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PREFACE TO THE FIRST EDITION.

HAVE employed the term ‘Geodesy’ as one well
suited by its comprehensive meaning to ems-
brace the various subjects treated of in the present
work ; and, by adding the word ¢ Practical,’ I have
designed to indicate, that actual practice in the
field is the especial object I have had in view. This
has not been lost sight of throughout the work, and
the subject has been so arranged as to enable the
student, at the outsef, to commence a simple sur-
vey, minute practical directions being given to
guide him in each new process, or to prepare him
to surmount, by his own judgment, difficulties
which may arise under an unforeseen aspect.
Proceeding through the elementary processes,
the student is brought, by regular gradations, to
understand the principles, and to appreciate the
bearings of the more perfect methods which the
demands of an advanced state of civilisation render
it necessary to employ, in order to ensure that de-
gree of accuracy which is now deemed essential.
In the Chapter on Trigonometrical Surveying,
I have taken the opportunity of making the student
acquainted, by a description of some of the in-
teresting trigonometrical operations of this and
other countries, with the highly scientific processes
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SURVEYING WITH THE CHAIN. 3

him, and repeats the same operation throughout the length
of the line, the arrow last put down serving always as the
mark to which the follower is to bring his end of the chain
as a new station of departure.

The arrows are taken up by the follower as he advances,
and when the 10 arrows have thus changed hands, they are
all returned to the leader to be used again. In this manner
the arrows are changed from one to the other at every
10 chains’ length, till the whole length of the line is
measured, care being taken to enter every such change in
the field-book. At the end of the line, the number of
changes, added to the number of arrows in the follower’s
hand, and to the number of links extending from the last
arrow put down to the extremity of the measured distance,
gives the entire length of the line.

When long distances are to be measured, a very conve-
nient check on the operation of counting the chains, is
obtained by using 10 supplementary arrows, distinguished
from the common ones by brass or other marks, these
arrows being put down in succession at every tenth chain.
In this case, the requisite number of arrows indicating 1
chain each, is reduced to 9; and as each one of the
supplementary arrows represents the measure of 10 chaing’
length, when the 10 supplementary arrows shall have
passed into the hands of the follower, a distance of 100
chains’ length will have been measured. Another advan-
tage resulting from this arrangement is that it avoids the
inconvenience occasioned by the follower having no arrow
to measure from, after he has given his 10 arrows to the
leader.

It will be found useful in practice to fasten to the heads
of the arrows pieces of red cloth or other distinguishing
mark, to cause them to be more readily found when
placed in long grass, or brushwood, ete.

In the operation just described, care is necessary, first, to
B 2
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SURVEYING WITH THE CHAIN. T

determined, the position of the object referred to is fixed
with reference to the main line. These right angles must
of course be set off correctly. When the length of the
offset is only a few links, the right angle is generally set off
by the eye. For long offsets, it is advisable to use an
instrament. That formerly employed for setting out per-
pendicular lines was the cross-staff.

The Cross-Staff or Surveying Cross.

The simplest form of the cross-staff
consists in a cubical top formed of hard
and well-seasoned wood, fixed on a pointed
staff nearly equal in height to the ob-
server's eye, to prevent stooping. Two
vertical cuts are made by a tenon-saw,
exactly at right angles to each other, of
such a depth as to leave enough wood
to maintain the parts fimly in their
places. The saw-cuts form the ¢ sights.”
But, to extend the field of vision laterally,
two centre-bit holes should be made at
the bottom of the cuts, to be used in the
first instance in finding the objects.

The staff being thrust into the ground,
with two of the sights placed in the diree-
tion of the main line, points out the per- u
pendicular required, by means of the other
two sights. This instrument presents the advantage of sim-
plicity, but it cannot be used on hard roads or in towns;
and in soft or swampy ground it is not to be relied on.
Hence it has been generally superseded by the optical
square, or reflecting surveying cross, a small circular box,
of about 2 to 3 inches in diameter, which marks a right

angle with accuracy and precision.
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point of intersection of a perpendiculer from a fixed object,
as a house, a tree, etc., the observer himself must move
along the line until the image of the object appears, as
before, in the direction of the line, and the place where
he then stands marks the spot where the perpendicular

would fall.
Method of raising a Perpendicular with the Chain only.

The following is a correct method of setting out a
perpendicular with the chain only, but it is evidently too
laborious for offsets. Let ad be the line on which it is
required to erect a perpendicular from the point a. Iix
an arrow in the ground at a, through the ring of the
chain denoting 20 links, and measure 40 links on a &.
At b fix the ewtreme end of the chain; then holding the
brass ring denoting the 50 links, or the centre of the chain,
draw the chain tightly in the direction ¢, the sides of the
triangle will then be in the proportion of 30, 40, 50, and
consequently b @ ¢ will be a right angle ; (30% + 40? =50?),
Eue. I. 47.

L& o4
e |
SURFACE TO BE SURVEYED SHOULD BE DIVIDED
INTO TRIANGLES.

In making a survey with the chain only, we are con-
fined to the simplest geometrical figure —namely, the
triangle ; for, of all plane geometrical figures, it is the
only one of which the form eannot be altered, if the sides
Temain constant. That the triangle possesses this property
is evident from the theorem (Euclid, I.7) which proves
that, ¢ Upon the same base, and on the same side of it,



























18 SURVEYING WITH THE CHAIN.

the horizontal plane. It is not, therefore, the actual surface
that we have to protract, but the diminished quantity that
would result, had the whole been reduced to a horizontal
base.

This distinction, which is indispensable for the purpose
of laying down a plan of the surface, is supported, when
the question is viewed under its social aspect, by the
obvious principle that since plants shoot up vertically, the
vegetable produce (with the exception of grasses, and a few
other objects of culture), on a rounded eminence, does not
in general exceed in guantity what would have grown upon
its base.

A diagram makes this proposition evident; for let
the vertical lines a, b, ¢, etc., represent the position of

plants growing as closely as

l \ possible, or as s judged ad-

) | vantageous, from the hori-
i ;| ]. zontal surface a, g: it 1

/\/ r \I\ manifest that if a curved

—

R T ] line be drawn resting on the

base a, g, and representing
the inclined surface of the soil, the same number of plants
only can grow in the vertical direction which plants tend to
assume. ©The arrangement, therefore, as a matter of graphic
necessity, 18 not inconsistent with the order followed by
nature in respect of many varieties of produce.

Reduction of Lines to a Horizontal Base may be effected
by Calculation.

All sloping or hypothenusal distances are, consequently,
reduced to their horizontal lengths. When the lines are
long, and the slopes much varied and considerably inclined,
this reduction may be made by calculation, or by reference
to tables of reduction usually engraved on the vertical ares
of angular instruments, which, while they shew on one
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side the angle of elevation or depression, give on the other
the number of units per hundred that have to be deducted
to reduce the hypothenuse to its corresponding horizontal
length. This subject I do not at present wish to discuss,
especially as in small surveys, performed with the chain
only, an allowance or reduction is generally made in the
field by construction or estimation, as the measurement
proceeds.

The Reduction may be effected by Construction.

If the slope be not very steep, the reduction is accom-
plished by holding the lower end of the chain above the
ground, as nearly horizontal as can be judged by the eye,
allowing a pointed plummet to hang from the hand that
holds the chain, to indicate where the arrow shall be
placed. If the slope be steep, one half or one quarter
of the chain is raised, as being more easily brought to a
horizontal position; and on precipitous banks, the offset-
staff. or measuring tape is substituted, as giving more cor-
rect results, with greater expedition. It may be observed,
that when the chain is thus held suspended, it cannot be
straightened, its links describing the catenary curve; but
as a compensation for the shortening of the chain, caused
by the bend, it is found that the pull at each end of the
chain to diminish the curvature caused by its weight, tends
to open the unwelded elastic rings, and thus to add very
sensibly to the length which it would have when laid upon
the ground. Nevertheless, the bending of the chain is an
element of inaccuracy in this process, which is further
made erroneous by the difficulty of ascertaining exactly,
without lateral or longitudinal error, the point vertically
beneath the elevated extremity of the chain; and by the
unavoidable deviation from the horizontal line, when it has
to be estimated by the eye.

C 2









22 SURVEYING WITH THE CHAIN,

till the obstruction is passed, when, by setting other staves,
G, H, I, at distances from the second line equal to those
first set out, a return is made to the direction of the
original line, which is pursued as before.

When the obstacle thus avoided is a tree, it is called
a ‘sight tree,” and for the purpose of facilitating future
reference, it is marked in a particular manner by an arrow-
head or otherwise, cut at or near the points where the
direction of the line meets the tree, both in front and rear.

Another method of passing such obstacles, 1s by the
construction of equal triangles: thus, let A D be the diree-
tion of the line under measurement, the further progress of
which is interrupted at A. From A measure A C in any
direction; and leave a central mark B; from D, an access-
ible point on A D, measure
a line D B E, making B E
equal to B D, then C E will
be equal to A D, the distance
required. This method 1s
inapplicable if the line has

not been previously ranged
and determined by signals
fixed beyond D, and visible
from 1t.

To avoid @ similar obstacle, using an angular instrument.
The measured line A B is interrupted at B; make the
angle A B C equal to two-thirds of two right angles, and
proceed along B C far enough to clear the obstacle. At G,
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measure the angle B C D equal to one-third of two right
angles, and proceed along C ,
D to a point D, making CD ‘;E_.___E____;-
equal to B C; at D, measare
the angle C D E equal to
two-thirds of two right an-
gles. The triangle B C D, is by construction equilateral,
each angle being equal to one-third of two richt angles;
hence, B D is equal to B C or C D; and D E is continued
in the direction of the original line.

Required along the line A B produced, the distance
B 0, inaccessible to direct measurement with the chain.
At B, raise the perpendicular B C of any convenient length,
by making with the chain a triangle whose sides are in
the ratio of 3, 4, and 5 (see page 9). At C, range in
the same manner the line
C D perpendicular to C O,
and produce it to meet
A B in D; measute B D.
Then because B C D and
B C O are equiangular
(Eue. VI. 4.)

BED:BC::BC:B O,

and (Euc. V1. 16.).

b

2
B 0, the length required = g—%—

A ready method of determining a distance across a river
is offered by that property of
the triangle which consists in
the external angle being equal
to the two interior and opposite
angles. Thus, on the line A D,
the distance C D is required. -
At C, measure any angle A C B (it should not be
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and engraved in outline to a scale of 6 inches to a mile,
—oiss of the actual size: the same scale was adopted on the
Ordnance Survey for the Northern Counties jof England,
the southern part having heen published on a scale of one
inch to a mile, or 53155 of the actual size, on which scale
the general map of the whole of England and Wales is to
be completed and published.

In accordance with the recommendation of the Statis-
tical Congress held at Brussels, in September, 1853, and
with the majority of the highest scientific and professional
opinions forwarded to the Government in favour of the
adoption, for national surveys, of ‘ Scales bearing a definite
numerical proportion to the linear measurement of the
ground to be mapped,’ the Lords of the Treasury have
ordered,* in reference to the Ordnance Survey of Scotland,
that the surveys of Agyrshire, Dumfrieshire, and other
districts, should be laid down and drawn on paper to the
scale of 5755 of the linear measurement of the ground,
being equal to 251 inches to a mile nearly, and the pre-
vailing scale for Cadastral surveys on the Continent.

Plans and sections for projected lines of inland com-
munication, or generally for public works, requiring
the sanction of the Legislature, are required by the
¢ Standing Orders’ to be drawn to scales, not less than
4 inches to the mile, w1, for the plan, and 100 feet to
the inch, -, for the section.

+ ¢(Jorrespondence respecting the Scale for the Ordnance Survey,
and upon Contouring, and Hill Delineation,’ presented to Parlia-
ment, 1854, page 344,

This Parlinmentary Return will be found full of matter of the greatest
interest to the Engineéring Student, and I would particularly invite his
attention to the admirable reports which it contains on these important
subjects from Lieut.-Colonel Dawson, R.E., of the Tithe and Enclosure
Commission.
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be taken from a diagonal scale, and laid down with a pair
of compasses; but if their lengths exceed the span of com-
mon compasses, they should be laid down by means of a
beam-compass graduated to inches, and having a vernier
which reads to one-hundredth of an inch. The points of
intersection of the sides of the smaller triangles, and of all
proof-lines, are then pricked off, and marked in pencil with
the corresponding letters, taken from the rough diagram in
the field-book.

Plotting of the Details.

The detail is afterwards plotted, proceeding on the
paper in the same order as that which was followed in
the field. A long scale with bevelled edges, divided into
inches and such parts of inches as the scale used for the
plan may require, is kept, by means of weights, at a fixed
distance from, and parallel to, the main line—the zero of
the scale being opposite the starting point of the line. A
shorter scale, divided on the edges in the same manner as
the first, with its zero point in the middle, is made to slide
along the fixed scale at right angles, whilst its central point
keeps in coincidence with the station-line. The scales in
general use for this purpose have been made of ivory;
but, as they are very liable to irregular contraction and
expansion, I would recommend well-seasoned box-wood
scales in preference.

The lengths entered in the middle column of the
field-book are measured on the first scale, and the perpen-
dicular offsets on the offset scale: each point thus de-
termined by two ordinates, is marked on the plan with a
fine-pointed pencil, or pricked with a fine needle. These
points are, from distance to distance, joined by pencil lines.
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SURVEYING WITH THE CHAIN.. a5

Mode of using the * Computing Seale.’

To apply this scale to the measurement of areas, a
piece of strong transparent paper (called horn-paper) with
parallel lines ruled, 1 chain apart, is laid over the field
the area of which is required, and kept fixed by a weight.
The ruled paper must be so applied that two opposite
salient points of the field, such as zy, in the figure page 36,
may touch some two of the parallel lines. The scale 13
then placed upon the ruled paper in a direction parallel to
the lines: and the vernier in the sliding frame, being set
opposite to the zero point on the scale, 1s brought
also to coincide with, or intersect, that portion of the
left-hand boundary fence which is inclosed between the
upper pair of parallel lines. If the wire and boundary
fence do mnot exactly coin- BLT
cide, the scale must be moved il m“""m,.“
bodily to the right or left ! b | i
until the spaces, a, b, inter-
sected between the parallels by the wire and fence, are
judged by the eye to be equal to, and to compensate, one
another. The scale is then kept fixed by the pressure of
the hand, while the sliding frame is moved to the right-
hand boundary of the field, and the cross-wire adjusted in
the same manner as before: so far, the number of divi-

sions on the scale passed over by the cross-line, in its
movement from left to right, indicates the number of
roods and parts of roods included in the field between
the upper parallel lines. The slider remaining fixed in
position, the scale is moved downwards 1 chain, that
is, to the next lower division of the parallel lines, and the
vernier is brought, as before, by the movement of the
scale, to coincide with, or to compensate, the left-hand boun-
dary. The coincidence, or compensation, being established,
D2



a6 SURVEYING WITH THE CHAIN,

the sliding frame is moved to bring the cross-line to coin-
cide with, or to compensate, the right-hand boundary; the
division opposite the cross-

T fﬂ:nx line then indicates the
_7K.L TN S number of acres, roods, and
Bl \\ | perches comprised within
{' 31 __#%a the twoupper parallel divi-
g — —f1 sions. When the slider
! E /1 has, by a repetition of the
;i = /;,f"'/ I process, passed over the
i__"'-wa’ g | whole length of the scale,

5 acres have been mea-
sured. The operation is then continued by moving the
slider from right to left (the equalization commencing on
the right-hand side), until the slider having reached the
starting point or zero of the scale, 10 acres have been
measured, the quantity measured being indicated by the
scale itself. The mechanical operation is continued and
repeated in a similar manner, until the whole field has been
measured.

The student is recommended to take the ‘computing
seale’ in hand, and follow, by measurement on a plan,
each step of the operation as above described. He will
then easily understand the process, and appreciate the
rapidity and accuracy of the results.

P borinneher B L kg A

On CopyIiNG PLANS.

It rarely happens that one copy only of a plan is
required. When the lines ‘and boundaries are regular,
duplicates may be made by laying the plen upon the sheet
of paper or vellum on which the copy is to be drawn, and
pricking, with a fine needle, through all the angular points
necessary to define the figures: the punctures being then
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connected by pencil lines, the plan is finished by drawing
these in Indian ink.

This method is not suitable to the transfer of irregular
or curved boundaries. An accurate and rapid way of
copying these, or plans of small extent, is by means of the
instrument called a copying glass. It consists of a large
piece of plate glass, set in a frame of wood, which can be
inclined to any angle, in the same manner as a reading or
music desk. On this glass the original plan and the fair
sheet of paper are laid, and the frame being raised to a
suitable angle, a strong light is thrown, by means of tin
reflectors or otherwise, on the under side of the glass,
whereby every line in the original plan is seen distinctly
through the fair sheet. The copy is at once made in ink,
and finished while being traced.

Plans of greater extent cannot be conveniently copied
by means of the ¢ copying glass” Moreover, being gene-
rally mounted on linen, or other material, which renders
them opaque, they do mot admit of the operation just
described. In such cases, the plan is first traced in Indian
ink on transparent tracing paper. The first copy is then
carefully laid over the fair sheet; black-leaded or transfer
paper being first placed under the tracing. Al is steadied
by numerous weights laid along the edges, or by drawing-
pins fixed into the drawing-board or table; a fine and
smooth point is then passed over each boundary or mark
on the tracing, with a pressure of the hand sufficient to
cause a clear pencilled mark to be left on the fair sheet by
the black-leaded or *transfer paper.’ The whole outline is
thus obtained, and afterwards drawn in Indian ink in the
usual way.

On Reducing Plans.

Plans may be reduced by means of the pentagraph, to
any proportion wanted, The instrument consists of a
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SURVEYING INSTRUMENTS. 43

Measurement of Angles by Chainwork only.

Angles, 1t is true, may be determined by the chain
alone, by measuring the sides of small triangles disposed
for the purpose, thus: let A B represent a line measured to
a station B, from whence a

A Bl ol sl

second line B C, forming an 7
angle with A B, is to be \i-"lr
measured. To determine the ¢

angle A B C, prolong A B
to D, make B C equal to B D (in order to construct a
well-conditioned triangle), and measure the chord D C;
the three sides of the triangle B D C being known, the
angle D B C, or its supplement A B C, is determined.
This is a method which is, however, rarely resorted to; for
no time is gained by its adoption, and the chances of error
are considerably multiplied, owing to the numerous addi-
tional lines to be measured. Moreover, it is to be observed,
that angles can in general be measured in the field more

correctly with an instrument than the length of lines with
the chain, especially over uneven ground, or in an inclosed
country. ;

The instrument in general use, for the purpose of
measuring angles in surveying, is the theodolite, of which
there are several constructions, differing slightly in the
arrangement and adjustment of the parts. A detailed and
clear description of these varieties, as also of nearly all the
instruments used in surveying, is given by Mr. Simms, in
his valuable Treatise on Mathematical Instruments. The fol-
lowing is a description of the theodolite in most general use.

Description of the Theodolite.

The theodolite consists of two circular plates, the upper
turning freely on the lower, and both having a horizontal
motion by means of a vertical axis. This axis, with the
view to render the motion of the circular plates independent
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tube at equal distances on each side of the bubble, serve to
indicate very slight deviations from horizontality; that
level being most sensible whose upper side most nearly
approaches to a mathematically straight surface.

The upper and lower horizontal plates are retained in
any required position, either conjointly or separately, by
distinct sets of clamp-screws; and tangent-screws afford the
means of fixing them with more precision than can be
attained by the hand alone. A frame, resting on the upper
plate, supports the axis of the telescope in angular recesses
called Y’s, from their resemblance to that letter. A horizon-
tal motion, therefore, given to the telescope for the purpose
of observing an object, may, by the above arrangement of
the double vertical axis, and double clamps, be communica-
ted to either or both of the circular plates.

In the focus of the eye-piece and object glass, and at
right angles to the length of the telescope, are placed three
lines formed of fine wires or spider’s web; one horizontal,
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Front view of Diaphragm.
the other crossing its middle point, so as to form an acute
angle with each other. These wires serve to point the
axis of the telescope with certainty to any object or part of
an object.

The best wires in use are generally made of platinum;
they are prepared exceedingly fine by rolling platinum
with silver, and drawing the combined metals to a very
fine wire. The silver is then dissolved in nitrie acid, which,
having no influence on the platinum, leaves the wire of
this metal much finer than it could be made by merely
mechanical means.
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in both positions of the telescope, the line of collimation in
altitude or depression is correct; but if not, the operation
must be repeated until the adjustment is satisfuctory. A
similar process will adjust the line of collimation in the
vertical plane.

Adjustment of the Level.

The next adjustment is that which fixes the level,
attached to the telescope, in a position parallel to the recti-
fied line of collimation, or longitudinal axis of the telescope.
The necessity for this adjustment is evident, as the only
means of judging of the horizontal position of the optical
axis, or of the amount of deviation from it, is by reference
to the spirit-level, which is assumed to be parallel to the said
axis. To effect this adjustment, the clips that retain the tele-
scope in its place being open, and the vertical are clamped at
or near zero, bring the air-bubble of the level to the centre
of the tube by turning the tangent-serew, which moves the
vertical arc; then reverse the telescope in iis Y's, end for
end. If the bubble do not return to the middle of the
tube, bring it back one-half by the capstan-headed screw
placed at one end of the tube (to elevate or depress that end
of the level), and the other half by the tangent-screw that
acts on the vertical are. This process is to be repeated
until the adjustment is perfect.

Adjustment of the Circular Plates.

Another adjustment is that by which the circular plates
are placed horizontally. This is also necessary to insure
accuracy in the angles of elevation and depression, and
also because any deviation from the horizontal plane would
introduce a proportional error in the measurement of what
are assumed to be horizontal angles.

Place the instrument as nearly level as can be done

B
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SURVEYING INSTRUMENTS. 53

metal into 360 equal parts, and these again into smaller
subdivisions. ¢ The attainment of perfect accuracy in this
work has hitherto baffled the utmost stretch of human skill
and industry; nor, if executed, could it endure. The ever-
varying fluctuations of heat and cold have a tendency to
produce, not merely temporary and transient, but permanent,
uncompensated changes of form in all considerable masses
of those metals which alone are applicable to such uses;
and their own weight, however symmetrically formed, must
always be unequally sustained, since it is impossible to
apply the sustaining power to every part separately: even
could this be done, at all events force must be used to
move and fix them, which can never be done without
producing temporary, and risking permanent, change of
form.’*

Errors of Observation.

