236 | 27. | 15754
3. fosa98| 70} 3. 08356 120 [ 23 | 1.6304 70
53. |0.8375| 70 2. fo.sasod24 ) 29, | 16950 g:q
32. fos6se| IL] 18 o.so‘oslg? 30. | 1.7636 ,gg
31. 10.5730 0. {0.873 3. | Lss0: ]!
: 730| 7o 739,151 Lyso | f
30. |0.3s08| _ | 1.Nl|o.8s74] 32, | 1.0252
‘99, |0.5857| 79} 2. |0.9014 140 } 33, | 2.0.06| 954
28. l0.5067| SO 1 3. lo.g158. 144 | 84, | 20561050
27, [0.6047 :8 4. 09308 :?g 35. | 2.2517 !;f;'
6. |o.612 5. 10.0463[195 ] 36. | a.3938] %2
7 82 5 9463 160 ‘ 3138 1654
5. [0.6200 6. lo.623) . {87. | 2s592] .
24, |0.6291 29 7. |0-9789]'66 1 35. | 275471975
25, |0.Ga7s| SN s o.9963 (174 | 39. | 2.989415937
22. 10.6459 S5 9. |1.01435 :gg 40. 3,-\765‘%2'}(1)‘
21. | n6544) 02 1 10, [1.0331 41, | 3.0361 (2%
_ 80 g6 OJE_] 77
20.  |1.0630 1. 1.0327 42, 4.103 |.. _
19. Du67is| 95 )i Jiezon)i08fas |z oL
15, [ .6307 9(9) 13, [1.0047 215§ 44. | 5.598077%
17, eser | G| e (174 33; 4? 6.9298
. 6 2 4 : -
16 _(.)-’E 03 15. [1.1411 250 9.19:3
15, [0.7081 o4 | 10 L1661 ot 47, 35004
. (071750 9X 7. f1.1925 (204 | 48, 120.00
13, |0.7972] yo 1 18, [1.2205)°50 1 49, 1649
t2. (0.7871| oo 19, |1.2501 éfl)g
i, jo7a70) o [ 200 Jresis|3ld




GEODESIC OPERATIONS.

Continuation of TABLE 11,

ARGUMENT, Declination.

D. F. (Dify D, F. |Di.} D. . |Dif.
50.N.121. .75 80. N.[0.2209! ,_ 170. N.[0.256¢
311110300 fsi. Jo.1933 2460, o.2067| 98
so. | 773 82 01675 0G5 102763 5
53. 5.472 83. 0.142y ;3} 67. 0.2857 92
. ng?f o O a22 9y} 00- 83‘31‘8 91
:7 25 85. 0972 05. . 90
. ~ . 0 .

56. 29563 Is6.  foezeul 2 s, |o0.3130 89
57, |2.5281 87. 0 0558 IO:J 63. 0.3219 87
L8 1e.10929 §8S. 00364 sl 02- 0.5306 5G
59. | 1yuge 89. |v.0178 1“79 61. 0.3392) ¢«
60. 1.7014 90. 0.0000 60. 0.3477 84
o1, L5058 39. 0.0171 1(7); 59, 0.3501 83
0. 1.3380 »8. 0.0336 1580 98- 0.3644 892
63. |1 2920 87. 0.0491 193 57. 0.3720| ¢}
04. 1 1137 80. 0.0047 114] 36 0.3807| g¢
65. (09993 85. 0.0795) ~ 7" 55, 0.35571 <o
. ' .| 922 143 .

Gy {0.9076 ‘2,02 84. o038} |olsa. {03967 Lo
67. [0.8254 7;0 83. 0.10771 |5 458, 0.4040 79
0s. jo.7s1at o dse. o] G ks 0.4125 23
6Y.  0.846) O A8 0.1341 120 51. 0.4903| -g
0. {0.0238) o180, 0.1467 50. 0.4281} 7o
71 0.5656 79 0.1590 125 49 0 4358| ~-
[ OSMIIE KEe BGed I T-I0: BAe N T77
74. Q.07 470 78. 0.17 10 6 48. 11,4435 76
73, {0709 8477 0.18206f . N47. 0451 -6
74 |0.4208 3476, 0.14400 | 1146. 0 4587 7=
75 | u.3304 375 75. 0.2051 45. 0.4004| ¢4
N .| 108

70 .348% 351 74. O.Ql:)_!) }g_.) 4. 0.4740{ 75
77 05135 0073, 10.2264 104143 [0.4815] 76
78.  [w2n09 .5()‘9 72. 0.2368 10242 0.489)

70. 0.2500 ;291 71. 0.2470 09

80, 10.2209 70. 0.250y]




¢ EODESIC OPERATIONS.

. st i Sl

111. GENERAL TABLE. Second Term.

A ARGUMENT, Horary Angle.
ms.| s |pr]ms | s |bip]wms | s by
0. 0] 0.000 8. 10/ 0.041 12. 10| 0.205
1. 0| 0.000 20| 0.045 i’ 20| 0.217 iz
2. 0| 0.000 30 0.08y & 50| 0.229] 17
5. 0| 0.001 40 0053 % 10| 0.241) 12
4. of 0.002 50 0.057| 50| 0.254f 19
5. 0| 0-006 9. 0] 0.00! 13. O 0.267
I 14
10| 0.007 10 0.066| 10, 0.281) |,
20| 0.008 20| 0.071 20| 0.295
3p| 0.009 so) 0.076] 5 30! 0.310 lg
40| 0.010 10| 0.031) 2 40| 0 320 16
500 0011 50/10.087| ¢ 50| 0342 |
6. 0| 0.012 10, 0} 0.093 7 14, 0} 0.5359 1;
10| 0.013 10| 0.100 ; 10{ 0.376 18
20| 0.014 0| 0.107 20l 0.394| 1o
30| 0.016 30| 0.114] 7 s0f 0.413f |
40 0018 a0, 0121 7 40| 0.439 Qg
50| 0.020 50| 0.129 © 500 0 459( 39
7. 0o} 0.022 i1, of 087 5. 0l 0473] .
8 21
10| 0.024 1o 0145 ¢ 10| 0.484) o
20| 0.026 20/ 0.154 3 20t 0.516 22
80| 0.024 30, 0.163 10 30 0.539 24
40| 0.032 40| 0.173) |0 40| 0.563) o
50| 0.035 50| 0-183 |7 50(.0.587| 7'
8. ol 0.038 12. 0 0.194 16, o 0.612

This second term is always additive, but the first term is
additive only in the inferior passages of the circumpolar stars




RFGDESIO OFERATIONS. -

acitor 7 N ltl }I o t“e bf7 n able 111 -

TABLE 1V.

AR
ABRGUMENT, Declination,

D. | f |Di] D
| £ by b
i | s o
1. o.00tf , lio. S 0.34 :
' 0.001 . S. 0.347 20, 2
38. 0.015 ° S. 0.390 20 02. T 332]
37. 0.000] 2 7. 0.423| 27 |os. 2060t 370)
36. | o.026] © 6. 0.451] 28 }ou. 2954 434
200 g2 0.452] 31 os. Rt
35. 0.082 s o
34, o.u3s © 4. 0.519) o 126 N
o4 ooy ¢ 5 0 544 35 |og. 5.505
5. oou| ¢ Yy ossil 37 L6 6.18¢ 684
31. 0.059] & 1. sl o625 39 |o. R
o 510 0.667] 47 Jg 795 Jos
30. 0.067 “b o
2. 0.007) s 1. N} 0715 31 '
28. 0.083] 3 2. 0.762| 49 T2, 1227
27, 0.092 9 3. 0.814 32 15, 1458
2 0092 1o 4. 0.871] 57 bsa. 7o
o |5 0.932| ! |ss. 20300
25. 0.112 6 ' T =
24. 0.122] 101 7. Yore : ‘
2. o.}gﬁ a7 1.o7¢0] 71 ;? 25,120
2. 0.145] 2 8. 114s| 78 b, 39591
21. o153 12 9. 1.233] 8% 0. s
il 13 |10 1.325) 92 29 Lok
20. 0.170 I o
2. 0. 14 . 1.426 J
18. o.}gi 14 ' 1537|102 s {140
1. 0.19 75 13, 1.659‘22 o 140.19
7. ozisf 2 Lo 1703134 1. 1217.60
229 12 |is. 1.942149 jé'“ R
15. 0.246 16 e
14, 0.264 18 b7, e .
13. o.ég; 19 ’/‘- 2»2’89183 ‘:9 !'097.3
12. 0.303| 2V 8. 24941203 Y 2983
11. 0.324] %! o ks
‘ 20. 2.0974/*%1 >




GEODESIC OPERATIONS,

Continuation of TABLE 1V.

ARGUMENT, Declination,

D. | f |Dir| D. f- |Dif] b. f- | Dif.
50. N.feeoues §0. N.[o 080 | ,, 170. N./0.036 |
51. 324.06 8i, 0.0060 ‘]‘7 09. 0,038 ;
52. 987.7 s2, 0.043 15 08. 0.039 1
53,  |412.7 83.  10.030 13 67. 10.040 | o
54,  [2006.0 8+, 10020 | "2 f66. [0.040 [
55, |115.2 85. [0.013 3 65, {0.041 |
50, 69.67 86, |0.008 4 64. 0041 0
57.  |44.03 87. 1000t | f63.  10.041 1
58. 129.86 83. 10.002 62. |0.042 |
59. |20.66 89. |oooo| ®J61. Joosz| |
60, 15.03 90. 60. |0 041 0
6l. 10.67 89. linferior 59. 0.041 1
62. 7.89 88.  [Passag.) |58 0.010 | -4
63. 5.92 87, {v.002 { o f57. 0039 | -y
64, 4.50 86. 10.004 | 156, 0038 |
65. 3.45 85. 0.006 5 155 0.037 1
GG. 2.67 | 58 ¥sa.  lo00s | ,Mse. 0036 4
67. 205 | %9 ls3.  Jo.oio | I 153 jo.03s | ]
68. 1.63 | 33 182, loo1s | ¢ fse. joos3 | g
69, 1.28 27 81, 0.015 | , §5l. 0.031 9
70. 1.01 Q; 80.  10.017 | 5 }s0. |0.029 { 3
71. 080 | __179. 0.020 o 149 0.0%0 9
2, | 063 |17f7s. |oo22] Jles. loow| 3
73. 0.49 ig 7. [o02a | Tla7. looan | 3
74. 0.39 76. 10026}  l46. lo.o1s] 3
75. 0.30 g 75. {0028 | o las. jowis | 3
76. 0.24 74, 0.030 | 4 J44. 0.011 3
77. 6.18 | 6 |73. |0.032 | 5 [43. [o.00s | 4
78. 014 | 472, Je.033 | ] l42. o.os
79, 0.10 4 )71 0.035 ] |
80, 0.08 | 2]70. 0.036




GEODESIC OPERATIONS.

TABLE V. Latitude 48" 5V,
Horary Angle when the Reduction varies one second of ‘a |
. degree for eack second of Time. '
e Horary! 5. " [Horary] 50 4. j""vHorar_\ gy
D. Ang)e. Dif] D. Angle. Dif. D Angle D'f'Z
4L sfoa0bg cho. S)otony o fon NI nang)
. 40, 30,4/ .10 19,9 % 121 BRI I
‘39, 29,90 18 | 19,7 ;)22 T B
38. 29,5 |7 19, 4f 2 128, el n-
. 37. 29,1 4 6 19, 11 g {2 10,71 3
36. 28,7 g K 18, 8]  J2a 10, & 5
. — o ] —_ L—————- T f——— ——— -
(35, 1 23,3 |4 18,6/ 26. 10,00 o
33, L 27,5 4] e 18,1 5 §28. 9,4 §
99 |Teny )1 s) o780 oo 9.1 .
31 1 26,71 5o | 1] {80 8,7 4{-»
80. ] 26,4 W] N s g B 83 -
29. |-260 Fle . | 170 3 {2 7,8 23
28. 25,7 4 1 3. 16,8 IS 7.5 g
27 25,8 "3 4. 16, 5 2 34. 7,2 .
26 25, 0| - 5. 16,8 % |3s. 6,s]. 7
4 _1- 4 4 IR 4 .
25 | 24,0 6. 15,9 - , §36. 6,4
aa. |24,3 217, 15,7 27 | 6o ‘.
23. | 24,00 718 15,4 -5 J3s. 550 4.
22. 23,7 3 ‘9 14,7 3 39. 5,1 4 .
21§ 23,4 ;po 14, 8 340 4.”74 5
20 | 23,1 oy, |4l ot 420
19. . 1 29,8 3| 14,3/ - 5 Jee. LT| ;.
i8. 22,5 3.13. 14,0 P 43. 3,2 5
17- T 22,'2 3 14!. ]3,7 4 4141- 2)7 ‘5
. J ol 9
16. ] 21.,2 3 13, 13,3 2 43, { 2,2 5
15. | 21,6 9 10, 13,1 46. 1,7 6
4| enal ST 12,9 3 K7, LIl
18. | 21,1 2 |18 12,6 P 0,5 5
12. 20,9 ¢ ho. 12,20 7 J49. 0,0
11. - 20, 61 20. © |" 11,9 * §50.

D



GEODESIC OPERATIONS.

Continuation of TABLE V.

Horary Angle when the Reduction varies one second of a
degree for each second of Time.

Horary| .. Horary| . V[Horary! s §

D. Angle. Dif.y b. Augle: Di.} D. Angle. Dif.

50. Nufooowwa]  J80. N 70sg) 70, N 6042 | o

51. TR 80,6/ © {69. | 57,9 | o4

52. 2,1 - |82 93,8 68. 55,9 | g

53. 2,8 [183. 11,8 67. | 541 13

54, 3,5 | o [84 135,7 66. 52,3 | 16

55, 48| O |85 - |160,9 65. 150,7{ 151

56. g 2 9 86. 245,2 : 24. 49,2 | 13

57. )1 87. 3. |47,

55, 7,0 g 0. _ - }62. 4?3,% i;

5. 1 7.9 .3 }89 61 | 45,3 | 13

60." | 90 }%0. 60. | 44,2 | 10

61, 10,1 89. 59. 43,2 ‘

12 : o | 10

gg i;’g 12 g’? inferior g? :?’3 10

* b] - .

64. | 13,9 | |3 |s6. Passagel 1.6 40,3 | 9
] 65. 15,3 ) 15 185 55. 139,51 g
fGG. 16,9 16 84. 181,1 54. - 88,7 8

67 18,5 | o 183. 153,1 53. 37,9 7

68. 20,8/ 50 |82 133,7) © I52. | s87,2| ¢

69. 22%,3 | oo I8! 119,3 51. 36,5 6

70. 24,5 | o, 180. . | 108,1 50. }559]| ¢

71 126,90 o0 179 | 992 ., |49 | 352 6

7. 29,7 | o9 §78- 91,8 &' 148, 34,6 6

73. | 32,6 '3(9). 77. 85,7 oo |47, ]340 5

74. | 35,6 | 5/ |76 80,4| "L |46. | 33,5 6

75. | 38,7 15, |75 75,9| 40 |45 32,9{ 6

76. a1 . |7s 71,9 44. 32,80

77. 49,1 307! 68,5 24 a3, |38 3

78, | 54,9 -5 ]72. 65,4 o, |42. 31,3

79. ) 61,9 gq §71. gzﬂ 25 '

80. 70,2 °° 170 0,2 <




GEODESIC OPERATIONS.

15’
14.

11.
5.'..10!
8.

7

6.

5-

10....

15-001

CNOmpILOG

12,
20.¢...13.
14
15,

Sums
. Log.

12.

11.

Horary Angles,

EXAMPLE.
Tab. I. Table XIT. .

571/ 499//2 0!160 D='330 24: S
23 406,1 0,4!0 _—3330. 4
59 330,9 0,27
32 261,1 0,16 Table II.

1 197,0 0,00 For 33° S, F=0.5575
34 144,1 0,05 I.‘or 0’4, — 31 )

8 99,9 0,02 e
10 747 0,01 - F=0.5544
15 54,1 0,01
52 29,4 0,00 Table 1V.
23 11,1 0,00 £f=0,043

4 8,4 0,00
40 26,4 0,00

1 49,4 0,01 #
39 86,8 0,02
58 124,6 0,04
27 1753 0,07

3  239,7 014

7 2882 0,21

1 332,6 0,27
27  400,9 0,41
34 4756 0,55

F 4324.54-3,23

4324.5 8.63594  Log. 3.33  0.5224
Compl. .22 8.65758 sesesreases  8.6576
Log. F=0,5544 9.74382  Log. f=0.043 8.6335

~— 108''08

The sign 4 of the first term serves only for citcumpolax
stars in their inferior passages.

2.03734 4 00065 7.8135
— 108.98
Reduction — — 108,97 ~—1'48,97




TABLES
OF THE MEAN REFRACTIONS,
_ AND OF
THEIR CORRECTIONS
For the True Zenith Distances.

