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1AL

PREFACE.

Muca perplexity and difficulty has been felt by surveyors

" tn the use of the Magnetic Compass, in consequence of its

variations from the true meridian, at various localities or
stations, and also its almost constant diurnal changes as well
ag aberrations, caused by local attraction. A more perfect
guide for tho surveyor than the Magnetic Needle was, there.
fore, very desirable. The long continued efforts made by
the author to accomplish this object, resulted in the inven-
tion of the Solar or Astronomical Compass. A model of
this instrument was made in the year 1835, by the inven-
tor, in order to test its principles, and in the latter part of
the same year, the first Solar Compass was made, under his
direction and supervision, by William J. Young, of Phila-
delphia, Pa. The instrument was then submitted to a com-
mittee of the Franklin Institute, of the State of Pennsyl-
vania, who after a full examination of its principles and
merits, awarded the inventor a premium of twenty dollars
and a “Scott’s Legacy”” medal. The Solar Compass as then
made, like mcst newly invented instruments, was soon found
susceptible of improvement and of greater usefulness than
at. first anticipated. Accordingly the inventor made sc-
veral alterations and improvements suggested by experience,
and in December, 1840, again submitted the instrument, as
improved, to a committee of the same Institute, who re-
ported a decided improvement, in point of accuracy, and
t.hqutlzphcxty of its ad’]ustme‘pts and use. The inventor
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iv PREFACE.

has since continued to improve this instrument as more ex-
perience in the use of it seemed to suggest. And in 1851
exhibited it, as improved, at the World’s Fair, in the city
of London, where 2 premium medal was awarded the ex-
hibitor by the jurors on Astronomical Instruments.

Since its invention in 1835, and during its progressive
improvements, the inventor has been called upon, personally
or by letter, from a large portion of the surveyors of the
public lands, for information how to adjust and use it. Such
inquiries could be but imperfectly answered by letter, or a
few hours’ conversation, and the author could not, without
being discourteous, avoid replyino in some manner to such
neccssary inquirics, though a serious tax sometimes on his
business. To prevent this the inventor published a fow
pages of instructions, showing how to adjust and use this
instrumert, and distributed them among the surveyors; but
soon after this, new discoverics were made in the construc-
tion and adjustments of the Solar Compass, consequently
what had been done only supplicd their wants in part, and
the inventor was solicited by many of the surveyors of the
public lands for full instructions on this subject, and a trea-
tise on surveying adapted to their wants in the field of sur-
vey. The foregoing remarks constitute the apology of the
author for assuming a task so foreign to his habits of life,
and to which duty seemed to impel him in the absence of
any prospects of this much neceded work being soon accom-
plished by any other person. This treatise contains much
original matter, mostly derived from experience in practical
surveying. The elements of surveying as published and
taught in the schools, are purposely omitted to lessen the
size of this work, the object of which is to furnish the
practical surveyor with a convenient pocket companion suited
to his business while engaged in his field work. The inex-
perienced surveyor in this branch of the public service has
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need of all necessary information to enable him to accom-
plish his arduous dutics in a proper manner. The frequent
failures in part, or in whole, by many Deputy Surveyors, have
done much injury to the public surveys, and ruined their
hopes and reputation,

This is a sufficient rcason tor introducing into this work
the nccessary outfit and preparations for a large survey in
the wilderness, the want of which has becn one of the prin-
cipal causes of these failures.

The author docs not presume that this treatise is without
defects; he indulges the hope, however, that it will answer
the purpose for which it is designed, until further experience
shall furnish a better. The author has availed himself of
the experience of several practical surveyors, in preparing
this work, and bas «lso consulted the best authorities that
appeared to throw light upon the subjects treated of.

The tables of Natural Sines and Tangents, at the end of
the work, have been carcfully compared with different standard
works, and are offered to the surveyor with a confidence that
he will find them accurate. The tuble of chords has been
added to supply a want, frequently cxpericneed, in draught-
ing, where a rcliable protractor is not at hand. The majority
of protractors accompanying draughting instruments are
either so small or so inaccurate as to be productive of sensi-
ble errors in lurge draughts.
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A KEY

TO THB

SOLAR COMPASS, AND SURVEYOR’S COMPANION.

THE SOLAR COMPASS DESCRIBED.

SEE PLATE I.

The Solar Compass works astronomically in determining latitude,
and in measuring horizontal angles from the true meridian, and in
determining the declination, and hour arcs, of celestial objects within
the Zodiac; and is further used as a magnetic compass. This in-
strument is used on a tripod, with a ball and socket, in order tc
adjust it readily to an approximate level by the hand, after which it
is adjusted to a true level by means of four thumb-screws at the
lower end of the socket, by which it is attached to the tripod. No
part of these are seen in the plate, except the ball, clamp and screw,
at #. This clamp fastens the instrument on the triped in any re-
quired pozition. The Solar Compass has two main plates, seen at
a. and b.—uv. is the upper and b. the under plate, the latter is that on
which the compass sights ce. are attached by screws and steady
pins. This plate revolves underneath the upper plate on a conical
centre piece, and may be clamped to it at any required angle by
two clamps, one of which is seen at p. There is, al<o, an inlaid sil-
ver ring on the under plate, divided into half degrees, which is co-
vered by the upper plate, except at two opanings at opposite points,
with a vernier attached to each, d.d. Uprn the upper plate is at-
tached a needle-box, e, by a conical centre piece below the cap of
the needle g. This needle has an arc of about 86°, divided into
halves, for its north end only. A lever, 7, is to raise the needle from
its pivot when not in use.

i



10 THE SOLAR COMPASS.

The needle-box has a limb extending at right angles from its
centre, which is not seen in the plate. At the end of this limbis a
vernier and arc to set off the needle’s variation; the tangent screw
to this limb and vernier is seen between k% and d. In consequence
of the imperfection of magnetic needles, the arc is attached to the
upper plate by two screws, and made adjustable, so that all instru-
ments of this kind can be made to read the same magnetic variation.
On the upper plate two adjustable spirit levels are placed at rnght
angles to each other, for the purpose of adjusting the instrumeut to
a true level, when an observation is made on any celestial ohject. "
The edge of the upper plate is divided to every five degrees of a
circle; and in its centre is placed a brass pin, rising a little above
‘the needle-box; by this arrangemeat, the surveyor can readily see
the approximate course of any object in view, without turning the
sights in its direction. -

Together with the foregoing described parts, on the upper plate
is placed the solar apparatus, which is attached to it by two small
blocks, fastened by screws and stendy pins, one of which is seen aty.
Into each of these blocks one axis of the latitude arc g enters.
These axes are connected by the hour arc ¢ and two radial arms 2z 2z
from its centre ats. From this centre of the hour are, a curvili-
near arm extends to the latitude arc g. The latitude arc moves in a
grooved arc to which its vernier ¢ is attached. The grooved arc is
fastened to the compass plate by a flange at its base, and two screws.
The latitude arc ¢ has a radius of about five inches, and is divided
into quarter degrees, and its vernier ¢ reads these divisions to mi-
nutes. The latitude arc is clamped at any required latitude, by a
clamp screw on the back side, not seen on the plate. The hour are
t, as above stated, lies between, and connects the axes of the latitude
arc: it is only a portion of the hour circle, and is divided to half de-~
grees. This arc gives the hour angle of celestial objects within the
Zodiac of about 55° or 60° east and west of the meridian.

The revolving limb v, with its declination arc 2, is mounted on
the centre of the hour arc. and has a free motion on its conical
spindle or axis, within the conical socket s, at the lower end of which
is 8 collar and screw, for the purpose of giving a suitable tenseness
to its movement. This is called the polar axis.

In connexion with the revolving limb is another moveable limb z,
attached to it by a short conical.centre at ; the other end with its
vernier m, moves over the declination arc %, and is clamped to it at
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any required declination, by a clamp screw on the back side of the
arc. This arc has about the same radius, and the same divisions
and vernier as the latitude arc.

A small brass plate is attached by screws to each end of the limt
z, standing out at right angles from the limb; end into the upper
half of one plate, and the lower half of the other, is set a amall con-~
vex lens, as seen at 0o, called the solar lenses; and on the opposite
brass plate to each lens, is attached a small adjustable silver plate
by means of three screws. On each of these silver plates two sets
of parallel lines are drawn, crossing each other at right angles, at a
suitable distance apart to embrace the sun’s image, which falls be-
tween them from the lens.

The set of lines which are parallel to the hour arc are called the
equatorial lines, and the set which are vertical to the hour arc are
called the hour lines. On the upper edge of each brass plate above
named, is placed an equatorial sight w w, which can be attached or
detached at pleasure, by means of small thumb screws.

There is also another limb (not seen in the plate) called an ad-
Jjuster, which can be substituted in the place occupied by the limb z,
for the purpose of adjusting to a parallelism with the lenses, the
equatorial lines on the silver plates. It is a brass bar about six
inches long, and one-fourth of an inch thick, with a plane surface,
and three small pins at each end. The pins are for the purpose of
keeping the limb z, when on the adjuster, in its place.

The adjuster when used must be attached to the same place occu-
pied by the limb z, with the same centre and screws that held the
latter. (Sve second adjustment.)

PRINCIPLES OF THE SOLAR COMPASS BRIEFLY
EXPLAINED.

Where a solar compass is correctly adjusted in all its parts, and
also to the latitude and meridian of the place of observation, with
its vernier m, of the declination arc clamped at 0, or zero, then the
polar axis s, of the instrument, will be parallel to the axis of the
earth, and the moveable limb z, with its lenses and equatorial sights,
will consequently be at right angles to the polar axis, and will re-
volve on this axis parallel to the plane of the equator; therefore, it
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is clear that this motion coincides with the diurnal motion of any
heavenly bedy that hias no declination, and it is equally clear, that
this eoincidence holds good when a celestial object has north or
south declination, if its declination be set off on the declination aro
of the instrument; for, the diurnal motion ¢f the heavenly object
will be like the motion of the moveable limb z, parallel to the equa-
tor and equidistant from it. Now if the instrumeunt be turned hori-
zontally out of the meridian, the po'ar axis will not be parailel to
the axis of the ear.h, nor will the moveab e limb z revolve para'lel
to the equator; consequently it will nut follow the diurnal motion of
any heaven y body: thercfore, if the sun’s deciination be set off on
the declination are, the sun’s image from the lens will not fall be-
tween the equatorial lines on the silver plate, but will fall above or
below them, and will not fall between them until the compass is
turned again into the true meridian.

It is from these princip.es cf the solar compass that the true me-
ridian is obtained, and the variation of the needle determined, etc.

ADJUSTMENTS OF THE SOLAR COMPASS.

Before using the solar compass it must be correctly adjusted.
This consistsin bringing its different parts to their proper place, and
in determining the index errors of' the instrument in its graduated
arcs, which is chiefly done by reversals and adjusting screws.

FIRST ADJUSTMENT.

To adjust the two spirit levels k k, to a horizontal movement of the instru-
ment on its lower axis.

Place the compass on the tripod, and level it, or nearly so, with
the hand, then by means of the levelling screws at the lower end of
the ball and socket, bring the bubble in each level to the middle of
its opening. If the bubbles do not move while the compass is turned
horizontally around oz its lower axis, this adjustment is right; but
if they move, the leve's must be adjusted by the screws at the end
of each for that purpose, until tlie bubbles will remain stationary
while the instrument is turned worizountally around.
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SECOND ADJUSTMENT.

To make the solur lenses and the equalorial lines on their opposite plates
parallel to each other.

Detach the limb z, by taking out its fastening screws, and attach
the adjuster in its place, with the same screws that held the limb;
then clamp it at the moveable end, to the sun’s dec’ination as near
as practicable. Now let the compass be placed on the tripod where
the sun shines, und level it, with the sights north and south, or
nearly 8o; then place the limb z on the adjuster, between the pins,
the same side up that was upon the compass, and then bring it to
bear on the sun as in other observations, and turn the compass hori-
zontally, if necessary to bring the sun's image precisely between the
equatorial lines on the gilver plate; now, without moving the com-
pass in the least out of level, or otherwise, take the limb z from
the adjuster and turn the upper side down, without changing ends,
and place it on the adjuster again; then see if the sun’s image falls
between the equatorial lines as before. If it does, this plate is in
adjustment; but if it does not, loosen the three small screws which
hold tae silver plate, (having oblong holes under their beads,) and
move this plate one-half of the observed difference, up or down as
the case requires, and lightly tighten the screws again. Repeat
these observations and adjustments, as above described, until the
sun’s image falls precisely between the equatorial lines, either side
up. This p'ate then will be in correct adjustment.

Now reverse the ends of the limb 2z, and adjust the other silver
plate in the same manner as the first. When this is done, the paral-
lelism of the lenses and equatorial lines are as perfect as rever:als
will make them, and the equatorial sights are a'so parallel to these.
The adjuster may now be taken off and the limb z returned to i's
place. It will not be necessary to repeat this adjustment unless the
silver plates get moved by accident or otherwise. The best time to
make these adjustments, is between the hours of 10 A. M. and 2 P. M.

In making this adjustment the limb z should fit accurately on the
adjuster, and the brass plates in which the lenses are set must be
precisely of the same breadth; if they are not, this adjustment can-
not be correctly made. Therefore, these plates should be carefully
tried with a gauge, and any difference in size corrected.

B
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THIRD ADJUSTMENT.

To find the index error of the declination are.

FIBST METHOD,

Set the vernier m of the declination arc % at 0, or zero, place the
compass on the tripod, and incline it north or south, as the sun may
have north or south declination, until the sun’s image falls precisely
between the equatorial lines on the silver plate; then reverse the
lenses by turning the revolving limb half way around, and see if the
sun’s image falls precisely between the equatorial lines on the other
gilver plate; if it does, there is no index error in this arc; but if it
does not, move the limb z up or down, as the case requires, on the
declination arc one-half of the observed difference, and try the re-
versals again, and so repeat them, if necessary, until the sun’s image
falls precisely between the equatorial lines on both silver plates.
The amount of index error in this arc can now be read by its vernier
m. If the index error is below the graduated zero point on the de-
clination are, its amount must be subtracted from the declination of
the celestial object, before it is set off on the declination arc; but if
above, it must be added.

SECOND METHOD.

Set the vernier m of the declination arc A at zero, as before, and
bring the equatorial sights to bear on some distant ohject; then,
without moving the compass in the least, reverse the revolving limb
v, and see if the line of sight is the same as before; if it is, there is
no index error; but if not, proceed as described, by reversals on the
sun, until the equatorial sights will bear on the same objects when
reversed.

FOURTH ADJUSTMENT.

To bring the polar azis to a right angle with the azxis of the latitude are.

This adjustment generally is, and always should be made by the
instrument maker, but the surveyor should test his instrument in all
of its,parts. First detach the solar apparatus from the upper plate,
by taking out the clamp screw of the latitude arc, and the screws
that fasten its axis and blocks to the upper plate; then take a piece
of board about four inches wide and a foot long, with smooth edges,
and nail one edge to another board about one foot square, so that
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it will be at right angles to its surface. Place this on a stand or
table, in a convenient pluce to view some distant object, then take
the blocks that hold the axes of the latitude arc, and p'ace them on
their axes, and fasten them by their screws to the upper edge of the
narrow board; by this arrangement the polar axis & can be brought
to a perpendicular, and then reversed, by giving motion to the ayes
of the latitude arc of 180°.

The moveable limb z must now be clamped to its true zero point,
as found by the third adjustment, and the polar axis s brought to a
perpendicular; the revolving limb v must now be turned parallel to
the axis of the latitude arc; then observe some distant object through
the equatorial sights; now reverse the polar axis as above directed,
and see if the equatorial sights bear on the same object as befure
reversing the polar axis; if they do, the polar axis is at right ang's
to the axis of the latitude arc; but if not, the face of the flange, or
the seat of the conical socket s, must be ground on one side enough
to correct this error, so that the equatorial sights will bear on the
same object when reversed as above stated. If the error ¢ small,
it may be corrected by placing & thin piece of tin foil, or £,me other
firm substance, under one side of the flange of the conical sccket s.

FIFTH ADJUSTMENT.

To make the cvmpass sights coincide with the true meridian, when an ob-
servation ts made with the solar compass.

Place the compass on the tripod, and clamp the sights to an east,
west course; then take out the clamp screw to the latitude arc, and
raise this arc until the polar axis s is horizontal, or nearly so, and
fasten it in this position, which can be easily done by piucing a small
wedging piece of wood between the edge of the hour arc and the
upper plate of the compass, and a small brace of wooa between the
brass centre pin and the conical centre sof the hour are. Then -
clamp the vernier m of the declination arc at its true zero point, as
found by the third adjustment. Now bring the equatorial sights to
bear on some distant object in or near the horizon; then anclamp
the main plates @ and b, and bring the compass sights to bear on
the-same distant object; (it is well to reverse the equatorial sigh‘s
and make the same observation again;) if both sixbts still coincide,
read at the verniers d d, the amount of the index error, it any. be
tween these plates.
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This adjustment should always be made by the instrument maker,
and cleared of index error, by a proper adjustment of the compass
sights on the lower plate. But if any index error is found in the
instrument, while in theshands of the surveyor, it should be allowed
for in all courses run by him, or he may correct it by removing one
of the compass sights the required amount so as to make the line
of sight to coincide with the meridian. This can be done by en-
larging, with a small round file, the holes on one side of the steady
pins and screw that hold the compass sight to the lower plate,
enough to correct the index error. The vacancy on the side of the
steady pins may be filled with tin foil, or some other substance that
is not magnetic.

SIXTH ADJUSTMENT.
To find the indez error of the latitude are.

This is most correctly done by determining the latjtude of any
station by north and south stars, or, determine the latitude by the
sun, and again by the pole star; (see article, ¢ Latitude by the Solar
Compass;’’) one-half of the difference of latitude thus found, if any,
is the index error of this arc. If the latitude determined by an
observation on the sun, or star within the zodiac, be less than the
latitude by the north star, the half difference must be added to the
zodiacal observation, to obtain the true latitude of the station; but
if greater, it must be subtracted. But this index error is not used
for any other purpose than to find the true latitude, for the latitude
given by an observation on a celestial object within the zodiac, is
the latitude to be used for all other purposes.

SEVENTH ADJUSTMENT.
To find the index error of the hour are.

Adjust and clamp the compass sights to the true meridian, as
directed in the remarks to find the meridian, variation of the need’e,
&ec.; also, set a stake in the meridian, four or five chains south of
the instrument, and keep the compass sights directed to it. Then
at the distance of ten or twelve feet south of the instrument, suspend
.a plumb line from the top of a suitably inclined pole set in the ground,
and firmly supported with crotches, and of a sufficient height to ob-
serve, near the top of the line, the meridian passage of the sun.
Then with the aid of a suitable dark. glass, observe through the
north sight vane, the meridian contact of the sun’s west limb with
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the line, while an assistant has kept the sun’s image accurately be-
tween the hour lines on the silver plate. At this point, read on the
graduated side of the declination arc, at either end of the revolviug
limb, its distance from the graduated zero point, and the same again
with the last contact of the sun’s east limb: half tae difference on
the hour arc, between these two observations, will be its true zero
point; from which read the index error.

It should be remarked here, that the principles of the solar com
pass have been applied in various ways to surveying instruments,
to suit the views of mathematical instrument makers, or surveyors
for whom they were made; but the solar compass described in the
foregoing pages, and for which the adjustments are given, has been
found, after much experiencs in its use, to be the best adapted to
surveying the public lands, and for this purp.se it is generally used;
for the 1eason thai it is more safely and conveniently carried and
used through all the exposures which are unavoidable in the wilder-
ness. Some change, however, may be made in its mechanical con-
struction, for the purpose of city surveying, and for running the
lines and curves of railroads, etc. But in whatever form they may
be made, it is important to g guod solar apparatus, that the latitude
and declination ares have a radius not le:s than five inches, so that
their divisions may be sufficiently large to be easily read, and the
arcs readily and accurately adjusted for use. The importance of
this will be uhderstood by considering the frequency of these adjust-
ments, and the circumstances under which tiey are made while
running lines in the field. So far as known to the author, but few
surveyors have qualified themselves to use the solar compass on any
other celestial object than the sun; and, peraaps, as few have fully
understood its principles and adjustmenis. The reason of thisis found
in the fact, that no work has becn published before this, sufficiently
elucidating its principles, ndjustments acrd use. The sun i< the prin-
cipal celesiial object used in surveying lines with this instrument,
which only requires a knowledge of the true declinaiion of the sun
for each lLour of the day, in the longitude wuere the survey is to be
made. Therefore, with the instructions here given, no accomplished
surveyor with the magnetic compass, need hesitate to use the solar
compass on the sun; and he will soon acquire the further knowledge
of using it on other heavenly bodies at night, to determine the va-
riation of the needle, and for other purposes treated of in this work.
If the solar compass has been traly adjusied in all of its parts; pre-

B¥



18 TIHE SOLAR COMPASS.

vious to its being used in the field, the surveyor may fecl the fullest
confidence in the true course of his lines run with it.

ASTRONOMY.

Though merely a knowledge of the apparent diurnal motion of
the sun in the heavens, will serve for the single purpose of using
the solar compass on that luminary; yet, for all the purposes for
which this instrument can be employed by night on the planets and
fixed stars, a more extended knowledge of astronomy is required.

Therefore, the following brief notice of astronomical facts and phe-
nomena is deemed nocessary to be understood by all surveyors, to
enable them to use the solar compass to the best advantage.

SOLAR SYSTEM.

The sun is the centre of the solar system, around which all the
planets revolve in elliptical orbits, from west to east,* with dimi-
nished velocities as their distances increase from the sun: the planes
of their orbits are nearly coincident with the plane of the ecliptic ;
therefore, their greatest declinations will be sometimes more or
less than the sun’s greatest declination, by the amount of the angle
of inclination of each of their orbits to the plane of the ecliptio.
See the following table.

Lo &=

gg = Mt;:m distance Mean sidereal Incllnaltjlon | E".‘o.
3 n  knglish period in of orbit to ]
Planet’s names. :’Eg miles from mean Solar the eclip- 2l
§3= | the Sun. days. tic. | gchl
= =c8

The Sun, . . . |§63.246
Mercury, . . . 3.224 387.000.000 §7.909.225 ( 7° 0' 9”.1 |109.400
Veous, . « « o 7.687 68.000.000 2‘24.7%.?8{ 3023'28".5 goggo
The Earth, . . 7.912 95.000.000 305.268.30. 8.050
The )loou: . "2.100 95.000.000 27.321.661 | 5° 8'47”.9 2,200
Mars, . . . . 4.159 142.000.000 €86.970.648 | 1951 6.2 | 50.000
Jupiter, . . .| 89.170 405.000.000 | $.352.584.821 | 1°16'61”7.3 [ 22,000
Saturn, . . . . T9.082 906.000.000 110.759.219.817 (i;i‘z‘:gxi %0000
Uranus, . . .| 35112 | 1.820.000.000 |30.€86.520.830 5 26".. 5.000
_N eptune, . . .| 35.000 ! 3.600.000.000 {60.123.000.000

% East und weat are rolative, or loeal terms. It is meant here. that they move in
their orbits around the sun, in the same direction as the opposite side of the earth
froin the sun moves arcund its axis.
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THE EARTH.

The earth is an oblate sphcroid, whase equatorial diameter ex-
ceeds its polar diameter ahout 26 miles; the cause of this difference
is supposed to be the centrifugal force of the earth’s rotary motion
around its axis.

The north and south poles of the earth are two points on its sur-
face, opposite to each other; and a straight line between these two
points is called the axis of the earth, around which the earth re-
volves, from west to east, once in a sidereal day.

The axis of the earth is always inclined from a perpendicular to
the plane of its orbit; in other words, the axis of the earth has an
- angle to the axis of the ecliptic, of about 23° 28/. Therefore, the
axis of the earth is always in the same direction in regard to the
heavens, in every part of its orbit.

This angle of inclination causes the declination of the sun north
and south of the celestial equator, during each revolution of tho
earth around the sun. It is, alsd, the principal cause of the decli~
nations of the planets; the different seasons of the year; and the
different length of days and nights.

EQUATOR.

The Equator encircles the earth at right angles to the axis, and
is equidistant, or 90° from its poles; its plane divides the earth
into two equal parts, called northern and southern hemispheres.

The plane of the equator, if extended to the heavens, is called the
celestial equator, which has an angle to the plane of the ecliptic,
(like the angle between their axes) of about 23° 28/,

The motion of the earth around its axis is uniform; but the ve-
locity of the earth in its orbit around the sun is unequal, the mean
of which is 59/ 8/ each day. The sun will therefore return to any
given meridian each day in unequal times; hence the difference be-
tween apparent and mean time, called the equation of time. -

A tropical year is 365d., 5h., 48m., 498. A sidereal year, rec-
koned in mean solar time, is 366 d., 6 h., 9 m., 9. 6s., and reckoned
in sidereal time, i3 366d., 6h., 9m., 9. 6s.

The reason of this difference is, the earth has moved once around
the sun in its orkit the same way the equator moves around its own
axis. The earth must therefore complete one revolution and 59/
87 on its axis each day, to bring the sun to the same meridian
This is called solar time.
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The earth has precisely one revolution on its axis from the transit
of a fixed star to the next transit of the same star, which is a side-
real day of 24 hours; but, if reckoned in mean solar time, itis 23h.,
56 m., 4s., 9777, i

An astronomical day commences at noon, and is reckoned from
one to 24 hours successively; the civil day commences at the pre-
ceding midnight, and is reckoned from 1 to 12 hours, twice in a civi
day: therefore the last 12 hours of the civil day correspond to the
first 12 hours of the astronomical day. All astronomical calcula-
tions are computed in astronomical time. :

LATITUDE.

Latitude on the earth is reckoned north and south of the equator
in degrees, etc., of the meridian, to the poles (or 90°.) Differenca
of latitude is an arc of the meridian, between any two parallels of
latitude. L :

LONGITUDE.

Longitude on the earth is reckoned east and west from any prime
meridian, in arc or time to 180° or 12 hours. Difference of lon-
gitude is the difference in arc or time, between any two meridians,
reckoned on any parallel of latitude.

ECLIPTIC.

The Ecliptic is a great circle of the heavens, and its plane is the
extension of the plane of the earih’s orbit, indefinitely, into space,
or the starry heavens.

The sun is always in the ecliptic, and the orbits of all the planets
cut or intersect the ecliptic at opposite points, called their nodes, in
which only eclipses occur. :

ZODIAC.
The Zodiac is an imaginary belt or circle of the heavens, and oc-~
cupies a space of 8° on each side of the ecliptic; wit:in which all
the planets appear to perform their revolutions around the sun.

DECLINATION.
Declination of a heavenly body is reckoned north and south of the
equatorial plane. The complement of the declination of a celestinl
object is its nearest poiar distance.
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RIGHT ASCENSION.

The right ascen ion of heavenly bolies is reckoned in time from
the first point of Aries, or the vernal equinox, around in the order
of the sigus, on the equator. to the same point again. The longitude
of heavenly bodies is reck' ned from the same point, and in the same
order on the ecliptic, in degrees, etc., as right ascension is reckoned
n time on the eqnator.

ALTITUDE AND ZENITH DISTANCE.

The altitude of a celestial object is the angle in which it is ob-
served ahove the horizon. The zenith distance of a heavenly body
12 its angular distance from the zenith, or point directly over head
of the observer. )

HORIZON.

An observer has two horizons. the sensible and rational. The
gensible horizon i3 a circle at the extent of view in all directions, on
a horizontal plain, or on the ocean. The plane of the rational hori~
zon divides the earth into two equal parts through its centre, paral-
lel to the sensible horizon: it is, therefore, the semi-diameter of the
earth below the sensible horizon.

REFRACTION AND PARALLAX,

The atmospheric, refraction causes a heavenly body to appear
above its true place in the heavens, except it be in the zenith. The
parallax of a celestial object is the difference in altitude that would
appear between an observation made from any point on the earth’s
surface and from its centre. Therefore, parallax causes heavenly
bodies to appear below their true place in the heavens, except they
are in the zenith; hence the corrections for parallax and refraction
of instrumental observations on celestial objects.

AZIMUTH.

The azimuth of a heavenly body is reckoned on the horizon of the
observer, between a vertical plane of the meridian, and anotlier ver-
ticnl plane passing through the centre of the celestial object, to the
zenith of the observer. In other words, it is the true bearing of a
beavenly body referred to the horizon from the meridian,
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Azimuths are generally reckoned from the north in north latitude,
and from the south in south latitude.

The amplitude of a heavenly body is its true course or bearing at
rising or setting, from the east or wegt points of the horizon,

NAUTICAL ALMANAC.

Blunt’s Nautical Almanac and Astronomical Ephemeris, (on ac-
count of its size) is the most convenient that has yet been pub-
lished for the surveyor to take data from, for the use of the solar
compass. The heading of each page and column is a sufficient ex-
planation of its contents and use.

This almanac is adapted to mean noon at Greenwich, England,
except the sun’s declination, which is more properly given for ap-
parent noon.

It will be seen that the quantities in the columns are continually
varying from day to day; therefore some reduction is necessary to
adapt them to any other time or longitude, than that for which they
were registered. This is accomplished by applying the hourly dif-
ferences, where they are given, according to their sign or precept;
and where the hourly differences are not given, take the required
proportional part of the difference between the preceding and suc-
ceeding noon at Greenwich, and add to or subtract from the re-
gistered quantities, according as they are increasing or decreasing,
as the case requires.

FIXED STARS.

The following table of the mean places of 85 fixed stars has been
selected from the Nautical Almanac, for January 1st, 1854, for the
purpose of night observation with the solar compass. The sign 4
-prefixed to an annual variation is to be added to, and the sign — is
to be subtracted from the right ascen-ion: also, for stars having north
declination, 4- signifies add, and — subtract; but for stars of south
dec.ination 4 denotes that the variation is to be subtracted from, and
~ that it is to be added to tie declination.
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FIXED STARS.

23

MEAN PLACES OF THIRTY-FIVE PRINCIPAL FIXED STARS
FOR JANUARY 18T, 1854.

, ] RicHT AxNUAL ANNUAL |
STAR S’NAME. i ASCENSION. VAR, DECLINATION. VAR.
H M. 8 8. 0.1’ ”» 3

B-Ceti,. . . . | 2| 036 15414 | 4 3-0127 | 8. 18 47 20-28 19-832
a Urs. Min. (Polaris, 2] 1 611891 18-0600 | N. 88 31 5232 19241
& Cetiy. « . . . .| 8| 11643563 29957 |S. 8 56 1708 18740
a Arletls,. . . . .| 2| 15857027 |4 33634 | N. 22 46 11:30 | 4 17-274
a Ceti,. . . . . .[23]| 2 5439087 81269 | N. 3 30 5023 14:399
nTaud, « . . . .| 8| 83848759 |4 35527 N. 23 38 5965 | + 11636
a Tauri (Aldebaran,) | 1| 4 27 32:809 34336 | N. 16 12 4211 7°702
B Orionis (Reigel,) .| 1| 5 7 31'330 |4 2:8803 8. 8 22 2730 | + 4540
d Orionis, . . . .| 2| 62432904 3 8. 0 24 4087 3
¢ Orionis, . ., . .| 2| 52848357 |4 30436 (8. 117 5731 | 4 2709
a Orionis, . . . .|var| 547 16004 32449 [N, 7 22 3137 | 4 1112
u Geminorum,. . .| 3| 614 7640 86357 |[N.22 35 121 | — 1367
a Canis Maj. (Sirfus.) | 1| 6 38 42014 26447 | 8. 16 31 11-02 4602
a Can.Min.(Procyon,)| 1| 7 31 39317 31459 |N. 5 35 4382 8:859
a Hydre. &, . . .| 2| 920216744 29430 |S. 8 14132 | —15343 |
a Leonis (Regulus,) . |12 [10 0 33517 |4~ 3-2026 | N. 12 40 4382 | —17-380 :
4 Leonis,. . . . .23 |11 6 20253 32064 | N. 21 19 22:28 19645
8 nis, . . . . .| 2|11 41 36517 |4 30656 | N. 15 23 16:95 | — 20-084
@ Virginis (Spice,) .| 1 |13 17 30-330 31495 [ 8. 10 23 5241 18948
a Bootis (Arcturus,). | 1 {14 9 0134 27332 | N. 19 66 40°39 18-019
azLibre, . . . . . [23 |14 42 48491 |4 3:3070 | S. 15 25 5572 15°234
B Urse Minoris, . .| 2|14 51 10977 | — 02087 |N.74 45 7-18 14760
g Libre, . . . . .| 2(15 9 9271 32202 (8. 8 50 2749 13-601
a Serpentis,. . . .23 |15 37 4683 20514 | N. 653 17.13 11643
B'8corpil,. . . . .| 2 {1556 57182 34784 | 8. 19 2¢ 672 10275
a Herculls, . . . .|var |17 7 59418 27322 | N. 14 33 3700 4440
a Ophiuchi,. . . .{ 2{17 28 9421 27796 | N. 12 40 1194 2967
§ Aquile, . . . .| 8|18 68 41-394 27546 | N. 13 39 000 5022
y Aquile, . . ., .| 3(19 39 19055 | 4 28553 | N. 10 15 38-89 8434
a Aquilee (Altalr,) .[1-2 (19 43 39502 [ 29286 | N. 8 29 1027 9154
B Aquaril, . . . .| 8|21 23 52159 31673 8. 612 3937 15609
B Cephei,. . . . .| 3|21 26 45508 0.8045 | N. 69 55 12:83 | - 15:6R6
¢ Pegasl. . . . . .[23(2137 09154 29510 |N. 9 12 2801 | 4 16297
a Aquaril. . . . .| 3|21 58 16921 30826 |S. 1 13833 17-500
a Perasi (Markab,) .| 2|22 57 29402 29831 | N. 14 25 1462 19-310

LATITUDE BY THE SOLAR COMPASS.

After the solar compass has been correctly adjusted in all of its
parts, its future usefulness depends upon finding the latitude as
given by the instrument, at the place where it is ured.

That 1t may not be repeated again, hereafter, it should be remarked,
that in all obgervations with the solar compass, it must be placed
on the tripod, and accurately levelled, with the latitude arc turned
toward the equator; except, that when making an observation on
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the pole-star, it must be turned in that direction. This can be done
approximately by the magnetic needle.

Thus prepared, set off the sun’s declination for noon on the de-
clination arc, allowing for its index error, if any, and the sun's me-
ridional refraction, also, adjust the latitude arc approximately to the
latitude of the place, and the revolving limb v. at its true zero point
on the hour arc #.: in other words, for noon.

Commence the observation for latitude about fifteen minutes be-
fore the sun culminates, by turning the instrument horizontally on
its lower axis, so that the sun’s image will fall betwgen the hour
lines on the silver plate, and raise or lower the latitude arc, if neces-
snry; to bring the sun’s image between the equatorial lines. Then
follow the motion of the sun, by turning the compass horizontally,
at short intervals of time, and adjust the latitude arc, to keep the
sun’s image between the equatorial lines, until he culminates. The
latitude of the station can then be read at the vernier of the latitude
arc.

The same method may be pursued by night to determine the lati-
tude by an observation on any celestial object within the zodiac,
viewed through the equatorial sights. In making these observa-
tions, it will sometimes be necessary for an assistant to hold a lighted
candle a little behind and above the head of the observer, in such a
manner that the equatorial sights can be seen; but not so bright as
to obscure the star.

LATITUDE BY THE POLE;STAR.

It should be remarked, that the latitude given by an observation
on any heavenly body within the zodiac, is read direct on the lati-
tude arc; but when the latitude arc is turned to the north for an
observation on the pole-star, or some other star near the pole, the
latitude arc will read the co-latitude of the station; it must, there-
fore, be subtracted from 90° to obtain the true latitude. In these
latter observations, the polar distance of the star must be set off on
the declination arc instead of its declination, and if the upper meri-
dian passage of the star be observed, the declination arc must Le
turned toward it; baut, if the lower meridian passage of the star be
observed, the declination arc must be turned from the star.

See sixth adjustment to find the index error of the latitude are.
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EASTERN ELONGATIONS OF POLARIS.

I
!
D.\n.! Amm..' May. | JUNE | Jury. [Amcs'r. Serpr.

H. M. H. M. H. M. H. M. H. M. H. M.
1818 ] 1826 | 1428 | 1220 | 1016 8

7 | 1750 | 1603 1400 1156 953 T
13 | 173t | 1540 | 1335 11-31 930 7
10 | 1912 | 1517 1310 | 1107 908 7
25 | 1649 | 1453 | 1245 | 1043 845 6

WESTERN ELONGATION8 OF POLARIS.

Days.| Ocr. | Nov. I Dre. Jax, FrB. | MarcH.

o, M, H. M, H. M. H. M. H. M. H. M.
1| 1818 | 1622 | 1419 ] 1202 | 950 | 801
7.1 1756 | 1559 | 1353 | 1196 | 928 | 738
18" | 1734 | 1535 | 1327 | 1110 | 902 | 716
19 | 1712 | 1510 | 1300 | 1044 | 839 | 654
| 25 | 1649 | 1445 | 1234 | 1018 | 816 | 633 |

To find the time of the moridian passages of the pole star, add
6 hr. 59 min. to the time of its elongation.

TO FIND THE TRUE MERIDIAN, AND HORIZONTAL ANGLES
FROM IT; ALSO, THE VARIATION OF THE NEEDLE.

Clamp the sight of the compass at 0 or zero, and adjust the lati-
tude arc to the latitude of the place; also, set off the sun’s declina-
tion for the time of day, allowing for index error, if any, and the
sun’s meridional refraction; then bring the siglts of the compass
approximately into the meridian by the necdle, and the solar lenses
into the direction of the sun; if the sun’s image does not fall between
the equatorial lines, turn the instrument horizontally, and the re-
volving limb . on its axis, in a manner to bring the sun’s image be-
tween the equatorial lines, allowing for refraction, if required; then
the compass sights will be in the true meridian. Now if the needle
g- be lowered on to its pivot by the lever 7., its variation from the
true meridian can be read, and set off on the arc for that purpose;
the tangent screw of the vernier limb is seen at k. and d. (See
Plate 1.)

To set the sights of the compass to any other course or angle from
tho meridian it is only necessary to unclamp the under plate from
the upper, and turn the sights to the course required, the angle of
which can be read at the verniers d. d.

Observations for the same purpose ean be made in the night, on
any celesiial object within the zodiac, by the use of the equatorial
sights, instead of the lenses; and by observing two etars, one east,
C
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and the other west of the meridian, the variation of the needle, or
the course of a line, may be more accurately defined.

ZENITH DISTANCE AND ALTITUDE.

Clamp the compass sights to 90°, or for an E. and W. course, also,
set off on the declination arc 23 degrees, and bring the revolving
" limb v to zero or noon on the hour aro. Then by turning the in-
etrument horizontally on its lower axis, bring the solar lenses and
equatorial sights into the direction of the sun or star to be observed,
and raise or lower the latitude arc as the case requires, until the
gun’s image falls between the equatorial lines, or the star is seen
through the equatorial sights. If the observation be made with
the declination arc turned from the object, 23 degrees must be
added to the reading of the latitude arc, to obtain the zenith distance
of the object observed; but if the declination arc is turned toward
the object, 23 degrees must be subtracted from the reading of the
latitude arc, to obtain the zenith distance.

If the zenith distance be subtracted from 90 degrees, the altitude
of the object will be had.

TIME OF DAY BY THE SUN.

After an observation is made to determine the variation of the
needle, or the course of a line by the sun, bring the revoiving limb
to one division on the hour arc in advance of the sun, then observe
the movement of the sun’s image to the instant it arrives between
the hour lines, and correct for index error of the hour arc, and the
effects of refraction; and the hour angle from the meridian at that
time, expressed in degrees will be had, which may be converted
into time by allowing 15 degrees for an hour, and for each degree
four minutes of time. If mean time is required, add or subtract
the equation of time according to its precept, and mean time will be
had.

DIURNAL VARIATION OF THE NEEDLE.

It has been found by numerous observations, that the diurnal vae-
riation of the needle is more in summer than in winter months, and
the amount of these aberrations is more or less on different days of
the same season of the year, and is probably caused by heat and cold.

But the order in which these diurnal changes take place, can bo
a little more clearly defined. The north end of the needle will ar-
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rive at its most easterly declination between ons and two houms hfter

sunrize. It will soon afier gradually decline westerly until one or

two o’clock, P. M., soon after which it will decline eastward, and

at sunset it will have returned half way back to where it was in the

morning. Its daily movement may be better understood by an ex-
_amination of the following table:—
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It will be seen that the average variation for eighteen days
at 6h., 80m., A. M., is 1° 397 50/, E.
at1h., 00m., P. M., is 1° 25/ 877/, E.
at 6h., 830m., P. M., is 1° 33/ 237/, E.
The difference of these numbers gives the diurnal variation as
follows: —
Between morning and evening—6/ 277/,
Between morning and noon—14/ 137/,
Between noon and evening—7/ 4677,

From these facts it may be scen, that the variation of the needle,
as found at one time, cannot be safely relied upon in rununing lines
at any length of time subsequently. Hence the importance of find-
ing its variation at the time the line is being run.

To guard against errors occurring on account of the variation,
the surveyor should at the end of each line, or at the point where
the variation of the needle is found, for the purpose of running a
line from it at some future time, take the bearing of some distant
object, and make a note of the same. On resuming the work, if the
sun should be obscured by clouds so as to prevent finding the varia-
tion of the needle, he can observe the course of the same object again,
and the difference in its course, it any, is the change of variation, and
must be allowed for to correct the variation previously determined.

Local attraction, also, so frequently changes the direction of the
needle, that the surveyor canuot safely extend his line far without
an observation to find its variation; aud it will be frequently found
that a little delay for this purpose, will more than compensate for
all the supposed advantages of running the line without it.

TO FIND THE MERIDIAN PASSAGE OF A FIXED STAR,
AND ITS HOUR ANGLE AT ANY HOUR OF THE DAY.

Subtract the sun’s Right Ascension for the day and hour of obser-
vation, from the star’s Right Ascension, borrowing 24 hours for the
latter when necessary, and the difference will give the star’s meri-
dian passage in solar time; if mean time be required, add to or sub-
tract from the solar time, the equation of time, according to its
precept, and the meridian passage of the star will be given suffi-
ciently near for that purpose. Then, if the hour of observation,
(astronomical time) can be subtracted from the time of the star's
meridian passage, the star’s hour angle, east of the meridian will be
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given; but if the meridian passage of the star be subtracted from the
hour of observation, it will give its hour angle, west of the meridian.
And thus it may be determined what stars are most favourably si-
tuated, for the purpose of finding the variation of the needle, at any
time of night.

If any one of the fixed stars named in the preceding table are
not truly known to the observer by the geography of the heavens,
it is necessary to find the time of meridian passage in order to know
the star’s hour angle at the time of the proposed observation.

This being known, set the instrument to the star’s declination
and the equatorial sights to the hour angle of the star, on the hour
ars, then bring the sights of the compass into the meridian as near
a3 may be by the needle; the equatorial sights will then direct the
eye, nearly, to the star sought for, and by a little movement of the
instr sament horizontally oiits lower axis, bring the line of sight to
bea: lirectly on the star, and the observation is complete.

TF'E EFFECT OF REFRACTION AND PARALLAX IN THE
USE OF THE SOLAR COMPASS EXPLAINED.

The equatorial and hour lines of the solar compass will vary their
sagles from the horizon, as the object observed by the instrument
recedes from, or approaches to the meridian of the observer; and
when at 90°, or six hours from the meridian, the equatorial lines
will have an angle to the horizon, equal to the co-latitude, and the
hour lines equal to the latitude of the place of observation. Now if
the equatorial lines were at all times in a vertical plane, passing
through the centre of the celestial object, refraction would not pro-
tuce any effect in the course of lines run with the solar compass;
but as they will have an angle, as above stated, at different hours of
the day, a proportion of the whole amount of refraction, according
to the angle, must be allowed for, when large enough to produce »
sensible effect in the course of the lines. The equatorial lines arc
para‘lel to the horizon when observing a ce'estial object on the me
ridian; therefore, the whole amount of the meridional refraction
must be allowed fir, in setting off its declination. The hour lines
are only affected by the who'e amount of the refraction, or parallax,
when on the equator, or latitude 0°.

The effect of parallax of the sun and large planets, is too small to
be regarded, except in the most r:ﬁned observations. But the pa-

(o]
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rallax of the moon is tao large to be neglected in any; for this ree-
son, a table of refraction in altitude is given in this work.

Refraction dees not decrease in regular proportion to the altitude
of the objeot. When a eelestial object is in the zenith, it has no
refraction or parallax; but when it is in the horizon, its refraction
is 88/ 517/, and at an altitude of 45° about one minute, (more ex-
actly 68//;) the natural co-tangent of the altitude of & heavenly
hody, express nearly its refraction.

For the purpose of determining with facility the whale umouut of
refraqtion in sltitude of a celestial object, the compass sighta have
lines drawn acrosa them at various distances from the top; at ench
of these lines are fgures, which indioate, in minutes of a degree, the
smount of refraction in sltitude of a celestisl object, as seen fram
#ach line in range with the top of the other sight.

From the amount ef refraction thus foynd, subtraet the meridional
refraction, then the fallowing table will give the proportion of the
remainder, expressed in hundredths, to be added to its declination,
when the latitude is of the s8ame name ; or subtracted from it, when
of a contrary name, from ane to six hours in time, east and west of
the meridian; also, the proportion of the whole amount of the sun's
refraction, to be gubtracted in time from his hour arc, in the fore-
noon, and added to it in the afternoon, to obtain the true apparent
time. This table will also be useful in observations on the Moon ;
for the same proportion of the moon’s parallax in altitude, must be
allowed for on the declination are, in a reversed order from that of
refraction; in other words, the same proportion of the mooun’s pa-
rallax in altitude, corrected for refraction, (see table for that pur.
pose) must be subtracted from her declination, when the latitude is
of the same name, and added to it, when of a contrary name.

For the purpose of making corrections for refraction expeditiously,
while running lines by the sun, there are three lines drawn below
the equatorial lines, 6/ apart, by which to estimate the proportion
of refraction to be allowed, by bringing the lower limb of the sun’s
image the number of minutes below the lower equatorial line on the
silver plate, instead of setting it off with the sun’s declination,
When the surveyor becomes fumiliarly acquainted with making these
allowances for refraction, in using the solar compass, he will seldom
need to refer to the tables, or to mathematical calculations, tq en-
able him to make & proper allowance for refraction at all hours of
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- the day, except when the sun is within 5° of the horizon. But for
an observation by night on a star, its refraction should be set oft
with its declination, in the manner before stated.

PROPORTION OF REFRACTION TO BE ALLOWED IN HUNDREDTHS
OF THE WHOLR. :
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DR. YOUNG’S REFRACTIONS,

The Barometer being at 30 inches, and the énternal Thermometex
at 50, or the external at 47 degrees, with the correctivn for 4- 1
inch in the Barometer, and for — 1 degree in the Thermometer of
Farenheit.

3 8o o <3 3 * o :._'3 8o’ K]
4 :93' Sa 50 3| =8 & | EX) 2 :f &y | &S
& =] E.” =k ) ) g E"—‘ [ o E"" e
SET BHAIN S| &5 |6+|BI] & | & | B+ |AI
o7 rn n r or rn”n ” ” or rn ” n
00/|3s351 | 74|81 (|8 0[1435 [80 [23 | & 0|e35 |133 | -85
53203 [11]76 1419 |20 |22 10| €28 |131 | -83
103158 [60 |73 || 10]144 |20 |22 2 |62 |128 | 82
15316 | 61|70 || 15|1350 [28 |21 5 | 614 | 126 | 80
20 {3013 [ 65|67 || 20]1335 |28 |21 0|67 123 | 7
25 (2024 63|64 || 25[1321 |27 |20 50|60 |121 |7
30| 2837 |61 |61 || 30 137 |27 |20 || 90664 |11 | 18
35| 251 | 59 |50 || 351253 | 26 10| 547 |17 | 74
20216 | 68|66 || 20|24 |26 |19 2 |54 |15 | 8
45 | 2624 | 56 | 64 1228 |25 |19 30|53 |18 | 12
50|24 | 65|21 || 80| 1zie |25 |19 © |53 |11 |01
65 |258 (63|49 || 65|12°3 |25 |18 50 | 525 | 110 | -70
10| 2425 | 62|47 |40 1162 | 241 | 170 [|10- 0 | 520 | 108 | -89
5|2348 |50 |46 || 101130 | 234 | 164 || 10 |615 [106 | -7
10 | 2313 |49 |46 || 201170 [ 227 [168 | 20|&10 |104 | <65
15 | 2240 |48 |44 || 30 [10%0 |220 [153 || 30|55 |02 | -61
20228 |46 |42 || 40[1032 213 [148 | 20|50 |101 | -63
25| 2187 | 45|40 || 50 [1015 [ 207 [143 | 50| 456 | 90 | -62
30| 217 | 4439 |60 958 | 201 | 138 ||11. 0 | 451 | 98 | 60
35 (2038 [43]38 || 10| o42 |196 [ 134 || 110|447 | 06 | 50
202010 {4236 || 20| 927 [101 [130 | 20|448 | o5 | 58
451943 | 40 |55 || 304 011 [1s6 [126 || 30430 | o4 | &7
50 | 1017 |30 34 || 40| &53 181 |122 || 40|435 | 92 | -6/
55 (1552 |39 33 || 60| 845 | 176 (119 || 50 431 | o1 | -5
20 (1620 |38 |32 ||6 0| 832 | 172 | 115 |12 0 | 4261 | 900 |56
5(185 |37(31 | 10| 820 | 168 | 111 || 10 | 4244 | &86 |58
10 {1743 |36 |30 || 20{ 89 |164 [ 109 || 20 | 4208 | 874 |51
151721 | 3629 || 30| 738 [ 160 106 || 380|473 | 863 |53
20 |170 3528 || 20| 747 [157 [ 103 || 40| 4130 51 |52t
251640 34128 || 60! 737 | 158 100 || 50 | 4107 | &4 |-517
20 | 1621 |33 |27 [[7°0| 727 | 150 | 98 |13 0 | 4 75 | 880 |-509
55 162 (3327 || 10| 717 |1v6 | -95 || 10 |4 44| 820 l-503
4 1548 {3226 || 20| 7-8 {148 | 93 || 20 |4 14| 810 |-406
45 1525 {3225 || 30| 659 141 | 01 || 80 !3534| 800 |-400
50 158 |31 |24 || 40| €51 | 138 | -89 || 40 | 555 | 789 |-as2
55 1461 130 '33 Il 501 e43 135 | 57 4| 0 ' 3526 | 770 |46
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TABLE OF REFRACTIONS—cOntinuea.

