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PREFACE.

Laxp-Surveving is perhaps the oldest.of the mathematical arts. Indeed,
Geometry itself, as its name—** Land-measuring ”—implies, is said to
have arisen from the efforts of the Egyptian sages to recover and to fix
the land-marks annually swept away by the inundations of the Nile.
The art is also one of the most important at the present day, as deter-
mining the title to land, the foundation of the whole wealth of the
world. It is besides one of the most wuseful as a study, from its
striking exemplifications of the practical bearings of abstract mathematics.
Baut, strangely enough, Surveying has never yet been reduced to a system-
atic and symmetric whole. To effect this, by basing the art on a few
simple principles, and tracing them out into their complicated ramifications
and varied applications (which extend from the measurement of ‘a mow-
ng lot* to that of the Heavens), has been the earnest endeavor of the-
present writer.

The work, in its inception, grew out of the author’s own needs. Teach-
ing Surveying, as preliminary to a course of Civil Engineering, he
found none of the books in use (though very excellent in many respects)
snited to his purpose. He was therefore compelled to teach the subject
by a combination of familiar lectures on its principles and exemplifica-
tions of its practice. His notes continually swelling in bulk, gradually
became sysbeﬁmtized in nearly their present form, and in 1851 he printed
a synopsis of them for the use of his classes. His system has thus
veen fully tested, and the present volume is the result.
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A double object has been kept in view in its preparation; vis. to
produce a very plain introduction to the subject, easy to be mastered by
the young scholar or the practical man of little previous acquirement,
the only pre-requisites being arithmetic and a little geometry; and at the
same time to make the instruction of such a character as to lay a founda-
tion broad enough and deep enough for the most complete superstructure
which the professional student may subsequently wish to raise upon it.

For the convenience of those wishing to make a hasty examination of
the book, a summary of some of its leading points and most peculiar
features will here be given

L. AU the operations of Surveying are deduced from only five simple
principles. These principles are enunciated and illustrated in Chapter 1,
of Part I. They will be at once recognized by the Geometer as familiar
systems of ** Co-ordinates;”’ but they were not here arbitrarily assumed in
advance. They were arrived at most practically by analyzing all the
numerous and incongruous methods and contrivances employed in Sur-
veying, and rejecting, one after another, all extraneous and non-essential
portions, thus reducing down the operations, one by one and step by
step, to more and more general and comprehensive laws, till at last,
by continual elimination, they were unexpectedly resolved into these
few and simple principles; upon which it is here attempted to build up
a symmetrical system. .

II. The three operations common to all kinds of Land-surveying, vis.
Making the Measurements, Drawing the Maps, and Calculating the
Contents, are fully examined in advance, in Part I, Chapters 2, 8, 4,
s0 that when the various methods of Surveying are subsequently taken
up, only the few new points which are peculiar to each, require to be
explained.

Each kind of Surveying, founded on one of the five fundamental prin-
ciples, is then explained in its turn, in the successive Parts, and each
carefully kept distinct from the rest
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IIT. A complete system of Surveying with only a chain, a rope, or
any substitute, (invaluable to farmers having no other instruments,) is
very fully developed in Part II.

IV. The various Problems in Chapter 5, of Part II, will be found
to constitute a course of practical Geometry on the ground. As some
of their demonstrations involve the ‘Theory of Transversals, ete,”’ (a
beautifal supplement to the ordinary Geometry), a carefully. digested
summary of its principal Theorems is here given, for the first time in
English. It will be found in Appendix B.

V. In Compass Surveying, Part III, the Field work, in Chapter 3,
is adapted to our American practice ; some new modes of platting bear-
ings are given in Chapter 4, and in Chapter 6, the rectangular method
of calculating contents is much simplified.

VI. The effects of the continual change in the Variation of the mag-
netic needle upon the surveys of old lines, the difficulties caused by it,
and the means of remedying them, are treated of with great minuteness
of practical detail. A new table has been calculated for the time of
* greatest Azimuth,”” those in common use being the same as the one
prepared by Gummere in 1814, and consequently greatly in error now
from the change of place of the North Star since that date.

VIL. In Part IV, in Chapter 1, the Transit and Theodolite are
oxplained in every point;; in Chapter 2, all forms of Verniers are shewn
by numerous engravings; and in Chapter 8, the Adjustments are
elucidated by some novel modes of illustration.