. o]
-TABLE VI. 1
Of the Mean Ryfractions for the True Zenith Distances. }
Dist. T.|Refrac. | Df. | Dist. T.|Réfrac. | Dif. [Dist. T.Refrac.
o ] i 1" 0 1,7 " " 0 1 "
0 [0 00 I 25 0 264 4 o!. 50 1 7.4
1 10} 1ol 26 27.6) ;5| 51 | 1 98
Q 2.0 1'0 27 28.90 1'0- 52 1 12.4
3 3.0 1’0l 28 30.1( 1’5l 53 | 1150
4 4.0 1.0 29 31.4 l-3 54 »l 17.8
5 5.00 30 32.7) 55 1 20.7
1.0 1.3 .
6 6.0 1.0 31 34.0 1.4 56, . .l 23.8
7 7.0 1"0 32 - 85.4 1'4_ 57 1 27.0
8 80| 10 3 36.8 17| 58 (1304
9 9.0 1'0. 34 38.2 1'5: 59 1 34.0
10 100 35 89.71 60 1 37.8
e ~| 4.0 — 1.5 - .
11 11.0| ., 3 41,2 - 61 -1 41.8
12 12.0 ‘}‘“1’4 37 427 }g 62 |1 461
13 1 131 ;5] 38 3,1 63 | 1507
13 14.1 1'1 39 45.9 1'6 64 1 65.6
15 15.2] "1 40 47.5 77 65 2 0.8
1.0 1.7
16 - 162 ¥ 1: 41 49.2 1 8. 66 2 6.5
17 17.3 11 42 510 ;'ol 67 | 2126
18 18.4 1'1' 43 '52.8 1'9. 68 -|'2 1941
19 19.5 1'1 44 -54.7 -1'9 69 | 2 26.4|.
20 20.6{ ~° 45 56.6{f ~'° 70 2 34.3
1.1 - 2.0
21 2L7) L 5 '46 58.0 o | 71 | 2430
e 229 17| 47 |1 o7 5| 72 | 2525
23 24.0 1'2 ‘48 1 2.8 53 73 3 3.1
24 252 1'9 49 1 5.1 ".3 74 3 15.0
25 26.4| T 50 1 747 75 3 28.2




GEODESIC OPERATIONS.

.

Continuation of TABLE V1.

Of the Mean Refractions for the True Zenith Distances.

Dist. T.[Refrac. | Dif.{Dist. T.[Refrac. | Dif.[Dist. T.Refrac.
0 ¢ N Iz o 4 1 u u o N 1 nu
75 13989 184 08138 189 021 57.3
76 | 3433, 10| 8 25.7);° | 10122 54.7(
77 |4 osfigg 20/ 8 38.2 20(23 5530
78 |4 20.3.°0 80/ 8 51.9) 3'(7) 30124 58.9
79 | 4 43.31." 40/ 9 4.9 't} - 40426 5.3
80 O 5 10.4°" 50| 9 19.2"* 50127 15.9
5.1 ——114.9
10 5 155 .| 85 © 9 341} ..} 90 028 29.4
20| 5 207| ;5 10/ 9 49.8, 2(1 - 10129 46.2
320/ 5 26.0) ., 2010 6.3 -0 2081 6.1
40 5 31.5) ) 30010 23.6] 0 30|32 29.3
" 50 5 37.2 ' 40[10 41,8, 2 40|38 55.8
81 0| 5431 5011 1.0'7* 50(85 25.4
6.0 - 20.2] 91 0|36 58.2
10| 5 49.1 86 0|11 21.2
l 20 5 55.4) 3| 10)11 429719
306 19 o 20112 4.7, 50"
' 401 6 8:6f ' 3012 28.30 .
50| 8 15.5 o 4012 53.200 0
82 0 6 22.7| *° 50|13 19,4
, 7.4 27.9
10| 6 30.1 87 o)13 47.3
20| 6 37.8 g‘z 10(14 16.72‘?'3
30| 8 45.8| o' 2014 47.75,"
40/ 6 54.3) "¢ 30/15 20.6/57'c
307 27 oo 40|15 55.4/°"2
83 07 117~ 50[16 32.7|°7
19.8 . 38.51 i
10, 7 21.0 88 0|17 11.2
a0l 7 30.%13"; 1017 52.6 jé'g
30| 7 40.8( ' 2018 36.2(4 "¢ ;
40 7 5131770 3019 22.00 07 ;
50| 8 2.3}, 40120 111/,
84 o 8 138 7| ' 5021 2.8/,
, 89 ol21 57.8°% :




GEODESIC OPERATIONS,

Correclions for Refraction.

TABLE VII.

Fahrenheit’s

Barometer. Thermometer.
— + x |Deg. ¥y Dif.
in. dec.| in. dec,
29.85| 29.85[0.0000| 86 |=0.0992 25
29.8 | 29.9 |0.0017| 85 0.0967 25
29.7 | 30.0 [0.0050]| 84| 0.0942 25
29.6 | 30.1 [0.6083{| 83| 0.0017 25
29.5 | 30.2 [0.0116|| 82| 0.0892 26
20.4 | 30.3 10.0149/| 811 0.0866) _
29.3 | 30.4 {0.0182| 80| 0.0840}
29-2 | 30.5 {0.0215|| 79! 0.0814 56
20.1 | 30.6 ]0.0248)) 78 0.0788 26
29.0 | 30.7 {0.0281) 77} 0.0762 26
28.9 | 30.8 [0.0314 76| 0.0736 56
28.8 | 30.9 {0.0357( 75| 0-0710 26
98.7 | 81.0 [0.0389]] 74| 0.0684 27
28,6 | 31.1 [0.0422] 73] 0.0657 27
28,5 | 31.2 [0.0455{] 72| 0.0630 ;7
284 | 31.5 [0.0488!| 71| 0.0603 27
28.3 | 81.4 |0.0521])] 70} 0.0576 oy
23.2 | 31.5 {0.0554| 69| 0.0549 25
98,1 | 31.6 {0.0587( 68| 0.0521 58
28.0 | 31.7 [0.0620! 67| 0.0493 28
27.9 | 31.8 |0.0653| 66| 0.0465 P
27.8 | 31.9 10.0686| 65| 0.0437 ;8
27.7 { 32,0 {0.0719|f 64| 0.0409 28
27.6 | 32.1 j0.0753] 63| 0.0381 25
27.5 | 32.2 l0.07871 62| 0.0353 23
27.4 { 32.3 |0.0821) 61| 0.0325 o
27.3 | 324 lo.0855] 60| 0.0296 '99
27.2 | 32.5 [0.0889| 59| 0.0267 Qg
27.1 | 32.6 l0.0923) 58| 0.0238 29
27.0 | 32.7 10.0956{ 57 { 0.0209 29
56 | 0.0180 30
551 0.0150

USE OF
. THIS TABLE.

With the lheight off
the Bidrometer, enter
the 6rst part of the Ta-,
ble,and take a number
z, to which the sign —
is to bLe prefixed if the
heightof the Barometer
beless than 29.85 inches,
but the sign - if it be,
greater than that num-
ber.

With the height of]
the mercury in Fah-
renheit’s thermometer,d
take a number y, inthe
second part, with the
sign which precedes it,

The fanction of (x-y
+x y) will be the factor]
by which the mean re-
fraction must be multi-
plied, in order to oh-J
tain  the - correction
which it is necessary to
apply to that refrac-
tion,

The product of z y
may frequently be neg-




GEODESIC OPERATIONS.

Continuation of TABLE VII.

Corrections for Refraction.

Fahrenheit’s

Fahreoheit's
Thermometer. Thermometer. USE OF
Deg! y |Dif.|Deg.] =y |Dir.| THIS TABLE.
) N lected ; but it is neces-
| y to pay attention to
54 |—0.0120 gg 29 [+ 0.0685 gg :ﬁ? a(l)g];bza.ic signs of
53 | 0.0090 30 || 8 | 0.0720 g5 | ¥ and y in obtaining it.
52 | 0.0060 30 || 27 | 0.0755 36
51 0.0030 30 26 | 0.0791 36
50 | 0.0000 30 || 25| 0.0827 36
49 |4 0.0030 31 || 241 ©.0863 a6
48 | 0.0801 31 || 23| 0.0899 36
47 | 0.0092 31 || 22| 0.0935 37
46 | 0.0123 39 || 21 | 0.0972 37
45 | 0.0155 39 || 20 | 0.1009 37
v ool || 19| ol &
42 | 0.0251] 32 17 0:1121 38
41 | 0.0283 gg 16 | 0.1159 gg
4 0.0315 1 0.11
38 0.0347 | 32 12 oifzgg 39
38 | 0.0380] 23 |l 15 | o0.1275( 39
37 | 0.0413 gg’ 12 | 0.1314 :39
36 | 0.0146 11| 0.1353] °9
35| 0.0480 g‘i 10| 0.1392 ig
e b R
51| oogrg| 3 || §| 22y
34 e 41
30| 0.0650 51 0.1594




PORTABLE
BAROMETRICAL TABLES,

GIVING
The Differences of Level by a simple
subtraction.

N.B. The number .76 of a wmetre, which the French ase
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,
vix. 136, have nccessarily been left out in ils calculation ;
hence the numbers in each column below .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 .186= 1.50824, which added
to the number calculated from the Table, when the height
of the barometer at the lower station does not exceed .851,
will give the true difference of Ievel 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 calculatlon 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, and
11.38 x .186=1.54768 ; half the sum of which is 1.50484..
But as the first decimal will always be suflicient, the addi»
tion of 1.5 may be made mentally and without any trouble,

T'ranslator.



PORTABLE BAROMETRICAL TABLES.

! aawmoreg ay Joyay

Sum of the Temperatures of the Air above the freezing Foint at
the two extremities of the Column, or the value of T+t in
degrees of Fahrenheit's Thermometer.

20°

yds,

833
83
831
830
829
828
827
82

895
824
823
892

21°

220

23°

24°

25° | 26°

2% | 2%

290

300

ol 403 22ua19h1(1

yds.

§35) 42.88
834! 82.18

21.4n
10.74
0
10.75
21,52
82,28
43.09
53.89
64.71
15.54
86.38
97.24

8211108, 11
S901115.99
§19)129.89
815114080
§17,151.72
5|6

162,66

29,24
440.50

Ra5 1.4

yds.
42,93
32.22
21,51
10.75
V]
10.76
21.54
3292
43.13
53.95
64.78
75.62
" 86.47
97.35
108.23
11g9.12
130.08
140.95
151.88
162.84
173.80
154.77
195.67
206.76
217.80
228.44
239,88
250.91
261,94
213.07
288,52
295,97
306,40
317.53
328.69
339.%6
351,04
362,24
313.45
354,67
395.59
407.16

) |418.41

429.71
440.98
452.29

42,97
32.25
21.63
10.76
0
10.78
21.57
32.35
43.18
54.01
64.85
75.70
86.57
97.45

108.34
119.25
150.17
14101
152.05
163.01
173.99
184.97
195.88
206,99
213.04
299.09
240.14
251.18
262.27
213.36
253.82
295.59
306.74
3117.88
3:9.05
340,28
351.42
362.63
313.8»
485.09
896.32
407.60
418.57
430.17
441.46
452,78

yds.

yds.
43.02
32,29
21.55
10.77
0
10.79
2}.59
32.39
43.23
54.7
64.9¢
75.18
86.66
91.56
102,46
119,38
130,31
141,26
152.21
163.19
174,17
185,117
196.10
207.2]
218,28
229.85
240.40
251,46
262.55
2713.66
284.13
295.91
307,07
318,29
329.41
340.60
351.80
363.0v
374.26
385.50
396.75
408,04
419,89
430.64
441,93
453,21

yds.
43.07
82.32
21.58
10.79
0
10.80
21.61
32.42
43.27
54.13
64.99
75.87
86.76
97.66
108.55
119.51
130.45
141.41
152.38
163.37
174.36
185.37
196.3!
207.44
218.51
229.58
240.66
251.73
262,54
273.95
284.44
206.23
307.4v
318.57
329.76
34097
852.18
363.42
374.66
385.92
397.18
408.48
419.78
431.10
442.41
453.76

yds.
43.18
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
119.16
130.74
141.72
152,71
163.72
174.74
183.57 ]185.71
196.52(156.73
207.66/207.85
218.75 (218,98
229.83(280.08
240.92|241.18
252.001252.27
263.12/263.40
274.25 1274.55
284.74|285.05
296.55 |296.88
307.74308.07
318.921319.26
330.12(350.48
341.33|541.70
352.56 (352.95
363.81|364.20
31b.07|315.47
356.34 (486.75
397.60(398.03
408.92 (409.37
420.281420).68
431.67 [432.04
142.891445.37
453.25 454,75

yds., .
43,12
32.36
21.60
10.80

0
10.81
21.64
32.46
43.32
54.19
65.06
15.94
86.25
97.77

108.69

119.63

130.59

141.56

152.55

163.54

174.55

yds.
43.26
32.46
21.67
10.83
[t}

yds.
43.21
32.43
21.65
10.82

0
10.84
21.68
32.53
43.42
54,50
65.20
76.11
§7.05
97.98
108,93
119,89
130.88
141.87
152.86
163,90
174.93
185.97
196.94{197.17
208.12)203.33
219.22(219.46
280.83 |2341.57
241.44 241,70
252.54 252,92
263.69 |263.97
274.84 215,13
285.36 [255.67
297.201297.51
308.40 308,78
319,61 319,95
330.84 (331.19
342.07-1342.44
358.33 [353.71
$64.6¢ {364,099
315,85 |376.928
387.17 1387.59
394.46 395,89
409,81 (410.25
421.14 1421.59
432.05 (432,97
443.85 1444.32

10.85
21.70
32.56
43.46
54.36
64.27
76.19
81.14
98.10
109.05

120,02
131,12
142.02
153.04
164,08
175,12
186.11

yds. | yds.
45.30
32.50
21.69
10.84
0
10.86
21,73
32.60
43.51
51.42
64.34
76.28
87.24
98.20
109.16
120.15
181,16
142.15
153.21 (15337
164.25{164.45
175.80[175.49
186.371186.517
197.57 {1917.58
20~.56208.78
219.69 |219.93
230.521231.07
241.961242.22
253.19(253.46
264.26 |264.54
75.431215.13
285.97 1286.28
207.84 (298,15
309.07 1309.40
327,29 [320.64
331.55381.91
342.81 [343.18
354.09 |394.47
365.37 1365.71
876.69{517.09
388.01 1388.43
399.82 |399.75
410.69 1411.13
422.05 |422.50
433.43 1133.90
141.801445.9%

21.15
32.63
48.56
54.48
65.41
16.36
87.33
98.31
109.28
120.28
181.30
142.38

165.24:1455.78

456.22 1456.71

43.31}.

32.681.

21111,

10.86|.
0

10.67).

.023
.035
.047
L0598
.070
082
.094
.106
137
129
141
L1538
165
AT
.188
.200

212
224

.236

248

260

272

284
.296
307,
.321

. 333
.345
357
.39
801
,393
405
417
.429
441

454
466
.8
491

B




PORTAEBLE BAROMETRICAL TABLER,.

Sum of the Temperatures of the Air above the freezing Point at
- the two extremities of the Column, or the values of Tt in
degrees of Fahrenheit's Thermometer.