. < i < . =3

= | 8y = | g BRI ;
SR MBI PGS
£ 448 |gm | g% |& £8 |g~ |8% || £ 48 (8~ EX
S -t At |El|I<| = Z+ &l <& A+ &l
o ! rn ” ” o rn ” ” o s ” ”
140 3499 | 770 | -469 | 36 | 1-200 | 268 | 161 || 66 | 250 | 87 ’-o:.z
10| 3471 | 761 | 4o |1 87 1171 | 258 | 155 ! 67 | 267 | 83 | Lo
20| gdbd [ 752 (458 1138 | 1044 [ 249 | o || 68 | 25 | 79 | 0h7
50| 3418 | 743 | 453 || 30 | 1118 | 240 | Ak || 60 ) 224 | T8 | vib
40| 802 | 734 |48 [ 40 [ 193 ;232 | 130 || 70| 202 | 1 tw
501 3367 [ 726 | 444 | 4111 69 | 228 [ 134 ) 71| 10 | 67 |0k
1501 #343 | 718 | 43y [142 |1 46 | 216 |10 || 72 [168 | -63 | 088
50| 323 | 65 | 424 || 43 [ 124 [209 | 125 || 731 177 | 69 ! 036
160 3206 [ 673 | 41l | 44 |1 03 {202 120 || 74| 166 | 56 | w33
30| 3144 [ 651 | -300 || 45 | 551 | 195 |-116 || 75 [ 155 | 62 -031
170} 85 | ¢l | 386 [ 48 | 661 | 158 | 112 || 76 | 144 |29
8073 29 | 612 |64 [ 47 | 4z 181 1108 || 77 | 154 | 45 02
150] 2576 | 594 1362 || 48| 623 | 175 [-104 || 78 ]128 | 41 | v2b
10 b2di7 | o6l | 340 || 49| 505|169 | 101 |[ 79112 | 38 | 023
20 | 2387 |51 | 822 || 50| 488|163 |-097 || 60| 102 | -34 | oA
21 | 2305 | 504 | 305 || 61| 471 | 158 | 094 || 81| 92 | <31 | 018
22 | 2u32 | 479 | 200 | 62| 454 | 152 |-000 || 82| 82 | 27 | -016
2 | 2165 [ 457 | 276 | 53 | 438 | 147 [-0s8 || 83| 71 | -24 | 014
24 | 2101 | 435 | 264 || 64 | 422 | 141 | 0s6 | 84| 61 | 20 | 012
25 | 2 42| 416 | 262 || 55| 48 |16 |-082 |[ 85| &1 | 17 | -010
26 | 1988 [ o7 {41 | 56| 893|131 |07 |[ 88| 41 | 14 | 008
27 | 1538 [ 381 | 280 || 57| 378|128 |-0i6 ([ 87| 81 | ‘10 | 006
28 | 1491 | 3e5 | 219 || 68| 3ud | 122 |-0i3 || 88| 20 | 07 | o
20 | 1447 | 3350 | 209 |} 59 350|117 |-070 [ 89| 10 | 03 | -002
30 (1405 | 336 201 | 60| 336|112 |07 | 90| 00, 00 | <000
31 | 1866 | 323 | 198 || 61| 323|108 | -06b

32 | 1830 | 311 | 186 [{ 62| 310 | 104 | -002

33 | 1205 | 200 179 (63| 297 | 09 | -0c0

34 | 1261 [ 253 | 173 || 64| 284 | 05 | -057

35 | 1230278 Laer les! 22| 91 | 056

The correction for an increase of altitude of one inch in the Baro-
meter, or for depression of one degree in the Thermometer, is to be
added to the tabular refraction; but when the Barometer is lower
than thirty inches, or the Thermometer higher than 47 degrees, the
correction becomes sublractive.

When great accuracy is required, 0-003 inch should be deducted
from the observed height of the Barometer, for each degree that the
Thermometer near it is above fifty degrees, and the same quantity
added for an equal depression. ‘
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CORRECTION OF MOON’S APPARENT ALTITUDE YOR PARALLAX AND
MEAN BREFRACTION.

.

+ ! Moox’s I[oR1ZONTAL PARALLAX, BARoM. 80 IN. THERM. 50°.| <+
.'3'5 K §
3E - it
s 23| 647 | 55 50" b7 | 68 | 50/ | 60 | 61" |= &

o 1 n IIIIIIII”/II rn rn rp Q

8 | 465947 58|48 58 | 49 57 | 50 67 | 51-66 | 52 66 | 53 56 8

10 (475648 66 4954?6363 5152|5251 ,56360,6449] 10

12 |4826[4925(6028 5122|5221 )531956418|56617 | 12

15 |4839[4937|5035(5133 (5281|5329 64275626 15

20 |48 7|49 3[(50 0:56066|5153]5240;6345,:6442] 20

24 (47 9[48 44859 ,4054}5049 |5144|56238,5333 | 24

27 (4612147 647594853 149465040 |561383 (5221 | 27

80 145 3(4555(4647 (473514831 [492316015)61 7! 30

83 [4412:45 3[4554/4045(4735|4826(4917 60 8| 82

84 (431744 7T {445614546[4636| 4725481549 5| 34

36 |4218143 64356 444446324621 47 9/47568| 86

38 411442 24240 4336442314511 (4558 4645 | 88

40 (40 814054 |4140|4226(4312|4358|4444(4530| 40

42 (385939434028 411241574241 4326(4411] 42

44 |3744]13828)3911|3954 4037 (412142 414246 44

45 |37 T|3750{3832 8914|3057 (408014122142 4| 45

46 [3629:3710(3752|3834[3915(3057 4039/4120( 46

47 | 3650 363113711 3752|3833 |3814|3955|4036| 47

48 3851013550 (36303610 13750/3730|3311139561| 48

49 (3420135 813548382736 7|3746{3825/39 5| 49

50 |3348.3426135 5 35441362237 1 37893818 | 50

61 |33 6 3344(3421/3459(3537(83615(3652,3730] 51

53 [38222]3259|3336{3413|34560|3527(36 4 3641 ] 52

53 13139(3215 (32513327 |34 8|38440!35168,35562) 53

54 [8065(3130(32 65(3241|3316(3351 3427:35 2| 54

66 |3011(3045(311913154)3228133 3.,3337;3411| 8%

56 1292512959 (3032/31 613140(3213:3247!3320| 56

57 |2840]|2012(2945 (38018 {3060 31233156 3228 T

58 |275312825(2867/2929({3010]3032,31 43136]| 68

69 |27 7|2737|28 8|2839(2010(2041/3012:3043| 69

60 |2619[{2649|27191274912819{2849 2919 2949 | 60

MEASURING LINES.

In the surveys of the United States lands it is required, that the
measuring chain should be two poles, or thirty-three feet in length,
and containing fifty links, which must be compared with, and ad-
justed to the length of the standord chain in the Surveyer General’s
Uffice, and afterwards to be frequently compared with a standard
chain kept by the surveyor for that purpose. But all the measure-
ments, and calculations, are kept, and entered in the field book, in
four pole chains, of one hundred links.

The surveyor is required to use eleven tally pin<; they should be
made of steel, and not more than ahout one foot in length, and large
enough near the points, to cause them to drop perpendicularly; at
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the top end of each pin, a loop or eye should be made, in whish a
piece of red cloth may be fixed, that they may be more readily
found, when stuck among weeds, grass, &o.

In all measurements the level or horizontal length is to be taken:
for this purpose, in ascending hills, banks, &c., the chain-men must
let down one end of the chain to the ground, and raise the other end
to a level therewith, at the elevated end of which a tally pin should
be plumbed and let fall, to ascertain the spot for setting it; and,
when the surface of the ground is very steep, it may be necessary
to take 0 much of the length of the chain as can be raised to a level,
80 as to obtain the true horizontal measurement.

In measuring lines, one of the eleven tally pins must be set at the
starting-point, and when the remaining ten are set, it is called a
tally or out, (five chains) and the forward chain-man cries ¢ Tully,”
and each chain-man registers the distance by slipping a thimble og
loop on a tally belt worn for that purpose. The back chain-man
then comes up, and having counted, in the presence of his fellow,
the tally pins which he had taken up, so thut both may be assured
that none have been lost, takes the forward end of the chain and
proceeds to eet them. Thus the chain-men alternately change places,
each setting the pins that he had taken up, so that one is forward
in all the odd, and the other in all the even tallies; which contri-
butes to the accuracy of the measurement, facilitates the recollection
of the distances to notable objects on the line, and renders a mis-
tally almost impos-ible.

Measurements with the chain and tally-pins are often very im-
perfectly performed by the chain-men, and much more error is made
than is generally supposed. It has heen found by many trials, with
as good men as can generally be obtained, that with two sets of chain-
men, instructed alike in the proper manner of keeping their chain
level and straight on the line, and of setting the tally-pins plumb,
as well as holding the ends of the chain to them, a difference has
sometimes been made of 86 links, and an average difference of 15
or 16 links to a mile, in common timbered land. But repeated
measurements over the same mile, by the same chain-men, and near
the same time, will generally agree within five links; yet after
several months’ employment in the field, a measurement of this line
may not agree so nearly. Again, the same chain-men will make a
different measurement to some oxtent, over swamps, marshes, wind-
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falls and thickets, when there is snow on the ground and when
there is none, in cold and in warm weather, effecting a change in
the length of the chain, and by measuring fast or slow the amount
of error to each would be difficult to estimate. Therefore the sur-
veyor should keep a vigilant watch over his chain-men, and see thut
their duties are performed in the best mauner, to counteract all
these sources of error as far as practicable.

TELESCOPIC MEASUREMENT.

This method of measuring, when properly conducted, is more
uniformly the same, and therefore correct, than measurements
made by the chain by various chainmen. It is well adapted to
measure along the shores of lakes and rivers where obstacles are
frequently found of a character to prevent a good measurement with
& chain, also for measuring short distances over streams, ponds, &c.

The following arrangement and method of measuring with a tele-
scope and rod will be found very convenient for meandering rivers,
Iakes, &c. A good telescope must be provided, of about 16 or 18
inches in length when adjusted for use, with two parallel lines cor-
rectly set in its principal focus, forming between them, in the field
view, not less than 45/ of a degree. This telescope is attached to
the sight of the compass with a suitable fisture for that purpose,
when wanted for use. Provide a sliding-rod, such as are commonly
used for taking levels for canals, railroads, &c., with two targets,
one stationary at the top of the rod, the other moveable, with a
vernier for the usual readings, on the lower part.

When measurements with the telescope and rod are to be made,
the telescope must be attached to the compass sights and adjusted
for an observation; then measure four chains from it very accu-
rately, and place the rod at that point, with the targets facing the
compass, then bring the upper line in the telescope to bear correcily
on the upper target by means of the levelling screws, and adjust the
moveable target to range with the lower line, then by observing
accurate’y the distance the targets are apart on the rod, when they
measure the angle formed by the parallel lines in the telescope at
the given distance from the compass, the observer will have data
from which a table may be readily constructed for all other dis-
tances, of which the tclescope will enable t-l|c| observer to vicw the
distance between the tirgets accurately. lt may conduce to tha
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correctness of this method of measuring to make observations at
various distances, to test the accuracy of the table thus formed;
after this, the surveyor may feel a ccnfidence in the correctness of
his mensurements with the telescope and rod.

Lines run and mezsured by this arrangement along the shores of
Inkes and navigable streams are most conveniently and expeditiously
done with two skiffs or canoes, or even with two light rafts, wi.h
the compass in one and the rod in the other, which can be landed
at suitable points and distances apart on their shores; then, after
the bearing and distance between them has been taken, the compass
can be moved, with the skiff or canoe, to the position occupied by the
rod, and the latter again stationed at the next suitable point, and
its course and distance taken as before, and 8o on to the close of the
survey.

In all observations, care should be taken to hold the rod at right
angles to the line between it and the compass; but it is often neces-
sary to lean the rod at right angles to this line, sometimes even to
a level with the horizon; iu all such cases, tho telescope must be
r.lled in the y’s to bring the parallel line at right angles to the rod.

By this mcthod, the shores of lakes and rivers, however difficult
to be measured with the chain, may be correctly meandered by
¢ urse and distance, without encountering the obstac.es on shore
with the compass and chain.

To prevent confusion or mistake in the locality of the different
stations und notable objects on the land or off the shore, a tempo-
rary map should be fully kept up with the survey, on which each
object must be represented in order to furnish data for the con-
struction of a good and correct map.

No surveyor, however, should presume to meander important
surveys by this method, except he has previously made the neces-
sary preparations, and has qualified himself by some practical
cxperience befurehand.
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TABLE
OHAINS TO FEET.—FEET TO CHAINS.
Links, 7-92 inches.—Chain, 66 feet, == 792 inches.

CHAINS INTO FEET. FEET INTO CHAINS.
22 23
Fl Feet. 25 Feet. Feet. | Links. | Feet. | Links.
E:i €35 . :
01 0-66 8-0 198 || 0-10 0-15 | 10:0 161
0-2 1-32 40 264 || 0-20 0-30 | 15-0 227
0-3 1-98 50 330 || 0-25 0-38 | 20- 80-8
0-4 2-64 6-0 896 || 0-30 0-45 | 24- 86-3
0-5 8-30 70 462 (| 0-40 0-60 | 27- 40-9
08 8-96 8:0 528 || 0-50 076 || 80- 454
07 4-62 90 594 || 0-60 0-91 || 88- 50-0
08 5-28 || 100 660 || 0-70 1-06 || 86° 546
09 5-94 || 20- 1320 || 0-75 1-18 | 89- 591
. 010 6-60 || 30 1980 || 0-80 121 | 40- 60 6
0-20 1320 || 85- 2310 {f 0-90 1:36 || 42- 63-8
0-30 19-80 || 40- 2640 (| 1-00 1-61 || 45- 68-2
0-40 26-40 || 45- 2970 || 2-0 3:0 48 727
0-60 83-00 || 50- 8300 || 8-0 4-6 59 767
0-60 89-60 || 55 8630 || 40 6-0 51- 778
0-70 4620 || 60- 3960 || 50 75 54+ 81-8
0-80 5280 || 65+ 4290 || 60 91 b7 863
0-90 5940 || 70- 4620 || 70 10-6 60 90-9
1-00 66-00 || 75+ 4950 || 80 121 63- 95-4
2:00 | 132- 80 5280 || 9-0 136 66 100-

CONVENIENT METHODS FOR MEASURING DISTANCES OVER
RIVERS, LAKES, MIRY-MARSHES. ETC.; WHICH CANNOT
BE MEASURED DIRECTLY WITH THE CHAIN.

It may be remarked here, that in surveying large districts of new
country, many obstac'es of this kind are to be expeoted, and are met
with sometimes under many difficnliies, such as the direction and
swampy or thicke'y character of their shores, al-o, the annoyance
felt by the presence of increising swarms of blood-thirsty flies and
moschetoes, which largely infest such shores in summer; hence the
importance of the best management, and correct and expediticus
me*hods of passing such obstacles.

The following illustrations wi'l assist the inexperienced surveyor
in the accomplishment of this ohject. They are given on the princi-
ple of reducing the base, whutever may’ be its course or courses, to
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a right-angled base to the course of the linu o be measured. Tlis
can be readily done if care be taken to run and measure the base,
at such angles that their latitude and depa.ture can be taken from
the traverse table.
FIGURE 1.
Distance required over lake from A to C, course East,—right-
angled base,—froem A to B 690 links, Angle at C 20° 20/

Natural co-tangent of the angle at C, ............... =2.6986256

Multiplied by base 4. B. 690
242867250
16191150

Over lake 1862 links 1861.982250
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FIGURE 2.

Distance required over lake frcm D to F, course West.—From D
to E, 8. 20° E 752 links—gives 707 links scuthing, which is the
right-angled base X @, and 2567 links easting from D to K. Angle
at F153°,

Natural co-tangent of the angle at F. ...............=3.545732

Multiplied by the base K. E, 707

(Nat. co-tan. FXK E.)—K D=D F. 24820124

(8-545.702 X 707 )=25607—267=2250. 24820124
2506.832524

Subtract distance from D to K, 257

Distance from D to F, 2250 links nearly.

FIGURE 3

Distance required over lake from @ to 7, couree South.
To obtain a base in this example, we run

. Southing. Westing.
8. 553 degrees, W. 400 ....... 225 .......
8. 19 do  W.440...... 415 ........
S.50 do W.548.... 352......
Distance from G to § ............. 992 weeeese. Hto S 8U5 links,
Co-tangent of the angle 16° 38/ at 1, 3.347319
Multiply by the base I/ S, 896
20083914
80125871
26778552
Distance from Sto 7 2999.197824
Add distance from G to S 992

Distance over lake from G to I 8991 links,
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DISTANCE OVER A RIVER BY «OFF-SET.”
EXAMPLE.

0

/1)

TFIGURE 4.

In running a line north, intersect the right bank of a river at 4,
(course N. N. E.,) and erect an object, turn the compass sights to
west, to an object at B, and pass over the river to it, then run and
measure a line north to C, and ¢ off-set” east into line at D, the dis~
tance between 4 and D will be equal to the distance between B and
C. Or, if aline be run and measured from A, N. 60°, E. until an
object in line at D bears N. 30° W., the distance 4. D. will be twice
that of 4. E., for the reason that the triangle thus formed is one-
half of an equilateral triangle.

Frequently oif-sets are made in passing small lakes, bends of rivers,
etc.: sometimes the distances can be advantageously taken over
such obstacles, with the telescope and rod, (see article, Telescopic
Measurement.) Also, it often happens that n suitable angle can be
taken, and the baze to that ang'e measured afterwards; in such
cases the distance can be taken from the traverse tible: but if no
traverse, or other proper tables are at hand, the following angles,
on aright ang’e base, and the multiplier to it, will give the distance.
These may be committed to memory.

Angle 11°, 18/, multiply the base by 5,

14, 2 multiply the ba’:e by 4,
D
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Angle 18, 26, multiply the base by 3,
« 21, 41, multiply the base by 2.5,
« 26, 34, multiply the base by 2.

FIGURE 6.
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SHORT METHOD OF FINDING THE AREA OF A
MULTANGULAR FIELD.

EXAMPLE, SHOWING HOW TO REDUCE THE PLOT OF A MULTANGULAR
FIELD TO A FIELD OF EQUAL AREA HAVING ONLY THREE OR FOUR
SIDES, BY WHICH ITS CONTENTS MAY BK READILY FOUND.

To reduce such a field the only instruments required, after the
meanders are proper.y laid down, are a good parallel-rule,* and a
fine protracting point.

_In the preceding figure first extend the base £ H to an indefinite
length ; then placing the rule on the gngles 1 and 3, move it parailel
from the angles 1 and 3 to the angle 2, and mark the exact paint of
intergection at 4, on the base £ Z. Now place the rule on 4 and
the angle 4, then move it parallel to the angle 3, finding the point 8
qn the base £ H; place the rule on B and the ang'e 5, and move,
parallel, to the angle 4, finding the point C on the base £H. Now
place the rule on the point C, and the terminating point 6 on the liue
F @, and move the rule, parallel, to the ang'e 5, finding the point
D on the base E H, from which point draw a line to 6, the process
then being complete. Theline D6 thus drawn leaves the same ares
of lake to the left, that there is of land to the right.

A
g
Cd
7 a

FIGURE 6. '

Any figure may be calculated upon the same principlo by drawing
s hase and erecting a perpendicular line from it, passing through

®The triangle and the rule are the best.
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the figure. Place the rule at a and ¢, then move, parallel, back to
b, marking the point 1 on the base; then from 1 to d, and move for-
ward to ¢ and so on to the angle at ¢, leaving a triangle to the right
of the perpendicular. Proceed in like manner with that portion of
the figure to the left of the perpendicular line, throwing it into-two
triangles.

CROSSING RIVERS AND LAKES.

In connexion with convenient methods of mensuring distanees
over lakes and rivers, it is proper to take notice of the means em-
ployed, by the most experienced surveyors, for the transit of the
surveying party over such waters, when fording them, or travelling
around their shores, is impracticable, or causes too much delay.

For this purpose floats or rafts made of logs, of the most dry and
buoyant timber at hand is used, and when formed into a raft, its
length should be about four times its breadth; with this proportion
the raft will steer better, and pass through the water with more ease
and expedition, than broad and short rafts.

The foliowing is a safe and expeditious method of constructing
these floats:—At a convenient place lay two skids, at a sditable dis-
tance apart, parallel to the shore, and near to the water, place on
these two logs, twenty feet long and one foot diameter, which are
to be the outside logs of the raft, and at about two or three feet
from the ends of these, make with an axe a dovetail notch three or
four inches deep, and about as wide on their upper sides; then fit
into these notches a cross piece, or tie of a suitable size, and wedge
them there firmly, so that these logs will nut be separated on the
water; then before or after launching this into the water, as con-
venience may suggest, fill in underneath the cross pieces, between
the outside logs, with smaller timber of the same length, and tie
them to these pieces, or fasten them by means of a dovetail notch.
For crussing deep water, where poles cannot be used, paddles, cr
oars will be needed; they can be split out of alog and hewn into the
proper shape in a few minutes.

With the who'e force of the surveying party, it will require from
one to two hours to construct a raft of a sufficient size to pass them
all over a lake or river at one time,
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RUNNING LINES WITH THE SOLAR COMPASS.

In commencing a survey where the latitude, as given by the ine
strument with which the survey is to be made, is unknown, the sur-
veyor should first determine the latitude of his commencing poiut.
He should remember, that in runoing any other than an east and
west line, he is continually changing his latitude, so that every
ninety-two chains and thirty links, of northing, or southing, will
change his latitude one minute of a degree, or 5/ 12// for six miles,
and a corresponding change of latitude must be set off on the Iati-
tude arc. During the progress of a large survey, the surveyor
should determine his latitude daily, if practicable, by the meridian
passage of the sun, to test the correctness of the adjustments of the
latitude and dec'ination arcs.

It is equally important that the sun’s declination be truly set off
on the deciination are, for the time and longitude of the station, as
it is that the latitude arc be truly adjusted to the latitude of the
place of observation.

The following method of preparing the sun’s declination, as taken
from the Nautical Almanac, for daily use, in any longitude, will be

. found useful in practice:

EXAMPLE.

To calculate the sun’s declination for all hours of the daytime
for May 11th, 1854, in latitude 42° N., longitude 120° W., or eight
hours before noon, local time, corresponding to Greenwich noon.

12 h.— 8 h.==4 h. A. 1., at the place of observation.

Sun's declination, 17° 52’ 11” at Greenwich noon, as per Nautical Almanae.
Meridional refraction - - 26

2 37 4h.A.xM, 17° 57 41” at noon.
Hourly difference 4 28 38

7 8 15 Shoaw, 17 68 19 1hr
83 53 6h.ax, 17 88 5 2hrx.
764 3 Thoax, I 6 ¥ Inew
78 9 8haw, 18 013 4hrx
1 6 4 oh.ax, 18 0 81 Shorw
17 56 2510h.amM, 18 1 29 6hrw.
17 67 33111;..«.:, 18 2 7 Thex
17 67 :ﬁlzn,x., 13 2 4 Sh.oem
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To calculate the sun’s declination for August 25th, 1854, for all
hours of the daytime, in latitude 46° N., longitude 90° W., or six
hours before noon, local time, corresponding to Greenwich noon.

12 h.—6==6 h A. ¥., at the plaee of observation,
Sun’s declination N.,  10° 48’ 1% 10°44° 817 11 h. A. 3.
¢ Meridional refraction4- 89 52
10 4851 6h.a.m, 10 4339 12h. 3.

*Hourly difference— 63 52
10 47229 Th.ax, 10 42:} 1h. P
10 47 ; 8hoax, 10 4155 2h.rum

[ 62
10 46;5 9h.A M, 10 41523 3h.r.
10 4423 10h. A%, 10 4011 4h.P. M

52
10 4431 11h.A.n, 10 8019 Bh.p .

"The calculations for the sun's declination for each hour of the
day can be made after the preceding forms, on blank leaves placed
in the field book, where they would be required through the day.

In the following table the hourly difference of the sun’s declina-
tion, as given for the day, in the Nautical Almanac, will be found to
the nearest second in the left hand column, and the change of de-
clination for any number of hours to twelve, will be found against
it, under the hour at the head of the columns,

This table is useful when the sun’s declination is required for any
number of hours up to twelve, before or in advance of Greenwich
noon.

EXAMPLE.

Suppose the sun’s declination is required for September 8, 1854,
at 2h. P. M., in longitude 120° W., or 8h. in time W. of Greenwich,
then 8-2==10 hours. The sun’s declination at Greenwich noon is
6° 28/ 527/ N.; hourly difference 567/, against this, in the above
table, and ander 10 hours, we find 9/ 20/, which subtract from
6° 28/ 52//==f° 19/ 32// for the sum’s declination at the time and
place required. :

* The hourly difference of the sun’s detlination must be added when his de
clination is increasing, and subtracted when it is decreasing’; and the mweridional
refraction must be added to the declination when the latitude is of the same
Dawe, and subtracted when of a contrary name. 8ee method of finding Meri
dional Refraction.
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TABLE.
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Observations with the solar compass for the purpose of running
lines, or to determine the variation of the needle, should not be made
when the sun or other celestial object is nearer than 8°, or thirty-
two minutes of time from the meridian: nearer than this, the obscr-
vations may not give the course required sufficiently correct for the
ordinary purpose of running lines.

The best part of the year for running lines with the solar compass
is the summer season, or when the latitude and the declination of
the sun are both of the same name. During this portion of the year
there is usually the most fair weather for work of this kind, and
the sun’s altitude being generally higher through most of the day,
affords more frequent opportunities in the forest to adjust the in-
strument by the sun, to the course of the line. There are, also,
more hours of the day in which the solar compass can be used; the
advantages of this will be fully realized when running lines in thickly
timbered land; or in hilly or mountainous districts, when their sum-
mits intervene between the instrument and the sun, until a late hour
in the morning and early in the afternoon.

From the principles already given in regard to the use of the solar
compass, it will be perceived, that it requires more skill to nse it
with facility, than it does to use the magnetic compass; therefore,
the surveyor should acquire this skill, before entering upon any im-
portant survey.

More line can be run with the solar compass in a day, than with
the magnetic compass in the same time, if both instruments are pro-
perly used; for the reason that it requires less time to adjust the
solar compass to the course by the sun, than it does the magnetic
compass by the needle.

Much experience has established the fact, that a continual line
can be run independently of the needle, through heavy timbered
land, without cutting away any timber, except lopping a bush oc-
casionally, between the instrument and the sun. Therefore, lines
can be correctly run through any mineral region or other country,
however great the local attractions or variations may be on the
magnetic needle, with an accuracy not attainable with the magnetic
compass. In making the survey of new districts of country, espe-
cially where there is considerable local attraction, it is important to
defermine the variation of the needle frequently, and make a record
of the same for future reference.
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During the surveys of the mineral region of Lake Superior, it was
discovered that all mineral veins in that country had an influence,
more or less, on the direction of the magnetic needle, its North end
being generally attracied towards the metallic vein. These indica-
tions led (and no doubt will to a greater extent in future) to the
discovery of mineral veins of various kinds in that and other regions;
but the influence of metallic deposits on the magnetic neede, ac-
cording to their various qualities, courses, distances, depths, &c.,
from the instrument, are as yet imperfectly understood.

It is to be hoped that this subject will receive, tn future, that at-
tention which its importance requires.

These aberrations in proximity to metallic deposits, suggest to the
mind that they may be caused by galvanic currents, which circulate
around the earth, and become deflected out of their general course
by the metallic veins being a better conductor than the surround-
ing medium.

Galvanic currents conducted by any metallic substance always in-
fluence the direction of the magnetic needle, and incline it toward
a right angle to its course; metallic deposits may also, in connexion
with the various rocks and other substances in-which they are im-
mediately enclosed, form in themselves, local galvanic batteries, of
greater galvanic intensity than is generally circulating in their vi-
cinity, and thus diffuse an influence around them at considerabla_
distances.

If these suggestions are correct, they seem to point to metallio
deposits, in ion with other substances in which they are en-
closed, as the producing cause of the galvanic currents which cir-
culate continually around the earth, nearly at right angles to its
axis,

CONVENIENT RULES FOR CORRECTING THE COURSE OF
RANDOM LINES, WHEN THE CORRECTION DOES NOT
EXCEED 200 LINKS TO EACH MILE.

Rule for half a mile, or forty chains.

From the number of links to be corrected in that distance, sub.
tract one-seventh ; the difference will be the number of minutes of 8
degree required for the correction of the course.

E



50 THE SOLAR COMPASS.

EXAMPLE.
Number of links to be correcied, 42—6=36/ answer,

Rule for one mile, or eighty chains.
From half of the number of links to be corrected in that distance,
pubtract one seventh; the difference will be the number of minutes
of a degree required for the correction of the course.

EXAMPLE.
Number of links to be corrected, 70---2—=85—5=—=30/ answer.

Rule for three miles.

Divide the whole number of links to be corrected by seven; the
quotient will be the number of minutes of & degree required for the
sorrection of the course.

EXAMPLE.
Number of links to be corrected, 297 <-7=423" answer.

Rule for six miles.

Divide one half of the number of links to be corrected by seven;
the quotient will be the number of minutes required for the cor-
rection of the course.

EXAMPLE.
Number of links to be corrected, 370 -2 =185 + 7 = 263/ ans.*

The distances given for corrections, in the above examples, are
those for which corrections are generally made in the surveys of the
public lands, and the calculation for the course of the corrected line,
can generally be mentally made by the surveyor, while he is occu-
pied in adjusting his instrument.

For other distances, when the correction does not excced 1° 457,
divide the distance run, by the number of links to be corrected in
the length of the line; the quotient will be the natural co-tangent of
the correction to be applied to the random course.

In the following table, the angle of correction is given in the first.
column from 1/ to 1° 40/; and agninst each angle the departure is
given for distances one, forty, eighty, and two hundred and forty chains,
or three miles. These distances may be reckoned as ens, hundreds,
thousands, if the position of the decimal point in each departure be
changed accordingly.

The departure under distance one chain is of course the natural

@ The above rules are close approximations.
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sine of the angle; therefore, if it be multiplied by the distance run
on any angle, the product is the departure.

TABLE, SHOWING THE ANGLE OF CORRECTION FOR BANDOM LINES,

¢ |Numbor/Links| Links | Links 2 |Number| Links | Links | Links
0 forlinks | in 40| in 80 ind < |oflinks| ins0 | in 80 in3
< [inlch.| ch. |chains. | miles. < in1ch.{ chains. | chains. | miles.
1} -0)u2yl 116 233 ('] 517 1 -014835 | 6934 | 11868 | 866°04
2 | uuosd 233 466 1597 52 [-015126 | 6050 | 12101 | 30302
3 [-0008T3 | Sy 608 20°05 53 1°015417 | €167 | 12334 | 37001
4 [-vollot | 466 931 2794 64 |°015707 | 6283 | 125°t6 | 876-07
5 |00l464 [ O3 1163 3490 65 |*015998 | 63-99 | 127-98 | 38395
6 [-001745 695 66 ['016289 | €5°16 | 13031 | 890'94
7| ouluss | 814 57 [-016560 | 6832 | 13264 | 39792
8 [-ov2327 931 58 1-016371 | 6748 | 13497 | 40400
9 [-ou2te8 | 1047 59 |-017162 | 65¢5 | 13730 | 411-89
10 |-002999 | 104 ‘017452 | 69-81 | 13962 | 41685

017743 | 7097 | 14104 | 42583
018034} T214 ¢ 14427 | 432:82
(018325 | 78-30 | 146:60 | 439-80
018618 | 7440 | 14803 | 44678
‘018907 | 75663 | 161'26 | 45377
019197 | 76:79 | 15358 | 46073
*019488 | 7795 | 15590 | 46771

019779 | 7912 | 15823 | 47470
020070 | 8028 | 160-50 | 481:68
020881 | 8144 | 162:80 [ 485:66
020652 | 82:61 | 16522 | 495'65
020942 | 8377 | 167564 | 50261
021233 | 8493 | 169:86 | 509-59
021524 | 8610 | 17219 | 516:58
021815 | 87-26 | 17462 | 523:56
022106 | 8842 | 17685 | 53054
022397 | 89-59 | 179-18 | 537-53
022687 | 0078 | 18150 | 654149
022978 | 9101 | 183:82 | 55147
023269 | 93-08 | 186:45 | 55546
023560 | 9424 | 188 56544
023851 | 9540 | 190-81 | 572-24
“024141 | 9656 | 19313 | 57938
024432 | 9773 | 19546 | 636-37
024723 | 9889 | 197-78 | 503:35
025014 | 100-08 | 200-11 | 60034

11 |-005200 | 1280
12 {-003401 | 13-98
13 {-003752 | 1513

17 |-004945 | 1978
18 1095236 | 20-94
19 1005627 | 2211
20 [-0U5818 | 2327
21 [-006109 | 2444
23 [-006400 | 2560
23 |-006690 | 2676
2% |008981 | 27-92
25 007272 | 2009
26 |-007563 | 30-25
27 007854 | 3142
28 |-008145 | 32:58
29 |-0084:38 | 3374
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TABLE OF LATITUDES AND LONGITUDES.

In the use of the Solar Compass, it is necessary to ku:ow approxi.
mately at least, the Longi:ude of the place where the instrument is
used, fur the purpose of taking out of ti.e Nautical Almanac, the Sun’s
declination, &c., and reducing them to a time, and Longitude of the

place of observation.

For this purpose. the following tabular statement of the latitude,
and lungitude from the meridian of Greenwich, of some <f the most
important places, in North America, are given.

LonaiTupE WEST.

LATITUDE
PLACES. :
* Nowrd. |1, Degrees.| In Time.
o r | 0 s # g w8
Aca e o o Mex,. .[1606019| 9949 9| 639 16
Alb:my, (C-Ap!fol,) . UNY,. .l4230 8| 7t384449|45459
Amherlt.s o . . Mass,. S| 422215 723128450 6
Apostle 1s ands, ﬁ 3 Superlor,) .. 4T 00 91 00 6 4
Augusta, (State House,) . Me, . .|441843] 69 50 429 20
Baltimore, (Monument,) . Md, . .|891748| 763639 |5 626
Bellevue, (Am. Fur. Cos. Tradlng
Post, Missouri River,) W .« o 4|8 824 95474662311
Boston, (State House,) « . o Mass,. . |422127| 71 330 |44414
Brazos Santiago, . . .« . Texas, .|2 6 0] 9712 6 28 48
Brent'sFort, . « o o o _o_ o« |98 23811033315(6 5413
Burlington, « o+ . o o N.J,. |40 451| 74524745030
Rurlington, « « . o o V&, o o4 21 73 10 4 52 40
Cape Hancock, (Mouth of Colum-
bia River,) . . Oregon, ,|461635]|124 145|816 7
Charleston, (St. Mich N} Ch.,) . 8C, . .[324633| 79553851942
Chicago, . . . . . PO § | PN .| 420000 8735 550 2
Columbus, . . Ohio, . .| 895700 83 3 53212
Concord, (%nte House,) . o« NH,., .|4122| 712 4 45 56
Dalles of the Columbia Misxiouary :
Station, . 0.T,. .|453555] 12055 8 340
Detroit, (St. Paul’s Church,) . Mich, .]4219451 8.230]|53210
ver, . . . . . l, . .[310 75 30 520
Ewing Harbour, « . . o O.Ty. o|424422]|1242852|8 3355
Falls of 8t. Anthony, U. 8. cottuge, .| 445840 | 93103061242
False Dunoeness Bay, . . Wash. Ter, 48 75211232721 |81349
Fort Bois . Oregon, .| 43402211647 31747 8
Fort Gilvson, (Old Block llonse,) . e N .| 3547 3 951510 | 621
Fort flall, . . . .« e . .43 13011229 5847 2959
¥ort Laramie, . e . .| 421210 ;104 47 43 | 6 69 11
Fort Leavenworth, (Landiug,) e . e |32l 14 4 44 ¢ 18 56
Fort Nez DPerce, . . . 0T,. .[46 346
Frankfort. . . o« « o Ky, « .[3814 84 40 5 38 40
Frederickton, . . . . . N.B,. .46 3 66 45 427
Galveston. (Court House.) . . Texas, (291814 | 944634 |619 6
Granite Islard. (Lake Supencr,) . .| 46 40 T 50 5 50
Great Salt Lake, lalandin, . + o« « «|4110 @z (]
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PLACES.

Larrrupe

NontH., |

Loxarrupe WEsT.

—_
In Degrees.! In Time.

Malifax, . . . . . .
Harrisburg, . « e . .

Indianapolis, . o+ o+ o«

Jackson, . o e o o e
JeTerson, . . o e .

Kanzas River, Mouth of, .
Key West Light, .

Koweenau l’oint, Lake Snperlor,)
Kingston, . . .

LittleRock, « o« o o o

Mexico, (City of)) .
Milledgeville, . . .
Milwaukie, .
Mouth of Missouri Rlvor,
Molile, . .
Monterey, . . .
Montpelier, . .
Moatreal, . .
Nebraska, or Platte River. Junction
of North and South Korks, .

. .

e e e ge e
e 0o 0 e

. . .

o e e o000 & s e oo

5 525 BE SERERBSS

New Orleans, (City Hu.ll,) e o La, .
Pittsburg, . e o o Pa, . .
PointConceptlon, e e+ & o Ca, . .
Point IIudson, . Wash, T, .
Prairfo du Chien, Am. "Far Co’s

House,. « o o o ¢« o o .
Quebec, (Citadel,) . + o+ . C.B,. .
Richmond, (Capitol,) « . . Va, . .
S8acramento City, « o« o+ o Cal, . .
SBackett’s Harbour, « o o NY,. .
St. Paul’s, . e o o o Min,. .
St..\mln’n Fort, . « o+ Indian Ter.,
San ancisco, (Presldio,) « o Cal, . .
Santa Fe, . . o « N.M, .
8carboro Harbour,. . . WashT, .
Snake River, above Amer. Fa.lll, PO .
Jpringfierd, . . . . I, . .
Tallahassee, . e« o Fa, .
Toronto or York, (Observ.,) . « 0w, .
Tuscaloosa, . e o s o Ala, . .
Washington, (Capitol,) . . . D.C, .
York, « ¢« ¢ ¢ o o Mo, ., °

8
®
™

SREE8E

Ju8zsxes

BREEZual

w <88 S
o «8 8o

46 49 12

o 1 n
63 36 40
76 50
86 6

92 8

9433
81 48
88 30
76 40

]
3

B g8¥-89%.
888 5o

[
R

88 82

28

H. M. 8
41428
5 72

The latest and best maps of North America show the longitude ot
all places within its boundary sufficiently near for the purpose of

reducing the sun’s declination to their meridians.

E*
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LENGTHS IN NAUTICAL MILES AND STATUTE MILES OF DEGREES OF
LATITUDE AND LONGITUDE IN DIFFERENT LATITUDES.

DEGREE OF THE PARALLEL, DEGREE OF THE MERIDIAN.
Latitude | Nuutical | Statuto || Latitude | xautical ; Statute
Parallel. miles. miles. point. miles. milea.

20 | 66404 | 65018 20° | 69664 | 05717

21 56039 64:598

22 55657 | 64158

23 55258 6€3:€98

24 54843 €3:219

2 sl | 62721 25 59708 | 68825

26 53002 | 62204

o 83497 | 61-Ce8

2 53016 | 61118

2 52518 | 60540

30 52005 | 59918 20 50749 | 68875

s1 31478 | 59338

32 50931 | 68709

33 50570 | 55003

34 40794 57399

S 49203 | 86718 35 50706 | 68920

36 48:507 56:019

37 ao6 | 55304

38 4731 | 64571 -

39 46-3€0 53-822 -

s 40026 | 53056 40 59847 | 68987

41 45318 52274

4 4654 | 51456

43 4019 | 50662

44 43230 49833

ry 2407 | 45988 45 50890 | 60048

46 41752 48-128

a7 40903 | 47251

48 4022 | 40365

49 39439 45462

60 38643 44545 A0 59-951 69-108

A degree of longitude at the equator == 69-163 statute miles.
A second of time at the equator == 15216 foet.

RUNNING PARALLELS OF LATITUDE,

Parallels of latitude are curved lines, and they increase in curva-.
ture from the equator to the poles, and cross all meridians at right
. angles. All lines rua at any angle from the meridian, by courses
taken at short intervals, partake more or less (according to the angle)
of the curvature of parallels of latitude.

When the compass is set to a true east and west course, in any
latitude, the line of sight is at right angles to the meridian, and in
consequence of the spheroidical figure of the earth, which caures the
ourvature of the parallels of latitude, this line of sight will converge
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or the equator. Some correction is therefore due to each course
taken between rtations, to keep the line on the same parallel of la-
titude. This correction, however, is too emall to make any material
error in tracing the parallel, if the stations are not more than 30/
of longitude apart; but if larger thanthis, the convergency on the
equator should be computed for the distance, and allowed on the
side towards the pole. Buta more convenient and practical method
of running parallels of latitude, or lines at any angle from the meri-
dian, is to back sight on each forward sight, and take half the dif-
ference between their courses, when large enough to be perceptible.
Thus, the forward and back sights, give double the amount of curva-
ture between the two stations, the one haif of which must he set off
at the end of the forward sight toward the pole, to keep the line on
the same parallel of latitude. Any unusual difference between two
equal stations, must be re-examined, and errors corrected if any, as
the line advances.

A line run west six miles, or more, with long stations between
sights, cannot be retraced by running east in the same manner, for
the east line will fall towards the equator; therefore attention should
be given to this subject in running the east and west lines of the
public lands, when long distances are taken between stations over
water, prairies, or open lands.

When running a parallel of latitude, if an object be observed due
east or west from any station, the correction of the course to touch
the same parallel on the meridian of the object, is equal to one balf
of the angle of convergency between the two meridians, which pass
through the station and the object.

The following table will show the convergency of six miles apart on
the parallel of each degree of latitude, and eix miles from them to-
wards the poles of the earth.
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TABLE,

5l % 51 5 ; :
sl e |8 [lu,| v | %5 [u,|«F |k
S| ah | eh |28 2o | 2D [2E| uD | o
=3 | 25 | 5 23| %5 | 25 |23 | €5 | %
333 a2 ae S= | 2= ae =5 8¢ e
E3| 98 | <3 ||[EZ| "d | <8 || §5| "8 | <g
&£3 3 S || £3 5] S || &3 S 8

) rn ) rn o ru
10 150 14 27 369 2:38 44 701 601
1n 157 17 28 386 248 45 72:6 612
12 166 111 20 402 233 46 752 623 ¢
13 73 114 30 419 30 47 778 634
14 182 118 81 436 37 48 806 646
15 194 123 82 454 315 49 |- 835 559
16 207 1-29 33 472 823 50 865 612
17 220 134 34 431 331 51 897 625
18 234 140 35 609 839 b2 930 640
19 249 1-47 36 627 346 63 964 655
20 26°5 1-54 37 547 855 54 | 1000 7-10
21 278 169 88 568 44 65 | 1037 7-26
22 293 26 39 588 413 56 | 107-6 743
23 308 212 40 609 422 57 | 1118 800
24 328 219 41 631 481 58 | 1162 819
25 338 225 42 654 441 69 | 1209 840
26 354 2:32 43 677 4561 1257 900

EXPLANATION AND USE OF THE ABOVE TABLE.

To find the convergency and angle for the fractional parts of each
degree of latitude, increase the convergency and angle, in proportion
to the fractional part required. The convergency of equal lengths of
meridians with same latitude are in proportion to their distance
apart.

The convergency between any two meridians, whose lengths are
equal to their mean distance apart, is in proportion to the square
of the distance given in the table (six miles) to the square of the
length required.

e EXAMPLE.

Suppose it is required to find the convergency of two meridians
three miles in length and three miles apart, in latitude 42° (62) ¢
65.4 :: 32:16.35 links. :

Suppose a station in latitude 42° N. an object is observed due
east eight miles distant; how far north of the object is the same pa~
rallel of latitude, of the station from which the observationis made ?
Proceed as in the above example. 86:65.4::64:116. 27. One half of
which is 58,14 links nearly, answer. (See rule preceding the above
table.) If the angle be required that would touch the same parallel
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north of the object, it will be given by the following proportion; 6: 4/
41/7:: 8: 6/ 14/7.  One half of which is 8/ 7~ or N. 89° 56’ 63 E.*

CONVERGENCY OF MERIDIANS.

RuLe —As the cosine of any given latitude is to a given di-tance
of longitude, in that latitude, so is the cosine of any other latitude,
to the distance of a corresponding longitude; the difference of these
numbers will be the convergency.

EXAMPLE.

Required the convergency of two range lines that are 6 miles or

480 chains apart, in latitude 42° 30’ north, and extending north ten
towuships, or to latitude 43° 21’ 48~.

As cosine of lat. 42° 30/ = 9.867631
: Longitude 480 chains, = 2.681241
¢: Cosine of lat. 43° 21,487 = 9.861543
12.542784
9.867631

¢ Log. - - - 2.6751563 = 478.82 subtract

from 480, chains = 6.68 chains. The convergency.

TO BUN A LINE PARALLEL TO A GIVEN MERIDIAN, AT ANY DISTANCE
EAST OR WEST OF IT.
Find the angle of convergency between the meridians for the dis-
tance required, then run the line at the angle thus found, east or
west of the meridian as the case requires,

AMPLITUDE OF CELESTIAL OBJECTS.

All heavenly bodies will rise and set to the north, or to ths south
of the east and west points of the horizon, as their declination may
be north or south.

In consequence of the horizontal refraction of celestial objects,
the proper time of taking their amplitude is when their centers ap
pear about 33’ above the horizon,

TO FIND THE AMPLITUDE.
To the Log, secant of the latitude (rejecting its index,) add the
Log-sine of the sun’s or star’s declination; the sum will be the Log»

¢ The preceding rules are close approximations te the truth.
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sine of the course, the sun or star will rise or set from the east or
west point,

.

EXAMPLE.
Latitude 42° 45’ Log. secant, .134113
Declination 15° 10,’ Log. sine, 9.417684
Log sine of Amplitude, 9.551797 = 20° 52,
PROBLEMS.

TO FIND THE TIME OF THE SUN RISING OR SETTING.

Rure.—To the tangent of the latitude, add the tangent of the
sun’s or star’s declination, and subtract radius from their sum; the
remainder is the cosine of the semi-diurnal arc, when the latitude
and declination are of different names; and of the semi-nocturnal
arc, when both are of the same name,

EXAMPLE.

Sun’s decl. 18° 20’ Tangent = 9.5203805
Latitude 41° 50’ Tangent = 9.951896

19.472201
Subtract radius 10.000000

Cosine 9.472201 == 72° 45’ or 4h. 51min.
Apparent time of sunrise when the latitude and declination are
of the same name, or sunset when they are of different names.

TO FIND THE ANGLE THAT THE EQUATORIAL LINES OF THE SOLAR
COMPASS, MAKE WITH THE HORIZON 1N ANY LATITUDE, WHEN OB«
BERVING A CELESTIAL OBJECT, AT ANY HOUB ANGLE FROM THE
MERIDIAN.

RuLe.—As radius is to the cosine of the latitude, 80 is the sine of
the hour angle of the celestial object, to the sine of the angle of the
equatorial lines with the horizon.