VIII. In Part VII, will be found all the best methods of overcoming
obstacles to sight and to measurement in angular Surveying.

IX. Part XI contains a very complete and systematic collection of
the prineipal problems in the Division of Land.

X. The Methods of Surveying the Public Lands of the United States,
of marking lines and corners, &c., are given in Part XII, from official
documents, with great minuteness; since the subject interests so many
land-owners residing in the Eastern as well as in the Western States.
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XI. The Tables comprise a Traverse Table, computed for this volame,
and giving increased aocuracy in one-fifteenth of the usual space; a
Table of Chords, appearing for the first time in English, and supplying
the most acourate method of platting angles; and a Table of natural
Sines and Tangents. It was thought best not to increase the size of
the volume with Logarithmic Tables, not absolutely necessary for its
purposes, and to be found in all Trigonometries. The tables are printed
on tinted paper, on the eye-saving principle of Babbage.

XTI. The great number of engraved illustrations, most of them orig-
inal, is a peculiar feature of this volume, suggested by the experience of
the author that one diagram is worth a page of print in giving clearness
and definiteness to the otherwise vague conceptions of a student.

XIII. The practical details, and hints to the young Surveyor, have
been made exceedingly full by a thorough examination of more than fifty
works on the subject, by English, French and German writers, 8o as to
make it certain that nothing which could be useful had been overlooked.
It would be impossible to credit each item (though this has been most
scrupulously done in the few cases in which an American writer has been
referred to), but the principal names are these: Adams, Ainslie, Baker,
Begat, Belcher, Bourgeois, Bonrns,'Brees, Bruff, Burr, Castle, Fran-
coeur, Frome, Galbraith, Gibson, Guy, Hogard, Jackson, Lamotte,
Lefevre, Mascheroni, Narrien, Nesbitt, Pearson, Puille, Puissant, Reg-
nault, Richard, Serret, Simms, Stevenson, Weisback, Williams.

Should any important error, either of printer or author, be discovered
(as is very possible in a work of so much detail, despite the great care
used) the writer would be much obliged by its prompt communication

The present volume will be followed by another on LEveLLING AND
Hieeer SurvEviNg: embracing Levelling (with Spirit-Level, Theodo-
lite, Barometer, etc.) ; its applications in ZTopography or Hill-drawing,
in Mining Surveys, etc. ; the Sextant, and other reflecting instruments ;
Maritime Surveying- and Geodesy, with its practical Astronomy.

/ ,-\‘/etr < e
s
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TO TEACHERS AND STUDENTS.

As it s desirable to obtain, at the earliest possible period, a suficient knowledge of the general
principles of Surveying to commencs its practice, the Student at Ais first reading may omit the
portions indicated below, and take them up subsequently in {on with is review of his studies.
The some omissions may be made by Teachers whoss classes have only a short time for this study.
In PART I, omit only Articles (46), (47), (48), (51), (%), (84), (8%).

In PART II, omis, in Chapter IV, (127), (128), (129), (130); and in CRapter V, leorn &t first
wnder cack Problem, only one or two of the simpler methods.

In PART IIT, omit only (225), (226), 239), (233), (244), (251), (280), (297), (3.

Then pass over PART IV; and in PART V, take only (379), (390); and (391) to (305).
MMMPAIITVI;MdganARTVII,(UWMMMWWm)'
and omit (433); (434) to (438); and all of Chapter IV, except (439) and (440).

PART VIII may be passed over; and PARTS IX and X may be taken in full.

In PART XI, take all of Chapter I; and in Chapters II and III, take only the simpler com
stryctions, not omizting, however, (517), (516) and (536).

In PART XII, take (560), (561), (565), (566).

Appendiz C, on LEVELLING, may conclude this abridged course,




LAND-SURVEYING.

PART I.

GENERAL PRINCIPLES

AND

FUNDAMENTAL OPERATIONS.

CHAPTER L

- DEFINITIONS AND METHODS.

(1) SurvEYING i the art of making such measurements as will
determine the relative positions of any points on the surface of the
earth ; so that a Map of any portion of that surface may be drawn,
and its Content calculated.