310

-13j9woLeg M Jo ll{Sl_a[-[l

320

33°

34°

35°

36°

870

38°

39°

400

410

- yds,
.833) 48.40
834) 82.57
833| 21.74
832{ 10.87
B3I} 0
{ 8500 10.88
829§ 21.71
828f 32.66
521) 43.61
526§ 54.561
825| 65.48
8241 76.44
823} 87.43
822] 98.42
8214100.40
B204120.41
819113144
8181142.48
817{153.53
816l154.61
815]115.68
8)4{188.77
813}197.70
812:209.00
81122016
1 8101231,32
1 509)249.48
8081253.73
807(264.82
'1.8061276.03
805,286.59
804298.47
803i309.73
8021320.98
801§532.97
800{343.56
799)354.85
798{366.16
797°317.19
796 388.85
7951400, 1
794{411.57
793'422.95
792434.37
7911445.76

yds.
43.45
32,60
21.76
10.58
0
10.89
2179
32.710
43.65
541.60
65.55
76.52
87.63
98.52
109.51
120.54
131.58
142.64
153.70
164.78
1715.87
186.97
198.00
200.23
220.40
231.57
242.74
254.00
265.11
276.32
286.90
298.79
310,07
321.33
332.62
343.92
355.23
366.57
317.80

389.26

[400.61
412.01
423,41
[434.83
'446.24
790{457.2()‘

457.69

- yds,
43.49
32.64
-21.78
10.89
0
10.91
21.8¢
32.73
43.50
54.66
- 85.62
16.61
817.62
98.63
109.63
120.67
181.72
142.80
15.66
164.96
176.05
187.17
168.32
200.45
220.64
231.8]
243.00
254.28
265.89
216.62
281.24
209,11
310.40
321,67
832.98
344.29
355.61
366.95
378.30

38Y.68

401.84
412.45
423.86
435.30
416,71
458.18

yds.
-43.54
82.67
21,81
10.80
0
10.92
21.84
3271
43.75
b4.72
65.69
76.69
87.71
98.13
109.76
120.79
131.86
142.95
154,03
165.14
176.24
157.87
198.53
209.68
220.87
232.06
243.26
254.55
263.68
276.91
287.51
299.43
310,73
322.02
333.51
344.66
955.99
367.34
318.71
390. 10
14011.47
412.89
424,82
435.76
441.19
458,67

yds.
43.59
32,70
21.83
10.92
0
10.93
21.86
82.81
43.19
54.71
65.76
16.77
7.581
98.%4
109.86
120,92
132.00
143.10
154.19
165.81
176.43
187.57
198.74
200.90
291.11
232,81
243.52
254.82
265.96
£17.21
87,82
299.75
31.1.017
322,04
1138.69
3.45.02
356.37
367.73
379.11
390.51
401.89
418.33
424.17
436,23
447,67
159.16

yds,
43.63
32.14
21.%5
10.93
0
10.94
21.89
32.84
43.84
54.83
65.83
76.55
81.90
08.94
109.9%
121.05
132.15
143.25
154.36
165.49
176.62
181,717
148.95
210.12
221.35
23%2.56
243.78
255,09
266.¢4
277.5¢
288.13
500.08
3140
322.7)
334.05
345.30
356.76
368.13
379.52
391).93
402.32
418.718
425.22
436.69
448.15
459,66

yds,

. 43.6%
32.78
21.88
10.94

0
10.95
21.91
32.87
43.89
54.89
65.90
116.93
51.99
99.04

110.09

121.18

132,48

143.4\

154.52

165.67

116.81

157.91

199.26

210.35

221.58

1282.40

244414

255.36

266.53

2117.80

288.44

310.40

311.73

334.41
345.76
457.14
368.52
319.92
391.35
402.75
414.22
425.68
431.16
148.63
460.15

323.05

yds.
43.73
32.51
21.90
10.95
0
10.97
21.93
182.91
43.94
'54.95
65.97
71.02
-88.09
199.15
110.22
121.81
182.45
143.56
154.69
165.8D
176.99
168.17
199.45
210.57
22.1.82
233.05
244.30
255.64
2(6.51
L1810
288.74
8072
312.06
324.40
384,77
346.13
357.52
368.91
3%0.33
591,77
403,08
415,66
426,13
437.63
449,10
460.64

yde.
-43.1%
32.85
2192
10.96
0

10.98
21.96
82.94
43.98
55.01
66.05
1710
88.18
99.25
110.38
121,44
182,567
143.71
134.85
166.02
1717.18
188.3%
199,70
210.79
222.05
283.30
244.56
255.91
267.09
218.39
269.00
301.04
312.40
323.74
383.12
346.50
457.90
369.31
380.718
392.15
403.61
415.10
426.59
438.U9
449.58
461.1%

yds.
43.82
82.88
21.94
10.97
o
10,99
21.98
32.98.
44.03
55.07
66.12
771.18
_88.28
99.36
111.45
121,57
132.71
143.817
165.02
166.%0
1711.37
185.57
199.91
211.02
222,29
213.55
244,52
256,18
267.53
273.60
289.56
501.36
312.73
J24.09
335.48
346.81
358.25
364.70
381.14
392.60
404.04
415.64
427.04
138.56
450,06
461.62

yds.

0

211.24
222.52

256.45!

301.65
313.06
324.43

3847.24
358.66
310.09
381.55
303.(2
404.47
415.95
127.49
489.:03
180,54

42,67 4,
32.951.
21.974.
10.95},

11.00f,
g2.00(.
33.04]
44.08)
55.13],
66,19,
17.26)
88.371.
99.46).
11057,
121.70]
132,85}
144.02{
155.18].
166,35,
117.56),
188.77].
200,12},

233.19];
245.08],
267,661,

278.991.
289.67).

335.84.

o1 I0J AdUALPIY

462.11
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Sum of the. Temperaturcs of the Air above the freczing Point, al the |
. two extremities of the Column, or the values of T 4t in degrecs
of Fahrenhcit's Ther mometer.

¢

42°

43°

44°

45°

46°

A41°

48°

49°

500

51°

520

‘ol 10§ 2dUIPI(T

yds.

43,92
82.96
21.99
832] 10,99

0

11.01
22.02
'83.07
827) 44.13
826] 55.19
825 66.26
824 7%.84
8931 88.46
822] 99.56
821{110.69
8201121.82
&1911392.99
818114417
817]155.34
816]166.5%
8i5}191.76
8143188.97
813}200.33
812§211.46
811]222.76
810]234 04
809]245.34
8081256.72
8071267.94
806}279.20
505/289.95
1 so4
803

gt &D’E “12)awoseg ay3 joigdiagy
£ o O &

DoOWR®D
10 0 WO GO
9O D e~k

syds.
43.96
83.00
22.01
11.01
0
11.03
22.05
83.11
44.17
55,25
66.33
17.42
88.56
99,617
110.%0
121.95
138.18
144,33
155.51
166.73
177.95
189,17
200.54
211.69
222.99
234.29
245.60
256.99
268.23
279.5H8
290.98
302.32
313,79
325.19
336.56
347.98
359.42
370.88
382.36
393.85
405.33
416.87
428.40
439.96

2 1451.50

463.10

yds.
44.00
33.03
22.04
11.02
0
11.05
22.07
83.15
44,99
55.8]
66.40
1151
88.65
99.18
110.92
122.08
183.27
144.48
155.67
166.90
175.13
189.37
200.74
21191
223.93
234.58
245. Sﬁ
257.27
268.51
279.58
290,52
302.64
314.06
325.46
336.91
1348.35
359.80
371.27
382.76
304,27
40517
411.314
428 85
440.43
451.99
4683.59

yds.
44.05
33.07
22.06
11.038
0
11.06
22.12
33.18
44.27
55.31
66.47
17.54
88.75
93.8%
111.04
122,21
133,41
144,63
155.84
167.08
174.32
189.57
200.95
212.14
223.46
234.78
246.12
257.54
268,80
280.17
290,90
302.96

314.39.

323.81
381.27
348,712
36:0.18
371.66

1333.17

394.69
406.20
417,76
429.31
440.90
152,47
464.08

yds.
44.039
33.10
22.08
11.04
0
11.07
22.14
33.21
44.31
55.42
66.54
17.67
88.84
96.99
111.15
122,34
133.55
144.78
155:00
167.26
178.51
189.77
201.16
212.36
223.10
235.03
246,38
257.81
269.08

291.20
303.28
314,72
326.15
3317.62
349.08
360.56
372.05
383.57
395.10
406.63
418.20
429.16
44.1.36
452.95
464,57

280.47:

yds
44.14
33.1i
22.11
11.06
0
11.0%
22.16
33.25
44.36
55.48
66.61
91.95
88.95
100.10
111.27
122.46
133,70
144.94
156.17
167.45
178,710
189.97
201,57
212,58
223.94
285,28
246.64
255,08
269,36
250.77

201.51:

303.60
315.06
326.50
337,98
349.45
360.95
372.45
353.95
393.5¢2
407.06
418.64
430.22
441,53
453.43
465,07

yds.
44.19
3317
22.13
11.07
0
11.09
22.19
33.28
44.41
55.54
66.65
77.83
88.03
100.20
111.38
122.59
185.84
145.09
156.33
167.62
i75.8%
190.117
201.58
212.82
224.17
235.53
246.90
258.35
2(9.65
281.06
291.82
308.93
315.39
326.84
338.34
349.82
361.33
312.04
384.38
395.94
4017.49
419,09
430.67
442.30
458.91
455.56

yds.
44.23
33.21
22,15
11.08
0
11.11
22,21
48.32
44.46
55.60
66.75
71.92
89.12
100.31
111.50
122,72
133.98
145.24
156.50
167.79
179.07
190.37
201.78
213.04
224,41
235.77
241.16
2535.63
269.93
281.36
292.13
304.26
315.72
427.19
338.70
350.19
361,71
373.23
381.79
396.36
407.93
419.53
131.13
142,17
454,40
466,05

yds.

44.24
33.24
22,41
11.09

0

11,12
22.24
33.35
44.50
55.G6
66.82
78.00
89.22
100.41
111.62
122.85
134.12
145.40
156.66
167.97
179.26
190.57
202.99
213,21
224.64
236.02
247.42
258.90
270.22
281.65
292.43
304.51
316.05
311.53
339,05
350.56
362.09
313.63
345,10
396.71
408.35
419.98
431.58
443.23
134.85

466.55

yils.

44.33
33.28
22.20

0
11.13
2026
33.59
44.55
5512
66.59
78,08

100.52
111.74
122.98
131.26
145.55
156,83
168.15
170.45
190.77
202.20
213.49
224,58
236.27
247.6%
259.17
270.50
281.95
202.74
304.59
316.39
397.88
339.41
350.93
362.47
374,02
385.60
391,19
408.79
420.42
432,04
143.70
455.36
167.04

11.10}

89.31

yds.
44.38
33.31
22.22
111
0
1114
22.28
33.12
44.60
55.18
66.96
78.16
§9.40
100.63
111.86

131.41
145.70
157.00
16%,33
179.64
140.99
202.41
213.72
225,12

247.94
259.44
270.78
2825
293.05
305.21
316.72
328.22

362,85

386.00
397.61
409,92
420.86
432.50
444,17
155.84

123.11 .1

236.521.

339.771.5
351.301.3

314.41 |

047
035
.023
012
000
012
024
035
047
059
070
082
094
106
47
29
141
153
.165
178
188
200
208
224
236

260
270
234

206
307
.32)
,338
315

69
381

405
417
432
444

455
467
482

167.53

493

v




PORTABLE BAROMETRICAL TABLES.

Sum of the Temperatures of the Air above the freezing Point at the
two extremitics of the Column, or the values of T+ t in degrees
of Fuhrenheit's Thermometer,

53°.

was1awodeg 9y Jo Wy

54°.

55",

Iy

56°.

57e,

58°.

599,

60°.

6i°,

62°,

63°.

*o] 103 2dUIIIPL(Y

yds, | yds.

8351 44.42
834] 83.35
833] 22.24
839 i.12
831 0

8308 11.15
820) 22.30
828} 33.45
827) 44.65
§26] 55.84
825, 61.03
824 78.24
5231 89.49
8224100.73
821§111.98
5204123.24
8191134.55
8188145.85
817]157.16
8161168.51
815}179.63
81419117
813J202.62
8132!3.94

811{225.35
810/236.17
809:2:45.20
808/259.70
807,211.01
806,282.55
805:293.96
804805.53
8031517.05
802]328.56

yds.
44.47
33.38
22.27
11.18
0

11.16
%2.3¢
33.49
44.69
55.90
67.10
78.32
89.59
100.84
112.09
123.37
134.69
146,01
157.33
168.68
1°0.02
191.38
202.83
214.15
295.59
237.02
¢48.46
259.97
271.36
282,84
293.66
305.85
317.39
328.91
340,49
852.04
$63.61
375.20
356-81
398.45

410.08

- 42175

433.41
445.10
156.79

2 (468.51

yds.
44.51
33.42
22.29
11.15
0
11.17
22.35
33.52
44.14
5595
67.17
n8.41
89.68
100.94
112.21
123.50
134.83
146.16
157.48
168.86
180.21
191.57
203.03
214.40
225.52
237.21
248.7T2
260.23
271.64
253.14
293.97
306,17
31712
329,25
340.85
352.41
364.00
375.59
387,42
398.46
410.52
422.19
433.86
445.51
457.28
469.01

yds.
44.56
33.45
92.31
11.16
0
il.18
22.81
33.56
44.78
56.01
67.24
18.50
89.77
101.05
112.33
123.63
134.97
146.31
157.66
169.03
:80.40
191.78
208.24
214.62
226.06
237.52
248.98
260.50
271.93
283.44
294.28
306.49
318.06
320.60
341.2)
852. 7y
364.38
375.99
357.63
394,28
410.95
422,63
434.89
446.04
4567.76

yds.

44.61
33.49
29.34
11.17

0

11.19
22,39
33.59
44.83
56.07
67.31
78.58
89.86
101.15
112,44
123.76
135.11
146.46
ih7.82
169.21
180.59
191.98
203.45
214.84
226.29
237.71
249.24
260 76
272,42
283.73
204 58
306.42
318.39
529.94
341,57
353.15
3i14.76
376.58
388,03
599.70
411,48
428.07
434,77
446.50
158.23

169.50

169.99

yds.
44.65
33.52
22.36
11.18
0
11.21
22.41
33.65
44.89
56.13
67.38
18.66
89.96
101.26
112,56
123.59
I35 26
146.62
157.99
169.39
180.718
192.18
203.66
215.08
296.52
258.02
249.50
261.03
212.51
24,03
294.09
307.14
315,72
330.29
341,93
553.52
365.14
376.11
In8.44
400.12
411.71
423 b2
435.23
446,91
458.71

470.48

yds.
44.70
33.56
22.38
11.19
0
t1.22
22.43
33.66
44.92
56.19
67.45
18.14
90.05
01.36
112.C8
124.02
135.40
146.17
158.15
169.56
180,97
192.39
203.87
215.30
426.76
238.21
249.76
261.29
272,80
254,53
205.20
507.46
319.46
330.63
342,29
353.89
365.59
3717.17
388.85
400.54
412,24
423,96
435,68
447.44
459.19

470,97

yds.
44.14
33.59
22.40
11.214
0
11.23
22.46
33.70
44.97
56.25
67.52
15.83
90.14
101.47
112.80
124.15
135.54
146,92
158.32
169.74
181,16
.92.59
204.01
215.52
226.9Y9
238.52
250.02
261.56
2713.08
284.63
295.50
307.78
319.39
330.90
342.65
354,26
365.91
377.56
389.26
400.95
412,68
421.40
436,14
447.91
459,67

i»ﬂ 1.4

yds.
44.719
33.63
2243
31.22
0
11.24
22.48
38.18
45.01
56.30
67.59
78.91
90.24
101.57
112.91
124.28
135.68
147.08
155.48
169,94
181.35
192.79
204,28
215.76
227,28
238,717
250,48
261,82
213.81
234,92
295,41
305.10
319,74
331.39
343.01
354.63
366.29
317.96
389,66
401.87
4i3.1)
424.85
436.59
445.37
460,15
471.96

yds.
44.84
33.66
£2.45
11.23
0
§1.25
22.50
33.117
45.06
56.36
67.66
73.99
90.33
101.68
113.03
124.41
135.62
147.23
154,65
170.09
181.54
193.00
204.49
215.97
227.46
239.1,:2
250.54
262.09
2713.66
265.22
296.12
304,42
320.07
331.67
343.37
353.U0
366.67
375.85
390.07
401.79
413.54
425,49
437.05
445.64
460.65
472.45

yds.

0

45.11
56.42

90.42
101.18

124.54
135.97

158.81
170.26

193.20
204.70
216.19
227.69

296.43
320,40
343.18

355.56
367.05
3745.15
390,45
402.21
413.97

425.18
437,50
£49.51

461.11

412.94

44.88],
33.70}.
22.47},
11.22]

11.26].

24.521,
33.80],

67.13|.
79.073,

113.15¢,

147.38),

151.73].

259.21]
250,801,
262.35 .
273,95
285.62].

308.74 ).

332,028

.308
.334

.360
.370
382
.394
407
418
432
443
L4565
.46
.479
L.492




PORTABLE BAROMETRICAL TARLES,
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Sum of the Temperatures of the Air above the freezing Point at the
two extremities of the Column, or the values of T 4 t.in degrees
" of Fahrenheit's Thermometer.

65v.

66-.

67°.

68°,

69°.

100, l

710,

120,

13°. | 14°.

yds.
44.97
33.117
22,52
11.26
0
11.28
2257
33.87
48.20
56.54
67.87
'79.28
90.61
101.99
118.39
124.80
136.25
147.68
159.14
170.61
11n2.11
198.61.
-|205.12
-1216.64
122817
23%,717.
251.32
262.59.
27452
286.21
12971.05
309.88
1821.00

344.45
3566.' 0
367.81
879.54
51391.29
1408.04
1414.83
426.61
138.41

462,07
413.92

832.71.

450.24.

yds.

45,12

83.80

22.54

11.28
0

11.29
22.59
33.91
45.25
56.59°
67.94
T9.32
90.70
102.10
113.51
124,03
146.39
147.84
159,30
170.38

193.81
205.32.
216.86.

240,02,
251.68.
263.16.
214.81
256.51
297,85
409.70
321,40
343,05
444.81
356.47

379.93
301.69
403.46
415.26
427.06
488.86

462.50
474.41

182,29,

228.41

365,19

450,71,

yds.
45.07.
33.84
29257
11.29
0

11.30
22.62
33.04
45.29
56.65
68.01
79.40
90,80
102.20
113.63
125,06
186.53
147.99
159.47
170,97
182.48.
194.01
205.53
217.09
228.05
240.27,
201.84
263.43
275.09
266,80
207.66
310.0¢
321.73
1133.40

356.84
368.57
350.32
392.10
403.88
415.69
427.50
489.32
451.18
463,03
474,90

345.17,

. yds.