The next eclass of errors, called errors of observation,
arises from inexpertness, defective vision, atmospheric in-
distinctness, momentary instrumental derangement due to
the want of a firm basis to support the instrument, slips in
clamping, looseness of screws, ete.

Means of Counteracting the Errors of Graduation and of
Observation,

To obviate, in a great degree, these errors, the ¢ prin-
ciple of repetition, an invention generally attributed
to Borda, is thus applied.f After making the second
bisection, as above deseribed, leave the upper plate
clamped to the lower plate, and release the clamp fixing

* B J. F. W. HerscHELL's dstronomy, p. 66.

+ ¢The first idea of this excellent contrivance occurred to Tobias
Mayer, of Gottingen, whose name is so well known in the history of
Astronomy.'—(Prayrair’s Works, vol. iv. page 503.)
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being required, objects are seen more clearly. Practice
quickly renders the inversion of the image immaterial to
the observer. However, a second eye-piece is usually pro-
vided, which shows ohjects in their natural position, and
may be substituted at the eye-end of the telescope.

TeE SpIRIT-LEVEL.

The knowledge of the principal parts of the theodolite
and its adjustments, will enable the student to understand,
by a simple inspection, the use and adjustments of the
Spirit-Level.

Description of the Spirit-Level.

The instrument consists of a telescope precisely similar
to that of the theodolite, and requiring analogous corree-
tion for parallax and adjustment of the line of collimation.
To the telescope is attached a spirit-level, the longitudinal
axis of which should be likewise, and for the same reason
as in the theodolite, parallel to the line of collimation.
Finally, the object of the instrument being to obtain a
constantly horizontal axis of vision, the telescope or line of
collimation is brought into a horizontal plane by means of
the parallel-plate screws.

Parallax. The correction for parallax is made by
bringing the tube carrying the eye-glass into such a posi-
tion that the point of intersection of a distant object shall
not be altered by a slight vertical or lateral movement of
the eye.

Collimation. In the construction of the instrument
known as the Y spirit-level, the telescope rests on supports
similar to those which retain the telescope of the theodo-
lite :—for this construction, the line of collimation is rectified,
as in the theodolite, by turning the telescope half round
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in its Y’s after the first observation has been made, and
noting whether the horizontal cross wire then intersects the
same point. The cross wires in the diaphragm of
the level, are arranged as shown in the diagram;
the horizontal wire marks the intersection of the

horizontal visual ray with the staff; the two ver-
tical wires serve to direct the telescope, so that the
staff shall be seen between them, and thus be in the axis of
the lenses, and likewise in a vertical direction.

In the Y level, the spirit-level is suspended beneath the
telescope, as in the theodolite, and requires a similar adjust-
ment to bring its longitudinal axis parallel to the line of
collimation, which is performed by reversing the telescope
end for end in its Y's, and altering the screws as described
in the adjustments for the theodolite.

But in those modifications of the instrument known as
¢ Troughton’s Improved Level” and ¢Gravatt’s Level,
and which, from superior compactness, greater stability of
the adjustments, and increased optical power, are more
generally used, the adjustment of the line of collimation
and of the spirit level, are made in a different manner.

By a reference to the annexed diagram, which repre-
sents ¢ Troughton’s Improved Level,” 1t will be seen that

D i Compass-box,

& Spirit-level.

¢ Diaphragm with adjusting screws.
d Screws to adjust spirit-level.

¢ Parallel-plate screws.

the telescope is attached to the bearing-frame, and the
spirit-level firmly fixed to the tube of the telescope. The
spirit-level is adjusted perpendicularly to the vertical axis
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CHAPTER III.
TRIGONOMETRICAL SURVEYING.

Trge characteristic difference between a trigonometrical
survey, and a survey as described in the first chapter, con-
sists in this:—that, whereas in the latter, the relative
positions of the principal and secondary stations are ascer-
tained by dirvect linear measurement; in the former, they
are- ascertained by trigonometrical calculations, based upon
the direct linear measurement of a single line only (called
therefore a base line), combined wilh the observation of
angles as hereafter deseribed. This trigonometrical opera-
tion is indispensable to obtain accuracy in the performance
of any extensive survey. The first step consists in the
measurement of the base line.

MEASUREMENT OF BAsE LINE.

The measurement of a base line, from which the sides
of the triangles of an extensive series are to be calculated,
is a most difficult operation,* and one in which every
refinement which mechanical ingenuity can devise, has
been of late adopted, with a view to obtain almost mathe-
matical accuracy.

The length of the base is made to depend in general
on the proposed length of the sides of the triangles which
are to be deduced from it; but circumstances seldom allow
it to exceed from seven to eight miles in extent, as 1its
position has to be selected on an even plane, as nearly as
possible horizontal, and otherwise conveniently adapted for
purposes of measurement.

» Smm J. F. W. HerscHEILS dstronomy ; Trigonometrical Survey
of England and Wales ; DELAMBRE, Base du Systéme Métrigue.
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Standard Measures.

A necessary precaution at the outset of the operation
consists in carefully comparing with a well-known standard
the particular instrument or unit to be employed as the
medium of measurement. By the word standard, or by
a standard yard or standard metre, is meant a certain
extent of space in one direction, in the abstract, without
any reference to wooden rods or metallic bars. DBut as it
is impossible to measure a line without some material
standard, we are compelled to adopt as the practical defi-
nition of a yard, metre, etc., the length of a certain bar
(usually of metal) called a standard. But as from a change
of temperature, the length of the bar (as compared with
the length of others not subjected to the same trial) is
found to change, then we must specify the degree of tem-
perature under which this certain bar must be placed in
order to present thé exact length required. The length of
a base, measured with a standard at a higher temperature
than that specified, must be increased; and, if n¥asured at
a lower temperature, must be diminished, according to the
ratio of increase or diminution in the length of the bar
ascertained by experiment as due to one or more degrees
of temperature.’*

The temperature to which English standards are referred
is 62° Fahrenheit. In the measurement of the are to serve
as the basis of the metre, the French geometricians adopted
the temperature of 13° Réaumur, or 611° Fahrenheit.

There have been in England, to within a late period,
several standard measures of authority, differing all slightly
one from the other; but at the recommendation of the
Commissioners of Weights and Measures appointed in

* Ary's Figure of the Earth.
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metric changes in the atmosphere.®* When deal rods are
employed, their ends should be pro- I _ED& 7
tected by metal caps, which prevent

their wearing, and ensure a more perfect C—7 s N
zontact.

In the measurement of a base on Hounslow Heath, in
1784, glass rods, which expand or contract less than steel,
iron, or brass, were substituted instead of deal. Their ex-~
tremities were furnished with caps of bell-metal, connected
with the rods by springs; the caps were brought in each

operation to a certain mark on the rods, in order that
unequal compression of the rods (tending of course more
or less to affect their length by bending them) might be
avoided. The change was crowned with success, as was
proved by a subsequent measurement of a distance of 1000
feet with the same glass rods on the one hand, and with a
steel chain of perfect workmanship on the other; from the
result of which it appeared that the difference would have
been little more than half an inch upon the whole base of
27,404 feet, had it been measured with each respectively.
The same experiments further shewed, that hollow glass
tubes were less liable to sudden expansion and contraction
than solid glass rods.

As the above test had also proved the steel chain to be
as accurate as the glass rods, and as it was more convenient
to use, it was subsequently employed in the measurement
of bases of verification in different parts of the kingdom.
In using the steel chain, a drawing post and a weight post
are required, a given weight being always applied to one
end of the chain, while the other end is fixed to the draw-
ing post. The chain is made to rest in deal coffers, in
order to obtain a perfectly level surface: thermometers are
laid at different distances along the chain, and the coin-

u— S ———

* Puissawr's Géodésie.
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stances of each survey, as regards its objects, its extent, the
degree of accuracy sought for, and the scale to which it is
to be plotted.

The unit of measure having then been selected accord-
ing to the degree of care to be bestowed on the work, the
base line should be ranged with a theodolite or transit
instrument,* and traced by means of pickets driven into
the ground, at convenient intervals, in the same vertical
plane.

Ranging a Straight Line.

The necessity for ranging straight lines with great
accuracy frequently occurs in practice. For this purpose,
the theodolite or transit instrument having been fixed very
firmly, the axis of the vertical are, or of the pivots of the
telescope, must be adjusted to a truly horizontal position
with great care. Marks are then fixed in the ground, at
different distances, in a continuous vertical plane, as far as
the power of the telescope will permit; the instrument is
then taken forward to within three or four marks or pickets
of the extremity of the line ranged, and fixed correctly
over one of them, first, by means of the plummet, secondly,
by the intersection of the cross wires of the telescope
directed to the back and forward pickets successively.
Boards 12 or 15 inches square, with concentric black and
white rings painted on both sides of the board, make good
ranging marks. The mark is made to move in horizontal
grooves cut into two posts driven firmly into the ground;
and when the centre of the mark has been brought into
the line, it is fastened by wedges to the posts. A picket

* The transit instrument is one resembling a theodolite in those
parts designed for moving the telescope in a vertical plane ; and its
especial object is to offer steadiness and accuracy of vertical move-
ment and measurement.
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the stations may, in this manner, be accurately determined
and laid down; and as this process may be carried on to
any extent, a map of the whole country may be thus con-
structed, and filled to any degree of detail required. The
triangles ought not, however, to be laid down until their
accuracy has been tested by the actual measurement of
one or more of the distant sides, which are therefore called
bases of verification. Care should be taken, during the pro-
gress of the work, to calculate many of the sides of the
triangles from several independent data, in order to prove
the identity of the results.*

Of ‘Well-conditioned’ Triangles.

In this process, it is necessary to be careful in the selec-
tion of the stations, o as to form triangles free from any
very great inequality in their angles. For instance, the
triangle HGF, in the last figure, would be an improper
one to determine the situation of F from observations made
at H and G, because the angle F being very acute, a small
error in the angle G or I would produce a great one in
the position of F upon the line HF.

In general no angle less than 30° should be used, unless
the nature of the localities should render its adoption
necessary. If this condition be attended to, the accuracy
of the determination of the calculated sides, 1n a series of
triangles, will not fall much short of that which would be
attained by actual measurement, were it practicable. For
experience tends to prove, that when all the triangles of
a series are well-conditioned,T the errors in the measure
of the angles do not cause the consequent errors in the

* Smr J. F. W. HerscHEL's Astronomy, chap. iii
t See Puissawr's G'éodésie, vol.i. p.136; and Notes to LesLi's
Trigonometry, page 471 et seq,












TRIGONOMETRICAL SURVEYING. 73

permanent station; the instrument is placed in the immediate
vicinity at the point D, and the distance D C with the angle A DC
noted, while the principal angle A D B is observed; the central
angle A C B, may then be computed from the rules of trigonometry.*

When the instrument is placed at the base of a tower or high
permanent object, the centre of which is the true vertex of the
triangle, it sometimes happens that the centre of the station cannot
itself he seen, but the direction of that centre from the axis of the
instrument is required for the purpose of measuring the angle
ADC. The direction of the centre is found as follows :—

First, supposing the base of the station or signal to be rectan-
gular; from the extremities of the diagonal H F, draw the lines
D F, D H, and measure their lengths; then on D F, take any point

* See Notes to Lesuie's Trigonometry, page 469, and Pumsant’s
Géodésie, page 182, et seq.
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CH:FH::c8. FCH :s5in.FCH
|
henos G H = B 21 ':E_fgﬁ
Then in the triangles D I C, D E o, we have
b (8 0 SRR I 0 A ST »
E{}:DE'IU
% B
point of intersection of D C with F E, and consequently the direc-
tion D C, is obtained.

from which equation the

Form oF OBJECTS UNDER OBSERVATION.

Attention is also to be paid to the form of objects or sigq&lﬂ
under observation. Those which do not terminate in a point,

whether presenting the form of a truncated pyramid, or a rectangular
top, may lead to errors, when they are
illuminated obliquely by the sun,
causing thereby the observer to di-
rect his telescope, not to the centre
of the signal, but to the centre of
the face exposed to the light. For
example, let ¢ b ¢ ¢ be the base of
the signal observed from O. If, on
account of the distance, the illumi-
nated face @ b can alone be seen,
the telescope will be directed to the
peint A, a middle point in ¢ b instead
of the point C, the centre of the signal,
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Pracrican DIRECTIONS ON THE CONSTRUCTION OF
SIGNALS.

Permanent objects are, as before observed, to be chosen
in preference for signals: their advantages are solidity, and
consequent steadiness and durability; they also economize
time and money otherwise expended in the special erection
of signals. But such permanent objects do mot always
exist in localities best suited for stations, and they perhaps
would form ill-conditioned triangles. They are, in those
cases, to be determined in position by intersections, but
special signals must be used for the summits of the tri-
angles. Even when permanent objects are applicable, they
do not always dispense from the necessity or expediency of
placing temporary signals on their summits, in order to
render their intersection by the cross wires more precise.

To the variety of form and character of signals there
is, of course, no limit; they depend on the nature of the
country, its capabilities, the distances between the sta-
tions, the importance of the work, the outlay contem-
plated, etc. A few details, however, on signals adapted
to different circumstances, may be given at this stage of
our course.

In common surveys, embracing from several parishes
to a whole country, as also in surveys for railroads, canals,
and similar works, sides of triangles or connected bases
have to be measured from 2 or 3, to 6 or 8 miles in length.
For the purpose of ranging such lines, signals may be
made by firmly fastening straight poles in the tops of
high isolated trees, if their position gives the direction
required.

An economical signal, suitable for lines of 8 or 10
miles in length, is represented in the annexed sketch, in
which a long pole or mast, forming the signal, is held in a
vertical position by a strong post, the lower part of which
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are the sides. The vertical angle is therefore obtained by
the formula

GaE e =0) avilid)

gin. b sin. a
in which s is equal to half the sum of the sides.

On the Continent, where Borda’s repeating circle,
although gradually giving place to the theodolite, is yet
very generally used, the angles to be observed between
terrestrial objects have frequently to be reduced to the
horizon: a work of great labour if a simpler formula than
the above had not been found. Considering the triangle
as one composed of two sides differing little from a quad-
rant, a formula less complex is obtained, and from it tables
have been calculated which give very rapidly the reduction
required. The investigation of the formula will be found
in PuissanT’s Géodésie, vol.i., page 109.

BaseEs oF VERIFICATION TO BE MEASURED.

The angles of a series of triangles having been ob-
gserved, and the sides calculated from independent data to
prove their accuracy, an additional test is adopted by the
actual measurement of one or more of the distant sides to
serve as bases of verification; these sides being, of course,
measured with the same care as it was deemed expedient
to bestow on the measurement of the original base. The
accuracy of the work having been thus ascertained, the
next step comsists in plotting or protracting the triangles
to the scale determined upon for the survey.

Surveys to be Plotted with the North upwards.

It is customary generally to plot surveys with the
north upwards, and invariably so all surveys of counties or
of kingdoms. For this purpose, and under any circum-
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stances, the direction of the meridian with reference to
the triangulation is to be laid down. It 1s necessary,
therefore, to observe the direction of the meridian with
respect to the original base, or some one of the gides of
the principal triangles, from which the azimuthal distance
of each part is given. When treating on the subject of
longitude, we shall give an account of the methods that
may be adopted to ascertain with precision the direction
of the meridian at any one station; we shall here describe
some ready methods by means of which its direction can
be obtained with approximate accuracy.

MEegripiaN LINE.

Fix the theodolite at one of the stations used in the
triangulation, and some hours before mid-day direct the
telescope so that the cross wires shall touch the upper or
lower limb of the sun in the east; note the horizontal and
vertical readings of the arcs;—repeat the operation at
short intervals, taking care to direct the intersection of
the cross wires to the same limb of the sun that was
before observed, and note all the readings n their regular
succession.

Again, in the afternoon, when the sun descends west-
wards, clamp the vertical arc to the last reading, and note
the horizontal angle at the time of the sun’s limb touching
the intersection of the cross wires. The vertical arc being
clamped in succession in the descending series of the ver-
tical angles, all the horizontal readings at the time of each
successive intersection are entered. The point on the
horizontal limb half way between all the readings will give
the angle to which the vernier is to be placed, in order
that the telescope may point to the position occupied by
the sun at noon. A picket, driven into the ground in that
direction, serves to mark the meridian line, and the angle,
formed between it and any side of the triangles having the
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selected point for a vertex, being taken, the azimuthal
direction of each and all the sides of the triangles is
obtained.*

The same method, however, is applicable without cor-
rection to the observation of a fixed star; and the pole star,
from the facility with which it is identified, is frequently
selected for the purpose, being observed at the time of its
greatest apparent eastern and western elongation. But, if
the telescope of the theodolite be not powerful enough to
observe the star under these conditions [ o
(as one of the observations must gene- e
rally be made by daylight), a very close
approximation may be had by remem-
bering that the pole star very nearly
reaches the true meridian, when it 1s

|

in the same vertical plane with the e or

Alioth, or the star in the tail of the , 3§
Great Bear, which is nearest to the g
quadrilateral. The vertical position z i f;,, _,ﬁ:g
can be ascertained by means of a ¥ ? ?’J
plummet. To see the cross wires i

in the field of the telescope at the :
same time with the star, a faint light should be placed near
the object glass. When the pole star has been brought
correctly into the central part of the angle formed by the
intersection of the cross wires, the horizontal limb is firmly
clamped, and the telescope brought down to the horizon ;
and a light, seen through a small aperture in a board,
and held at some distance by an assistant, 1s moved accord-
ing to signals, until it is bisected by the wires. A picket

# This method would be quite correct, if the sun moved con-
stantly in the same parallel, but the change in his declination
between the time occupied by the observations renders necessary

a minute correction, which in ordinary surveying operations may
be neglected altogether.
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direction of the meridian. Tt will be better to describe
three or four such arcs, at different elevations of the sun,
and to make use of the mean of their central points to trace
the meridian line.

Or ProTrRACTING THE TRIANGULATION.

In protracting an extended triangulation, which has
been conducted with the minute precautions indicated
in this chapter as necessary to ensure great accuracy, it
will be better to lay down the triangles from the lengths
of their sides, than by measuring the angles; because
measures of length can be taken from a scale, and trans-
ferred to the plan with more exactness than angles can be
pricked off from a protractor. If, however, the triangu-
lation is to be laid down on paper, which is subject to
changes from difference in the state of the atmosphere,
having a greater effect on the accuracy of the plotted
work than the difference between the degrees of exactness
of triangles protracted by the length of their sides, or by
measurement of the angles, it is not essential to 'adopt
the course here indicated. Hence, for ordinary surveys,
the triangulation is more frequently plotted by means of
the angles, using, for the sake of expedition, a circular
protractor. There are various kinds of protractors, among
which I select the following, which is found expeditious
and accurate.

The Circular Protractor.

‘It consists of an entire circle, A A, connected with
its centre by four radial bars, @ a, etc. The centre of the
metal is removed, and a circular disk of glass fixed in its
place, on which are drawn two lines crossing each other
at right angles, and dividing the small circle into four
quadrants, the intersection of the lines denoting the centre
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vented from seratching the paper as the arms are moved
round, by steel springs, which lift the branches a small
quantity, so that, after setting the centre of the protractor
over the angular point, and the vernier in its required
position, a slight downward pressure must be given to the
branches, and each of the points will make a fine puncture
in the paper; a line drawn through one of these punctures
and the angular point will be the line required to form the
angle.

¢ Any inaccuracy in placing the centre of the protractor
over the angular point may easily be discovered, for, if
incorrectly done, a straight line drawn through the two
punctures in the paper will not pass through the angular
point ; which it will do, if all be correct.

¢ The face of the glass centre-piece on which the lines
are drawn 1s placed as nearly even with the under surface
of the instrument as possible, that no parallax may be
oceasioned by a space between the lines and the surface of
the paper.

* By help of the vernier, the protractor is graduated to
single minutes, which, taking into consideration the nu-
merous sources of inaccuracy of this kind of proceeding, is
the smallest angular quantity that we can prefend to lay
down with certainty.’*

If, however, for the sake of greater accuracy, it be
preferred to lay down the triangles by means of their sides,
beam compasses with vernier scales attached should be
used in this operation. The meridian must then also be
plotted by means of measures of length. A ready way
offers itself, by calculating the lengths of the sides in a
right-angled triangle, having for one of its angles the
azimuthal distance of the observed side, and the said side
for the hypothenuse.

* Srums on Mathematical Instruments,
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on the arc C D, then through D and A draw the line N S,
which will be the direction of the meridian.

When the operations of a Trigonometrical Survey are
extended, in eastern or western directions, beyond spaces
of about 60 miles from a fixed meridian, it is expedient to
observe new meridians, in order to avoid errors which
would otherwise take place as the result of computations
made on the supposition of the earth’s surface being a
plane. Within a limit of about 60 miles, such a supposition
produces no sensible error.*

Interior detail of a Trigonametrical Survey.

The triangulation for a survey being accomplished, the
filling in of the interior detail, such as roads, streams, legal
and ecclesiastical boundaries, ‘towns, villages, houses, woods,
ete., presents little difficulty. The larger triangles being
subdivided into others of a smaller size, the sides of these
are measured with the chain, and the field-book is kept
according to the form given in the first chapter, the sur-
veyor entering into such detail as the object of the work
may demand, even to the minute tracing of all fields and
enclosures. His object, however, may not always be to
make detailed property plans, but simply to lay down the
roads, rivers, boundaries of woods, and other great lines of
artificial or natural demarcation. In this case, the survey
of the roads, rivers, woods, etc., is made with the chain
and theodolite, according to a process to which the term
‘ traversing’ is applied, and for the description of which
the reader is referred to chapter VI. While measuring the
sides of the triangles or station lines, the surveyor takes the
angles of elevation and depression, both for the purpose of

* Trigonometrical Survey, vol. ii, page 4.
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CHAPTER IV,
ON LEVELLING AND REFRACTION.
Definition of *Levelling.