EXAMPLE.

As radius, 10.000000
: Cosine of lat. 42° 80/ = 9.867631

:: Sine of H'r angle 30° 00’ = 9.698970

———

: Sine of angle = 9.666601 = 21° 38/ nearly.
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TO FIND THE AZIMUTH OF THE POLE STAR AT THE TIME OF IT8
GREATEST ELONGATION.
RuLe.—As cosine of the latitude, is to radius, so is the cosine of
the declination, to the sign of the azimuth or elangation.
EXAMPLE.
Latitude 40° 20/, declination of the pole atar, January 1st, 1864,
88~ 32/ 7.

As cosine of lat. 40° 20 = 9.882121
: Radius ~10.000¢00
2: Cusine of Decl. 88° 82/7” == 8.407727
18.407727
9.882121

¢ Sine of azimuth 8.625606 = 1°, 66/, 20",

TO FIND THE MOON’S PARALLAX IN ALTITUDE, AND TO REDUCE IT TO
THE QUANTITY TO BE SUBTRACTED FROM HER DECLINATION WHEN
HER LATITUDE I8 OF THE SAME NAME, AND ADDED TO 1T, WHEN OF
A CONTRARY NAME.

RuLE.—As radius is to the sine of horizontal parallax, so is the
cosine of altitude to the sine of parallax in altitude: subtract the
refraction in altitude and the meridional refraction; take the pro-
portional part of this difference from tab'e of proportional parts of
refraction, and apply it to her declination as above named.

: EXAMPLE.
As Radius, 10.000000
¢ Sine horizontal parallax 58’ == 8.227184
s : Cos. altitude 36° = 9.907958
¢ Sine parallax in altitude, == 8.185092 == 46/, 55"
Refraction in altitude, 1/ 20" —2 g~
Meridional refraction, 48~
—_ 44.! 47" Pro-
2 8 portional part in latitude

86° at 3h. from the meridian,
82 = 86, 43" to be applied
to the Moon’s declination

»
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HOW TO FIND THE MERIDIONAL REFRACTION OF OELESTIAL OBJECTS
IN ANY LATITUDE.

EXAMPLE.
In latitude 42° N, 90°—42—48°,
Sun or star’s declination north, -+ 156° 80/
The meridional altitude is 639 307,

The refraction of which is 297/, (see table of refraction.)

SECOND EXAMPLE.

In latitude 38° N., © 90°—88°=52° 00’.
Declination south, — 10° 15/.
The meridional altitude is 41° 45/,

the refraction of which is 17 577,
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BAROMETER.

In view of the many hilly and mountainous districtz yet to be
surveyed, and their chorographical and geological characters de
fined, as well as for other purposes, the following table and theo-
rems a8 given by Sir George Shuckburgh, will show in what man-
ner the barometer is used for ascertaining the height of Mountains,
Hills, &c.*

: o r
3 s 3

Q @ -3
g . g B .
g .3 g g g s

3 2 ] 3

a8 & || &8 = =] -1
-] o o
30 864-4 47 900-2 64 2926-1
81 8665 48 902:3 65 9382
32 8685 49 9045 €8 940-3
33 70-8 50 9066 67 9424
34 8727 61 9087 68 9445
35 749 52 9108 60 8467
36 8770 53 9130 70 9488
37 8791 (2 151 7 29509
28 8613 55 917-2 72 9530
39 8834 568 919-3 73 95651
40 8854 57 9214 74 9572
41 8R7°5 53 923'5 75 9593
42 8508 50 9256 8 9614
43 8917 60 9277 s 9635
44 8038 61 9298 8 06856
45 8960 (] 9319 79 9677
48 8081 63 9340 80 969"

DEPRERSSION OF MERCURY IN GLASS TUBES, OR CORRECTIONS TO BE
ADDED FOR CAPILLARY ATTRACTION.

INCIES.
Diameter of Tube, | 0-25 | 0030 | 040 | 045 | 0 60
Correction, . . . | 0020 | 0015 | 0007 | 0005 | 0002 |

® 10 perform this operation acenrately, two perscus sheuld take contemporary
observations with two larometers and thermometers, the one at the bottom of the
Alll, and tkbe other at the top.
? )
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RuLs.—The difference between the two barometers at the bottom
and top of the mountain, multiplied by the height of the barometer
at the bottora of the mountain; and that product by the tabular dif-
ference curresponding to the mean of the thermometers, and divided
by the mean between the readings of the barometers, will equal the
amount of elevation in feet.

EXAMPLE.

Suppose the barometer at the bottom of the mountain to stand at
80 inches, thermometer 60°; and the barometer at the top 26.36
inches, thermometer 46°; required the height of the mountain.

As per rule the mean of the two barometers = 28.18 inches, their
difference = 3.64 inches; and the mean of the two thermometers =
63°. The number corresponding to 53° in the table is 918.0, hence
(3,64 x 80 x 913.0) - 28.18 = 8537.92 4-. The height of the
mountain.

The following are extracts from the remarks of the late eminent
Dr. Halley :—

¢In calm weather, when the air is mclmed to rain, the mercury
is commonly low.

¢¢In serene, good weather, the mercury is generally high. Upon
very great winds, though they be not accompanied with rain, the
mercury sinks lowest of all, with relation to the point of compass
the wind blows upon.

¢In calm frosty weather, the mercury generally stands high.

¢ Within the tropics, and near them, there is very little or no
variation of the height of mercury in all weathers.

¢ The greater height of the barometer, is occasioned by two con-
trary winds blowing towards the place of observation, whereby the
air of other places is brought thither and accumulated.”

In regard to the course of winds, and their effect on the barometer
and weather, they are variable in different countries, and therefore
omitted Lere.

Extracts from a Manual published by J. H. Belville of the Roysl
Observatory of Greenwich.

¢ Heat and moisture are the principa! causes of the variations in
the weight of the atmosphere, and necessarily in the variations in
the barometer at the same station.”

“The variations of the barometer, are less within the tropics,
than in the temperate and polar regions; they vary in differenmt
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countries in the same latitude, and they are greater in mountain
ous countries, and islands. In Peru, the range of the mercury ig
about one-third of an inch—in London two and a half inches, and
in St. Petersburg, it exceeds three inches.”

“It is not so much the absolute height, as the actual ri-ing and
falling of the mercury, which determines the kiud of weather like y
to follow.”

¢““Great depressions at all seasons are followed by change of wind,
and by much rain.”

“Rain in some quantity may fall with a high pressure, pro.
vided the wind be in any of the northerly points.”

«No great storm ever sets in with a steady rising barometer.”

¢The variations of the barometer, are always greater in the
winter than in the summer.”

¢Sudden depressions of the barometer, sometimes occur in wea-
ther apparently calm. It is almost an established fact, that storms
have o circular motion; and, if when an exhaustion, or sudden
diminution of the atmosphere takes place, the mercurial column
happens to be in the partial vacuum or centre of motion, the air will
be at rest; while the surrounding air at a greater distance from the
centre, will be violently agitated with a less fall of the barometer.”

N. B.—In all observations for this purpose, the rise and fall of the
mercury should be reckoned from its mean height at whatever ele-
vation the station may be above the sea level.

ANEROID BAROMETER.

The Aneroid Barometer is a new instrument for ascertaining the
variations of the atmosphere: its action depends on the effect produced
by the pressure of the atmosphere on a metallic box, from which the
air has been exhausted and then hermetically sealed: the hand of
the Aneroid can be set to correspond with the mercurial barometer,
by which it should be compared by turning a screw on its back-side.
This screw when turned with, or against the sun, alters the position
of the hand, and is not to be touched for any other purpose.

There is another gilt hand, called the register or index, which moves
above the other by a nut or thumb picce which projects through the
centre of the glass, to enable the observer to register the barometer
hand, by which to refer its movement for another time, or in ascends
ing or descending hills, &c.

The Aneroid Barometer can be carried and used through any country
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with about the same safety as a watch, and is, therefore, the most
suitable barometer of any now in use, for measuring the height
of hills and mountains, in new countries.

The corrections for temperature for the Aneroid, are seldom pre-
cisely the same as for the mercurial barometer; but the quantity
necessary for thermometrical correciion can be readily found, by
exposing the instrument to the temperature of the external air for
twenty or thirty minutes, and set the hands coincident, then place it
near the fire un:il the thermometer is at ninety or a hundred degrees;
the variation of the hand, divided by the variation in degrees of the
thermometer, will give the quantity for each degree.

MEASUREMENTS OF HEIGHTS WITH THE BAROMETER.

The following table, being an extract from the elaborate table of
W. Galbraith, A. M., furnishes another expeditious method for this
purpose.

In this table, the third column exhibits numbers in English feet,
corresponding to the height of the barometer (shown on its left,) in
inches, tenths, and hundredths, the proportional parts to thousandths
are given in column heuded A.

BAROMETRIC TABLE.

Bar. | English Bar. | English Bar. | English
4. Inch. Feet, A Inch. Feet. A Ivch. Fect.
<+ | 2800 274253 + | 2520 206113 + 2840 277958
09 1 274346 09 1 276206 v9 1 278050
190 2 274440 19 2 27629-8 18 2 278142
28 3 274533 2:8 3 2 -1 28 3 2ind34
37 4 27462:6 37 b 276483 b 4 2
47 b 274719 46 b 276576 46 b
56 [ 274813 56 6 276668 55 (]
65 7 | 274000 (%) 7 | 27676 [ 7
75 8 274099 [ T4 8 276851 T4 8
84 9 215092 | 83 9 276946 83 9
+ | 2810 + | 2330 + | 2850
09 1 09 1 09 1
19 2 . 18 2 18 2
28 3 .28 3 27 3
37 4 .87 4 57 4 | ¢
46 b . 46 b 46 5 270335
5'? 6 b5 6 b5 6 279426
65 7 €5 7 Gt 7 279518
T4 8 T4 8 3 8 279¢0:9
84 4] 83 9 82 9 27970-1

A : )
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Inrslish Kar. Kuglish Bar. English
A Feet. A Inch, ket A. Inch. Foot.
+ -0 200102 [ 4 | 2020 + | 2950 | 200331
09 1| 279883 j vy 1 PR 1 290619
18 2 279975 || 18 2 18 2 200706
27 8 | 280066 27 3 2¢€ 3 290794
37 4 280157 36 4 109 4 20088.1
46 ] L8048 ) 4D b Wb 5 29096.9
b5 [ 250340 | 54 6 83 6 20195.6
€4 7| 280431 |63 7 61 7 2011 L4
73 8 | 2522 | T2 8 I 8 291251
82 9 | 25u6l3 | 5 9 ] 9 29131-9
+ 70 | 280705 1 4 | 2030 + | 2000 | 201406
09 1 280706 || 09 1 09 1 29149-3
18 2 280887 | 18 2 17 2 291581
27 3 280478 1 27 3 26 3 291668
36 4 231069 | 38 4 5o 4 291755
45 b D59 | 45 b 44 5 291842
55 6 | uS1250 |53 6 o2 6 291930
64 T | 281341 f 62 7 ' 4l 7 29291-7
T8 8 2N1432 171 8 70 8 292104
82 9 251022 | 80 9 8 9 202191
+ 2880 | 281013 | 4 | 2940 + | 3000
L0¢'] 1 1704 | u'Y 1 (] 1
18 P 4 18 Q LT 2
27 3 5 |27 3 26 3 3+
36 4 | @NiuTs | 56 4 5| 8 4 292626
45 b | 22060 f 44 5 287444 [ 43 5 202713
b4 6 28 53 6 287533 | &2 6 292800
63 7 28, 62 7 257821 61 7 292887
2 8 282837 #1771 8 2857710 || 70 8 202973
81 9 282428 | 80 9 257799 || 78 9 293060
+ 28°00 282518 | 4 | 2950 257887 | 4+ | 3010 293147
9 1 09 1 287975 || 09 1 20323-4
1-8 2 18 2 285064 f 17 2 293320
27 3 27 8 288152 |f 26 8 20340-7
36 4 33 4 288241 135 4 20349-2
45 b 6. 44 b 208520 || 43 b 293680
b4 6 5 63 6 288418 || 52 6 29366°7
63 1 iy 62 7 288508 | 61 7 293753
72 8 : 71 8 286594 || 69 8 203840
81 9 - 80 9 258682 [ 78 9 20392-6
+ 100 | 283421 §4 | 2960 | 28771 |+ | 3020 | 294013
09 1 283511 ) 09 1 288859 | 09 1 204099
18 2 285601 f 18 -2 288947 || 17 2 204188
27 3 28369-1 || 26 8 280036 || 26 3 204272
8.6 4 285781 | 35 4 28012-4 || 35 4 294359
45 b 283871 || 44 5 2 43 5 294445
54 6 | 283961 53 6 0l 52 6 204532
63 7 281050 [l 62 7 8 |l 61 7 294618
2 8 284140 f 70 8 6 || 69 8 204704
81 9 234230 | 79 9 4 178 9 294791
<+ 10 284320 § 4 | 2070 -+ | 3030 204877
09 1 234410 | 09 1 09 1 20496:3
P 2 284500 § 1-8 2 7 2 295049
27 3 | 284589 § 26 3 26 3
38 4 2846790 § 3.5 4 200004 | 34 4
45 ] 284760 f 44 5 20691 43 5
54 6 284858 f1 53 [] 20017-9 | &2 6
63 7 284048 || 61 7 29026:7 | 60 7
2 8 285038 § 70 8 20035°5 || ¢9 8
81 2 285127 Y 79 9 200442 W77 9

)
*
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Bar. Englisa Bar. English Dar. English
A. Inch. Fest. !! A Iuch. Feut. A Inch. Feet.
+ | 3040 | 2usiss | 4 | 3060 | 200 |1 4 | 3080 | 2091562
09 1 | 295824 |} 09 1 | 297525 08 1 | 29v937
17 2 | 205900 I 17 2 | 2u7cel 17 2 | 29822
26 8 | 295996 || 26 3 | 2wiioe || 25 3 | 200407
34 4 | 206082 || 34 4 | 207791 34 4 | 299492
43 5 | 2v6167 || 43 6 | 207676 || 42 5 | 209576
52 6 | 296253 || 51 6 | 297962 || 51 6 | 209661
60 7 | 206339 || &0 7 | 208047 59 7 | 299746
69 8 | 296425 || 6§ 8 | 208132 || €8 8 | 290831
77 9 | 206510 || 77 9 | 298217 7-6 9 | 200016
+ | 8050 | 206596 + | 8070 | 208302 + | 3090 | s00co0
09 1 | 206631 | 09 1 | 2067 || 08 1 | 300085
17 2 | 206767 || 17 2 | 208472 | 17 2 | 00169
26 3 | 206852 || 25 8 | 258557 25 3 | 300254
84 4 | 206038 | 34 4 | 205642 || 34 4 | 200038
43 5 | 207023 || 43 6 | 2 12 5 | 500423
51 6 | 201109 || &1 6 | 2088 51 6 | 800307
60 7 | 207194 || 60 7 | 298807 59 7 | 800592
68 8 | 207219 || 68 8 | 208432 || 68 8 | 300676
77 9 | 297865 || 77 9 | 200067 76 9 | 300761

EXAMPLE.

At the foot of a hill the barometer indicates 29.54 inches, then
carried immediately to the top of the hill reads 28.70 inches. In the

table at 29.54 we find 28824.1 feet,
at 28.70 we find —28070.5 feet,
Height of hill 753.6 feet.

To perform this operation accurately, when the interval of time
exceeds ten minutes between the two observations, two persons should
take contemporary ob<ervations, with two Aneroid Barometers, one
at the foot, and the other at the top of the hill, and correct each for
temperature. :
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SYSTEM OF SURVEYS OF THE U. S. LANDS.

The public lands of the United States are surveyed in a uniform
mode established by law, by lines run by the cardinal points of the
compass; the north and south lines coinciding with the true meri-
dian, and the east and west lines intersecting them at right angles,
giving to the tracts thus surveyed the rectangular form.

The public lands are laid off and surveyed, primarily, into tracts
of six miles square as near as practicable, called townships, contain-
ing 23040 acres each. The townships are subdivided into thirty-six
tracts, called sections, each of which is one mile square, as near as
may be, and contains 640 acres. Any number, or series, of con-
tiguous townships, situated north or south of each other, constitute
a Range.

To obtain and preserve a convenient and uniform mode of num- -
bering the ranges and townships, it is usual in commencing the sur-
vey of an insulated body of public lands to run, or assume two stand-
ard lines, as the basis of the survey to be made therein. One of
these standard lines is run due north and south, and is called the
principal meridian, to which the ranges are parallel, and from which
they are numbered ea‘tward and westward. Tbe other standard
line is run due east and west, and is called the dase line, from which
the townghips are numbered, northward and southward. ‘

To distinguish from each other, the systems, or series of surveys
thus formed, the several principal meridians are designated by pro-
gressive numbers. Thug the meridian running north from the mouth
of the Great Miami river, is called the first principal meridian: the
meridian running north through the centre of the State of Indiana, is
culled the second principal meridian: that runuing norih from the
mouth of the Ohioriver, through the State of Illinois, is called the third
principal meridian: that running north frem the mouth of the 1llinois
river, through the States of Illinois and Wisconsin, is called the fourth
principal meridian: and-that running north from the mouth of the
Arkansas river, through the states of Missouri and Iowa, is called
the fifth principal meridian.
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CorrEcTION LiNES correct the error that would otherwise arise
frum the convergency of meridians, and arrest that proceeding from
the inaccuracies of measurement. They are run due east and
west at stated distances, generally at the end of every tenth town-
ship, and cach forms a base for the townships north pf it. Each
range of townships should be made as much over six miles in width
on each base and correction line as it will fall short of the same widih
where it closes, on the next correction line north, the excess or de-
ficiency of width being always thrown into the last half mile, on all
of the lines closing out to the west boundary of each township.

This mode of executing the public surveys, conduces mcre, pere
haps, than any other which could be devised, to the simplicity, regu-
larity, and symmetry of the work, and to the ease and certainty with
which any tract may be identified.

The public lands are surveyed by Deputy Surveyors, appointed by
the Surveyor General of the State or Territory, in which the dis-
trict assigned to each deputy may be situated ; their duties are pre=
scribed by general and special instructions.

OF SUBDIVIDING TOWNSHIPS.

Each township is laid off and surveyed into thirty-six sections as
near as may be of one mile square, by lines running north and south,
crossed by others running east and west. The secticns are known
and designated by progressive numbers, beginning at the north-east
corner cf the township, and nymbering westward and eastward altere
nately, as shown in the following diagram.

18|17 1615|1413

19 20 21 22 23 24
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Quarter section corners are established equidistant between the
section corners, except on the section lines closing on the north and
west boundaries of townships, on which they are set at forty chains
from the last section corner, and the excess or deficiency of measure
(if any) is carried out iuto the last half mile, and cast upon the
north and west sides of the township, as required by law. Various
ivstructions bave been given by Surveyors General, to Deputy Sur-
veyors, for the purpose of accomplishing an equitable and lawful
subdivision of townships into sections, none of which, it is believed,
will effect this object better than the system adopted in 1850, by
the surveyor genceral of Ohio, Indiana, and Miohigan; by which the
true course and measurement of every line is given, and the ine-
qualities of weasurement proportionally carried to every sectional
line. This, togeither with the closing of the section lines at post on
the north and west boundaries of the townships, (which were for-
merly closed at the intersection of the lines run to them, whether at
post or not,) hus much improved the symmetry and equality of the
subdivision of townships.

An act of Congress of the 24th May, 1824, authorizes a departure
from the ordinary mode of surveying the public land, on any river,
lake, or bayou, whenever, in the opinion of the President of the
United States, the public interest would be promoted thereby, so ns
to survey such lands, in tracts of two acres in width frouting on
such river, lake, or bayou, and running back to the depth of forty
acres. k

ON SUBDIVIDING S8ECTIONS, AND RE-ESTABLISHING OF EXTINCT LINES
AND CORNER8: DEDUCED FROM THE ACT8 OF CONGRESS, IN REGARD
TO THE S8URVEYS OF THE PUBLIC LANDS; AND THE CONSTRUCTIONS
AND USAGES THEREON. ’

The general principles on which the public lands are surveyed,
have already been given; but the county surveyors and purchasers
of these lands, are more immediately interested in the proper method
of subdividing sections into such tracts as are sold to purchasers from
the United States land oflices; and the re-establishing of extinct lines
and corners, when from any cause they are lost or cannot be found.

In the regular surveys of the public lands, no other lines are
actually rea and marked by the Deputy Surveyors of the United
States, than township lincs, and sections; oy subdivisional lines of
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townships, into sections; on all of these lines, no other than section
and quarter section corners are established; except meander core
ners at the end of all fractional section lines whick close on rivers,
lakes, &ec.

All sections in a full township, except those which are bounded by
its north and west sides, are treated as full sections in their sales
and subdivisions; and also, the south half of sections on the north
boundary, and the east half of sections on the west boundary of each
full township, are sold and subdivided as full half sections. Section
sizteen in each township is reserved for school purposes, and is not, there-
fore, subject to private eutry.

From various causes (elsewhere treated of in this work) section
lines do not always correctly coincide with the cardinal points; nor
will their measurement in all cases be found exactly eighty chains or
one mile in length. (See article on measurement with the chain.)
Quarter section corners, especially -in the older surveys, may not
always be found equidistant between the section corners. This de-
fect arises in most oases, it is believed, from difficult or careless
measurement with the chain.

Notwithstanding such errors, all corners that can be :lentified
by the original field notes, or other unquestionable testimo.y, must
be regarded as the original corners, and for that purpose should be
perpetuated with new posts and bearings when the old ones decay.

EXTINCT LINES AND CORNERS.

When a Section corner cannot be identified by the original field notes,
or by clear and unquestionable testimony, run a right line between
the nearest noted station trees, north and south, and east and west
of the lost section corner, if there be any such trees within the dis-
tance of the nearest quarter section, or section corners; but if no
station trees be found, then between the nearest quarter section or
section corners, and at the point of intersection of these two lines
re-establish the section corner, with new bearings from it to the near-
est and most durable objects; which of course should be recorded
with the survey.

Extinct Quarter Section corners, except on fractional section lines, if
not identified as above stated for section corners, must be re-estab-
T'shed equidistant between the section corners, in a right line be-
tween the nearest moted s.ativn tiees each side of it, if there be
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sny; but if none are found, then in right line between the section
corners.

Extinet Quarter Section corners, on section line, which close on
the north and west boundaries of townships, must be re-estabii<hed ac-
cording to the original meazurement thereof, at forty chains from the
Jastinterior section corner towards the townshipline. For anexample,
smppose the line between sections 8 aud 4, or 18 and 19, to be 81.50
chains, according to the original survey, and by the measurement of
the county survey, 80.90 chains. Then say as 81.30: 80.90:: 40.00
to = 39.81}. Thus 89 chains and 81} links is the distance the
quarter section corner must be established from the last interior
section corner, according to the measure of the county surveyor.

Lost or extinct Township corners, except on correction lines, should
be restored in the same manner as already given for section corners;
and extinct quarter section corners on township lines, should be re-
stored in the same manner as those on interior section lines.

In subdividing townships into sections, the section lines which
close on the north and west boundaries of townships, have not al-
ways been closed at the section corners which were established on
the survey of the township lines; but at such points on their bound-
aries, as the first lines run to them may have intersected.

Wherever this has been done on the north and west boundaries of
townships, & new quarter section corner must be established, equi-
distant between the corners of all such irregular closing lines; for,
the section and quarter section corners established on the survey of
these boundaries, belong exclusively to the adjoining township. Con-
sequently, to restore lost or extinct section corners, that were esta-
blished on the north and west boundaries of townships, during their
subdivisions into sections as above mentioned, the section lines
closing at these corners, must be retraced to them. But to restore
lost section, or quarter section corners, that were established on the
original survey of the township lines, these boundaries should be
carefully retraced and measured, and the lost section and quarter
section corners should be re-established at their proportional distance
from each other, between known corners. The only exception to
this rule is, when it is clear that the section lines have been regu-
larly run according to instructions, and can be correctly retraced to
the township line. The section corners shculd then be re-established
at sueh interseetions. -
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Eztinct or obliterated lines may be restored by running right lines
between re-established and other known corners; except noted sta-
tion trees be found betwecen them, when the lines between corners
must conform to the noted station trees.

It may be remarked here that no surveyor can legally alter or
correct the original surveys. It is his duty to restore them as far as
practicable to their original condition.—In making resurveys of the
public lands, such directions and absolute length must be given to
each line as were given to them by the original surveyor, whether
the retracing, courses and measurcments, agree with the original
survey or not; except otherwise directed by the Surveyor General,
or the Commissioner of the general Land Office.

BEARING TREES, &o.

Bearing trees, to corners, have a blaze with a notch in them near the
ground and facing the corner; sometimes the letters B T are found
in the blaze above or below the notch, which are the initials of Bear-
ing Tree. Their size, kind of timber, course and distance from the
corner post, is given in the field notes of the survey.

Section, and quarter section trees are “‘faced off” on the side to-
wards the corner, four or five feet from the ground. The quarter
section trees are marked thus } S. At section corners these trees
are marked with the number of the Range, Township and Section,
thus, R. 24 W. T. 45 N. S. 156.* There is no note made of these
trees in the field books, unless they are bearing trees also; they are
marked for the purpose of giving information at the corner, of the
number of the sections which corner there, and also, the number of
the fownship and range. Station trees on- the lines, are notched with
two notches on each side in the direction of the line, and their size,
kind of timber, and distance from the last section corner are given
in the field notes.

SUBDIVISTON LINES OF SECTIONS.

The subdivisions of whole sections into such tracts as are sold by the
1and officers of the United States, to purchasers of public lands, are
made by running right lines between the quarter section corners, on
the north and south, and east and west sides of the section; and at
the intersection of these lines is established the common corner for

© In prairies, the posts sot in mounds for cornors are markod Io liké wanner,
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its four quarters, without regard to the quantity of land contained
in each of them. These quarter sections are sold as containing 160
acres each, and are designated as che N. E., N. W., S. E. and S. W.
quarters.

Quarter sections are divided into halves, by a north and south
line, equidistant by measurement between its east and west corners.
These tracts of land are supposed to contain eighty acres’each, and
are designated as the east and west half of the quarter section.

Furthermore a quarter section is, also, divided into quarters by
lines run north and south, and east and west, equidistant between
its four corners, and at the intersection of these lines at the centre
of the quarter section, isestablished the common corner to its four
quarters. These quarters of a quarter section are supposed to con-
tain forty.acres each, and are described as the N, K., N. W., S. E.
and S. W. quarters of the quarter section. .

The following diagram of the subdivision of a whole section, will
more clearly show the method of subdividing such section.
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Quarter sections adjoining the north and west boundaries of town-

" ships, are deemed to be fractional, and therefore, may contain more

or less land, than is given to other quarter sections within the town-

ships; they are sold or surveyed according to their plats in the land
offices.

G
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ON SUBDIVIDING FRACTIONAL SLCTIONS.

Fractional section lines which close on meandered rivers and lakod,
or on reservations, &c., are required by law to be run north aud
south, or east and west, as the case requires. The-e lines like those
before mentioned in the subdivisions of townships into sections, may
not precisgly agree with the cardinal points of the compass.—There-
fore, in subdividing fractional sections embraced by fractional section
lines, which close on meandered streams, lakes, &c.; the quarter
section line should be run with an intermediate course between the
section lines; and the fractional quarter sections thercof, should be
divided in like manuer.

The subdivisions of fractional sections, are indicated on the maps
of surveys, in the land offices.

AN ACT CONCERNING THE MODE OF SURVEYING THE
PUBLIC LANDS OF THE UNITED STATES.

2 L. Be it enacted, &c. That the Surveyor General shall cause all
those lands north of the river Obio, which, by virtue of the act en-
titled, “ An act providing for the sale of the lands of the United
States in the territory northwest of the river Obio, and above the
mouth of the Kentucky river,” were subdivided, by running through
the townships parailel lines, each way, at the end of every two miles,
and by marking a corner on each of the said lines, at the end of every
mile, tobesubdivided into sections, by running straight lines, from the
mile corners thus marked to the opposite corresponding corners, and
by marking, on each of the said lines, intermediate corners, as ncar
‘as possible equidistant from the corners of the sections of the same.
And the said Surveyor General shall also cause the boundaries of all
the half section, which had been purchased previous to the first day of
July last, and on which the surveying fees had been paid according
to law by the purchaser, to be surveyed and marked, by runniog
straight lines from the half mile corners heretofore marked, to the
opposite corresponding corners; and intermediate corners shall at
the same time, be marked on each of the said dividing lines, as
nearly as possible equidistant from the corners of the half section on
the same line: Provided, That the whole expense of surveying and
marking the lines, shall not exceed three dollars for every mile whicn
hsa not yet been gurveyed, and which shall be actually run, su®
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veyed and marked, by virtue of this section. And the expense of
making the subdivisions directed by this section, shall be defrayed
out of tiie moneys appropriated, or which may be hereafter appro-
priated, for completing the surveys of the public lands of the United
States.

4 1L. That the boundaries and contents of the several sections,
ha'f sections, and quarier sections, of the public lands of the United
States, shall be ascertained in conformity with the following princi-
ples, any act or acts to the contrary notwithstanding:—1st. All the
corners marked in the surveys returned by the Surveyor General,
or by the surveyor of the land south of the state of Tennessee re-
spectively, hall be established as the proper corners of sections,
or subdivisions of sections, which they were intended to designate;
and the corners of half and quarter sections, not marked on said
‘surveys, shall be placed as nearly as possible equidistant from those
two corners which stand on the same line. 2d. The boundary lines,
actually run and marked in the surveys returned by the Surveyor
General, or by the surveyor of the land south ¢f the state of Ten-
nessee, respectively, shall be established as the proper boundary
lines of the sections, or subdivisions for which they were intended;
and the length of such lines, as returned by either of the surveyors
aforesaid, shall be held and considered as the true length thereof.
And the boundary lines which shall not have been actually run and
marked as aforesaid, shall be ascertained by running straight lines
from the establi:hed corners to the opposite corresponding corners;
but in those portions of the fractional townships, when ne such oppo-
site corresponding corners have been or can be fixed, the said bound-
ary lines shall be ascertained by running from the established corners,
due north and south or east and west lines, as the case may be, to the
water course, Indian boundary line, or other external boundary of
such fractiona! township. 3d. Each section, or subdivision of section,
the contents whereof shall have been, or by virtue of the first section
of this act, shall be returned by the Surveyor General, or by the sur-
veyor of the public lands south of the state of Tennessee, respective’y,
shall be held and considered as containing the exact quantity ex-
pressed in such return or returns; and the half sections and quarter
sections, the contents whereof shall not have been thus returned,
shall be held and considered as containing the one half, or the one
fourth part, respectively, of the returned contents of the section.of
which they make part.
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¢ ITI. That so much of the act, entitled ¢ An act making provi-
sion for the disposal of the lands of Indiana territory, and for other
purpsses,” as provides the mode of ascertaining the true contents of
sections, or subdivisions of sections, and prevents the issue of final
certificates, unless the said contents shall have been ascertained. and
a plot certified by the District Surveyor, 1:dged with the register,
be, and the s.me is hereby repealed. [Approved, February 11,
1805.]

GEOLOGICAL AND TOPOGRAPIIICAL IN CONNEXION WITH
LINEAR SURVEYS.

GEOLOGICAL SURVEYS.

In connexion with the linear surveys of new districts of country,
the surveyors have good opportunities to make geological examina-
‘tions, and to collect specimens of minerals that may be discovered
in the course of their work. Such specimens, when submitted to a
scientific and practical geologist, will enable him to determine the
true character of such new districts, and what kinds of products
may be expected to be derived from them.

It is, therefore, of much importance, that surveyors of the publia
land should possess or acquire, at least a sufficient knowledge of
geology, to enable them to make a proper collection of geological
specimens; and a'so, to observe the character, stratifications, dip, &ec.,
of any rocks in place, or other mineral deposits.

Such services afford pleasure and profit to the surveyors, while
~ ‘they contribute to the public interest, and to science. A system of sur-
veys for this purpo:e has been partly tested; but while in successful
progress, it was interrupted by the death of the geologist, the la-
mented Dr. Douglass Houghton, while he was engaged in prosecuting
a geological, in connexion with the linear survey, of the south coast
of Lake Superior. _

This svstem possesses many advantages over any other that has
been adopted, for obtaining a general geological knowledge of 1.ew
and unsettled countrics, the expense of which is trifling compared
with an independent geoligical survey; also, such surveys are of
great value when known, in directing emigrants to the country suit-
able for their occupation or enterprise, and thus effect an early and
Judicious development of its resources.
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A system of linear and geological surveys may be satisfactorily
prosecuted. by the appointinent of a competent geologist to a clerk-
ship in each Surveyor General’s office: the Deputy Surveyors being
made assist i geolugisis to execute the field work, under a well di-
gested sys.em f.r that purpose, who should make their report, and
re.urn their specimens to the Surveyor General, when the geologist
under him can iavestigate such reports, and embody th2 whole in
one conuecte.l geo.ogical report, so far as such surveys exteund.

By this system, it will be seen that the position of all mineral do-
posits from which specimens are taken, may be precisely located by
measure on the survey, and be as easily found as the various section,
quarter section, and oiher subdivisions themselves, a consideration
of much imp.rtance, which any independeunt geulogical or other
system yet adopted fails to do.

TOPOGRAPHICAL SURVEYS.

The general topograplical features of new districts of country are
of much interest to the public, and especially to emigrants. Such
surveys can be made with but little expenditure of time while the
linear surveys are in progress, by a proper use of the Aneroid Ba-
rometer, for the purpo:e of determining on the lines, the height of
hi.ls, ledges, &c., above the valleys; (see articie on the use of the
Ancroid Barometer) and by observing al:o, the course and angle of
e evation or depression of distant noticeable objects, on the summits
of hills, mountains, ledges, &c., and in the valleys below them; which
can be seen from two or more stations on the lines at the time they
are being run. And furtier, when running the meanderings of
the shores of rivers or likes, bearings and angles of elevation may
e also taken to conspicuous objects on islands, rocks, sand-bars, &c.,
which caa be seen from their shores. To these observations should
be added, sketches of landsc:pes, ledges, and whatever e!se may
inierest the inquiring mind.

Such bearings, and angles of elevation and depression, form tri
angles with a given bise to each, which are grod data for mipping.
er trigonpmetrical ca'cul itions, to establish the course, distance,
elevation or depression, from a fixed point within the survey of every
objeci wi.h which they are connecied. *

* [n makiag caleulations for the hoishts of distant objects, the table for correo
tions for curvature and refraction, will give the number of feet to be added to theiy
beisht: on the account of the difference of the apparent and true level from the
point of observation. a*
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TABLE OF CORRECTIONS FOR CURVATURE AND REFRACTION, SHOWING
' THE DIFFERENCE OF THE APPARENT AND TRUE LEVEL, IN FEET AND
DECIMALS OF A FOOT, FOR DISTANCES IN FEET AND MILES.

l z CORRECTION IN PEET. CORRECTION INX FEET. !
a q a —
S e & |35 1% ; i | #3i
2 LB L8| Bs5 s B | LB EE:
§ | &% | 88 | 8.8 |E5| &F | & | .z
= 5 3 552 | & 5 3 £52
V3 S = CislalRE- 3 = me=
100 | 00024 | -0000% | 00020 % 0417 0357
150 | 00054 | -ovoos | -000 1668 1450
200 | -0ouss | -0vo1d | -000s3 Y 3752 3216
250 | -00119 | -00021 | -0ul28 | 1 6670 5717
300 | 00215 | -o0usl | 00184 | 11| 15008 12564
350 | -00203 | -00042 | -00251 | 2 26080 22569
100 | 00383 | 00036 | ous28 | 24| 41css 35733
450 | 0084 | ‘00069 | ‘00il5 | 3 60030 51409
500 | 00598 | -oboss | 00513 | 31| &1708 70035
550 | 00724 | -o0l03 | -0us21 | 4 106720 91474
600 | -00s61 | -00123 | 00738 | 4141 135468 115773
650 | -01010 | -wolil | -00seé | 5 166750 142029
700 | otz | -o0167 | 01005 | 5lg | 201768 172345
750 | 01345 | ootz | -o1153 | 6 240120 205517
800 | 01531 | -00219 | 01312 | 614 | 281809 241551
850 | -01728 | -0v217 | -01481 | 7 326830 280143
900 | -01u38 | -00277 | -ol66l | % 375190 321591
950 | 02153 | 00308 | -01851 | % 426380 §
‘| 1000 | 02392 | -00333 | -0203n | 814| 4810910
| 1050 | -02638 | -00377 | -u2201 | 9 540270
1100 | 02005 | 00414 | 0281 | 91| co19m
1150 | -0316¢ | -00i52 | -02712 |10 667000
1200 | 03445 | -00102 | 02933 | 11 807070
1250 | -05738 | 00531 | -0320¢ |12 90480
1300 | -04043 | 00578 | -03i5 |13 | 1127230
1350 | -01361 | -00623 | -03738 ‘14 | 1307320
1400 | 04689 | -00A70 15| 1500750
1450 | 05030 | -00719 16 | 1707520
1500 | -05383 | 00789 17 | 1927630
1550 | -05748 | -0us21 18 | 2161086
1600 | 07125 | 00875 19 | 2107870 | 843981 | 2063589
1650 | 06514 | 00951 20 | 2665000 | 351143 | 2256857
1700 «009RS
1750 01047
1800 *01107 For a very close approzimation.
1859 01170 | 07018 | Correction for Curvature in feet = 22°
1209 01234 | 07413 3
1950 01300 | 07798 | D being distance in miles.
2000 -01367 | -08203
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A useful application ot u series of triangzles can be made acrosg
Iskes, bays, harbours, &c., commencing from u ccrrectly measured
base. on or near their coasts, so connected with every point or object
on their shores or within thcir waters, that the meanderings of
their shores, and position of islands, sund-barg, soundings or other
objects can be correc:ly delineated on 8 map, by course and distance
from any known point of survey. A full description of the above
principles with proper examples, would occupy too much space to
be admitted here, but it is believed that the well qualified practical
surveyor, wili find but little, if any difficulty in applying these princi-
ples to any survey that may require their use.

OCTFIT FOR A SURVEYING COMPANY OF SIX MEN FOR
FOUR MONTHS IN THE PUBLIC SURVEYS.

SUPPLIES OF PROVISION.
The following quantity and kinds, or a substitute for them, is gene~
rally required.
8 barrels of flour.
2} do. of clear pork.
8 bushels of beans.
2 do. of dried apples.
120 1bs. of good dry sugar.
70 1bs. of ground coffee, or a substitute for it.
10 lbs. of saleratus, or its substitute.
1 Ib. of ground pepper.
1 small bag of table salt.
25 1bs. of rice.
4 1bs. of Castile soap.
CAMP FURNITURE.
1 large tent for the surveying company.
1 small tent for the packmen.
6 Mackinaw blankets.
8 comion blankets to spread underneath them.
2 dozen boxes of matches. (best kind.)
1 good chopping axe.
4 tin pails, made to fit into each other.
14 tin basins.
1 sct of knives and forks. (Small size.)
1 butcher, or meat knife,
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7 spoons.

8 light frying pans.

2 half round cans, made to fit inside of the pails,—for lard md
saleratus.

2 tin pepper boxes, with covers to fit closely over the sieve,

6 ¢“soldiers’ drinking cups,” also needles, awls, thread, twine,
small cord, &ec.

2 mixing cloths, made of heavy cotton drilling, one yard square
each,

4 papers of 3 oz. tacks for nailing boots.

FOR PACKING, ETC.*

1 or 2 good horses, or mules, as circumstances require; one
" pack saddle; a bell and spancil for each.
20 stout bags, that hold one and a half bushels each.

4 linen bags, for pork.

6 small bags, for beans, dried apples, knives and forks, &c.

8 India Rubber bags for sugar and coffee. (Should be lined.)

2 strong drilling cloths, two or tw. and one half, yards square,
to do up the camp equipage into packs; also, strap and
cords, to secure the packs to the horse and saddle.

SURVEYING INSTRUMENTS, ETC.

1 solar compass.

1 case of drawing instruments,

1 measuring chain.

1 standard chain.

11 tally pins.

1 tape measure.

1 Telescope 16 or 18 inches in length,

2 marking tools.

2 pocket compasses.

2 marking axes, weighing three and a half pounds each.

1 hatchet, and two whetstones.

2 three-cornered files, for sharpening axes, &e.

2 small round files for sharpening marking tools. Also, field
books, mapping and writing paper, ink, pens, pencils, India
rubber, mouth glue, and a small valise (or box) to carry
them in.

@ «Packing” Tlys word is used by surveyors of the public lands, both g
waking up and conveying packs.
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Remarks.

Camp pails, or kettles, should be made of heavy tin, and the
covers aud ears riveted, where they would be likely to separate when
exposed to the fire.

The most approved form of a camp pail is an elliptical, or oblong
bottom, with upright sides. The largest pail should be made about
nine inches in depth, and to ho!d twelve quarts, or more; the other
three of a less size, 8o as to fit inside of the largest one. *

‘L he basins are made six or seven inches in diameter, and one and
8 half inch in depth; they serve in the place of plates, cups, soup
and meat dishes, &e. The knives, forks, and spoons, should be of -
a small size, except one large spoon for mising bread, &e.

Flour is mixed for bread cn a cloth of cotton drilling, of about
one yard square. It is done as foliows:—

Spread the cloth on a blanket, foided and laid on the ground;
pour enough flour upon it for a mixing, and make a hollow in it;
then pour in some lard from the can, and add saleratus and salt
dissolved in warm water, stirring the flour with a spoon to a proper
consistency for kneading with the hand. taking care not to reach
the bottom of the flour so as to wet the cloth.—Bake the loaves in the
frying pans before the fire, and when done, fold the cloth, and lay it
aside for future use. ’

TENTS.

The soldiers’ tent made of good firm cotton drilling, will answer
the purpose very well, in any country. The Marguée, however, is -
better in a prairie country. Another tent, much approved by some
surveyors, for a timbered country, is made of good cotton drilling:
when pitched, nearly resembles a little more than one half of a steep
roofed building, with its share of the ends. It can be quickly
pitched with poles, and crotches, by having suitable eyelets, and
strings at the bottom, and at the ridge, and front. It has four or
five breadths of cloth, about four and one third yards in length; the
end may be made of cotton sheeting, of the form above indicated.
This tent possesses the advantage of being less in weight and bulk, -
than any other in use among surveyors: therefore, very suituble to
be used when the carryiug is done by men.
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CONVEYING PACKS WITH HORSES OR MULES.

The man who manages the pack horse, should be an experienced
woodsman, capable of finding his way with the help of a pocket com-
pass, to any point wiihin the district to be surveyed, thut may be
designated by the surveyor.

The *sack Indian saddle” is the best in use for the purpose of
packing, but pack saddles may be made in the form of those used
by must of the Indian tribes. They should have attached to them
a stout girt, breast strap, and breeching, and be well padded, or have
a folded blanket under it, when in u-e.

Suitable straps with buckles should be provided, to tightly buckle
around near the ends of each bag, or articles done up with a wrap-

per and cord, which are intended for side packs. Before buckling
" these straps, a loop made of strong cord about ten inches loug,
should be slipped on to each; afier buckling the straps, these loop
will be hitched over the horns of the saddle, and wound around thex
if too long: thus each side pack lies lengthwise of the Lorse, sus
pended by the loops from the horns of the saddle.

Between the side packs other loose articles may be placed, such
as tin pails, frying pans, &c. .These bags and other loading, should
be well balanced, and bound to the horse and saddle, with a cord of
suitable length. That the horse may be easily found when not at
work, a small bell should be fastened to his neck, with a strap and
buckle. A ¢spancil” should also be provided, made of leather with
two buckles, for fastening the forefeet of the animal nearly together,
that he may not go astray.

CONVEYING PACKS WITH MEN.

When packs cannot be carried on horses, or mules, men are em-
ployed for that purpose, and shou!d be provided with suitable pack
straps. The ¢‘portage strap” is sometimes used: it is made of
leather, and is ten or twelve feet in length; the middle part is two
feet long, and three inches broad in the middle, and tapers each way;
at. each eud of this broad part is secured a thong of leather, suffi-
ciently strong to support the pack. Each end of the portage strap
is tied around the pack to be carried: the broad part passes over
the forehead, or chest of the person who conveys it.

Another *“pack strap” in common use, is made of five sirups;
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‘“wo of them are buckled around the pack near each end, and two
are slipped under them and sewed tcgether, in such a manner, as
when buck’ed. to form shou'der straps; the fif.h strap is about three
inches broad at the middle, and tapers each way, and is buckled nt
each end to the other straps, in such a manner as to pass over the
forehead when in use; the pack is put on in a similar hanner to
that of a peddler’s pack.

Packs which are carried by men, to supply a surveying compnny
in the field, usually weigh from seventy-tive to a hundred and twenty
pounds each.

SURVEYORS’ WEARING APPAREL.

The common wool hat is best for any eeason of the year, espe-
cially in timbered land.

Trowsers should be made large, and of strong cloth.

A light coat, or frock, should be provided, well suppiied with water .
proof pockets, to keep books and papers dry in wet weather, and a
light India rubber, or water proof cape should also be provided to
keep the compass dry, when travelling in wet wenther.

Flannel for under clothes, is preferable to cution, fur all seasons
and kinds of weather.

Boots may be made of good kip skin, and rather larger than for
ordinary use; the fronts of the legs shouid be cut narrower, and the
backs wider, than is usual to cut them. A thick single sole pro-

_ jecting about one quarter of an inch from under the upper leather,
and well nailed over the bottoms with sparables, or tacks, are the
most durable. The nails keep the feet from :lipping, and the broad
sole protects the upper leather from wearing against bushes, grass,
&e. A large silk handkerchief, of any colour but red, to tie over
the ears and neck, is a good protection from flies and musquitoes.

"DEPOTS IN ADVANCE OF A SURVEY. .

Much difficulty has sometimes been experienced by surveyors in
new and uusettled counries, in providing an ample sapply of pro-
vi-ions for their parties while eng:ged in large surveys of exterior
township lines. This difficaliy can be overcome in a great measure
by the use of the solar compnss. The latitude of the township cor-
ner, which is to be the commencing pnint of tie survey, must he
determined with the instrument to be u:ed in executing the work;
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then convey the supplies by the most feasible route, to the desired
position within the district to be surveyed, and deposit it securely
from storms and wild ahimals, on or near some stream, lake, Indian
trail, or other conspicuous object that can be recognised, in the la-
titude of any east and west township line; which may be determined
by allowing 5/ 12/ of latitude for each township of six miles north
or south of the commencing corner of the survey. If the township
line, when ran, should pass a few chains to the right or left of the
depot thus made, it can be found in a few minutes. .

This method of depositing supplies of provisions in advance of the
surveyed lines, has been successfully practised by the author
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TRAVERSE

TADLT.

A A A N S N
g. V4 Deg. 15 Dog. 34 Dey. _;":.’:
E =
2 Las. Dep. Lat. Dep. Lat. Dep. 3
1 1 000 100 001 100 w01 1 (
2 2430 01 2:00 002 00 093 2
3 300 001 309 03 590 004 3
4 400 002 4:00 003 400 005 4
5 500 002 500 00k 500 0-07 5
[ 600 003 i (i 0-08 6
7 700 003 009 7
8 800 003 019 8
9 900 |- 0uv4 012 9 1
10 | 1000 004 0.13 10
n | 1oo 0-05 014 11
12 | 1200 005 016 12
13 | 1300 006 017 13
14 | 1400 006 0.18 1
16 | 1500 007 02 15
16 | 1000 0:07 0-21 16
17 | 1700 007 022 17
18 | 1800 008 024 1R
19 | 190 008 025 19
20 | 2000 009 026 20
? 21 | 2100 €09 (%14 21y
22 | 2200 010 0-29 22
23 | 2300 010 030 21
24 | 2400 010 031 24
25 | 2500 011 033 25
26 | 2800 011 034 26
21 | 2700 012 035 b
28 | 2500 012 0-37 28
29 | 2900 0.3 018 29
30 | 3000 013 03! 30
31 | 8100 014 041 31
32 | 8200 014 042 32
33 | 3300 014 043 a3
3 3400 015 045 34
35 | 3500 015 0-46 35 (
36 | 300 16 047 a6
37 | aroo 016 048 37
38 | 3s-00 017 0-50 38
30 | 390 017 051 8y
40 | 4000 017 062 40
41 | 4100 018 054 41
42 | 4200 018 055 2
3 | 4300 014 0-56 43
| 4100 19 058 41
45 | 4500 020 0-59 45
46 | 400 0-20 0-60 43
47 | 4700 021 0-C2 47
48 | 400 021 063" 4]
4) | o 0-21 0-rg 0
50 | 5000 22 065 A
3' Dep. Lat. Lat. ]
g &
£ 3
a 89 34Dog. ViDeg. | . &
WNM\NN‘ - "



TRAVERSE TABLE.