15.11
33.81
22.59
11.30

0
11.31
©9.64
33.9%
45,34
56.71
68.08
79.48
90.5Y
102.31
11315
195.19
136.61
148.14
159.63,
171.14
182,61
194.2]
205,74
207.31-
228.89
240,52
252,10
263,70
275,88
257.10
207 97
310,34
322.06
333.74
345.53
851,21
365.95
350.71
392.50
404,29
416,12
427.94
439,77
451.64

475.39

463.50.

yds.

45,16
33.492
22,61
11.51

[1]

11,33
22.66
34,02
45.39
56.71
68.16
19.56
90,93
102.42
113,87
125,82
156 .51
148.30
159.80
171.82
182.86
194.42
205.95
21754
229.14
240.17
252,36
264.97
215.67
257.40
208.28
310.67
322.39
334.08
345.89

369.54
381.10
392.91
404.71
416.55

440,23
452.11
463.98
475.09

457.58.

424,38

yds,
45,20
33.95
22.63
11.82
0
11.84
22.69
34.05
45.43
56.83
6:4.23
19.64
91.03
102.52
113.99
125.45
136.95
148.45
159.95
171,50,
183.05
194.62
206.16
217,76
229,38,
241,02
262,62
264.24
215.95
257,694
293,69
310.90
322,712
334.43
346.25
357.95
869,72
351.60
393.31
400,14
416,98
4128,8%
440,68
452,58
464.46
476.38

yds.
45.25
33.99
22.66
11.33
0
11.35
22.71
34,09
45.48
56.88.
68.30°
19.13
91.17
102.63
114.11
125.58
137.09
148,60,
160.15
17:.68
183.23.
194.82
206.36
217.94
229,62
241.21
2H2e™P
264.51 .
%76.24
287.49
298.99
311.31
328.06
334.77
346.01
355,32
370,10
381.89
393.72
405,56
L1741
429,21
411,14
453.05
464.94
476.81,

yds.

4530
84.02
22.68
1135

0
11.36
22.14
34.12
45.52
56.94
68.37
79.81
91.27
102.73
114.23
125.71
137.23
145,76
160.29
171.85
183.42
195.08
206.07
2i8.21
220,46’
211.52
253,34
264.78
216,52
283.28.
299.30
311.63
323.39
335.12
346.97
358.69
3710.45
342.28
894.12
5.91

165.42
471.36
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PORTABLE BAROMETRICAL

TABLES,

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 Fuhrenheit's Thermometer.
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J05.88
917.80
029.74
o4}, sg
5563.6

965,00
91, 6
959,67

ds.

ya
464.64
475.99
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563.92
875.: 6
867,52
599.78
9i1.77
923.77
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PORTABLE BAROMETRICAL TABLES.

. Sum of the Temperatures of the Air above the freezing Point at
the two extremilies of the Column, er the values of T+t ‘in
degrees of Fahrenheit's Thermometer, o :
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714]642.12
113]653.80
112665.50
371§671.21

110688.94 .

1691100.68,
1658{112,48
167012491
766[136.00
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507.93
819,85
851.71
843.71
855,61
567.64
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952.91
965,02
977.21
980,42

10014

702491
7)8.46

yds.

470.17
4r1.66
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656.61
668.36
680,11
691.90
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669.08
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123,10
189.96
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167.53
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634.51
646.26
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826.01
838.02
850,04
862.09
874.16
886,25
893,33
910,45
022.58
934.71
916.91
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G6.12
671.94
683,15
695,60
707:46
719.33
131.2)
743,13
165.04
165.91
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526.89
884.9)
850.95
563.01
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PORTABLE BAROMETRICAL TABLES,

Sum of the Temperatures of the Air above the freezing Point, at the
two extremities of .the Column, or the values of T 4t in degrees
of Fahrenheit's Thermomeler.
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774§649.70 {650.39{651.08 |651.77:1652.46 |663.15 |653.84 1654. 53 |655-221655.91 [656.60}690
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7601708.96{709.71 710,47 {11122 711,97 1712.72 (713,47 [114.23|714.98|715.73 {T16.48}7 52
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765§756.64 |157.45 [168.25 [159.06 759.86 {760.66 [761.47 [762.21 |763.081763.88/764.68 -804
.1644768.61 |760.42 |7170.24 1771.05 {771.87(172.69773.50{774.52 (775.181775.95 [176.7 | 816
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150§937.70 [938.701959.60 [040.60 /941,68 1042.691943.68944.681045.67 |946.67 [047 .66 }.995
149}949.90 1950.91 {951.92 [952.93 [953.94 |954.95 }955-96'|956:97 |957.98 |958.99 [950.00 1,01
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PORTABLE BAROM ETR-iCAL TABLELS.,

Sum of the Temperatures of the Air above the freezing Point at
the two extremities of the Column, o the value of T4t in ,
degrees of Fahrewheit’s Thermomeler.

53

54°

55°

56°

57°

58°

" 590

60°

61°

6%

|

63°

‘ol 10} ddudrgi(]

yds.
479.13
491.48
508.11
514,98

826,75
325 38.54

PR g l “1ajomotey 2Y) Jo1gdop
[=9 H
~3 00O .

784}550.36.

7494262.17
781]574.02
780J585.86
7791691.73

480.24
492,00
503.64
515.55
527.31
539.11

562.76
574.62
536.47
598.35
610.25
622.17
634.09
646,02
657.98
669.95

0 |681.94

693.94
105.96
717.99

1130,04

742.11
754.20

766.20

718.38
190.53
802,66
814.83
827.00
839.21
851.41
863.63

888.12
900,40
912,68
924.99
937.32

5(949.65

962.02
974.55
936,75
999.15
1011.6
1024.0

yds.

550.93.

815,87

480.74
492.51
504.16
516.06
527.86
539,67
551.57
563.35
575.23
587.08
598,98
610,80
622,82
634.75
646.70
658.67
670.66
682.65
694.67
106.70
718.74
730.80
142.88
154.99
767,09
119,20
791.35
803.51
815.68
827.87
840.09
852.30
864.53
876.78
580.00
901.34
913,64
025.96
938,30
050.64
963.03
0975.38
987.79
1000.%
10124
1025.0

yds.

yds.
481.25
493.03
504.69
516.60
523,41
540,24
552.09
563.94
515.63
587.70
599.61
611.63
623.41
635.42
647.38
659.36
671.36
083.37
695,40
707.44
719.49
T31.57
743.66
755.78
767.89
780.01
192.18
04,35
816.54
828.74
840.97
8568.19
865.44
877.70
889,98
902.29
914,59
926.93
939,28
951,64
964,04
976.41
08Y, 58
100}.2
1038.7
1026.1

481.73
493.54
505,22
517.14
528.96
540.80
552.66
564.53
576.43
588.31
600.23
612.16
624.12
636.08
648,05
660.05
672.06
684.08
696.12
708.18
720.24
152.88
74444
756.56
'168.69
780.83
793.01

805.19
817.39
829,60
841,84
854.08
866.34
878.62
890.91

903.23
915.55
921.90
940.26
952.63
965,05
977.44
989.87
1002.3
1014.8
1027.2

yds.

449,95
191.06
505.75
517.68
529.52
541.37
553.24
565.12
577.08
598,93
600.86
612,80
624.18
636.75
645.73
660.74
67276
684.80
696.85
708,92
721.00
133.10
745,22
157.3b
169.50
781,65
793.84
806.03
818.24
83047

842.72
854,98
867.25
879.54
891.85
904.11

916.51

098,87

941.95
953.64
966.06
978.47
990.91
1003.8
1015.9
1028.3

yds.

yds.
482.76
494.57
506.28
518,22
530.0%
541.93
553.52
565.71
977.63
589.54
601.49
613.44
625.43
637.41
649.4)
661.43
673.46
685.5]
697.58
709.66
721.75
7133.46
746,00
158.14
170.30
T52.46
794.671
806.87
§19.10
831.34
743.60
855.87
808.16
8%0.46
892.78
905.12
917.46
929.84
942.98
954.62
967.07
979.50
991.95
1004.4
1016.9
1029.4

483.26
495.09
506.80
518.93
530.62
542.50
554,40
566.30
574.24
590.16
602.12
614.08
626.08
635.08
650.09
662.12
674,17
686.23
698.31

710.40
722.50
754.63
T46.77

758.93
171.10
783.28
795.49
807.72
819.95
832.21

844.48
856.76
869.06
881.317

893.71

906.06
918.4¢
950.81

943.21

955.62
968.08
980.53
992.99
1005.4
1018.0
1050.4

yds.

yds.
488.17
495.60
507.83
519.30
531.18
513.06
554.97
566.89
578.84
590.77
602,74
614,72
626,74
638.74
650.78
662.81
674.87
686.94
699.03
711,14
725.26
785.39
747.55
759,72
111.9]
184.09
196.32
808.56
820.81
833.07
845.36
857.66
869.96
882,20
894.64
907.01
919.87
031.78
914.20
956.61
969.08
981.56
994.03
1006.5
1019.0
1031.5

yds,
484.27
496.12
507.86
519.84
531.13
543.68
555.56
5617.48
519.44
591.39
603.37
615.36
627.39
63Y.41
651.44
663,50
6715.57
647.66
699.76
711.88
724.01
736.16
748.33
760.51
172.71
784.91
797.15
809.40

833.94
846,24
868.55
870.87
858.21
895,57
907.9)
920.58
932.75
945.18
957.61
910.09
982.58
995.01
1007.5
1020.1
1032.6

821.66

556.131,
568.07

652.12

616.271.
688,37
100,49

161.30},
773.51

971,10
983.61
996.10
1008.6
1021.2
1033.7

yds. .
484.78].
496.63 ],
508.39],
520.38].
532.28],
544.204,

550.04
502,01 |
604.00[
616.00{.
628.04]
640.07§

664,19

712.62]
79476},
736,93
749,10},

785,74,
197.95|.
810.24|
822,511,
554,81 |
847.121
859.44 [
57178 .
384.13
596.50{.
908.80).
92120
933.72).
946.16
958.61 |.

59()
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PORTABLE BAROMETRICAL TABLES.

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 Thermomeler,

«1at2woieg Y3 Jo iy

65°

66°

617°

68e.

69°.

T0°.

71°,

¢

72°,

73°.

T4e.

7831556.10
7821568.66

1801592,62
7191604.63
1781616, -4
7111628.69
1161640.73
715§652.80
1741664.88
573}676.97
772]689.08
771§101.22
770¥118.36
769§725.51
1681131.69
767]7149.58
766]762.09
765{774.31
764)786.55
763]798.81
7621811.,08
761)823.36
760]835.63
1591848.00
71551860.33
7571812.68
7561885.05
7551891.43
754;909.84
753§922.25
7521934.69
751§947.14
7501959.60
749]972.11
718]984.63
7474997.13
746]1009.6
74501 22.3
744}1034.8

yds,
485.79
491.66
500.45
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
659.80
701.94
714.10
7126.27
138.46
7150.66
162,88
775.12
187.37
709.64
811,92
824,922
836.54
848,88
861.22
875.59
885.97
898,36
910.78
998.20
935.66
U48.13
960,60
913,12
985,65
098,16
1010.7
1023.3
1035.8

yds.
456.29
498.17
509.97
522.00
533.94
545,89
557.86
569.84
561.85
593,85
605.88
617.92
630.00
642.06
654.15
666.26
678.3%
690.51
702.67
714.84
721.02
739.22
751.43
163,67
175.92
788.18
800.47
812.76
825.07
£37.41
849.76
862.17
874.49
886.85
399,29
911.13
924,16
986.63
940.1}
961.59
974.13
986.67
999.19
1011.7
1024.4
1056.9

yds.
486.79
498,69
510.50
5¢2.54
1934.49
546,46
558,44
570.43
582,45
504.47
606,51
618,56
630,65
642,73
654.83
056,95
679 08
691.23
103.40
715.58
721,78
139,99
152.91
164.46
716.13
789.00
801.50
813.60
825,98
B38.27
550,64
863.01
375.40
887,80
900.22
912,67
925,12
937.60
950,09
962.59
915.14
987.69
L000.2
luigs
1025.4
1038.0

yds.
457.29
499.20
511.03
523.08
535.04
547,02
559.01
571.02
583.05
595,08
607.18
619,20
631,30
643.39
6555.50
667.64
679.78
691.94
704.12
116.32
728.53
740.75
752.99
165.256
171.53
189.81
302,12
814,44
826.'18
8:59.14
851.52
86:3.90
876.30
888.72
901,15
913.62
926,07
938.56
951.07
963,58
976.15
983.71
1001.2
1018.8
1026.5
1039.0

yds.
487.80
499,72
511.56
523.65
535.60
547.59
559.56
371.61
583,65
595.70
607,76
619.84
631,96
644.06
656.18
668.33
680.49
692,66
704.85
717.06
129,27
741,52
753.71
766.05
778.83
790.63
802,95
815.29
827.64
840.01
852,40
561.719
877.21
889.64
Y02.09
914.51
927,03
939.53
952.06
964.58
971.16
959,73
1002.3
1014.9
1027.6
\[040.1

yds.
488,30
500.23
512.09
524,17
5:36.15
518.15
560,11
572,20
584.25
596,32
608.39
620.48
692,61
644.12
656,86
669.02
651.19
693.37
705,58
T17.80
730.08
142.28
154,55
766.84
779.14
791,44
803.18
816,13
828.49
540,87
853,98
863,638
878.11
890,57
903.02
915.51
947,99
910.50
953,04
965,57
975.117
990.76
1003'3
1015.9
1028.6
1041.2

yds.
488.80
500.75
512.61
524.11
53G.70
548.12
560.75
57279
584,86
596.93
609.02
621.12
633.26
645.39
657.54
669.71
681.89
694.09
706.31
718.64
730.78
743.05
1056.32
767.63
179.94
792.26
804,61
$16.97
829.35
841.74
854.16
266.58
879.02
891.47
903.95
916.46
928.95
941,47
054.02
966.57
915.18
991.77
1004.3
1017.0
1029.7
1042.3

yds.
489.31
501.26
513.14
525.25
587,26
549.28
561.32
573.38
585.46
597.54
609.64
621.76
633,92
646.05
658.21
670.40
682,60
694.80
107.08
719,28
131.55
743.82
756,10
168.42
180.75
93.07
805.44
417.81
830.20
842.:60
855.04
367.47
879.92
892,39
904.88
917.40
929.90
942,44
955,01
957.56
079.19
992.79
1005.4
1018.0
1030.7
10433

yds.
489,81
501.78
513.67
5%5.79
537.81
549.85
561.90
513.97
586,06
598,16
610.27
622.40
634.57
646,72
658,90
671.09
683.30
695,52
101.16
720.02
732.30
744.58
156.88
769,21
181,65
193.89
806,27
818,65
831,06
813.47
855,92
868.36
880.83
893,31
905.81
918.35
930.86
943,41
956,09
957.56
880,20
993.81
1006.4
1019.1
1031.8
1044.4

yds.

182.85

819.49
331.91
844.34

952.21
994,83
1007.4
L020.1
1052.9
1045.5

490.31],
502,50
514,20},
526,331
535.364 5
350,41
562.48(
514,58,
586.66].
598,77
610.90}.
623.04{.
635.22{
647.98]
659,571
611.18]
684,00
696.24 |
708.49].
720.76].
138,05 |.
145.35].
757.66].
110,00},

194,711,
807.101.

856.80].
860.251.
88).73].
594,231,
906.741.
919.29 ),
931.824,
944.381,
956.97 |,
969.55 },
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PORTABLE BAROMETRICAL TABLES,

&

&

= | Sum of the Temperatures of the Air above the freezing Point, at the | o
:%" two extremities of the Column, or the values of T 4t in degrees §
| of Fakrenheit’s Thermometer. 3

3 -3
g -

G 2| a1o) 220 |23 | oo [e50 | 26 | om0 |2 | 20 | 300 | T

yds] yds. | yds. | yds. | yds. | yds. | yds. [ yds. | yds. | yds. | yds. | yds. lyds.