(2) The position of a point is said to be determined, when it is
known how far that point is from one or more given points, and in
what direction there-from; or how far it is in front of them or
behind them, and how far to their right or to their left, &c; so
that the place of the first point, if lost, could be again found by
repeating these measurements in the contrary direction.

The “ points” which are to be determined in Surveying, are not
the mathematical points treated of in Geometry ; but the corners
of fences, boundary stones, trees, and the like, which are mere
points in comparison with the extensive surfaces and areas which
they are the means of determining. In strictness, their centres
should be regarded as the points alluded to."
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(8) A straight Line is “determined,” that is, has its length
and its position known and fixed, when the points at its extrem-
ities are determined ; and a plane Surface has its form and dimen-
sions determined, when the lines which bound it are determined.
Consequently, the determination of the relative positions of points
is all that is necessary for the principal objects of Surveying;
which are to make a map of any surface, such as a field, farm,
state, &c., and to calculate its content in square feet, acres, or
square miles. The former is an application of Drafting, the latter
of Mensuration.

(4) The position of a point may be determined by a variety of
methods. Those most frequently employed in Surveying, are the
following :

(5) First Method, By measuring the distances from the re-
quired point to two given points.

Thus, in Fig. 1, the point S is  deter- e

mined,” if it is known to be one inch
from A, and half an inch from B: for, /\
its place, if ‘lost, could be found by de- a: ~.g

scribing two arcs of circles, from A and B as centres, and with the
given distances as radii. The required point would be at the
intersection of these arcs.

In applying this principle in surveying, S may represent any
station, such as a corner of a field, an angle of a fence, a tree, &
house, &c. If then one corner of a field-be 100 feet from a
- second corner, and 50 feet from a third, the place of the first cor

* ner is known and determined with reference to the other two.

" There will be two points fulfilling this condition, one on each side
of the given line, but it will always be known which of them is the
one desired.

In Geography, this principle is employed to indicate the posi-
tion of a town ; as when we say that Buffalo is distant (in a straight
line) 295 miles from New-York, and 390 from Cincinnati, and
thus convey to a stranger acquainted with only the last two places
a correct idea of the position of the first.
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In Analytical Geometry, the lines AS and BS are known as
“ Focal Co-ordinates;” the general name *co-ordinates” being
applied to the lines or angles which determine the position of &

point.

(8) Second Method, By measuring the perpendicular dis-
tance from the required point to a given line, and the distance
thence along the line to a given point.

Thus, in Fig. 2, if the perpendicular dis- Fig. 2.
tance SC be half an inch, and CA be one :
inch, the point S is ¢ determined”: for, its
place could be again found by measuring one
inch from A to C, and half an inch from C,
at right angles to AC, which would fix the point S. .

The Public Lands of the United States are laid out by this
method, as will be explained in Part' XTI.

In Geography, this principle is employed under the name of
Latitude and Longitude.

Thus, Philadelphia is one degree and fifty-two minutes of longi-
tude east of Washington, and one degree and three minutes of lati-
tade north of it.

In Analytical Geometry, the lines AC and CS are known as
“ Rectangular Co-ordinates.” The point is there regarded as
determined by the intersection of two lines, drawn parallel to two
fixed lines, or ¢ Azes,” and at a given distance from them. These
Azes, in the present figure, would be the line AC, and another
line,perpendicular to it and passing through A, as the origin.

(7) Third Method, By measuring the angle between a given
line and a line drawn from any given point of it to the required
point ; and also the length of this latter line.

Thus, in Fig. 3, if we know the angle Fig. 3.

BAS to be half a right angle, and the line s

AS to be one inch, the point S is determin-

ed; for, its place could be found by drawing

from A, a line making the given angle with & B
AB, and measuring on it the given distance.
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In applying this principle in surveying, 8, as before, may repre-
sent any station, and the line AB may be a fence, or any other
real or imaginary line.

In ¢ Compass Surveying,” it is a north and south line, the direc-
tion of which is given by the magnetic needle of the compass.

In Geography, this principle is employed to determine the rela-
tive positions of places, by * Bearings and distances”’; as when we
say that San Francisco is 1750 miles nearly due west from St. Louis;
the word ¢ west”’ indicating the direction, or angle which the line
Jjoining the two places makes with a north and south line, and
the number of miles giving the length of that line.