’.AAAM S e )
{ ;;.-’ 44 Deg 34 Deg. 3 Deg. g
&
g
; 3 Lat Dep. Lat. Dep. Lat. Dep. &
N
51 8100 022 5100 045 5100 07 51
52 5200 023 52:60 (%) H2:00 08 2
53 &390 02 H300 045 5300 0°CY 63
o4 00 Ok 5400 047 64:00 il 54
b5 5500 024 5500 048 565:00 072 b5
56 50:00 024 5600 049 56-60 073 53
o7 5700 0S5 5700 050 5700 075 57
o8 5800 025 5800 051 5709 076 58
59 50-00 026 5900 051 5899 07 59
€0 6000 0-26 6800 052 59-99 079 €0
61 61-00 27 61-0 053 60-99 080 61 )
62 €2:00 0-27 62:00 054 61-99 0-f1 62
63 63 027 €2:00 036 62:99 082 €3
[ 84:60 0-28 €400 056 €399 084 64
65 €500 0-28 €500 0-57 64:09 085 €5
65 66:00 0-29 66-00 058 €599 086 66
67 €7-00 029 67-00 058 €6-99 088 67
(3 68-00 030 €800 059 67-99 089 68
€9 69-00 030 €9-¢0 0€0 €899 090 69
70 70:00 031 7000 0-61 69-99 092 70
71 71-00 02 7100 062 7099 093 7
72 72:00 031 7200 0-63 7109 094 72
3 73:00 032 7300 064 7209 096 73
4 7400 0-32 74:00 0¢5 7299 097 T4
75 7500 033 7500 0€5 499 098 75
76 76:00 0-33 76:00 0-C6 7599 099 - 76
" 77°00 0-34 7760 0€7 76:99 1-01 v
8 7500 0-34 7860 068 77-89 1-02 78
9 7900 034 7900 0-¢c9 78-99 103 79
80 80-00 0-35 0-00 070 7999 165 80
81 81-00 035 81:00 071 80°99 1-06 81
82 82:00 036 82:00 072 81-99 107 82
83 83:00 036 £3-00 072 £2:09 109 &3
84 8400 037 §4-00 073 £3-99 110 84
85 £5:C0 037 £5-00 074 £4-09 1 85
86 2600 0-38 8§6:00 075 £599 113 86
87 §7-00 0-38 §7:60 076 8€-99 114 87
88 8800 0-38 8800 077 £7-99 115 88
¢ 89 89:00 039 89-30 078 £8:99 1-16 89
90 9000 0-39 90°00 079 89-09 118 90
91 9100 040 91-00 079 90-99 119 91
92 22-00 0-40 92-00 0RO 91-99 1-20 92
a3 9200 o041 93-00 081 92:09 1-22 93
94 94:00, 041 9400 082 a3-a9 123 94
95 9500 041 9500 083 0409 12 95
96 9610 0-42 96-00 054 9509 1-26 98
97 47-(1) 042 a7-00 065 0r-99 127 97
98 9°-00 043 98-60 0-25 97-09 128 a8
29 9900 047 99-00 [I5X) 98-00 1-70 29
) 100 | 100:C0 044 100:00 087 9999 141 100
8 Dep. Lat. Dep. Lat Dep. Lat. < %
g g
£ ) 1 g
z 893{ Deg. 8914 Deg. 8914 Deg. z ;



TRAVERSE TABLE.

o

E| e 134 Deg. | 114 Deg. 134 Deg g
8 ]
Q

¢ Lat. | Dop. || Lat. | Dep.{ Lat. | Dep. | Lat. | De ®
1 100 | 002 1vo| 062 100 | 0035/ J00| 003 1
2 | 200| 003 200| 004f1 200 005 <00 Gug| 2
3] 800) 006f 300| vo7{ 300| O0S| Sw0| ovel 3
4 4:00 | 007 ) 400 O} 400 | Ol10| 4vo| 012 4
b 500 | 009 500 | 0.11 500 [ 015} H00 | 015 b
6 600 | O10) 600 | 013§ €ov| Ol6l Goo| 018 6
7 700 0120 700 | Ol ) 700 | 018 | 700 021 7
8 800 | Ol4| 800 | 017 800 | 021 S| 025 8
9 | 900 O16] 900 | 0204 900 | 24| 900 | 028 9
10 | 1000 | 017 { 1000 | 0221000 | 025 floou | us1) 10

!
11 | 1100 | 019 || 11-00 | 024 | 11:00 { 028 o34y 11
12 | 1200 0211200 026 1200 | 031 057 4 12
13 11300 0231 1300 | Oz 13:00 | 034 G40 13
14 | 1400 024 1400 [ OBl [ 1400 [ 057 043 14
15 1500 026 1500 | 033 || 1499 | 039 046 | 15
16 | 1600 028 16000 | 035 [ 1599 | 042 049 16
17 1700 | 030 | 1700 | 037 [ 1699 | 045 S2 1T
18 |1800| 031 3 X k 047 055 18
19 {1900 033 050 L8| 19
20 | 2000 | 035 052 ol | 20
21 | 2100 | 037 055 o6t 21
22 | 2200 | 038 058 | - 667 | 22
23 | 2300 | 040 060 ) 070 23
24 | 2400 | 042 063 0730 24
256 | 2500 [ U4+ 63 0G|l 25
26 | 2600 [ 045 -G8 07l 28
21 | 2100 | 047 71 083 ff 27
28 | 28:00 | 04y ol QSc | 28
29 | 2000 | 051 76 oxy |l 29
30 | 3000 | 052 79 002l 30
31 | 3100 | 05¢ -S1 095 1| 31
32 | 3200 056 54 098 i 32
83 | 4209 | 088 086 10 33
34 | 3399 089 08 104 34
35 | 3499 | 061 092 107 ff 35
36 | 3599 ( 0€3 004 110 S6
877136899 | 0C5 0-97 113 37
38 | 3i-99 | 066 009 116 | 38
39 3899 | 068 102 1194 39
40 | 3999 | 070 105 122§ 40
41 | 4099 | 072 1-07 1-25 || 41
42 | 4199 ] 073 10 128 0 42
43 | 4209 075 18 131 43
44 | 4309 | 077 ‘15 13481 44
45 | 499 | 079 ‘18 137 43
46 | 4599 | 080 =20 140 (| 46
( 47 46:99 | 082 23 T4 (| 47
48 | 4799 | 084 26 47 48
49 | 4893 | 086 23 150 || 49
50 | 4999 | 08T 31 153 a0
s Dop. | Lat. Lat. Lat. g
S 3
§ 89 Deg. 8814 Deg. 881/ Deg. z
—~ - - ——r e
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TRAVERSE TABLE.

2 1 Deg. 11 Deg. 114 Deg. Deg g
g : ¢
H g
@ Lat. | Dep Lat. | Dep. | Lat. j Dep. Dep. 2
51 | 5099 | oSy | Sowy | 111 14 136 81
52 51-99 091 | 51-00 113 106 159 62
53 | 65290 W 116 139 102 53
54 65309 ] 118 141 1(5 o
55 | 5499 | 096 || adv | 12 1H 148 | 55
66 | 6599 | 098 [ 5509 | 122 147 171 | 86
57 | 5699 | 069 || 56wy | 124 149 174 | 67
68 | 57009 | 101 [ 5799 | 127 152 177 | 68
69 | 5809 | 103 f| o800 | 129 154 180 | £9
60 | 60909 | 105 [) ooy | 131 357 183 | 60
€1 |e6000] 106 || 60-09 | 1-33 160 186 | 61
62 | 6199 | 108 f| 61w [ 135 162 169 | 62
€3 | 6209 | 110 | 6290 | 147 105 192 | €3
64 | 6399 | 112 [ c395 [ 140 168 105 | G4
65 |6409| 113 [ G408 | 142 170 199 | €
66 | 6500 | 115 [ (598 | 144 148 202 | 66
67 | 6699 | 117 || v6vS | 146 195 205 | 67
68 | 6799 | 119 [ 708 | 143 178 2 68
69 |68909| 120 || 6898 | 151 141 211 | 69
70 | 6999 | 122 | 6998 [ 133 163 214 | 70
71 | 7009 | 124 || 7098 | 155 1-86 217 | T
72 {7199 | 126 | 7198 | 157 188 220 | 72
73 | 7209 | 127 || 7295 [ 159 1.01 223 | 13
74 (7399 | 129 | 7398 | 161 1-94 226 | T4
75 | 7409 | 131 || 7408 | 164 196 229 | 75
76 | 7599 | 133 [ 7598 | 166 1-99 232 | 78
71 7699 | 134 [ 7698 | 168 202 235 | 77
78 7799 | 136 || 7708 | 170 2:04 238 | 78
79 [7899 | 138 || 7898 | 172 207 241 | 79
80 |7999 | 140 | 7998 | 175 2:09 24 | 80
81 |8090 | 141 /8098 | 177 212 247 | 81
82 |[8109 | 143 || 8198 | 179 215 250 | &2
§3 | 8200 | 145 || 8298 | 1-81 217 253 | 83
84 |8390 | 147 §e308 | 183 2:20 257 | 84
85 |8490 | 148 | 8405 | 165 2:23 260 | 85
86 | 8500 | 150 [ 8508 [ 1-88 2:25 | 8596 | 263 | 86
87 | 8690 | 152 [l 8698 | 100 228 | £¢-06 | 266 | 87
88 | 8790 | 154 | 8708 | 192 230 | 6796 | 2¢9 | 88
89 | 8809 | 155 | 8898 | 194 -33 || 8806 | 272 | 89
90 | 89-90 | 157 || 8998 | 196 8096 | 275 | 90
91 | 9090 | 169 199 0096 | 278 | 01
92 | 0199 | 1-61 | 9108 | 2:01 o196 | 281 | 92
93 | 9290 | 162 | 0208 | 203 ¢ | 254 | 03
94 | 0399 | 1-64 | 0308 | 205 6| 27 | o4
95 | 9499 | 166 | 9498 | 207 aepc | 200 [ 95
96 | 9500 | 168 | 9508 [ 209 acoc | 204 | 06
97 | 9690 | 160 || 9698 | 212 905 | 296 | 9F
98 | o7:00 | 171 | 9798 | 214 0795 | 209 | 98
99 |9898 | 173 | 9598 | 216 wear | 202 | 09
100 |9998 | 175 || 9998 | 218 w05 | 305 | 100
¢ | Dep. | Lat. || Dop. | Lat Lat. | Dep. | tat. | g )
=2
8 3
2 | s 883, Deg. | 8814 Deg. | 884 Deg. | A j




TRAVERSE TABLE.

g 2 Deg. i 244 Deg. g2
g j g
8 | Iat. | Dep. || lat. | Dep. 8
1| 100 vos | 1oe]| out 1
2 | 200| 0u7 | 200 008 2
8| 300| o010 || 00| o012 3
4 | 400| 014 | 200 0ly 4
5 | 500| o017 | 500 02 - 5
8 | 60| o2l eoo| ozt g 6
7 | 100| 024 | 69| o0r - 7
8 | 79| o2 | 73| om o8 | 8
9 | 89| 031 | s 085 043 | 9
10 | 993 035§ 990 | 039 048 | 10
11 | 1093 | 038 043 033 | 1
12 [ 1193 | 042 047 058 | 12
13 | 1295 | 045 051 062 | 13
14 | 1390 | 049 055 067 | 11
15 | 1409 | 052 059 072 | 15
18 | 1590 | 036 e 77 | 16
17 | 1699 | 059 067 082 | 17
18 | 1793 | 063 071 086 | 18
19 | 1899 | 066 075 001 | 19
20 | 1999 | 070 079 096 | 20
21 | 2009 | 073 082 101 | 21
22 | 2199 | 077 056 108 | 22
23 | 2203 | o080 090 110 | 23
24 | 2399 | 084 094 115 | 21
25 | 2408 | 087 008 120 | 25
28 | 2598 | 001 102 12 | 28
27 | 2608 | o0t 108 130 | 27
28 | 2798 | 098 110 154 | 28
20 | 2598 | 101 114 139 | 29
30 | 2008 105 118 14| 3
31 | 3008 | 108 1-22 || 30 E 149 | 31
32 | 3108 | 112 126 || 3t . 154 | 32 g
33 | 5298 115 180 || 32 . 158 | 33
2t | 3398 119 153 | 83 - 163 ! 8L )
35 |3res| 122 197 | 34 . 168 | 85
S6 | 3598 | 1.26 11 || 85 . 173 | 36
37 | 3698 | 1) 145 | 3596 | 161 178 | 37
33 | 3708 | 133 149 if 374 166 182 | 38
39 | 3598 | 136 153 [l 3805 | 170 | 8%06 ! 187 [
40 | 3908 | 140 157 || 3096 | 175 i 3995 | 192 | 40
41 | 4098 | 143 I 40 161 197 (4005 | 197 | 41
42 | aro7 | 147 [ 41 15 s s | 2e2 | g
43 4207 | 130 L 169 188 | 4205 | 206 | 43
4t [ 4597 | 158 | 4 173 192 {4205 | 211 | 41
4 | 4vor | 157 | teor | 177 195 1408 | 216 | 4

R 46 a7 | 162 151 291 | 4595 | 221 | 48

i 47 |87 | 10t 931 1 205 | wos | 225 | 47

L0 48 | 4707 | 168 | 4796 | 188 200 14705 | 230 | 48
4 | 407 | 171 | 48 192 214 [ 4801L| 235 | 49 )
50 | 4397 | 174 | 40 195 218 | 99| 240 | 50 )
3 Dep. | Lat. -p.

L S T e e e ’as



TRAVERSE TABLE.

AN
214Deg. | 234 Deg. 2
£
Lat. | Dep. | Lat. . Dep. | &
| 5095 | 222 | Seud 245 | 61
5195 | 227 | Elwd| 250 | 62
56295 | 281 | 5204 | 254 | 53
5505 | 236 | 5304 | 259 , 54
b4v5 | 240 | 6494 | 264 ¢ 66
5595 | 244 | 5504 | 260 56
5605 | 249 | 5693 | 273 6T
67°04 | 253 | 5793 | 278 | 68
5894 | 267 | 5693 | 263 | 69
5904 | 262 | 6993 | 288 | 60
61 | 6096 | 213 239 |[ 6004 | 266 | 6093 | 293 | 61
62 | 6196 | 216 243 || 6194 | 270 | 6193 | 297 | 62
63 | 6296 | 220 247 || 6294 | 275 | 6293 | 302 | €3
64 | 6396 | 223 251 || 6394 | 270 | 6393 | 807 | 64
65 | 6496 | 227 255 || 6494 | 284 | 6403 | 312 | €5
66 | €506 [ 230 259 || 6594 | 288 | 6592 | 317 | €6
67 | 6696 | 284 263 || 6694 | 292 | 6602 | 321 | 67
68 | 6796 | 237 267 || 6794 | 297 | 6792 | 326 | 68
69 | €896 | 241 271 || 6803 | 301 | 6892 | 331 | &
70 | 6996 | 244 275 || 6993 | 305 | 6992 | 336 | 70
71 | 7006 | 248 279 |[7003| 810 | 7002 | 341 | 11
72 | 7106 | 251 263 || 7193 | 314 | 7192 | 345 | 72
73 | 7296 | 255 267 || 7293 | 318 | 7292 | 850 | 3
74 | 7395 | 238 291 |[ 7303 | 223 |! 7391 | 855 | 74
75 | 7495 | 262 294 || 7493 | 327 | 7491 | 30 | 75
76 | 7595 | 25 298 ! 75693 | 331 | 7501 | 365 | 76
77 | 7695 | 269 302 [ 7693 | 336 | 7691 | 370 | 77
78 | 7195 | 272 306 || 77-93-| 340 |l 7791 | 374 | 78
79 | 7895 | 276 310 || 7892 | 345 || 7891 | 379 | 79
80 | 7995 | 270 314 (| 792 | 349 || 799l | 38+ | 80
81 | 8005 | 253 318 [ 80902 | 353 || 8001 | 389 | 81
82 | 8195 | 286 322 || 8192 | 398 |l 8191 | 303 | 82
83 | 8205 [ 290 326 |f 6202 | 362 |l 8290 | 398 | 83
84 | 8305 | 293 330 || 8392 | 366 || 8390 | 403 | 84
85 | 8495 | 207 334 | 8492 | 371 |1 8400 | 408 | 85
86 | 8595 | 3C0 338 || 8592 | 375 || 8590 | 413 | 86
87 | 66:05 | 304 342 [ 8692 | 370 11 8690 | 417 | 87
88 | 8795 | 307 345 1 8792 | 384 || 6700 | 422 | 88
89 | 8895 | 311 349 || 6892 | 388 || 8590 | 427 | 89
90 | 8995 | 314 853 || 8901 | 393 || 8990 | 432 | 90
01 | 0095 | 218 257 ! 90-91 | 397 |l 9090 | 437 [ 01
92 | 9104 | 321 g6l |[ 9101 | 401 || 9189 | 441 | 92
93 | 9294 | 32 365 | 0201 | 406 |: 9289 | dd¢ | 93
91 | 9301 | 328 269 | 9391 | 410 || 9380 | 451 | ot
95 9404 332 373 1 9191 414 0189 456 5]
96 | 9594 | 335 377 || 9591 | 419 iess0 | 4€l | 96
7| 9Cot | 339 a8l | 9301 | 423 || 9680 | 465 | 97
98 | 97t | 342 aes || oro1 | 427 || 0789 | 270 I o8
99 | 9%0L | 346 | 289 | 0891 | 482 !l 98R9 | 475 | 99
100 | 9994 | 849 | 303 | 9391 | 436 !l 0088 | 450 | 100
: i Sl
¢ | Dep. i Lat. || Dop. | Lat. | Dep. ' Lat. | Dep. | Lat. | g
=] = I
8
a 88 Deg. ' 8734 Deg. 8714 Deg. ' 8714 Deg. ! g



8 TRAVERSE TABLE.

|

=]
&
=l

g 8Deg. || 38 Deg. 314 Deg. 2
£ E
8 | Lat. | Dep. | Lat. | Dep. || Lat. p. 8
1 100 } 005 100 | 006 1:00 [ 006 1
2 2:00 | 010 2000 | 011 200 012 2
3 300 | 016 300 | 017 299 | 018 3
4 393 | 021 399 | 023 399 | 024 4
. b 493 | 026 490 | 028 499 | 031 5
6 599 | 031 599 | 034 593 | 037 § 6
7 699 | 037 699 | 040 609 | 043 3 17
g8 | 792| 042 || 709 | 045 || 799 | 049 | 7 8
9 899 | 047 849 | 051 §$098 | 055 98 9
10 | 999 | 052 || 998 | 057 || 998 | o061 | 908 | oc5 | 10
11 |1008 | 058 1098 | 062 | 1098 | 067 [l1008| o072 | 11
12 | 1108 | 063 1193 | 068 | 1108 | 03 || 1107 | 078 | 12
13 |1298 | 068 | 1208 | 073 [[1208 | 079 [[1207 | 05 | 13
14 [ 1398 | 073 | 13-98 079 | 1397 085 || 1397 602 14
15 | 1498 079 || 1498 | 085 || 1497 092 1107 008 15
16 | 1598 | 084 || 15.97 091 { 1597 003 | 1597 1056 16
17 16908 | 089 |l 1697 096 | 1637 104 || 1696 1 17
18 | 1798 | 004 [ 17-97 102 | 17°97 110 | 1796 1-18 18
19 | 1898 | 099 | 1897 108 {1 1806 | 116 |l 1896 | 1-24 19
20 {1997 | 105 | 1997 | 113 [ 1996 | 1-22 1996 | 131 | 20
a1 |2007] 110 119 {2096 | 128 [ 2006 | 1-37 | 21
22 | 2197 115 125 | 2106 | 134 | 2195 144 22
23 2297 | 120 130 || 2296 [ 140 [l 2205 | 120 | 23
21 | 2307 | 126 136 || 2306 | 1-47 || 2305 | 167 | 24
25 2497 131 142 1 2105 153 | 2495 14 25
26 | 2596 | 1:36 147 [ 2595 1:59 | 25-04 170 26
27 26:06 | 141 153 )} 26:95 165 i 26:94 177 27
28 27°06 147 159 | 2795 171 | 2704 1-83 28
29 28:98 | 1452 164 | 2895 177§ 2804 130 29
30 {2096 | 157 170 § 2094 | 183 | 2094 | 196 | 30
31 | 3008 162 176 [ 3094 [ 199 - 31
32 | 3196 | 167 181 || 3194 195 32
33 |3205| 173 187 (3294 | 201 33
34 | 3395 178 193 | 33-94 2-08 34
35 3495 1-83 198 | 3403 | 214 35
36 ' | 3595 1-88 2:04 X3 e 36
387 3695 | 104 210 37
38 | 3795 1-9) 215 38
39 | 3895 204 221 39
40 |[39095 | 209 227 40
41 [4004| 215 232 41
42 |49t 22 238 12
43 4291 225 241 43
4F 14398 230 249 44
35 45

!

?

Distance.

87 Deg. 8634 Deg. 8614 Deg. 8614 Deg.

Distance.



TRAVERSE TABLE. )

17

323

329

334

340

346 3 61

351 | 6188 3 61-87 | 405 62

357 Jf 6288 | 385 || 6287 | 412 63

363 |f 6388 | 391 | 6386 | 419 64
65 369° || 6488 | 397 || 6486 | 4-25 65
66 374 | 688 | 4:03 | 6586 | 4-32 a8
67 3 6688 | 409 | 66-86 | 4-38 67
68 386 | 6787 | 415 || 67%6 | 445 68
69 391 | 6887 | 421 || €885 | 4-51 69
70 397 || 6987 | 427 | 6955 | 458 70
71 403 | 70°ST | 433 [ 7085 | 464 | 71
72 408 || 7187 | 440 | 7186 | 471 72
3 414 || 7286 | 446 || 7284 | 477 73
74 420 )| 7386 | 452 | 7384 | 484 74
5 425 | 74'€6 | 408 || 7484 | 4N 75
76 431 I 7586 | 464 || 7584 497 76
77 437 [ 7688 1 470 {17684 | & | 77
78 442 | 7785 | 476 || 7783 | 510 8
9 448 || 7885 | 482 | 7863 | 517 79
80 454 [ 7985 | 488 || 7983 | 623 80
81 > 4'59 { 8085 | 4-94 [ 8083 | 530 | 81
82 420 | 8187 | 4'65 | 81'S5 | 501 || 8182 | 536 82
83 430 | [287 | 471 | 82:85 | 507 [ 82:82| 543 | 83
81 440 | 838 476 || 63-84 | 513 [ 63-82 | 549 84
85 445 | 8486 | 482 || S4:84 | 519 [ 8482 | 556 85
86 450 || €586 | 4'88 || 8584 | 525 [ 8582 | 562 86
87 455 || 8686 | 4'93 | 86:84 | 531 [ 8681 5469 87
88 461 || 87°86 | 4°00 | 8784 | 537 [| ST81 | 576 88
§9 466 || S§'86 | 505 || 88:83 | 543 [ 8881 | 582 89
90 471 {1 8986 | 510 || 8983 | 549 [l 89°S1 | 589 | ‘90
91 476 || 6085 | 516 || 90,3 | 556 || 9081 | 595 91
92 451 || 9185 | 522 || 9183 | 662 || 9180 | 602 92
93 487 (o285 | 527 || 9283 | 568 [l 9280 | €08 93
9t 402 |l 9385 | 53 9382 | 574 [| 93:80 | 615 94
95 497 [ OF®5 | 539 || 9482 | 580 || 9480 | €21 95
93 502 |1 9585 | 544 || 9582 | 586 || 9579 | €28 96
97 508 [958t | 550 || 9682 | 502 | 0670 | €34 97
03 3 TSE| 556 | 9782 | 5903 | 9770 | 641 98
9) 518 || 9884 561 | 98-82 604 || 9879 €47 99

100 b 9984 | 5T J 9981 | €10 || 9979 | 654 | 100

8 Lat. || Dep. | Lat. | Dep. | Lat. | Dep. | Lat. 8
g
8 .
‘-g 87 Deg. 834 Deg. || 8C14Deg. 8614 Deg. g
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(=]

%

TRAVERSE TABLBE.

g 4 Deg. 44 Deg. 414 Deg. 434 Deg. 2
s S
] | g
8 | Lat. Lat. | Dep. Dep. || Lat. | Dep. | &
1 1-00 1-00 008 100 | 008 1

2 260 106 016 100 [ €17 2

3 209 204 024 2209 | €25 3

4 399 349 0-31 S6S | 003 4

5 400 40 (V53 408 1 041 5

6 &9y 5908 647 || 598 | 050 6

7 ¢-98 [ 055 | €97 | 058 7

8 7-98 748 063 || 77T | 06 8

9 898 898 071 §07 | 075 9

10 908 997 078 97 | 083 10
11 [ 1007 | 077 | 1¢:07 | 082 0-56 || 1096 | 001 11
12 | 1197 | 084 | 1107 | 089 094 | 1106 | 009 12
13 | 1207 | 091 |[ 1206 | 096 102 | 12206 | 1-C8 13
14 {1397 | 098 | 13:0¢ | 104 110 | 1395 | 116 14
15 [ 1496 | 105 || 1496 | 111 118 | 1495 | 1-24 15
16 | 1596 | 112 I 1506 | 119 120 | 1595 | 122 16
17 | 1696 | 119 | 16-05 | 1-2 133 || 1604 [ 141 | 17
18 | 1796 | 126 951 133 141 1794 | 149 18
19 1895 | 133 | 1895 | 140 1-49 | 1893 | 167 19
20 | 1995 ] 140 || 1995 | 148 157 || 1993 [ 166 20
21 | 2005| 146 { 2004 | 1:56 1-€5 || 20003 | 174 21
22 [ 21956 ) 153 || 2104 | 1:C3 173 || 21002 | 1-82 22
23 | 2294 | 160 || 2204 | 170 1-80 92 | 190 23
2t | 2394 167 || 2393 | 178 [ 2303 | 188 | 2502 | 199 24
25 | 24904 | 174 || 2403 | 185 f| 2402 | 196 || 2401 | 2407 25
26 | 2594 | 181 | 25 & 2592 | 204 | 2501 | 215 26
27 2693 | 188 gl 20092 | 212 | 2:91 | 224 20
28 | 293 | 14 2791 220 || 27490 | 2-32 28
29 | 2503 | 2:02 2091 | 2:28 |} 2690 | 240 29
30 |2093}) 209 2091 | 23 2000 | 248 30
31 | 3092 | 216 2030 | 243 | 5089 | 257 31
82 |3192| 223 3190 | 251 || *1-89 | 2:66 32
33 | 3202 230 32:00 | 259 | 32:89 | 273 83
24 | 3392] 237 8300 | 267 || 3588 | 282 34
35 [ 3491 | 24 3480 | 275 | 3488 | 2:80 35
38 | 3501 251 359 | 282 | 3588 | 298 36
37 | 301 258 36580 | 2:00 || 3¢87T | 2:06 37
38 | 3701 2€5 388 | 208 | 3787 | 3156 8
39 |39} 272 3§88 | 806 U 3887 | 323 39
40 | 3900 | 279 3988 | 314 | 3986 | 331 40
41 | 4090 | 296 40°87 | 322 | 4096 | 240 41
42 | 41090 | 203 41-87 | 33 41:86 | 348 42
43 | 4200 | 300 42:87 | 337 || 4285 | 2-58 43
44 [ 4389 ] 307 4386 | 345 || 4385 | 364 44
45 | 4180 | 314 44:86 | 353 || 4485 [ 373 45
46 | 4580 | 321 4586 | 361 | 4584 | 381 46
47 | 4689 | 328 46-86 | 269 | 484 | 389 | 47
48 | 4788 | 835 4785 | 377 | 47-84 | 307 48
49 | 4888 | 342 48:S5 | 5-R4 || 4883 | 408 49
50 | 4988 | 349 49:85 | 392 | 4983 | 414 50
g | Dep. | Lat. Dep. | Lat. | Dep. | Lat. | g
=

§ H
a 86 Dez. 85%4 Deg. 844 Deg. 8514 Deg. i
-~ .




TRAVERSE TABLE.

-l@ol\‘.ﬁg z

A I il
@

3 05 61
- g 13 62
:§ 3 2 32 | 63
.« -0 . 30 | 61
65 | 64841 453 510 | 6478 | 638 65
66 | 6584 | 4¢0 518 | €377 | 647 66
67 | 6634 | 467 626 | 66:77 | 655 67
68 | 683 | 474 534 [ 6777 | 663 | 68
60 [ 0383 | 451 541 | 6876 | 571 69
70 | 6083 | 458 549 | 6976 | 580 70
71 | 7083 | 405 557 | 7076 | 588 kt
72 | 7182 | 502 - * 565 [ 71756 | 598 | 72
T3 | T282 | 509 || 7280 { 541 | 727 573 | 7275 | 604 73
74 | 7382) 516 | 7380 | 548 [ 7397 | 581 | 7375 | 613 | T4
75 | 1482 523 || 7479 | 556 | THTT | 538 [ T4T4| 621 75
76 [ 7681 | 530 || 7T 563 | THTT | 596 | 75T 629 76
T | VE81 Y 537 | TeTa | 571 | 7676 | €04 || 7674 | 638 7
78 | T8 oM [ TVTI] HT8 JTTT6| €12 FTTT3| 646 | T8
79 7881 | 551 | TNTS | 685 | T8T6 | €20 7873 | 65 79
80 |7981 ] 558 || 7978 | 593 || 7975 | 628 [[ 7973 | 662 | 80
81 | 8080 565 | R0-78 | 600 || 8075 | 636 | 8072 | 671 ¢ 81
82 |[81:80| 572 | 8178 ( 608 | 81'i5 | 643 § 8172 | €79 82
83 (8280 | 570 || 8277 | 6156 | 8274 | €51 | 8271 | 687 83
84 | 6380 | 586 | S377 | 623 | 8374 | 659 | 8371 | 696 84
85 [ 8+79 | 593 || S4TT | €30 8474 | 667 | 471 T04 85
86 | 8679 ) 600 || 8576 | €37 | S573 | 675 | 8570 | 712 86
87 | 8670 | 607 || 8676 | 645 || 8673 | 683 | 8670 | 720 87
88 | 8779 | 614 [ 8776 | 652 || 8773 | 690 { 87-70 | 7-29 88
89 [ S878] 621 || 8376 | 660 | 8873 | 698 || 8870 | 737 83
90 | 8978 | 628 || 8975 | 667 |) 8972 | 7°06 | 89€9 | T45 | 90
91 | 90781 635 [ 9075 | . 674 | 90-T2 | 714 {9069 | T54 | 01
92 [ 9178 | 642 9175 | 682 || 91-72 | 722 | 9168 | 762 92
03 | 9277 | 649 [| 9274 | 689 || 9271 | 7-30 | 9268 | 770 | 03
84 | 9377 | 656 [[9374] 697 | 9371 | 738 19368 ] 778 | 64
95 | OKTT | €63 | 9b74 | 704 [ 0471 745 || 9467 | 787 95
96 | 95TT | €70 || 9574 | T-11 19570 | 753 | 9567 | 795 98
97 | 9676 | 677 || 9573 | 719 || 9C:70 | T-61 | 9667 | 803 97
08 | 9776 | G84 [ 9773 | 728 | 9770 [ 7-69 | 97-66 | &12 28
09 | 08761 6901 (| 9873 | T34 || 9869 | 777 | 9866 | 820 9
100 | 9876 | 698 i 73| 741 || 9969 | 7-85 } 9066 | 82 | 100
3 Dep. | Lat. | Dep. | Lat. ,rDep Lat. || Dep. | Lat. ]
- a
; g
3 86 Dog. 8534 Deg. a




12 TRAVERSE TABLE.

E 5 Deg. 614 Dog. 514 Deg. 53¢ Deg. g §
8 | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | &
1 100 | 0-09 100 | 009 100 | 010 09y [ 010 1
2 199 | 017 1-99 | 018 109 | 019 199 | 020 2
8 299 | 026 299 | 027 299 | 029 298 | 030 8
4 398 035 398 | 037 398 | 038 398 | 040 4
b 498 | 044 498 | 048 408 | 048 497 | 060 5
6 598 | 052 597 | 055 597 | 058 597 | 060 6
7 697 | 061 €97 | 064 697 | 067 696 | 070 7
8 797 | 070 77| 073 796 | 076 706 | 080 8
9 897 | 078 896 | 082 896 | 086 89, 090 9
10 996 | 087 996 | 092 9 096 9956 | 100 10
11 [ 1096 | 096 {1005 | 1-01 #1095 | 106 f10-04 | 110 | 11
12 [ 1195 105 | 1195 | 110 || 11-04 | 115 || 1184 | 1-20 12
13 | 1295 | 113 (| 12095 | 119 | 1294 | 125 | 12:93 | '1-30 13
14 | 1395 | 122 || 1394 | 128 11394 | 1-34 | 1393 | 1-40 14
5 | 1494 | 131 [ 1494 ] 1-37 1493 | 144 | 1402 | 150 15
16 | 1594 | 130 || 1593 | 146 | 1593 [ 153 | 1592 | 160 16
17 | 1694 | 148 (1693 | 156 ¥ 1692 | 163 [ 1691 | 1:70 17
18 | 1793 | 157 1 17-92 | 165 § 17- 173 § 1761 | 1-80 18
19 | 1893 | 166 [ 1892 | 1-74 §1891 ! 182 [ 1890 [ 190 19
20 |1992 | 174 [{1992| 183 [ 1991 | 192 {1990 [ 200 20
2002 | 183 [ 2001 | 1-82 § 20-90 | 201 (| 2089 | 210
21-92 | 192 || 2191 | 201 §21-90 | 211 || 21:89 | 220

2291 | 200 || 2260 | 210 § 22:89 | 2:20 | 2288 | 2:30

- 2 34184 +35 || 3482 | 351
-85 3 3583 45 || 3582 ( 361

36:86 | 822 || 3684 | 339 |{ 3683 | 265 X
3786 | 331 || 3784 | 348 3783 | 364 § 3781 | 381
85 | 340 || 38-34 | 357 |/ 3882 | 374 { 3880 | 391
3985 | 349 || 39-83 | 366 [} 3982 | 3 3080 | 401

SEELSLELES SBRRLVRVRT SVRURRRRNN
g
a2
g

H
£
4
E
-~
g
Y
H
Y

H
%
Distance. | SEEAREERERE 2SLRLLRVLBER SBVYRIVYRBER

Distance.




TRAVERSE TABDLE.

g 64 Deg. 534 Deg. §
»
] 8
8 | Lat. | Dep. || Lat. | bep Dep. | Lut. | Dep. [ 8
51 50-81 441 || 5079 | 467 489 | oeT4 | 611 b1
52 | 51:80 | 453 || 5178 | 476 498 [ 6174 | 521 52
63 | 5280 | 462 I 5298 [ 485 b08 || 6273 | 531 53 )
54 {5379 | 471 || 5377 | 4ud 518 | 6373 | &41 b4
55 | 5479 | 479 | oLTT | 503 521 | 5+72 | 5E b5
56 | 5579 | 488 || 85697 512 597 | 6572 | 601 b6
57 56:78 | 497 || b676 | 622 546 || 671 571 b7
58 [ 6778 | 606 | 5776 | & 556 || 6771 | 581 68
o9 | 5878 514 §| 5875 | 540 b¢hd || 6870 | &901 69
60 | 6077 | 623 § 6075 | 649 675 || 5970 | 601 60
61 | G077 | 532 { 6074 | 558 585 || €069 | 611 €1
62 | 61476 | 540 ) 6174 | 5067 504 Il €1€9 | 621 62
63 | 6276 | 549 | 6274 | 576 604 p G281 631 63
64 | 6376 | 558 | 6373 | 6586 613 § 65€8 | 641 64
656 | 6475 667 || 6473 | 505 623 | 64:67 €51 €5
€6 | €575 §'75 672 | €04 633 || 6667 661 66
67 | 6675 584 || 6672 | 613 642 | 6666 | €71 67
68 | 6774 | 5vi | CT°71 622 652 || 6766 | 681 €8
69 | 6874 ¢ 601 || 6871 63 6€¢1 | 68:€5| 691 69
70 | 6973 | 610 |j 6971 | 641 671 § €965 | 7-01 70
T | 7073 | 619 || 7070 | €50 681 || 7064 | 711 71
72 17173 | €28 (| 7170 | 669 690 || T1€4 | 721 72
73 | 7272 | 638 || 7269 | 665 700 17263 | 731 73
T4 | 7372 | 64H || 7369 | 677 709 || 78:65 | 741 74
75 | 7471 | 654 || 7469 | 686 719 7402 ) 751 5
76 17571 | 602 || 7568 | €905 728 {7562 | 761 w0
77 | 7671 | 671 | 7668 | 706 T38 061 | 771 i
78 | 7770 680 || 7767 | 714 748 | 7761 | 781 8
79 | 7870 | 689 {f 7867 T8 78T || 7860 | 7-91 79
80 | 7970 | €Y7 | 7963 | 732 767 | 7960 | 802 80
8l | 8069 | 7°06 | 8066 | 7-41 | 8063 | 776 | 80-00 | 812 81
82 | 8160 | 715 | 8166 | 7-50 | R1-62 | 786 || 8150 | &22 82
83 | 8268 | 723 2:€5 | 769 || 82:62 | 798 || 258 | §32 83
84 | 8368 | 732 {18565 | T7€9 || 831 | 8v5 || 8358 | 842 84
86 | 8168 | 741 || 8464 | 778 || 84C1 | 815 || 8457 | 852 &5
86 | 8567 | 760 § 8564 | 7-87 | 85€0 | 824 || 8557 | &62 86
87 | 8667 | 758 || 8664 | 790 || 86-€0 | 834 || 86:56 | 872 87
88 | 87€7 | 767 ) 8763 | 805 | 8759 | 843 || 87-56 | 882 &8
89 | 88€6 | 776 |f 6863 | 814 | 8859 | 803 || 8855 | 8902 89
90 |89€s | 784 [[e%62| 821 [ 8969 | 863 || 8955 | 902 90
‘91 | 9065 | 703 || 9062 | 833 | 0058 | 872 [ 9054 | 012 91
92 | 0165 | 802 || 91-61 | &42 (| 91-58 | 882 || 91:64 | 922 92
93 | 9265 | 811 || 9261 | &51 | 92-67 | 891 || 9263 | 92 293
64 | 0364 | 819 | 9361 | 860 || 9357 | 901 || 9353 | 942 94
95 | 9464 | 828 §9460 | 869 i 95566 | 911 || 0452 | 962 95
96- | 9563 | 837 1 9560 | 878 || 9556 | 920 || 9562 | 9-€2 96
$7 | 06€3| 845 || 90659 | 888 (| 96:55 | 0”0 ) 9661 | 972 | o7
98 |'97€3 | 854 {9759 | 807 || 9755 ( 939 || 9T-51 | 982 €8
Q9 | o062 | 863 || 9359 | 906 || 9864 | 949 || 0850 | 902 99
100 19962 | 872 [[0958 | 915 ! 9984 | 968 | 99-50 | 101(2 | 100
¢ | Dep | Lat. [ Dep. | Lat. | Dep. | Lat. [ Dep. | Lat, | g
q g
4
a 85 Deg. 843£ Deg. 8114 Deog.



14 TRAVERSE TABLE.

‘oues[q

© 1 en i 310 | OPUTISIA

1
2
3
4
b
8
17
8
9

ELER23CHER
it
e €3
g8

-
o

BRI

EREEERETER

28 | 2586 72 2 2582 | 308
27 | 2885 | 282 306 || 2781 | 317

2785 | 293 17 || 2181 | 3
29 | 2884) 303 28 1 23:80 | 341
30 |208¢| 314 40 || 2979 | 853
31 | 3083 | 324 251 || 30-79 | 864
32 | 3182 334 62 || 3178 | 376
33 | 3282 315 374 || 3277 | 388
34 [ 3381 35 385 || 3376 | 400
35 | 3481 | 366 396 || 3476 | 411
38 | 3580 | 376 408 || 35756 | 423
37 | 3680 | 387 419 | 3675 | 436
88 | 3779 | 30 430 || 3774 | 447
39 | 3379 | 408 441 || 25T | 408
40 | 3978 | 418 433 || 3072 | 470
41 | 4078 | 429 464 1 4072 | 482
42 | 4177 | 439 478 || 4171 | 404
43 | 4276 | 440 4:87 § 4270 | 503
41 | 4376 | 460 493 || 8370 | 517
45 | 4475 | 470 500 | 4309 | 529
48 | 4575 | 481 521 [ 4568 | 541
47 | 46741 491 532 || 4667 | 592
48 | 4774 502 543 || 4767 | 561
49 | 4873 | 612 655 | 48-66 | 576
50 [ 4973 | 523 5606 || 4965 | 588

Dop. | Lat. Lat. || Dep. | Lat.

Distance.




TRAVERSE TABLE. 15
6 Deg €4 Deg. 614 Deg. 634 Deg E‘-;

Dep. j Lat. | Dep. | Lat. | Dep. || Lat. | Dep.

633 || 5070 | 6L6 ff 5067 | 677 | 5066 | 5w | 61
&4 [ 5109 | 568 | 5167 | 589 | 5164 | 611 52
654 || 5268 | 577 || 5266 | 0600 | 5263 [ €23 | 63
564 [ 56368 | 588 {5365 | 611 {6363 | 635 | 54
675 [| 5467 | 599 || 5465 | €23 || 5462 | 646 | 55
585 ) 5567 | 610 |f 5564 | 634 [l 5561 | 658 66
506 || 56-66 [ 621 | 5663 | 646 || 66:¢0 | €70 | 57

638 1 060G+ | 601 G061 | 691 J6058 | 717 | 61
648 [ 61-63 | €75 § 61-€0 | 702 [ 6167 | 7290 | 62
659 7 6263 | 666 § 6260 { 713 | 6256 | 740 | €3
6:69 f| 6362 97 1 6359 | 7 6356 | 7562 | 64
679 | 6461 | 7-08 § 6458 | 7-86 | 6455 | 764 | 65
G690 § 6661 | 719 | 6558 | 747 § 65654 | 776 | 66
700 | 66060 | 720 | 6657 | 758 | 6654 | 788 | 67
711 [ 67°30 | 7-40 || 67°56 | 770 || 6753 | 7T'99 | 68
721 f1 6859 | 751 || €656 | 7-81 f 6852 | 811 | 69
732 | 6058 | 762 | 6956 | 792 | 60-51 | 823 [ 70
742 17058 | 773 | 7054 | 804 | 7051 835 | 71
763 1 TU6T | T84 | T154 | 815 J 7150 | 848 | 72
763 17257 | 795 || 72563 | 820 ] 7249 | 868 | 78
774 || 766 | 806 |l 7352 | 838 [ T340 | 870 | T4
T84 || 7455 | 817 | 7452 | 849 [ T4483| 882 | 75
704 || 7656 | 827 || 75651 | 860 { 7547 | 893 | 76
805 N 7664 | 838 f 7651 | 872 | 7647 | 905 | 77
815 [ 7964 | 840 17750 | 883 | 7748 | 917 | 78
826 | 7853 | »60 || 7649 | 894 || 7845 | 929 | T9
836 7953 | 871 17940 | 906 | 7945 | 940 | 80
847 [/ 8052 | 882 18048 | 917 |) 8044 | 952 | 81
857 | 81-51 | 893 || 8147 | 928 || 8143 | 964 | 82
8:68 | 82561 | 004 | 8247 | 940 | 82142 | 976 | 83
878 8350 | 914 § 83-46 | 951 [ 8342 | 987 84
888 | 8460 | 925 | 8445 | 962 | R4-41 85
899 | 8540 | 036 [ 8545 | 974 || 8540 | 10-11 g?

—
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-
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<
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&
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TRAVERSE TABLE.

NN
g l 7 Deg. 74 Deg 714 Deg. WD | g
g | E
8 | Lat. | Dep. | Lat.  Dep. || Lat. | Dep. | Lat.  lep. © €
15 00| 612 | 099 013 [ v | I3 | vw 613, 1
2 1 193] 024 | 18| 025§ 19S| 026 | 1us ! g7 | 2
3 | 205 | 087 | 298| ess o 2w7 | oud | 29T, v 3
¢ 4 | 397|049 | 397! 050 | SuT| 052 | SU6 054 4
5 496 | 001 496 | 063 406 | 0D 495 . 0T ]
6 | 596 | 073 | 595 | 076 § 595 | 058 | 595 - Gsl 6
T | 95| 08 | Guil 0€8 | cod| 0ul | Gus 09 . 7
§ | 7T94| 097 | TO4| 101 | TS| 104 | TUS 108 8
9 | &03| 170 | &93| 114 | 8v2| 1d7 | w2 121 9
10 | 983 122 | o2 126§ 991 | 131 | vul | 136 ‘ 10
1 {1002 134 139 1001 | 14 (1000 | 148 | 11
12 {1161 | 146 151 | 1190 | 157 | 1109 | 12 | 12
13 | 1290 [ 168 164 170 (1268 | 175 | 13
14 |13v0 | 171 77 13 11387 | 189 1 14
15 | 1489 | 183 169 196 | 1466 | 262 © 15
16 | 1588 | 195 202 209 | 1585 | 216 : 16
17 | 1687 | 207 215 2u2 | 1uesd | 229 | 17
18 | 1787 | 219 227 235 | 1764 | 243 | 18
19 11886 | 2:32 240 248 [ 1883 | 266 | 19
20 | 1985 | 244 252 261 (1962 | 270 | 20
21 | 2084 | 256 265 274 | 2081 | 2831 21
22 12184 | 2¢8 278 267 | 2160 | 297 | 22
23 | 2283 | 280 2:90 200 | 2279 | 310 | 23
24 | 2382 292 303 313 | 2378 | 824 | 24
26 | 2481 | 305 315 326 | 2477 | 337 | 25
26 | 2581 | 317 328 330 [ 2576 | 851 | 26
27 | 2680 | 320 341 352 | 2676 | 3€d | 27
28 | 2779 | 341 3 3¢5 | 2174 | 378 | 28
29 | 2898 | 343 366 379 2874 { 391 | 29
80 | 2078 | 366 379 392 (2073 | 405 | 80
81 |3077| 378 391 405 | 3072 | 418 | 31
82 |[3176| 390 404 418 | 3171 | 432 | 82
83 {3275 402 416 431 {3270 | 445 i'33
84 | 3375 | 414 420 44h | 339 | 458 | 34
85 | 3474 427 442 57 [ 3448 | 472 . 85
86 | 3573 | 439 454 [ 350 | 470 | 3567 | 4€5 | 36
37 {5672 | 461 467 || 368 | 483 |3cc6 | 499 | 37
88 | 3772 463 480 §37c7 | 496 | 3765 | 612 | 38
80 | 8871 | 475 492 f38¢7 | 509 | 35€4| 526 | 39
) 40 3970 487 505 [ 30¢6 | 522 3963 | &390 | 40
2 41 |[4070 | 500 517 [/ 40¢5 | 535 | 4063 | 553 | 41
42 | 4160 | 512 530 [ 4164 | 548 | 4162 | &r6 | 42
43 | 4208 | 524 543 [ 4263 | 561 [42¢1| 580 | 43
44 (437 | 536 555 | 4362 | 574 [45c0 | £03 | 44
) 45 |4t | 538 508 | 4402 | 587 | 4b50 | €U i 45
) 46 | 456 | 5l 581 [ 45-C1 | €00 | 4558 | €20 | 46
47 14005 | 573 503 || 46:60 | €13 | 4657 | €31 | 47
(48 | d47ed| 585 606 || 4769 [ €27 | 4756 | €47 | 48
49 l4sc3| 597 618 | 4858 | €40 | 4855 | 61 | 49
50 | 493 | €vo 631 f| 4957 | €53 4954 ¢74 | 60
¢ | Dep. | Lat Lat. | Dep. | Lat. | Dep. « Lat. | ¢
: Z
a2 83 Deg. 828{ Deg. 8214 Deog. 8314 Deg. | 2
WWWWNWU“



TRAVERSE TABLE. 17
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TRAVERSE TABLE.