99.75 {1000.8 (1001.9 [1005.0 [1004.1 {1005.2 |1006.2 |1007.3 |1008.4 {1009.511010.6 | 1.08
742]10i1.611012.7 (1013.811014.9 (1016.0|1017.1 {1018.2,|1019.3 |1020.4 |1021.5 {1022.6 ] 1,10
741]1023.6{1024.7 |1025.8 {1026.9 {1028 0 (1029.1 [1030.3 11031.4 |1032.5 {1033.6[1034.7 }1.11
740]1035.7 {1036.8 {1037.9 |1039.1 11040.2 {1041.4 |1042.5 11043.6 |1044.7 {1045.8(1046.9 ] 1, 12
739]1047.7|1048.8 {1050.0{1051. 1 {1052.3 |1053.4 {1055.5 |1056,7 |1057.8 |1058.9 (1059.1 f1,14
735]1059.8|1060.9 {10621 1063.2]1064.4|1065.5 (1066.7 [1067.81069.0 (1070,1]1071.3 }1.15
7317{1071.9/1073.1 |1074-2 11075.4 {1016.6 {1077.7 }1078.9.11080.1 | 1081.3 (1082.4 {1083.6 |]1,17
1084.1(1085.3 [1086.5 [1081.6 {1088.8 |1090.0 (1091.2 (1092.4 |1093.5 |1094.7 {1085.9]1.18;

13
185[1096.21097.4{1098.6 {1099.8 (1101.0 {1102.1 (1108.3{1104.5 |1105,7 |1106.971108.1 {119}
734]1108.4{1109.6(1110.8(1112.6{1113.2{1114.4 [1115.6 |1116.8(1118 0|1119.211120.4 |1,20
733(3120.51121.7 {1122.91124.2 |1195.4 |1126.6 |1127,8 {1129.0(1130.3 | 1131.5]1132.7 }1,29
732J1132.5811134.1{1135.8]1136.5 [1137.7 {1135.9 [1140.2 [1141.4 [1142.6 {1143.9]1145,1 [1.2
731|1144.9(1146.2 [1147.4{1148.6 {1149.9 |[1151.1 (1152.4 {1153.6|1154.9 |1156.1 [1157.4 §1,25
13018157.2{1158,5 {1159.7 |1161.0 |1162.4 {1163.5 [1164.8 |1166.0{1167.5|1168.51169.8 ]1.2¢|
799i1169.4 (1170.7 [1171.9]1173.2 [1174.5 [1175.7 {1177.0{1178,3]1179.6{1180,81182.1 |1.27,
728]1181.6 (1182.9|1184.2 (1185,5 |1186.8 [1188.0(1189.3 11190.61191.911103.2|1194.5 |1.29
727{1193.9 {1195.2 {1196.5 {1197.8 [1199,1 {1200.4{1201.7 {1203,0 |1204.3{1205.6{1206.9 ]1.30
796]1206.21207.5 [1208.8(1210.2 {1211.5 |1212.8{1214.1 {1215.4|1216.8 |1218.1 (1219.4 |1, 39}
7925]1218.5 {1210.8 [1221.2{1222.5 11223.511225.1 [1226.5 [1227.8(1229.1 (1230.5|1231.8 1,33
794]1980.9 [1232.2(1293.6(1234.9 1236.3[1287.6 {1234.9 |1240.4 |1241.6 | 1242.9[1244,3 {1 34
793]1943.2{1244.5 [1245.9]1247.2 11248.6 | 1249.9 [1251.3 |1252.6 (1254.0|1255.3/1256.7 |1.85
792]1255.6{1257.0]1258.31259,7 |1261.01262.4 |1263.8 [1263.1 {1266.5 |1267.81269,2]) 3¢
721{1268.0 {1269.4 [1270.7 |1272,1 {1275.5|1274,8|1276.2 {1277.6 {1279.0 [1280.3|1281.7 {1,837
790]1280.3 |1281.7 [1283.1 {1284.5 |1285.9 |1257.2 (1288.6 {1290.0 [1291.4 {1292,8{1294.2 1 39
719]1292.8{1294.2{1295.6 1297.0 1298.4 (1299.8 {1301.2 {1302.6 (1304.0 {1305.4 {1306.8 }1 40)
718]1805.2 11306.6 [1305.0{1309.5 [1310.9 |1812.3 |1813.7 |1315.1|1816.6 |1318,0[1319.4 ]1 40
T1701817.6 1319.0|1820.5 |1321.9 [1323.3 [1324.7 |1326.2 |1327.6 {1320.0 {1330.5 |1331.9 |1.43
716}1330.1 [1351.5[1833.0 |1534.4 |1385.9 {1337.3(1338.7 |1340.2|1341.6 |1343.1 |1344.5 }1 .44
715]1342.6 [1344.0(1345.5 |1846.9[1348.4 [1349.8 11351.5 |1352.7 |1354.2 {1355.6 |1357.1 |1 .45
714{1355.1 [1856.6 |13568.0 1359.5 {1361.0|1362.4 {1363.9 [1365.4 | 1366.9 |1368.5 (1369.5 |1 ,47
7138[1367.6(1369.1{1870.6{1372.0(1378.5|1375.0]1316.5 |1378.0{1379.4 (1380.9 1382.4 1. 48

1360.1[1381.6[1383.1 |1384.6 |1386.1 [1347.61389.1 |1390.6 {1392:]1 {1593.61895.1 {1.50
711{1392.7 13042 (1395.7 {1 397.2 {1308.7 [1400.2 {14018 {1403.3 |140:1.8 [1406.81407.8 1151
710{1405.2/1406.7 |1408.3 [}409.8|1411.3|1412.8 |1414.4 |1415,9 11417 .4 11419,0{1420.5 |1.58] -
709]1417.8{1419.3{1420.9 14224 [1424.0(1425,5 |1427.0 {1428.6 |1430.1 {1431.7 [1433.2 |1 54
708]1430.4 1432.0[1433.5 [1435.1 |1436.61438.2|1439.8 |1441.31442.9 |1444.4 | 1446.011.56] -
7071443.0 |1444.6 |1446.1 [1447.7 {1449.3]1450.8 [1452.4 (1454.01455.6 {1457.1 [1458,711.57
706{1455,6{1457.2 [1458.8 {1460,3 [1461.9 {1463.5 |1465.1 [1466.7 [1468.2 [1460.81471.411,58
705}1465.8[1469.9 |1471.5 {1478.1 [1474.7]1476.3 [1477.9 | 147951481 4 |1482.7 | 148430160
10411451,0 (1482.6 | 1484.2 (14858 {1487.4 |1489.0 [1490.7 |1492.5]1493.9 | 1495.5 [14917.1 161
703]1493.7 |1495.5 [1497.0 [1495.6 }1500.2 |1501.8 |1508.5 |1505.1 [1506.7 |1508.4|1510.0 1:65}
10215064 [1508.0{1509.7 (15113 [1513.0{1514.6 {1516.3 [1517.911519.5 {15212 {1522.8 ¥l .64
701[1519.1 |1520.7 [1592.4 |1524.0 [1525.7 |1521.8 |1520.011550.5 |1532.3 |1583.9 15556 }1 .65
T001531.9 {1533.6 {1635.2 [1536.9 {1538.5|1540.2 [1511.9 11543.5 |15145.2 | 1546.5 1518 5 f1 66
699015447 [1546.4 |1548.0 {1549.7 {1551.4 [1553.0 {1554.7 |1556.4 [153%.1 {1556 71561.4}1.6
698}1557.4 [1559.1 |1560.8 |1562.5 |1564.2 |1565.8 | 1567.5 |1569,2 {1570.9 {1512.6 15743 §1.6¢
6971570.2 (1571.9 [1578.6 [1575.4 [1577.0{1578.7 [1580.5 {1582.2 {1563.9 {1585.6 {15673 417




PORTABLE BAROMETRICAL TABLES.

Sum of the Temperatures of the Air above the freezing Point, at the
two extvemities of the Column, or the value of T 4.t in degrees
of Fahvenheit’s Thermometer. ‘

'.I/B}DHIOJ‘IEH agt jo Sy

Jue

33°

54°

35°

732§1146.9
7313115846
7S0j1171.0¢
7%9]1183.4

yds.
1012.8
1024.8
1036.94
1049.2
1061.5
1073.6
1085.9
1098.3

511110.5

1122.8
1135.1
1147.6
1159.9
1172.3
1184.6

72881195.8
727§1208.2
726]1220.7
7e5)1283.1
724}1245.6 .
72541258.0 |
72281270.6
721§1283.1
72001295.6
719]1508.2
718§1820.8
717§1355.8
716J1545.9
715§1358.6
714J1571.5
7151585,
71241596.6
71141409.3
71001422.0
709]1454.7
7081447.5
707]1460.3
706§1473.0
705014859
70401498.7
705§1511.6
7091524.4
701§1557.2
700§1550.2
' 699]1563.1
698]1576.0
69741589.0

1197.1

1222.0
1234.4
1247.0
1259.4
1271.9
1284.5
1297.0
1309.6
1522.2
1334.8
1347.4
1560.0
1372.7
1385.4
1398.1
1410.8
1423.6
1456.3
1449.1
1461.8
1474.6
14875
1500.3
1515.2
1526.1
+558.9
1551.8
1564.8
1577.7
1590.7

1209.5

yds.
1013.9
1025.9
1038.06
1050.3
1062.6
10747
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
1975.3
1285.8
1298.4
i311.0
1323.7
1336.¢
1348.8
1361.5
1374.2
1386.9
1399.6
1412.3
1425.1
1487 8
1450.6
1463.4
1476.1
1489.1
1501.9
1514.8
1597,7
1510.5
1558.5
1566.4
1579,4

1592.4

yds.

1015.0
1V37.0
1039.18
1051.4
1063.7
1075.9
1088.2
1100.6
1112.9
1125.2
1137.6
1150.0
1162.4
1174.8
1187.g
1199.6
1212.1
1224.6
1257.1
1249.7
1262.1
1274.6
1287.¢
1299.8
1512.4
1325.1
1337.2
1850.:

1862.9
1375.7
1388.4
1401.1
1413.8
1426.6
1439.4
1452.2
1465.0
1477.7
1490.7
1508.5
1516.5
1599.4
1542 9
1555.2,
1568.1
1581.1
1594,1

yds.

1016.1
1028.1
1040.30)
1052.5
1064.8
1077.0
1089.4
1101.8
1114,0,
1126.4
1138.8
1151.2
1168.6
1176.0
1188.4
1200.9
1215.4
1225.9
1238.4
1254.0
1263.4,
1276.0
1288.6
1301.2
1314.8
1826.5
1539.1
1851.7
1364.4
1377}
1389.8
1402.6
1415.3
1428.1
1440.9
1453.7
1466.5
1479.3
1492.2
1505.1
1518.1
1531.0
1548.8
1556.8

1569.8
1582.8
1595.8

356°
S
yds.

1017.1
1029.2
1041.42
10538.7
1065.9
1078.2
1090.6
1103.0
11152
11277
1140.0
1152.5
1164.8
1177.3
1189.7
1202.2
1214.7
1227:3
1289.7]
1252.3
1264.8
1277.4
1290.0
1302.6
1516.3
1327.9
1840.5
1358.2
1365.9
1578.6
1391.3
1404.1
1416-9
1429.7
1442.4
1455.8
1468.1
1480.9
1493.8
1506.8
1519.7
1532.6
1545.5
1558.5
1571.5
1584.5
1597.6

370

a

9

9o

40°

yds.
1018.2
1030.3
1042.54
10548
10671
1079.5
10917
1104.2|
1116.4
1128.9
1141.2
1153.7
1166.1
1178.5
1191.0
1208.5
1216.0

1228.6

1241.0
12537
1266.1
i978.7
1291.4
1304.0
1317.7
1329.3
1342.0
1354.6
1367.3
1380.1
1392.8
1405.6
1418.4
14351.2
1444.0
1456.8
1468.7
1482.5
1495.4
1508.4
1521.3
1534.3

1547.1

1560.2

'1573.2

1586.2
1599.3

1019.3
1051.4
1043.66
1055.9
1068.2
1080.5
1092.9
1105.3
1117.6
1150.1
1142.5
1154.9
1167.3
1179.8
1192.3
1204.7
1217.3
1229 9
1242.4
1255.0
1267.5
1280.1
1292.7
1305.4|
1319.1
1330.8
15438,4
1356.1
1368.8
1581.6
1394.3
1407.1
1419.9
1432.7
1445.5
1458.4
1471.3
1484.0
1497.0
1510.0
1528.0
1535.9
1548.8
1561.9
1574.8
1587.9
1601.0

vds.
1020.4
1032.5
104478
1057.1
1069.4
1081.6
1094.0,
1106.5
1118.8
1131.3
1143.7
1156.2
1168.6
1181.0
1193.5
1206.0
1218.6
1231.2
1243.7
1256.4
1268.8
1281.4;
1294.1
1506.8
1320.5
1332.2
1344.9
1857.5
1870.2
1383.0
1895.8
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

yds.

1022.6
1034.7
1047.0
1039.8
1071.6
1684.0
1096.4
1108.9
1121.2
1135.7
1146.1
1158.6
1171.1
1183.6
1196.1
1208.5
1221.2
1253.8
1246.3
1259.0
1271.6
1284.2
1295.5/1296.9
1308.2{1309.6
1321.9{1822.8
1833.6(1885.0
1346.81847.7.
1359.0(1860.5
1871.71873.¢
1384.51866:0
1397.3|1898.8
1410.1{1411:6
T422.9(1424.4
1435.8{1437.3
1448.61450.2
1461.5]1463.1
1474.4]1476.0
1487.2]1488:8
1500,2|1501.8
1518.2}1514.8
1526.2|1527.8
1539.2{1540.8
15562.1|1553-8
1565.2]1566+9
1578.2{1579.9
1591.5{1598.0

yds.
1021.5
1033.6
1045.90
1058.2
1070.5
1082.8
1.095.2
1107.7
11200
1152.5
1144.9
1157 .4
1169.8
1182.3
1194.8
1207.8
1219.9
1232.5
1245.0)
1257.7
1270.2
1282.8

1604.4]1606.1.

41° |
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PORTABLE BAROMETRICAL TABLES,

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°

43°

449

45°%

46°

47°

48°

49° | 50°

51°

52°

‘ol 103 2ouasag1([

g

"é_ ' daawoarg o243 jogdoy

yds.

T43{1023.7
742}1055.8
T41}1048.1
740]1060.4
739]1072.7
73841085.1
7317]1097.6
756/1110.1
135{1122.4
734]1184.9
733]1141.3
73241159.8
731{1172.3
750{1184.8
72011197.4

yds.
1024.8
1036.9
1049.2
1061.6
1073.9
1086.3
1098.7
1111.2
1123.6
1136.1
1148.5
Hi61.1
1178.6
{186.1
1198.6
1211.2
1225.8
1236.4
1249.0
1261.7
1274.3
1286.9
1299.¢
1312.4
1325.1
1337.8
1850.6
1363.4
1376.1
1388.9
1401.8
1414.6
1427.4
1440.4
1453.3
1466.2
1479.1
1492.0
1505.0
1518.0
1531.1
1544.1
1557.1
1570.2
1583.2
1596.4
1609.5

yds.

1025.8
1038.0
1056.4
1062.7

1075.0
1(87.4

1099.9-
1112.4
1124.8

1137.3
1149.8
1162.3
1174.8
1187.3
1199.9

1212.5

1225.1

1237.1

1250,3

1263.0
1275.6
1288.3

1301.0
1313.8
1326.5
1339.3
1352.0
1364.5
1371.6
1390.4
1403.3
1416.1

1429.0
1441.9
1454.8
1467.7
1480.7
1493.5
1506.6
1519.6
1532.7
1545.7
1558.1
1571.9
1564.9

1598.1
1611.2

yds.
1026.9
1039.1
1051.5
1063.8
1076.2
1058.6
1101.0
1113.6
1126.0
1138.5
1151.0
1163.5
1176.1
1188.6
1201.2
1213.8
1226.4
1239.0
1251.6
12641.4
1271.0
1289.6
1302.4
1315.2
1321.9
1340.7
1353.5
1366.3
1379.0
1391.9
1404.8
1417.6
1430.5
1443.4
1456.4
1469.3
1482.8
1495.1
1508.2
1521,2
1534.3
1547.4
1560.4
1573.5
1586.6

1599.8
1612.9

yds.
1028.0
1040.2
1052.6
1064.9
1077.3
1089.7
1102,2
1114.7
1127.1
1139.7
1152.¢
1164.7
1177.3
1189.8
1202.4
1215.0
[ea7.7
1240.3
1252.9
1265.7
1278.3
1291.0
1303.7
1316.5
1329.3
1342.1
1354.9
1367.1
1330.5
1393.3
14y6.2
1419.1
1432.0
1444.9
1457.9
1470.8
1483.8
1496.7
1509.8
1522.8
1535.9
1549.0
1562.0
1575.2
1588.2
1601.4
1614.6

ds.
l(y)29.l
1041.3
1053.7
1066.1
1078.4
1090.9
1103.4.
1115.9
1128.3
11409
1153.4
1166.0
1178.,5
119111
1203.7
1216.3
1229.0
1241.7
1254.3
1267.0
12797
12994
1305.1
1817.9
1330.7
1318.5
1356.3
1369.2
1382.0
1394.8
14077
1420.6
1433.5
1446.5
1459.4
1472.4
1485.4
1498.3
1511.4
1524.5
1537.6
1550.6
1563.7
1576.9
1559.9
1603.1
1616.3

leS.
1030.2

1042,4
1054.%
1067.2
1079.6
1092.0
1104.5
[
1129.5
11421
1154.6
1167.2
1179.8
11928
1205.0
1217.6
1230.3
1243.0
1255.6
1268.4
1281.0
1293.7
1806.5
1319.8
1332.1
1344.9
1857.8
1370.6
1383.4
1396.3
1409.9
1422.1
1435.0
1448.0
1461.0
1473.9
1487.0
1499.9
1513.0
1526.]
1538.2
1552.3
1565.3
1518.5
1591.6
1604.8

1618.0{1619.7

yds. | yds.
1081.211032.3
1043.5 1044.6
1056.0 |1057.1
1068.3'1069.5
1080.7 '1081.9
1093.2'1094.3
1105.7 '1106.8
1118.3 1119.4
113.7:1131.9
1148.5 11445
1155.91157.1
1168.4 1169.7
1181.0:1152.3
1193.6[1194.8
1906.8:1207.5
1218,9'12:0.2
1231.61232.9
1214,811243.6
1256.9 11258.5
1269.71211.1
1282.:311283.6
1295.1 |1296.4
1307.911309.2
1320.7{1322.1
1333.5{133.4.9
1316.4{1347.8
1:339,211360.7
1372.1]1873.5
1354.911886.3
1397.8]1399.2
1410.7]1412.2
1423.6]1425.1
1436.6]1438.1
1449.5 (1451
1462.5[1461.1
1475.5{1471.0
14:8.6,1490.1
1501.4|1403.0
1514.6(1516.2
1597.711529.4
1540.8(1542.5
1565:3.9[1565.6
1567.0{156Gy.6
1530.2|1581.8
1593.411594.9
1606.51698.2
1621.4

yds.
1033.4
1045.7
1058.2
1070.6
1083.0
1095.5
1108.0
1120.6
1133.1
11457
115,83
11709
1163.5
119¢6.)
1208.5
1221.5
1234.2
1246.9
1259.6
12712,4
1285.0
1297.8
1310.6
1323.5
1336.3
1349.9
1362,1
13875.0
1337.8
1400.7
1415.7
1426.6
1459.6
1452.6
14056
14756
1491,7
15U4.6
15175
1530.9
15441
1537.2
1570.38
1533.5
1596.6
1609.9
1623.1

yds.
1034.5
1046.8
1059.8
1071.1
1084.2
1096.7
1109.2
1121.8
1134.3
1146.9
1159.5
721
11847
1197.4
1210.1
1222.8
12385.5
1248.2
1260,9
1275.1
1286.4
1299.2
1312.0
13249
18317
1350,6
1363.5
1376,4
1389.3
1402.2
14152
1425.1
14411
14541
LagT.1
1480.2
1193.3
1506.2
1519.4
1552.5
1545.1
1558.8
1571.9
1585.1
1598 3
luil.6

1624.8
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PORTABLE BAROMETRICAL TABLES,

Sum of the Temperatures of the Air above the freezing Point, at the
two extremities of the Column, or the values of T4t in degrees
of Fahrenheit’s Thermometer.