In Analytical Geometry, the line AS, and the angle BAS, are
called « Polar Co-ordinates.”

(8) Fourth Method. By measuring the angles made with a
gtven line by two other lines starting from given points upon it,
and passing through the required point.

Thus, in Fig. 4, the point S is deter- Fig. 4.
mined by being in the intersection of the 2
two lines AS and BS, which make re-
spectlvely angles of a half and of a third
of o right angle with the line AB, which 4
is one inch long; for, the place of the point could be found, if lost
by drawing from A and B lines making with AB the known angles.

In Geography, we might thus fix the position of St. Louis, by
saying it lay nearly due north from New-Orleans, and due west
from Washington.

In Analytical Geometry, these two angles would be called
“ Angular Co-ordinates.”’

\

(9) In Fig. 5, are shown together all . Fig. 5.
the measurements necessary for determin-
mng the same point S, by each of the four
preceding methods. In the First Me-
thod, we measure the distances AS and & c B
BS; in the Second Method, the distances AC and CS, the latter
at right angles to the former; in the Third Method, the distance
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AS, and the angle SAB; and in the Fourth Method, the angles
SAB and SBA. In all these methods the point is really deter-
mined by the intersection of two lines, either straight lines or
arcs of circles. Thus, in the First Method, it is determined by
the intersection of two circles ; in the Second, by the intersection
of two straight lines ; in the Third, by the intersection of a straight
line and a circle ; and in the Fourth, by the intersection of two
straight lines.

(10) Fifth Method., By measuring the angles made with each
other by three lines of sight passing from the required pomt to
three points whose positions are known.

Thus, in Fig. 6, the point 8 is deter- Fig. 6.
mined by the angles ASB, and BSC % o
made by the three lines SA, SB and %
56, e
Geographically, the position of Chi- ‘\1'_
cago would be determined by three ~
straight lines passing from it to Wash-
mwton, Cincinnati, and Mobile, and mak- /—\g\

ing known angles with each other; that of the first and second
lines being about one-third, and that of the second and third lines,
about one-half of a right angle.

From the three lines employed, this may be named the Method
of Trilinear co-ordinates. -

(11) The position of a point is sometimes determined by the
intersection of two lines, which are themselves determined by their

extremities being given. Thus, in Fig. T, Fig. 7.
the point 8 is determined by its being sit- P
uated in the intersection of AB and CD. g

This method is sometimes employed to fix /\R
the position of a Station on a Rail-Road € o
line, &c., when it occurs in a place where

a stake cannot be driven, such as in a pond; and in a few other
cases ; but is not used frequently enough to require that it should
be called a sizth principle of Surveying. It is said to be employed
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by smugglers to fix the spot where they have sunk contraband

(12) These five methods of determining the positions of points,

produce five corresponding systems of Surveying, which may be
named as follows : .

I. DIAGONAL SURVEYING.
II. PERPENDICULAR SURVEYING.
IOI. POLAR SURVEYING
IV. TRIANGULAR SURVEYING.
V. TRILINEAR SURVEYING.

(18) The above division of Surveying has been made in har-
mony with the principles involved and the methods employed.

The subject is, however, sometimes divided with reference to the
tnstruments employed; as the chain, either alone or with croes-
staff; the compass; the transit or theodolite; the sextant; the

plane table, &c.

(14) Surveying may also be divided according to its objects.

In Land Surveying, the content, in acres, &c., of the tract sur-
veyed, is usually the principal object of the survey. A map,
ghowing the shape of the property, may also be required. Certain
signs on it may indicate the different kinds of culture, &c. This
land may also be required to be divided up in certain proportions ;
and the lines of division may also be required to be set out on the
ground. One or all of these objects may be demanded in Land
Surveying.

In Topographical Surveying, the measurement and graphical
representation of the inequalities of the ground, or its “ relief,” i. e.
its hills and hollows, as determined by the art of ¢ Levelling,” is
the leading object.

In Maritime or Hydrographical Surveying, the positions of
rocks, shoals and channels are the chief subjects of examination.