EVELLING is the art of finding a line parallel to the
horizon at one or more stations, in order to assign
the difference of altitude between one place and another.
*Two or more places are on the same level, when they
are equally distant from the centre of the earth. Also,
one place is higher than another, or above the level of it,
when it is further from the centre of the earth, and a line,
equally distant from that centre in all its parts, is called a
line of true level. Hence, because the earth is round, that
line must be a curve, and make part of the earth’s circum-
ference, or at least be parallel to it.’ *

Difference between the apparent and the true Level.

But, as the lines of sight which determine relative levels
cannot evidently trace a curve parallel to the earth’s surface,
a horizontal line can be traced only by a series of right
lines, tangent to the earth’s surface, approximating more
nearly to a line of true level the shorter the sides of the
circumseribing polygon are chogen.

Let the arc B D be a portion of the earth’s surface
with the centre C; and let the tangent A B, horizontal
at B, meet the vertical line C D in A. The line B A

* Hurrow's Mathematical Dictionary.
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immediately beneath it; and denser or specifically heavier
than that immediately above it. A ray of light, therefore,
passing obliquely through the atmosphere, for example
from a higher to a lower level, to the eye of an observer,
passes from the rarer to the denser strata; and following
the above law of optics, it will be diverted from its original
course, and made to approach more and more nearly to
a perpendicular to the horizon. It will thus describe
a curve concave to the earth’s surface; but it is a law
in optics that an object is seen in the direction which
the visual ray has on arriving at the eye, without regard
to what may otherwise have been its course between
the object and the eye: the object appears, therefore, in
the direction of the tangent to this curve. This optical
effect or apparent displacement of the object is called
refraction. Every difference of level, accompanied, as it
must be, with a difference of density in the strata of
the atmosphere, will have, corresponding to it, a certain
amount of refraction; and as the curve described by each
ray of light is concave next the earth, the tangent to the
curve will lie above it, and consequently the object will
appear more elevated above the horizon than if there were
no atmosphere.

¢ Suppose a
spectator placed
at A, any point
of the earth’s
surface K A k;
and let L I, M m,
N =, etc., repre-
sent  successive
strata of decreas-

ing density, into

which we may -

conceive the atmosphere to be divided, and which are
H
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deflection has been the consequence of a supposed subver-
sion of equilibrium in the same concentric ring. Under
certain states of the atmosphere, denser strata have also
been supposed to be temporarily incumbent on rarer
strata, the curve or path of the refracted ray becoming in
such a case convex downwards, whereby a double cur-
vature is produced, the effects of which there are as yet no
means of estimating, and consequently correcting :—such
cases fortunately are of rare occurrence.

Of the Measurement of * Refraction.’

I now proceed to the investigation of a formula for
measuring this refraction, supposing it to occur only in a
vertical direction, and thus tending to raise the apparent
position of the object.

Let C be the centre of the earth, and ad b its surface ;
if from a station, A, a distant object, B, be observed, the
visual ray, from B, will describe the curve, BD A, and the
object will appear situated at BY, in the direction of
the tangent to the curve at A. The angle B A B’ there-

fore is the measure of the displacement caused by refrac-
tion.

The nature of the curve, BD A,
is unknown ; but, as in all geodesi-
cal operations the distance, A B, is
always comparatively small, the
curve, B D A, may be assumed ecir-
cular, as being an arc of the
osculating circle to the curve.
Under this hypothesis, the angle,
B A B, is equal to half the are, A B.
(Eue. III. 20 and 32.) With an
object, D, the refraction would be
measured by half the are, A D, hence the refraction is

H 2
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From this equation, we find that the sum of the frue
zenithal angles of the two stations is equal to two right
angles + the contained arc; hence the excess of 180° +
the contained arc above the sum of the observed zenithal
distances, will give the measure of the sum of aberration
due to refraction in both observations. If the observations
at A and B have been made precisely at the same moment,
and when the state of the atmosphere, therefore, would
have had the same effect on both observations, the amount
of error divided by 2 will give with precision the amount
of correction to be made at each angle. It is extremely
difficult, however, with great distances (those in which the
correction is most wanted), to make simultaneous and
reciprocal observations of this kind; but a series of obser-
vations should be taken at each station under the most
favourable circumstances, about noon of a cloudy ecalm
day, when, in our climate, the tremulous motion in the
air is commonly the least; the mean of the results
may then be assumed as the value of R in the equa-
tion, R =n C, whence the coefficient, n, can readily be
found.

Let D and d represent the difference obtained by sub-
tracting 90 from each zenithal distance; then, without
refraction, we should have D + d = A C B : and if the sum
of the refractions = 2R, then 2R=ACB — (D + d),
care being taken to give the proper signs to D and d,
which become negative when the zenithal distance is
less than 90°:—the mean refraction at each station is,
therefore,

R

A 0 Bl [D=d)
= . _

It is customary to describe the amount of refraction
in terms of the distance between the stations, expressed in

degrees or parts of a degree. This expression for the
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distance, which is then called the °contained are, is ob-
tained by the following proportion : —

distance between

365,110 feet : { } : : 19 : contained are,

the stations
the length of 1° at the earth’s circumference being, at a
mean valuation, equal to 365,110 feet, or 69:15 miles.*

* When the angle of elevation exceeds 8 or 107, as in astrono-
mical observations, the amount of refraction has been ascertained
with precision by the comparison of the results of a great number
of observations, made as follows. A circumpolar star which passes
the zenith, and another which grazes the horizon, are followed with
an altitude and azimuth circle (an instrument constructed on the
same principles and with the same movements as the theodolite)
through their own diurnal course ; and the exact apparent forms of
their diurnal orbits, or the ovals into which they are distorted by
vefraction, are traced. Their deviation from circles, which is deduced
from the recorded reading of the vertical arc at every noment,
gives the measure of the refraction due to all degrees of elevation;
which is found to decrease rapidly from the horizon, where it is
greatest, to the zenith, where it becomes nothing. Accurate tables
of the mean astronomical refractions are prepared, by means of
which the angles of elevation of celestial bodies are to be corrected.

When the object observed is nearer to the horizon than 8° or 105,
the refraction, then termed terrestrial refraction, has been found to
vary in a very irregular manner, changing materially with all changes
in the state of the atmosphere. Different values for this coefficient
have, therefore, been adopted by different observers. General Roy,
in the operations of the Trigonometrical Survey, assumed it at gth
or {ith of the contained arc in cases where it had not been ascer-
tained by actual observation; but, in examining the correction for
refraction obtained from actual observations in that survey, we see
it varying from sth to jith of the contained are; the greater number
of these corrections, however, oscillating between f;th and Lth.t
It is evident, therefore, that, for terrestrial refraction, it is impos-
sible to generalise a formula in the present state of knowledge ; and
extreme cases of extraordinary refraction have been mentioned which
no previous caleulations could have prepared the observer to guard
against. When tracing oub the hase on Hounslow Heath, General
Roy had directed the telescope fixed at King’s Arbour towards

+ In the account published of CorLoNEL Lampron's Tndian Survey, the
refraction is stated as having varied from jth to gth of the contained are.
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LEVELLING WITH THE THEODOLITE BY MEANS OF
TRIGONOMETRICAL CALCULATION.

Vertical angles, in the mensuration of heights with the
theodolite, being estimated from the direction of the spirit-
level or plummet, they are consequently measured by
reference to a tangent to the surface of the earth at the
- point of observation. 5
Let the points, A and B, fi

represent two remote ob-

jects, and C the centre of
the earth. With the radius

i

C A describe a circle; draw —— / .
A H, tangent to the circle :
at A, and CB, cutting the
circumference in D and E,
and join E A and A D. C
Then B H will be the appa-

J.J/

rent, and B D the true,
elevation of B as compared

with A. Through B, with

Hampton Poor House, ¢ at which end of the base a flag-staff had been
erected ; this, for a long time, he endeavoured in vain to discover,
till at last, very unexpectedly, it suddenly started up into view, and
so high it seemed to be lifted, that the surface of the ground where
it stood became visible. This will appear the more extraordinary,
when it is considered that a right line, drawn from the eye of the
observer at King's Arbour to the other end of the base, would pass
8 or 9 feet below the surface of the intermediate ground.

¢On the same base line, 30 pickets had been driven, 100 feet
from each other, so that their heads appeared through the telescope
to be in a right line; this was done in the afternoon. The following
morning proved uncommonly dewy, and the sun shone bright ;
when, having occasion to replace the telescope, it was remarked that
the heads of the pickets exhibited a curve concave upwards : in the
afternoon, when the ebullition in the air subsided, the curve appear-
ance was lost.— Trig. Survey, vol.1 p.175.
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such a condition of the triangle we may asssume (trig.)

tan. § C = } tan. C; then, by substitution
BE = 1512_[}‘“ tan.® C,

making the observed angle of depression = D, and assuming
the correction for refraction in this climate at the mean
value of -;th of the contained are,
C=D+:0C, or D=C—% C = C (1—%), whence
e e 1

T—) 01

BB'=:}.&Utan.2(
angle D is very small,

: 1
B = %A{lftﬁjgtan.zﬂ,

g B B =3 AC(1+4)?tan.? D, from which the re-

D. By substitution,

1
L= Tlﬁ.

D), and because the

2
E =, L?-i quired altitude B B’ is obtained nearly.
2 19 Ewample.—Required the height of a station from which
\ g /9 the horizon of the sea was scen depressed 22' 36", taking
W= T& "F' the correction for refraction at 1.th of the contained are,
J‘.'ﬁ 7 and the radius of the earth = 20,888,000 feet.
.H: 2#52‘4“’1 | BT i e ] i feu e 1-6989700
7 A ?og. 20,3353-::1200 fect . . 73198969
10 \fio 4,507 oy e ot ) A 00915140

sy 1474 %%m-—*

343

Log. tan.2(22' 36”) . . 56356816

Log. 5573 feet . . . . 27460625
Height of station above the level of the sea = 557 feet.

78 b
’E},ﬁ 'ﬂﬂl’ Altitude of each Station determined Trigonometrically during
el

W

the progress of a Trigonometrical Survey.

Having now explained* the method of levelling with
the theodolite, and described the corrections requisite in

* Throughout the preceding remarks no account has been taken
of the spheroidal shape of the earth, and in all levelling operations
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the operation, it remains only to observe that in the pro-
gress of the triangulation the angles of elevation or depres-
sion are taken of each station, for the purpose of obtaining
the relative elevation of each, and their absolute altitude
above the level of the sea. These angles of inclination are
entered in an additional column in the field-book; or, if
the work be extensive, it is better to enter these angles in
a separate field levelling-book, in the following form.

Form of Trigonometrical Levelling Field-Book.

Horizontal Apparent Elevation Rednetion of
From To Reading or ar Hypot. to Horiz.  Remarks.
Index Error, Depression. Base per 100 feet.
[ W o £ i
A B 0 20 Depr.3 0 0O 014
A G 0 20 Elev. 6 30 0 (-65

In the deseription of the adjustments of the theodolite
it was remarked, that when the adjustments of the optical
axis, parallelism of the level, and horizontal pesition of the
circular limb were perfect, the index of the vertical arc
should point to zero; but as some alterations unavoidably
take place in these delicate adjustments by the carriage of i
the instrument, the third column is designed to receive the
entry of the index error. No entry is, of course, made
here, if the method of compensating for this error deseribed
in page 48 be adopted. The fourth column contains the
apparent elevation or depression of the object; in the fifth
are entered the number of feet to be subtracted per 100, as

— — =

of this character, even those connected with the most delicate geo-
desical operations, it may be neglected ; for the effects of refraction
and the errors always inseparable from angular observations are
more considerable than errors produced in geodesical operations by
neglecting the extremely minute influence of the shape of the earth
as differing from that of a sphere.
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Tabular Form for Reduction to Horizontal Base, and for
Calculation of Altitudes.

In cases where the distances are short, and the relative
altitudes are not required, the reduction of the lines to the
horizontal plane, previously to their being used in plotting,
may be made by reference to the column for the reduction
of the hypothenuse to the horizontal base, as entered in the
levelling field-book, by the reading off one side of the ver-
tical arc. But when the distances are long, or the relative
altitudes required, logarithmic computation should be used.
In an extensive survey, time will be saved, and errors
guarded against in this operation, if the entries for the
calculation are made according to the following form, thus
described in CoLONEL CoLBY'S Instructions for the Interior
Survey of Ireland.

Calenlations
o - n-f_ E?l&lllﬂltiﬂ]]l Alti-
— rednciionsg ik ertich =
= Iori- i Rela-  tude
M aAsured Elevation to the zontal  Jistances, At i
a or horizon. —_— Ramarks,
g distances. depression g ilis- Hyp. xatn alti-  low-
= Hyp, x cos. IATces of angle of tude. “'““]!:
- of angle of inclination. frrhea
inclination.
Obtained by
A levelling
2150 with the
spirit-level.

B A 142 B elov. ‘:ﬂ{'l 3‘6 09006351 1940 3  8°GISTI[0 2443 10593
JIRE240D 31382472

I —

3 IZTEEAT 19264772

D256 C depr. 12120 90993304 21554 S:3739542  51-00 5493
43336458 33336458

33335202 17076030

CB0D clev. 427 0 90086888  B5Gd  S'880B007  66'G5 121'58
20330632 29330932

e —
_——

2OIIGE20 12237930
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¢ In the first column of this register, the designations of
the plans and plots in which the points or lines are con-
tained are entered. The second column shows the measured
length in feet of the station line, which length is to be
written between the letters marking its extremities, thus,
A 1942 B. The third column shows the mean or elevation
depression of the second object deduced from the recipro-
cal angles in the levelling field-book, after applying the
corrections indicated in the third column of that book, and
those for curvature and refraction when very long distances
render their effect sensible. The fourth column contains
the logarithmic cosine of the angle in the preceding column,
and the logarithm of the distance; the natural number
answering to the sum of these logarithms is entered in the
Gfth column. The sixth column contains the logarithmic
sine of the angle, and the logarithm of the distance; the
number answering to the sum of these two logarithms is
entered in the seventh column. The eighth column con-
tains absolute altitudes above the low-water mark. The
altitudes in this column are to be proved by always com-
mencing at some point whose altitude is known, either from
the trigonometrical survey, or by levelling with the spirit-
Jevel, and proceeding in a regular series of additions or
subtractions to some other point of which the altitude 1s
also known in like manner. In connexion with these
levelling operations, observations should be made for the
purpose of ascertaining the heights of the rise and fall of
the tide, both at springs and neaps, at various places on
the coast, etc., the altitude above Jow-water (spring tides)
of some conspicuous part of each of the points which has
heen trigonometrically determined; and of a sufficient
number of other points, found by levelling, ete., to prevent
the accumulation of error 1n the altitudes given in the

register.
¢The survey thus performed will furnish a great number
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of accurate heights, at short distances from one another,
over the district surveyed; it will be easy to render this
part of the work complete, and subservient to future local
improvements, without devoting much additional time to
this object. Not only the heights of hills, but also those
of the lowest parts of the necks which connect them should
be given; also the heights and depths of lakes, and the
altitudes of rivers and streams in various parts of their
courses. As churches are usually very prominent objects,
the heights of the ground on which their towers or belfries
are erected should be given as points for future reference;
and a knowledge of the altitudes of mines and mineral
deposits, and of manufactories, towns, and villages, will
tend to facilitate internal improvements. The heights of
canals should be given at all the locks, and the heights of
the summit levels of roads; and also, when it can be con-
veniently done, the height over which a new canal or road
must unavoidably pass to connect a valuable mineral
deposit, or principal market or manufactory, with some
adjacent harbour, navigable river, or existing canal.’
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rities of the ground. The angle of depression to B is
observed, and the vertical arc being clamped in that posi-
tion, the assistant places the levelling staff successively at
a, b, ¢, ete., the centre of the vane being brought into the
line of sight, CD, and the heights, aa', 53', etc., noted.

The instrument is afterwards brought to B, from whence
the reciprocal angle of elevation to C is observed as a check
on the work, and the telescope afterwards directed upon
the staff fixed at the third station, E, in the line of section.
- The theodolite being clamped in that position, the same
operation is repeated, to note the irregularities between B
and E. In laying the section down upon paper, a horizontal
line being drawn, the angles of elevation and depression
can be protracted, and the distances laid down on the
inclined lines as they were measured by the chain at the
time of the observations being taken. The respective
heights of the vane of the staff being then laid off from
these points in vertical direction, will give the points,
a, b, ¢, ete., marking the outline of the ground.

Levelling with the Theodolite not recommended for
Sections.

As regards this method of levelling for sections, it may
be observed, that in all cases it is inferior in point of accu-
racy to levelling with the spirit-level, and that it seldom
saves much in point of time. A serious objection to it is

12
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of sight. To effect this, the staff-holder should slowly
incline the staff backwards
and forwards (that is, to and
from the observer). The low-
est reading which can then
be obtained from the staff
will be when it stands per-
pendicular to the line of
sight, because the perpendi-
cular is the shortest line that
can be drawn from a fixed

point to a straight line.

Corrections for Curvature and Refraction may be generally
neglected in Levelling for Sections.

In thus levelling with the theodolite when the distances
from station to station are long enough to make the effects
of curvature and refraction sensible and of practical import-
ance, they should be taken into account. It rarely happens,
however, that such a correction is required, because, within
such distances as are adopted in practice, the corrections
due to these causes are more minute than the errors caused
by the difference of elevation between the axis of the
theodolite and that of the vane above the ground, and
other disturbing causes. For example, the correction for
curvature and refraction combined 1s,

at } mile, only 000357 foot
3 = 0:1430 ,,
B ens) i 408238 5
1 i 05T 5

and, as the vane is to be raised or depressed according to
signs made by the observer at the instrument, a greater
distance than half a mile between station and station is but
rarely adopted. '
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while the instrument is taken forward and fixed at b.
From &, the reading of the staff at 1, which then becomes
a ‘back’ station, is registered, as also the reading of the
next ¢ forward’ station, 2; from these data the difference
of elevation between not only the stations 1 and 2 1is
obtained, but also, by combination, the difference between
the extremes, 0 and 2, is given. The same process is con-
tinued for any required distance, giving the elevation of
each intermediate point, as well as the relative height of
the extremes.

In common levelling operations, corrections for cur-
vature and refraction may be neglected, even when the
instrument is not placed half-way between the staves,
because the distance at which the staves can be read 1s so
small as to render their effects inappreciable; at a distance
of 500 feet, for instance, the correction due to both causes
is only 0:00513 of a foot. Therefore, when the line of
collimation is itself properly adjusted, the instrument need
not necessarily be placed midway between the back and
forward stations, when a section of an inclined surface of
ground 1s being taken; but its position may be so chosen
that observations can be made each way, with the staves
at a considerable distance from each other. When the
ground 1is nearly level, it is better to fix the instrument
midway between the staves; but, when crossing a valley,
the instrument, if properly adjusted, should be placed, for
the sake of expedition, nearer the back stations in going
down the inclination, and nearer the forward stations in

—— i
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¢ Bench-Marks.'

In levelling for a long section, bench marks or fixed
stations that can be again found, ought to be chosen at cer-
tain distances, rarely more than half a mile asunder, and
their elevation ascertained and registered on the section.
These bench-marks need not be, and in practice rarely are,
on the line of the section itself. Their use is to give
greater facilities for checking the accuracy of the work as
a whole, and for correcting errors that may have been
made, by merely repeating the levels between those marks
in the distance, between which the error i1z detected, with-
out its being necessary to retrace the entire work a second
time. Bench-marks should therefore consist of permanent
objects, so defined by a slight sketch and description in the
column for remarks, that they may be easily found again.
(Gate-posts, mile-stones, notches cut on stumps of trees,
and similar points of reference, readily present themselves:
for the prosecution of works in progress of execution, it is
customary to drive short hard-wood piles in convenient
places to serve as bench-marks.

Chain-men and Staff-holders.

In levelling for a section, two chain-men are required
by the surveyor to measure the distances, as also two staff-
holders, who, as they place the staff’ at any particular dis-
tance along the chain, are to give or call out the distance
to the surveyor, who stands by his level.

Tripod to support the Staff.

Each staff-holder should be provided with an iron tri-
pod, . e., a triangular piece of plate-iron, with its corners
turned down to act as eramps, whereby it may be steadily
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Metlhod of Entries in Field Book.

The only entries registered in the field are those of the
second, third, and sixth column, with those made under the
head of remarks. In the second column are entered the
back sights, in the third column the fore sights. And here
it may be observed, that as each station becomes a forward
and a back station alternately, the terms back and fore
relate only to the respective position of two stations, and
not to their position as being back or forward with reference
to the position of the instrument or observer. When the
level of any two points is taken, that point or station on
which the first observation is made is a *back’ station,
that on which the second observation is made is a ¢ forward’
station, although both may be behind the instrument with
reference to the direction in which the line is being levelled.
There may be several sets of back and forward sights taken
without the instrument itself being moved; in such a case,
the reading of the fore sight of one set becomes the reading of
the back sight of the neat succeeding set, and is therefore
repeated: an example of this is seen in the second line, and
other subsequent entries in the form of field-book given in
the adjoining page; 4:90, the fore sight of the second line,
1s entered as the back sight in the third. This must be
the case so long as the instrument remains unmoved, but
when the instrument itself is carried forward, then the back
sight ceases to be necessarily the same as the preceding
fore sight, because the visual ray does not, after the dis-
placement of the level (except in some chance instances),
intersect the staff’ at the same elevation as it had done
previous to its displacement. The distance corresponding
to each fore sight iz entered in the column for distances, in
a line with the fore sight to which it refers.
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commenced. The elevation of each succeeding point is
then obtained by adding or subtracting the corresponding
quantity taken from the column of rise or fall, as the case
may be; and this process of addition or subtraction being
repeated throughout the entire column, the reduced height
corresponding to the last station will be higher or lower, as
the case may be, than the height corresponding to the first
station, precisely by the difference between the sums of the
back and fore sights, or of the rises and falls. In the ex-
ample, 21:34 (assumed as the elevation of the starting
point, a bench-mark, above the datum line) and 6:70, the
difference referred to, indicating a rise, are added together,
and give
21-34 + 6:70 = 28-04;

28:04 is therefore the height of the last point above the
assumed datum line, and all the intervening numbers indi-
cate the relative elevation of the corresponding point above
the same datum.

The Arithmetical Check in no case lo be neglected in reducing
the Levels.

It is important not to neglect in any instance the means
here indicated of checking the accuracy of the additions or
subtractions; for these being in a great measure mechanical
operations, there is a liability to clerical or other errors
when many pages of the field-book, or long sections, are to

be reduced rapidly.