530, { 5i°. 55" } 56°% | 57°. ] 58°. | 59e, 600 610 62° 63°

-29jawoleg 943 jo Jydayy
oL 40§ addaseyi

yds,§ vds. | yds. | yds. | yds. | yds. | yds. | yds. | yds. | yds. yds. | yds. Jy
743111 55.6{1036.7 [1091.5{1638.9 1039.9 [1041.0 1042.1 {1043.2{ 1034.3 | 1D45.4 |16 5
742§1047.9]1049.0 10501 {1051 2|1052.3 |1055.4 |1054.5 | 1055.6 1056.7 |1057.8 [1058.9 ).
74131060.4 {1061.5(1062.7 |1063.8 |1064.9 {1066.0 (1067.1 {1 068.3 1069.411070.5{1171.6
740§1072.8 [1074.0(1075.1 (1076.2 {L077.3 [1078.5 {1079.6 {1080.7 1081.91083.0 {1084.1 |1
759} .0:5.5]10566,511087.6 [1088.8 |1089.9 [1091.011092.211093.3 {1094 .5 1095.611096.7§1.
7385]1047.811099,0 1100, 111101.311102.4 [1108.6{1104.7 {1105.9{1 107.0 1108.2{1109.4 |1
737011104 ]111L511112,711113.9/1115.0|1116.2[1117.4{1118.6]1119.7{1120.9 iree.1 1
73601123.0]1124.211125.3[1126.5[1127.7 [1128.9|1130.1 {113].2 1122,411135.61134.81
78511136.51136.711137.911139.1 {1140.2 [1141.4|1142.6}1143.8|1145.0]1146.2 1147.4§1
784f1 1451 1.149.311150,5 111517 [1152.9 {1154.2{1155.4 | 1156.6 1157,81159,0]1160.2]1.

1

1

—r— B

[y
=000 I hLBNWOOY

78341 160.7 (1161.9(1163.211164.4 (1165.6{1166.8 {1 168.1 |1169.8]1170.5 {1171.7 [1172.9
132.178.3(1174.6)1175.8,1177.1|1178.3 |1179.5[1180.8 [1182.0[1183.3{1184.5 [1185.7
78111185.9 11187.2]1188.411189.7 1190.9 (1192.2{1193.4[1194.7[1195.9 {1197.2 |1198.5{1
730§1198.7 |1199.911201.211202,4 11203.7 1205.0 [1206.2}1207.5 {1208 1 {1210.0 {1211 .30t
729]1211.4]1212.6/1213.9 |1215.211216.4 11217.7|1219.0 }1220.8|1221 5 | 1922.8 | 1994.1 11
722{1224.1 {1225.41926.7 1221911929 211930.51231.6 |1935.1|1234.4 |1235.7 {1 257.0}1
72711236 8|1235.111239.4 112407 11242.0 {1243.31244.6|1245.9]1247.2 | 1248.5 1249.8{1
72641249.5 (1250.811252,1 [1258,411254.7 [1956.1 {1257.4 /1258.7{1260.0 11261.5 | 1262.6 1
72501202,911263.6(1264.9]1266,2 11267.5|1968.9{1270,2|12711.5]1272,9 |1274.2 |1275.5§1
124{1275.0 |1« 76.411217.7|1279 1 11980.4 1251.7 {1283.1 [1284.4 [1265.8 [1287.1 [1288.5 1
72311¢87,7 |1289.1{1290.4 |1201,4 11293.1 {1294.5 {1295.8 | 1297.2|1498.5 {1299.9 | 1303 h
722§1300.6[1301.911303.311304,6{1306.0 [1307.41308.7 [1310.1 {15114 [1512.8 [1514.2f1
72111313.4 |1314.811316.1 113175 11818.911320.3132).7 |1323.0/1:524.4 11325.8 | 1327.2 1
1205i3R6.511827.711329,111330,411331.8 [1333.2{1334.6 (1396.0|1331.4 [1358.8 [1340.2 1
719813891 [1340.511341.01)343.3 [1344.7 11346.2 {1347.6 [1349.0 (1350 4 1135 1.8 1353.2{1
§1611352.0{1353.4 1354.9 |1856.3 11857.71359.11360.5|1862.0 1365.4 [1364.8 |1366.2 )
T1TH364.9 (1366,411367.511569.21870.6 1372113785 [1574.9(1576.4 {1 31728 [1379.2]1
718 1571.81379.3)1880,7 |L362.9)1333.6 | 1355.0| 1386.5 1387.9 13894 |1390.8 [1392.2 |1

!
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1

1
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715§1:590.7 [139%.211393,6{/395.1|1396.5 [1398.0{1399,4 | 1400.91402,3 1403,8 }1405.3
714]1403.7 |1405.1 /14066 {1408,1 1400.5 {1411.0}1412.5{1413.9}1415.2)1416.9 | 1415.4
71311416.7 |1418.211415.6 {14211 |1422.6 [1424.1|1425.6|1427.0{1428.5 |1430.0 [1431.5
71211429.611431.4 11432,6|1434.1 11435.6|1437.1 |1438.6 | 1440.1 {14416 (1443 | |1414.6
71101449.61444.1 1495, 1 14471 {1448.6{1450.1)1451.7 [1455.2{1454.7 [1456.2 [1457.7 P
T10§1455.6{1457.2{1458,7 {L460.21461.7 .1465.3{1464.8|1466.3 1 167.9 | 1 440.4[1470.0{
709]1464.6 1470211471 .9 {14753 |1174.5 [1476.4 [1477.9|1470.5 [1481.0 ] 1482.6 1484.1 1
TO8§1481.5 (14 88.3) 1484.911186.4 11488.0 (1489.6{1491.1 {14927 {1494.2 1 105.8[1497.4 01
107§1494.911490.4{1498.01499.6 i 50 1.1 [1502.7 }1504.3!1505.9 [1507.4 1509.041510.6])
706[1307.8{1009.411511,011512.6 |.514.1 [1515.7{1517.3[1518.9}1520.5 | 1522.1 |1525.7 It
Tubj3521.0{10:2.G(1524.411525.8 |1527.4 {1529.0(1530.6]1532.2 1535.8 |1 585.4'1557.0 1.
T04]1584.1 |1500.711557.311538.9 11540.5 |1542.2 |1543.8]1545.4.11547.0 |1548.6 |1 550.2 h
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703{1547.8 {1028, [1501.6{1552.2 {1553.8 1556 4 1557.0{1558,1 {1560.3 {1561.9 | 1563.5
70281560.4 1502, 1 14503.7 |1565.4 11567.0|1568.6 | 1570.5{1571.9 1513.6]15675.2|1576.8
T01§1518.5[:1275.4 18T {1578.5 {1580.4 [1551.8[1583.4|1585.1 |1586.7 1558.41590.1
TGOJ1566.8 {13851 11590.1 11591.8 11593.4 1595.1 [1596.8 [1598.5 [1600.1')1601.8 1605.5
699§1600.0{1601,711603.31i605,0 |1606.7 {1605.4 {1610.1 {1511.7 11613.4 [ 1615.1 1616.8,
698}1613,3)1615.011616.7 116184 11620.1 |1 621.8]1623.5 |1625.2 |1626.9 | 1625.6 1630.5
BOTIIAZG.5 {108,271620.0 11631.611633.311635.1 11636.5 11635.5 '1640.211641.9 11643.6°
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FORTABLE BAROMETRICAL TABLES,

o
e :
g
E»' Sum of the Temperatures of the Air above the freezing Point, at the |
oy two extremities of the Column, or the valuc of T+t in degrees | §
= i}
;, of Fahrenheit’s Ther mometer. 5
: g
g {= S e e e B
S Fote [ o0 [66° 610 {68 |69° | 7oe |00 | Tuo | T8e [ 0 |2
(C
yds] vds. | yds. yds. | yds. | yds. | yds. | yds. | yds. | wds. | yds. | yds. Iyds.
735]1047.6[1048.7 11049.7 11050.8 {1051.9 {1053.011054. 1 | 1055.1 [1U56.211057.5 |1053.4 |} .08
74941060,01061.0 |1062.1 11063.2 |1064.2 [1065.3 [ 1056.4 [1067.5 {1065.6 [1069.7 |1070.8 J1.09
741§1072.7 |1073-8{1074.9{1076.0 | 11771 {1079.2 }1079.13] 1080.4 [ 1U81.5 [10=2.6 [ 1053.7 ]) .10
74041085.2|1086.4 11087.5 [ 1088.6 [1089.7 11090.9 {1032.0{1098.1 {1094.3 |1095.4 [1096.5 }1.13
73001097.5|1099.01100.1 {1101.5 {1 102.4 1108.5[1104.7]|1105.5 [1107.0{1108.1 {1109.2]1.14
ags)l110.5(1121.7 [i112.541114.041115.0 {1116.311117.4{1118.6 }111V.7 [1120.0 |1122.1 }1.15
13701124.311124.4{1125.6 [1126.7 |1127.9 [1192.1{1150.%[1131.4 [1132.5{1138.7 [1 134.9 {i.16
5681136.0]1187.1{1138.3[1189.5[1140.61 141 8|1 143.6]1 141, [1145.8|:146.5 11147.7 }1.17
73501148.611149.811151.0 [1152.2{1153.5{1154.5 [1155.7 {1156.9 {1155.1{1159.3 [L160.5{1,19
734J1161.4(1162.6[1163.8 [1165.0]1166.21167.4{1168.6{1169.8 [11T1.0/1172.2 [1173.4 1 90
733]1174.1[1175.811176.6 [1177.5[1170.0{1150.211181.4{1182.7 J1183.9 {1 1+3.1 |1 156.5 1 92
7341156.9]1189.2(1189.3 [1190.6[{19]1.8{119:.111194.3]1195.5 1196.8|1195.0 {£199.3]1 93
731111997 [1201.1 [1202,211203.5 | 1204.7 {1205.9§1207.2 |1208.4 |1209.6 1210,9 |1212.1 {1 24
73011212.511213.8|1215.0[1216.3 {1217.5 [1218.5 }1220.0{1221.3 [1222.5 {12235 [ 1225.1 }1.95
120)1225.41226.6 19279 [1929.1 1204 |1231.7 Hv32.9|1234.2 [1235.4 [1936.7 [ 1238.0 f1.26
79812085 {1259.5 [1240.8 |14 2.1 1144.3 | 1214.6 112459 11247.2 J1245.4 12497 | 1ea b0} 97
127§1251.1{1252.4 [1258.7 (1255.011956.2 |1257.5 [1258.8{1:260.1 {1261 4 |1962,7 1264.0 J1.29
72601263.0{1265.2 {1266.5 | 1267.5 [1469.1 [1¥70.4 HRT1.8]1273.1 {12144 (1275.7 |1271.0 81 .41
125H276.811218.2{1279.5[1280.8 12521 1288.5[1284.5[1286.1112-7.5[1988.8 1199 .1 }1.33
12311289.5]1291.21292.5 (1205.9 [1265.2 | 1966.5 11267 9 11299.211300.6 |1301,91503.2 i 34
~2311302,611804.0 {1805.511306.7 {1308.0 [13509.4 11810.7{1512.1 [1313.4 {1314.8|1316.2 1 35
729413815.6]1316.9 |1318.3{1519.7 {1821.0 1392.4 [1392,8(13¢5.2 |13%6.5 [1927.0113520.3 11 .37
22111828.611330.0 {1881.3|1332.7 [1334.1 }1335.511336.8 {1355.2{1339.6 | 151 1.0§1342.4 11 34
<o081841.6]1343.0}1344.4|:345.8{1347.1 11348.511549,9{1351.3|1352.7 |1854.1 |1855.5 {1.39
71081354.6]1856.0 [1357.4 {1355.8 [1360.2 |1361.6 1365.0]1364.4 |1365.8 |1367.2(136%.6 1101
71:1367.6{1369.011370.511371.9{1873.3 [1374.7 |1876.1§1317.611379.0|1380.4|1381.5}1 .42
T1711580.6 {1352.1 {1883.5 [1:384.9 [1836.3 {1387.511589.211390,6{13°%.1 11393.5 |1394.9 1 45
716§1893.6[1895.111396.5 11557.9 [1399.4 |14.0.5|1402.3} 1.105.7 {1405.21306.6 | 1108.1 §1 44
71501406, 1408.2[1400.7 141 1.1 1412.6 {14141 11415.5"1417.0{1415.411419.9 11421.4 ] 46
T1ali410.911421.811422.8 1424.3 [1425.7 {14¢7.2 {142.7 |1430.2|1431.6 |1433.1 |1432.6 |1 47
71901433.0§1484.5 {1436.01437.5 [1435.9 |1440.4 | 1441.0 [1443.4]1444.91446.4 |1447.91 .49
71981446.111447.6]1449.111450.8 [1452.1 {1453.6[1455.1 |1456.61458.1 [1459.6 '1461.1 §1.50
7111459,211460.7 11462.31463.8]1465.3 [1466.811468.83{1169.91471.411472,9'1474.4 §1.52
710014724 [1478.9 11475.51477.9 | 1478.5 |14£0.1{1481.6 |1413.1[1454.7 |1486.2 |1187.7 |}1..58
70911485.6 {1487.2 [1488.7 [1490.3[1491.8 |14"3.3/1494.9 |, 496.4{1495.0 [1499.5 ' 1501.0 }1.54
70=11498,4 {1500.5 |1502.0 1503.6 | 1505, 1 |1516.7 | 1508.2 |1500.8 [1511.3 [1512.9 1514.4{1.55
701115121 11518.7{1515.3'1516.8 | 1518.4 {1520.0(1521.5 [1523.1]1624.6 {15%6.2'1591.8 Y1 56}
10601525.811526.9 11528.4 1530.0}1531.6 11533.211534.8[1536.3 |1537.91539.5 1511.1§1.58
70501535.6 11540.2 '1541.8 ;519.4 [1514.0 [1546.5 11548.1 [1510.7 |1551.3 [1552.8 1554.5§1.59
108b1561.81553.4 |1555.0 1556, 1598.2 |1559.9 115615 [1563.1 [1561.7 |1566.3 1567.9 [1.61
103l1565.1 {1666.8 .156%.4 1570,0{1571.6 [1373.311574.9 [1576.5 [1375.2 |1579.8 1591.2]1.63
10241578.4 1580.1i158i.‘1 1588.4 [1585.0 |1656.0 | {383 11589.9 [1591.6|15¢3,2:1594.811.64
T0131591.7 {1593.4 11595.0.1596.7 [1598.5 |160:0.011601.6[1603.3[1604.9 1606.6'160::,.3]1.65
7600 605.2 1606.8“1608.5 1610.1 [1611.8]1613.5{1615.) |1616.8{1615.4(16:0.1 1621.8]1.66
6998i615.5 |1620:2 1621.4 1628.5(1625.2[1v:6.9{162.6]16310.2|1631.9 |1633.6 1635.8)1 4 -
695]1652.0 11633.7 .1635.4 1637.1 |1638.7 {1640.411612.111643.511645.5 {1647.2 1648.9}1.69)
697§1645.3 11647.0 1648.7 1650.4 [1652.1 [1653.811655.6]1657.8[1659.0 |1 660.7 1662.4%1.71




PORTABLE BAROMETRICAL TABLIS,

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 Fahrenhcit’s Thermomeler.