=] =
& =
& &
1 5
2 2
1 09 | 014 099 | 014 o9 | 015 09 [ 015 1
2 198 [ 028 198 | 029 198 | 030 198 | 030 2
3 297 042 297 | 043 297 | 044 207 | 046 3
4 395 | 056 396 | 0567 396 [ 059 395 | (61 4
5 4935 | 070 495 | 072 495 | 074 494 | 076 5
6 594 | 084 594 | 086 503 | 089 593 09l [
7 693 | 097 693 | 100 cy2 | 103 6921 106 7
8 792 111 792 115 791 118 791 1-22 8
9 891 | 125 891 129 890 | 133 890 | 157 9
10 990 | 139 99 | 143 989 | 148 988 | 152 10
11 | 1089 | 1-53 |1 10-89 | 1-58 163 1-67 11
12 | 1188 | 167 § 11'88 | 172 197 1-83 12
13 | 1287 | 181 1287 | 187 192 1-08 13
14 | 1386 | 195 | 1386 | 2-01 207 213 14
15 | 1485 | 209 || 1485 | 215 222 2:28 15
16 | 1584 | 223 | 1584 | 2:30 2:36 243 16
17 1683 | 2:37 | 16:83 | 244 251 2:59 17
18 17-82 | 251 f 1781 258 268 274 18
19 | 1882 244 | 1880 | 273 2:81 289 19
20 | 1981 | 278 {1079 | 287 290 304 20
«
21 | 20080 292 (| 2078 [ 3-01 310 3 319 21
22 | 21479 [ 306 | 2177 | 316 325 || 21 335 22
23 | 2278 ( 320 |f 2276 | 330 340 | 22 350 23
24 2377 33 2375 | 341 355 72| 365 2
25 2476 | 343 || 2474 | 359 370 || 24 350 20
26 [ 25075 | 362 | 2673 | 374 384 | 25 3-98 26
27 2674 | 376 || 2672 | 387 399 || 26 411 27
28 2093 | 390 || 2771 | 402 414 | 27 428 28
29 [ 2872 ) 404 || 2570 | 410 429 || 28- 441 29
30 [ 2071 | 418 | 2009 | 430 443 [ 2965 | 456 30
31 [ 3070 | 431 [ 3068 | 445 458 [ 3064 | 472 31
32 | 3169 | 445 || 31'GT | 459 473 || 31-63 | 487 32
33 | 3268 ] 459 f§ 3266 | 474 488 3262 602 33
3L | 33671 473 || 3365 488 503 | 3360 | 617 34
35 | 31606 | 487 {| 3464 | 502 517 | 3459 | 6552 35
36 | 3565 | 501 [ 3563 517 532 || 3558 | 648 36
37 |3664| 515 || 3662 | 531 547 [ 3657 563 37
38 [ 3763 529 }| 3761 | 545 562 |l 3756 | 578 38
30 [3%62| 543 || 3860 | 560 576 || 38:55 | 593 39
40 | 3961 | 557 | 3059 | 574 501 || 3953 | €08 40
41 | 4060 | 571 | 4758 | 588 600 | 4052 | 624 | 41
42 | 4169 | 585 | 41-57 603 621 || 41-51 6-39 42
43 | 4258 | 508 | 4256 | 617 636 [l 4250 | 651 43
| 4357 | 612 | 4364 | 631 650 || 4349 | 669 44
45 | 4156 | 628 || 4453 = 648 665 Jj 4448 | 685 45
46 | 4555 | 640 || 4552 60 680 || 4546 | 7-00 46
47 4551 | 651 |f 4951 674 695 || 4545 | 715 47
48 1 4753 | €68 || 4750 | 689 709 || 4744 | T30 48
49 | 48521 682 | 4840 | 703 21 | 4843 | T45 49
50 | 4951 | 695 || 4948 | T-17 739 | 4942 | 761 50
] Dep. | Lat. | Dep. | Tat Lat. | Dep. | Lat. ]
] a
s g
5 82 Deg. 8134 Deg. 8114 Dog. 81! Deg. a




TRAVERSE TABLE. 19

g 8 Deg. 8§14 Deg. 14 Deg. 83 Deg. g §
£ E
3
8 | Lat. | Dep. || Lat. | Dep. | Lat. | Dep. | fut | Dep. | 8 (
51 5050 | 710 o047 | 732 | 5044 | 64 || G041 | TT6 61
62 | 0149 | 724 || 5148 | T46 | 5143 | T-€0 || 618y [ 791 b2
53 | HhdS | 7-38 fl 5245 | T-61 Jf 5242 | 7-83 || 52-88 | &04 [%
St [ H3dT | 62 f bk ) TTH ff 5341 | 7-98 || 65537 | 821 5
55 | 5446 | 765 | H443 | T8O § 5440 [ 613 | 6436 | 83T bo
b3 | 5046 | 77V || 6542 | 804 | 5508 | 828 | 5Leb | 862 bo
57 | 5645 | 793 [ 5641 | &18 ) 5637 | 843 | Se-3k | 867 87
58 | 574k | 807 || CT40 | 832 | 6736 | 657 || 6732 | 882 68
69 | 6843 | 821 [ 5830 | 847 | 5835 | 872 || EA31 | 898 50
60 | 6042 | 835 | 6938 | 806l || 5034 | 887 | 5930 | 913 60
€1 | 6041 | 840 [ 6037 | 8756 | €033 | 902 || 6000 | 928 61
62 | 61-40 | 83 [ 6136 | &u0 | 6132 ( 016 [ 6128 | 943 62
63 | 6239 ) €77 h e85 | @ud § 6231 | 931 || G227 | 058 (%
64 | 6338 | 8901 6334 018 | 6330 946 || 6326 | 074 4
65 | 6437 | 905 [| 6433 | 9 6429 | 961 || 6424 | 989 (73]
66 | 6536 | 919 || 6532 | 947 €528 | 976 | 6523 | 1004 60
67 | 6635 32 ';6'31 961 | 66-26 | 990 [ 6622 | 10:19 €7
68 | 6734 | 940 [| 6730 | 976 § €725 | 1005 || 67-21 | 1034 | €8
60 | €833 | 960 | 6829 | 990 } 6824 | 1020 || 68-20 | 10-50 69
70 | 6932 | ©74 | €928 | 10:04 | 69-23 | 1035 || 6919 | 10¢6 | T0
71 | 7031 | 988 |l 70-27 | 1019 1 70-22 | 10-49 | 70-17 | 10-80 | 71
72 | 71'30°| 10-02 || 71-25 | 10-33 f 71-21 | 10-¢4 f§ 7116 | 10695 | 72
73 | 7229 | 10:16 [ 72-24 | 1047 § 72-20 | 1079 f§ 72:16 | 11-110 | 73
7328 1 10-30 | 73-23 | 1062 || 7319 | 1094 § 7314 | 11-20 T4
75 | 1427 | 1044 1 7422 | 1076 [ 7418 | 11°09 [ 74:13 | 1141 ki
76 | 75623 | 1058 f 7521 | 10-81 || 7517 | 11-23 | 7512 | 11°66 76
™ | 7625 | 1072 | 76-20 | 1105 || 76-15 | 11-38 || 76-10 | 11-71 7
78 | 7721 | 10-5¢ ;7 19 | 11119 | 77-14 | 1153 || 77-09 | 11-687 78
79 | 78231 1099 |l 7618 | 1134 || 78-13 | 11-68 || 78-08 | 12:C2 | 9
80 | 7922|1113 | 7917 | 1148 | 7912 | 11-82 || 7907 | 1217 80
81 | 8021 | 11-27 | &0-16 | 11-62 | 80-11 | 11-07 | 80-08 | 12:32 81
82 | 61-20 | 11-41 |f 8115 | 11:%7 |} 8110 | 1212 || 81-05 | 12:47 82
83 | 8219 | 11-55 || 82:14 | 11'91 | &2-09 | 1227 | 82-03 | 123 83
€318 | 1169 | 83-13 | 1205 | 83-08 | 1242 | 83'02 | 1278 84
85 | 8417 | 11-83 | 8412 | 12:20 | 84-07 | 1256 | 84:01 | 12:93 85
86 | 8516 | 11-07 || 85:11 | 12:3 8508 | 1271 || 85600 | 13-08 86
87 86:15 | 1211 |f 86:10 | 12:48 |l 86:04 | 1286 || 8599 | 13-23 87
88 | 87-14 | 12:25 { 87-09 | 12:63 | 87-03 | 13-01 | 8608 | 12:39 88
89 | 8812 | 12:39 | 8808 | 12-77 || $8-02 | 1316 | 87-96 | 1354 80
90 | 8912 | 12-53 | 89-07 | 12:01 |l 89-01 | 13-30 | 88-95 | 13-€9 20
91 | 90-11 | 12:G6 § 90-06 | 13-06 } 90-00 | 13-45 | 89-04 | 13-84 01
92 | 91410 | 12:80 || 91-05 | 13-20 | 90-09 | 13-€0 | 90-03 | 14-00 92
93 9209 | 1294 | 92:04 | 13-34 || 91°08 | 1375 |l 91'92 | 1415 93
94 19309 | 1308 [ 03-03 | 13-49 | 92:97 | 13-89 |l 9201 | 14-3 04
95 | 9408 | 1322 | 9402 | 1363 f| 9396 | 14-04 | 9259 | 1445 B
96 ) 9507 | 1336 [] 9501 | 13-78 | 9495 | 1419 || 9+-88 | 140 96
97 96:06 | 13-50 |l 96-00 | 13:02 } 9593 | 1434 [ 0587 | 1476 97
68 | 9705 | 1364 || 96:0) | 14-06 f| 96-92 | 1440 || 96:86 | 1401 a8
99 | 98-04 | 13-7% || 97-08 | 1421 | 97-01 | 14-63 [| 97°85 | 1500 99
100 | 9903 | 13-92 || 9897 | 14-35 | 9890 | 1478 { 9884 | 1521 | 100
8 Dep. | Lat. || Dep. | Lat. | Dep. | Lat. | Dep. | Lat. g
: — :
2 82 Deg. £13{ Deg. 8114 Deg. 811/ Deg. P




20 TRAVERSE TABLE.

g 9 Deg. g
£ £
S Tat. 8
1| oaw| 016 0wl ols 017 1
2 | 13| o031 | 197 | 032 33 2
8 | 205! 047 | 295 | 043 0-50 3
4 | 895 | 063 | w95] o0k 066 ¢
6 | 4ud| w73 | 43| 080 0-83 5
6 | 5u3| 0ot | 5u2| 0us 099 6
7 | ea1] 110 | vl | 113 116 7
8 | 70| 125 7w | 129 132 8
9 | 8| 141 888) 145 149 | 9
10 | 988 | 156 | 987 | 161 165 10
11 | 1086 | 172 | 1086 | 177 182 1
12 | 1185 | 168 [ 1184 | 193 198 12
13 | 1284 203 | 1283 | 209 215 13
14 [ 1383 | 210 | Lss2| 225 231 14
15 | 1482 235 | 1400 | 241 248 15
16 | 1580 | 250 || 1670 | 267 2:64 18
17 (1879 | 266 | 1678 | 273 281 17
18 | 1778 | 28 289 297 | 18
19 | 1877 305 314 19
20 | 1975 321 330 20
21 338 347 21
23 354 363 22
23 370 3-80 23
24 366 308 24
25 402 413 25
26 418 42 26
27 434 418 27
28 430 462 28
29 436 479 29
30 482 495 30
31 495 512 a1
32 514 523 32
33 530 545 33
34 547 o6l 34
25 563 578 35
26 579 594 36
37 595 611 87
38 611 627 28
39 627 644 39
40 643 660 40
41 659 677 a
2 675 692 42
43 691 710 43
a4 707 726 44
45 72 743 It
46 739 7-50 46
47 755 TG 47
48 772 792 18
49 788 09 43
50 844 825 50
$ Lat. | Dep. | Lat. || Dg Lat. 8
4 s
2 81 Deg. 803{ Deg. 2014 Deg. 2
N~ NS~




7
gz

‘Qouwysyq

TRAVERSE TABLE.

94 Deg. 914 Deg.

zegs

CEEEERDEEREEEEEE EEEL

-3
Sw=1o W

Distance.

81 Deg. 8034 Des. 8014 Deg.

%
]
4
!

Dep. | Lat. |
|

Distance. |”

801 Deg. |
MW



TRAVERSE TABLE.

NS NS NSNS
g 10 Deg. 104 Deg. 10}4 Deg. 1034 Deg. 2 ?
E Iy
Ed
8 Dep. || Lat. | Dep. | Lat. | Dep. j Lat. | Dep. F
1 017 098 | 018 096 | 018 098 019 1
2 035 197 0-36 107 0-36 196 | €87 2
3 052 295 0463 295 056 295 | 0466 3
4 0-¢9 394 | 071 393 73 393 | 275 4
b 0-87 49021 089 492 091 491 003 S5
[} 104 be0 | 107 590 1-¢9 5489 112 6
7 122 689 125 688 | 1-28 668 1-31 7
8 1-39 787 142 87 146 7RG | 149 8
9 1:56 886 | 1:€0 885 1-64 §84 | 1¢8 9
10 174 | o84| 178 | o83 | 182 | 982 | 1¢7 | 10
1 101 | 1082 | 196 | 1082 | 200 [ 1081 [ 205 | 11
12 208 || 1181 | 274 | 11.80 | 219 | 1179 | 224 12
13 226 | 1279 | 231 | 1278 | 2:37 [ 1297 242 13
14 243 | 1378 | 249 f 1377 2556 f 1375 | 2:€1 14
15 260 | 1476 | 2¢7 § 1475 [ 278 | 1474 | 260 | 15
16 278 [ 1674 | 265 [ 1553 | 292 [ 1672 | 298 | 16
17 295 {1673 | 303 [ 1672 ] 310 f1ev0 | 817 | 17
18 813 [ 1771 | 320 | 1750 | 828 [[17-68 | 336 | 18
19 330 [ 1870 [ 338 | 1868 | 346 | 1867 | 354 | 19
2 247 (| 1068 | 356 | 19-67 | 364 || 1965 | 373 | 20
21 365 [ 2066 | 374 | 2065 | 383 [2063] 3902 | 21
22 382 [| 2166 | 391 [l 21:€3 | 401 | 2161 | 410 22
23 399 | 228 | 400 [| 2261 | 419 [ 22c0| 420 | 238
24 417 [l 2362 | 427 | 2360 | 437 [ 2368 | 448 | 24
25 434 | 24:€0 | 445 [| 2458 | 456 || 24-56 | 4:C6 25
26 451 | 2560 | 4¢3 [ 2556 | 474 || 2554 | 4:S5 26
b4 469 | 26-57 | 480 [ 26:56 | 492 | 2¢-53 | 504 27
28 486 || 2765 | 498 | 2753 | 510 || 27-51 522 28
29 504 [| 28:54 | 616 || 2§51 528 || 2849 | 541 29
30 521 || 2062 | 634 | 2050 | 547 | 2047 560 30
31 538 [ 30-51 | 552 | 2048 | 565 || 5046 | 578 [ 31
32 556 (| 3149 | 5¢9 | 31446 ) 583 ) 144 | 507 31
33 573 || 3247 | 5687 [ 3246 | 601 f| 3242 | €16 3
34 590 || 3346 | 605 [ 3343 | 620 f| 3340 | €34 34
35 608 || 3444 | 623 [ 5441 | €38 | 5430 | €23 | 35
30 €25 |l 3543 | 641 [ 3540 | 656 | 3537 671 36
37 642 || 36-41 658 || 36:38 | 674 | 368 690 37
38 660 | 37-39 676 | 2736 02 I 3733 709 38
30 677 [ 3838 | 694 || 2835 | T11 || 383 727 39
r 6905 | 3936 | 712 | 3933 | 720 | 3920 | 746 | 40
41 712 [ 4035 | 7-30 [ 4031 | 747 [ 4028 | 765 | 41
42 720 || 4193 | 747 || 4100 | T-65 || 4126 | 7R3 42
43 747 | 42:31 765 || 4228 | 7-84 |[ 4226 | 802 43
44 764 || 4330 | 783 | 4320 802 | 4323 | &21 44
45 781 | 4428 | 801 § 4425 820 (| 4421 829 45
45 709 | 45°27 8§19 11 45623 | 838 || 4519 | &58 48
47 816 || 4625 | &3C || 4621 | 857 | 4618 | 877 47
438 834 || 47°23 | 854 | 4720 | 875 || 4716 | 805 48
49 851 || 4822 | R-72 [ 4818 | 8§03 [ 4814 914 49
50 868 [ 4920 | 890 | 4916 | 911 || 4912 | 928 50
¢ Lat. || Dep. | Lat. | Dep. | Lat. | Dep. ! Lat. 8
£ a
8 £
a 80 Deg. 7934 Deg. 79 V4 Deg. 79Y{ Deg. 2



TRAVERSE TABLE!

£

{ g 10 Deg. 1014 Deg. | 1014 Deg. | 103 Deg. g
B
8 |TLat. | Dep. | iat. | Dep. § Lat. | Dop. | Lat. , Dep. |
51 | 5023 | 886 | 5019 | 908 [ 5015 | 920 | ¥10| 951 51
52 | 5121 | 9035017 | 925 | 5113 | 9480w | w70 62
53 | 5219 | 9205216 | 945 | 6211 | 9o 5207 | 989 53
54 | 6318 | 038 ) 5314 | 0wl | 5310 | 9841306 | 1007 | 54
55 | o416 | 955 [ 6412 | uio fodus | 1002 f 5103 | 1026 | 85
56 | 5615 | 972 | 6511 | 996 | 5508 | 1021 § 5502 | 1045 | 56
57 | 5613 | 990 | 5609 | 10-14 | 5605 [ 1039 | 5600 | 1063 | 67
58 | 5712 | 1007 [| 8707 | 1002 § 67-03 | 1057 | 5e-u8 | 1082 | 58
50 | 510 | 1025 || 5800 | 1060 | 6801 | 1075 | 5708 | 1100 | 50
60 | 5900 | 1042 | 60-04 | 1068 {| 50-00 | 1003 | 5696 | 1119 | 60
61 | 6007 | 1059 || 60-03 | 1085 | 5998 | 1112 | 5003 | 1138 | @1
€z | 6106 | 1077 | 6101 | 1103 | 6096 | 11-30 | co01 | 1158 | 62
63 | 6204 | 1owd [ 6199 | 1121 | €195 | 1148 | 6189 | 13175 | 63
64 | 6303 | 1111 | 6208 | 1130 | 6203 | 1166 | 6288 | 1104 | 64
65 | o401 | 1129 f 6306 | 1157 | o391 | 1185 | e386 | 1212 | 6
oo : " > . o]
o 67
68 68
69 69
70 70
1 7
72 72
73 73
74 74
5 75
76 76
7 b
78 78
79 79
50 80
81 81
82 82
83 83
81 84
85 85
86 86
87 87
88 88
80 89
20 20
91 : - 91
92 8 2 23 92
93 52 | 16 y 93
91 5 L : o1
05 . ., o 924 95
96 | 015 - : : 96
97 3 hl . . L 97
98 | 9551 | 1702 || w6-dd | 1744 | 9636 | 1786 || 9528 95
9750 | 1710 | w742 | 1762 | w734 | 1804 | 0726 2
100 | 9548 | 17-36 § 9540 | 1770 || w883 | 1522 | 9825 100
g Dep. | Lat. || bep. | Lat. || Dep. ! Lat. | Dep. | Lat. $
a =
38 ]
x 80 Deg. 9% Deg. { 10}5Deg. | T{Deg | %
WWWV‘WWWW




22 TRAVERSE TABLR.

N P N A A AN A A AN AN AN AN AU NN A AN AN A .NVV\N\NJ

AN
g 11 Deg. 1114 Deg. 1124 Deg. 113{ Deg. E
E :
8 | Lat. | Dep. | Lat. | Dep. | Lut. | Dep. § Lat. | Dep. | 3
1 098 019 (G (o] 098 020 g8 00 1
2 | 196| oas § 1uel| 080 ) 196| o040 | 1u6] o041 ]| 2
8 | 204 on7 | 294 059 | 20| 00 | 24| ol | 3
4| 303| o6 || 392 078 | su2| oso i su2| os2 | 4
5 | 401 | ous | 490 eo8 | 0| 1w | doo| 02| 5
] 5€9 114 588 117 5E8 1-20 587 122 6
7| ess| 1ol est| 187 | w6 10 f 65| 1a3 | 7
8 | 7s5| 153 || 78| 1a6 || 7Tst| 159 § 783 163 | 8
9 | s83| 172 | 83| 176 | &s2| 179 | &81f 183 | 9
10 | os2| 1901 | os1| 195 | oso| 199 | w79 204 | 10
11 |1080 | 270 215 [ 1078 | 219 {1077 | 224 | 11
12 | 1178 | 22 284 | 1176 | 282 | 1195 | 244 | 12
13 | 1276 | 248 254 | 1274 | 250 | 1273 | 26 | 13
14 1374 241 278 {12 | 279 1871 2¢5 | 14
15 | 1472 | 286 293 | 1470 [ 209 | 14c0 | 308 | 15
16 | 1571 205 312 {1508 | 319 | 1566 | 326 | 18
17 | 1669 | 32t saz | 1666 | 239 i 1664 | 346 | 17
18 | 1767 | 343 851 5 . 3 | 18
19 | 1865 | 363 371 357 | 19
20 | 1963 | 382 390 407 | 20
21 | 2061 401 410 428 | 21
22 | 2160 | 420 429 448 | 22
23 | 22:58 | 439 449 468 | 23
24 | 2356 | 458 408 489 | 24
25 | 2454 | 477 488 509 | 25
26 | 2562 | 496 507 530 | 26
27 | 2650 | 515 57 550 | 21
28 | 2r49 | 534 546 570 | 28
2847 | 543 566 591 | 29
80 | 2045 | 672 6585 611 | 30
31 {3043 | 592 €05 631 | 31
32 |11 | 611 624 652 | 32
53 | 8280 | 620 644 672 | 33
34 | 3333 | 649 63 692 | 34
35 | 3136 | 668 683 713 | ¢
36 | 3534 | 687 702 723 | 36
37 {332 V08 7-22 788 | 31
38 [ 3780 | 725 741 774 | 38
39 |8%28 | 744 761 794 | 39
40 |s027 | 763 750 815 | 40
4 4025 | 782 800 835 | 41
42 |4193| &0 §19 &55 | 42
43 {4221 | 820 || 829 876 | 43
44 [ 4319 | §40 858 896 | 44
45 4417 f:09) ! &78 916 45
46 | ar15 | s | 07 o1 | 46
47 | 4014 | 847 o7 an7 | 41
47121 018 G436 TR 48
49 4510 jst) aht 98 49
50 | 4003 | 54 975 1018 | &
g | Pep. | Lat Lat. Lat. | ¢
2 g
£ 8
a 79 Deg. 7834 Deg. 7814 Dog. 7814 Deg. a
i . i

i



TRAVERSE TABLE.

2
/V\AM/\M
= 11 Deg. 11}4 Deg. 114 Deg. 113{ Deg. g2
g £
E Dep. || Late | Dep. | Lat. | Dep. || Lat. | Dep. | 8
51 973 || HU0L | 99U 4993 | 10:39 51
2 953 || 5100 | 10-L4 50l | 1059 | 52
53 1011 || 50-03 | 10-34 5189 | 1079 | 53
ot 1030 f 5296 | 10 63 5287 | 11°00 54
bt 10:4) | 5394 | 1073 580 | 1120 55
&0 3 10-93 HY R
57 112 )

7 9 Brd

166 | 159
7264 -1
7362 "

TEG) | 150
7599 | 1469
Tea7 | 1485
050 | 1507
7593 | 15726

1132
11-51
1171

11-90
12-10
1229
1249

Wil

0o,
NI

1004

I.‘op.l Lat. |
1 i

334 Dex.




26 TRAVERSE TABLE
NSNS NSNS NSNS NN SN NSNS TN N N NN T A AN
g 12 Dey. 124 Deg. 124 Deg. | 124 Deg. E
3 a
g - e
8 | Lat. | Dep. [ Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | 8
1| ous| 021 [ 098 | e21 f o8| 022 oug| w2 | 1
2 | 196 | 042 || Twsf 042 | 105 | 043 i 16 | o 2 ¢
8 | 263 o6z | 2w3| 06 | 203 | 065 | 263| 0u6 | B3 )
4 | 3yt | o8 | vl | o085 391 os7 | w0 | os8 4 )
6 | 469 | 104 | 459 106 || 488 | 108 | 468 | 110 5 )
6 | 687 | 125 | 56| 127 | 586 130 | &85( 132 | 6
T | 685 146 | 68] 140 | 83| 152 [ 683| 154 | 7
8 | 78| 166 || T82| 150 | TS1| 198 | T80 | 197 8
9 | 850 187 | &80 | 191 | &79| 195 | 878 | 1wy 9
10 978 | 208 77 | 212 976 | 2116 976 | 221 10
11 | 1076 [ 229 | 1076 | 233 | 1074 | 238 243 1
12 | 1174 249 || 1173 | 256 | 1152 | 260 20 | 12
13 | 1272 | 270 | 1270 | 276 [ 1269 | 281 287 [ 13
14 | 1xoy | 201 | 1368°| 297 [l 1367 | 303 3u9 | 14
16 | 1407 | 312 [ 1466 | 318 || 1464 | 325 w3l | 15
16 | 15€5 [ 333 || 1664 | 339 [ 1562 | 346 353 | 16
17 | 1663 | 353 || 1661 | 361 § 16:60°| 368 815 | 17
13 | 1761 | 374 [ 1769 | 382 | 1757 | 390 397 18
19 11858 | 895 | 1867 | 403 || 1855 | 411 413 19
2 | 1956 | 416 | 1954 | 424 || 1953 | 433 441 20
21 | 2054 | 437 [{ 2052 | 446 [| 20050 | 455 463 21
22 | 2152 | 457 [ 2160 | 467 | 2148 | 476 486 | 22
23 | 2250 | 478 [ 2248 | 488 | 2245 | 498 508 | 23
28 | 2348 | 409 || 2345 | 509 | 2343 | &19 530 | 24
25 | 2445 | 620 [ 2445 | 530 | 2041 | 541 552 | 25
20 {2543 | 541 | 2541 | §32 || 2538 | 563 574 | 26
27 | 2641 | 561 || 2689 | B3 || 2636 | 584 596 | 27
28 | 2139 | 582 || 2736 | 504 | 2731 | 608 618 | 28
29 | 2537 | 603 | 2884 | €15 || 2831 | 628 640 | 2
30 | 2934 | 624 | 29382 637 | 2929 | 649 662 30
81 [3032( e45 | 3029 | 658 || 3027 | e71 6684 | 81
32 | 3130 | 665 {3127 | e79 || 3124 | 6903 706 | 82
33 | 5228 | €86 {3225 | 700 5222 | 714 528 | 33
34 13326 707 | 3323 | 721 | 3319 | 736 750 34
85 | 3424 | 728 [ 3420 | 743 | 34T | 768 772 | 35
86 3521 | 748 § 3518 | 764 | 5615 | 779 795 | 36
87 13619 ( 769 § 3616 | 785 | 3612 | s01 §17 | 37
38 13717 | 790 8713 | so6 | 3710 | 822 839 | 38
39 [ar15| &1 [3811 | 827 || 3803 | 844 861 | 30
40 | 3913 32 | 3909 1 849 [ 3905 &¢6 8§83 40
41 | 4010 | 852 [ 4907 | 870 | 4063 | 887 9-06 41
42 [ 4108 | 873 4104 | &o1 | 4100 | 900 027 | 42
43 | 4200 [ &0 | 4202 | 912 | flox | 931 049 | 43
44 |40t | 015 | Av00 | 9B | 4206 | @52 i 42
40 | 4402 | 936 || 4398 | 055 Jison | 974 4
46 | 4k | 056 [ 4005 | win | 4ro | ove 16
47 | 4507 | w1 § 4o | eo7 | o |10l & ;
48 | durad | 998 f 4691 [ 1018 || deesa | 1029 N2 -5 48
§ 43 | 4703 | 1010 [ 47058 | Tudd 456l | 1061 p (0 49
y B0 | 4891 | 1040 | 4SS | 1061 T AT {1082 1S : 50
$ Dep. | Lat. || Dep. | Lat. ¥ Dep. | Lat. at, 4
£ s
. £ &
2 | 78Deg 7% Deg. T4 Dez. § 7Y Deg. | =

g

NN NN N



TRAVERSE TABLE.

e ia e

g 12 Deg. 1214 Deg. 1214 Leeg.
E -
3 Lat. | Dep. || Lat. | Dep. || Lat. | Dep.
51 | 4969 | 1060 | duese | 10°82 | 4670 | 1104
52 | 50:86 | 10S1 [l 5082 | 11°03 | 5077 | 1125
53 | 5L+ | 1102 [ 5179 | 1125 (| 5174 | 1147
54 | 62082 | 112 3 11-46 272 | 1160
55 | 5880 | 1144 1167 || 5570 | 1190
56 | 5478 | 11-64 1188 )| 5467 | 1212
57 | 5575 | 1185 1209 § 55€5 | 1234
58 | 5073 | 1208 1231 || e | 125
59 | aTT1 | 1227 1252 || 570 | 1277
o0 | 5869 | 1247 1273 || 5868 | 1299
61 | 5967 | 1268 12:04 || 5955 | 13-20
62 | 6065 | 1289 1316 || 6055 | 1342
63 | 6162 | 1310 1527 || 6151 | 12+
64 | 6260 | 13:31 1358 | 6248 | 1385
65 | 6558 | 1351 1579 || 6346 | 1407
66 | 6436 | 172 1400 || 6444 | 1420
67 | 6554 | 1303 1422 || 6541 | 1450
68 | 651 | 1414 1443 || 6629 | 1472
69 | 6719 | 1435 1464 || 6736 | 1403
70 | 6547 | 1435 14:85 || 6834 | 1515
71 | 6045 | 1476 15:06 || 6932 | 1537
72 - 4 ) 70-29 .
738

T4

I

76

7

78

79

80

81

82

83

84

85

86

87

§8

89

20

91

92

03

ot

95

96

97

98

29

100 I
8 Dep. | Lat.
a8

£

2 78 Deg. 773 Deg. 7714 Deg. 774 Deg.

R




I

TRAVERSE TABLE.

AL A AU AU

\

g 13 Peg. 13!4 Deg. 1514 Dey. 1:3{ Deg. g
g 3
3 Lat. Dep. | Lat. 3
1 (U 05 0 uuT 1
2 195 0 104 2
3 292 070§ 2ol 3
4 39 0 "u Bait] 4
] 457 4 86 5
6 o) 6
7 682 7
8 ™0 )
9 877 9
10 9.74 10
11 n
2 12
13 13
14 14
15 15
16 18
17 17
18 18
19 19
20 20
21 21
22 22
23 o
24 21
2 25
26 26
27 27
29 b 28
29 6 24
30 673 13 80
31 697 37 31
52 0 Tl 32
33 T42 TS1 33
3t e} f08 34
35 78T el 35
36 8:iy 856 | 86-
b1 832 &390 o
38 805 003 35
39 &7 927 39
49 90) 951 40
1 92 41
42 2 42
43 i 43
44 4t
45 45
44 46
T 47
48 48
49 i 49
50 30
;g .ll.p | I.\_‘ ’g
£ | =
] | :
= TTDaz. | 7034 Dex. | 76V4Deg. 7614 Deg. P

B N N R N AN N N N " |

)

N e e [ Y et L e W RN N e e e e e



13 Deg.

TRAVERSE TABDLE.

"

/

| 184 Des.
i
i

1215 Deg.

!s 1234 Deg.
1

uvsiq

Lat.

" Dep.

!
|

bat,

Dep.

g2

s

;:—b CrELOC S

b RSN SRRy ]

114

1925
1449
1973
1907
20°20
20044
268
2092
21115
21-39

Dep.

Lat.

Bep.

.
Distance.

7634 Deg.




80 TRAVERSE TABLE.

2 14 Deg. 14! Deg. 'l 144 Deg. || . 1434 Deg. 2
g | e
-] B
8 | Lat. | Dep. || Lat. | Dep. | Lat. | Dep. | Lat. j Dep. 3
1 097 | 024 || vwi | oezd | 097 [ 026 || 0T 1
2 | 10| 048 | 1oL 040 I} 1uL| GO0 | 18 2
8 | 291 073 ) 291| o74l 290 035 || 240 3
4 | 388 0u7 || &S| 0us | BT 100 || 857 4
6 | 485 12 4651 123 || 484 125 | 484 5
6 | 582 145 [ &82) 148 | 681 150 | &80 6
7| 67| Teo | eS| 192 | 678 175 | 677 7
8 76| 194 T 1T 775 200 T4 8
9 | 873 | 218 || &2 2u2 | &71| 225 || &% 9
10 | 970 | 242 | 96y | 246 || 0¢8] 260 || 967 10
11 266 || 10:€6 | 271 1064 11
12 290 |f 11¢8 | 295 | 1160 12
13 315 [ 12:60 | 320 | 1257 13
14 B 34 | 1354 14
15 363 369 49 15
18 857 594 16
17 411 418 17
18 435 443 | 18
19 460 468 5 1 19
20 484 402 i 20
1l
21 508 517 ( 53 21
22 532 b | 560 | 22
23 556 566 [ 686 23
24 531 591 ' 611 | 2§
25 605 615 < 637 | 26
26 629 640 ® 662 | 26
27 653 €65 GST |21
28 677 669 [ 2 3 | 28
29 702 714 i 738 | 2
30 72 38 I < 64 30
81 750 73 i 789 A1
82 T4 788 | 815 | 32
33 798 812 | ¢ 840 | 83
84 §23 a7 f 866 | 34
35 847 86 891 | 85
30 871 8& 917 | 8
87 8:05 3 19324 37
38 919 w67 38
39 o4 gul | 39
40 968 1618 | 40
41 10044 | 41
42 108 | 42
43 w065 | 43
41 1120 H
45 114 | 45
46 1191 | 46
47 1107 | 47
48 1292 | 48
49 1248 | 49
50 1273 50
¢ Lat. @
4 g
w " - .
75Y% Deg. i 75Y4 Deg. z

2 a 76 Deg 7534 Deg.




©
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TRAVERSE TABLE.

1414 Dog. | 1435 Dog. || 143 Deg.

‘20uws|q

Lat. | Dep. {| Lat. | Dep. || Lat. | Dep.

1277 || 49832 | 12008
1302 f 90n29 | 1324
1327

ks | 1250
50-40 | 1280
51-87 | 1305
132

zgee

2370
2401
2020
2451
2t7a | s
2501 | 9670

Dep.’ Lat. | Dep. | Lat. i Dep. | Lat.

7% Deg. | TolgDeg | 754 Dog.



82 TRAVERSE TABLE.

g 15 Deg. 1514 Deg. 154 Deg. 153 Deg. | 2
g &
B s
8 | Lat. | Dep. | Lat. | Dep. | Lat. ; Dep. || Lat. | Dep. | 8
1| ovi| o2 i o6 | 026 | 096 | o7 1
2 | 1u3| o52 ) 1us| 083 | 193] 053 2
3| 200] 078 § 280 | 079 || 289 050 3
3l 3se| 104 | 3ss| 105 f 385 107 .
5 | 4as ] 120 | as2| 182 | 4s2] 184 5 ¢
6 | 58| 145 | 57| 148 | 578 | 1o 6
7| ete| 181 | ei5| 184 | 65| 147 7
8 | wis| 207 || 7921 210 1| 214 8
9 | s6o| 233 | s¢8 - 241 9
10 259 | 965 27
11 285 294
12 311 21 2
13 236 347
14 302 374
15 388 401
18 414 428
17 440 454
18 466 481
19 02 508
20 518 53t 2
21 541 561 70
22 569 - 588 i | 2
23 595 05 ¢15 2 | @
2} 21 - G4l -51
2 647 - Cc8 79
¢ 26 ¢73 : 695 -06
o7 60 7 T2 23
28 725 736 TS -
2) 751 || 2708 | 743 || 2795 1 775 -
3 776 || 2591 | T8 || 2691 | 802
598
( 8§55
( 3 S82 3
99 :
o
b
B bep. | Lauw. || Dep. | Lat. .3 Dep. b Lat. 3
2
a8 75 Deg. 7434 Deg. 7414 Deg.
NN R T S D



TRAVERSE TABLE.

83

{ % 15 Deg. 15)4 Deg. | 1614 Deg. | 1634 Deg. g §
3 3
2 Lat. | Dep. || Lat. | Dep. | Lat. | Dep. [ 8 ?
51 4020 | 1341 [ 4915 | 1363 [ 4909 1384 | 51
52 o017 | 168 [ 50411 | 1300 [ 5005 1411 | 52
53 5113 | 1394 [ 5107 | 1416 [ 5101 ; 1469 | 53
54 5210 | 1420 | 5204 | 14 1406 | 54
55 5306 | 1447 - 1493 | 55
56 5405 | 1478 '1520 | 56
57 5400 | 1409 g | o7 §
58 5596 | 1626 1574 | 58
59 5692 | 1552 1601 | 59
60 5789 | 1578 1629 | €0
61 5865 | 16:04 1656 | 61
62 sus2 | 16:31 1663 | 62
63 1657 1710 | 63
64 16:63 - 04

( € 65
6 6
I 67
68 68
69 69
70 70
7 71
72 72
3 73
I 74
5 5
76 6
7 7
78 78
T 79
80 80
81 81
%2 82
i 83
84 84
8 85
$6 86
87 §7
88 | sion 88
89 | 8597 80
90 | 8693 %
o1 | &790 o1
02 | ss87 92
93 §9-83 93
91 | 9050 94 )
95 | 9I'i6 95
96 9270 96
97 | 0360 o7
03 | 9Lco 93
09 | 0503 90

; 100 o 100
4 Dep. g
g 3
a 75 Deg. 744 Deg. || T414Deg. T44Deg. | 2




31 TRAVERSE TABLE.

2 16 Deg. 1614 Deg. 1€)4 Deg. 1634 Deg.
B | i
B
2 | Lat. | Dep. || Lat. | Dep. ! Lat. | Dep. || Lat. | Dep.
1 028 2 UZs | 006 | 0u8 f GuG | o
2 | 035 || 10 036 | Tu2 | 097 | 1wz ]| 058
3 083 || s 084 ) 2ol 0 ! 085
4 | 33| 110 | ase| 12 ose| 14| 115
5 | #81| 188 | 4s0| 140 | 479 | 142 1%k
6 | &ir| 15l 576 18 1 55| 170 173
7| 6| 1o3 | 62| 1ue | e 2
8 | Tow| 221 ] 78| 2 2
9 | 865] 243 | 864| 292

3 276 | 98¢0 | 2w

96 [ 1728
24 | 182
1920

'S

O

@

—

o
e e b 02 €3 0O 0O

B SRLIEBELES

o
-

1
=3

FERERREY

1)

<

'S
ouSTao Do
-

BRP @IVVUII20T CULEEEGLGG
@
(=3
o
[ 23
©

G229 KENLSzeved
&
2

- -
S @1 om0 | "0OUVISIQ

SuBNERENER

BggLagaRgeR

-

4 Deg. 733 Deg. | Y4 Deg. | 731 Deg.
— -~ o




TRAVERSE TABLE.

2 16 Deog. 16!4 Deg. 1614 Deg. 163{ Deg. 29
& T 0
B =
8 | Lat. ) Dep. || Lat. | Dep. | Lat. | Lep. || Lat. | Dep. 2
51 | 4002 | 1406 F 4806 | 1427 || 4500 | 1448 || 4884 | 1470 | 51
52 | 409 | 14433 | 4092 | 1455 || 4936 | 1477 | 4979 | 1499 | 52
53 | 505 | 1k61 [ 5088 | 1483 | 5082 | 1505 || 5075 | 1527 | 63
54 : - S1°78 | 1534 [ 5171 | 155G | 54
55 5274 | 1562 || 9207 | 1535 | 55
56 53:69 1614 | 56
2 57 5465 1643 | 67
[ 5561 1672 | 58
S 59 56:57 1700 | 59
60 57-53 1729 | 60
¢ 61 5849 1758 | 61
62 5945 1787 | 62
63 6041 1816 | 63
64 61-36 1844 | 64
65 62:32 1673 | 66
66 6328 1902 | 66
67 6424 1931 | €7
68 6520 1960 | €8
69 6616 1939 | €9
70 67-12 217 | 70
71 68-08 2046 | 71
72 69:03 2075 | 12
73 69-99 21:04 | T
74 7095 2133 | T4
76 7191 2161 | 75
78 7287 2190 | 78
77 7383 219 | 17
78 479 2248 | 78
79 7575 277 | 19
80 T6:71 2306 | 80
81 77°66 2334 | 81
82 7862 2363 | 82
83 19'58 23 83
84 8054 2021 | 34 ¢
85 8150 2460 | 86 ¢
86 82:46 2178 | 88
87 $3-42 2507 | 87
88 8438 25°36 88
89 8533 2565 | 89
90 86:29 2504 | 90
o1 8725 2623 | o1
92 88:21 2651 | 92
93 89-17 2380 | 93
94 9013 2109 | 24
95 91-09 2738 | 95
96 92:05 2167 | 98
97 93-01 2795 | 07
] g 9395 2821 | 98
99 | 0518 | 2720 [ 9504 | 2770 | 9492 2853 | 99
¢ 100 | 9613 | 27-56 || 9600 | 2798 | 9588 2882 | w0
% ;3 | Dep. | Lat. || Dep. | Lat. | Dep. Lat. | &
3 g
% 74 Deg. 733{ Deg. h 7314 Deg. ] 7314 Deg. a j




TRAVERSE TADLE.

Distance. | 28

2 17 Deg. 17} Deg. 1714 Deg 1734 Deg. E
5 g
8 | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. 8
1| 006 Oz f s | oo | 05| €30 | owp 1 g
2 | 10| 0 191 05 | 1ot| 0w § 1w P
8 | 287 | 088 | 257 080 | 286 | 0w || 286 3 )
4 | 33| 197 f 382 119 || 31| 120 i 381 4
6 | 478 | 146 || 478 | 148§ 477 [ 150 || 470 5
6 | 54| 176 || 578 18 || 2| 1d0 ff 571 6
7 | eto| 205 || 669 208 [| €as| 210 | ¢ur 7
8 | Ta5| 234 || Tol| 287 || Te3| 241 § T2 8
9 | 861 | 263 | 8w | 267 | 858 | 271 | 847 9
10 | 956 | 292 955 297 | 954 301 | 9062 10
11 {1052 822 1061 | 326 | 1049 | 831 [ 1048 [ 32 1
12 [ 1148 | 361 [ 1146 | 356 | 11-44 [ 861 | 1143 | 36 | 12
13 [ 1243 | 380 [ 1242 | 885 [ 1240 | 351 1238 ] 396 | 13
14 (1339 | dov | 18T 415 | 1835 | 421 1333 | 427 | 14
15 [ 1431 | 490 || 1483 | 445 | 1431 | 451 1420 | 457 | 15
16 1630 | 408 || 15628 | 474 | 1526 | 481 [ 1524 | 488 | 16
17 [ 1626 497 [ 1624 | 604 || 1621 [ 511 [ 1¢19 | 618 | 17
18 | 1721 | &26 | 1719 | 534 | 1717 | 541 1714 | 649 | 18
19 1817 | 536 [ 1815 | 563 § 1812 | 571 [1s10| 579 | 19
20 | 1913 | 685 § 1910 | 693 | 1907 | 01 | 1905 | €10 [ 20
21 | 2008 | 614 [[20068| 623 631 § 2000 | 640 | 21
22 | 2104 | 643 || 2101 | 652 || 2008 | 662 | 2005 | 6% 22
23 | 2199 | 672 || 2197 | €82 | 2104 | €92 § 2101 | 701 | 23
21 | 2205 | 702 2202 | 712 || 2289 [ 722 f| 2286 | 92 [ 24
25 | 2391 | 731 [ 2388 ) 741 [ 2384 | 752 {2381 | Te2 | 25
26 | 2486 | 760 | 2488 | 771 | 2480 | 782 | 2476 | 793 | 26
21 {2582 | 789 | 2579 [ 801 || 2575 | 812 || 2071 | €23 | 27
28 | 2678 | 810 || 2674 | 830 | 2670 | 842 f 207 | &34 | 28
20 | 2773 | 848 [ 2770 | 860 | 2768 | 872 f27¢2| 884 | 20
80 | 2860 | 877 § 28¢5 | 890 ) 2861 | 902 | 2657 | 915 | 30
31 | 2066 | 906 [ 2061 | 919 | 2057 [ 932 {| 2052 | 945 | 81
32 Y 36 o - 305 2 . 82
33 G, 33
84 3
85 35
36 36
37 37
88 28
89 39
40 40
41 | 3021 | 11-99 [ 3016 | 1216 |l 3010 | 12:33 | 3005 | 12:50 | 41
42 | 4016 | 1228 | 4011 | 1245 || 40-08 | 12:63 | 4000 | 1280 | 42
43 | 4112 | 1257 [ 4107 | 1275 | 41-01 | 1203 || 4005 | 1311 | 43
41 | 4208 | 1286 || 4202 | 1305 || 4196 | 13-23 | 4101 | 1341 | 44
45 | 4303 | 1318 | 4298 | 13-34 || 4202 | 1353 || 42.86 | 1872 | 456
46 | 4309 | 13-45 | 4393 | 1364 | 4387 | 13-83 || 4361 | 1402 | 46
47 | 4495 | 1374 & 4480 | 1394 | 4482 | 1413 [ 4476 | 1433 | 47
48 90 | 1403 || 4584 | 1423 78 | 1443 || 45671 | 1463 443
50
£
:
)




TRAVERSE TABLE. 37

NN N NSNS S NN AN
17 Deg. 171 Dez. | 1734 Deg. g‘:‘
Lat. | Dep. | Lat. | Dep. | Lat. | Dep. 2
4377 | 1491 || 4871 | 1512 || 4864 | 1534 51
1073 | 120 | 4966 | 1542 | 4059 | 156G 52
50068 | 15750 | 50°62 | 1572 || 5u°5d | 1504 53
5164 | 15Tu | 61°67 | 16701 [ 51-50 |" 1624 54
5260 | 1ire8 || 52:583 | 1631 || 52-45 | 16°54 65
5355 | 1697 o348 | 1661 [ 5341 | 16°84 50
5451 | 1667 [ 5444 | 1690 || 5430 | 1714 57
5547 116098 [| 5539 | 17-20 | 5532 | 174 58
5642 | 17°25 || 56-35 | 1760 || 56-27 | 17-74 59
5738 | 1754 | 57°30 | 17°79 || 57-22 | 18°04 60
61 5833 | 17-S3 |} 5526 | 18<09 || 5818 | 1834 61
62 5320 | 1513 || 59-21 | 18:3Y || 59-13 | 18:64 62
63 G025 | 1842 | 60°47 | 1868 f 6u-08 | 1504 63
64 61:20 | 1871 || 61-12 | 18-98 || 61-04 | 10-25 64
65 62:16 | 19:00 | 62098 | 1928 § 6199 | 19:55 65
68 63:12 | 1930 || 63:03 | 1957 [ 62:05 | 19SH 66
o7 6407 | 1059 [ 63:99 | 1987 |f 63-9u | 20°15 67
68 65:03 | 19-8S | 640k | 2016 || 6485 | 2045 68
69 659 | 20-17 {| 6590 | 240 || 6581 | 0°7H 69
70 | 669k | 2047 || 6085 | TG || 6676 | 21'0D 70
71 | 6700 71
73 | 6885 72
73 | ous1 73
74 | 077 74
75 72 5
76 | 7268 78
7 | 736 7
8 7459 78
79 | 7355 79
80 | 76-50 80
8t | 71748 81
82 7842 82
83 | 7937 83
84 33 84
85 | 8120 86
86 | 8224 86
87 | 8320 87
88 | 8415 88
89 | 8511 89
90 | 8607 20
91 | 8702 21
92 | 87-98 92
93 | 899% 23
94 | 89:89 94
9 | 0085 9
96 | 9181 96
97 | 0218 o
98. | 9372 9
99 | 06T 9
100 | 9563 100
g | Dep ¢
: :
=]

& D
5
]



[-1
«@

TRAVERSE TABLE.

g 18Deg. | 184 Deg., 18%5Deg. | 18 Deg. | &
»
-] 3
2 | Lat. | Dep. | Lat. | Dep. {| Lat. | Dep. | Lat. | Dep 8
1 095 | 031 05 | 031 0y | vu2 095 | 032 1
2 190 | 062 190 [ 063 190 [ 063 1§89 | 064 2
3 285 | 093 286 | 094 284 | 0Wd 284 | 096 3
4 380 | 124 380 | 125 379 | 127 3791 1209 4
5 476 155 475 | 157 474 | 169 473 | 161 5
[] 671 | 186 670 | 188 569 | 190 508 | 193 6
7 666 | 216 6656 | 219 664 | 222 663 | 225 7
8 761 | 247 760 | 251 759 | 254 T8 | 257 8
9 856 | 278 855 | 282 8563 | 286 | 852 | 289 9
10 9.51 | 309 960 | 313 948 | 317 947 | 321 10
11 | 1046 | 340 #1045 | 344 §1043 | 3449 | 1042 | 354 11
12 [ 1141 | 371 f 1140 | 376 §11-38| 381 § 11-:36 | 386 12
13 | 1236 | 402 | 1235 | 407 f 1233 | 412 §12:31 | 418 13
14 [ 1331 | 433 §13:30 | 438 §1328 | 444 § 1326 | 450 14
15 (1427 | 464 ) 1425 ) 470 f 1422 | 476 | 1420 | 482 15
16 | 1522 494 §1520 | 501 §1517 | 508 [ 1515 | 6514 16
17 16:17 526 f 1614 | 532 | 1612 | 539 || 1610 | 546 17
18 | 1712 ) 556 | 1709 | 66+ § 1707 |' 671 || 1704 | 579 18
19 | 1807 ] 5857 (| 1864 | 595 § 1302 | 603 | 1799 | 611 19
20 | 1902 | 618 § 1899 | 626 ) 1897 | 6~ 1894 | 643 20
21 | 1997 | 649 §1994| 658 §1901 | 666 § 1989 | 675 21
22 | 2092 | 680 § 2089 | 689 | 2086 | 698 }§ 20-83 | 7°07 22
23 | 2187 | T11 | 2184 | 720 [ 2181 | T80 || 2178 | 789
24 | 2283 | T42 || 2279 | 752 | 2276 | T62 § 2273 [ 771
25 | 2378 T3 || 2374 | 783 § 2371 | 793 | 237 | 804
26 | 2473 ] 803 || 2469 | 814 [| 2466 | 825 § 2462 830
21 | 2568 834 || 26064 | 846 || 2560 | 857 f 2557 | 88
28 | 2663 | 865 (| 2659 | 877 || 2665 | 8§88 | 2651 | 900
20 | 2758 | 896 § 2754 | 908 || 2750 | 920 | 27-46 | 932
30 | 2853 | 927 | 2849 | 939 § 2845 ) 052 | 2841 | 904
31 | 2048 | 958 }20-44 | 971 1 2040 | 984 | 20-35 | 996
32 | 3043 | 989 } 3039 | 10-02 [ 3035 | 10°15 § 30-30 | 1029
33 | 31:38 | 10-20 | 31'34 | 10-33 | 31-29 | 1047 | 31-25 | 10-61
34 | 3234 [ 1051 | 3229 | 1065 [ 3224 | 10:79 | 32-20 | 10:93
35 | 3329 | 10-82 | 3324 | 1096 |{ 33-19 | 1111 | 33-14 | 1125
36 | 3b24 ] 1112 § 3419 | 11-27 |f 3414 | 1142 || 3400 | 1157
37 | 3519 | 1143 | 3514 | 11-50 | 3509 | 11-74 § 3504 | 1189
38 | 8614 | 11'74 | 36:09 | 11-90 || 3604 | 12-068 § 35-98 | 1221
39 | 3709 | 1205 }| 3704 | 12-21 § 3698 | 12:37 | 36-93 | 12:54
40 | 3804 | 12:36 § 3799 | 12-53 § 3793 | 12:69 | 37-88 | 12:86
41 | 3809 [ 12:67 | 3894 | 1284 | 38-88 | 13:01 § 38-82 | 1318
42 | 3994 | 12:93 f§ 39-89 | 13-15 || 39-83 | 1333 § 3977 | 13°50
43 | 4090 | 1329 || 4084 | 1347 || 40:78 | 1364 | 4072 | 13:82
44 | 4185 | 1360 || 41-79 | 13-78 |[ 41-73 | 1396 || 41-68 | 1414
45 | 4280 | 1391 [ 42:74 | 1400 || 42:67 | 1428 § 4261 | 14-46
46 | 4375 | 1420 [f 4369 | 1441 | 4362 | 1460 § 4356 | 1479
47 | 4470 | 1452 || 4464 | 1472 || 4457 | 1491 § 4451 | 15°11
43 | 4565 | 1483 || 4550 | 1503 § 4552 | 1523 || 4545 | 1543
49 46:60 | 1514 || 40:54 | 1535 || 4547 | 1555 || 46:40 | 1575
50 47°55 | 1545 | 4748 | 1566 || 47°42 | 1587 | 47-35 | 16:07
3 Dep. | Lat. | Dep. | Lat. | Dep. | Lat. § Dep. | Lat.
g
g 72 Deg. T13{ Deg. | T1}4Dog. | 7114 Deg.