To select such a Datum as to avoid Negative Quantities in the
Reduced Heights.

The elevation of the starting point is assumed, as I
have said, at an arbitrary quantity. When this starting
point is not at a lower level than all the succeeding points,
it is desirable, in most cases, to choose a number high
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custom to exaggerate the vertical scale or height, in order
to render more prominent to the eye those particular di-
mensions, forms, or irregularities of the ground, which the
section is especially intended to exhibit. Sections over the
general surface of cultivated country in lowland districts,
if plotted to a true scale, vertically and horizontally, of four
+nohes to the mile (the horizontal scale required for sections
of roads, railways, or canals to be deposited with the
Houses of Parliament), would frequently appear almost as
straight lines, and certainly fail to indicate in a striking
manner heavy cuttings or embankments that might be
requisite in such lowland countries to construct projected
lines of communication. The foregoing section 1 plotted
to a horizontal scale of 400 feet to the inch, and to a
vertical scale of 20 feet to the inch; the vertical height is
therefore exaggerated 20 times.

Section Paper.

For the purpose of receiving the plotting of sections,
a paper is prepared, on which are engraved faint lines,
dividing its dimensions horizontally and vertically into
twentieths of en inch, 1.e., with lines ruled parallel and at
right angles to cach other, at the distance of J5th of an
inch. Much time is saved by the use of this section paper,
as no scale is required for the plotting; it has also the
advantage of facilitating correct and rapid measurements
of any particular part, the measurement being made by
simply counting the engraved lines or divisions, instead of
applying 2 scale. Any regular contraction or expansion
of the paper, moreover, does not affect the accuracy of
such measurements, the scale being itself embodied on the

Pﬂpﬂl‘.
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Levelling with the Spirit-Level more accurale than by Angles
of Elevation, or Depression with Theodolite.

Before concluding the subject of levelling with the
spirit-level, I would observe that the late improvements
made in the construction of the instrument, and in the
mode of reading the levelling staves (improvements due,
in a great measure, to the special attention paid to levelling
for railway sections), may be said to leave nothing to be
desired in point of accuracy and expedition. And I would
repeat, that for the purpose of taking sections, the theodo-
lite, or other angular instrument used for levelling by
means of angles of elevation or depression, 1s inferior to the
spirit-level.

Theodolite may be used as a Spirit-Level, but the practice not
recommended.

The theodolite may be used as a substitute for the
spirit-level, that is, by giving its telescope only a horizon-
tal movement; but it is not advisable so to employ it.
In the first place, the greater weight of the instrument
would prove a hindrance to rapid operations; secondly, the
number of clamps and adjustments required to obtain a
truly horizontal motion, renders the time in which the
instrument remains so adjusted, much shorter than with the
spirit-level. It should be thus used, therefore, as a substi-
tute only, by way of expediency, but not, as a general
practice, to supersede the spirit-level.

The Water-Level *

Circumstances may occur in which the surveyor or
engineer would find it necessary to take a section without

* MarortIE's Topography, vol. ii, p. 59,
K 2
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CHAPTER VL

SPECIAL APPLICATION TO ‘PARISH OR ESTATE SUR-
VEYS,’ ‘ROAD, RAILWAY, OR CANAL SURVEYS,’
‘ TOWN SURVEYS, &c.

HROUGHOUT the preceding chapters, while the
student’s attention was being directed to the various
kinds of surveying or levelling operations that he may be
called upon professionally to undertake, it was necessary to
keep the theoretical investigations, side by side, with the
description of the processes to which they became subser-
vient. For, as it has been previously stated, no practical
rules can be given universally applicable in all details to
any one surveying operation:—the processes must all be
modified according to the difficulties to be overcome; and
a surveyor, ignorant of the principles on which all the pro-
cesses, however varied, must be based, would frequently be
at a loss how to proceed, or use methods so ill chosen as to
cause waste of time, and produce errors from their want of
simplicity.

Now, however, it will be assumed that the student is
master of the principles previously set forth; that he
understands the uses and adjustments of the instruments
deseribed; and, in short, that he is prepared to commence
to work professionally, in a manner lucrative to himself,
and satisfactory to his employers.

This chapter is then to be devoted to the explanation of
field and other working operations to be undertaken; first,
with a view to obtain correct results for practical applica-
tion; and, secondly, to obtain these results in a manner
that shall consume the least amount of time and labour con-
sistent with the indispensable requisite of accuracy.
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t PARISH OR KESTATE SURVEYING.

For surveys of parishes, estates, or other divisions of
property partaking of the same character as to general
size, and ordinary compactness, the operations are of a
cimilar character. In the following desecription, therefore,
although for the sake of brevity, the survey of a parish
will be alone referred to, it 1s to be understood that the
same processes will be equally applicable to surveys of
estates, townships, hundreds, ete.

Previous Maps or Plans.

The surveyor, on arriving at the scene of his labour,
will ascertain if any map or plan of the parish is extant.
For if he have access to such a plan, no matter how 1mper-
fect it may be, it will still be of some assistance to him
(proportionate to its accuracy), in enabling him to dispose
the conduct of his work with greater expedition.

Local Information as to Boundaries, etc.

He will then procure the assistance of intelligent persons
(not fewer than two, if possible, in order that the informa-
tion given by one may be tested by the other), well
acquainted with the boundary, and every object in the
parish, to accompany him over it, so as to acquire a know-
ledge of its magnitude, general form, and bearings, and to
ascertain if it contain elevated spots, either matural or
artificial, from which commanding views of large portions

of the parish may be obtained.
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Practical Hints for the Advantageous Disposal of the Work.

¢ In cultivated countries, let the roads and lanes, or
footpaths, be examined, to see if they can be made sub-
servient to the purposes of the survey; because, if so, they
ought to be used on account of their offering no impedi-
ments to the use of the chain or other instruments; while
woods, hedges, deep ditches, and other obstacles, frequently
occasion delay. To overcome some of the difficulties,
the surveyor should be provided with a small hatchet, as
it is frequently necessary to cut a chain or sight-way
through underwood, as well as to cut and drive marking
stakes. One of his men should also be provided with a
wallet or strong bag slung over his shoulder for carry-
ing refreshments and necessary implements, such as a
hand-saw, small spade, pickets, etec. If the surveyor has
to plot or draw his own plans from the measurement
taken, the author recommends, from his own experience,
the following distribution of time. To spend the first day
in the field, taking measurements, and to draw or plot
the work so taken early the following morning; that dong,
to resume the field-work till dark, and on the following
morning to plot the second day’s work, and so on. The
reason of this is obvious. Field measuring is laborious and
fatiguing work, and after having spent a long day upon it,
the surveyor is in general in no condition for fine drawing
or scale measuring; his hand is unsteady from exertion,
and the light of evening is unfavourable to his operations.
But after a night of refreshing sleep, he will be well pre-
pared for drawing on the following morning, when the
light is good, and he retains a perfect recollection of the
positions and particulars of the places he has been over on
the previous day, and may even be able to supply small
omissions, if such have been made in his field-book, and
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latter will be determined by admeasurements on the plans,
the former by some means which will make the correctness
of that area independent of the result obtained by sum-
ming up the contents of each inclosure, minute errorsin
many of which would escape observation, 1f not checked
by comparison with the correctly ascertained whole. It
is essential, in fact, to arrive at the total area of the parish
by direct admeasurement of the space included within its
external boundary; and the simplest and cheapest means
by which a survey and plan may be made for effecting this
object appears to be as follows : —

Sketeh of Leading Operations.

“ 1stly. To measure two straight lines through the
entire length and breadth of the parish.

¢ 2ndly. To connect the ends of these lines by meuns
of other measured lines ; and,

¢3rdly. From these connecting lines (by measured
triangles and offsets) to determine the entire parish
boundary.

¢ The true area of the parish may then be obtained by
calculation from the measured distances, and by admeasure-
ment of the included space on the plan.

¢ Lines of the description herein proposed to be mea-
sured are ordinarily used by surveyors in the construcsion
of their plans, but are not always shown on the finished
map; I propose to retain them permanently, for purposes
which will presently appear.

¢ The object and application of these lines will be better
seen by reference to the accompanying diagram, represent-
ing the parish of Eye.
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will form efficient checks on the general direetion of the
two main-lines with reference to one another.

¢ A satisfactory check on the lengths of the several lines
will, by the same means, be afforded ; for, as the points,
A, C, B, D, are in each case determined by the intersec-
tions of three lines, an error in any one of these lines must
immediately be discovered.

¢ Thus the true relative position of four extreme points
(A; C, B, D,) in the parish boundary will be obtained, and
such portions of the boundary as fall within the ordinary
range of offset distances from the connecting-lines (A C,
C B, etc.,) will also be determined, and may be laid down
in their true positions.

¢ The more remote parts of the parish boundary may be
determined by means of the triangles (T, T, T), the sides
of which (EF, GH, KI, ete,) being prolonged on the
ground to intersect the main-lines, AB, CD (as these do
at M, N, P, ete.), may be laid down correctly in position
and direction upon the plan.

¢ By this simple process the whole boundary will be
determined, and the total area may then be ascertained.

¢ Among the objects to be particularly attended to in
practice, is that'of reducing the lines, measured over steep
slopes in hilly districts, to the horizontal plane.

¢ This demands special mention, because some inatten-
tion to it is not very unusual, though the necessity for such
reduction is well known to practised surveyors, and all
should be alive to the importance of using a theodolite,
spirit-level, or other assured means, in the measurement of
lines over hilly ground, for determining the exact allowance
to be made.

¢ Without this reduction of the lines, they cannot be
laid down in plan upon a flat surface, and distortion of the
outline must inevitably result.

¢ Care must be taken in all cases to measure the lines
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or hide from view the first rod, should, at the same time,
cover all those placed beyond the first and this, whether
the country be level or undulating.

Of the actual Measurement.

The line being traced out, the measurement is com-
menced from a fixed mark. The chain used will be Gunter’s
(66 feet divided into 100 links). Many persons, for the
sake of having a light chain to carry, purchase those that
are made of thin wire; but they cannot be so well depended
on. The strength of the wire should be such as to permit
the chain to be stretched without great liability to the links
opening and expanding, an inconvenience to which even
the strongest chains are liable.

The surveyor will also bear it in mind to test daily the
accuracy of his chain by reference to a standard as explained
in page 4, Chapter I. The field-book is to be kept in the
manner explained in the first chapter; the crossing of all
fences and divisions of property being carefully noted.

It is the usual practice to make or fix secondary station-
marks at such crossings, but some surveyors adopt the
method of leaving marks or pickets at stated intervals on
the line, a system which has the recommendation of great
convenience for reference, and for the subsequent filling
in of the detail by cross measurements from one station to
another.  * It is scarcely possible to tell where the ¢close’
will be; and as it may frequently happen to be in the
middle of a field, a great loss of time will take place, and
some uncertainty arise, if, to determine the intersection,
it becomes necessary to refer back to the station at the
next hedge, and re-measure the main line from the station
to the point of intersection. But if, as recommended,
stations be left on the main lines at stated intervals, say
10 chains apart, 1t is evident no difficulty will arise in
determining the exact point of intersection, as well as the
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No delay to take place in plotting the Work.

The main lines, and the field-work generally, should, as
explained, be plotted as soon as possible after the measure-
ments are made.

The plan should be made on good drawing paper, pre-
viously mounted on linen.

Scales for the Plans.

The scales commonly used for content surveys of parishes
and estates are those of 3 chains and 4 chains to an inch.
The scale of 3 chains to an inch is in most common use
throughout the country at the present time; and it is the
scale on which the surveys made under the Inclosure, Tithe,
and Poor Law Assessment Acts are generally laid down.
The 4 chain scale is occasionally used for estate surveys in
districts where the inclosures are large and of regular form.
But it appears to be generally admitted by experienced
surveyors, that the use of this scale should be confined to
such districts, and to skilful hands; and that the scale of
3 chains to an inch is the smallest that can with safety be
used, in all cases, for plans from which the contents are to
be computed.

For the plans of towns a larger scale is required.

Station Lines to be plotied and their lengths written.

The scale having been determined, the main lines are
laid down with straight edges and beam compasses.

The chained lines are then drawn with a fine pointed
pencil, to be afterwards, in all cases, traced in red ink, and
marked with a reference to the number of the line in the
field-books, or to the page of the book in which the notes
of the measurement are entered; thus, L. 1, L 2, L 3, etc.,

L
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if referring to the lines, or P1, P2, P 3, ete.,, when re-
ferring to the pages. And when several field-books are
" used, each book should have a distinctive letter assigned to
it, which may be added to the reference upon the plan after
the number referring to the line or page; thus, L) A
P 1, B, ete.

When the lines are very long, inconvenience may occa-
sionally arise from the want of a straight edge of sufficient
length to reach from one extremity to the other. When
such is the case, a good substitute will be found in a silk
thread Dlackened with black lead, and snapped when cor-
rectly over the points.

Numbering of the Fields or Parcels of Land.

¢ Bach separate parcel of land is to be numbered upon
the plan, the numbers following in succession from No.1
to the highest number required. These numbers are to
correspond with those given in the reference book, in
which must be specified the name and description of each
field or enclosure, with its true quantity or contents in
statute measure, the names and description of the owners
and occupiers thereof, the state of cultivation of the several
lands, whether as arable, meadow, pasture, wood, coppice
or common land, garden, orchard, hop-ground; or howso-
ever otherwise.

Pond] ¢ When the quantity of

two or more contiguous par-
cels of land is given in one
J sum, the reference number

connected by a brace, as n

the annexed sketch, where it is shown by the brace (),

must be repeated on each
parcel, or the parcels must be
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that four parcels of land, the house, and pond, are all in-
cluded in the quantity assigned to No. 47.

* Where the whole breadth
or any portion of a road,

_'f':"p;ﬁ-_f

I'__I_'
E
j
deame

stream, ete., is included with
the adjoining field, the brace
must also be used; and

]
e

where only part of the road,
stream, etc., 15 included, the
exact limit to which the
quantity applies must be marked with a dotted line on the
plan.—See No.48 in the annexed sketch; of which the
quantity is thus shown to include the whole breadth of the
lane, half the road, and half the stream.’

!

Parish or other Boundaries.

The parish boundary should be shown in all cases by
a dotted line; and when 1t passes along the middle of a
fence, the dots should be drawn on both sides of the fence,

thus—
FParish Boundary.

e E——————————— e e e e e T
_______________________ L

Fence,

*When a road forms part of the boundary of a parish,
both fences of the road should be shown, and it will be
desirable also to mark the abutments of other fences upon
the outer fence of the road.

* The same remark will apply to rivers generally, and,
in Lineolnshire and other fen districts, to droves, and the
drains by which they are bounded, ete.

“When a parish boundary passes through a field or
other inclosure without being defined by a fence, the whole
of such field or inclosure should be shown on the plan,
with the parish boundary (marked by a dotted line) passing
through it. The area of the included portion only, of

L 2
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such field or inclosure, will appear in the schedule; but
the area of the excluded portion may with propriety be
given on the plan, and be marked as belonging to the
adjoining parish.’*

Wherever disputes exist respecting the boundaries, the
boundaries claimed by both parties should be shown upon
the plan.

In all cases of fences, the actual boundary line of the
adjacent properties chould be marked upon the plan,
whether it be the central line or the side of a hedge,
ditch, wall, bank, ete.; and when the fence belongs entirely
to one property or the other, that should be indicated by
the proper mark.

Generally, the centre of the ditch, when the separation
of a property is formed by a bank and diteh, is the
boundary: with a wall, the middle of a wall, ete. But
there are, regulating these important points, various local
customs, with which the surveyor should at the outset
make himeelf acquainted.

¢ The ordinary usage in other respects is to be observed,
of placing the north towards the top of the plan, writing
the name of the parish and county as a title, the name and
address of the surveyor, the date of performance, the seale,
and the total contents. And when a parish is mapped 1n
two or most distinet parts, a notice to that effect must be
added to the title.

¢ When alterations are made in the field-books, an ex-
planation of the cause of the alteration is to be entered at
the same time; and erasures in the field-books should on
no account be made.’

The quantities are not to be written upon the plan, but
in the reference book only.

The quantities in the reference book are to be arranged

* Report by CAPTAIN Dawsox, R.E, to the Tithe (Commissioners,
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in the consecutive order of their reference numbers; and
figures are invariably to be used for the reference, the use
of letters being less clear in practice.

It is essential that the plan, when completed, should
be such as that the admeasurement on the plan of the in-
closures therein represented should correspond with the
quantities assigned to them in the book of reference. The
original plain working plan is always deemed the most
valuable document, with all the lines of construction,
names, and reference figures shown upon them.

* TRAVERSING.

In the deseription of the parish survey, provision has
been made for the determination of the true position of
every object on the surface. It frequently happens that a
surveyor may be called upon to make merely a survey of a
road, canal, river, or boundary, without its being required
to survey any of the objects on either side. This operation
is performed by a process called ¢ Traversing,” by which,
with the assistance of the theodolite or other angular in-
strument, the surveyor is enabled with great expedition to
perform the work required.

Let A, B, C, D, etc., in the diagram, represent a road
to be surveyed: at the starting point (A), selected at the
side of the road so that the traffic on the road may not
interfere with the work, a staff, with a cross bar fixed
at the usual height of the axis of the theodolite above
the ground, is erected; and from A a straight line is
measured in the direction in which the road is to be sur-
veyed to a point B, selected at or near the first turn or
bend, and at the side of the road, offsets being taken to
the right and left, as may be required, to terminate the
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width and boundary of the road: these measurements are
entered as usual in the field-book. At B the instrument
is adjusted and set to zero,
the telescope having first
been directed to the staff
at A: the upper plate
being then unclamped, the
readings of one or more
conspicuous objects in the
neighbourhood are taken ;
and, lastly, the telescope
being directed upon a staff
fixed by an assistant at the
forward station C, chosen
at the next bend in the
road, the upper plate is
firmly clamped, and the
forward angle read off.
Proceeding from B to G,
the line B C is measured
with accompanying offsets as before, and the theodolite
adjusted over the station C. The ranging staff brought
forward from A and fixed at B, serves as the object on
which the telescope is to be directed for the back angle, by
means of the movement of the lower limb, the upper plate
still remaining clamped to the last forward reading. The
staff at B being properly intersected by the cross wires,
the lower plate is then firmly clamped, and the upper

plate having been unclamped, the same conspicuous objects
are intersected as before, and the telescope 1s afterwards
divected to the next forward station D, when the same
operation is repeated, to be afterwards continued through-
out the entire length of the road to be traversed.

It will be observed that, by leaving the upper plate
clamped for the back reading at the same angle as the
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preceding forward reading, the readings of the horizontal
limb, for the angles forward, indicate the direction of each
station with reference to the first line on which the tele-
scope was set, which may therefore be called the first
meridian. This method of reading saves, in the subsequent
plotting, the trouble of changing the position of the pro-
tractor at every angle.

The angles read at each station may be entered, at the
corresponding station in the field-book, at the end of the
measurements relating to the station line immediately pre-
ceding, as in the form (page 152). If the * forward'
angles “be, as in the diagram, written at right angles to
the direction of the ¢ forward’ lines, the angles of elevation
or depression may be noted under the forward angles,
fractionwise.

In the example, the line A B is the first meridian to
which all the angles are referred; but during the progress
of the work other lines are selected as meridians, in order
to facilitate the plotting. To constitute any one of the
lines a meridian line, it is only necessary to fix the vernier
at zero for the back angle, instead of retaining the preceding
forward angle.

Pickets are generally driven at each station to mark
the precise spot, in case it should be necessary to refer to it
again; and at the close of the day’s work, if the survey is
incomplete, angles should in addition be taken to several
fixed points near the last station, in order that it may be
identified with ease when the work is resumed.

The reason for taking angles to surrounding conspicu-
ous objects (if they be not so distant as to make the angles
of intersection very acute, and thereby form ill-conditioned
triangles) is, that they may serve as a check on the work;
for the several bearings on the same object should, in the
plotting, meet at a common point of intersection. How-
ever, from the dependence of each new station line for its
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errors thus discovered may, if small, be corrected and
" allowed for in the plotting.

The surveyor, in plotting, marks off, around the first
station, the bearing of the angles referred to the first me-
ridian ; and, taking from the field-book, in succession, the
length of each station line connected with that first meri-
dian, he transfers the direction from the central point by
means of a parallel ruler. The same operation is repeated
around each station at which a new meridian has been
assumed. The station lines, when checked and found cor-
rect as to length and direction, are marked in faint red
lines, and the road itself is plotted from the offsets given in
the field-book.

Highly-finished circular protractors are made in metal
with verniers attached, capable of reading to minutes and
fractions of minutes; but these protractors are liable to
be altered in position by the movement given to the arms
bearing the verniers. For general use, circular pasteboard
protractors, with the interior circle cut out, will be found
more convenient;—these can be made by describing a
circle with a radius of (say) five inches, and dividing the
circumference to one-half or one-fourth of g degree, by
measuring, {rom an accurately-divided diagonal scale, the
lengths of the chords as given in the table of natural sines,
and applied in the manner explained in page 89. (uan-
tities less than one-half or one-fourth of a degree may be
estimated by the eye.

In road or other traversing, it would scarcely be neces-
sary to read to seconds, if the direction of the lines were
to be plotted solely by reference to the protractor. But
independently of the fact, that, after a little practice, no
more time is required to read the seconds than the single
yminutes, it may be observed here, that when great accu-
racy 1s sought, the direction of the lines is caleulated by
the resolution of right-angled triangles, in which the angle
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registered forms one of the data. It is especially when
traversing for the surveying of mines, that calculation may
be thus resorted to with advantage; we have therefore
reserved for the chapter on Mining Surveys the necessary
explanations on this subject.

SURVEYING FOR RAILWAYS.

These surveys, though extensive in length, are rarely
co in breadth, being usually confined to a marrow strip of
the country through which the road, railway, or canal 18 to
pass. The ordinary method of triangulation cannot, there-
fore, be applied, and the mode of proceeding resembles
more nearly in character that described for road traversing,
with this distinction, that the station lines, instead of being
o few hundred or thousand feet in length, may be made to
extend from five to ten miles, according to the general
direction of the proposed work, or nature of the country.
These great station lines are connected with each other by
repeated and most careful observations of the angles formed
by their intersection, as also by angles taken to conspicuous
objects. These station lines being determined as to direc-
tion, and carefully ranged and measured, serve as great
bases, on each side of which the fields and other details
4o be embraced in the plot must be next surveyed.