25° ‘ 26° 27 ‘ 28° | Qo0 30°

*Jajawoteg 24) Jo iy

23° | 24°

ol d0) ddudIagI(Y

20° i 21° 22°

yds.| yds. | yds. | yds. | yds. yds,  yds. | yds. | yds. | yds. | yds. | yds. fyds
696]1533.11584.5 155&5 1588.2 |1590.0 L,ru 711595.4[1595.11596.1 {1598.6|1600.5]1.72

1595.911597.6 {1599.4 |1601.1 [1602.9 11504.6 11606.53 11608.1 {1609.8 {1 51 1.6 116133174
1608.7 {1610.4 11612.2 11613.9[1615 7 11617.4.]1619,2{1621.9 {1622.7 |1624.4 {1626.2|1.75
69311621.7 [1623.5 {1625.2 11627.011628.7 [1630.5 {1632.3 | 1634.0{1635.8 {1637.5 {1639.3|1.76
692§1634.5(1656.5 11658.1 {1 659.8 |1641.6 [1643.4 [1645.2|1617.0 |1648.7 {1650.5{1652.3]1.78
69116474 {1649.2 :1651.0 1652.8(1654.6(1656.4 [1658.1 [1659.9 11661.7 {1663.5|1685.3)1.79
690{1660.4 {1662.2 {1664.0 {1665.8 |1667.6 {1669.4 |1671.2116373.0{1674.8 | 167 6.6 |1618.4}1.80
68901673.5(1675.1 11676.9 11679.8 |1680.6 1652.4 {1684.211686.0 |1687.9 11689.7 [1691.5]1 g2
688{1686.3)1688.1 |1685.9 [1691.8 1693 6(1695.411697.511699.1 |1700.9|1702.8 |1704.6]1.83
687]1699.311701.1 {1705.0 [1704.8 {1706.7 |1708 5 |1710.4 }1712.2[1714.1 [1715.9{1717.5}1.85
68611712.3|1714.211716.0 [1717.911719.7 (17216 {1723.5 1725.3 17212 {1729.0 {1730.911.86
685}1725.311727.211729.0 (1730.9 |1732.8 |1754.6 {1736.5 | 1738.4 |1740.53 {1742.1 [1744.0}1.87

1758.411740.3 {1742.2 {17441 11746.0{1747.8 |1749.7 11751.6{1753.5 |1755.4 |1757.3]1.89
683]1751,41753.3 |1755.2 {1757.1 |11759.0{1760.9 [1762.8 {1764.8 |1766.7 {1768.6 |1770.5}1 .01
68211764.511766.4 |1768.3 |1770.3{1772.2{1774.1 |1776.0 {1777.911779.9 |1781.8 {1783.7 }1.9¢
6811777 6{1779.5 |1781.5 1783.4 [1765.511787.2|1789.2 | 1791.1 [1793.0 {1795.0 |1796.9]1.93
680§1790.7 |1792.6 |1794.6 |1796.5 11798.5 (1800.4 |1802.4 {1804.3 [1806.3 |1808,2{1810.2]1.95
67911803,91805.9 |1807.8 |1809.8 11811.7 [1313.7 11815.7 {1517.6{1819.6 |1821.5 (1825.5]1.96
678]1817.0{1819.0 |1821.0 1822.9 {1824.9 [1846.9 |1828.9 {1520.9 |1832.8 | 1534.8 [1836.8]1.98
677]1830.2 (1852.2 11834,2 1836 2 [1838.2 [1840.1 1844,1 {1844.21846.1 |1848.1 [1850.1 ]1.99
676]1843.411845.4 |1847.4 |1849-4.11851.4 {1855.4 |1855.5 | 1857.51859.5 |1861.5 |1868.5}2.01
675{1856.6|1858.6 |1860.6 {1862.7 |1864.7 [1866.7 {18687 {18707 |1672.8 |1874.8 {1816.8[2.02
674}1869.9 (1871.9 [1873.9 1876.0 |1878.0 |1880.0 [1832.1 |1884.) |1886.1 |1588.211890.212.03
675}1883.1 |1885.1 {1887.2 [1889.2 [1891.5|1893.5 |1895.4|1897.4 {1899.5 }1801.511903.6]2,05
672|1896.4 {1898.5 {1900.5 {1902.6 {1904.6 {1906.7 |1008.8 {1910.8[1912.9{1914.9 {1917.0]2.06
671{1909.8 {1911.9 [1913.9 [1916.0 {1918.1 [1920.1 {1922,2 {1924.5 | 19¢6.4 |1998.4 | 1930.5}§2.07
670]1923.1 11925.2 [1927.3 11929.3 |1931.4 {1933.5[1935.6 11957.7 |1959.7 {1041.8 }1945.9R.08
669]1936.4 {1938.5 {1940.6 [1912.7 |1944.8 [1946,9/1949,0 {195 1.1 [1953.2 [1955.3 [1957. ﬂe 10
668]1949.7 {1051.8 11953,9 11956.1 |1958.1 {1060.31962,411964.5 |1966.7 |1968.5 }1970.912. 12
667§1963.111965.2 {19674 11969.5 [1971,61975.7 11975,9 {1975.0 {1950.1 |1988,5 [1984.4]2.13
666]1976.5 [1978.6 {1980.8 }1982.9 {1985.1{1987.2}1959.4 {1991.5 [1995.7 {1995.8 [1998.0}2.15
665 1989.81992.0 119941 {1996.3 |1998.5 |2000.6 |2002.8 [2005.0 {R007.2 [2000,3 {201 1.512.17

1420034 {2005.6 |2007.8 [2010.0 {2012.2 |2014.4 |201 6.5 [2018.7 12020.9 {2025.] {2025 2]2.18
563 2016.8 {2019.0 ]2021.2 12023.4 12095.6 {2097.7 |2029.9 [2032.1 12034.3 |2036.5 {2038.7 |2.19
662]2030.3 |2032.5 12034.7 12056.9 [2059.1 [2041.8 |2043.6 [2045.8 [2045.0 |2050.% [2052.4]2.21
661§2043.8 12046.0 12048,2 12050.5 12052.7 12054:9 [2057.1 |2049,3 |£061.6 |2053.8 |2066.0]2.22
660]2057.3 [2059.5 [2061,8 {2064.0 |2066.5 |2068.5 |2070.7 |2073.0 {2075.2.19077.412079.7]2.24
652070 9 [2073.1 |2075.4 {2077.6 12079.9{2082.1 [2084.4 | 2056.6 |2088.9]2091.! {2093.4]2.25
6.)8 2084.4 | 2086.7 [2088.9 [2091.2 [2093.5 {2095.7 (2098.0 [2100.5 |2102.6 [2104.8 [21¢7,1 {2.27

2098.0 |2160.3 [2102.6 121048 |2107.1 [2100.4 [2111,7 |2414.0 [2116.2 |2118.5 [2120.8[2.28
656121116 2115.9 12116.2 {2118.5 [2120.3 |2125.} [2125,4 [21927.7 |2130.0{2132.3 |2134.6]2.30
06512195.2 {21%27.5 [2129.8 (215321 [2154,4 [2156.7 {21501 |21 41 .4 [2143.7 [2146.0 {2148.3]2.31

2138.9 2141,2 {2143 5 12145.9 |2148.2 [2150.5 {2152.82155.1 |2157.5(2159.8 {2162.1]2.32
653]2152.5{2154.8 2157 2 1¢159.5 |2161.9[¢164.2|2166.5 [2168.9 [2171.2{2173.6 [2175.9}2.34
65212166.% |2168.6 [2170.9 -»17.;3 2175.6]2178.0 12180.4 [2182.7 12185.1 {2157.4 |2189,8]2.36
651]2179.9(2182.3 |2184.6 'v167.0 2189.4{2192.7(2194.1 |2196.5 |2198.9 {2901,2 [2203.6}2.37
"195.7°9106.1 19108.5 '9000.1 2203.212705.6 '12208,0 12104 12212,7 2215.1 '2217.5'2.58




PORTABLE BAROMETRICAL TABLES.-
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" Sum of the Temperatures of the Air above the freczing Point, at the
two extremitics of the Column, or the values of 'T 4t in degrees
of Fahrenhcit's Thermometer. '

“13)awmoIeg 303 Jo WK

320 | 330

340

350

a6°

31,

38°

39°

400 | 410
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JoF 10y anua.qqyjd

|1642.8

yds, yﬂs. .
1603.7°
1616.8

1629.7

1618.5
16814
1644.6
1655.8
1668.9
1682.0
1695, 1
1708.3
1721.5
1734.6
1747.7
1761.1
1174.3.
1787.5

1670.7
1683.8
1696.9
1710
1723.3
17146.b
1749.6
1762.9
1776.2
1n89.5
1792,

- TCRENBI Oy

2206,0

5.5/1887.4

.811880.8
11894.3.

1790.8
18§.4.1]1816.0
1829.4
i842.7
1856.1
1869.5
1862.9
1896.8
1907,7.11909.7
921.1
1934.6 |1bS
1948.1.
1961.6
1975.2
1990.8

3 19004.4

}840,7
1854.1
18675

12081.7
. ,20453

62n49
2121 6

4319.9

160:.51607.2

11657.6 |1659.4

2922 3 2294,7 2

s yds.

1620.2
1688.2
1646.3

1672.5
1685.6
1698.8
1711.9
1795.2
1788.3
1151.5

yds,
1608.9
1621.9
1634.9
1648.1
1661.1
1674.¢
1687.4
1700.6
1713.8
1727.0
1740.2
1753.3

1764.8
1778.1
1791.4
17916
1818.0
18313
1844.7
1858.1
1871.5
1884.9
1598.4
1911.8

1993.0
2006.6

2039.9
2047 5

21161
2129.9

1766.7
1780.0
1793.3
1796.5
1819.9
1883.9
1846.6
1860.0.
1¥73.5
1586 0]
1900.4
1913.8
1927.3
1940.8
1954.3
1967.9
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1995.1
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2022.9
2086.0
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(2063.4
2077.1
7(2090.9
2104.6
2118.4
2182,2
2146.0

(2159.8

2173.7
2157.6
2201.5 |2
2215.4

21229, 4

yds.
1610.6
1623.7
1636.7
1649.9
1662.9
1676.0
1659.3
1702.4
1115.6
1728.9
1742,1
1755.2
1764.6
1781.9
1795.21
1798.5
1891,94d
16353
1548.6
1862.0
157551
1864.9
1902.4
1815.9
1929.4
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2065.7
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2176,0
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2231.9

1748.9
1170.5

1800 14
1887.2.

1B90.9
4119045
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1619.3
1625,4
1638.4
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1664.1
1617.8
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640
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:

19722
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1
1
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2
2
?
2

2

2220.2
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yds.
614.1
627.1
640.2
653.4
666.5
679.6
692.9
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17326
1745.8

759.0

1772.3
1786.7
1799.1°
1802.3
1425.5
1839.2
1852.G
1866.0
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t906.5
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1033.5
18474
1960.6
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1081.9°
2001.5
2015.1
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2042.6
2056.3
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2083.8
2097.6

1114
1252,
139.0
152.9
166.8

'1:0.7

194,6
208.6
2392,6
236.6

yds.,

1615.8
1628.9
1641.9
1655,1
1668.
1681.4
1694.7
1107.9
1721.2
1754.4

i

17749
1787.6
1801.0.
4804.3
1827.7
1841.1
1851.5
1868.0
1881.5
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1908.6
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1976.4
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2011.2]
2030.9{:
2044.7
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2072.8 8
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121530
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‘3019.4 202] .6

2113,6}:

2169.1 2
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16328
1645.4
1658.7
167].8/
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1698.3
17115
1724.8
1788.1
17514
1764.6
1718.0
1791.4
1804.8

yds.
1617.5]
1630.6
1643.7
1656.9
1610.0
1683.2
1606.5
1709.7
1723.0
1736.3
1749.5
1762.7
1776.1
1789.5
4802.9
1806.2[1818.2
1829.711831.6
1843.1,11845,1
1856.5(1859.5
1870.n]1812.0
1883.5 |1885.5
1897.011899.0
19]10.6{1912.6
19924.11926.2
1937.6(1980.7
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1964.8/19686.9
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of Falwenheit's Thermometcr.

Sum of the Temperatures of the Air above the freezing Point al the
two extremities of the Column, or the values of T+ t in degrees

T 1mauoseg o‘ql‘_;b;qﬁgaﬁ

43°

44° | 45°

N

46°

47°

48?

49°

50°

51°

I ‘o] 10) 5:(19.!:_{);(1

688]1726.6
687{1739.9

679}1847.1
678]1860.5
677]1874.0
676§18817.5
67511901.0
674}1914.6
673§1928.3
672§1841.7
61111955.4
670}1969.0
664}1982.7
668§1996.4

232, 1
2246.%

yds.

16%2.6
1635.8
1648.9
1662.2
1675.4
1688.6
1701.9
1715.1

1728.5

1741.8
1755.1

1768.3
1781.8
1795,2
1808.6
1822.1

1885.5
1849,0
1862.4
1876.0
1889.5
1903.0
1916.7
1930.3
1943.8
1957.4
1971.1
1954.8
1998.5
2012.2
2025.9
2039.6
2053.4
2067.3
2081.1
2084.9

> 12108,8

2122.6
2136.5
2150,5
2164.4
2178.3
2192.3
2204.3
92%0.4
2234 «f

2248.6

vds, I yds.,
1624.4 '1626.1
1637.5 1639.3
1650,6 1652.4
1664.0 '1665 T
1677.1:1618.9
1690.41692.2
1703.7 1705.5
1917.0 1718.8
1730;3 1132.4
1743.6 1745.5
1757.0:1158.8
1170.21772.1
1188.71785,6
1797.1 }1799.0
1810.611812.5
1824.01846.0
1887.4 [1839.4
1851.0(1852.9
1864.4 |1566.4
1875.0{1880.0
1691.511893.5
1905.1 {1907.1
1918.7 [1920.1
1932,311934.4
1945.8{1947.9
1959.511961.6
1973.2(1915.3
1966.9 19859.0
2000.6|2002.7
2014.3(2016.4
2025.0(4080.2
2041.8]2043.9
2055.6|2057.5
2069.5 207 1.7
2083.3]2015.5
2097.2(2099.4
2111.0{2113.3
2124.8/2127.1
2138.8(2141.0
2150.7(2155.0
2166.5 |2169,0
2180.6|2182.9
2194.6 [2196.9
2208.5(2210.9
29997 |12225.1
2¢56.5 [223Y.1
22509 |2253.3

yds.
1627.8
1641.0
1654.1
1667.5
1650.7
1694.0
1707.3
1720.6
11838,9
1747.3
1160.7
1774.0
1187.6
1800.9
1814,4
1827.9
1841.3
1854.9
1668.3
1861.9
1895.5
1909.}
19221
1936.4
1949.9
1963.6
1977.3
1991,y
2004.5
2018.5
2032.8
2046.1
2059.9
2073.8
2087.7
2101.6
2115.5
21993
2145.3
2151.8
2171.3
2185,
2199.2
2:213,3
29297.4
2241.5
2255.7

yds.
1629.5
1642,7
1655.9
1669.3
1682.5
1695.8
1709.2
1722.4
1735.8
1749.2
1162.6
1775.9
1789.4
1802.9
1816.3
1629.8
1843.4

1856.9
1670.3
1853.9
1897.5
1911.1
1924.8
1988.6
1952.0
1965.7
1979.4
1993.2
2006.9
2020,7
2034.5
2048.3
2062.1
2076.0
20589.9
2103.5
2117.1
2181.6
2145.6
2159.6
2118.6G
21 87,6
2201.6
£215.6
2929.8
2248.9
2258.1

yds.
1631.2
1644.5
1657.6
167 L0
1684.3
1697.6
17110
1724,2
1757.6
1751.0
176¢.4
IR
17913
1804.8
1818,2
183L.8
1845.2
1858.8
1872.3
1885.9
1899,5
16133
1926.8
1940.5
1954.0
1967.8
1981.5
1995.3
2000.1
2022,8
2036.6
2050,4
2064.3
207».2
2092,1
2106.0
2120.0
2133.8
2148.8
2161.9
21753.9
2189.9
2203.9
2215.0
2232.1
2246.2
2200.5

yds.
1635.0
1646.2
1659.4
1672.8
1626.9
1699.4
1712.8
1726;1
1739.4
1752.9
1766.3
177190
1703.2
1806.7
1820.1
1833.7
1847,2
1660.8
1874.3
i887.9
1901.5
1915.2
1998.8
1942.5
1956.1
1969.9
1963.6
1997.4
2011.,2
2024.9
2088.8
2052.6
2066.5
2080).4
2094.3
2108.3
2122.2
2136.1
2150, 1
2164.1
2178.2
2192.2
2206.2
2220.3
2234.5
2248.5
2262.8

yds.
1634 7.
1648.0
1661.1
1674.5
1627.8
1701,2
1714.6
1727.9
1741.3
1754.7
1768.1
1781:5
1795.1
1508.6
1822,1
1635.7
1849.1
1862.7
1876.2
1859.9
1903.5
1917.2
1930.9
1944.6
1958.1
1971.9
1985.7
19949.5
2013.8
2087.1
2040.9
2054.7
2068.6
2082,6
2096.5
2110.5
2124.4
2135.3
2152.3
2166.4
2150.5
2194.5
2208.0
2222.7
2236.5
2250.9

2265.2

yds.
1636.4 [1638.1
1649:7
1662.9
1676.3
1699.6
1703.0 {
1116.4
1129.7 17315
17431
1756.6 [1758.4
1770,01771.9
1783.4
1197.0
1810,5
1824.0
i831.8
1851,1 [1853.0
1864.7
1878.2
1591.9 1893.9
1905.5
1919.2
1932,9 11934.9
1946.6
1960,2 {1962.3[2
1914.0
1987.8
2001.6 [2008.7
2015.42011.5
2029.2
2043.1 .
2056.9/2059.1
2070,8
2084.8 (2087.0{2. 19
2098,7
2112,7 ;
2126.7 2128,9 2,24
2140.6
2154.6 '2156.912.96
2165.112171.0 o, g
2182.8 2155.112.80
2196.8 12199,
2210.9 2218.2
2225.0 gzzm 2.34

2239.2
2253.3 19255.7 [2/36

2267.6 2270.0 12,88

:



PORTABLE BAROMETRICAL TABLES.