In Mining Surveying, the directions and dimensions of the sub-
terranean passages of mines are to be determined. -



ome. 1] Defuitions and Methods. 18

(15) Surveying may also be divided according to the extent of
the district surveyed, into Plane and Greodesic. Geodesy takes
into account the curvature of the earth, and employs Spherical
Trigonometry. Plane Surveying disregards this curvature, as &
needless refinement except in very extensive surveys, such as those
of a State, and considers the surface of the earth as plane, which
may safely be done in surveys of moderate extent.

(16) Land Surveying is the principal subject of* this volume ;
the surface surveyed being regarded as plane; and each of the
five Methods being in turn employed. For the purposes of instruc-
tion, the subject will be best divided, partly with reference to the
Methods employed, and partly to the Instruments used. Accord-
ingly, the First and Second Methods (Diagonal and Perpendic-
ular Surveying) will be treated of under the title ¢ Chain Survey-
ing,” in Part II. The Third Method (Polar Surveying) will be
explained under the titles ¢ Compass Surveying,” Part IIT, and
¢ Transit and Theodolite Surveying,” Part IV. The Fourth and
Fifth Methods will be found under their own names of ¢ Triangu-
lar Surveying,” and ¢ Trilinear Surveying,” in Parts V and VI.

(17) In all the methods of Land Surveying, there are three
stages of operation :
1° Measuring certain lines and angles, and recording them ;
20 Drawing them on paper to some suitable scale ;
8° Calculating the content of the surface surveyed.
The three following chapters will treat of each of these topics in
their turn.
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CHAPTER IL

MAKING THE MEASUREMENTS.
(18) THE Measurements which are required in Surveymg, may
be of lines or of angles, or of both; according to the Method em-
ployed. Each will be successively considered.

MEASURING STRAIGHT LINES.

(19) The lines, or distances, which are to be measured, may be
either actual or visual.

Actual lines are such as really exist on the surface of the land
to be surveyed, either bounding it, or crossing it; such as fences,
ditches, roads, streams, &c.

Visual lines are imaginary lines of sight, either temporarily
measured on the ground, such as those joining opposite corners of
a field; or simply indicated by stakes at their extremities or other-
wise. If long, they are * ranged out’ by methods hereafter to be
described. Lines are usually measured with chains, tapes or rods,
divided into yards, feet, links, or some other unit of measurement.

(20) Gunter’s Chain, This is the measure most commonly
used in Land surveying. Itis 66 feet, or 4 rods long.* Eighty
such chains make one mile.

Fig. 8.
': L Ead s amad L e
: >
< ' ’
: L :

x

It is composed of one hundred pieces of iron wire, or links, each
bent at the end into a ring, and connected with the ring at the end
of the next piece by another ring. Sometimes two or three rings
are placed between the links. The chain is then less liable to

* This length was chosen (by Mr. Edward Gunter) because 10 square chains
of 66 feet make one acre, (as will be shown in Chapter IV,) and the computation
of areas is thus greatly fucilitated. For other Surveying purposes, particularly
for Rail-road work, a chain of 100 feet is preferable. n the Uit States
Coast Burvey, the unit of measurement (which at some future time will be the
universal one) is the French Metre, equal to 3.281 feet, nearly.
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twist and get entangled, or  kinked.” Two or more swivels are
also inserted in the chain, so that it may turn around without twist-
ing. Every tenth link is marked by a piece of brass, having one,
two, three, or four points, corresponding to the number of tens -
which it marks, counting from the nearest end of the chain.®* The
middle or fiftieth link is marked by a round piece of brass.

The hundredth part of a chain is called a link.t The great
advantage of this is, that since links are decimal parts of a chain,
they may be so written down, 5 chains and 48 links being 5.43
chains, and all the calculations respecting chains and links can then
be performed by the common rules of decimal Arithmetic. Each
link is 7.92 inches long, being = 66 x 12 <+ 100.