~r

NN NN SN AN A AN




TRAVERSE TABLE.

g o .
;:: ; 18 Deg. 18Y{ Deg. 1814 Deg. 183 Deg. E,
B B
8 ' Lat. | Dep. | Lat. . Dep. | Lat. | Dep. | Lat. | Dep. 8
51 ¢ 4550 | 1576 || 4543 | 1697 || 4536 | 1618 [ 4820 | 16-39 | 51
52 | 4945 [ 1607 || 4038 | 1628 | 4031 | 16:50 || 49-24 | 1671 | 52
53 | 50-41 | 16:38 [ 5033 ; 1660 || 5026 | 1682 [l 50-19 | 17 63
54 | 5136 | 1669 | 5128 | 1691 ff 51-21 [ 1713 || 5113 | 1786 | 54
55 | 5281 | 1700 | 5223 | 1722 | 5216 | 1745 { 6203 | 1768 | 55
56 | 5326 | 1730 § 6318 | 17-54 {| 5311 | 17-77 ; 6303 | 18¢0 | 56
57 e 61 [ 5413 | 1785 f 5405 | 1609 || 5398 | 1852 | 57
58 7 5508 | 16°1G f 5500 | 1840 || 5492 | 1864 | 58
59 23 | 56:03 | 1848 | 5505 | 1572 | 557 | 1896 | 50
60 56:98 | 1679 § 5690 | 1004 |f 5682 | 1920 | 60
61 5703 ! 1910 [ 57-85 | 1936 | 5776 [ 1961 | 61
62 5588 | 1942 [ 5580 | 1967 | 5871 | 1993 | 2
63 5983 | 1975 [ 5974 | 1999 || 5060 | 2025 | 63
61 €078 | 2004 | 0069 | 2081 || G060 | 057 | 64
65 6173 | 2036 | €164 | 2062 || 6155 [ 2089 | €6
66 628 | 2067 || 6259 | 2004 [ 62:50 | 2122 | 66
67 6363 | 2008 [ 6354 | 2126 || €344 | 2154 | 67
63 6458 | 21-30 || €449 | 2158 | c430 | 2156 | 68
€9 6553 | 2161 | €543 | 2189 | €534 | 2218 | 69
70 6648 | 2192 || 6638 | 2221 || c629 | 2250 | 70
71 | 6753 | 2104 || 6743 | 2223 || 67-23 | 2253 [ 67-23 | 2282 | T1
72 1 6848 | 2225 [ 68:38 | 2255 [ 688 | 2285 | ¢818 | 2314 | 72
73 | 6043 | 2256 | 69-33 | 2286 | 6923 | 2316 || 6913 | 2847 | 73
74 | 7038 | 2267 [ 7028 | 2317 | 7018 | 2348 | 7007 | 2879 | 74
0 ™ | ™o | 2318 f v1-23 | 2349 [ 7112 | 2380 | 7102 | 2411 | 76
76 | 7228 | 2349 [ 7218 | 2360 | 7207 | 2412 | 7107 | 2443 | 76
77 | 7323 | 2379 [ 7313 | 2811 [ 1502 | 2443 || 7201 | 2495 | 77
78 | 7418 | 2410 | 7408 | 2443 || 7397 | 2475 || 7386 | 2507 | 78
79 | 7513 | 2441 [ 7503 | 2474 [ 7492 | 2507 | 7461 | 2689 | 79
(80 | 7608 | 2472 | 7598 | 2506 | 7557 | 26:38 J 7576 | 2672 | 80
81 | 7704 | 2503 | 76:93 | 2537 § 76:81 | 2570 | 7670 | 2604 | 81
82 | 7799 | 2534 | 7788 | 2568 | 7776 | 26:02 | 77-65 | 2636 | 82
83 | 7804 | 2565 | 78:53 | 25°99 | 7871 | 26:34 | 7860 | 26:68 | 83
81 | 7989 | 2596 I 7977 | 26:31 [ 7966 | 265 | 70-54 | 2700 | 84
85 | 80-84 | 2027 [ 8072 | 2662 | 8061 | 2697 | 5040 | 2i°32 | 85
86 | 81-70 | 26:58 || 8167 | 26:93 | 6156 | 2720 § 8144 | 2764 | 86
87 | 8274 | 2688 | 8262 | 2725 § 8250 | 2761 | 8238 | 2797 | 87
88 | 83Co | 27-19 | 357 | 2156 | 8345 | 27-92 | 83-33 | 2620 | 88
89 | 8464 | 27°50 | 8452 | 2787 | 84-40 | 28-24 | 8428 | 2861 | 89
90 | 8560 | 2181 [ 8547 | 2818 | 8535 | 2856 | 6522 | 2893 | 90
01 | 8655 | 2812 | 8642 | 28:50 | 86:30 | 28-87 | 8617 | 2025 | o1
92 | 6750 | 2843 | 87:37 | 2581 || 67°25 | 2019 [ 8712 | 2057 | 92
93 | 8845 | 2874 [ 8832 | 2012 [l 8819 | 2051 06 | 2089 | 93
94 | 8940 | 2006 { 89-27 | 2044 || €014 | 2063 [ 8001 | 3022 | o4
95 | 9035 | 236 [ 00-22 | 2975 | 2009 | 3014 || 59-968 | 3054 | 95
96 | 9130 [ 2067 [ 9117 | 3006 | 91-04 | 30-46 | 90-01 | 3036 | 06
o7 | 9225 | 2007 || 9212 | 3038 } 9199 | 3078 | 91-85 | 3118 | o7
98 | 9320 | 30-28 | 93-07 | 3069 || 9294 | 3110 [ 9280 | 3150 | 98
02 ! 9415 | 3059 [ 9402 | 3100 || u388 | 31-41 | 9375 | 3182 | 99
100 | 9511 | 3000 | 9407 ! 3132 | 0483 | 3173 | 9469 | 5214 | 100
¢ | Dep.| Lat. | Dep. ' Lat. | Dep. | Lat. || Dep. | Lat. | g
2
8
2 72 Deg. 7134 Deg. 7134 Deg. 7114 Deg. g




3

TRAVERSE TABLE
AMANM/\M/\/\MAi\AA?

B Y T e e 0 e 0 T T e S v P VN

2 § 19 Doz 1994 Doz. | 19 Des. | 19%Deg. | Z ¢

B 3
3 Lat. Dep. | Lat. | Dep. || Lat. y Dep. 8 Z
1 oss | 0wk | wss || oot 1 ¢

2 0cd 0u6 | 189 2

3 0-33 o | 28S 3

4 1-30 182 37T 4

b 163 165 +71 5
6 195 108 | 566 ' 6 .
7 223 2:31 610 7 >
8 260 264 [ 754 8 !

9 293 297 | 848 9

326 350 -4 10

338 363 372 11

39l 3 396 406 12

+23 227 | 420 430 13

450 32 462 473 14

458 || 1416 | 495 5T 15

521 || 1511 | 528 o4l 16

5353 || 160 | 560 o7t 17

580 || 16°99 | 503 608 18

619 || 179k | 626 642 19

651 659 676 20

684 692 710 21

716 T2 743 22

749 758 777 23

7-81 Tl §11 24

814 824 845 25

846 857 879 26

879 890 912 | 27

912 923 946 28

94 956 980 29

977 1014 30

10-09 1048 31

10482 1081 | 32

1074 1115 B3

1107 1 34

1159 1183 | 35

1172 12:17 36

12:06 1250 BTl

1237 1254 38

1270 1318 39

13-02 1352 | 40

13-35 1385 41

13:67 1419 | 42

1400 1453 | 43

14:32 1487 44

1465 1521 | 45

1498 46

1530 1 47

1563 1022 | 48

1595 1626 49

1628 1600 | 50

Dep. | Lat Lat.
71 Deg. 7014 Deg. 70}4 Dog.

< onnit e b i



TRAVERSE TABLE.
NSNS NSNS NSNS NSNS NSNS NSNS NSNS NN

1914 Deg.

1914 Deg.

1934 Deg.

Lat.

Dep.

0426

1723
1757
1791
1825
1559
1592
1u-26
1960
1994
202

28 SLEBERERY
ga ESES

31
3143

3579

Dep. | Iat.

Dep. | Lat.

Distance.
%

7014 Deg.

70Y4£ Deg.




TRAVERSE TABLE.

ERLTSTIA

Dep. || Lat. | Dep. || Lat. | Dep. || Lat. | Dep.

034 o9t | USH 094 | 035 09k 035
0-08 188 0'(39 18T 070 || 187 | 071

137 37| It 38 375 | 140 374
171 469 | 1738 +68 | 175 48
205 563 | 208 562 210 561
2:39 657 2:42 666 | 245 655

3-08 84| 312 § 843 | 315 842
342 || 938 | 346 § 037 | 350 | 935

876 || 10-32 | 881 1030 | 3-85 || 10-29
410 01126 | 415 § 11-24 | 420 || 11-22
445 11220 | 450 | 1218 | 455 | 1216
47 1313 | 485 | 1311 | 400 § 1309

8
1
2
3
4
3
]
7
8
9

O s O e e =]
433 oo} o
© W1 s LIS -

TOT e e €9 €9 G 1D E 1S vt
EPELR

-

o«

513 | 1407 | 519 || 1405 | 65256 | 1403 15

647 [ 1501 | 554 | 1499 | 560 f| 1496 | 567 16

581 1 1505 | 688 Il 1502 | 505 | 1590 [ 602 | 17

616 § 1689 | 623 | 1686 | 630 || 1683 | 638 18

6-50 | 17°83 | 658 1 1780 | 665 || 17-77 -

684 {1876 | 602 I 1873 | 7°00 | 1870

7-18 § 1970 | 7-27 § 1967 | 735 19'04

762 § 2064 | T61 || 20061 | 770 X

787 {1 21:58 | 7-96 # 21'54 | 805 g

821 {1 2252 | 831 || 2248 | 840 | 22:44 24

855 [ 2545 | 865 || 2342 | 876 [ 23-38 25

889 [ 2439 | 000 || 2435 | 911 || 2431 26
23 || 2533 | 935 | 2520 2525 27

968 || 2627 | 9€9 | 2623 2618 28

992 i 2721 | 10004 || 2716 2012 29

30

946
981
1018
10-26 || 2815 | 1038 || 28:10 | 10:51 | 2505
10-86
11-21

31
2092 { 1134 | 32
11-29 § 3096 | 1142 || 3001 | 1156 || 30-86 | 1169 | 33
11-63 fi 3160 | 11-77 || 31-85 | 11°91 | 31-79 | 12056 | 34
11-97 {| 32-84 | 1211 {§ 3278 | 1226 | 3273 | 1240 36
12:31 || 3377 | 1246 || 3372 | 1261 || 33:¢6 | 1275 | 3B
12:656 34 71 | 12:81 f| 3466 | 12:06 34'60 1311 37

3 X 64 { 1346 | 3
1334 3!| 59 | 13-50 [ 3653 | 13-66 3' 47 | 1382 | 39
1368 | 37563 | 1384 | 3747 | 1401 | 37-41 | 1417 40

14:02 | 38-47 | 1419 § 3340 | 1436 (| 3834 | 1453 | 41
1436 || 3040 | 1454 || 39-34 | 1471 J) 39-28 | 1488 42
1471 | 40-34 | 14688 [ 40-28 | 1506 | 40-21 | 1523 43
1505 || 41:28 | 1523 || 41-21 [ 1541 [ 4115 | 15-59 4t
1589 | 4222 | 1568 || 42:15 | 1676 || 42:08 | 15-04 45
157 4316 | 1502 | 4309 | 1611 | 43.02 | T6-3f 46
1607 || 4409 | 16:27 § 4402 | 1648 || 43°05 | 16:¢H 7
1642 § 4503 | 1661 || 4496 | 16-81 || 4489 | 17-01 45
1676 | 4597 | 1606 H 4590 [ 17-16 [ 4582 | 17-38 49
1710 | 4691 | 17-31 || 4683 | 17-51 | 46:76 | 1771 50

."38
&g
2%
S ooommpaat 1o
GNRAEBELIE 8%
2R BE
NN N NN N NS N Nl el NSNS NSNS NN NSNS NSNS NSNS NS NI NSNS NSNS NSNS NSNS\ s

Lat. | Dep. | Lat. || Dep. | Lat. || Dep. | Lat.

70 Deg. 6934 Deg. 6914 Deg. 6914 Deg.

Distance.




TRAVERSE TABLE.

43

LN AN NN D e B P B T T W W N N
201{ Dog. | 2014Deg. | 203 Deg. §
o

Lat. | Dep. | Lat. | Dep. || Lat. | Dep. [ 8
47-35 | 17°65 || 4777 | 1736 [ 476w | 1807 51
48 79 1800 || 4871 | 1821 || 4863 | 1842 52
4072 | 1834 | 4961 | 1556 || 4050 | 1878 53
00'66 18-69 | 50-58 | 1891 || &5»50 | 1913 b4
51:60 | 19-04 || 5152 | 1926 | 5143 | 19-49 65
52:34 | 1938 [ 524 | 1961 | 5237 | 1984 b6
5348 | 1973 || 53-3! 19:98 |} 53:3) | 20'19 87
d4:42 | 2007 || 6433 | 2031 |f Bk24 | 2055 68
55:35 | 2042 | 55°26 | 20°66 || 53°17 | 20-90 69
3623 | 2077 | 5620 | 2101 | 5611 | 2128 | 60
sr23 | 2111 | o714 | 2186 | 5704 | 21061 | 61
5817 | 2146 || 6807 | 2171 || 47-98 | 21-07 62
5911 | 21'81 || 5901 | 2206 || 5891 | 2232 63
60°04 | 2215 || 59-95 | 22:41 | 59-86 | 22:67 64
6098 | 22:50 || 6058 | 2276 | €OTS | 2303 65
61°92 | 22:84 || 61-82 | 2311 |f 61'72 | 23-38 66
62:86 | 2319 | 62:76 | 23-46 || 62:65 |. 2374 67
63-80 | 2354 || 6369 | 2381 || 6359 | 2409 68
6474 | 2388 || 6463 | 2416 || 6452 | 2445 69
85°67 | 2423 || 6557 | 24561 || 6546 | 2480 70
6661 | 2457 [ 6650 | 2486 | 6630 | 2515 | 71
67-55 | 2492 || 67°41 | 2521 | 67-33 | 2561 72
6840 | 2527 | 6838 | 2557 | 6826 | 2586 | 78
69-43 | 2561 |f 6931 | 25°92 | 69-20 | 26-22 74
7035 | 2596 || 7025 | 2627 | 7014 | 2657 | 75
71-30 | 26:30 [| 7119 | 26:62 f| 71-07 | 2693 76
72:24 | 2665 | 72:12 | 2697 § 7201 | 27°28 71
7318 | 27°00 (| 73:06 | 27-32 |f 7204 | 27°63 78
7112 | 2734 | 7400 | 2767 [ 7388 | 2799 | 79
7506 | 2769 || 7493 | 2802 | 7481 | 28:34 80
7500 | 2804 | 7587 | 2887 | 7595 | 2870 | 81
76:93 | 2838 ! 7681 | 2872 || 76:68 | 29-05 82
7767 | 2873 | 7774 | 2007 | 7762 | 2041 | 83
78:81 | 2007 | 7808 | 2042 | 78:55 | 2976 | 84
7976 | 2042 || 7962 | 2277 || 79-49 | 30:11 85
80°68 | 29-77 || 8065 | 3012 || 80-42 | 30-47 86
81:62 | 30-11 || 8149 | 30-47 | 81-36 | 30-82 87
8236 | 3045 | 8243 | 3082 | 8229 | 3118 | 88
83:50 | 30°80 i 83-36 | 31-17 | 83-23 | 3153 89
§i4i | 3115 | 8430 | 31:62 | 8116 | 3180 | %0
8538 | 3150 || 8521 | 3187 | 8520 | 3224 | o1
86:31 | 31-84 || 86:17 | 32-22 [ .86:03 | 32-59 92
87-25 | 3219 | 87-11 | 32:57 || 86:97 | 32:95 93
8819 | 3254 | 83-05 | 3292 | 87-90 | 33-30 94
89-13 | 32 38 88:98 | 3327 | 8884 | 3366 95




44 TRAVERSE TABLE.

g 21 Deg. 21 Deg. | 2114 Deg. | 213 Deg. §
B B
8 | Lat. | Dep. | Lat. | Dep. i| Lat. | Dep. | Lat. | Dep..| 8
1 | ous| 036 | 03| 036 | 003 | var | vus| osr | 1
2 | 187| 072 16| 072 | 186 | 073 | 1s6| 074 | 2
3| 2s0| 108 | 280| 100 | 279| 110 | 270| 111 | 3
4| 37| 143 am| 145 | s2| 197 | s72| 148 | 3
6 | 407 | 170 | 408 | 1wl | 46| 183 [ aca| 185 | 5
8 | teo| 215 | o0 | 217 | 58| 220 [ 57| 22| 6
7 | e54| 251§ ca2| 2ok | esi| zor | 0| 28d. 7
8 | 74| 287 | T46| 20 | Tai| 2u3 | 73| zv6| 8
9 | 80| 823 83| 325 | 837 | 3a0 | s36| 334 | o
10 | 934 353 | 9082| suz | 930 | 361 | 20| 371 | 10
1 [1027| 394 | 1025 | 3909 | 1023 ] 403 [1022] 2408 | 11
12 (1120 | 430 | 1018 | 45 | 1117 | 440 | 1115 | 445 | 13
13 | 1214 | 446 1212 | 471 | 1210 | 476 | 1207 | 482 | 13
14 | 1307 | 502 11805 [ 507 | Twos | 13 | 1300 | 519 | 14
15 | 1000 | 538 [ 18908 | 54d | 13906 | 550 | 1393 | 556 | 15
16 | 14ws | 573 (1401 | 580 | 1480 | 586 | 1088 | 593 | 18
11 |17 | 609 [ 1584 | o6 | 1582 | ¢23 L1579 | 630 | 17
18 | 1680 | 645 | 1678 | 652 | 1675 | e | 1672 | 667 | 18
19 1774 | 681 | 1771 | 689 | 1768 | €96 | 1705 | 704 | 10
20 | 1567 | 717 | 1864 | 725 | 1861 | 783 | 1338 | 741 | 20
21 | 101 | 758 | 1957 | 161 {1954 | 770 [ 1950 | 778 | 21
22 | 2061 | 788 [ 2050 | 707 | 2047 | 806 | 2043 | 815 | 22
23 | 2147 | 824 I 204 | 834 | 2140 | 543 [ 2136 | 852 | 23
21 | 2241 | 860 | 2237 | 870 | 2233 | &80 | 2220 | 889 | 24
25 [ 2334 | 896 | 2330 | 906 | 2326 | 016 | 2322 | 926 | 25
28 |21 | 932 | 2093 | 942 | 2410 | 953 [ 2115 | 963 | 26
21 | 2520 | 908 [ 2516 | 979 | 2512 | 990 | 2508 | 1001 | o7
28 | 2614 | 1003 | 2610 | 1015 | 2605 | 1026 | 2601 | 1098 | 28
29 : 2
30 |28 30
31 | 28¢ 31
32 | 29 33
33 | 0 33
31 | a1 34
35 35
26 | 33 36
37 |3 37
38 | 35 33
¢ 29 |36 39
20 |3 2
4 |38 a
43 | 30 2
43 | 1o 43
it 44
5| @ s
1 | e 8
W a7
8 | )
( 49 " 49
¢ 50 | 45 50
8 8
5 £
® 69 Deg. 6834 Dog. 14 Deg. 3
2 3 34 Deg, 6814 Deg. 2
o




TRAVERSE TABLE. 45
\M/\A/\M/\NWWV\'/\/'\M w‘§
]

2114 Deg. 21Y4 Deg. 21%4 Deg.

“ouws|q

NN A AN A AN A A A S e

( 9155

98 | ok

9 |t 9

10) 1U2Es STt | 100
] . || bep. | Lat. g
s ' i £
2 6334 Dog. E 68 14 Deg. || 681 Dog. 2

N\:* T T e S\ T A d




1
;a

TRAVERSE TABLE.

A A A A A AN L NS A A LA A A I A A A A I NI NI IS ININP NI

E 22Deg. | 224Deg | 24Des | 224Deg | E
td
3
2 | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. 3
1 s 037 093 () [VFX) (1. 0u2 03y ]
2 | 185 073 ) 185 o6 | 1w | 077 | 14| 077 2 )
8 | 21| 192 | 28| vi4 | 29| 15 277 116 | 3 )
4 | 371| 150 § 370 | 131l [ 370 193 | 369 | 105 n
5 | 46t| 187 | 4u3| 189 | 462 | 1wl | 461 13 5
6 | 656 2256 ) 5355 | 227 | 554 230 553] 232 6
7] ed9| 262§ 648 265 | 647 [ 208 | 646 271 7
8 | 42| 300 | 740 | 3 739 | su6 | T38| 30y | g
9 | &34 337 | 833 341 || 831 34k f 8&3u| 348 9
10 | 921 375 § 926 | S79 || 924 | 883 § 922 357 | 10
11 |102 ]| #12 1018 | 417 § 1006 | 421 f1014 | 425 [ 11
12 | 113 | 450 f 1111 | 454 [ 1109 | 450 f 1107 | 404 | 12
13 | 12v5 | 487 §1203| 492 | 1201 | 497 J 1199 | 503 | 13
14 | 1298 | 524 § 1298 | 530 | P203 [ 536 § 1201 | 541 | 14
15 | 1591 562 [ 1388 | 568 [ 1886 | 674 | 1383 | 580 | 15
16 | 1483 | 599 § 1481 | 606 [| 1478 | 612 {1476 | 19 | 18
17 | 1576 | 637 {1673 | 64t [ 1671 | 651 § 1508 | €57 | 17
18 {1669 | 674 j16:66 | €82 | 1663 | €89 [| 1660 | 698 | 18
19 |1762| 712 1759 | 719 [ 1756 | 27 f 1752 785 | 19
20 | 1854 749 | 1851 | 7-57 [ 1848 | 765 [ 1844 | 773 | 20
21 |1947 | 787 |10-44| 795 [ 1940 | 804 {1937 | 812 | o1
22 | 2040 | 824 § 2036 | 833 [| 2033 | 842 f 2020 | 851 | 22
23 (2133 862 § 2129 ] 871 2125 | 880 {2121 | 889 | 23
24 | 2225 so09 2221 909 || 2217 ] 918 | 2213 | 928 | a3
25 | 2018 | 937 [ 2314 | 947 || 2310 | 957 | 2305 | 967 | 25
26 | 2111 | 974 : ) 95 || 2398 | 1005 | 26
27 | 2503 | 1011 2490 | 1044 | 27
28 | 2596 | 1049 2582 | 1083 | 28
29 | 2689 | 1086 2674 | 1121 | 29
30 | 27821124 1160 | 30
31 | 2874 | 1161 1199 | 31
32 | 2967 | 11-99 2051 | 1297 | 32
33 | 3060 | 12:36 3043 | 1276 | 33
34 | 3152 | 1274 3135 | 1315 | 3y
35 | 3245 | 1311 3228 | 1353 | 35
36 | 3338 | 1349 3320 | 1392 | 36
37 | 3431 | 1386 2| 1431 | 37
38 | 8523 | 1424 3504 | 1470 | 38
39 | 3616 | 1461 35 1508 | 39
40 | 3700 | 1408 3659 | 1547 | 40
41 | 3301|1536 -81 | 1586 | 41
42 | 3894 | 1573 3873 | 1624 | 42
43 | 3087 | 1611 65 | 1663 | 43
4 | 4080 | 1648 58 | 1702 | 44
4 | 4172 | 1686 50 | 1740 | 45
46 | 1265 [ 1723 2:42 | 1779 | 46
47 | 4338 | 1761 -34 | 1818 | 47
48 | 4450 | 1798 127 | 1856 | 48
49 | 4543 | 1838 1895 | 49
50 | 4636 | 1873 711 | 1934 | 50
¢ Dep. | Lat. 3. | Lat. g )
g k|
.g 68 Deg. 6734 Deg. 6714 Deg. 6714 Deg. g. ;
W W e e - vvﬂ)




TRAVERSE TADLR. 4

22 Deg. 234 Deg. | 2214 Deg. g
Lat. | Dep. | Lat. | Dep. || Lat. | Dep. ¢
4729 | 1910 | 47-20 | 1931 || 4712 | 1952 51
4521 | 1948 | 4813 | 1vu9 || 4504 | 1900 52 5
w14 | 1985 || 4905 | 2007 | 4507 | 2028 53 /
5007 | 2023 | 49-98 | 2045 [ 49-89 | 2066 54 (¢
51-00 | 2060 [l 5090 | 2053 | 50-81 | 2105 55
5192 | 2008 | 51-83 | 21-20 [ 51-74 | 2145 56
285 | 21-35 S ff 52 57
5378 | 2173 58
5170 | 2210 59
55°63 | 2248 60
56:56 | 22:85 61
5749 | 2323 €2
63 | 5841 | 2360 63
64 | 5934 | 2397 64
65 | 6u27 | 2435 66
66 | 6110 | 2472 66
67 | 62121 251y 67
68 | 6305 | 2547 68
69 | 63U8 | 2585 69
70 | 6490 | 2622 70
71 | 6583 | 26-60 5 3 - 71
72 | 6676 | 2097 [ 6664 | 2726 I 66:52 | 27-65 f oud0 | 2784 | 72
73 | 6768 | 2735 §67.56 | 2764 Wer44 | 2704 feT82 | 2828 | 73
74 | 6861 | 2772 | 6849 | 2302 | 6837 | 2632 | 6524 | 2562 | 74
75 | 6964 | 2810 || 6942 | 240 | 6929 [ 28TV fI G917 | 2900 75
76 | 7047 | 2347 [ 7084 | 2878 § 70-21 | 2908 | 709 | zu3v | 76
77 | 7183 | 2884 | 7127 | 2016 § 7114 | 2047 | 7101 | 2978 | 77
78 | 7232 2922 f 7219 | 2953 | 7206 | 2085 | 7193 | 3018 | 78
79 | 7325 | 2059 [ 7312 | 2001 § 7200 | 3023 | 7285 | Buss | 79
80 | T417 | 2997 | 7404 | 3029 | 7301 | 3061 § 7578 | 3094 | 80

Dep. | Lat. || Dep. | Lat. || Dep. | Lat. Dcp.i Lat.

Distarce. | E£S222R822 S33IB2LBE

68 Deg. 6734 Deg. 6714 Deg. 6714 Deg.

S~

{




48

TRAVERSE TABLE.

£ | 2D 204 Deg. | 2% Deg. | ¥
g :
8 8
1 qrp 1
2 ¥ 2
3 76 3
4 +68 4
5 - 5
6 55 b
7 3 7
8 K 8
9 = °
10 920 10
11 | 1013 11
12 | 1105 12
13 | 1197 13
14 | 12:89 14
15 | 13-81 15
16 | 1473 16
17 | 15666 17
18 | 1657 18
19 | 1749 19
20 | 1841 20
21 | 19 21
22 | 2025 22
23 | 21117 23
21 | 2209 2%
25 | 2301 25
26 | 2393 20
21 | 2485 27
28 | 25777 28
29 | 2669 29
80 | 2962 30
81 | 2854 31
32 | 2946 32
33 | 3058 33
34 | 5130 34
85 | 322 35
36 | 3314 36
37 | 3+06 37
88 | 34908 38
39 | 3590 30
40 | 36:82 40
41 | 3774 41
42 | 3%66 42
43 13958 k 43
4% | 1050 i +
45 | 4142 5 45
46 | 4234 46
47 320 47
48 | 4118 48
49 | 4510 49
50 | 46-00 | 1954 50
¢ | Dep. | Lat. $
g q
§ 67 Deg. 3 | ‘ é




TRAVERSE TABDLE. 49

FNSNSNNSN INSNT NSNS NSNS NSNS NSNSNINSNSNSNSNSNAN NS - o v
g 23 Deg. 2314 Deg. 2314 Deg. 2334 Deg. §' ,
3 =
2 Lat. | Dep. | Lat. X . cp. | Lat. | Dep. | 8
$ 51 | 4695 | 1998 | 4686 | 20- CTT | 2k | b0 | 2 51
52 | 4767 | 2082 | 47778 i | 4760 52 ]
53 [ 4579 | 2071 | 4570 4551 53
5t | 4071 | 21-10 || 49-61 FR] 54
55 | 5068 | 2149 | 50'53 | st 35
56 | 5165 | 21-38 || 5145 i o126 56
57 | s247 | 2227 | 5237 | 0217 a7
58 22:6 | 83 o8 (
59 | B 59 ¢
61 61 §
62 62 S
63 63
64 64
; 65 65
y o8 66
67 67
; 68 68
69 €9
) 70 70
) 71 5l
) 7
73 73
) 74
75 75
76 76
) 7 it
y 18 78
§ 79 79
80 80
81 81
§2 82
83 83
84 84
85 85
86 26
87 87
88 88
89 89
%0 ]
(
a1 91
92 o2
93 93
94 94
a5 95
95 06
97 o7
a3 03
99 a9
109 100
S | bep. | Lat. § Dep. m: | Dep. | tat. | bep. | Lat. § 4
3 ! g §
] 67 Dez. 6134 Deg. 6614 Deg. | €64 Deg. g




50 TRAVERSE TABLE,

§
|
J
5

§ 214 Deg. | 2044Deg. | 243 Des | T
=
=

8 Lat. | Dep. | Lat. | Dep. i Lat. | Dep. 8

1 oyl | 0l || oul | o0 G421

2 182 0s2 | 12| o83 o8k | 2

3 24| 12 273 | 14 iw | 3

e 305 | 164 || 8641 166 167 | 4

5 456 | 205 || 435 | 207 200 [ 5

6 547 | 246 || 546 [ 249 250 |6

7 635 | 287 637 | 290 293 7

8 720 | 329 | T8 Su2 35 | 8

9 §21 | 370, &191 373 77 )9

12| 411 | 910} 415 +19 | 10
1003 | 452 f 1001 | 456 #6111
1094 | 493 [ 1092 | 498 02 | 12
1185 | 534 f 1183 | 689 54 | 13
1276 | 675 [ 1274 | 681 56 | 14
1568 | 616 || 1365 | 622 ¢8| 15
1450 | 657 [ 1456 | 604 70 | 18

G- T2 |17
IR 18

7 19

& 20

21

23

1493
134
1576
1617
16:59 |l 36:33 | 1675 | 40

17-00 || 3723 | 17-16 41
17-42 | 3814 | 17°58 42
1083 | 5205 | 18-00 43
1825 || 3336 | 1842 43
1866 || 49-87 | 18-54 45
1908 3
1940

oS 015 s
BNRERY g
A e A A e SN NN NN NN NN NS S NN S

42:85 | 1930 ¢
376 | 10971
4108 | 2013
4560 | 2054

Dep. | Lat.

6534 Deg. 6615 Deg.

: o
SELHLE
b A~~~

NN NN NN N

s



TRAVERSE TABLE.

>
-

(V\M/\f\f\‘\
< § =]
5 g 24 Deg. 2414 Deg. 2414 Deg. 243/ Deg. £
s 3
8 ! Lat. Lat. | Dep. | Lat. | Dep. 8
b1 | 41759 46:50 | 2005 || 4641 | 2115 51
52 | 4750 441 02 | 2166 52
53 4z 4823 53 Z
54 3 024 14 51 ¢(
65 | 5024 | 50°15 5005 85
6 | 51116 51°06 50006 £6
67 | 5207 S1u7 S17 57
88« 5209 258 278 58
59 | 5390 537 5369 59
60 | 5481 o471 5460 60
61 | 6573 5551 61
62 | 6664 62
63 | 6755 3
84 | 6547 €4
65 | 5938 €5
66 | 6u29 6
67 | 6121 67
68 | 6212 68
69 | 6303 9
70 | 6395 70
71 | 6486 71
72 | 6578 72
73 | 66:6Y .‘..
74 | 6760 74
75 | 6852 7%
76 | 6943 76
77 | Tusd ks
78 7126 78
79 | 7217 79
80 | 7308 80
81 | 7400 81
82 | 749l 82
83 | 7682 83
8+ | 7074 84
85 | 77Cd 85
86 | 7556 86
87 | 7948 87
88 | 80-39 88
89 | 8131 £9
90 | 222 90
91 | 8313 . 91
92 | 8405 3779 3 92
93 | 8496 3520 2 93
94 | 8587 351 98 04
05 | 8679 39-02 i 95
98 | 8770 3943 || 8736 | o8 96
07 | 85wl Susd | 8827 | doe 97
98 | 8053 4025 || co-18 | 40rGd 98
99 | 9ot | 4066 1| 4009 | 4105 29
100 | 9135 41007 1] 910 | 4147 100
8 Dep. ' Lat. || Dep Lat. || Dep. ! Lat. El
g r 2
é 66 Deg. 6534 Deg. ! 6514 Deg. g
~~

S S e e Ve Ve e




52 TRAVERSE TABLE.
MAN\M/\’\/\MN\M/‘\/\/WMM

2 25 Deg. 2614 Deg. 2515 Deg. 2534 Leg. g’}
E g
8 Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | 8
5 1 i o 043 | 0| 043 ff ovo| o3| 1
2 g 1| o5 | 181 | o086 | 10| o087 | 2
8 128 | 271 1200 270 10| 3
4 170l sa | 12 f 86| 174 4
5 213 | 451 | 215 | 45| 217 | 5
6 256 542 238 54) 21 6
7 299 | 632| S0l ] ¢3)| st ] 7
8 Sat f T2 | 344 21| i | 8
9 gad o s12) os7 | s soL| @

10 42§ ous | 4s1f 901 434 10 %
1 1

12 12 )
13 13
14 14
15 15
16 16
7 17
18 18
19 19
2 20
21 2
22 22
23 23
24 24
25 25
9 26
- z
28 23
29 a9
30 30
31 31
32 2]
33 33
34 34
35 35
38 35
87 37
33 33
) 39
40 )
n 41
42 42
43 43
41 44
PR 45
45 i 46
¢ 2| 4
48 RASE 48
| 3 0 13 | 21-29 49
50 | 510 503 | 2172 50
@ Dep Tat Dep. 1 Lat. !'; Dep. | Lat. i Dep. | Lat. 3
H —_ — -]
£ i -]
2 65 Dez. 81 Det. | 6114 Deg. 641{Deg. | 2
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TRAVERSE TABLE.

i
2514 Deg.

25}4 Deg.

58

AN AL A A

g {

! Lat. 1 Dep.

Lat. l bep.

87-01
98 | §8-82 | 4142
9 | 8972 | 41-84

100 | 2063 | 4226

2hao b

9007

Dep. | Lat.

" Dep.

65 Deg.

Distance.

5‘

6414 Dez. ‘
W

~

- €114 Deg.

3
=
‘Lj



R

TRAVERSE TABLE.,

r/\/vwvww WMM
3 %2 25 Deg. 214 Deg. | 2¢ Dog. | 263 Deg. g
|
i £
8 | Lat. | Dop. | Lat. | Dep. i Lat. | Dep. y Lat. | Dep. | 3
1] 090 044 § 090 ] o4k | U9 | vdd | ovo| 045 1
2 | 150| oss | 179 08§ 199 | ovw | 179| ooo | 2
3| 270 1a2 | 26v] 133 28| 184 28| 1951 3§
4 | 300| 196 ) w69 | 197 § a5 198 | si7| 10 | 4
6 | 449 219 | 448 | 221 | 447 | 228 | 46| 225 | &
6 | 530| 263 | 533] 265 | 557 | 28| 536| 250 | 6
7| 620] 307 | 638) 310 4 €2 812 625 15| 7
8 | 719 851 f 17| &4 | 76| 857 | T4 e | 8
9 | 809 | 295 | 807 | 308 | 805| 4u2 | sul| +us | 9
10 | 899 | 458 | 897 | 442 | 895 | 446 | 593 | 450 | 10
1 | 950 482 | 987 | 487 | o4 | 401 | os2| 4 1
12 | 1079} 526 | 1076 | 531 | 1074 | 545 | 1072 | & 12
13 {1168 | 670 I 1166 [ 575 f11:c3| 5e0 [ 1141 | &
14 | 1258 ) 614 | 1256 [ 619 | 1253 | 25 | 1250 | o
15 [ 1348 | €58 [ 1545 | €63 {1542 cu9 | 1330 | ¢
16 148 ] 701 [ 1435 | 708 | 42| T4 | 1420 | 7
17 (1628 | 745 [ 1525 | 752 [ 1a21 | 759 | 1518 | 7
18 1618 | 789 | 1614 | 796 | 1611 | 83 | 1607 | & 18
19 1708 | 833 [ 1704 | &40 | 1700 | 848 [ 1607 | & 19
20 1708 | 877 | 1794 | 855 | 15v0 | su2 | 1986 | 900 | 20
i .
1887 | 921 [ 1883 | o -

B
—
®
."
Y
©
1
> b;‘b:A
e
-1
o
©
&
B

RARA Sy
SEGELERER
s ok bk ok kot
2 54 Sesee
A A A A A P
NS N PN NS NSNS Nt NSNS NSNS NSNS NSNS NSNS NS NSNS NSNS\ ¢

N e e e e e a Y e e s
4




TRAVERSE TABLE.

A

2

=]
[5,]

g 26 Dog. 264 Deg. | 2614 Deg. 2
2 ]
2 Dep. 8
61 226 51 !
32 20020 2
53 26 53
54 2409 F 54
55 2454 55
b6 2400 66
57 2043 57
63 <583 58
59 2033 69
60 2077 60
61 61
62 62
63 63
64 64
65 65
66 66
67 67
68 68
[12] 69
70 70
71 71
72 72
73 73
74 T4
76 75
76 76
7 T
78 78
79 79
80 80
81 81
82 82
83 83
84 84
85 85
86 86
87 7
88 83
89 89
90 90
91 91
92 92
93 93
04 94
95 95
96 8591 98
97 86-81 7
[ 8770 b 03
99 4 8860 SR 56| 99
100 8940 8§30 1 45:01 | 100
g | Dep. | Lat. | Dep. Lat. 8
i s
g 6314 Deg. 63Y4 Deg. g



66 TRAVERSE TABLE.

27 Deg. 27Y4 Deg. 204 Deg. 2734 Deg.

Lat. | Dep. |Lnt. Dep. || Lat. | Dep. [ Lat. | Dep.

556 [T 182 o6 | 188

©R~1 o1~ | "OOUBISIQ 2

S © @I o= e300 | POUBISIQ
—-
&
a
<
<
<
—
&
oc
<
<
[

o
2
N
e
<
<
o ooucow
8sikE
e
&
R =)

-
N
=

e
©
<
&

- —

fer S

S -1:

e
€
-
15
S

63 Deg. 6234 Deg. 6214 Deg. 6214 Deg.

Distance.

Distance.




TRAVERSE TABLE.

2, Deg. | 23¢Deg. | 213 Deg.

ouwsiq

Lat. Lat. | Dep. || Lat. | Dep.

1 3584 4024 | 2005 || 4513 | 2375 | 51
I-n,-z'; 4012 | 2401 | 4602 24 ‘1 52
4712 4701 | 2447 || 4600 53

801 | 2473 | 47°00 | 2493 | 47°79 lo 14 54
4890 | 25°18 | 4879 [ 2540 | 4867 | 2561 55
KIS | 2000 1 40007 | 2586 | 49756 | 26 07 56
SUPGT | 2€10 |f 50°56G [ 20-32 |f SL-dd | 20°54 57
6166 | 26:56 || 65145 | 20-78 1l 51-33 | 27-01 58
56245 | 2701 || 5283 | 2724 | 5221 | 2747 59
G334 | 2047 | 5322 | 2770 [l 5310 | 2794 €0

54'23 2783 || 5411 2814 £3903 | 2840 | 61
12 | 2 5487 | 2887 62
5675 | 2033 | 63
b4 | 2080 | €4

( 0 18 | 31:t6 €8

o » 1
S83
&
3
2

4313
4358 || 8535 | 4396
4404 o Se25 | 44
4400 || 87T-12 | 4487
9 - 4095 1 SR01 | 453
100 ; su 10 4540 1 8300 | 4579 || 8870

}De Lat. | Dep. | Lat. | Dep. | Lat. i Dep. | Lat.

8
g
63 Deg. 6234 Deg. 6214 Deg. 621 Deg. E
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TRAVERSE TABLE.

g 28 Deg 2314 Doz | 204Des. | 234 Deg. | S
8 3
3 | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | &
2 088 | 047 058 | UHT Uds | U4S 1
2 | 177 | ook | 16| 0us | 196 | 0ws 2
3 205| 141 | 26L| 142 26| 18 H
1| so3| 18 | 52| 1my | p82] 1wl :
5 | a4l 235 | tdo| 237 | duv | 239 5
o | 530 282 | 529 | wsd | c27 | 2o :
7 618 3 647 331 615 b 7
8 | 76| a7e | 75| 37w | Tos| a2 8
o | 95| 428 | 703 | duo | Tl | ¥ °
10 | 883 460 | 881 433 | 67w | 47 10
1 | o1 516 | o6a| 521 | oer| 52 n
12 | 1060 | 663 [ 1007 | 568 | 1095 | 573 12
13 | 148 | 610 | 1100 | 615 | 1142 | o0 H
11 | 1236 | eor f12ea| e | 1200 | cus 11
15 | 1320 704 {1321 | 710 | 1318 | 716 1
18 | 1613 | 751 f1kos | w7 | 1dos [ 763 1
: 38 | 148 | 805 [ 1iwk | 811 19

86 | 8§52 [ 1582 | 8oy 18

89) § 1670 | 97 b4

: - L
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€114 Deg.

61Y4 Deg.
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TRAVERSE TABLE.

AN NSNS NSNS NSNS NSNS NSNS NN NN NN NNNNAANANANANNANANNNAN,
2| 28 Deg 2514 Dog. | 2504 Deg. | 2834 Deg. | 2
I’ 5
1 o
8 | Lat.| Dep. || Lat. | Dep. lat. | Dep. 2
o1 | 45°03 | 23-3% | 4493 | 2414 4471 | 2453 51
52 | 4591 | 2441 || 456°81 | 2461 45°59 | 2501 52
53 | 46°50 | 24-88 || 465:69 | 25°09 4647 | 25049 53
54 | 47°08 | 25°35 | 4757 | 25°56 4734 | 2597 54
55 | 4856 | 2582 || 4845 | 26003 4822 | 26°45 55
56 | 4945 | 26-29 § 49-33 | 26:51 40:10 | 2604 56
b7 5033 | 2676 || 50-21 | 206-08 40°97 | 27-42 57
58 5121 | 27:23 § 5109 | 2745 5085 | 27°90 58
59 | 52:09 | 2770 || 5197 | 27-03 5173 | 23-38 59
60 298 | 28°17 | 52:85 | 2840 52:60 | 28:86 (1]
61 | 5386 | 28-64 (| 5373 [ 28-87 5348 | 20-34 61
62 | 5474 | 2011 || 54062 | 2035 5436 | 2982 62
63 | 5563 | 2958 || 5550 | 2J-82 3523 | 30-30 63
64 56:51 | 30°05 | 5638 | 30°20 56-11 | 30+78 64
65 | 5739 | 30052 || 57°26 | 3077 5699 | 31-26 €5
86 | 5827 | v0U9 || 6814 | 3124 5786 | 3175 66
67 5916 | 3145 || 59-02 | 31'71 5874 | 3223 67

68 60-04 | 31-92 | 5990 | 3219 59°62 | 3271 68
69 | 60-92 | 32.39 || G078 | 32:66 60-49 | 3319 69
70 | 61-81 | 3286 [ 61'66 | 3313 6137 | 33-67 70
71 | 6260 | 3333 | 6254 | 33-61 6225 | 3415 71
72 | 6357 | 3380 | 6342 | 3408 06312 | 3463 2
73 | 64:46 | 3427 |f 6430 | 3455 64:00 | 3511 3
74 | 6534 | 3474 || 65°19 | 35703 8488 | 3559 74
7 6622 | 3521 || 66:07 | 3550 6575 | 3607 75
76 | 67-10 | 35°68 | 6695 | 3507 6663 | 3656 76
7 67-99 | 3615 || 67.83 | 3645 67:51 | 37°04 7
78 68:87 | 3u-62 | 63-71 | 36:92 6838 | 3752 78
79 | 6975 | 37°09 | 69°59 | 3739 69-26 | 38:00 9
80 | Tu-64 | 37°56 || 7047 | 3787 7014 | 3348 80
81 | 7152 | 3803 § 7135 | 33:3% 71-01 | 38-98 81
82 | 7240 | 2850 || 72-23 | 3881 7189 | 39-44 82
83 | 7328 | 38:97 | 7311 | 3329 7277 | 3992 83
84 | TH17 | 3944 | 7399 | 3076 7364 | 4040 84
85 | 75°05 | 39yl | 7488 | 4023 7452 | 40-88 85
86 | 75°03 | 40°37 || 7576 | 4071 7540 | 41-36 86
87 | 7682 | 4084 || 76:64 | 4118 76:28 | 41:86 87
§8 | 7770 | 41:31 || 77-52 | 4165 7715 | 4233 88
89 | 7858 | 4178 || 7840 | 42:13 76:03 | 4281 89
90 | 7947 | 4225 | 79-28 | 4260 7891 | 4329 20
91 | 8035 | 4272 [ 80:16 | 43-07 7978 | 4377 91
92 | 81-23 | 4319 | 8104 | 43:55 8066 | 44- 92
93 | 8211 | 4366 | 81-02 | 4102 8154 | 4473 a3
o4 | 8300 | 4413 | 8280 | 4449 82:41 | 4521 94
95 | 8388 | 4460 | 6368 | 4107 8329 | 45°69 05
06 | 8476 | 45°07 || 8457 | 4544 8417 | 46:17 96
97 | 8565 | 4554 | S545 | 4501 85°04 | 46:66 97
93 | 86°53 | 46-01 || S6-33 | 4339 8592 | 4714 98
99 | 8741 | 465°48 || 8721 | 46:86 86+80 | 4762 99
100 | 8829 | 46:95 | $8.09 | 4733 87:67 | 4810 | 100
8 Dep. | Lat. || Dep. Lat. Dep. | Lat. 8
é 62 Dog. 6134 Deg. 6114 Deg. 6114 Deg. g




TRAVERSE TABLE.