Sum of the Temperatures of the Air above the freczing Point at
the two extremities of the Column, or the value of T—H in
degrees of Fuhr enheit’s Thermometer,

'.la;auu%utz{{ aquo_ dely

54°

54%°

55¢

56° .

51°

55

59¢

60°

61°

62°

63°

“of 10§ 23ua1aPICL

69354
699
691
690
689
688
687
G80)
685
684
683
682,
681
680
679
678
677
676
675]
674

yds.
1639.8
1653.1
1666.4
:6719.9
1693.2
1706.6
1720.0
1133.8
1746.7
1760.2
1713.8
1787.2
1800.8
1514.3
1827.8
1541.4
1854.9
1¢£68.7
1852.2
1895.9
1909.5
1923.2
1936.9

673
672
671

1950.6.
1964.4
1978.2

yds.
1641.6
1654.9
1665.2
16 0.6
1694.9
170s.4
1721.8
1735.1
1748.6
1762,1
17115.6
1788.9
1502.7
1816.2
1829.7
1843.4
1856.0
1870.6
1884.2
1897.9
19§1.5
1995.2
1939.0
1952.7
1966.4
1980.8
1994,1

3 |2007.9

2021.7
2085.7
2049.6
2068.4
2017.4
2091.4
2105.3
2119.3
2133.4
2147.4
2161.4
2175.5
2159.7
2208.7
2217.8
22391
2246.3
2060.4

92147

yds;
1643.3
1656.6
1669.9
1633.4
1696.7
17104
1723.6
1156.9

1763.9
1771.5
1790.8
1804.5
1815.1
1551.7
1845.3
1858.8
187¢.6
1886.1
1899.8
1913.5
1927.¢
1941.0
1954.7
1968.5
1952.3
1995.2
2010.0
2023.9
2031.8
2051 7
2065.6
2079.5
2093.6
2107.5
2121.6
2135.6
2149.6
2163.7
2177.8
219%.0
2206.0
2220.2
2234.4
2248.6
2262.8

217.1

17504

yds.
1645.0
1658.4
16117
1685.1
1698.5
1711.9
17125.4
1738.9
1752.3
1765.8
17179.3
1792.7
1806.4
1820.0
1833.6
1847.2
1860.8
1874.5
1888.1
1501.8
1915.5
1929.8
1943.1
1956.8
1970.6
1984.4
1908.3
2012.1
2026.0
2039.9
20563.9
2061.7
2081.7
20056.7
2109.7
2123.8
2137.8
2151.9
2165.9
21801
2194.3
2208.3
2222.5
2236.7

2265.1

4219.5

2251.0/

y s,
1646.7
1660.1
1678.4
1686.9
1700.9
1713,
1727.9
1740.9
1754
1767.¢
1181.9
1794, 5
1808.3
18219
1835.5
18491
1862.7
1816.5
1890.1
1903.7
1917.5
1931.3
1945.1
1955.8
1972.6
1986.5
2000.3
2014.2
2028.1
2042.0
2056.0
2069.9
2083 9
2097.9
2111.9
2146 0
2140,1
2154.1
2165.¢
2182.3
2196.5
2210.6
2224.8
2239.1
2253.8
2267.5
2282.9

yds,
1648.5
1661.8
1675.2
1688.7
1702.0
1715.5
1729.0
1742.5
17155.9
1769.5
1783.1
1796.4
1810.9
1523.5
1837.4
1851.1
18647
1878.5
1892.1
1905.7
1919.6
1953.3
1911.1
1960.9
19747
1988.6
2002.4
2016.4
2030.2
2044.2
2058.2
2072.1
2086.1
2100.1
2114.2
2128.2
2142.8
2156.4
2170.5
2184.6
2198.8
2213.0
2227.2
2241.4
2255.7
2269.8

4285.3

yds.
1650.2
1663.6
1676.9
1690.4
17103.8
1717.3
1780.8
1744.3
1751.8.
1711.3
1784.9
1798.4
1812.1
1825.7
1889.3.
1853.0
1866.6
1850.4
1894.1
1901.7
1921.6
1955.8
19492
1962.9
1976.8
1990.7
2004.5
2018.5
2032.3
2046.3
2060.3
2074.2
2088.3
2102.8
2116.4
2130.4
2144.6
2158.6
21727
2186.9
2201.}
2215.3
2209.5
2243.8
2258.0
2212.2
2¢87.6

" yds.
1651.9
1635.3
1618.7
1692.¢
1705.6
1719.0
1132.6
1746.9
1159.6
17118.1
1186.8
1800.3
1813.9
1821.6
1841.3
1554.9
Igts.6
1889 4
1896.0
1909.7
19¢3.6
1987.4
1951 9
1965.0
1978.9
loge 7
2006.6
2020,6
2034.5
2048.4
2062.5
2016.4
2090.4
21045
2118.6
2132.7
2146.8
2160.9
2115,0
2189,0
2203,44
2217.6
2231.8
©246.1
29260,4
2974.8

yds.
1658.7
1667.1
1680.4
1694.0
1707.8
1720.8
1734.4
1748.0
1761.5
1774.9
1188.6'
15021
1815.8
1829.5
1843.2
1856.9
1870.5
1884.3
1898.0
1911.7
1925.6
1989.4
1953.3
1967.0
1980.9
19948
20087
2022.7
2036.6
2050.6
2064.6
2078.5
2092.6
2106.7
2120.8
¢134.9
2149.1
2163.1
2177,¢
2191.4
2305.7

240.0
2234.2
Y9485

2271.1

2290.0

2202.4

2262.7 12

yds.

1655.4
1668.8
1682.2
1695 7
1709.1
1729.5
1736.2
1749 8
1763.4
1776.8
11905
1804.0
1817.7
1831.4

1858.8

1886.3
1900.0
l9)3.7
19917.6
19414
1955.3
1969.1
1953.0
1996.9
2010.8 |2
2024.8
2088.7
20597
2066,8
2080,7
2094 8
2108.9
2123.0
2131.1
2151.3
2165.4

2029.9 |2
2236.5
2250.8 |2

2279.5

1835.1
1872.5.

2179.5 |2
2103,7 {2
2203,0 |22

265.1 |4

yds. yds
1657.1 }1.735)
1670.5|1.74
1584,011.75
1697.511.76§
LUK TRLE §
17244178 K
1138.0]1.80
1151.5
L165.1
178.7
1792.3
1305 9
1519.6
1833.3
1847.0
1860.7 J1.03}
1814.4 .95 |
1888.2}1.96 )
1902.0{;.98
1015.7 11,99
1929,6{9.01
1943.4
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YORTABLE BARONMETRICAL TABLES.
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ST P ey el T BTl #

G50

66¢ 61°

4 A4
Tﬁfﬂ 219:.3
- 6262219,6
. 85582296,5 |-
 65412241.)
B531255.5
65912269.5
65 1§2:254.2

116735,

yds,

}659,5,

1637,
11‘01.0
1714.4
1728,0.
1741.6
1755.1
1168.8

171624

1796,0.
1809.7
1823.4.
1837.1

9 {1850.5

1864.6
1876.3
1842.1.
1903.9
1919,

N 1933.0'

194’2.4
1961 .4
1975.3

L469.2

{20031
0,12017.1,
0120311
9l2045.0
12050,1
[275.2

\10\7 2
2104,3
2115,5.
21206

521437

2158.0
20722

21:6.3
2200.6
2214.9

i
5 |1620.2

Sum of the Temperatures of the Air above the freesing Point, af the
two extremitics of the Column, or the value of T+t in degrees
of Falrenheit’s Thermometcr.

63°

69

700

yds,
6628
1675.7

> yds..
1564.0
1617.4.
1691.0-
1704.5
1718.0-
1781.6
[145.2
17585
17794
1786.1-
:1809.7-
1813.4.
1527.2
1§40.9:
1854.7
[968.4
1482.2
1.11896.0
1909.9
1928.7
1937.6
1951.5
1965.4
1979.4
1993.8
2107.53
gg;l.s

135.3
2049.3
20063.4
20715
2001.5
2103.542105.7
2117.7 12119.9
2131.82134.0
2146,0 2143.2
2160 2‘?16" 5
2174.4 2176.9,
21855 12190.5
\22013.82205,]

1702.7
i716.2
1729.5
1743.4
1757.0
1180.6
17584.2
1797,9
1911.5
1895.3
1630.0
18521,
{£66.5
1450.2]
1864.1
1907.9
1921.7
1935.6
1949,5,
1963,4
1971.3
1901,
2005.8
20192
2083.2,
20479
2061.9
2075.3
2089.4

1229.]
2219.5
22570
2272.2
vt 6.5
2301,0

65012208.6

2211.2 22105
19298],5 12293,y
224") 812248, 1
'9240.2 12962.6
2974.5 22769
28 .9[2291.8

yds.
16657
1676.1:
1692.7
1706.2
1719.7
1785.4
1747.0
17.60.6
1774.2
1181.9
1801.6
1815.3
1829.0
1842.8
1856.6-
1370.3-
1884.1
1605.07
1911.8
1925.6
1959.6
1953.5
1967.4
19%1.4
1995.3
2009.8
2023.3
2037.4
2051.4
2065.5
2079.6
2093.7
21L7.8
2122.0
21562
21504
2164.7
2178.9
2193.1
e207.4
2921.8
92961

2H0.5
2464.4
4279.2
4293.6

2503.4'2305.8

B[4308.1

yds.

16674

16~0.9

116913.4

1708.0

1724.5

1135.1
1748.5
1762.4
1176.1
1759.7
18508.5°
1817.2
1880.9
1844.1

1856.1
1599.9
1915.5
1927.6
1941.6
1955.5
1949.5
1983.4
1997.4
2011.4
20254
2039.5
2053.5
2067.6
20a1.8
2005.9
21160

2188.56
2152.7
2166.9
2181.2

2209.7

2239.4
2252.8
267.2
2981.6
2296,0°

23105

1B58.51
187257

21242

2195.4.
2224.1]

‘yds.
1669.1
1652.6
1696.3
1709.7
1723.9
1736.9:
'1750.6
1764.2
1177.9
11916
145,31
i1819.1
1832.8
4846.6
15604
1874.9
Inp8.0:
1901.9
1915.8
19290.6
1943.6
1957.5
1971.5
1985.5
1999.4
£013.5

120217.5

2041.6
2055.6
2069,
20839

2112.2
2126.4
2140.1
2154.9
2169.2
2153.4
2197.6
2212.0
2226.4

2955.1
2960.6
R26J.9
2205.4
2812.9

2083,0.

2240.7]

yds.
15709
1684.3
1698.0
17115
1725.1 ]
1738.7
1762.4-|
1766.1 |’
1779.7]
1793.4
1801.2:
18209
1834.7
15485
J862.3/
1576.1
1590.0,
1903.9
1911.8
1031.6
1945.6
19569.6
1973.5"
1957.6
L008l1.5
0015.6
2020.6
2043.7
2051.8
2071.9
2086,1

l§643
1878:1

1905.8
1919.7
{033.6
1947.6
{06i.6
1975.6
1989.6
2003.5
2011.6
31T
©045.8
2053.9
20141
2082
2100.2 [2102.3
2114:4 [2118.5
2123.612180.8
¥1492.9 2145:1
2157.1 §2159.3
91714 12173.7
2165.7 2137.9
2199.8 (3002, 1
3914.2 19316.5
2228.7 {2931.0
2243.112945.4
2257.4129259.8
7271.012274.3

19286.3 2288, 6

2300.5 123081

2315.319347.7

511674.3

11769.7 §
1L797.1 )
11810.9
18247 [t

11852.91)

18019

Lo

“of 40} 2wA13PIA.,

- yds.

1637.8
{701.5
1715.0
1728.6
1742.8
1756.0

176834 f

1888.5 |’

1866.2 {1
1883011589
1503.9
1007.5
19217
1085.6
1949.6
1965.6 1)
1977.6 |4
190).6
2005.6 9
2020,7°1%
2084.8:
2047.9
BOKZ.0-
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A Table of the Correction for Latitude.

T

LATI'I‘UDE.j - CORRECTION.
0" ....]. + ;17 of the calculated height.
R L=
10mcccol] + s
acaaod + 554
2 e T
2 S e 11
0emean| b5
R e B y Y
A0. camal) 4+ 7its
% J o
50nenns| —zode
85acncnel —1dw
60-uncn] —
65ucuncd — iz
T0enen| —ho
Doecens| — oy
80.-eeer| —kp

8| — i3

From the equator to the latitude of 45°, 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 the first
columns of each page of the preceding Barometrical Table, being given
in decimals of an Knglish yard, it is necessary, of course, when this height
i5 observed in inch~ and decimals of an illCh, first to divide by 36, the
numher which expresses it ; the Table is then to be entered with the quo-
tient. Suppose, for example, that the height of the Barometer was ob-
o
23:7 = 495 = .825, the number with

served to be 99,7 inches; then, P

which the Tableis (o bhe entered.

VoL, I. G
PR
END OF VOL. I.
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ERRATA.

Page 10 line 21, for of the first are passed over, read of the first arc

passed over.

16, % 4, in the note, for the most elevated point of this circle Z
rcad the most elevated point Z' of this circle.

19, 1. 10, for To accomplish this we use the larger level, redd To
accomplish this we use the larger level N N'.

28, 1. 13, from the bottom of the note, between == 0,16575; and divi-
ding by 24, read therefore twelve times the double angle
= 1090°, 16575;

81, 1 9, for and another in that at R, read and another in that at K.

7, L1, for=o SO+ Y (g+Y)read=0+r—_——-—-sm'(%+Y)

13, 1. 11, from the bottom, for the angle B¢’ A, readthe angle BC A.
14, 1 14, from the bottom, for the telescope is directed, rcad the
telescope was directed.
79, L 7, for— 25sin. Lz, read — 2sin2 3 x.
80, 1 8 from the bottom, for 9), read 90%).
82, 1. 18 from the bottom, for § A -(H— k), read } [A 4 (H— 1))
and for § A —(H—#), read§ [A—(H— &)].
83, 1. 5, for becomes tang. A sin.%, read becomes § tang. A sin.2.
87, U 10. for FF is parallel to O B, read F E is parallel to O B.
98, {. 12 from the bottom, for cot. (D — L} sin?® 1", read cot.®
(D—L)sin2 1", '
112, 1 12 from the bottom, for at 521" of Fahrenheit, read at 551°
of [Fahrenheit.
114, 2 3 from the bottom (note), for — r—=dr, read == ri dr,
119, L.17, for——= n A B'a, read= A 4 AB'a.

s 30 1=" cor3
140, 7, 13, for:—é—wt- y Tead = T cot.> ¢,

144, 1. 21, for or the angle N BM —+4» read or the angle NBM==,),

147, 1 11 from the bottom, for or the angle A I B, read, or the angle
ABP. .

151, 2, 3 from the bot. (nole)for m= :‘:L «'? read m=— u’*%f—u'“

117, 1. 8 from the bottom, for or any other and smaller dimensions,
the error, &ec. read or any ather smaller dimension, and the
errory, &c. 71, for was thoughout, read was throughout.

H,—H, g, n—H. 8,
188, 1. 3, for g, read £1
e — ot g - &y
192 1.2, for= , &e. read—"—- s e

xgt xq?
N.B. The specimen of calculation alluded to in page 106, follows im-

mediately Table V,
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