The following Table will be found convenient :

CHAINS INTO FEET. FEET INTO LINKS.
CHAINS.| FEET. [CHAINS.] FEET. | | FEET. |LINKS.| FEET. |LINKS.
0.01 | 066 1.00f 66, | 010 015 10. | 15.2

0.02 | 132} 2 132, | 0.20 | . 0.30 | 15. | 22.7
003 | 198} 3. [ 198/ | 0.25| 0.388] 20. | 80.3
0.04 | 2.64] 4. 264, | 0.30 | 0.45| 25.1 87.9
0.05 | 8.80| 5. 330.| | 0.40 | 0.60} 30. | 45.4
0.06 | 3.96| 6. 396, | 0.50 | Q.76 383. | 50.0
007 | 462} 7 462, | 0.60 | 0.91f 385. [ 53.0
0.08 | 5.28]1 8 528 | 0.70 | 1.06| 40. | 60.6
0.09 | 594 9. 594. | 0.75 | 1.13| 45. | 68.2
0.10 | 6.60 ) 10. 660 | 0.80 | 1.21| 50. | 75.8
0.90 | 1.36( 55. | 83.3
0.20 |13.20 | 20. 1820.| | 1.00 { 1.52] 60. | 90.9|-
0.80 |19.80 || 30. 1980. | 2. 3.0 65. | 98.5
0.40 |26.40 | 40. 2640.} | 8. 4.5 70. |106.1
0.560 |83.00 | 50. 3300, | 4. 6.1 75. | 113.6
0.60 | 39.60 || 60. 3960.] | 5. 7.6 80. (121.2
0.70 |46.20 || 70. 4620. | 6. 9.1 85. [128.8
0.80 |52.80 || 80. 5280. | 7. 10.6 90. |136.4
0.90 |59.40 | 90. 5940. | 8. |121 95." | 143.9
1.00 |66.00 |[100. 6600.] | 9. |18.6 [ 100. |151.6

* To prevent the very common mistake, of cglling forty, sixty; or thirty, seventy;
it has been suggested fo make the 11th, 21st, 31st and 41st links of brass; which
would at once show on which side of the middle of the chain was the doubtfal
mark. This would be particularly useful in Mining Surveying.

t This must not be confounded with the pieces of wire which have the same
name, since one of them is shorter than the * link” used in calculation, by half a
ring, or more, according to the way in which the chain is made.



18 FUNDAMENTAL OPERATIONS. [eaze 1.

To reduce links to feet, subtract from the number of links as
many units a8 it contains hundreds ; multiply the remainder by 2
and divide by 8.

To reduce feet to links, add to the given number half of itself,
and add one for each hundred (more exactly, for each ninety-nine)
in the sum.

The chain is liable to be lengthened by its rings being pulled
open, and to be shortened by its links being bent. It should there-
fore be frequently tested by a carefully-measured length of 66 feet,
set out by a standard measure, on a flat surface, such as the top
of a wall, or on smooth level ground, between two stakes, their
centres being marked by small nails. It may be left a little longer
than the true length, since it can seldom be stretched so as to be
perfectly horizontal and not hang in a curve, or be drawn out in a
perfectly straight line.* Distances measured with a perfectly
accurate chain will always and unavoidably be recorded as longer
than they really are. To ensure the chain being always strained
with the same force, a spring, like that of a spring-balance,
is sometimes placed between one handle and the rest of the
chain.

If a line has been measured with an incorrect chaip, the true
length of the line will be obtained by multiplying the number of
chains and links in the measured distance by 100, and dividing by
the length of the standard distance, as given by measurement of
it with the incorrect chain. The proportion here employed is this :
As the length of the standard given by the incorrect chain Iz to
the true length of the standard, So 43 the length of the line given
by the measurement 7o the true length. Thus, suppose that a
line has been measured with a certain chain, and found by it to be
ten chains long, and that the chain is afterwards found to have been
so stretched that the standard distance, measured by it, appears to
‘be only 99 links long. The measured line is therefore longer
than it had been thought Jo be, and its true length is obtained
by multiplying ten by 100, and dividing by 99.

* The chain used by the Government SBurveyors of France, which is 10 Metres,
or about half a Ganter's chain in length, is made from one-fifth to two-fifths of an

inch longer than the standard. An inaccuracy of one five hundredth of its length
(=14 inches on & Gunter’s chain) is the utmost allowed not to vitiate the survey.
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(21) Pins. Ten iron pins or ¢ arrows,” usually accompany the
chain.* They are about a foot long, and are made of stout iron
wire, sharpened at one end, and bent into a ring at the other.
Pieces of red and white cloth should be tied to their heads, so that
they can be easily found in grass, dead leaves, &c.