AN NSNS NSNS NN
? 2934 Deg. E
o
s
8 Lat. | Dep. | 8
1 087 | ¢i8 07 049 087 | 049 T L 080 1
2 175 | 07 174 008 174 | 098 174 00 2
3 262 14 202 | 147 201 | 148 130 149 3
4 35) | 194 349 | 1'U5 348 | 197 347 168 4
) 437 | 242 436 | 244 435 | 240 43| 2.8 b
() 625 | 201 623 | 203 522 | 205 521 2:05 6
7 612 | 33D C11 | 342 609 | 345 608 [ 347 7
£ 700 | 388 Cus | 301 696 | 394 695 | 397 8
9 787 | 436 785 | 440 7831 443 TRl | 447 9
10 875 | 485 8§72 | 489 870 | 492 868 | 4v6 10
11 962 | 533 11
12 | 1050 | 682 12
13 | 1137 | 630 13
14 1224 679 14
16 | 1312 727 || 1309 15
16 | 1399 [ 770 | 1506 16
17 | 1487 824 | 1483 17
18 | 1574 | 873 | 1570 18
19 [ 1662 | 921 | 1658 19
20 | 1749 | 970 | 174 20
18:37 | 1018 | 1832
1924 | 1067 || 1919
20112 | 1115 || 2007
2099 | 1164 |l 2004
21°87 | 1212 | 2181
2274 11260 |f 22:¢8
23:61 | 1309 | 23-56
2449 | 1357 | 2443
2536 | 1406 || 2530
2624 | 1454 || 206:17

SESASSEERE BUURLLRKYBR BBRRVREVER

‘Distance | ZESRSSRERE SYLHRLLRPLER LVRVVVIEVER

) Distance.



TRAVERSE TABLE. A1

g | 2 Dez 2014 Deg. | 2004Deg. | 2% Des. | &
g g
= 7

2 Lat. | Dep. I Lat. | Dep. | Lat. | Dep. | Lat. | Lep. | 8
51 4461 | 2473 || 4450 | 2492 | 44:80 | 25711 || 4428 | 2531 51
52 | 4548 | 2521 || 45°37 | 25741 || 4526 | 2061 || 45°15 | 2580 62
b 46:35 | 25°¢0 || 4624 | 25000 || 4613 | 26:10 | 46-01 | 26'30 53
54 | 4723 | 2618 [ 4711 | 26:3 47°00 | 2659 || 46°88 | 26'80 5%
55 4810 | 266 || 4799 | 20-87 || 4787 | 27-08 || 47-75 | 2729 55
56 | 4898 | 27-15 || 4886 | 27-36 | 4874 | 27°58 [ 48-62 | 27-79 66
87 4985 | 27-63 || 4973 | 27-85 | 40-G1 | 28-07 || 49-40 | 2628 61
58 | 5073 | 2812 | 50-00 | 28-8¢ || 50-48 | 28-56 | 50-3¢ | 2878 b
59 | 5160 | 28-60 || 51-48 | 2883 | 51-35 [ 2v°05 [ 51-22 | 2928 b
60 | 5245 | 2009 | 5235 | 2082 || 6222 | 2055 [ 5209 | 2077 | 60
61 | 5335 | 2057 | 5322 | 2081 f 5300 | 3004 | 5296 | 3027 [ &
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TRAVERSE TABLE.

VeVt a Y o T e T

E 30 Deg. 30)4 Deg. | 3014 Deg. || 303 Deg. g
B
8 | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | 8
1| 087| 050 | o86| 050 [ o6 | 031 086]| 051 1
2 | 18] 100 | 173| 101 | 172 1oz 92| 102 | 2
3 | 260] 150 | 250 151 | 25| 152 258 133 [ 8
4 | 346) 200 || 346 | 202 || 345 | 203 || 344 | 205 | 4
5 | 433| 250 | 432 252 | 481 | 254 | 430| 236 | &
6 [ 520| 300 | 518| 302 [ 517| 305 516( 307 | 6
7 1606f 35 [ 606| 353 || 603| 355 | 602 358 | 7
' 8 | 693| 400 || 6901 | 403 | 680 | 406 | 688 | 4v9 | 8
9 | 779 450 § 77| 458 | 75| 457 | 7738 | 400 | 9
10 | 866} 600 [ 8ot | 504 | 86| 508 | 869 511 | 10
11 | 953 | 660 || 950 554 || 948 | 558 [| 045 562 | 11
12 | 1039 | 600 [ 1037 | 605 | 1034 | 609 [ 1031 | 614 | 12
13 |1126] €50 [ 1123 €55 [ 1120 ] 660 [ 1117 | 665 | 13
14 [1212] 700 1200 | 705 [ 1206 ] 711 [ 1203 | 716 | 14
15 1290 750 [ 1298 | 756 [ 1292) 761 || 1289 | 767 | 15
16 [1386| 800 [ 1382| 806 [[1379 | 812 [[1375| 818 | 16
17 |1472] 850 [ 1469 | 856 Il 1466 | &3 | 1461 | 869 | 17
18 | 1659 | 900 [ 1555 | 907 [ 1551 | 914 1547 | 920 | 18
19 [1646] 950 [ 1641 | 957 | 1637 | 9064 | 1633 | 971 | 19
20 | 172 | 1000 | 1728 | 1008 [ 1723 | 10-15 | 1719 | 1023 | 20
21 | 1819 | 1050 | 1814 [ 1058 | 18-09 | 1068 [ 1805 | 1074 | 21
22 | 19-05 | 11-00 || 1900 | 11-08 [ 18:96 | 1117 [ 18-01 | 11-25 | 22
23 | 1992 | 11-50 | 1087 | 1159 | 19-82 | 1167 | 1977 | 1176 | 23
24 | 2078 | 1200 || 2073 | 1209 [ 2068 | 1218 || 2063 | 12-27 | 24
25 | 21-65 | 12:50 || 21460 | 1259 | 21-54 | 1269 [ 2149 | 1278 | 25
26 | 2252 | 1300 | 2246 | 1310 || 2240 | 1320 | 2234 | 1329 | 26
27 | 2338|1350 | 23-32 | 1360 [ 2328 | 1370 || 2620 | 1380 | 21
28 | 2425 | 1400 || 2419 | 1471 | 2413 | 1421 [ 2406 | 1432 | 28
29 | 2511 | 1450 {| 2506 | 14°61 || 2499 | 1472 | 2402 | 1483 | 20
30 | 2598 | 1500 || 2592 | 1511 f 2585 | 1523 || 2578 | 1534 | 80
81 | 2685 | 1550 | 2678 | 1662 || 2671 | 15673 || 26:64 | 1565 | 81
82 | 2171 | 1600 | 2764 | 1612 || 27°57 | 1¢-24 | 27°50 | 1636 | 82
33 | 2858 | 1650 | 2851 | 16:62 | 2843 | 1675 | 28-36 | 1687 | 33
34| 2944 | 1700 § 20-37 | 17-13 | 2030 | 17-26 | 2022 | 1738 | B4
85 | 50-31 | 1750 | 30-23 | 17°62 | 3016 | 17-76 | 30-08 | 17:00 | 35
86 | 3118 | 1500 | S1-10 | 1814 | 31-02 | 18:27 | 30-94 | 1841 | 36
87 | 3204 | 18-50 | 3196 | 18+64 || 3188 | 1878 | 31-80 | 1592 | 87
88 | 3201|1000 [ 3288 | 1914 || 8274 | 19-20 || 3266 | 1943 | 38
30 | 3377 | 1050 [ 3369 | 19-65 [ 8360 | 1979 | 33-52 | 1004 | 39
40 | 3464 | 2000 | 3455 | 2018 || 34-47 | 20-30 | 34-38 | 2045 | 40
41 | 3551 | 2060 | 3542 | 2065 || 35:33 | 20-81 || 85-24 | 2096 | 41
42 | 3627 | 2100 | 3628 | 21-16 | 3619 | 21-32 || 36:10 | 2147 | 42
43 | 8724 | 2150 || 3714 | 21-66 | 37-05 | 21-82 || 36:95 | 2199 | 43
41 | 3811 | 2200 [l 3801 | 2217 f 37-91 | 22:33 || 37-81 | 2250 | 44
) 45 |3807 | 2250 | 3887 | 2267 | S8TT | 2284 || 3867 | 2301 | 45
46 | 30-84 | 2300 | 3074 | 2317 | 3963 | 23-35 [ 3053 | 2352 | 46
47 | 4c70 | 2350 || 40€0 | 2368 || 4050 | 2365 || 40-30 | 2403 | 47
48 | 4157 | 2000 || 4146 | 2418 | 4136 | 2436 || 41°25 | 2454 | 48
49 | 4244 | 2430 | 4233 | 24:C8 | 4222 | 2487 | 4211 | 2505 | 49
50 | 4330 | 2600 | 4319 | 2519 [ 4308 | 25-28 || 4297 | 2556 | 50
@ | Pep. | Lat. | Dep. | Lat. | Dep. | Lat. || Dep. 8
- a
-
g
g 60 Deg. 5934 Deg. 5914 Deog. 501/ Deg. g
N




TRAVERSE TABLE. 63

S823ICRAI2 BITZAZEXETZ | -eoumsiq

7015 a1
7101 7047 | 41-08 82
71-88 7133 | 4244 | 8
7275 7219 | 42-05 84
7361 7306 | 43468 86
g 7391 | 4397 | 86
7531 4T | 448 | &
76°21 7568 | 4499 88
77°08 7640 | 4551 | 89
T4 7735 90
7881 7821 | 4658 | 01
7967 7907 | 4704 | 92
80-54 7992 | 41°56 83
8141 8078 | 4808 4
8227 81:64 | 4857 | 95
8314 8250 | 4008 | 96
84:00 8336 | 4060 | 97
84-87 8442 | 5011
8.') 74 -
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64 TRAVERSE TABLE.

g S1Deg. | Sty Deg. | 14 Deg. | 313 Deg. E":'
B =2
8 | Lat. | Dep. || Lat. ) Dep. | Lat. | Dep. | Lat. | Dep. | 8
1| oss| o5t || uss| ooz | o5 | 052 053 | 1
2 | 11| 193 | 7L 1ot | 191 10t 105 | 2
3 | 257 | 195 | was| 160 | 256 | a7 158 | 3
1| 33| 2o6 | ae2| 208 || su| 20 210 | 4
5 | 420 | 258 | 427 | 29 | 426 261 23| 5
6 | 12| o9 | s13| 311 || 512] 313 216 | 6
7 | evo| 3ul | o8| 363 | b7 | Bs 368 | 7
8 | eso| 412 | est| 415 | cs2| 418 w2 | 8
o | 71| 461 | 7o9 | w67 | 77| 470 74| 90
10 3 3| 6 10
1 n
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 2
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Distance. | SBSREERERE BBLRYKRERE VRAKVRERER

Distance.
-3
g |7
4
N
(=]
(3
®



TRAVERSE TABLE. 65

eouv)s|q

STZTALERGIRE | eoumsiq
&
&
N
g

Ru3a Sszasepese
B4
&
£

81 | 6943 | 4172 2 -8 A
82 | 7029 | 4223 || 70:10 | 4254 (’9'92 4284 || 6973 | 43:15 82
83 | TU14 | 4275 || 7096 | 43-06 | T0-77 | 43:37 || 7058 | 43-68 83
84 | 7200 | 43-26 | 71°81 | 43:38 fi 7 1'62 4380 || 7143 | 4420 | 84
85 | 7266 | 4378 || 7267 | 4410 f§ 7247 | 4441 || 7228 | 4473 | 85
86 | 7372 | 4429 {7352 | 461 || 7333 | 4Lud | T313 | 4525 | 86
TH567 | 4481 || 7438 | 4513 f 7418 | 4E-46 | 7398 | 4578 | 87
88 | 7543 | 4532 [ 7523 | 4565 || 75:03 | 4598 || T4:83 | 4631 88
89 | 7629 | 4584 [ 76:00 | 46:17 f| 7588 | 44050 | 7568 | 4683 | 89
90 | 77-15 | 46:35 | 76°04 | 46°60 || 7674 | 47-02 || 76:53 | 47°36 | 90

91 | 7800 | 4687 || 77-80 | 47-21 | 77-50 | 47°56 [ 77-38 | 47:89 | 901
92 | 76:86 | 47-38 || T8:65 | 47-73 || 78-H | 4807 | 7823 | 48-41 92
93 1 7972 | 4790 || T9-51 | 4825 || 79-30 | 4859 || 7008 | 4894 | 93
94 | 80-57 | 4841 |l 80-36 | 4876 | 80-15 | 49-11 || 7903 | 49-47 94
65 | 8143 { 4893 || 81-22 | 40-28 [ 81-00 | 49°G4 [ 8078 | 4999 85

96 | 8229 | 4944 |l 8207 | 49-80 || 81¢5 | 50-16 || 81'¢3 | 50-52 96
97 | 8315 | 4996 | 8293 | 5032 || 8271 | 50-i8 || §2:48 | 6104 | 97
98 | 8400 | 5047 || 8378 | 50-84 || £3+56 5120 | 8333 | 5167 98

E 99 | 8486 | 50000 || 8164 | £1-36 | 8441

100 | €672 | 5150 || 8549 | 5168 || 8526 | 5225 | 85-04 | 5262 | 100

Dep. | Lat. | Dep. ; Lat. | Dep. | Lat. || Dep. ! Lat. 3

Distance.

50 Deg. 6834 Deg. 5814 Deg. 814 Deg. g
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TRAVERSE TABLE.

2 22Deg. | 824 Deg. { 824 Deg. | 9% Deg. §
8 Lat. | Dep. {| Lat. | Dep. || Lat. ; Dep. {| Lat. | Dep. | &
1 085 | 053 086 | 053 084 | 054 G54 | Ubd 1
2 170 1-06 1€9 | 107 1¢9 | 107 168 | 108 2
8 254 | 160 264 | 100 253 | 161 262 | 12 8
4 339 212 338 | 213 837 215 336 | 216 4
3 424 265 428 | 267 422 | 269 421 270 b
] 509 | 818 607 820 506 | 822 505 | 325 6
7 | 694| 871 | 6oa| 874 | bwo | 376 § b8 | 379 | 71
8 678 | 424 677 427 676 480 YRR 8
[] 763 | 477 761 | 480 60 | 484 757 4-87 9
10 | 848 530 | 846 63 | 843 | o857 | 641 541 | 10
1 930 | 667 | o | se1 f e25| 505 | 1
12 10015 | €40 § 1012 | 645 | 1009 | 649 12
13 1009 | 6964 1096 | 698 § 1093 | T-03 13
14 11-84 | 747 ff 11-81 762 J 1197 757 14
15 1260 | 800 [ 1205 | 8vs [ 1262 s11 | 15
16 1353 | 854 | 13-49 860 || 1346 | 8606 16
17 1438 | 007 || 1434 ] 913 || 1420 | 920 17
18 1522 | 961 [ 15618 | 967 [ 1614 | 974 18
19 1607 | 1014 [ 1602 | 1021 | 1508 | 1028 | 19
2 1691 | 1067 § 167 | 1075 | 1662 | 1082 | 20
21 1776 11'21 1771 | 11- 28 17-66 | 11-26 21
3 23
24 24
25 25
26 26
5 27
] 28
2 2
80 30
51 !
82 32
83 33
31 34
85 35
36 36
% A
38 38
30 39
“© r}
a - - a
42 2 - 42
yes o 33 2
4 I 12,424 o 4%
45 3. } 45
40 3 - 46
47 396G | 2491 .53 47
48 4071 | 2544 - 48
49 | 4155 | 25-97 g 3y - 49
50 42:40 | 2650 || 4229 | 26:68 | 4217 | 26:86 | 42:05 | 27-05 50
¢ | Dep. | Lat. ep. | Lat. | Dep. | Lat. | Dep. | Lat. 8
2 g
o
g 58 Deg. 6734 Deg. 5714 Deg 5714 Deg. §
WWWWW\NVW\MNVWM




TRAVERSE TABLE.

=]
-

A AN NN AN AN

§ | 82D 324 Dog. 2 Dog. | 323 Deg. E
B
2 | Lat. Dep. || Lat. | Dop. | Lat. | Dep. | Lat. | Dep. | §
51 ; 43.25 203 || 4313 | 2721 | 4301 | 2740 | 4289 | 2759 | 51
52 14110 | 2156 fl 4508 | 2175 [ 4586 | 2194 | 4378 | 2813 | 52
53 | 44-95 | 2509 | 4482 | 2828 || 4470 | 2848 | 4458 | 28:67 | 53
51 | 4079 | 2362 [ 4507 | 2882 | 4551 | 2901 | 4642 2921 | 51
55 | 406t | 2015 [ dca1 | 2035 || 4639 | 2055 || 4626 | 2075 | 55
56 | 4749 | 2968 § 4706 | 2088 || 47-23 | 3009 || 4710 | 3029 | 56
67 | 4831 | 3021 [ 4821 | So-42 | 4807 | 3063 | 4793 | 3084 | 57
58 | 4919 | 3074 ] 4905 | 3095 [ 4892 | 31-16 | 4878 | 31:38 | 58
59 | 5003 | o127 [l 40-00 | 2148 [ 4976 | 3170 | 49€2 | 3192 | 50
60 | 5088 | 3180 || 50-74 | 32:02 | 5000 | 3224 || 5046 | 3246 | 60
61 | 5173 | 3233 | 51-50 | 32:56 [l 51-45 | 3278 | 5130 | 3300 [ 61
62 | 5258 | 3285 [ 5244 | 3308 || 52-20 | 3331 | 6214 | 3354 | 62
63 | 5343 | 3308 | 5328 |,83-62 || 5313 | 8385 || 5299 | 3408 | 63
6L | 5498 13391 [ 5413 | 3415 [ 5398 | 3439 | 5383 | 3462 | 64
65 | 5512 | 3444 [ 5497 | 3468 | 54-82 | 8492 | 5467 | 3516 | 65
66 | 5507 | 3407 f 5582 | 35-22 || 56-66 | 8546 | £551 | 3570 [ 68
67 | 56:82 | 3550 | 56-68 | 3575 | 56:51 | 36:00 || 5+35 | 3625 | 67
68 | 57-67 | 36:03 | 57°51 | 3620 [ 57-35 | 36:54 || 5719 | 3679 | €8
69 | 5852 | 36:36 || 58-36 | 36:82 || 5819 | 37-07 || 5803 | 37-33 | 69
70 | 6936 | 3709 || 5020 | 87-35 | 59-u4 | 37-61 f| 5887 | 3767 [ 70
6021 | 37-62 [ 6005 | 37-89 [l 50-88 | 3815 ¥ 59-T1 | 8841 | 71
72 | 6106 | 3815 [ 60-89 | 38-42 |l 60-72 | 38-60 | 6055 | 3805 | 72
73 | 6101 | 3868 | 6174 | 3805 | 61:57 | 39-22 | 61-40 | 3949 | 73
74 | 6276 | 3921 | 62:58 | 3949 || 62-41 | 3076 | 62:24 | 4003 | T4
76 | 6360 | 3974 | 63-43 | 4002 || 63-25 | 40-30 || 63-08 | 4057 | 75
76 | 6445 | 40-27 || 64-28 | 4055 || 6410 | 4083 | 63-92 | 4111 | 78
77 | 6530 | 4080 | 65:12 | 41:09 || 64-94 | 41-37 | 6476 | 41€5 | 77
78 | 6415 | 41:33 -07 | 4162 | 6578 | 4191 | 6560 | 4220 | 78
79 | 67-00 | 4186 [ 66-31 | 4216 || 66-63 | 4245 | 6641 | 4274 [ 79
80 | 67-84 | 4239 | 67°66 | 42-69 | 67-47 | 4208 | 67-28 | 4328 | 80
81 | 6869 | 4292 [ €850 | 4222 (| 6231 | 4352 § 6812 | 4382 ( 81
82 | 6954 | 43-45 | 69-35 | 4376 [ 6916 | 4406 || 6807 | 4436 [ 82
83 | 7039 | 4398 [ 7020 | 4429 | 7000 | 4460 || 6981 | 4100 [ 83
84 | 7124 | 4451 || 7104 | 4482 || 7084 | 4513 || 70-65 | 4541 | 84
85 | 7208 | 4504 | 7189 | 4536 [| 71-69 | 4567 || 7140 | 4598 [ 85
86 | 72903 | 4557 | 7273 | 4580 || 7253 | 4621 [ 7233 | 4652 | 86
87 | 7378 | 4610 | 7355 | 4642 | 73:38 | 4675 || 7317 [ 4708 | 87
88 | 7463 | 46:€3 | 7442 | 4696 | 7422 | 47:28 [ 7401 | 47°61 | 88
89 | 7548 | 4716 [ 7527 | 4749 | 7508 | 4782 ) 7485 [ 4816 | 89
90 | 76:32 | 47°69 [ 7612 | 48-03 || 7501 | 48:36 | 7569 | 48:6u | 90
91 | 7717 | 4822 | 7696 | 48:56 [ 7675 | 48:89 | 76:53 | 4023 | 91
92 | 7802 | 4875 || 7781 | 49-09 || 7759 | 4943 || 77-38 | 4077 | 92
93 | 7887 | 4928 [ 7865 | 49.63 || 7841 | 49-97 | 7822 | 5031 [ 03
o4 | 7072 | 4981 || 7950 | 50.16 || 79-28 | 50-51 || 7908 | 5085 | 94
95 | 80-36 | 5034 [ 80-34 | 50,69 [ R0-12 [ 51-04 || 7990 | 51-39 | 95
96 | 81-41 | 5087 | 81-19 | 51.23 | 80-97 [ 51-58 || 80-74 | 5193 | 96
o7 | 8226 | 5140 || 82:0¢ | 51.76 [ 81:81 | 5212 || 8158 | 5247 | 97
98 | 83.11 | 51.93 || 8283 | 5229 || 82:65 | 52:66 | 8242 | 5302 | 08
99 | 8306 | 5246 | 8373 | 52-83 || §3:50 [ 53-19 || 8326 | 5356 | 99
100 | 84S0 | 5299 | 8457 | 53:36 || 84-34 | 5373 | 8410 | 5410 | 100
¢ | Dep. | Lat. || Dep. | Lat. | Dep. ! Lat. | Dep.! Lat 3
g g
é 58 Deg. 5734 Deg. 6714 Deg. 5714 Deg. g
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TRAVERSE TABLE.

rW\A/\M/\I\N\AMM/\/\MN\
" g
{ g 33 Deg. 32 Dog. | 3314Deg. | 833 Deg. E
¢ B
8 | Lat. | Dep. | Lat. | Dep. || Lat. | Dep. || Lat. | Dep. | 8
1| o84 | 054 | 084 055 | os3| 025 | 083 056 | 1
2 | e8| 100 | 167 | 110 | 67| 120 166( 112 | 2
3 252) 1e3 || 251 | 16t | 250( 166 249 1e7 | 3
1| 835 | 218 | 335 | 219 || 234 2u1 f sa3| 2v2 | 3
S 5 | 419 272 | #18| 274 | 417 276 )] 416| 25| 5
6 | 503| 321 | &02| 320 500| 331 | 499 | 333 | 6
7 | &7 | 381 || o85| 384 { 5Ssb| 386 [ 582 389 | 7
8 | 71| 436 | cov| 430 | 667 | 442 | 666 ( 444 | 8
9 | 765| 490 || 763 | 493 | T50| 497 | TS| 600 | o
10 | 830 | 645 | 836| 648 | 834 | 552 || 831 | 556 | 10
11 | o23| 500 | 92| 603 | 917| eor | 915| 611 | 11
12 | 1006 | 654 | 1004 | 658 1001 | €62 || 9us| 667 | 12
13 | 1090 | 708 | 1087 | %13 [ 1084 [ 718 | 1081 | 722 | 13
14 1174 | 762 | 1071 768 1167 | 773 | 1164 | 778 | 14
15 | 1208 | 817 || 1254 822 [1251 | &38 | 1247 | 833 | 15
16 | 1342 | 871 1338 | 877 [ 1334 | &83 | 1330 | &89 | 18
17 1426 | 926 | 142 | 932 1418 | 938 [ 1413 | ead | 17
s 18 | 1510 | 90 [ 1605 | 987 [ 1501 | 993 | 1407 [ 1600 | 18
19 1593 | 1035 1584 | 1049 | 1580 | 1056 | 19
20 | 1677 | 1089 1608 | 1104 | 1663 [ 1111 | 20

29
2502 | 16:56 | 294 | 1667 | 30
2586 | 1711 || 2578 | 1722 | 81
2608 | 17-60 || 2661 | 1738 | 82
252 | 1821 || 2744 | 1833 | 33
2885 1877 | 257 | 1889 | 34
2019 | 1052 | 2030 | 1944 | 35
3002 | 1987 | 2003 | 2000 | 36
3085 | 2042 | Lo76 | 2058 | 37
31-69 | 297 [ 3160 | 2111 | 38
a2 | 2153 | 3243 | 2147 | 39
3336 [ 2208 | 3326 | 2222 | 40 s
41
42
43
4
45
4%
47
18
2 | 49
4169 | 2700 || 4157 | 2078 | 50

Dep. | Lat. || Dep. | Lat.

5614 Deg. || 561 Deg.

Distance.
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g 84 Deg. 8414 Deg. 3114 Deg. 3434 Deg. g
g
B

8 | Lat. | Dep. | Lat. | Dep. { Lat. | Dep. | Lat. | Dep. [ &

1 083 | 056 083 | 056 082 057 082 | 067 1

2 166 | 112 16 113 165 113 | 1t4 114 2

3 2:49 1-68 248 | 1-69 47 170 246 171 3

4 832 224 331 225 330 227 329 228 4

b 415 | 280 413 | 251 412 283 [ 411 285 6

[ 497 36 496 | 338 494 | 340 | 493 | 342 6

ki 580 | 39l 579 | 894 577 396 | 6575 | 399 7

8 663 | 447 661 450 659 453 | 657 456 8

18 46| 508 T4 [ 507 T42| 510 739 | 513 9
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16

17
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[SF

q o1 =)
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92 27 "
93 | 77'10 | 52:00 76:41 93
9L | 7793 | 52-56 23 94
95 | 7876 | 5312 7806 96
945 7959 | 5368 7888 96
97 | 8urd2 | 5424 7970 7
98 | 8125 | 5480 8052 98
82:07 | 535:36 §1-34 99
100 | 8290 | 5592 8216 | 57-00 | 100
8 Dep. Dop. | Lat. ¢
£ ivn | 3
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£ | 3 Deg | 304 Deg. | 353 Deg. §
»
3 A =
8 Lat. | Dep. ; i Dep. | R
1 w82 | 057 058 1
2 164 115 117 2
3 246 1 172 155 3
4| 3| 2w 1
5 | 410 | w7 5
6 | 401! u 8
K 53 | 4ol 7
8 | 635 | +du 8
Y YT &l6 9
10 | 81| 5id 10
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TRAVERSE TABLE.

MMA/\NW\N\M/\M/\/\WMAM/
N [~
§ 35 Deg. 35} Deg. | 35)4Deg. | 5% Deg. | & $
[
B8 s
8 | Lat. | Dep. | Lat. « Dep. Lat. | Dep. | 8
51 | 4L78 | 2025 | 41'65 | 2043 4189 | 2080 | 61
52 | 4260 | 2063 || 4247 | 3001 502 2
53 | 4342 | 3040 {| 4328 | &
54 | 4k23 | 007 | 4410
55 | 4505 | 81:55 | 4102 :
56 | 4587 | 8212 [ 4573 5§
57 | 4660 | 8269 || 1655 51§
58 | 4751 | 3327 || 47T
59 | 4533 | 3554 | 4818
00 | 4015 | 3441 || 4000
61 | 4907 | 3400 | 4052
62 | 5079 | 3556 || 50-63
63 | 5161 | 3614 | 5145
64 | 5243 | 3671 | H227
65 | 5324|3728 | 5308
66 | 5406 | 3786 | 5390
67 | au88 | 3843 | 5471
68 5570 | 3900 || 55°63
69 | 5052 | 3058 || 5635
70 | 5734 | 4015 | 5716
71 | 5816 | 4072 || 5798
72 1 5898 | 4180 | 5380
73 | 5980 | 4187 || 5961
74 | 6062 | 42H | 6043
75 | 6144 | 4302 | 6125
78 | 6226 | 4359 | 6206
7 6307 | 4417 | 62-58
78 | 6389 | 4474 || 6370
70 | 6471 | 4331 || 6451
80 | 6553 | 4589 || 6533
81 | o655 | 4646 | 6615
82 | 6717 | 4703 || 6696
83 6799 | 47°61 [ 6778
84 | 6381 | 4818 || 6860
85 | 6063 | 4875 || 69-41
86 | 7045 | 4933 | 7021
81 | 7127 | 4990 | 7105
88 | 7209 | 50-47 [ 71-58
80 | 7290 | 5105 || 7268
90 | 7372 | 6162 | 7350
o1 | 7454|6220 | 7431
92 | 7536 | 5217 | 7513
93 | 7618 | 5334 || 7595
94 | 7700 | 5392 || 7676
95 | 7782 | 5449 | 7758
96 | 7864 | 5506 || 7310
97 | 7946 | 5564 || 7921
98 | 8023 | 5621 [ §0-03
99 | 8110 | 5678 || 085
100 | 8192 | 5736 | 8166
g Dep. | Lat. | Dep 8?
g
3
g 5414 Deg. g
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87 Deg. 31 Deg. | 81Y4Deg. | 373 Deg.
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11 | 878 662 || 876 ] 666 || 8i3| 670 1
12 | 958 | T22 || 958 | 726 { 962 T3l 12
13 | 1068 | 782 10 | 77 f 1vsi | Toul 13
16 | 1018 | 843 [ 11w4 | 847 [ 1011 | o2 11
15 |118 | 903 [ 114 | 908 | 11w | v13 15
16 | 1278 | 963 [[1274| 968 1209 | 974 16
37 | 1358 | 1023 | 1563 | 1029 || 1549 | 1035 17
18 | 1438 | 10w || 1483 | 1owo || 1428 | 109s 18
Jo | 1517 | 1148 | 1502 | 1150 || 1507 | 1157 19
20

1597 | 1204 | 16092 | 12711 | 1587 | 12113

11677 | 1264 | 1672 | 12771 | 1660 | 1278
17:57 | 1824 || 17°61 | 1332 } 17-45 | 1339

2070 | 1674 f 2065 | 1563
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SV\/\N\/\MNM’\M/WW\/V\
= 37 D 371/ Dex 3734 Deee. 5737 Dere. =]
? 7 Dog. 714 Deg. 3734 Deyg. B1pA . &
]
= I
2 Dep. # Lat. | Dep. . .| &
51 L 00 | BursT (| 40740 | 8122 | 51
52 53 | Bie2 B . 02 t 02
53 +1 £2:0d) IR 3
b4 : | 54
55 55
56 56
57 67
58 58
59 59
o0 60
61 61
62 62
€3 63
61 64
i 65
] €6
67 67
8 68
€0 69
70 w0
1 1
72 It
73 73
T+ T4
5 75
76 76
7 s
7 78
79 79
80 80
81 81
82 82
83 83
84 . 84
85 85
86 86
87 87
§8 88
89 89
90 90
91 01
92 92
93 93
94 04
95 95
Fa ] 96
07 58 21 | 3 : y ) 97
o8 | 7827 | 5 7S i 4 49 | o a3
99 | 7906 | 505 80 |6 7828 | 6o [
100 | 7986 | 60 TN | 053 || 7O 3008 pl-s 100
$ | Dep. | Lat. | Dep. | Tat. | Dep. | Lat. | Dep. | Tat | g
= 2
o <
a‘é 53 Dog. 5234 Degz. 5214 Deg. 5214 Deg. §

T
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2| 38Deg s Dog. | WgDeg. | sy Des. | F
s

g . || Lat. | Dep. || Lat. ) Dep. | 8
1 0TS | o2 | oTs | 063 1

2 167 | 124 ] 166 | 125 2

8 235 | 157 | 234 188 3

4 313 | 20§ 12| 200 4

5 Syl [ oll || 380 | 513 ]

[} 470 | 374 468 | 376 6

7 545 | 4.6 | 646 | 438 7

8 620 | 4u8 | 6ud| bol 8

9 UL | b0 T2 | 563 9

10 T8 | 628 | 750 €26 | 10
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TRAVERSE TABLE.

=)

g’f 38 Deg. w{Dog. | 4Deg | yDeg | F
B

8 | Lat. | Dep. | Lat. | Dep. || Lat. | Dep. | Lat. | Dep. | 8
[ ow | ow | uie] o [ons o e o |1
2 158 123 167 124 15 l £ 166 126 2
38 236 | 1856 236 1t6 "'35 157 254 188 3
2| 35| 246 | 314 28 | 35| 20 | 312| 250 | &
b 394 308 343 | 31 8l oil 39 313 )
6 | @3] seo | #71| 391 | 470 374 | e8| 376 | o
7 552 | 431 5560 | 432 548 4.6 546 438 7
8 630 | 493 [74.1 495 620 | 408 64 dol 8
o | 700 | 55 | 07| o57 | Toi| bw ! 72| B3| 9
; 6 26 | 10
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84 TRAVERSE TABLE.

RN D, S~
E 41 Deg. 414 Deg. | 4114 Deg. | 413 Deg. ‘E
- B
8 | Lat. | Dep. || Lat. y Dep. || Lat. | Dep. | Lat. ) Dep. | 8
1| 075 | 066 | 075 | ous | o7s | 06 | 075 | o | 1
2| 151 191 | 10| 12 1o0| Tas | 14v| 133 | 2
3 226 197 220 168 225 1% 224 200 3
4 302 262 201 264 300 2:65 2:48 2:66 4
5 | a7r| 28 | 376 | 350 | 374 331 | 57| 338 | &
6 | #53) 3ot | 451 396 | 20| 39S | 448] +w0 | 6
7 | 55| a50 | &u2s| doz | s2u| a4 | 52| dee | 7
8 | cot]| 525 | ool 527 | 599| 530 | 597 8
o | 619 500 | 677 | 593 | 674| 596 | 6% 9

£888 sgezsnss
-t
=

14 | 1057 108 93 10'43 928 I 1004 14

B - 15
16 | 1208 | 10-50 fi 12:03 | 10°55 | 11-98 | 10°t0 16
17 | 1283 | 11415 || 12:78 | 11-21 || 1273 | 11:26 17
18 | 1358 | 11-81 f 13-533 | 1187 || 13-48 [ 11-93 18
19 | 1434 | 1247 || 1428 | 1253 |f 1428 | 12:59 19
20 | 1509 [ 1312 [ 15604 | 13-19 | 14-98 | 13'25
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TRAVERSE TABLE.
A/W“M/\N'V'\/WWV\M\M/V\ NN N

86

NN

aTayayay

§ 4114 Deg. | 4134 Deg. &
B 13
8 Lat. | Dep. || Lat. | Dep. | 8
51 3820 | 3379 | 3805 | 3396 | 51
52 38:05 | 3446 || 3879 [ 3463 52
53 2069 | 8512 | 3054 [ 3520 | 653
54 40-44 | 3567 40°29 | 35°96 54
55 4119 | 3644 || 4103 | 3062 | 65
56 4194 | 37°11 | 41-78 | 37-29 66
57 4269 | 3777 | 4253 | 3796 67
58 1344 | 8843 || 4327 | 3862 | 58
59 4+:19 | 3900 || 44-62 | 3929 69
6 4494 | 8976 [ 4476 | 3095 | 60
61 4569 | 40-42 [ 45-51 | 40-62 61
62 4644 | 41:08 || 46:26 | 41-28 62
63 4718 | 4175 { 4700 | 4195 | 63
64 47-93 | 42:41 || 4775 | 4262 64
6 4568 | 4307 [ 4849 | 4328 | 65
66 4943 | 4073 || 4924 | 43:95 66
67 50°18 | 4440 J| 4999 | 4461 67
68 5093 | 4506 | 5073 | 4528 | e
69 51:68 | 4572 |f 51°48 | 45°95 69
70 5243 | 4635 5222 | 4661 | 70
1 5318 | 47705 [ 65207 | 4728 | T
2 5302 | 4771 || 5372 | 4794 | 72




TRAVERSE TABLE.

T e
o o
g 42 Deg. 42} Degz. 4234 Deg. 4234 Deg. g
B
3 Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. 8
1| o74| ow | 07| vor | o74| oes | 073 | 068 | 1
20 149 154 § 18| 1ot | 147 188 ) 147 138 | 2
3| 22| 200 | 22| 202 ) 22| 203 2w | 204 | 3
| 207 | 268 | 2v6| 2e0 | 206| 270 | 2us| 272 | 1
5 | a2 335 | 370 336 ) Sev| 338 | 37| 330 | 5
6 | 46| 401 | taa| 403 | 4az| 405 | w41 | 407 | @
7 | 62| 68 | 618| 411 | 516 | 473 | 514] 475 | 7
e | 605 | 535 § 692 | 638 | 5900 | 540 [ 587 | 543 | 8
o | eou| 602 | 666| 605 | woi| cos | e61] 611 | o
10 | 743] 660 | 740| €72 | 737 | 676 | T84] 670 | 10
| s1r| rs | 814 140§ 81| 743 s08| 747 | 11
12 | 892| sos | sss| so7 f ss6| 811 | 881 | »15 | 12
13 | o6s| 870 | o62| 874 | 958| 818 | 055| ss2 | 13
14 1040 | o7 1036 | o41 [ 1082 946 [ 1028 | w50 | 1%
15 | 1115 | 1004 [ 1110 | 1008 | 1106 | 1013 | 1201 | 2018 | 15
36 | 1169 | 1071 | 1184 | 1056 | 1180 | 1081 | 11476 | 1086 | 16
17 | 1263 | 1188 [ 1258 | 1143 | 1253 | 1048 [ 12448 | 1154 | 17
18 | 1338|1204 [ 1332 [ 1210 | 1327 | 1216 [ 1322 | 1222 | 18
19 | 1812 | 1271 | 1406 [ 1277 | 1001 | 1284 [ 1395 | 1200 | 10
20 | 1486 [ 1338 ] 1480 | 1845 | 1475 | 1361 [ 1460 | 1368 | 20
21 | 1561 | 105 1564 | 1412 {1548 [ 1410 [ 1542 | 1425 | 2
22 | 1635 | 1472 J 1698 | 1470 | 1622 | 1486 [ 1616 | 1498 | 22
23 | 1700 [ 1530 | 17702 | 1546 | 1696 | 1564 [ 1680 | 1561 | 23
21 | 1784 | 1606 | 1777 | 1624 | 170w | 1621 | 1762 | 1620 | 2%
25 | 1855 | 1673 | 1851 | 1641 § 18-13 | 1689 | 1636 | 1697 | 25
26 | 1032 | 1740 | 1025 { 1748 [ 1917 | 1757 | 1009 | 1765 | 26
27 | 2006 [ 1807 | 1999 | 1815 § 1901 | 1824 | 1063 | 1833 | o7
28 | 2081 | 1874 [ 2073 | 1883 | 2061 | 1802 | 2056 | 1901 | 28
29 | 2185 | 1940 | 2147 | 1950 [ 21°38 | 1969 [ 2130 | 1060 | 20
30 | 2220 | 2007 [ 2221 | 207 | 2212 | 2027 [ 2203 } 2038 | 30
31 | 2304 | 2074 [ 2205 | 2084 | 2286 | 2004 | 2276 | 2104 | &
32 | 2378 | 2141 [ 230 | 2tz | =09 | 2162 | 2850 | 2192 | a2
33 | 2162 | 2208 | 2443 | 2210 | 2483 | 2229 2323 | 2240 | 33
31 | 2527 | 2275 [ 2517 | 2286 | 2507 | 2207 [ 2497 | 2308 | 34
35 | 2601 | 2342 | 2591 | 2363 | 2580 | 2365 | 2570 | 2376 | 36
36 | 2675 | 2400 | 2666 | 2471 [ 2654 | 2432 [ 2644 | 2444 | 36
87 | 250 | 2416 | 230 | 2088 | 2198 | 2500 | 217 | 252 | a7
38 | 2824 | 2543 [ 2813 | 2555 | 2602 | 2567 | 2190 | 2379 | 38
39 | 2598 | 2610 [ 2887 | 26:22 | 285 | 2635 [ 28-64 | 2647 | 59
40 | 2073 | 2077 [ 2061 | 2080 | 2049 | 2702 | 2087 | 2716 | 40
41 | 3047 | 243 [ 5035 | 2767 | 3023 | 2770 | 3011 | 2783 | a1
42 | 3121 | 2810 [ 3100 | 2524 § 5007 | 2897 | 3084 | 2851 | 42 ;
43 | 3196 | 2897 [ 313 | 2601 | 3170 | 2905 | 3158 | 2919 | 43
a4 | 3270 | 2044 [ 3257 | 2058 [ 3244 | 2973 [ 3231 | 2087 | 4t
45 | 3344 | 3011 [ 3331 | 3026 | 3318 | B0-4o | 3304 | 3055 | 45
46 | 2118 | 3078 | 3105 | 3003 | 3391 | 3108 | 3378 | 3122 | 48
47 | 3103|3145 [ 3479 | 3160 | 3465 | 5175 | 3451 | 3100 | 47
48 | 3567 | 3212 [ 3553 | 5227 | 3539 | 3243 | 3525 | 3258 | 48
49 | 3641 | 3270 | 3627 | 3295 | 3613 | 3310 | 3508 | 3326 | 49
80 | 3716 | 3346 | 3701 | 3362 | 3686 | 3378 [ 3672 | 3394 | 50
é 8
a g
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§6 TRAVERSE TABLE.

—

g 42Deg. | 424 Dez. | 424 Deg. | 47 Deg. g
B

3 Lat. | Dep. || Lat. | Dep. | Lat. | Dep. | Lat. ) Dep. | 8
1| o714 067 § 074 o671 || 074 | 068 [ 073] 068 | 1
2 | 149 134 § 148 1oL 147 185 147 | 136 | 2
3| 22| 201 | 222 202 221 208 220 204 [ 3
4 | 207 | 208 | 296 | 2¢9 | 25| 270 | 204 272 | 4
65 | 372 336 | 70| 336 | Sow| 38 ) 67| 339 | 5
6 | 446 | 401 | 444 | 403 | 442 405 | 441 407 | 6
7 | 520 68 | 518 471 | 516 | 473 | 514 | 475 | 7
g | 505 635 §| 592 638 | 590| 540 | 587 [ 543 | 8
9 | eou| 602 | 666 | 605§ Gor| 608 | 661 611 | 9
10 | 743 660 | 740 €72 | 737 | 676 | 784| 679 | 10
1nm | 87| 73 § 814 | 740 | 81 1
12 | 892| 803 | 888 | 807 | 885 12
13 [ o6s| 870 f 962 874 | 958 13
14 | 1040 | 937 f1036 | 941 [ 1032 14
15 | 1115 | 1004 | 1120 | 1009 || 1106 16
16 | 1169 | 1071 [ 1184 | 1076 [ 11-80 18
17 | 1263 | 1138 || 1258 | 1143 | 1253 17
18 | 13387 1204 {1332 | 12110 |f 1327 18
19 | 14121271 [ 1408 | 1277 || 1401 19
14:86 | 13.38 | 1480 1476 20
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8 | Lat. | Dep. Lat. | Dep.
51 | 3700 | 3413 Sidd | 3402
( 52 |usek | srie 3818 | 35'30

2 S2EIZSRATA 2LHIZENGEE | eouvsiq
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g: 43 Deg. 434 Deg 4314 Deg. 433 Deg. !.g:
] ]
8 | Lat. , Dep. | Lat. | Dep. || Lat. y Dep. || Lat. | Dep. | &
1 068 073 | 06y 073 | 049 072 | 0069 1
2 135 146 | 137 1B 138 14| 138 2
3 205 219 | 200 218 | 207 217 | 207 3
4 5 @73 wol | 274 290 | 275 289 | 277 4
5 % 3 361 | 546 5
6 3 433 | 415 [}
7 *12 506 | 484 7
8 3 578 | 653 8
9 5 650 | o22 9
10 & T 692 10
11 795 | T6l | 1N
12 867 | 830 | 12
13 S0 [
14 : :
15
16
17
18
19

22

sLRRRRLY

B28E38RRRRR

SEERSERBRE
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g 4314 Deg.
5
g
& i Dep.

3404

35163

36:31

3700

37-69
70 50°09.| 47-96 {| 50°78 -lb 1s 5@07 4841 | 70
7 5171 | 48-65 [ 61-50 | 48-87 | 51-29 | 4910 | 71
72 5244 | 4933 || 62023 | 4956 § 52701 | 4979 | 72
73 5317 | 5002 || 5295 | 5025 | 5273 | 6048 | 73
74 53:90 | 5070 |l 5368 | 5094 [ 5345 | 51117 | T4
75 5463 | 5139 |l 5440 | 5163 [ 5418 | 5186 | 75
76 5586 | 5207 || 5513 | 5231 [ 54'€0 | 52:¢6 | 16
id 5608 | 5276 || 5585 | 5300 § 5562 | 5325 | 77
78 56'81 | 53-44 [ 5658 | 53-69 § 5024 | 5394 | 78
79 5754 | 5413 || 5750 | 5438 | 5707 | 5463 | 79
80 5827 | 5481 || 5803 | 5507 | 57-79 | 5532 | 80
81 59-00 | 5550 || 56876 | 5576 } 5851 | 5601 | 81
82 5973 | 5618 [ 5948 | 56-46 | 5923 | 5670 | 82
83 60-45 | 56:87 || 60-21 | 5713 f 5996 | 5740 | 83
84 61-18 | 5756 || €0v3 | 5752 | 60°68 | 5609 | 84
85 6191 | 5824 [ 6166 | 5851 § 6140 | 58-78 | 85
86 6264 | 5893 || 62:38 | 50-20 [ 62:12 | 5947 | 86
87 6337 | 50-61 || €311 | 50-89 [ 6285 | 6016 | 87
88 6410 | 6030 || 6383 | 60-58 f €557 | 6085 | 88
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15 480573] 310088 [12.034622 257052 818828| 730265| 7€:390609( 46
16 700651  600724| 077192| 325358 945960 (33-045173| 78126342( 44
17 91277 802050 120002| 894276(21°074664| 3661041 79043430 43
18 |86 125943{ 10018708 ) 163236 | 463814 204940| 603509) 81-847041| 42
19 840172] 048283 206718] 533981| 336861 (34027303 | 83-843507| 41
20 6554681 078031 250506| 6€04784| 470401) 367771| 85:030791f 40
21 T71838]  107954| 204609| 676233( 605630  715115| 88:14C572( 39
22 9892001 138054 339028 748337| 742569 [35:06954G| 90-463336| 38
23 86207833 168332| 383768| 821105| 681251 431282 92:008487| 87
24 427475 198789 428831] 894545122:021710| 800553 | 95-489475| 36
25 648223| 220428 | 474221) 968667( 163980 (36-17750G| 9§-217943( 35
26 870088) 260249 519942 {16-043482( 308097 | 562669 | 10110690 | 84
27 |8:7093077) 251255| 5065997 | 118098| 454006| 95€001| 10417094 | 33
28 817198 3224474 612390 195225| 602015 [37-357892| 107-42C48 [ 82
29 542461 353827 650125| 272174 751892 768613 | 110-69205 | 31
30 7688741 885397 706205 349855( 903766 |38-188459 | 114-588¢5 | 30
31 006446  417158| 753634 | 42827923-057677| 617738 118°54018 | 29
32 188226186 449112| 801417| 507456 213666 [39-056771| 12277396 | 28
33 456103| 481261 849557 7306 871777| 0505805| 127-32134 | 27
34 686206] 513607 | 892058 | 668112| 532052| 0€54C0| 132-21851 | 26
35 918605| 546151 946924| 749614| 694537 |40-430837 | 137-50745 | 25
36 [8:9152009| 578895| 9961C0| 831915| 859277 917412) 14323712 | 24
37 88672¢| 611841 |13-045760 | 915025 |24-(26320 [41-410588 | 149-4€502 | 28
38 6226C€]  644992| 095757 | 998057 195714 | 915790] 15625008 | 22
39 859843] 678348 146127 [17.083724| 367500 |42-433464 | 163-70019 | 21
40 [0-0098263] 711013| 196883 | 169337 541758 964077| 171-86540 | 20

41 [ 337933] 745687 | 248031| 255800| 718512 [43:508122| 180-93220 | 19
42 | 578867) 779673| 209574| 843155| 897826 44-066113 | 190-08419 | 18
43 | 821074] 813872| 351518 431385 25-079757| 638506 | 20221875 | 17
44 |91064564] 848288 403%07| 620516 264361 (45226141 | 21465762 | 16
45 | 3093148| 882021| 45625| 610559 451700 826361| 2291816 | 15
46 | 555436| 917775| 609799| 701520 641832 46-448862 | 215-55108 | 14
47 | 802838 952850 563391| 793442| 834823 [47°0R5343 | 264-14080 | 13
48 (92051504 088150 617409 886310 (26:030736| 739501 | 2847773 | 12
49 | 301627]11023676| 671856 980150| 220638 [48-412084| 81252137 | 11
50 | 5530350 059431 | 726738 [18:074977| 431¢00 [49103881 | 34377371 | 10
51 | 805802| 005416| 782060| 170507( €36600| 81572G| 381-97099 | 9
52 [9-3009036] 131635| 837627 | 207654| 844954 [50-548506 | 420-71757
53| 315450] 168089 894045[ 3C5537 |27-056557 (51-303157 | 491-10€00
54| 572355| 204780 | 950710| 4B4471| 271486 [52:080(73| 57205721
55 | 830663 241712{14:007856| 564173| 489855| 882100 | €87-54887
56 104000384 278R85| O0€A459| 6C5562| 711740 [53TORKST | 85945030
57| 851731 316304| 123636| 767754| 937233 [54-561300 [1145-0153
58 | 614116] 853070| 182002| 8710CS 28166422 |55+441517 [1718-8732
50 | 878149 391885 ( 241134| 975523| 399307 |5€-350590 [3437-746T
60 [0.5143645]  430052| 300666 [19-081137| 636253 [57-2809C2| lnfinite.
7| e° 50 40 3° 20 1°
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116 COMPARISON OF FRENCH AND ENGLISH BAROMETERS.