Detail required on Plans for Public Works to be evecuted
with the sanction of the Legislature.

Before describing how this detail may be most readily
obtained, it will be useful to consider the kind of informa-
tion which it is necessary to provide. The greater number
of such surveys as are mow being described are made for
the purpose of obtaining the sanction of the Legislature for
the exccution of contemplated works.
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For plans that are to be thus prepared for Parliament,
certain regulations defined under the Standing Orders of
the Houses of Parliament must be complied with, and those
regulations the surveyor should thoroughly understand, in
order to ensure that his work shall comply with them.
%‘/f(?ms-}/-/ alvBact™ not boilic elild 2
aé»f';x L fm— tifsgcily olee ﬁ{'fi d-/ﬁ /Jéi-‘-r- el g

Scale and extent of the Plan.

The plan must be upon a scale of at least four inches to
a mile, and must describe the line or situation of the whole
of the proposed work, and the lands in or through which
the same will be made; and also any communication in-
tended to be made with the proposed work.

The General Act gives powers for the diversion of the
line of railway, or road, ete., 100 yards on either side of
the line shown on the deposited plans; excepting where
the line passes through towns, or continuous houses, and
then to the extent of 10 yards only; the limits of such
deviation on each side of the line of railway must be defined
upon the plan, and the lands included within them must be
shown.

It is not essential that the limit of deviation should
always extend to 100 yards where circumstances (e.g., the
cxistence of a farmstead, or turnpike road, or a park, )
render it advisable to restrict the power to deviate within
narrow limits. Upon this latter supposition, the line of
deviation will be drawn so as to exclude the excepted
property, and the lands beyond that line, although within
100 yards, need not be described or numbered.

If the plan is on a scale of less than a quarter of an
inch to every 100 feet, there must be an additional plan
upon that seale (] inch to 100 feet) of any building, yard,
court-yard, or land, within the curtilage of any building,
and of any ground, cultivated as a garden, included within
the limits of deviation,
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been adopted for maps of some of the towns surveyed by
the Ordnance. Experience has shewn the larger scale to
be well adapted to the many purposes for which surveys of
towns are required. It is applicable for sanitary purposes,
admitting of the correct shewing of the lines of house and
street drainage, the distribution of water-pipes, the stations
of fire-plugs and fountains; upon such a map, the lines and
directions of gas-pipes, and the station of gas-lamps and
other objects may also be displayed. Characteristic marks
have been inserted on the premises to render the map
useful for the purpose of rating and valuations. With an
engraved copy of a map so marked, it is suggested that any
public officer making valuations may go over a whole dis-
trict and check, in a general way, any account read from a
rate-book, und note the omission of any sort of premises,
such as stabling or out-houses, which may appear not to
have been rated. In like manner, with such a map, the
collection of the rates may be checked.

Il building improvements and new lines of road be
under consideration, it is deemed that the marks charac-
teristic of the different descriptions of premises and their
occupancy will give a new and additional value to such
survey, in showing at once the general nature of the pro-
perty that would have to be taken down, or that would be
affected by the proposed undertaking.

For railway purposes, the parts of towns adjoining to
the proposed works are usually plotted to a seale of 40 or
90 feet to the inch. The engineer and the proprietors of
the land to be encroached upon by the works are thereby
enabled to judge of the extent of property interfered with
to within about a foot or two in length ; and the engineer
has the means of devising such works as may appear desir-
able, to avoid, as much as possible, interference with
valuable property.

M 2
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Principal Lines of Construction only to be shewn on
the Plan.

In rural districts, the surveyor is recommended to retain
on the plan (showing them in red ink) all the lines of con-
struction. For the plans of towns, this practice would lead
to confusion, owing to the multiplicity of lines required.
Those only, therefore, which mark the directions of leading
streets, and form (as it were) great bases on which the
remainder of the detail depend, should be marked.

* SKETCHING IN' DETAILS FOR MILITARY AND
OTHER SURVEYS.

The completion of surveys, in which many prineipal
points are determined, and of which a portion of the out-
line has been measured and plotted, and which are not
designed to be accurate in the details, such as travelling
maps, etc., may be expedited by taking the plan itself to
the ground, and measuring with the box-sextant the angles
between fixed points, or taking their bearings with the
meridian by the prismatic compass; the directions of the
lines and the measured distances being at once protracted
on the plan, no field-book is kept. A protractor scale is
required to set off the angles or bearings; one of its edges
being divided as a plotting scale suited to the scale on
which the plan of the survey is to be drawn. When plans
are thus required to be taken to the field, they should be
traced on bank-post paper, which admits of being folded
without injury, so as to expose any portion of the plan,
and only that portion which may be required at one time,
In order to enable the surveyor to draw or plot more
neatly, the paper may be folded over a rectangular piece
of board, fitting on a field sketch-book or portfolio, and
retained in place by leather bands at each corner,

It 1s not unfrequently of advantage (to the military
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CHAPTER VII.
ON SURVEYING AS APPLICABLE TO THE COLONIES.

G{)L{}HIAL surveying is distinguished from the usual

land surveying, previously described, by a marked
difference in its objects. In cultivated countries in which
every portion of the land is claimed by a proprietor and
an occupier, and the surfice of which is divided into
estates with known boundaries, or separated into legal
and ecclesiastical divisions, the business of the surveyor
consists in making, on a plan, a faithful representation of
the existing demarcations and artificial objects, as well as
of the natural features, and in collecting and arranging all
data which may contribute to convey a knowledge of the
physical aspect of the country. In new colonies, on the
contrary; the first purpose of the surveyor, instead of
being directed to the measurement of existing lines or
boundaries, consists in actually setting out on the ground
the limits of stated quantities of land or ‘ sections,’ pre-
viously to their being conveyed to the purchasers.

Bearing in mind this difference, we proceed to describe
a suitable mode of conducting such a survey.

When treating of trigonometrical surveying, it was
explained, that by it only could perfect aceuracy be
attained in the survey of an extensive district; but, at the
same time, the description of the mode of operation made
1t manifest that it necessarily involves, in its prosecution,
both considerable expenditure of money, and great con-
sumption of time. In a new country, probably covered with
timber or dense and tangled underwood, intersected by im-
passable rivers, and inaccessible marshes, and presenting
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other serious physical obstacles, the consumption of time
and money must be proportionably increased.

The resources of a new colony are evidently unable, on
the one hand, to bear the burden of the expenditure neces-
sary to obtain perfect accuracy ; and, on the other hand,
its thriving condition must be injured by the delay neces-
sarily consequent on the operation.

Perfect accuracy must, therefore, in the first instance,
be sacrificed to economy, and a method adopted capable of
providing for the immediate division of the surface into
suitable allotments, with an approximate accuracy sufficient
for the exigencies of the moment, and attained at the least
possible cost.

The square, or rectangle, admitted to be the figure
best adapted for the subdivision of lands, is found to lend
itself the most readily to such objects. The size of these
rectangular divisions or sections must depend on the
means of the settler, and the agricultural capabilities of
the soil. In Lower Canada, the minimum size of the sec-
tions has been fixed at 200 acres; that adopted in South
Australia contains 80 acres; and the greater number of
the purchases in South Australia having been made of
coctions of the smallest size admitted by the regulations,
it may be inferred, that the average means of settlers would
be more readily met by the smaller sections. Whatever
may be the dimensions adopted, the mode of operation will
be similar: it will be the first object of the survey to pro-
vide for setting out on the ground the limits of such
cections, in the district sclected as the most suitable for
immediate settlement.

The lines forming the boundaries of the rectangular
sections are generally ranged in the direction of the car-
dinal lines; this ranging should be performed with the
theodolite, the surveyor bestowing special care on the
reading of the right angles, and never omitting to test the
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correctness of his work, by measuring the angles formed
at the intersections of the boundary lines. The mendian
line may be obtained, as described in page 88, by obser-
vations of the sun: or, as the surveyor has, in such opera-
tions, frequently to pass his nights in the field, he may
check the direction of his meridian lines by observations of
the polar-star.

The directions of these lines, or boundaries of sections,
are ranged by the surveyor himself, while labourers are
employed in clearing the lines, by cutting the brush-wood
or under-wood to a width of about 3 or 4 feet. When
large trees impede the progress of the line, they are passed,
as described in page 21. As the clearing proceeds, the
boundaries of the section are marked by strong pickets,
driven into the ground at short distances of a few hundred
feet, and projecting above the surface not less than from
2 to 3 feet: the bark should also be taken off, in order to
render them more easily recognised. At the angular
points of the sections, i.e, at the intersections of the
beundary lines, three or more pickets should be driven, in
order to distinguish especially those points in the bounda-
ries. If the minimum size of the sections adopted be
80 acres, these pickets would be driven at every quarter
of a mile, or at every twentieth chain of 66 feet. If the
cardinal lines we have described have been ranged at a
distance of one mile from each other, they will, by their
intersections, divide the surface into rectangles containing
one square mile, or 640 acres. These

—
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ments, [ewer linear miles have to be measured per square
mile set out, and time is economised; but, independently
of the consequent exclusion of settlers whose means are
unequal to the purchase of large sections, this course di-
minishes the number of checks on the work, and by causing
the accumulation of errors to be distributed over a more
extensive space, renders their detection and correction more
laborious and intricate, and thereby tends to induce their
being passed over unregarded and unremedied.

Under the second head, the uge of the compass as the
sole means of obtaining the direction of the lines, necessarily
introduces serious errors, which are again increased when
the lines are not properly ranged by staves fixed in a
straight line with a transit instrument or a theodolite. Such
has been the practice in North America, where the proposed
direction is determined by means of the compass. More-
over, the lines are there set out without a telescope, simply
by the aid of sights raised on the instrument, and instead
of being ranged by staves or rods, they are ranged by the
bearing of large trees which stand in the line of sight.

It is obvious that great want of precision must result
in ranging a line, when the only object to determine its
direction is a tree of considerable diameter. Yet the errors
due to this cause are not so considerable as those consequent
on variations of the compass, which have been known to
exceed half a degree in the course of a day.*

* I am indebted for the information embodied in this chapter to
the able report On Surveying as applicable to the Colonies, made by
Captain Dawson, R.E, to the Secretary of State for the Colonies,
1840. It is important to notice, that since the date of the report,
this system of survey has been followed in Australia, New Zealand,
and other British Colonies, and that it has in all cases proved
admirably adapted to the purposes in view,

The anticipations as to cost and rapidity of execution, as well as
accuracy, have been fully realised,
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the effects of perspective always present the apparent as dif-
ferent from the real forms. Nevertheless, by attending to
the principles and effects of light and shade, plans may be
so shaded and finished that an inspection of them would
malke the observer acquainted with the relief of the ground,
as 1t would appear if a reduced model of it were placed
under his eye.*

Steepness of the Slope, an element to regulate the Shade.

The side or slope of a hill, being inclined to the hori-
Z0n, Teceives in proportion to its surface a smaller quantity
of vertical light than the summit, or than a horizontal
plane at its base. A horizontal surface receives an equal
portion of light with the inclined surface resting upon it,

Vertical Rays of Light.

N TR e .f.f
and as the inclined surface is of greater extent, it will be
darker than the horizontal, in proportion to the degrees of

inclination and consequent increase of the extent of surface.

* The Ordnance Map of England (which is published on a scale
of 1 inch to the mile), with a representation of the natural inequali-
ties of the ground by means of light and shade, has proved of
incalculable value to the engineers and surveyors employed to
design and lay out improved lines of communication throughout
the country. By a simple inspection of the map, a knowledge is
obtained of the prominent ridges and of the most practicable passes
through them, and the engineer can at once direct the surveyor to
proceed to the minute examinations of those lines which are likely
to prove available for the proposed work. Without access to such
maps, numerous trials, surveys, and sections, would have to be
made at considerable expense of time and labour in order to com-

bine as much topographical information as is conveyed on the
Ordnance Maps.
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A sheet of white paper, bent into the form of a ridge, and
placed under a vertical light, affords a simple illustration of
this effect, the shade becoming darker as the inclination is
increased® From this is derived directly the principle,
that in the representation of the varied forms of ground,
the shade applied to the side of hills should be propor-
tionate to the steepness of the slope. The draughtsman
thus gives a physical representation of the hills, generally
intelligible to all, and enabling the engineer or professional
man to estimate the relative steepness of the hills from a
comparison of the relative intensity of the shades.

Height also to be an element to regulate the Shade.

Height, as well as steepness, is a characteristic to be
attended to in the representation of hills. On looking at
o reduced model of ground, the highest point attracts the
eye in the first instance; in the same manner, it should
retain its prominence in its representation on the plan,
and all differences of altitude should have their relative
importance in the drawing. This is effected by com-
bining height with steepness, as the two elements to
regulate the depth of shade. This combination produces
a correct physical representation, by imitating the effects
of airial perspective. The higher points of the country,
being nearest the eye, are supposed to present a greater
intensity of light and shadow, both of which diminish in
degree as the surface becomes of less altitude, because
of the supposed intervention, between the surface and the
eye, of a greater body of the atmosphere. Through this
cause the valleys are slightly shaded or tinted; thereby
they cannot be confounded with the tops of the highest
mountaing, which alone are to be left quite white. Were

* MircHELLS Outlines of a System of Surveying, page 69.
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this principle unattended to, the flat parts of valleys, and
the level summits of mountains, being both left unshaded,
could not be distinguished from one another, and the true
appearance of relief would be lost.

Relative importance of features to be preserved.

In the representation of ground, all features, whether
of primary or subordinate importance, whether high moun-
tains or small ridges, should be represented as fully as the
scale will admit; but each feature, as in nature itself, or in
a model, should be in proper keeping, the smaller features
being kept subordinate to those of greater magnitude.
The importance of preserving each feature or object in its
proper ‘keeping’ is well understood in drawing or paint-
ing when cultivated as a branch of the fine arts, and 1t
is one of the elements most conducive to beauty and truth
of representation. When unattended to, the drawing pre-
sents a harsh effect of spottiness. Until of late years it
was altogether neglected in topographical drawing; high
mountains, howsoever extensive their base might be, or
however varied their ramifications into other subordinate
forms, were represented much in the same manner, and
with the same tone, as the inferior hills of the low
country.

Mr. Dawson (for more than half a century connected
with the Topographical Department of the Ordnance
Survey of England and Wales) was the first to correct
this defect, by establishing the following general prin-
ciples.

1. That a plan is to be considered as a full-face portrait
of a country.

2. That mountains, hills, and hollows, are to be con-
sidered as features varying the general face of the ground.

3. That every feature must be conceived and expressed

N
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as the slopes increase in steepness. This style may be
rendered most expressive by a skilful draughtsman,
especially when the character and strike of the hills is
favourable to the direction of the light; this is the case
when the strike of the hills is at right angles or nearly so
to the direction of the light, and when the steepest sides of
the hills are uniformly on the shaded side. Such a dispo-
sition of the forms of ground can only obtain over a very
limited space, and when the map comprehends an extensive
district, the steepest sides of the hills will in some cases be
opposed to the light, in others range in directions parallel
to it, and in both circumstances the less inelined slopes will
receive the darkest shading, and may mislead as to the
character of the country. With this style of representa-
tion, the hills are generally made to partake more or less of
the same character, appearing almost uniformly steepest on
the sides removed from the light. It is a disadvantage
inherent to this method, that by it much more scope 1s left
to the taste of the draughtsman, and the topographical
language thereby loses some part of its universality ; also
if, on looking at a map so drawn, the light whereby it is
examined should happen to fall in a direction contrary to
that in which it is assumed to proceed, the effect of relief
is, to some extent, diminished; and the writing and outline
necessarily introduced on the plan contribute also to mar its
effect. Most beautiful drawings of the mountainous dis-
tricts of Wales have been executed by Mr. Dawson for the
Ordnance Survey in this style; and they could not probably
be surpassed in truth of execution, or in pictorial effect and
breadth of expression. There can be little doubt, how-
ever, that artists equally skilful could give as rich an effect
by means of the vertical light, and if so, the latter style
should seem to claim the preference; for maps so drawn
may be considered as furnishing more precise data, the
relative height and steepness of the hills being represented
N 2
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by corresponding depths of shade, and the writing and
outline interfering less with the general effect.

CoNnToUR LINES.

The physical effect of shading can be produced by
otched lines; when this method is adopted, the lines may
be drawn on the plan in the relative position that would
be occupied by lines traced on the ground parallel to the
horizon. Such lines are called Aorizontal contours.

Principle of Contour Lines.

If we imagine horizontal lines vertically equidistant,
that is, each line separated from the adjoining lmes above
and below by a given constant altitude, they will, when
projected orthographically on the plan, necessarily approach
or recede from each other, according as the slopes are
more or less steep; on ground of slight inclination they
will be distant from each other and produce light shades,
whereas on steep slopes they will approach closer to each
other, and consequently produce a depth of shade propor-
tionate to the steepness of the slope. If a series of such
horizontal lines, all vertically equidistant, be traced from
the base to the summit of a hill, they will present a correct
seometrical and physical representation of the hill; and
the vertical distance which separates the contours being
known, a profile or section can be drawn in any direction
whatever.

¢ To give an idea of the principle of contour lines, we
may suppose a hill, or any elevation of land covered with
water, and that we want to irace the course of all the
levels at every 4 feet: of vertical height; suppose the water
to subside 4 feet at a time, and that at each subsidence
the line of the water’s edge is marked on the hill; when all
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picket, and at such an elevation that, when adjusted
horizontally, the line of sight shall intersect a levelling-
staff’ placed on the picket. For this purpose a staff with
a sliding vane must be used, as it admits of being observed
at greater distances than the improved levelling-staves.
The centre of the vane is, by attention to signals, brought
by the staff-holder to the point of intersection of the visual
ray, and fixed in that position; the staff is then taken to a
point nearly on the same level between the two next
ranging rods, and moved up or down the slope until the
centre of the vane again coincides with the horizontal line
of sight. A picket is driven at this spot, and the opera-
tion is continued round the valley or brow of the hill as far
as the observer can see the staff distinctly; the position of
the spirit-level is then changed, and the same horizontal
line continued as far as required. The next contour,
either above or below, is traced in exactly the same
manner at the required vertical distance from the first.
While sweeping the telescope of the spirit-level from point
to point, the observer takes care to note where the visual
ray intersects any object, such as the base of a house, gate,
corner of a field, ete., which is marked on the plan, and he
thereby obtains the elevation of an additional number of
points. The positions of the others that have been ob-
served, as marked on the ground by pickets, are fixed by
measuring with the chain their distances from the ranging
rods whose positions are known. Finally, the normal
contours are traced by joining (by lines nearly straight,
but partaking of the general roundness of the ground) the
various points indicating the same elevation. It is almost
needless to observe, that fixed points must be carefully
levelled at different distances to serve as bench-marks for
the detection of errors that would unavoidably accumulate,
were contour lines to be carried great distances without
checks from independent data.
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into the work. ¢For towns built on regular natural sur-
faces with steep falls, I believe that contour lines, with a
vertical equidistance of 4 feet, would suffice ; but for flat
ground, or ground very irregular in its form, or for ground
liable to be flooded, 2 feet would be a good vertical equi-
distance. Such contours projected on a plan plotted to a
scale of either 10 feet or 5 feet toa mile (the Ordnance scales
for towns), would convey neaxly all the information required
for sanitary and struetural improvements, Contour lines
drawn with a vertical equidistance of 1 métre, were found by
M. Girard, engineer to the water-works of Paris, sufficient
for all the purposes of the water-works; and it may be
observed here, that the plan adopted for watering the streets
of Paris by fountains (bornes-fontaines) demanded a very
exact knowledge of the levels; for the site of these foun-
tains had to be so selected, that, by placing each in a cul-
minating point of a street, it might be made to water the
greatest possible extent of surface.

‘A distance of 2 feet between each contour would be
sufficient to guide builders in their private drainage. But
to assist them more effectually, and in general for the pur-
pose of reference by all designers of physical and structural
improvements, it would be highly desirable that, in addition
to the careful registry of the altitudes on maps accessible to
the public, exact indications of the levels should be inserted
at convenient places on public permanent objects. The
heights, all referred to the same datum, should be inscribed
in feet on the public buildings, and at the corners of streets
n towns; and, in the environs of towns, on mile-stones,
gate-ways, or any convenient fixed object.

‘ Contours, thus regulated, would supply the necessary
information for the most advantageous distribution of the
sewerage. They would likewise suffice to guide in the
improvements in the levels of streets, when any repairs
should offer opportunities of diminishing irregularities in
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without taking any trial levels, or even visiting the locality.
He could, for example, obtain from the plan, the section or
varying gradients of a road, in the direction represented on
the sketch by the straight line A B, and compare its length
and its gradients with those of a line of road made to
deviate in such improved directions as would be indicated
by the contour lines generally (as shown by the dotted
line in the above sketch), increasing in a slight degree the
total length of the road, but avoiding back-falls, and reduc-
g the gradient to a minimum amount of steepness by
spreading the total rise or fall almost evenly throughout
the whole line of road. The saving in time, by reference
to such a map, is self-evident, inasmuch as no preliminary
levelling would be required, and the saving in expense
could not be less than the cost for levelling from four to
five times the whole length of the line of road; for it is
but rarely that even a common road of considerable length
could be set out in the most advantageous manner without
at least half a dozen trial-sections. Such trial-sections,
after they have served the immediate purpose required,
become useless for any other work; whereas, levels taken
for contour lines, are always ready to be referred to for any
project of internal improvement. But the use of contour
lines would become even more important to an engineer
engaged In setting out a railway or canal. The necessity
for easy gradients in the first description of work, and
of level lines in the second, render deep excavations and
high embankments unavoidable. The proportion of saving
in the cost of these great works, that may be the result of
even slight deviations, can scarcely, in a broken and
varied surface of country, be over estimated. Indeed,
many of the existing lines of railway in the kingdom
present striking examples of unnecessary expenditure in
cuttings or embankments that might have been avoided
or greatly diminished, had the engineer had access to
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trustworthy documents, presenting, under one connected
view, the relative elevations of adjoming hills and valleys.

A map with such contours accurately traced upon it, is
of much greater value to the engineer than if left simply in
outline, inasmuch as he can trace sections in any direction,
by measuring the horizontal distances along the line of
section between each pair of contours, the vertical distances
heing a known constant quantity.

Horizontal contours can be traced by the eye with con-
siderable accuracy, especially when the surveyor is assisted
by the altitudes obtained in the trigonometrical operations
serving for the construction of the outline map. The pro-
cess before described is, from its mechanical nature, slow;
that which I now proceed to describe is rapid in execution,
and tolerably correct for a small scale (say 1 inch or 2
inches to a mile), where experience has trained the eye to
accuracy. It is well adapted for reconnoissances of a
country, and it is much used by military engineers. The
civil engineer would, however, frequently find the same
advantage in using it in his preliminary examinations
of countries for the purpose of selecting general lines of
communication.

In the field, when the eye is alone depended upon, the
horizontal lines are traced in peneil, by close parallel
hatchings; and when the whole drawing is finished, the
normal contours are traced at the required vertical distances
apart, by following the general direction of the pencil lines,
and checking their truth by means of the trigonometrical
elevations or other heights marked on the map. The con-
tours, when a complete circuit is made, must return to the
point of departure, and if it were attempted by the eye
alone to trace normal contours which are isolated from each
other, no degree of previous experience would suffice for
the attainment of the object.
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‘Vertical’ Style of Hill Drawiny.

The practice has long prevailed of transferring to the
fair drawing or to the copper plate for engraving, not the
horizontal lines as sketched in the field, but vertical lines
at right angles to them, which represent the course that
would be followed by water in its descent down the slope.
This style of hill drawing is called the ° vertical style,” in
contradistinetion to the first described, which is called the
‘ horizontal style’ The vertical style is rarely used for the
field-work; but whatever style may be adopted in the field,
the maps, when engraved, have hitherto been etched in the
vertical style.

It seems difficult, on first consideration, to account for
this substitution of vertical lines for the horizontal lines,
as originally drawn in the field, especially when it is con-
sidered that any change must diminish in the copy the
value due to the original document. Also, for engineering
purposes, the change is inconvenient, as the horizontal lines
must again be restored by tracing them at right angles to
the vertical ones; and such a change cannot be made
without introducing errors. The chief cause of the altera-
tion, seems to be that the vertical lines can be etched by the
draughtsman, and more especially by the engraver, with
greater facility and rapidity than the horizontal lines: it
1s believed, however, that, to a certain extent, the greater
facility of engraving in the vertical style is due to the
artists having exclusively practised in that style.

For a small scale, such as that of 1 or 2 inches to a
mile, when it is intended to introduce into the plan all the
details that the scale admits of, etching with the crowquill
for the fair plan is to be preferred. But for plans aiming
at less exactness of detail, or prepared on a larger scale
(from 3 inches to a mile and upwards), washing in the tints
with Indian ink is much preferable, as it admits of greater
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CHAPTER IX.
MINING SURVEYS.

A MINING plan is the chronicle whercin are recorded

all geological and mineralogical data connected with
the mining district. It serves also as a guide by which
new workings may be directed; and if made with strict
geometrical accuracy, it saves one heavy item of expense
in all subterraneous works, namely, that arising from lost
labour in driving false headings. It guards also against
the occasional destruction of human life by unexpectedly
opening into a gallery, or cutting into a protecting dyke,
supposed by the indications of an inaccurate plan to have
been at a greater distance.

The want of subterranean plans, constructed with as
great a degree of geometrical precision as those repre-
senting the surface of the ground, has been long felt by
scientific and practical men. With a very few exceptions,
no correct or trustworthy record of subterranean works
are preserved in any of the important mining districts of
Great Britain; and so strong is the impression of too
general neglect in this particular, that the highest autho-
rities in mining engineering have recommended, ©that in
future leases of mines, the proprietors should introduce a
clause to require the adventurers to keep sections and plans
of all their workings’ But, manifestly injurious as the
general inexactness of mining plans is acknowledged to be,
the erroneous impression continues to prevail, that mining
surveys can be performed with instruments incomparably
less accurate, and with precautions much Iess stringent
than those which are now deemed indispensable to the

0



194 MINING SURVEYS.

perfect success of surveys on the surface. It is further to
be observed, that surveys on the surface seldom present
obstacles equal to those of subterraneous works, 1n many
of which, the difficulty of access, and the great irregularity
and varied ramifications of the levels, demand all the care
and skill which the experienced surveyor can command.

It may be said to be the universal practice, at present,
to perform mining surveys by means of the mariner's or
miner’s compass, for the obhservation of horizontal angles.
No strictly accurate surveys can be performed by such
means, and the following are among the causes of error
inherent in the present system.

First. Angles cannot be measured nearer to the truth
than from a 4 to § a degree with the miner’s compass, the
diameter of which is rarely large enough to admit of a
more minute subdivision of the circumference,—but espe-
cially because the mode of action of the needle does not
admit of the application of a vernier to the circumference.

Secondly. The horizontal or azimuthal angles, indica-
ted by the magnetic needle, cannot be read with precision,
because the needle is seldom parallel to the plane of the
instrument, but has either its north or south pole raised
some distance from the plane. Unless then, in viewing
the needle, the eye be kept exactly in the vertical plane,
passing through its longitudinal axis, the index will not be
seen projected upon its proper place on the circle; and as
we evidently cannot, in reading the angle, always be cer-
tain that the eye is placed in the required position, we are
frequently liable to refer the index to the wrong division,
or incorrectly to appreciate its apparent or parallactic dis-
tance from the right division. .

Thirdly. The diurnal variations of the needle are too
important to be neglected, as they sometimes amount to
} a degree in an interval of twelve hours. The use of the
compass necessitates, therefore, an inquiry into, and a re-
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cord to be made of, the variations of the needle at different
periods of each day's work, as well as on consecutive days.
For in the very same locality, variations of 1° have been
observed in an interval of fourteen days, and of 14° in an
interval of six months.*

Lastly. The use of the common miner's compass is
evidently inapplicable to mines of such minerals as are
possessed of undoubted magnetic properties,—and inde-
pendently even of these, the needle may be made to deflect
through local attractions, among which might perhaps be
included the electro-magnetic currents to which Mr. R. W,
Fox is inclined to trace the existence of metallic veins.
Above all, the powerful influence of an iron railroad, a
most common requisite in all mines, has long been ascer-
tained; so great is its effect, that the needle, when héld at
the joint between two rails, will immediately place itself
in a direction parallel to their length.+ This last cause of
error may probably be destroyed by using an improved
compass needle, a late invention of Mr. James Ramsden,
intended to obviate the derangement of the nativity of the
needle, caused by the presence of the iron rails, and various
metallic substances. The improved needle is thus described
in No.293 of the Mining Journal, for 1841. *It consists
of three parts, viz., two bars of steel, each 11 inch long,
and each having a north and south pole, divided in the
middle by a brass bar, which separates the north pole of
one bar from the south pole of the other by about 14 inch.
The affinity of one of these for the other is so strong that
the polarity of the needle as a whole is maintained.’

The above remarks amply testify the insufficiency of
the miner’s compass for the performance of accurate undex-
ground surveys, and to its inherent imperfections are added

* Annales des Mines, tome ix., 1835, page 88,
t Ibid, tome ix., 1836, page 99
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The common theodolite, in order to adapt it to mining
observations, requires a slight modification in the construc-
tion of the stand, whereby it may be easily disengaged
from the staff’ for the purpose of placing it on any support
or bearing afforded by a locality too confined to admit of
the common stand being used. The inferior parallel plate
should have in its middle part a hollow socket of several
inches in depth, and slightly conical. This is intended to
receive a brass projection attached to the stand which
serves the same purpose as the serew of the staff head in
the ordinary construction. To proceed with the survey of
a mine, if its adits or galleries be not too steep and irre-
gular, 3 tripod stands are provided similar to
those used in common field-work, but shorter,
and having, instead of the common staff
head, a flat broad head (with 2 small spirit
levels at right angles to each other), on which
can be screwed, when required, a brass pivot
made slightly conical, so as to fit into the hollow socket
of the lower parallel plate, which is made fast to it by a
friction screw.

If the galleries be too steep and rough to admit of the
steady adjustment of such tripods, wooden supports may
be substituted of the annexed form, armed with spikes or

e b B

Side wienp. FPlan,

cramps to fasten them to the polling boards or shores on
the sides of the galleries.

Lamps are used as the objects to be observed: they
are made so that the focus of the light shall be at the
same elevation, when placed on one of the tripods or rests,
as the axis of the theodolite when fixed in the same place.
A hollow socket beneath the lamp, provided also with a
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The operation above described will be found to be
similar to that practised for road or town surveys, and
known by the name of ¢ traversing.” However, the opera-
tion as conducted in subterraneous surveying, presents
certain advantages not possessed by that usually carried
on on the surfice. First, the mode of observing with
three fixed supports so contrived that the observed object
and the axis of the instrument always occupy in sue-
cession the same position, prevents all inaccuracies from
eccentricity of the instrument or the object staves. This
eccentricity, in the common method of traversing on the
surface, forms a serious and practically unavoidable element
of error, for the axis of the theodolite being fixed in
position by means of a plummet suspended over a picket
of a certain diameter, cannot with precision be placed
truly in the axis marking the centre of the object-staff
just removed. This defect would be entirely obviated by
using, as recommended for subterraneous surveys, three
tripod stands.

Secondly, the superior distinciness and precision af-
forded by a small bright light used as a point of sight in
mining surveys, is well appreciated by all who have had
the opportunity of comparing it with the intersection of
the centre of a fixed vane placed across the staff, used as
the object of sight in surveys on the surface.

Lastly, in subterraneous surveying, the surveyor is pro-
tected from all unsteadiness in the instrument, consequent
on the agitation of the atmosphere.

From these remarks it may be inferred, that, as
“traversing’ is a process mathematically correct in theory,
although to a certain extent erroneous in practice, the
mining surveyor has the means of approaching more
nearly to geometrical precision, by following the practical
directions given above.

The work may be plotted at once from the field-book,
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P, it 1s first referred to a horizontal plane A B C given in
position, by a perpendicular
P P drawn to that plane.
The point P is then deter-
mined, as shown above, by
two perpendiculars, P’ A,
P‘C, drawn to the lines A B,
B C, given in position. This
is evidently the same operation as referring the point
P to the three planes, ABC, ABE, CBE, perpen-
dicular to each other, for the lines P' A, P* C, are evidently
~equal to the lines P D and P F respectively. The lines
drawn from the point P to the three planes fixed in
position are called co-ordinates. These three rectangular
planes, by a reference to which the position of any point
can be determined, may be compared to the floor and two
of the side walls of a room.* Perpendiculars drawn from
the point to the walls and floor would intersect them
in points called its projections. This is the method uni-
versally employed by engineers and architects to convey a
representation of the different parts of a proposed edifice,
—the projections on the three planes being denominated
plans, elevations, and sections. The plan is the projection
of the parts of the edifice on the horizontal plane, the
elevation and section are the projections of the parts of
the edifice on two vertical planes at right angles to each
other.

The terms of altitude, latitude, and longitude, are
analogous to the three lines or co-ordinates drawn to three
planes fixed in position.

It is proposed, then, to apply this universal method of
determining the position of points in space to the plotting
of mining surveys. For that purpose the three planes are

P

* Lacrorx, Complément des Elémens de Géométrie.
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supposed to intersect in the starting point of the survey,
one of them being horizontal, the others vertical and per-
pendicular to each other. The measured lengths, together
with the angles of inclination, determine the position of
each point with respect to the horizontal plane; in other
words, its altitude. This co-ordinate altitude 1s said to be
positive when it lies above the horizontal plane ; negative
when it extends below it.

The measured lengths with the horizontal angles deter-
mine the position of each point with reference to the
vertical planes, one of which may be
called the plane of the meridian, the
other the parallel of the latitude.
When a co-ordinate longitude lies
to the right of the meridian it 18
positive, when it lies to the left it is
negative. When a co-ordinate lati-
tude lies above, or, as it were, to
the north of the normal parallel of latitude, it is positive;
when below it, or, as it were, to the south of it, 1t 1s nega-

oRTIFOL -

Negative | FPositive

BRLFOL AT

tive.

The solution of right-angled triangles—a process
quickly performed by means of logarithmic tables— deter-
mines the position of all the ponts from the data given in
the field-book. The steps in the process are best disposed
according to the form given in pages 204, 205, in which
the distances of each station from the three planes are regis-
tered independently of each other, and can be plotted in
the same manner as a section. The additional time occu-
pied in the caleulation is, in some measure, saved in the
plotting, which is much more expeditious when performed
by means of two rectangular co-ordinates than by the use
of the protractor.

When new galleries have to be conducted in connexion
with, or having a reference to, old workings, it will be more
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accurate to set out their directions from data obtained from
the table of registered lengths than to measure them from
the plan.

Underground surveys require to be referred to, and
connected with, surveys on the surfaice. When the con-
nexion can be made by adits, it is effected by traversing out
of the adit to the surface: when it must be accomplished
through a narrow shaft, the bearing of the first line, used
in the underground survey, with the magnetic meridian is
ascertained with the greatest care, and in order to detect
the existence of any local cause of attraction, many observa-
tions should be made under different circumstances, and at
different parts of the line of which the bearing is required.
As soon as this has been satisfactorily determined, a line
with the same bearing is set out at the mouth of the shaft,
the surveyor using the same precautions to guard against
local or accidental deflexion of the magnetic needle. The
direction of the first line being thus marked on the surface,
the other lines which have been traversed underground are
set out, and marked by pickets on the surface, from the
data given in the field-book.
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Logarithms of the distances Distaneces of ench Station from prin-
thras of each station from three Distances nhtniil_cd from Logarithms > |:Il.p.|.|.l Plats ]'Lm.saing through
moustred planes passing through in preceding Colnmns. First Station.
.5“":1:% each station.
orizontal
Log. distances from Distances from Distances from
T
Meridi Latituda |Horizontal| Plane of Plane of | Horizoutal | Plane of Flane of
Aypothe- | Horizontal nil’ﬂtg I“m:; Plane. Meridian. Latitude. Flane. Moridian, Parallel.
naeae plons = horiz. dist. | horiz. dist.
2 cosine |hyp. % gin. | i Ghe of | % cosing of
fangle of | oFangle of | 55000 gF angle of
ation-finclination.) gipretion. | direction. st el e 2ri; + | ey Ly = + o
11930931 | 1-9494422 | gr 1 1930981 17 1560 017 15:G0
7425363 | 1-6973926 | 1-9404422 | 0-7365313 050 | 0-89 .H.':| 067 | 089 2105
RGBGOS | (4362307 | 0-2060242 | 15630417 273 1'61 | 35°56 a4 072 | 5761
5645072 | 19968292 | 1-8543506 | 15644247 099 0-71 | 36168 4-39 1:43 | 04-20
*4857200 | 26484174 | 00923435 | 1-4853658 | 0-04 1-24 | 30057 435 267 |124:86
#BE22THA | 1°5031348 | 15550577 | 0-7910503 | 0-32 3507 618 403 3364 |11868
THE6RT] | 15347223 | 04888347 | 1-8664920 | 0-34 308 7370 369 3555 | 4498
“*4056613 | 1-4491887 | 10454773 | 1-4056572 | 0-23 011 2545 341 3567 | 1953
LI434402 | 0- 1910234 | 0:5371264 | 1-1297075 | 1-55 344 1348 186 3223 | 605
5807159 | 04362856 | 1-0032147 | 1-5305023 | 2.73 0:81 3393 | 087 3141 3788
4115932 | 1-4551206 | 1-4099485 | 0-a504428 | 0-20 25°70 24 | 1°16 572 30:12
8419596 | 2:8739043 | 0-0503231 | 08350411 | 0°07 1-15 GRS 128 457 2327
0035412 | 1-7816545 | 0-7341541 | 0-9294003 0G0 | 543 860 063 0'45 1477
M £1670571 | 1-7065086 | 1.9787835 | 1-1661407 051 095 I-i‘l‘.-ﬁl 012 0'10 011

returning to the station of departure.

In this series of observations, a polygon has been
described, the last measurement closing the work by

This exam ple is

taken from an excellent Essay on Subterraneous Survey-
ing, published by M. Combes, in the ninth volume of the
Annales des Mines, third series; in which the application
of this method of referring the data to three co-ordinates,
which was first recommended by M. D’Aubuisson, is
strongly advocated.
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CHAPTER X.
OF LATITUDE AND LONGITUDE.

THE SEXTANT.

HEN it is required to measure the angular distance
between two objects, the observer being himself on
an unstuble basis (at sea for example), the theodolite cannot
be used for the purpose, because the principle of its con-
struction, and the nature of its adjustments, demand that 1t
should rest on a firm support. If, moreover, it be required
to measure with perfect accuracy, at any specified moment
of time, the angular distance between two objects in motion,
this cannot be accomplished by the theodolite, because the
telescope must be directed in succession from one object to
the other, and a certain amount of time must necessarily
elapse between the first and second sight.

The sextant (s modification of Halley’s quadrant, so
called from its reputed inventor, though the merit of the
invention seems due to Newton*), obviates these diffi-
culties, as it may be used when held simply in the hand,
and gives, by a single sight or observation, the angular dis-
tance between two objects. Its prineiple and construction

are as follows :—

Principle of the Sextant. let A and B be two mirrors,
moveable on axes parallel to each other, the second mirror,
B, being half silvered to admit of the passage of rays of
light through half 1ts area.

Let a ray of light, proceeding from the object, C, be

» S J. F. W. Herscuurr's Astronomy, and Hurrox's Mathema-
tical Dictionary.
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reflected from the mirror, A, and after a sccond reflexion

from the half-silvered glass,

B, enter the eye at E; oSl
y ¥ ?

also let a second object, \

D, be seen by direct vision

through the half-silvered

glass, B, required the an-

gle subtended at E by the

objects, C and D.

Produce the plane of
the mirrors until they shall
intersect in F, the angle
AFB=1} angle CED.
For, producing A B to G, we have

GBE=BAE + AEB, (Euec. I 16).
But, because the angle of incidence is equal to the angle of
reflexion,
HBA=FBE=GBF, (Euc.T. 15).
therefore GBE=2GBF=BAE+AEB;
but 2GBF=2BAF + 2 AF B (Euc. L. 16),

therefore BAE+ AEB=2BAF +2AFB.
But, because

CAI=BAF=FAE,
BAE=2BAF,
taking equals from equals, we have

AEB (or CED)=2 AFB*

® If the mirrors were Loy -, A

placed at such an angle c E :
that the image of the ob-
Ject, C, wounld be reflected

to the eye at E, then we
have

CEB=EBA+EAB, but
EBA=180°~2ABF, and
EAB=180°—=2B A F, thercfore
CEB=360°—(2ABF+2BATF), but

2AFB=360°—(2ABF+ 2BAF), therefore
CEB=2ATFB.
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60 parts. An arm carrying the vernier or index moves
round an axis placed at the centre of the circle, of which
the graduated limb forms an are. Over this axis or centre
of motion, and attached to the arm, a mirror is fixed per-
pendicular to the plane of the instrument, so that a move-
ment given to the index is communiecated to the mirror.
The index is clamped and adjusted by the usual clamp and
tangent screws. A second glass, half silvered to admit of
direct and reflected vision, is attached to the frame, nearly
opposite the first mirror, and with its plane perpendicular
to the plane of the instrument. The zero of graduation on
the limb is placed so that the vernier shall indicate zero
when the two mirrors are parallel to each other.

Objects are observed with this instrument, either
through a plain tube, or through a telescope. It is better
for the learner to use the plain tube, owing to the increased
difficulty of bringing the objects into the
field of view when the telescope is em- / i%
ployed. The field of the telescope con- {
tains wires, as shown in the annexed
diagram.

Dark glasses, of different depths of
shade and colour, are attached to the instrument, to be
used when the sun is observed, so as to moderate the inten-
sity of the light.

ADJUSTMENTS OF THE SEXTANT.®

* The requisite adjustments are the following :—

“Ist. The index and horizon-glasses must be perpendi-
cular to the plane of the instrument ;

“2nd. The planes must be parallel to each other when
the index division of the vernier is at 0° on the arc :

* Soums on Mathematical Instruments.
I:I-
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index error. Supposing the index to point to the left of
the zero, when the two images coincide exactly, the angle
read will be too great by the distance between the index and
the zero of the arc; for at the point where the index is when
the two images coincide, ought to commence the gradu-
ation. For the same reason the angle read will be too
small if the index be outside the arc when the images
coincide. The effect of this error on an angle measured
by the instrument is exactly equal to the error itsell:
therefore, in modern instruments, there are seldom any
means applied for its corrvection, it being considered pre-
ferable to determine its amount previous to observing or
immediately after, and apply the correction with its proper
sign to each observation. The amount of the index error
may be found in the following manner: clamp the index
at about 30" to the left of zero, and looking towards the
sun, the two images will appear either nearly in contact or
overlapping each other; then perfect the contact, by mov-
ing the tangent-screw, and call the minutes and seconds
denoted by the vernier, the reading en or within the are,
that is the reading within the graduation. Next place the
index about the same quantity to the right of zero, or on
the arc of excess, and make the contact of the two images
perfect as before, and call the minutes and seconds on the
arc of excess the reading off or without the arc; and half
the difference of these numbers is the index error; additive
when the reading on the arc of excess is greater than that
on the limb, and subtractive when the contrary is the case.

Example—Reading on the are . . 31" 56"
= off theare . . 31 22

Pifferefiea: o vlb e 000 B4
Indexerror . . =— 0 17

In this case the reading on the arc being greater than that
P 2

=
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Mode of Observing with the Sextant.