. . F - PR - I Py - T B a - |
~f 88 lad 5028 28 |28 2528 E5 )28 23
25| 9% (|55 28 |55 %8 |25 3¢ 25 BE |25 5%
Ad &8 |24 8523|884 (Fg &8 |F4| &5 |=E| 54
50119725 | 551 21-693 '( 601 | 23662 | 651 | 25630 [ 701 | 27-309 | 751 [29-567
5021 7ot 652| -733if 602 | 701 | €52| 670l 702| -€38| 752 | -co6
603| 803 [ 558| «772: 603 | 741, 653 709| 703| 677 ( 753 | -646
504| 843 654 -811l| 604 | -780 | 654| 748\ T04| -TIT|i TH4 | 685
505| 882 |555| -851ll 605 | 819|655 788 705| 756 735 | 725
506 ~921| 556| 890 06 | -850 | 636 -827|706| -795[ 756 | 7ot
507 |20-961 ! 557 -930|| 607 | 898 || 657| 867 (| T07| -835| 757 | 803
508 | 20-000 ;| 558 21-969|| 608 | -937 || 658 -908 || 708( -874|l 758 | 843
500| -040!| 559|22:000|| 609 |28-077 | 650| -045| 709| -v14| 750 | -gs2
610 -079 | 660| -048|f 610 | 24016 66025985 710| -953| 760 | -p21
511 -118(| 61| -087|f 611 | -056!| €6126.024 || 71121902 | 761 |20-061
512/ 158 || 562| -126|| 612 | -0v5| 662| -063 || 712|28-032| 762 !80-000
513| 107 || 563| -106|f 613 | -134|l 663} -103 1| 713| -071) 763 | -040
514| 236|| 564| -205| 614 | 174 664| -142|| 714| -110{ To4 | -0790
515] -276|( 565| -244(( 615 2131 665| -181| 715| -150( 765 | -118
516| -315 | 666| -284| 616 | -2521 666| -221)| 716| -189| 766 | -158
517/ 354 | 67| -323|( 617 | -292| ee7| -260( 717| -220( 767 | 107
518| 3041l 568| -363| 618 | -331|l 668| -300 | 718| -268( 768 | -236
519, 433 || 569| -402|| 619 | -371|f 669| -339) 719| 307 769 | -276
520] 473(| 570 -441| 620 | -410(( 670 -878| 720( 347 ( 770 [ -315
saal 12 61| -as1|| ez | -aaol era| aas| 7| -ssef vri| -ass
522 651|673 520 489 || 672 457 || 722| 4250 772 | -394
523| 601 573| -659( 623 | -628| 673| -496|| 723| d65| 773 | -433
524 -630 | 674| -509| 624 | 667l 674| -536(| 724| -504(l 774 | 473
525! -670| 575| -638|l 625 | -607|l 675| -575 725| 643 775 | 512
526( 700 |( 576| -678| 626 | -646| 676] -615| 726| 583 776 | 551
521 748 677 -717| 627 | -e85|f 677| -654| 727| -622| 777 | 591
528( 88|l 578 56| 628 | 725 678| -603(| 728| 662, 778 | -630
520| -827| 579 -706| 629 | -764| 679 733]| 720| -701{ 779 | 670
530 867| 580 -835| 630 | -804l @80| -772,|730| 740 780 | 709
531| -906| 581| -875| 631 | -843|f 6s1( -811| 781| 780 781 | 748
532| -o45| 582 -9o14| 632 -8s2|l es2| -851)| 732| 819y 782 | 788
533(20985 || 583( -953|' 633 | -922|l 683| 890 || 733 | -868| 783 | -827
534| 21024 || 584 634 | -961 | 684| -930l 734| -80Sl 7 866
535| -063 || 585|23:032|' 635 |25:000 || 68526960 || 735 | 037 |' 786 | -008
536( -103| 586/ -071| 638 | -0401 68627-008 || 736 28977 || 786 | 045
537| 142 587 -111| 637 | -079| 687| -048 || 737 | 20-018 || 787 |30-984
538| 181 588| -150| 638 | 118 88| 087 || 738| 055 788 |31-02
530| -2211 589 -189| 639 [ -158! 689| -1261739| -095 ) 780 | -063
610 -266| 500| -220| 640 | 197l 690| -166|) 740 -134| 790 | -103
541| 300 591 -268| 641 | -237|l €01| -205|| 741| <173 |PROP'LPARTS,
542| -339| 502| -308| 642 | 276 692| -245|| 742| -213|| 01 |0-0039
543| 378 503| 347 643 | 315 603| 2841 743| -252| -2 | 0979
b44| -417| 504| -386| 644 | -355| 694| -323[| 744| -202/| -3 | -0118
55| -457| 595| -426! 645 | -394, 695| 3631 T45| -331| -4 | 0147
5481 -496| 598| -465| 646 | 433 696| -402!) 746 -870|l -5 | -0197
547 -536| 507 -504, 647 | -473i €97| -441i|747| -410|| -6 | 0258
648| 575! 98| 544! 648 | -512)| 608| -4S1|748| -abofl 7 | 0276
519| -614| 509| -583 649 | 552 | 69| 520 749| -488|| -8 | -0315
650 | 654! 600| -622 650 | -501 | 700/ 569 1750! -528| -0 ! -0354

1 Metre == 393707 English inches == 443:206  Paris lines.

1 English foot == 0-304794 metre

== 135114 Paris lines.

1French foot == 10658 English foet == 032484 metre,



TABLE OF CHORDS TO A RADIUS OF UNITY.

117

D. M. [Chords( D. M. [Chords)| D. M. |Chords) D. M. [Chords.
18 | -3120 |21 | -4669 | 36 | -6180
10 | 3157 10 | -a697 10 | -6208
20 | 3186 20 | 4725 20 | +6236
30 | -3215 30 | 4754 30 | 6263
40 [ 3244 40 | 4782 40°| -6291
50 | 8212 50 | -4810 50 | -6318
19 |-3301 |28 | -4838 |87 | -6346
10 | -3330 10 | -4867 10 | -6374
20 | -3358 20 | +4895 20 | -6401
30 | -3387 30 | -4923 30 | 6420
40 | 3116 40 | -4951 40 | -6456
50 [ 3444 50 | 4979 50 | ‘6484
20 |-3413 20 | -5008 388 | -6611
10 | -3502 10 | +5036 10 | 6539
20 | 3530 20 | +5064 20 | 6566
30 | *3559 20 | 5002 30 | 6694
40 | -3587 40 | 5120 40 | -8621
50 | -3616 50 | 5148 50 | 6649
21 |-3645 {30 |-5176 |39 | -6676
10 | -3673 10 | -5204 10 | -6703
20 | -3702 20 | -5233 20 | 6751
30 | -3730 30 | 5261 80 | 6768
40 | -3759 40 | 5280 40 | -6788
50 | -3788 50 | -5317 -6813
22 |-3816 |81 | 5345 40 | -6840
10 | -3845 10 | 5373 10 | -6866
20 | -3873 20 | -5401 20 | 6895
80 | -3902 80 | 5120 80 | -6922
40 | 3030 40 | 5157 40 | 6950
50 | -3059 50 | -5485 50 | 6977
23 |-g087 [82 |-s513 fa1 | 7004
10 | -4018 10 | 5541 10 | -7031
20 | -4044 20 | -5569 20 | 7059
80 | 4073 80 | 5597 30 | 7086
40 | 4101 40 | -5625 40 | 7113
50 | -4130 50 | 5652 50 | 7140
21 |-4158 |38 | -ses0 42 | 7167
10 | -4187 10 | +5708 10 | 7104
20 | -4215 20 | -5736 20 | 7222
80 | 4241 30 | 5764 30 | 7249
40 | 422 40 | 5792 40 | 7276
50 | 4300 50 | -5820 50 | 7303
25 |-4320 |84 | -s847 [ 43 | 7330

10 | -4357 10 | -5875 10 | 7357 ¢
20 | -4388 20 | 5903 20 | 7384
30 | 4114 30 | 5931 30 | 7411

40 | -4442 40 | 3959 40 | 7438 ¢
50 | 4471 60 | -5986 50 | 7485
26 | -4199 '35 | -so14 |44 | 7492
10 | -1527 10 | -6042 10 | *7519
20 | -4557 20 | -6070 20 | 7546
80 | 4584 30 | 6097 30 | 7578
40 | -4612 40 | 6125 | - 40 | -7600
50 | -4641 50 | 6163 50 | 7627
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TABLE OF CIIORDS TO A RADIUS OF UNITY.
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D. M. |Chords{| D. M. [Chords D. M. (Chords| D. M. :Chords| D. M. 'Chords.
4 7654 || 64 9080 63 (10450 || 72 | 11756 | 81 | 12059
10 | *76S1 10 | -9106 10 | 1:0475 10 (11779 10 | 1-5011
20 | 7707 20| 9132 f 2010500 2011808 | 20 |1-3033
80 | 7734 80 | 9157 8u | 1-0524 30 | 1-1826 30 | 1-3055
40 | 7761 40 | -9183 40 | 1054y 40 | 11850 40 | 1-3077
50 | -7788 50 | 9209 60 | 10574 | 50 (11873 § 50 | 13009
46 1815 f 56 9235 h 64 [10508 f 78 | 11896 f 82 [1:3121
10 | 7841 10 | 9261 10 (10623 ) 10 |11920] 10 | 13148
20 | 7868 2 | 9287 20 | 1:0648 20 | 11043 | 20 |1-5165
30 | 7835 30 | -9312 30 | 1-0672 80 | 11966 30 | 1-3187
40 | 7922 40 | -9338 40 | 1-0697 40 | 11990 40 | 1-3209

60 | 7948 60| -9361 60 10721 50 {12013 | 60 |1-3231
41 7975 || 56 9380 [| 65 |1:0746 # 74 [1-2036 [ 83  |13262
10 | -8002 10| 945§ 1010771 10 | 12060 | 10 {13274
20 | -8028 20 | -9441 20 | 1-:0795 20 | 1-2083 20 |1-3296
30 | ‘8055 30 | -9466 80 | 1-0819 80 | 1-2106 30 | 1-3318
40 | 8082 40| -9492 1 4010844 | 40 |1-2120) 40 |1-3339
60 | 8108 60 | ‘0518 60 | 10868 60 | 12162 | 60 |1-3361
48 8135 | 57 9543 168 110803075 {12175 |84 |13383
10 | -8161 10 | -9569 10 | 1-0017 10 | 12198 10 | 1-3404
20 | -8188 20 | -9594 20 | 10942 20 | 12221 20 | 1-3426
80 | 8211 80| 9620 3010966 30 |12204§ 30 13447
40 | -8241 40| 9845 | 40 |1-0090 | 40 | 12267 40 | 1-34€9
50 | -8267 50 | -p6T1 60 | 11014 | 50 12200 50 |1-3490
49 8204 f 58 9096 || 67 |17030 176 {12313 [ 85 |13512
10 | -8320 10| 9722 10 |11063§ 10 | 12336 10 | 13533
20 | 8347 20 | 0747 20 | 1-1087 20 [ 1-2359 20 {1:33%5
80 | -8373 30 | 0772 30 | 11111 30 | 12382 30 |1-3576
40 | -8400 40 | 9798 40 | 1°1136 40 | 1-2405 40 | 13567
50 | -8426 60| 9823 | 50 [11160( 50 |1-2428 50 |1-3619
50 ‘8452 { 59 9848 68 |11184 177 |12450 [ 86  |1-3640
10 | -8479 10 | -9874 10 | 11208 10 | 1243 10 | 1-3€61

20 | -8505 20 | -9899 20 | 11232 20 | 12496 20 | 1-3¢82
80 | -8531 80 | 6924 30 | 11256 30 | 12518 30 | 1:3704
40 | -8558 40| 9950 | 40 | 11280 | 4o | 12541 40 [ 1-3725
50 | -8584 60| -9075] 60 |11304 || 50 | 1-2564 50 [1:3746
51 8610 {60 (10000 | 69 {11328 78 |1.2586 87 |1-aver
10 | -8636 10 | 1-0025 10 | 1-1352 10 | 1-2609 10 | 1:3788
20 | 8663 20 10050 | 20 | 1-1376 20 | 1-2632 20 | 1-3809
30 | -8689 30 |1-0075 20 (11400 80 |1265¢| 80 [13830
40 | -8715 40 | 1-0101 40 | 11424 40 | 12677 40 | 13851
50 | 8741 60 (10126 § 50 | 11448 60 | 12609 | 50 |1:3872
62 [-8767 f61 1015170 (11472079 (1252288 |1-3%08
10 | -8794 10 | 1-0176 10 | 11405 10 | 1-2744 10 | 1-3914
20 | -8820 20 |1°0201 20 | 1-1519 20 | 1-2766 20 | 13935
30 | -8846 80 |1:0226 30 | 11543 30 | 1-2789 30 | 1:3950

40 | -8872 40 | 10251 40 | 11567 40 | 1-2811 40 [ 1-3977
60 | -8398 50 |1-0276 650 | 11590 60 | 1-2833 | 50 | 1-3997
53 8924 {62 (1030171 [11614 80 12856 (89 |1-4018
10 | -8950 10 |1-0326 10 | 11638 10 | 1-2878 10 | 1-4039
20 | 8976 20 |1-0351 20 | 1-1661 20 | 1-2¢ 20 | 14060

30 | -9002 30 | 1-0375 30 | 1-1685 30 | 1-2022 30 | 1-4080
40 | ‘9028 40 | 1:0400 40 | 1-1709 40 | 1-2945 40 | 1-4101
50 | 9054 50 |1-0425 50 (11732 50 |1-2067 | . 60 | 14122
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*+* Any Yook in this Catalogue sent yree by mail on
receipt af price.

VALUABLE
SCIENTIFIC BOOKS,

PUBLISHED BY
D. VAN NOSTRAND,

23 MURRAY STRERT AND 27 WARREN STREET,

NEW YORK.

FRANCIS. Lowell Hydraulic Experiments, beirg a
selection from Experiments on Hydraulic Motors, on
the Flow of Water over Weirs, in Upen Canals of
Uniforin Rectangular Section, and through submerg-
ed Orifices and (ﬁverging ‘I'ubes. Made at Lowell,
Massachusetts. By James B. Francis, C. E. 2d
edition, revised and enlarged, with many new experi-
ments, and illustrated wiﬁx twenty-three copperplate

engravings. 1 vol. 4to, cloth............. Ceeeeeens 15 0o
ROEBLING (J. A.) Long and Short Span Railway

Bridges. By John A. ﬁoebling, C. E. Illustrated

with large copperplate engravings of plans and views.

Imperial foiio, clothes .. «eoeveeanns reataiaees 25 00
CLARKE (T. C.) Description of the Iron R:\ilway

Bridge over the Mississippi River, at Quincy, Illi-

nois. . Thomas Curtis Clarke, Chiet Engineer.
Illustrated with 21 lithographed plans. 1 vol. 4to,
cloth...... T -

TUNNER (P.) A Treatise on Roll-Turning for the
Manufacture of Iron. By Peter Tunner. ‘I'rans-
¢ lated and adapted by John B. Pearse, of the Penn-




D. VAN NOSTRAND'S PUBLICATIONS.

ylvania Steel Works, with numerous engravings
wood cuts and folio atlas of plates.. ... ccooveeeen $
ISHERWOOD (B. F.) Engineering Precedents for
Steam Machinery. Arranged in the most practical
and useful manner for Engineers. By B. ¥. Isher-
wood, Civil Engineer, U. S. Navy. {Vilh 1llustra-
tions. I'wo volumes in one. 8vo, cloth...........

BAUERMAN. Treatise on the Metallurgy of Iron,
containing outiines of the History of Iron Manufac-
ture, methods of Assay, and_analysis of Iron Ores,
processes of manufacture of Iron and Steel, etc , etc.
By H. Bauerman. First American edition. Revised
and enlarged, with an Appendix on the Martin Pro-
cess for making Steel, from the report of Abram S.
Hewitt. Illustrated with numerous wood engravings.

12mo, cloth....... ceceaseces eeeeae  sessaeaens
CAMPIN on the Construction of Iron Roofs. By
Francis Campin. 8vo, with plates, <loth........ een

COLLINS. The Private Book of Useful Alloys and
M da for Goldsmiths, Jewelleis, &c. By
James E. Collins. 18mo, cloth..... teeeeieitassane

CIPHER AND SECRET LETTER AND TELE-
GRAPHIC CODE, with Hogg's Improvements.
‘I'he most pericct secret code ever invented or dis-

covered. lmpossible to read without the key. By .

C. S. Larrabee. 18mo, cloth.  .......... ceanesse
COLBURN. The Gas Works of London. By Zerah
Colburn, C. E. 1 vol 12mo, boards.cssesseacens .

CRAIG (B. F.) Weights and Measures. An account
of the Decimal System, with Tables of Conversion
for Commercial and Scientific Uses. By B. F. Craig,
M.D. 1 vol. square 32mo, limp cloth.ooe oooeenes .

NUGENT. Treatise on Optics; of, Light and Sight,
theoretically and practically treated; with the appli-
cation to Fine Art and Industrial Pursuits. By E.
Nngent. With one hundred and three illustrations.
1z no, cloth......... cesenen [ .

GLYNN (J.) Treatise on the Power of Water, as ap-
plied to drive Flour Mills, and to give motion to
"I'urbines and other Hydrostatic Engines. By Joseph

2

10 OG

2 o0

3 00

75

50

2 00




D. VAN NOSTRAND'S PUBLICATIONS.

" Glynn. Third edition, revised and enlarged, with s

numerous illustrations. 12mo, cloth. ..........

HUMBER. A Handy Book for the Calculation of
Strains in Girders and similar Structures, and their
Strength, consisting of Formule and corresponding
Dxagrama, with numerous details for practical appli-
cation. By William Humber. 12mo, fully illus-
Jtrated, cloth........ ...l cetareneneeiianes

GRUNER. The Manufacture of Steel. By M. L.
Gruner. Translated from the French, by Lenox
Smith, with an appendix on the Bessamer process in
the United States, by the translator. Illustrated by
Lithographed drawings and wood cuts. 8vo, cloth..

AUCHINCLOSS. Link and Valve Motions Simplified.
Illustrated with 37 wood-cuts, and 21 lithographic

plates, together with a Travel Scale, and numerous

useful T'ables. By W. S. Auchincloss. 8vo, cloth..

VAN BUKEN. Investigations of Formulas, for the
strcngth of the Iron parts of Steam Machinery. By

. Van Buren, Jr., C. E. Illustrated, 8vo, cloth.
JOY\TSON Designing and Construction of Machine
Gearing. Illustrated, 8vo, cloth......... PPN

GILLMORE. Coignet Beton and other Aruﬁcxal Stone.
By Q. A Gillmore, liajor U. S. Corps Engineers.
9 plates, views, &c. 8vo, cloth..ccceiivecoacenees
“AEL’I ZER. Treattse on Acou.mes in connecnon with
Ventilation. By Al
12mo, clolh......................................
THE EARTH’S CRUST. A handy Outline of Geo-
logy. By David Page. Illustrated, 18mo, cloth....
DICTIONARY of Manufactures, Mining, Machinery,
and the Industrial Arls By George Dodd. 12mo,
cloth...eeveniieeaninnn, ereereiieee i,
FRANCIS On the Stren h of (,ast-lmn Pillars, with
Tables for the use of Engineers, Architects, and
Builders. By James B. Francis, Civil Engmeer
1 vol. 8vo, cloth..v.veeveennns O

3
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GILLMORE (Gen. Q. A.) Treatise on Limes, Hy-
dr: ulic Cements, and Mortars. _Papers on Practical
Engineering, U. S. Engineer Department, No. o,
containing ieports of numerous, Experiments con-
ducted in New York City, during lhe years 1858 to
1861, mcluswe By Q. A. Gillmore, Bvt. Maj -Gen.,

, Major, Corps of Eugineers. With num-
erous |l]uetranons 1 vol, 8vo, cloth

HARRISON. The Mechanic’s Tool Book, with Prac-
tical Rules and Suggestions for Use of Machinists,
Iron Workers, and others. By W. B. Hamson,
associate editor of the ‘ American Artisan.” Illus-
trated with 44 engravings. 12mo, cloth............

HENRICI (Olaus). Skeleton Structures, especially in
their application to the Building of Steel and Iron
Bridges. By Olaus Henrici. ith folding plates
and diagrams. 1 vol. 8vo, cloth.................. .

HEWSON (Wm.) Principles and Practice of Embank
ing Lands from River Floods, as applied to the Le-

N vees of the Mississippi. By William Hewson, Civil
Engineer. 1 vol. 8vo, clotheueuiveieriiireineinnns

HOLLEY (A. L) Railway Practice. Amencan and
European Railway Practice, in the economical Gen-
eration of Steam, including the Materials and Con-
struction of Coal-burning Boilers, Combustion, the
Variable Blast, Vaporization, Circulation, Superheat-
ing, Supplying and Heating Feed-water, etc., and
the Adaptation of Wood and (,oke-bummg Engmes
to (,oal gurmng, and in Per “ay,

Roa pers, Rails, Joi Street
Rallwa)s, etc, etc. By A]exander L. Holley, B. P.
With 77 lithographed plates. 1 vol. folio, cloth. .

KING (W. H.) Lessous and Practical Notes on Steam,
the Steam Engine, Propellers, etc., etc., for Young
Marine Engmeers, Students and others. By the
late W. H. & Navy Revised by Chief
Engineer J. W in U S. Navy. Twelfth edition,
enlarged. 8vo, cloth. ........c.oon Lol .

MINIFIE (Wm.) Mechanical Drawmg A Texl-Book
of Geometrical Drawing for the use of Mechanics

4

150

3 00
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2 00
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ané 3chool., in which the Definitions and Rules ot
Geometry are familiarly explained; the Practical
Problems are arranged, from the most simple to the
more complex, aud in their description technicalities
are avoided as much as possible. ~With illustrations
for Drawing Plans, Sections, and Elevatious of Rail-
ways and Machinery ; an Intreduction to [sometrical
Drawing, and an Essay on Linear Perspective and
Shadows. Illustrated with over 200 diagrams en-
graved on steel. By Wm. Minifie, Architect. Sev-
enth edition. With an Appendix on the I'heory and
Application of Colors. 1 vol. 8vo, cloth......... .. $4 00
“It is the best work on Drawing that we have ever seen, and is
especially a text-book of Geometrical Drawing for the use o Mechanics
and Schools. No young Mechanic, such as a Machini Eagi , Cabi-
net-maker, Millwright, or Carpenter, should be without it."'—Scientific
American. .
Geométrical Drawing. Abridged from the octavo
edition, for the use of Schools, - Illustrated with 48
steel plates. Fifth edition. 1 vol. 12mo, cloth.... 2z oc

STILLMAN (Paul.) Steam Engine Indicator, and the
Improved Manometer Steam and Vacuum Gauges—
their Utility and Application. By Paul Stillman.
New edition. 1 vol. 12mo, flexible cloth........... 1 0¢

SWEET (S. H.) Special Report on Coal ; showing its
Distribution, Classification, and cost delivered over
different routes to various points in the State of New
York, and the principal cities on the Atlantic Coast.

By S. H. Sweet. With maps, 1 vol. 8vo, cloth..... 3 oo

WALKER (W. H.) Screw Propulsion. Notes on
Screw Propulsion : its Rise and History. By Capt.

W. H. Walker, U. S. Navy. 1 vol. 8vo, cloth..... 75

WARD (J. H.) Steam for the Milliecn. A popular
Treatise on Steam and its Application to the Useful
Arts, especially to Navigation. By J. H. Ward,
Commander U. S. Navy. New and revised edition.
1vol. 8vo, cloth. . cuviiueiie i i, 1 00

WEISBACH (Julius). Principles of the Mechanics of
Machinery and Engineering. By Dr. Julius Weis-
bach, of Freiburg. Translated from thelast German
edition.  Vol. I., 8vo, cloth.. «..cc..viiivessess 10 00
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DIEDRICH. The Theory of Strains. a Compendium
for the calculation and construction of Bridges, lioots,
and Cranes, with the application of ‘I'rigonometrical
Notes, containing the most comprehensive informa-
tion in regard to the Resulting straius for a perman-
ent Load, as also for a combined (Permanent and
Rolling) l.oad In two sections, adadted to the re-

uirements of the present time. Ry John Diedrich,
» E. Illustrated by numerous plates and diagrams.

8v0, cloth.ceseccececeosievsnnssscrecsrcssennsees

WILLIAMSON (R.S.) Onthe useof the Barometer on
Surveys and Reconnoissances. Part 1. Meteorology
in its Connection with Hypsometry. Part 11. Baro-
metric Hypsometry. By R. S. Wiliamson, Bvt.
Lieut.-Col. U. 8. A., Major Corps of Engineers.
With Illustrative ‘Tables and Engravings.  Paper
No. 15, Protessional Papers, Corps of i
1 vol. 4to, cloth....

POOK (S. M.) Method of Comparing the Lines and
Draughting Vessels Propelled by Sail or Steam.
Including a chapter on l.aying off on the Mould-
Loft Floor. By Samuel M. Pook, Naval Construc-
tor. 1 vol. 8vo, with illustrations, cloth............

ALEXANDER (f. H.) Universal Dictionary of
Weights and Measures, Ancient and Modern, re-
duced to the standards of the United States of Ame-
rica. By J. H. Alexander. New edition, enlarged.
1 vol. 8vo, cloth .............. cerraieanens [PPOTIN

BROOKLYN WATER WORKS. Containing a De-

* scriptive Account of the Construction of the Works,
and also Keports on_the Brooklyn, Hartford, Belle-
ville and Cambridge Pumping Engines. With illustra-
tions. 1 vol. folio, cloth.eeuvuivuiiiieennranaa, .

RICHARDS’ INDICATOR. A Treatise on the Rich-
ards Steam Etﬁine Tndicator, with an Appendix by
F. W. Bacon, M. E. 18mo, flexible, cloth..........

6
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5 00
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POPE Modern Practice of the Electric Telegraph. A
Hand Book for Electriciansand operators. By Frank
}. Pope Eighth edition, revised and enlarged, and
ully illlustrated. 8vo, cloth..cceiveeecniiiieeees. $2.00
* There is no other work of this kind in the English language that con-
tains in 80 small » compassa 80 much practical jaformation in the appli-
cation of galvanic electricity to telegraphy. It should be in the hands of
everyone interested in telegraphy, or she use «f Batteries for other pur-
poses.’

MORSE. FExamination of the Telegraphic Apparatus
and the P'rocesses in Telegraphy. By Samuel F.
Morse, 1.L.D.. U. S. Commissioner Paris Universal
Exposition, 1867. Illustrated, 8vo, cloth.......... $2 oo

SABINE. . History and Progress of the Flectric Tele-
graph, with descriptions of some of the apparatus.
By Robert Sabine, C. K Second edition, with ad-
ditions, 12mo, cloth...... .. ......c.iiiieeiieeees 125

CULLEY. A Hand-Book of Practical Telegraphy. By
R. S. Culley, Engineer to the Electric and Interna-
tional I'elegraph Company. Fourth edition, revised
and enlarged. [llustrated 8vo, cloth.....c........ 5 00

BENET. Electro-Balhstic Machines, and the Schultz
Chronoscope. By Lieut.-Col. 5. V Benet, (‘aptain
of Ordnance, U. S. Army. [llustrated second edi-
tion, 410, cloth...oouiiloaiiiainenie eeiees 300
MICHAELIS. The l.e Itoulenge Chronograph, with
three Lithograph toldingMpIates of illustrations. By
Brevet Captain O. E. haelis, First Li
Ordnance Corps, U. S Army, g4to,cloth.......... 300
ENGINEERING FACTS AND FIGURES An
annual Register of l’roﬁress in Mechanical Engineer-
ing and Construction for the years 1863, 64, 63, 66,
67, 68. Fully illu«trated, 6 vols. 18mo, cloth, $2.50
per vol., each volume sold separately..............
HAMILTON. Useful Information for Railway Men.
Compiled by W. G- Hamilton, Engineer. Fifth edi-
tion, revised and enlarged, s62 pages Pocket form.
Morocco, gilt. . .eovrsececsccessnivensescasancecss 2 00
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\
STUART. The Civil and Military Engineers of Amer-
ica. By Gen. C. B. Stuart. With g finely executed
portraits of eminen: engineers. and illustrated by
engravings of some of “he most important works con-
structed In Ameriza. 8vo, cloth......co.ciiaiii..

ETONEY. The Theory of Strains in Girders and simi-
lar structizres, with o{wervations on the application of
‘T'neory to P’xactice, and Tables of Strength and other
g}openies of Materials. By Bindon B. Stoney. B. A.

ew and revised edition, enlarged, with numerous
engravings on wood, by Oldham. Royal 8vo, 664
pages. Complete in one volume. 8vo, cloth, ...

SHREVE. A Treatise on the Strength of Bridges and
Roofs. Comprising the determination of Algebraic
formulas for strainsin Horizontal, Inclined or Rafter,
‘Triangular, Bowstring, Lenticular and other Trusses,
from fixed an¢ .noving loads. with practical applica-
tions and examples, for the use of Students and Engi-
neers By Samuel H. Shreve, A. M., Civil Engineer.
87 wood cut illustrations. 8vo, cloth...............

MERRILL. Iron Truss Bridges for Railroads. The
method of calculating strains in T'russes, with a care-
ful comparison of the most prominent Trusses, in
reference to economy in combination, etc., etc. By
Brevet. Col. William E. Merrill, U S. A., Major
Corps of Engineers, with nine lithographed plates of
1llustrations  4to, cloth....... cereniecaaas Cereees

WHIPPLE. An Elementaryand Practical Treatise on
Bridge Building. An enlarged and improved edition
of the author’s original work. By S. Whipple, C. E,
inventor of the Whipple Bridges., &c. Illustrated
8v0, Cloth.ierieiiiiiineiiiieiiiiiiirararnnennes
THE KANSAS CITY BRIDGE. With an account
of the Regimen of the Missouri River, and a descrip-
tion of the methods used for Founding in that River.
By O. Chanute, Chief Engineer, and George Morri-
son, Assistant Engineer. [Illustrated with five litho-
graphic views aud twelve plgales of plans. 4to, cloth,

$5 o0

. 13 00

5 oo
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MAC CORD A FPracucal Treatise on the Shde Valve
by Fccentrics, examining by methods the action ot the
entric upon the Slide Valve, a: d explaining the
Practical processes of laying out the movements.
adapting the valve for its various duaties in the steam
engine. For the use of KEngineers, Draughtsmen,
Machinists, and Students of Valve Motions in gene
ra. ByC W. Mac tord, A M . Professor of Me-
chanical Drawing, Stevens’ Institute of “I'echno ogy,
Hoboken, N. J._ lllustrated by 8 full page copper-
plates. 4to.cloth..... Cetesvairaneens e, $4 00
KIRKWOOD. Report on the Filtration of River
Waters, for the supply of cities, as practised in
Europe, made to the Board of Water Commissioners ,
of the City of St. Louis. By James P Kirkwood.
Illustrated by 30 doubie plate engravings. 4to, cluih, 15 00
PLATTNER. Manual of Qualitative and Quantitative
Analysis with the Blow 1 1pe. From the iast German
edition, revisedand enlarged. By Prof. "L h. Kichter.
of the Roval Saxon Mining Academy. ‘l'ranslated
by Prof H. B. Cornwall, Assistant in the Columbia
School of Mines, New York assisted by John H.
Casweil.  lllustrated with 8; wood cuts, and one
lithographic plate.  Second edition, revised, s6o
pages, 8vo, cloth..e.veeaneinn civeii, eeee . 750
PLYMPTON. The Blow Pipe. A system of Instruc-
tion in its practical use being a graduated course of
analysis for the use of students, and all those engaged
m the examination of metallic combinations Second
edition. with an_appendix and a copious index By
Prof. Geo \W. Plympton, of the Polytechnic Insti-
tute, Brooklyn, N. Y. 12mo,cloth................ 2 0o

PYNCHON. latroduction to Chemical Physics, design-
ed for the use of Academies, Colleges and High
Scheols.  1llustrated with numerous engravings,and
containing copious experiments with directions for
preparing them. By Thomas Ruggles !ynchon,
M A, Professor of Chemistry and the Natural Sci-
ences I'rinity College, Hartford New edition, re-
vised and enlarged and illustrated by 269 illustrations
onwood. Crown, 8vo. cloth.c.c...coiveiiiiias 3 00

9




D. VAN NOSTRAND'S PUBLICATIONS,

ELIOT AND STORER. A compendious Manual of
Qualitative (Chemical Analysis. By Charles W.
KEliot and Frank H. Storer. Revised with the Co-
operation of the authors. By William R. Nichols,
Professor of Chemistry in the h Insti-
tute of Technology [llustrated, 12mo, cloth.......

RAMMELSBERG. Guide to a course of Quantitative
Chemical Analysis. especially of Minera!s and Fur-
nace Products. ~ [llustrated by Fxamples By C. F.
Ramm:lsberg. Translated by J. ‘lowler, M. D.
8vo, Cloth. ceiieierieriiorenieniiiiiiiiiine ciaann

EGLESTON. Lectures on Descriptive Mineralogy, de-
livered at the School of Mines. Columbia College.
By i'rofessor T. Egleston. lllustrated by 34 Litho-
graphic Plates. 8vo, cloth..eeoeneeaaiiiioiiiai,
MITCHELL. A Manual of Practical Assaying. By
John Mitchell. Third edition. Kdited by William
Crookes, F. R. S. 8vo, cloth... ............. P
WATT'S Dictionary of Chemistry ~ New and Revised
edition complete in 6 vols 8vo cloth, $6200 Sup-
p'ementary volume sold separately. I'rice, cloth...

RANDALL. Quartz Operators Hand-Book. By I, M.
Randall. New edition, revised and enlarged, fully
illustrated. 12mo, cloth  ....ccaeiiilliilLll .

SILVERSMITH. A Practical Hand-Book for Miners,
Metallurgists, and Assayers, comprising the most re-
cent imp in the di gration |
tion, smelting, and parting of the . recious ores, with
a compreheusive Digest of the Mining Laws - Greatly
augmented, revised and corrected. Hy Julius Silver-
smith Fourth edition. Profusely illustrated. 1amo,

1

THE USEFUL METALS AND THEIR ALLOYS,
includi» g Mining Ventilation, Mining Jurisprudence,
and Metallurgic Chemistry employed “in the conver-
sion of Iron, Copper, Tin, Zinc, Antimony and |.ead
ores, with their applications to the Industrial Arts.
B{l Scoffren, Truan, Clay. Oxland, Fairbairn, and
others.  Fifth edition, halfcalf.......c..cconuennes

10
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JOYNSON. The Metals used m construction, lion,
Steel, Bessemer Metal, etc., etc. By F. H. Joynsore
Illustrated, 1amo, cloth. ....civiveeienanianns

VON COI'TA, ‘lreatise on Ore Deposits. By Bern-
hard Von Cotta, Professor of Geology in the Royal
Schoot of Mines, Freidberg, Saxony. Translated
from the second German edition, by Frederick
Prime, Jr., Mining Engineer, and revised by the au-
thor, with numerous illustrations. 8vo, cloth.......

URE. Dictionary of Arts, Manufactures and Mines By
Andrew Ure, M\.D Sixth edition, edited by Robert
Hunt, F. R, 3, greatly enlarged and re-written.
London, 18720 3 vols 8vo, cloth, $25.00. Half
Russia....ooeninnnn.nnn

BELL. Chemical Phenomena of Iron Smelting. An
experimental and practical examination ot the cir-
cumstances which determine the capacity of the Blast
Furnace, The ‘l'emperature of the air, and the
proper condition of the Materials to be operated
upon. By 1. Lowthian Bell. 8vo, cloth.c...eeen..

ROGERS. The Geology of Pennsylvania. A Govern-
ment survey, with a general view of the Geology of
the United States, Essays on the Coal Formation and
its Fossils, aid a description of the Coal FKields of
North America and Great Britain. By Henry Dar-
win Rogers, late State Geologist of Pcnnsvivania,
Splendidly illustrated with Plates and r.ngravings in
the text. 3 vols, 4to, cloth with Fortfolio of Maps.

BURGH. Modern Marine Engineering, applied to
Paddie and Screw Propulsion. Consisting of 36
zolored plates, 259 Practical Wood t ut lHllustrations,
and 403 pages o1 descriptive matter, the whole being
an exposition of the present practice of James
Watt & Co.. J] & G. Rennie, R. Napier & Sons,
and other celebrated firms, by N. P. Burgh. Engi-
neer, thick 4to, vol., cloth, $25.00; half mor.. .....

BARTOL. Treatise on the Marine Hoilers of the United
States. By B. H Bartol. Illustrated, 8vo, cloth...
11

$o 75
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BOURNE. Treatise on the Steam Engine in its various
applications to Mines, Mills, Steam Navigation,
Railways, and Agriculture, with the theoretical in-
vestigations respecting the Motive Power of Heat,
and the proper proportions of steam engines. Elabo-
rate tables of the r.ght dimensions of every part, and
Practical lustructions for the manufacturs and man-
agement of every species of Engine in actual use.
By Juhn Bourne, being the ninth edition of “ A
Treatise on the Steam Engine,” by the ‘“ Artizan
Club.” lllustrated by 38 plates and 546 wood cuts.

4to. cloth..ceeiaeenas teteetesiisseses sesess -1 00

STUART. The Naval Dry Docks of the United
Sjates. By Charles B. Stuart late Engineer-in-Chief
of the U.’S. Navy. Illustrated with 24 engravings

on steel. Fourth edition, cloth........... PP
EADS. System of Naval Defences. B l!‘ames B.
Eads, C. E., with 10 illustrations, 4to, cloth....... .

FOSTER. Submarine Blasting in Boston ‘Harbor,
Massachusetts. Removal of Tower and Corwin
Rocks. By J. G. Foster, Lieut.-Col. of Engineers,
U. S. Army. lllustrated with seven plates, 4to,

1 1 T ceen

BARNES Submarine Warfare, offensive and defensive,
including a discussion of the offensive Torpedo Sys-
tem, its effects upon Iron Clad Ship Systems and in-
fluence upon future maval wars. By Lieut.-Com-
mander J. S. Barnes, U. S. N,, wit¥\ twenty litho-
graphic plates and many wood cuts.  8vo, cloth... .

HOLLEKY. A Treatise on Ordnance and Armor, em-
bracing descriptions, di ions, al rofessional
opinions concerning the materials, Yabrication, re-
quirements, capabilities, and endurance ot European
and American Guns, for Naval, Sea Coast, and Iron
Clad Warfare, and their Rifling, Projectiles, and
Preech-L.oading ; also, results of experiments against
armor, from official records, with an appendix refer-
ring to Gun Cotton, Hooped Guns, etc, etc By
Alexander L. Holley, B. P., 948 pages, 493 eugrav-
ings, and 147 Tables of Results, etc, 8vo, halt roan.

12
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SIMMS. A Treatise on the Principles and Practice of
Levelling, showing its application to purposes of
Railway ngineeringv nd the Construstion of Roads,
&c. By Frederick W. Simms, C. E.  From the sth
London edition, revised and corrected, with the addi-
tion of Mr. Laws’s Practical Examples for setting
out Railway Curves. Illustrated withthree Litho-

graphic plates and numerous wood cuts.  8vo, cloth. $2 so

BURT. Key to the Solar Compass, and Surveyor’s
Companion ; comprising all the rules necessary for
use in the field; also description of the Linear Sur-
veys and Public Land System of the United States,
Notes on the Barometer. suggestions for an outfit for
a survey of four months, etc By W. A. Kurt, U. S.
Deputy Surveyor. Secopd edition. Pocket book
form, tUCK. ceoeconsenssoacencresossncannonn

THE PLANE TABLE. Its uses in Topographical

Surveying, from the Papers of the U. 8. Coast Sur-
vey. Illustrated, 8vo, cloth...c.coiueiiieiiiiianea.

2 5

¢ This worK gives a description of the Plane Table, employed at the
.0

TU. 8. Coast turvey office, and the manne: of using it.

JEFFER’S. Nautical Surveying. By W. N. Jeffers,
Captain U. 8. Navy. lllustrated with 9 copperplates
and 3t wood cut iMustrations. 8vo, cloth.......... .

CHAUVENET. New methodof correcting Lunar Dis-
tances, and improved method of Finding the error
and rate of a chronometer, 13' equal altitudes. By
W. Chauvenet, LL D. 8vo, cloth................0

BRUNNOW. Spherical Astronomy. By F. Brunnow,
Ph. Dr. ‘Translated by the author from the second
German edition. 8vo, cloth....ovavaaa...... cieee

PEIRCE. System of Analytic Mechanics. By Ben-
jamin Peirce. 4to, cloth.veeeeviiiiaiiiiiianiaa.,

COFFIN. Navigation and Nautical Astronomy. Pre-
Bared for the use of the U. 8. Naval Academy. By

rof. J. H. C. Coffin. Fifth edition. 52 wood cut illus-
trations. 12mo, cloth ceviviiivenetinrnernnernenas
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CLARK. Th ical Navigati ical Astron-
oqx‘r By Lieut Lewis Clark, U S N. lllustrated
41

wood cuts, 8vo, cloth.ecvcvvecineenrncns. §

HASKINS. The Galvanometer and its Uses. A Man-
ual for Electricians and Students. By C. H. Has-
kins. 12mo, pocket form, morocco. (In press)...

GOUGE. New System of Ventilation, which has been
thoroughl J' tested, nnder the patronage of many dis-
tinguished persons. By Henry A. Gouge. ith
many illustrations. 8vo. clothieeen ceeneiiiicoenses

BECKWITH. Observations on the Materials and
Manufacture of Terra-Cotta, Stone Ware, Fire Brick,
Porcelain and Encaustic Tiles, with remarks on the

roducts exhibited at the London International Exhi-
gition, 1871. By Arthur Beckwith, C. E. 8vo,
Paper........

MORFIT. A Practical Treatise on Pure Fertilizers, and
. .the chemical conversipn of Rock Guano, Marlstones,
Coprolites. and the Crude Phosphates of Lime and
Alumina gener.\Il mto various valuable products.
By Campbell M M.D., with 28 illustrative plates,

8vo, cloth......................... “er eestessns

BARNARD. Tne Metric System of Weights and
Measures, An address dehvered before the convoca-
tion of the University of the tzte of New York, at
Albany, August, 1871. By P. Barnard, LL.D.,
Presi ent o Columbia (,ol]ege, "New York. ' Second
edition from the revised edition, printed for the Trus-
tees of Columbia College. Tinted paper, 8vo, cloth

R R R LR TR T T TS

= Report on Machinery and Processes on the In-
dustrial Arts and Apparatus of the Exact Sciences.
By F. A. P, Barnard, LL.D. Paris Universal Ex-
position, 1867. Illustrated, 8vo, cloth.s . cceeunaaee

BARLOW. Tables of Cubes, Square Roots,
Cube Roots, Reciprocals of all integer numbers up ta
30,0000 New edition, 12mo, clotheeesercccescceses
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MYER. Manual of Signals, for the use of Si officers
in the Field, and for Military and Naval Studenu&
Military Schools, etc. A new edition enlarged an
illustrated By Brig- General Albert J. Mxer, Chief
Signal Officer of the army, Colonel of the Signal
Corps during the War of the Rebellion. 1amo, 48
plates, full Roan......oooiiiiieineienn it

WILLIAMSON. Practical Tables in Meteorology and
Hypsometry, in connection with the use of the Bar-
ometer. By Col. R.S. Williamson, U. S. A. 4to,

loth..cooatnennnns tesenetenceecnssiintaitencanas

THE YOUNG MECHANIC. Containing directions
for the use of all kinds of tool;i and for the construc-
tion of Steam Engines and Mechanical Models, in-
cluding the Art of Turning in Wood and Metal. By
the author “The Lathe and its Uses,” etc. From
the E?;fli;h dition with correcti n d

Otheveessen.

12mo, B LR R L TR

PICKERT AND METCALF. The Artof Graining.
How Acquired and How Produced, with description
of colors, and their application. By Charles Pickert
and Abraham Metcalf.  Beautifully illustrated with

2 tinted plates of the various woods used in interior
nishing. Tinted paper, 4to, cloth.............. ..

HUNT. Designs for the G ys of the Southern En-
trances to the Central Park. By Richard M. Hunt.
With a description of the designs. 4to. cloth......

LAZELLE." One Law in Nature. By Capt. H. M.
Lazelle, U. S. A. A new Corpuscular Theory, com-
prehending Unity of Force, Identity of Matter, and
its Multiple Atom Constitution, applied to the Physi-
cal Affections or Modes of Energy. 12mo, cloth...

PETERS Notes on the Origin, Nature, Prevention,
and Treatment of Asiatic Cholera. By John C.
Peters, M. D. S d edition, with an Append
12m0, Clotheceeeerirereeraciriarsrisncecsieocsoce

15
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BOYNTON. History of West [Point, its Military Im-
rtance during the American Revolution, and the

Bori in and History of the U. S. Military Academy.

By Bvt. Major C. E. Boynton, A.M., Adjutant of the
|lita? Academy. Second edition, 416 pp. 8vo,
printed on tinted paper, beautifully illustrated with

36 maps and fine engravings, chiefly from photo-
graphs taken on the spot by the author. Extra

Cloth.see. cenvenieeecoraroeicecestienianeiennees .

WOOD. West Point Scrap Book, being a collection of
Legends, Stories, Songs, etc. of the U S. Military
Academy. By Lieut. O. E. Wood, U. S. A. Illus-,
trated by 69 engravings and a copperplate map.
Beautifully printed on tinted paper. 8vo, cloth.....

WEST T'OINT LIFE. A Poem read before the Dia-
. lectic Society of the United States Military Academy.
Illustrated with Pen-and-Ink Sketches. By a Cadet.

To which is added the song, ‘* Benny Havens, oh I””
oblong 8vo, 21 full page illustrations, cloth..........

GUIDE TO WEST POINT and the U. S. Military
Academy, with maps and engravings, 18mo, blue
cloth, flexible..eceeruienarerenieiiieisann.ens- e

HENRY. Military Record of Civilian Appointments in
the United States A_rm% B{IQuy V. Heary, Brevet
Colonel and Captain First United States Artillery,
Late Colonel and Brevet Brigadier General, United
States Volunteers Vol. 1 now ready. Vol 2 in
press. 8vo, per volume, cloth....c..ocvuenen.

HAMERSLY. Records of Living Officers of the U.
S. Navy and Marine Corps. Compiled from official
sources. By Lewis B. Hamersly, late Lieutenant
U. S. Marine Corps. Revised edition, 8vo, cloth..._

MOORE. Portrait Gallery of the War. Civil, Milita
and Naval. A Biographical record, edited by Fran
Moore. 60 fine portraits on steel. Royal 8vo,

L P
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