When the altitude of an object (the sun, for instance)
is to be observed at sea, where no level or artificial horizon
can be used, the observer having turned down one or more
of the dark glasses, according to the brilliancy of the ob-
jeet, holds the instrument in a vertical plane passing through
the sun, having the sea horizon before him. Directing his
sight to that part of the horizon immediately beneath the
sun, he then with the left hand lightly slides the index
forward, until the image of the sun, reflected from the
index-glass, appears in contact with the horizon, seen
through the unsilvered part of the horizon-glass. He then
clamps the index firm, and turns the tangent-screw care-
fully and lightly, to make the contact of the upper or
lower limb of the sun and the horizon perfect, when it will
appear a tangent to the circular dise. The angle read off,
corrected from the index error, if any, is the observed
altitude. If, instead, the angle between two terrestrial
objects be required, the observer holds the instrument
steadily in a plane passing through the objects and the eye,
and directing his sight to the olject on his left, he slides,
with the left hand, the index forward until the two objects
are brought nearly to coincide. He then clamps the index
as before, and by the tangent screw renders the contact
perfect. When the angular distance is thus observed, be-
tween terrestrial objects, for surveying or similar purposes,
the only correction required when the objects are at the
same level is that for the index error, if any. When the
objects are at different elevations, it may be requisite
further to apply the reduction to the horizontal angle as
explained in page 84. When the altitude of the sum,
however, has been observed, there are certain other cor-
rections required to obtain the true altitude before the
observation can be made available for caleulation or other
purposes. These corrections are as follows:

e
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tween the angles S A B and S E C.  The latter is the angle
required, and is gredter than the observed angle, for F E G
— EF A, A B, and E C being parallel,

But EFA=FAS 4+ FSA, therefore

SEC=EFA>SAB.
Consequently the correction for parallax, or for reduetion of
the observations to the earth’s centre, must be additive.

¢ Tables for obtaining the above corrections may be
found in Mg. BAILEY'S Astronomical Tables, ete., in the
Requisite Tables, or in any modern work on navigation.

¢ BExzample ( from an Observation on Shipboard).
Obs. alt. of the sun's lower limb (July) = 61° 13" 5"

Index error = — 17
Apparent altitude R e i e
Sun's semidiameter (see Table, p.288). = + 15 46
Sun’s parallax (see Table, p.288) e L ! 2
Refraction (see Table, p.287) 32" 61 28 38
Dip of the horizon for an = - 4 35
: } _4 30
elevation of 18 feet .
True altitude of the sun’s centre . = 61 24 3

When a ¢lunar distance,” i.e., the distance between
the sun and moon, or between the moon and a fixed star

zu
AL [
or planet, is required, the instrument is held in the plane )i,,.z.;,'s ; #{5};‘

passing through the eye and the two objects, the fainter _‘z_ié/

object being observed by direet, the brighter by reflected 3&?)

VISion. %f__i
The inconvenience of measuring with the sextant angles 1520

between terrestrial objects, whose horizontal distance is 4

that which is generally required, is, that the angles, being
measured in planes parallel to the plane in which the eye
and the two objects are situated, have to be reduced to
their horizontal value, as explained in page 84.
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of the globe in a westerly direction, it is evident that he
will no longer have the same star vertically above him : it
will now appear to him to be just rising, and he will have
to wait six hours before it again comes to his zenith, i.e.,
before the earth’s rotation from west to east carries him
back again to the line joining the star and the earth’s
gentre, from which he set out.

¢ The difference of the cases, then, may be thus stated,
g0 as to afford a key to the astronomieal golution of the
problem of the longitude. In the cases of stations differing
only in latitude, the same star comes to the meridian at
the same time, but at different altitudes. In that of stations
differing only in longitude, 1t comes to the meridian at the
came alfitude, but at different Zimes. Supposing, then, that
an observer is in possession of any means by which he can
certainly ascertain the fime of a known star's transit across
his meridian, he knows his longitude ; or, if he knows the
difference between its time of transit across his meridian
and across that of any other station, he knows their dif-
ference of longitude. For instance, if the same star pass
the meridian of a place, A, at a certain moment, and that of
B exactly one hour of sidereal time, or one twenty-fourth
part of the earth’s diurnal period, later, then the difference
of longitudes between A and B is one hour of time or 15,
and B 1s so much west of A.

¢Tn order to a perfectly clear understanding of the
principle on which the problem of finding the longitude by
astronomieal observations is resolved, the reader must learn
{o distinguish between time, in the abstract, as common to
the whole universe, and therefore reckoned from an epoch
independent of local situation, and local time, which reckons,
at each particular place, from an epoch or initial instant,
determined by local convenience. Of local reckoning we
have instances in every sidereal clock in an observatory,
and in every town clock for common use. The sidereal
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clock is regulated by observing the meridian passages of the
more conspicuous and well-known stars, and this operation
is called getting the local time.

‘ Suppose, now, two observers, at distant stations, A and
B, each independently of the other, to set and regulate his
clock or chronometer to the true sidereal time of his station.
It is evident that, if one of these chronometers could be
taken up without deranging its going, and set down by the
side of the other, they would be found, on comparison, to
differ by the exact difference of their local epochs ; that
15, by the time occupied by any star, in passing from the
meridian of A to that of B; or, in other words, by their
difference of longitude, expressed in sidereal hours, minutes,
and seconds,

¢ Were chronometers perfect, nothing more complete
and convenient than this mode of ascertaining differences
of longitude could be desired. An observer, provided with
such an instrument, and with a portable transit, or some
equivalent method of determining the local time at any
given station, might, by journeying from place to place,
and observing the meridian passage of stars at each ( taking
care nmot to alter his chronometer, or let it run down),
ascertain their difference of longitude with any required
precision. :

‘ The chronometer, however, though greatly improved
by the skill of modern artists, is not yet sufficiently perfect
to be relied on implicitly. Observers have, therefore,
sought to resort to other means of communicating from one
station to another a knowledge of its local time. The
simplest and most accurate method by which this can be
accomplished, is by telegraph or other signals, such as the
flash of gunpowder, the explosion of a rocket, the sudden
extinction of a bright light, or any other which admits of
no mistake, and ean be seen from one station to the other.
The moment of the signal being made is noted by each
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observer by his respective watch set to local time, conse-
quently, when the observers communicate their observa-
tions of the signal to each other, the difference of their
local time, and therefore of their longitudes, become
known. DBut circumstances seldom admit of the use of
these artificial signals; natural ones have therefore been
employed as their substitute; and the eclipses of Jupiter’s
satellites being visible at once over a whole terrestrial
hemisphere, afford, in addition to their universality, the
great advantage that the time of their happening at
any fixed station, such as Greenwich, can be predicted
with great certainty. An observer, therefore, at any
other station wherever, who shall have observed one or
more of these eclipses, and ascertained his local time,
instead of waiting for a communication with Greenwich,
to inform him at what moment the eclipse took place
there, may use the predicted Greenwich time instead, and
thence, at once, and on the spot, determine his longitude.
The predicted Greenwich time is always published five
years in advance, in the Naufical Almanac. The nature of
this observation is, however, such that it cannot be made
at sea, so that, however useful to the geographer, it is of
no advantage to navigation. Moreover, the returns of
the eclipses are of only oceasional occurrence; and in their
intervals, and when cut off from all communiecation with
any fixed station, it is indispensable to possess some means
of determining longitudes on which the geographer and
navigator can implicitly rely for a knowledge of their posi-
tions. Such a method is afforded by

¢ Lunar Observations.

¢ If there were in the heavens a clock furnished with a
dial-plate and hands, which always marked Greenwich time,
the longitude of any station would be at once determined,
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¢ Such a clock would, no doubt, be considered a very
bad one: but, if it were our only one, and if incalculable
interests were at stake on a perfect knowledge of time, we
should justly regard it as most precious, and think no pains
ill bestowed in studying the laws of its movements, or in
facilitating the means of reading it correctly. Such, in the
parallel we are drawing, is the lunar theory, whose object
is to reduce to regularity the indications of this strangely-
irregular going clock, to enable us to predict, long before-
hand, and with absolute certainty, whereabouts among the
stars, at every hour, minute, and second, in every day of
every year, in Greenwich local time, the moon would be
seen from the earth’s centre, and will be seen from every
accessible point of its surface ; and such 1s the lunar method
of longitudes. The moon’s apparent angular distance from
all those principal and conspicuous stars which lie in its
course, as seen from the earth’s centre, are computed and
tabulated with the utmost care and precision in the Nauti-
cal Almanac. No sooner does an observer, in any part of
the globe, at sea or on land, measure its actoal distance
from any one of those standard stars (whose places in the
heavens have been ascertained for the purpose with the
most anxious solicitude), than he has, in fact, performed
that comparison of his local time with the local times of
every observatory in the world, which enables him to
ascertain his difference of longitude from one or all of
them.' _

Having prepared the reader by the above simple
explanations to understand the general principles on
which the determination of latitude and longitude de-
pends, I now proceed to illustrate their practical appli-
cation.
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To determine the Latitude of a Place.

First, by the mean altitude of a circumpolar star,
observed at the time of its upper and lower culmination.
This method is the simplest, as it requires no correction
for the declination of the star observed—the observation

_ZEJE@ %s made with a transit

—_ T s instrument or theodo-

s \\ i Ry lite, carefully adjusted
3\ RH e @y N in the plane of the
#L.___t N e L . meridian, the readings
k= 2 H:}L ’r,f'f . of the vertical arc
?9? s being noted at the
o time of the upper and

;,:‘HQ’ lower transits of the

o/ star. These readings

are then corrected for
A atmospheric refraction
(see Table, page 229), and the mean reading gives
the latitude of the place. For if abe be the path of
the star about the pole, P, Z the zenith, and HR the
horizon, then is a H the altitude of the star upon the
meridian when above the pole, and ¢ H the same when
below the pole; hence, because aP=¢P when both are
corrected for refraction, therefore E-1ié_{"—H=HP=EZ;
hence the height of the pole, HP, is equal to EZ, the
latitude of Z, i.e., its angular distance from the equator.

A second method is by a single observation of the
meridian altitude of the sun, or a star whose declination is
known. Thus the altijude, Rd or Rd, of the celestial
body, d or d', being observed, its zenith distance or co-
altitude, is known. Then, to the zenith distance, add the
declination d E (as given in the Nautical Almanac), when
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the star and place of observation are on the same side of
the equator, or subtract the declination, d' E, when they
are on different sides; and the sum or difference will be
the latitude, E Z, required. In this case, as in the former,
the observed altitudes must be corrected for refraction ; for
parallax, caused by the distance of the observer from the
earth’s centre ; and for the semi-diameter of the sun when
it is the object observed.

Ezampie 1. On August 11, 1841, the double meri-
dional altitude® of the sun’s lower limb was observed with
a sextant to be 104® 27" 45" ; required the latitude of the
place of observation, the observer being north of the sun:—

Double altitude - ¢ L [ RS R
Apparent altitude . . : 52 13 52
Add sun's semi-dia- ] \
mct:er, the lower limb | _ 415 49"
having been ubserved] m T
(p- 230) (
Refraction (p. 229) == (O 45
Parallax =40 6
True altitude . : ; 2 pEas20r v
Co-altitude, or zenith distance . 37° 30 58"

August 11, 1851, declination north + 15 18 0

Latitude . : : s ] 52 48 58
When the natural horizon is used instead of an artificial
horizon for an observation made with the sextant, an addi-
tional correction for the dip of the horizon is required: this
correction is also obtained from tables prepared for the
purpose, and which are published in BAaiLEY’s Astronomical
Tables, or in any modern work on navigation.

—_— —

* That is, the altitude having been taken with an artificial horizon
(see page 216), twice the height was obtained.

Q
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with the above data, the time-piece may be corrected as
follows :

In the triangle Z P S, we have S, the position of the
sun at the time of observation,

Z P, the complement of the latitude,

Z S, the zenith distance, or the complement of the ob-
served altitude, .

And P85, the polar distance, which is the complement
of the declination at the time of the observed altitude.

The three sides of the triangle being thus given, the
angle ZP S, usually called the ¢ hour angle,’ that is, the
difference between the times of the sun's being at S and at
S" on the meridian, is obtained.

The angles of a spherical triangle, in which the sides
are given, may be obtained by the following formula
(TaomrsoN's Trigonometry, page 33):

ShpA =‘/sin. (s—b)sin. (s —c) r*

sin. b sin. e 5

or as it may be expressed,
: r r : s
Sin. 3 A =‘\/ain. 5 g g S (s —8) sin. (s —¢).
By taking the logarithms of both mumbers of the equa-
tion, we find
0 — log. sin, & 4 10 — log. sin. ¢ +

1
log. sin, § A — { : +
S5 Bl : log. sin. (s — &) + log. sin. (s — ¢).
In a similar manner we find

log sin. b + 10 — log. sin. ¢ +

log. sin. s + log. sin (s — a),

10— log.sin.s +10 — log.sin.(s — a)
+ log.sin.(s — b) + log.sin. (s — ¢).

This last formula is, perhaps, the most convenient for
practice.

Lzxample.—Given the apparent altitude of the sun's
lower limb in lat. 54° 36, April 4, 1823, equal to 29° 24',
at ten minutes past nine in the morning, by a clock, to find
the error of the clock.

log. cos, §A=§{m_'

and log. tan. } A =} {

Q 2
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TABLE OF REFRACTIONS.

Apparent | Tefrae- Apparent | Refrac- || Apparent Refrac- " App.| Refroe-
Altitade. tion. Alritude. tion. Altitude. tion. Alt. tiom.,
& ] F o a [ ’ i a [ - " i * B
0 0383 51 4 0|11 52|12 o4 =2BI||42|1 46
5 |32 53 10 | 11 30 10 | 4 244 || 43 | 1 24
10 | 31 &8 20 | 11 . 1D | a0 | 4 201 || 44 | 1 03
I5/81 5 30| 10 50 30 |4 173 || 45| 0 581
20 | 30 13 40 | 10 32 40 |4 139 || 46 | 0O 5671
25 [ 29 24 50 | 10 15 50 |4 1077 [| 47 | 0 542
30 | 28 a7 48 | 0 52'3
ae | o7 &1 5 0| 9 5818 o|4 V5|49]|0 505
40 27 G 10 9 42 10 : ‘;'4
9 a0 | 9 27 20 71
:f; 52 E; 30 9 11 30 |3 584 || 600 488
Ry a5 3 A1) E 53 40 J. hbh gl ﬂ iz.l
50| 8 45 50 |3 526 | 92| 0 454
53 | 0 438
" 6 0| &8 82|14 0|38 499 || 54| 0 422
1 {5} g; f; 10| 8 20 10|83 471 || 55| 0 408
10| 23 13 a0 8 9 40 | 3 444 \ a6 | O 393
15 | 28 40 30 7 5H8 30| 3 418 ! aT |0 378
ap | 22 g 40 T 47 40 | & a9:2 || 58 | O 3[_5*4
o5 | 21 a7 50 T ar 50 | 8 367 || 89 | O 350
12 Th oy ol 7 2715 o3 348
85 | 20 28 1wl 7 17 30 |3 273 | 60| 0 336
40 | 20 10 N W T | L
45 | 19 43 a0 6 50 30 | 3 144 62 | 0 310
50 1 19 17 40 8 51 17 0|3 85 G3 | 0 297
K5 | 18 52 50 & 43 50 | 3 249 64 | 0 284
63 | 0 272
8 ol 6 3518 o|2 576 660 259
2 0|18 29 10 6 28|19 o |2 477 | 67 |0 247
5|18 5 20 | 6 21 /|20 o|2 387 | 6B |0 235
10 | 17 43 30 6 14 Il 21 Ol2 305 | 68 |0 234
1 I N G| 40 (1] 71 22 0|2 232
| 1|0 199
30 | 16 21 9 0| 6 54ffed o)2 101 lenlo 188
498 |16 2 10 5 4T Il 2% 0| 2 42 3o 177
40 | 15 43 20| 5 41/126 0|1 588l 25 |5 1o
45 | 15 25 30| 5 36/ler o1 s3sfl i: 0 ks
50 |15 8 40| 5 3028 oL 491 flap |y 134
55 | 14 53 50 | 5 25[120 0|1 447 |20 |0 g
10 o| 5 203 of1-405]73]|9 123
a 0|14 35 10 o | 01 36%
|14 19 20 5 10 || a2 0|1 330
10 14 4 30 i 5 || 33 0|1 295 | BO |0 102
15 | 13 50 40| 5 O34 O0|1 2611 E8L|0 92
20| 13 35 a0 4 56 || 35 0|1 230 B2 |0 B2
25 |13 21 B3 10 =1
30|13 711 o| 4 513 o1 20084 |0 61
35 | 12 53 10| 4 47137 o1 171 (|85|0 51
40 | 12 41 20| 4 43 /|38 O(1 14486 |0 41
45 | 12 28 30| 4 3939 o1 1138|8710 31
50|12 16 40 | 4 35| 40 0|1 93| 88|0 20
55 (12 3 50| 4 31|41 0|1 e9|ss|0 10
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each observation, from whenece a mean of the times and
distances is deduced ; lastly, the altitudes in reverse order.
The altitudes are then reduced to the mean time of the
lunar distance by the following proportion. As the differ-
ence of times between the observations 1s to the difference of
the corresponding altitudes, so is the difference between the
time at which the first altitude was taken and the mean
time, to a fourth number which, added or subtracted from
the first altitude, according as it is increasing or diminish-
ing, will give the altitude reduced to the mean time.*

The obtaining of the true distance, called ‘ clearing the
lunar distance,” is a problem in spherical trigonometry. Of
such vital importance at sea is its correct solution, that the
most eminent astronomers have turned their attention to
the subject with the view to simplify it. Tables, the results
of their labours, are given in all works on navigation, with
directions for their use ; by their means, an operation other-
wise laborious is much expedited, and placed within the
reach of all who are moderately versed in simple trigono-
metrical operations.

The principle is as follows:

In the following figure (p. 234) Z represents the zenith,
P the pole, M the observed place of the moon, and S that
of the sun or star. The data given are M S, the measured
angular distance; and ZM and Z8, the two zenith dis-
tances (or co-altitudes) from whence the angle MZS is
found, the value of which is evidently not affected by re-
fraction or parallax, which act on vertical lines. The true
place of the moon 1is elevated above its apparent place, and
that of the sun or star is depressed below its apparent place.
Let M' and S’ represent the corrected places of these
bodies, we have then Z M’ and Z3S‘—the zenith dis-
tances corrected for refraclion and parailoz— and the angle

* Norie's Navigation, page 224,
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By the Nautical Almanac, it appears that the Greenwich
mean time answering to this distance must be between
9 P and midnight. For,

Lunar dist. at 9 p.Mm., Greenwich 32 2035
Ditto at midnight, ditto . . 30 33 43
Difference for 3 hours of time . U 1928 52
Lunar dist. at 9 p.»., Greenwich a2 2035
Corrected lunar distance . - .31 13 6
Difference for 1® 40™ 13% . . . 049 29

deduced from the following proportion:
Jo28" 5249 29/ 3¢ 140%™ 13%
Greenwich mean time for same distance,
=gh 4 11 40™ 13°=10" 40™ 13%
Mean time at place of observation =10" 38™ 12*

Longitude (West) . : : g3
or, in space, 8.

Meridian Line.

The method of obtaining a meridian line by observa-
tions of the sun, given in page 88, would be perfectly
accurate if the sun moved constantly in the same parallel.
However, his advance in the ecliptic, or the change in his
declination during the interval elapsed between the first
and last observations, requires a correction on the mean
results of the observations, varying according to the season
of the year. The required correction is greatest near the
time of the equinoxes, as the change in the sun’s decli-
nation is then the most rapid. The middle point of the
horizontal arcs, as obtained by equal altitudes, is to
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for the marine survey of a single harbour or limited
sea-reach, will apply equally to the system adopted in the
performance of a continuous survey embracing an extensive
line of coast.

The triangulation on shore is generally performed in
the first instance, but it may proceed simultaneously with
the maritime survey, taking care that it shall be kept
somewhat in advance of the latter.

Tide Gauges. The triangulation being supposed com-
pleted, the first step for the maritime operations consists in
the selection of localities suited to the erection of tide-
gauges, divided into feet and tenths, to be fixed in a vertical
position. The zero point of each gauge is to be referred to
a fixed permanent bench mark by means of the spirit-level,
in order that the gauge may be refitted in its original
position, should it be displaced by the violence of the sea
or any other cause.

After a series of observations, these gauges serve, in
the first instance, to give the lowest point of the lowest
tide at full and change of the moon,—and to the level of
this lowest point the depths of all soundings are referred.
The gauges, in addition, give for every day and portion of
each day, on which soundings are made, the amount of
rise and fall of the tide,—and, by means of these latter
observations, all registered soundings are reduced to the
lowest level. The necessity for this is obvious, inasmuch
as it would be impossible to take the soundings even of a
limited area at the precise time of low water.

By taking advantage of a quay or other local circum-
stance, the observations relating to the higher stages of the
tide may frequently be made from the shore, though they,
perhaps, cannot be carried down to low water. A second
gauge must then be provided and placed further out to
seaward, so that when the tide shall be on the point of
leaving the first, the observer may proceed to the second.

R
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“ The establishment of any place, or the time of high-
water at full and change® of the moon, should always be
noted in the field-book, not as is commonly done,’ at such
an hour of the day, ‘but as being so many hours after the
moon’s transit, the time of which is easily known from the
tables”+ ¢ If the tide be observed according to mean time,
and the time of the moon’s transit be determined according
to apparent time, it will be necessary to apply the equation
of timef to the interval.”

* Full and change given in common almanaecs, usually marked
thus @ for new moon or change, and thus © for full moon.

+ The moon's transit, or meridian passage at Greenwich is given
in the Nauticel Almanae, in page 4 of each month. To find the
mean time of transit of the moon under any other meridian (see
page 579, Nautical Almanac, 1843).

Suppose the meridian to be the west of Greenwich 45 or 3%, re-
quired the mean time of transit on Jan. 25, 1843.

‘The meridian being to the west of Greenwich, the transit will
take place after the Greenwich time of transit on the 25th, therefore,
take the difference between the meridian passage on the 25th and
26th, from the Nautical Almanac,

h. oo
Meridian passage on 256th . 20 445
Do. do. 26th . 21 401
Difference . 0 556

k. hom. R .

Then 24 : 0 556 :: 3 : 7 which, added to the Ureenwich mean

time of transit, gives 50 b
20 445

4+ 0 7
20 5156

for the mean time of transit at the given meridian.

Had the assumed meridian been 3" to the east of Greenwich, the
transit would have taken place before the transit at Greenwich, and
the proportional part of the difference between the 24th and 25th
must, in this case, have been subtracted. The times thus deduced
are only approximate ; but they arve sufficiently accurate for the

purposes usually required.
I The equation of time denotes the difference between the mean

and apparent time. The greatest difference occcurs about the 1st of
November, amounting to 16" 14", 2
R 2
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Secondly, as to time of high-water; ¢ The instant to be
registered is, of course, that when the surface of the water
is highest; but, if the water be perfectly still, it changes
very slowly when near the highest point, and appears to
be stationary for some moments. To avoid the dificulty
produced by this circumstance, some observers have regis-
tered, not the time when the water is highest, but two
instants of equal height before and after the greatest; and
the time of greatest height is supposed to bisect this in-
terval.

To obviate the effect of waves in rendering the surface
uncertain, the following apparatus may be used. Let a
pipe be fixed upright by the side of the gauge, in such a
situation that at low-tide time the water shall reach its
lower part. The bottom of the pipe must be stopped, and
a number of small holes, about a } inch in diameter, be
made in or near the bottom. A float, nearly filling the
pipe, is to be placed in it, and to carry a light upright rod,
divided into feet and decimals, which are to be read off' by
means of an index or mark fastened to the top of the tube.
The apertures in the bottom of the tube will allow the
float to rise and fall with the general surface, without any
sensible loss of time ; while the smallness of those apertures
will prevent the oscillations of the waves from affecting the
inside of the tube.

No precise directions can be given as to the proper
number of stations for gauges; this must be determined
from the information obtained from pilots or fishermen on
the coast, as to the variations in the amount of rise and fall
of the tide at different spots. Asa general rule, it may be
observed, that in all narrow channels, and especially in rivers
where obstacles cause greater accumulations of water, and
consequent exceptional irregularities in the change of the
Jevel of the tides, a greater number of gauges are to be used
than on an open seaboard.
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time, by means of preconcerted signals, from two or more
stations on shore, the bear-
ing of the observer at sea
with some fixed objects.
Theoretically, this method
is the most accurate, but
practically it is found that
even well-concerted sig-
nals cannot always ensure
simultaneous observation.
As the times of observa- i

tion must, moreover, be registered, at all the stations as well
as at sea, a single error in the series, arising from unseen
signals, leads to constant misapprehension, and can scarcely
be rectified by a subsequent comparison of the different
field-books, if the series embrace many observations. Inde-
pendently of these objections, others present themselves in
the form of a greater consumption of time, and a necessity
for an increased number of experienced observers.

The third method consists in measuring from the boat,
or vessel, or rock, by means of the sextant, the angles sub-
tended by three or more objects on shore, the positions of
which are given—from these data the position of the

observer is determined.

Theorem.*®

The mutual distance of three remote objects being
given, with the angles which they subtend at a station in
the same plane, to find the relative place of that station.

Let the three points, A, B,
and C, and the angles, ADB
and BDC, which they form
at a fourth point, D, be given; A
to determine the position of D.

it

2L

* Lesuig's Trigonometry, page 389, ef seq.
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First. Suppose the station, D, to be situate in the
B direction of two of the objects

A and C.
: All the sides, AB, AC, and

b A BC, of the triangle, ABC,
being given, the angle B A C is found, and in the triangle
A B D, the side A B, with the angles at A and D, being
given, the side A D is found, and consequently the position
of the point D is determined.

Secondly. Suppose the three objects, A, B, C, to lie in
the same direction.

Describe a eircle about the ex-
\ treme objects, A, C, and the station,
o D; join DA, DB, and DC; pro-
wﬂ duce D B, to meet the circumference
in Ii, and join AE and CE. In
the triangle A EC, the side AC is
given, and the angles EAC and
EC A, being (Euclid IIL 21) equal to CDE and ADE,
are consequently given ; wherefme the side A E is found.
The triangle, A E B, having thus the sides AE and A B,
and their contained angle EAB or BDC given, the angle
ABE, and its supplement ABD, are found. Lastly, in
the triangle A BD, the angles ABD and AD B, with
the side A B, are given, whence B D is found. But, since
B the angle ABD, and the distance
6 B D, are assigned, the position of the
D, station D 1s evidently determined.

Thirdly. Let the three objects
form a triangle, and the station D be

either within or without it.
c Through D, and the points A
and C, describe a circle: draw B D,
C cutting the circumference in E, and

join E A, and CE.




ON MARITIME SURVEYING. 24

1. In the triangle A EC, the side A C, and the angles
ACE and CAE, which are (Euclid III. 21) equal to ADB
or its supplement, and to BDC or

(53
its supplement, being given, the side

A E is found.

2. All the sides of the triangle 0
A BC being given, the angle C A B
is found.

3. In the triangle B A E, the sides
A B and A E are given, and the con- \\\_‘_—/-t-
tained angle E A B (being either the
difference or the sum of C AE and C A B), is also given,
whence the angle A B E or A BD is found.

4. In the triangle D A B, the side A B, and the angles
ABD and AD B, being given, the sidle AD or BD is
found, and consequently the position of the point D, with
respect to A and B, is determined. By a like process the
relative position of D and C is deduced ; or CD may be
caleulated from the sides A C, A D, and the angle ADC,
which are given in the triangle C A D.

It is obvious that the calculation will fail, if the points
B and E should happen to coincide. In fact, the circle then
passing through B, any point D whatever in the opposite
~arc ADC will answer the conditions required, since the
angles ADB and D B C, being now in the same segment,
must remain unaltered.

This third case, in which the three objects form a
triangle, involves the conditions under which the problem
has in general to be solved ; the first case, in which two of
the objects, and the second, in which the three objects are
in a line, oceurring but rarely. The reader will, however,
doubtless have been impressed with the extremely laborious
nature of the solution which this case involves, demand-
ing no less than four separate trigonometrical calculations
before the required answer is obtained. It would evidently
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therefore, be a most tedious process, and one but little

suited to practical purposes; other means have therefore

been devised of solving the problem which are better suited
to practice.

The first of these

x%/ consists in a geometri-

cal construction. Let

[f k\ﬁp AR anfl C, be the

three stations, and D

the position of the ob-
server, at +which the
s A angles ADB, BDC,

have been measured.
On A B (Eueclid IIIL 33) deseribe a segment containing
an angle equal to that subtended by the objects A and B,
and on B C describe another segment, B D C, containing an
angle equal to that subtended by the objects B and C; the
point D, where the two circumferences intersect, will evi-
dently mark the station required. Should the two circles

have the same centre, their circumferencs must obviously
coineide, and therefore every point in the containing arc
will answer the conditions required, in which case the
problem becomes indeterminate.

Ezample. Let the
three objects on shore,
A, B, C, be fixed in posi-
tion; and let the angle
subtended at D by A B
be equal to 50°, and the
Ak = =D angle subtended by BC

« be equal to 40°; to find

the point D by construc-

o tion.  Subtract double

the angle ABD from 180° and take half the remainder,
equal 40°. Lay off’ this angle at A and B, the two lines




ON MARITIME SURVEYING. 251

forming the angles with A B will meet in L, the centre of
a circle passing through A, B, D (Euec. II1. 20). Again,
subtract double the angle BD C from 180°%, and take half
the remainder, equal to 50°. Lay off' this angle at B and
C; the two lines forming the angles with B C will meet
in F, the centre of a circle passing through B, C, and D.
The point D, where the two circles intersect, marks the
station required.

But this process, although much simpler in point of
construction than that previously explained, would yet be
exceedingly tedious where a great number of stations had
to be determined. To simplify the construction, an instru-
ment, called the station-pointer, has been invented : 1t
affords means of laying down the work with great rapidity,
and with sufficient accuracy for all practical purposes. The
following is a description of the instrument.

The Station Pointfer

Is formed by three limbs or rulers, A, B, G, which revolve
round a common centre, in such a manner that B and
C may be set to form any
angles with A. ¢ The middle
ruler is double, and has a fine
wire stretched along its open-
ing; the other rulers have
likewise a fine wire stretched
from end to end, and so ad-
justed by the little projecting
pieces which carry them, that
all the three wires tend to the
centre of the instrument, where
they would meet if produced.

Through the centre is an opening sufficiently large to
admit a steel pricker. The middle limb carries at the
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result rigorously accurate be sought, the angles of elevation
of each station above the horizon should at the same time
be observed, to afford data for reducing the hypothenusal to
the horizontal angle. But this reduction may be neglected
in all cases where the difference of elevation between the
objects does not exceed 2°or 3° and when the observed
angle is larger than 20° or 25°; for the reduction to the
horizon would, in such cases, deal with quantities more
minute than the amount of error to which the measures of
all angles observed at an unstable station are liable.

When the diffevence of elevation between the objects 1s
considerable, an ideal vertical line (see sketch) may be
drawn from the higher object downwards to an elevation
corresponding to that of the lower object, and this, with
some experience and correctness of eye, will give results
sufficiently near to the truth.

With the sextant no telescope should be used, because
the objects are more quickly brought into the field of the
mirrors by the unassisted eye, and rapidity of execution is
most important in the observations,

Metallic reflectors should be used instead of the glass
mirrors, as sea water, to the effect of which the sextants
are constantly exposed 1n such observations, rapidly destroys
the silvering. Another reason for preferring the metallic
reflector is, on account of the indistinctness caused by the
objects being reflected from both surfaces of the transparent
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Sounding Lines.

Sounding lines should be made of strong pliable cord,
known as ‘lead line,” divided into feet by different coloured
rags, or other marks. The lead, fastened at one extremity,
is shaped like the frustum of a cone, with the
base hollowed out to hold some grease, to which
the sand or mud at the bottom of the water
may adhere, serving thus to show the probable
nature of the anchorage. Lines are used dif-
ferent in length and strength, and leads differ-
ing in weight, according to the depth of the
water in which the casts are made. The lines,
especially when new, must be occasionally com-
pared during a day’s work with a standard
measure always at hand, as they are liable to Sounting Lead.
great and sudden changes. It is almost needless to observe
that, in open waters, an experienced leadsman must be
employed, whose reading of the depths should, nevertheless,
be frequently checked. When the soundings are deep,
the boat's way must be stopped at each cast, in order that
the depth may be measured in a vertical direction.

On shallows or reefs near the surface, and generally in
all anchoring grounds of small depth, where accuracy is
consequently of the utmost importance, sounding rods,
divided into feet, and weighted at the extremities, may
with advantage be substituted to obtain greater correctness.

The grease let into the hollow base of the lead, or the
¢ arming,” shows the nature of the surface of the bottom ;
but before we pronounce upon the quality

of an anchorage, we should likewise know,
if possible, the nature of the material for some
depth under the immediate surface. This
object is accomplished by means of a lance-
shaped pike, of a length and weight propor-
tionate to the depth to which it is desired
to penetrate beneath the surface. The part
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time to anchor over them, or to fix a buoy to mark their
locality, their position should be determined approximately
by intersections of prominent objects on shore, so disposed
as to guide the observer to the spot in a more favourable
state of the tide, when a perfect calm may leave no trace
whereby the dangerous pass can be recognised.

A sketch or profile of the coast should be made before
each series of important observations; and the stations
should be defined and referred to on the sketch. These
profiles are useful, not only in assisting the observer to
recognise the coast when constructing his chart, but also in
presenting to mariners the appearance of headlands and
other striking points.

¢ Produce AR and OF to meet in D, and join BD; the angle EDF,
being equal to AEF +CFE - 180° (Euc. I. 13, and Cor. 32), is given.
Now, in the triangle EBF,

Sin, BFE : sin. EBF :: EB : EF,
and in the triangle EDF,

Sin, EDF : sin. DFE :: EF : ED;
wherefore (Lisuig, V. 23, Elements of Geometry.)

Sin. BFE x sin. EDF : sin. EBF x sin. DFE :: EB : ED,
and, consequently, the ratio of EB to ED is found. Again, the
angle BED), being the supplement of AEB, is given, and

Sin. BFE x sin. EDF : sin. EBF x sin. DFE : : EB : ED,

:: R o: tan. b,
and R : tan.(45°—b) : : cot. } BED : — cot. (} BED4+EBD)
or cot. (180°— } BED — EBD), whence the angle EDB is given.
The angles which all the three ohjects, A, B, C, subtend at the point
D are therefore all given, and hence the position of D is determined
by the preceding proposition. But BD being found, the several
distances BE, ED, and BF, FD, are thence obtained, and conse-
quently the position of each of the stations E and F is determined.’

As this operation is somewhat too laborious for practice, in such
exceptional cases as this, when only two stations could be seen, the
azimuth compass might be used, as by its means the position of a
station is determined with only two fixed objects in sight.—LesLie's
Trigonometry, page 389.



ON MARITIME SURVEYING.

On the chart directions are given for
sailing or working into harbour, such as—
¢ Lighthouses in one S.E. } 5., lead over
the bar, and up the channel to within two
cables of the buoys’ Such and similar
information is to be entered on the autho-
rity of trustworthy pilots and others well
acquainted with the locality.

While standing off and on to detect
shoals or changes of level, a certain fixed
direction must be followed and entered in
the field-book, and whenever the direction
changes, the point thus formed becomes a
station from which angles are to be taken
to the fixed objects on shore. Soundings
are to be taken at each of these stations,
and also in passing from one station to
another. The soundings taken at the
stations are entered in a column opposite
the observed angles, and any intermediate
soundings are to be entered between them.
When constructing the chart, the inter-
mediate soundings are to be distributed at
equal distances along the line between
each pair of stations, the time of taking
the soundings being noted only at the
stations where angles are observed.

The annexed form of field-book will
illustrate the mode of operation.
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Reduction of Soundings.

The reduction of soundings consists in deducting from
the depths, as registered in the field-book, proportionate
quantities varying with the time, in order that all the
depth may be referred to the lowest level of the tide.
These quantities are obtained from the data supplied by
the tide-registrar, and are arranged according to the an-
nexed form for each day on which soundings and observa-
tions have been made.

Mame of Dhate, Time. Dedne- Time. Dedue-
tide 15841. tions. tioma.
registrar.
hi. m. Ii, m. fieet. . m. h. m. fect.
A B. July. 8 0 to B 15 b 8 2b to 3 bb 9
8 15 B 35 + & &b 4 30 10
8 3o 9 b a3 4 30 & 0 11
g5 11 0 2 5 0 b 25 12
11 o 11 &5 1 o 25 5 45 12
11 3o 0 10 b et eke. ete.
0 10 0 30 3
0 30 1 10 4
110 1 4i O
1 40 2 10 (]
2 10 2 45 T

2 85 i 20 8

For example, if the sounding over the highest part of
a sand-bar gave a depth of 27 feet at the time that the
annexed table or the tide-gauge indicated an elevation of
11 feet above the lowest tide, the sounding marked on the
chart would be 27 — 11=16 feet. If the depth over the
shoal were registered at only 6 feet at the same time that
the annexed table or tide-gauge indicated an elevation of
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stations along the whole line of coast to be embraced in the
survey. This continuity in the astronomical observations
affords the important advantage, that the relative positions
of the stations are determined while the rate of the chrono-
meter remains unchanged: and in sailing back to the
starting point to commence the work in detail, a thorough
acquaintance with the leading features of the coast is ob-
tained, and an occasional check may be made on the pre-
vious observations.

The distance between any two of the primary stations,
whose latitudes and longitudes are thus determined, is
obtained as follows : —

In the annexed figure, let P represent
the pole of the earth, and A and B the two
stations. The longitudes being known, the
angle P, or their difference of longitude, is
given. The sides, PA and P DB are also

A given, being the respective co-latitudes of

\\ the two stations. We have, therefore, in

s spherical triangle, ABP, two sides, and

the contained angle, from which we get the length of the
opposite side, A B.

It is evident, that the line joining any two of these
stations is the arc of a great circle on the earth’s surface ; it
must, therefore, be reduced to its chord, which is equal to
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twice the sine of half the are (see page 92). This reduc-
tion having been attended to, several intermediate points
will also have been determined, if the observations at the
primary stations have been made by day, as shown in the
last figure, where A and B are the primary stations, from
which the azimuthal bearings of the stations C, D, E, ete.,
have been observed.

But if the observations have been made at night, when
1o intersections could be obtained, intermediate points are
to be fixed in position by forming two or more temporary
stations of the vessel anchored at convenient distances from
A and B, and about 8 or 10 miles from the shore.

The watches having been regulated with great care
during the observations made at night, the position of the
vessel is determined by observing the angles subtended
between the sun and the primary stations, and notifying
the exact time of the observations.
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The time gives the sun’s azimuth, and from it is deduced
the azimuth of the two primary stations from the vessel.
The intermediate stations, C, D, E, etc., are obtained by
the intersection of their lines of direction, as observed at
two or more of such stations of the vessel. Then a
secondary series of points on shore, nearer to each other,
is determined from the vessel, at a distance of 2 or 3 miles
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from the coast. Lastly, when these are protracted, the
diagram is ready to receive the topographical details of
the coast, and the soundings, the first being marked by
sketching, the second according to the method already
described. This process is repeated between the several
primary stations, and the entire chart being then joined,
represents an extensive district, the details of which have
been obtained by proceeding from the whole to part, as
before recommended.

Maritime Surveying under Sail.

Third, in point of accuracy, but nevertheless highly
useful, and sufficiently correct to be of great assistance to
the mariner, is the survey made of a coast while sailing along
it. It is, in fact, in this manner, that nearly all original
maritime surveys of new colonies, or newly-explored lands,
have been made. This process differs in some of its details
from those we have before deseribed ; but in common with
them the information is acquired by means of the angular
distances between remarkable points on land, as observed
from the vessel, which should, if possible, be brought to
anchor, or steadily hove to, while the observations are
being made. But, as the angles measured are subtended
by objects on shore which are not and cannot be visited,
arbitrary definitions must be employed to denote and
recognise those objects, and sketches or profiles of the
coast should be made from each point of observation.
Indeed, under the present circumstances, such profiles may
be said to be absolutely indispensable. These profiles save
the necessity for written description, and assist in detecting
angles that may have been entered glaringly wrong through
haste or any other cause: they are also of great assistance
in protracting the work, by bringing back a vivid recol-
lection of the appearance of the points observed, their
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situation to the right or left of the station of departure, and
other circumstances attending the observation; finally, they
are advantageously referred to when sketching in the
ground-plan or contour of the coast. It is customary also
to mark, on these profiles, each point observed by a dis-
tinctive letter, and to write opposite to it the angle which
it forms with the station of departure, in addition, of course,
to the regular entry in the field-book. As a general rule,
the result of each day’s observation should be protracted in
the evening, when every occurrence is fresh in the observer's
memory-.

At each station of the vessel, astronomical observations
are made to determine its position, at the same time that
the angular distances between objects on shore are mea-
sured ; two observers should therefore be employed, in
order that the observations of the celestial bodies, and of
the objects on the coast, may be made at the same moment
of time. The angle formed between the sun and the first
point of departure on shore should likewise be observed,
especially when the sun is just appearing, or is not much
elevated above the horizon, as in this case the reduction to
 the horizontal angle may be omitted. The azimuthal bear-
ing also of the first point from the vessel is to be taken by
one or more azimuthal compasses, and the mean azimuthal
angles serve to confirm its direction as obtained from the
observed position of the sun, and to give it independently,
if the sun has not been observed.

Azimuthal angles, thus taken, even under favourable
circumstances, cannot be relied upon nearer than to two
degrees or more, owing to the movement of the vessel, and
the constant change in the variation of the compass. Ina
small boat, as the motion is much greater, the errors may
be expected to increase also.

Similar observations, bearing on the same and on new
points that open in sight, are repeated at various distances
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as the vessel pmcequ.' In eailing from one vessel's station
to another, especial care must be taken not to lose sight for
a moment of the points to which angles have been observed,
as their continually changing aspects would otherwise make
it difficult to recognise them. Inattention fo this point
would infallibly lead to numerous errors, and to delay and
confusion in the construction of the charts. To assist the
eye, a prominent and easily recognised objeet should always
be chosen as the point of departure.

Also while sailing from one ship's station to another, a
reckoning of the rate of going is to be kept carefully by the
log-line ; this should seldom be relied upon to determine

the ship’s course, as its inaccuracy is notorious ; but 1t may

corve as o collateral check on the distance of the vessel’s
stations as obtained from astronomical observations, and
must sometimes, perforce, be used when angles are measured
to objects on shore under conditions of the atmosphere that
do not admit of astronomical observations.

When standing on and off' the coast, especial care must
be had to take advantage of the appearance, in the same
straight line with the ship, of any two of the observed
points, the time of such transits being entered in the field-
book. These bearings are useful when laying down the
points and ship’s course on the chart. It must be observed,
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a distance of several miles within about 100 or 200 yards.
Observations of this nature should not be undertaken,
without being provided with a good instrument for mea-
suring fractions of a second with precision. A stop-watch,
known by the name of chronograph,* answers this con-
dition. It is so constructed, that one of its hands, which
performs a revolution in a second, can be made to touch,
with its extremity, the dial-plate at any instant of time,
by the sudden pressure of a lever, and, leaving there a
black dot, proceed without more than this momentary
stoppage of its rotation.

To estimate distances by this method, two boats or
vessels are moored at some distance from each other, and
guns are fired alternately from each vessel, whilst the time
elapsed between the flash and the report is noted by means
of the stop-watch. The time occupied by the passage of
the light is equal to zero, and a simple proportion gives the
distance between the two vessels. Angles being observed
from each vessel to objects on shore previously agreed upon,
the positions of these objects are determined with relation
to the base or distance between the vessels,

Distances may also be obtained, by approximation, by
means of the instrument known as Dr. Brewster’s miero-
meter telescope, and deseribed in BREWSTER'S Philosophical
Instruments.

* The chronograph is of Bréguet's invention.

‘11 (Bréguet) a construit des montres, dont l'aiguille marque
subitement et & volonté un point trés-visible sur le cadran, sans que
l'impulsion donnée cause la moindre interruption dans la marche de
I'instrument. On peut mesurer ainsi, avec une éxactitude rigoureuse,
la durée des effets observés, ce qui est 'objet d'un grand nombre de
recherches physiques. Nous devons ajouter quun artiste Frangais,
M. Rieusacq, a employé le premier un procédé de ce genre pour des
usages civils, M. Bréguet a changé le caractére de l'instrument, et
lui a donné un nouveau degré de précision.'— Eloge Historigue de M.
Bréguet, par M. 1LE BaroN Fourier, Mem. de I'Acad., tom. vii,, 1827,
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Lessons from the Old Testament throngh-
ot the Year, By Hexny A. WooDGATE,
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