They should be strung on a ring, which has a spring catch to
retain them. Their usual form is shown in in Fig. 9. Fig.9. Fig. 10.
Fig. 10 shows another form, made very large, and
therefore very heavy near the point, so that when
held by the top and dropped, it may fall vertically.

The uses of this will be seen presently. '

(22) On irregular ground, two stout stakes about
six feet long are needed to put the forward chain-
man in line, and to enable whichever of the two is
lowest, to raise his end of the chain in a truly vertical line, and to
strain the chain straight. ,

A number of long and slender rods are also necessary for
“ ranging out”’ lines between distant points, in the manner to be
explained hereafter ; in Part II, Chapter V.

(23) How to Chain. Two men are required ; a forward chain-
main, and & hind chain-man; or leader and follower. The latter
takes the handles of the chain in his left hand, and the chain itself
in his right hand, and throws it out in the direction in which'it is to
be drawn. The former takes a handle of the chain and one pin in
his right hand, and the other pins (and the ‘staff, if used,) in his
left hand, and draws out the chain. The follower then walks
beside it, examining carefully that it is not twisted or bent. He
then returns to its hinder end, which he holds at the beginning of
the line to be measured, puts his eye exactly over it,-and, by the
words « Right,” ¢ Left,” directs the leader how to put his staff,
or the pin which he holds up, ¢in line,” so that it may seem to
cover and hide the flag-staff, or other object at the end of the line.

" # Eleven pins are sometimes used, one being of brass. Nine of iron, with four
or eight of brass, may also be employed. Their uses will be explained in the
following article.
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The leader all the while keeps the chain tightly stretched, and his
end of it touching his staff. Every time he moves the chain, he
should straighten it by an undulating shake. When the staff (or
pin) is at last put ““in line,” the follower says “ Down.” The
leader then puts in the single pin precisely at the end of the chain,
and replies “Down.” The follower then (and never before hearing
this signal that the point is fixed) loosens his end of the chain,
rotaining it in his hand. The leader draws on the chain, making
a step to one side of the pin just set, to avoid dragging it out. He
should keep his eye steadily on the object ahead, or, in a hollow,
should line himself approximately by looking back. The follower
ghould count his steps, 8o as to know where to look for the pin in
high grass, &c. As he approaches the pin, he calls ¢ Halt.” On
reaching it, he holds the handle of the chain against it, pressing
his knee against both to keep the pin firm. He then, with his eye
over the pin, “lines” the leader as before. When the “ Down”
has been again called by the follower, and answered by the leader,
the former pulls out the pin with the chain-hand, and carries it in
his other hand, and they go on as before.® The operation is
repeated till the leader has arrived at the end of the line, or has
put down all his pins.

When the leader has put down his tenth pin, he draws on the
chain its length farther, and after being lined, puts his foot on the
. bandle to keep it firm, and calls ¢ Tally.” The follower then
drops his end of th® chain, goes up to the leader and gives him
back all the pins, both counting them to make sure that none have
been lost. One pin is then put down at the forward end of the
chain, and they go on as before. '

Some Surveyors cause the leader to call ¢ tally” at the tenth
pin, and then exchange pins; but then the follower has only the
hole made by the pin, or some other indefinite mark, to measure
from. '

Eleven pins are sometimes preferred, the eleventh being of brass,
or otherwise different from the rest, and being used to mark the

* When a chain’s length would end in a ditch, pool of water, &c. and the chain-
men are afraid of wetting their feet, they can measure part of a chain, to the edge

of the water, then stretch the chain across it, and then measure another portion
of a chain, so that with the former portion, it may make up a fall chain.
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end of the eleventh chain; another being substituted for it before
the leader goes on. '

The two chain-men may change duties at each change of pins,
if they are of equal skill, but the more careful and intelligent of
two laborers should generally be made ¢ follower.”

When the leader reaches the end of the line, he stops, and holds

‘his end of the chain against it. The follower drops his end and
counts the links beyond the last pin, noting carefully on which side
of the  fifty” mark it comes. Each pin now held by the follower,
including the one in the ground, represents 1 chain; each time
“ tally” has been called, and the pins exchanged, represents 10
chains, and the links just counted make up the total distance.

(24) Tallies, In chaining very long distances, there is danger
of miscounting the number of ¢ tallies,” or tens. To avoid mis-
takes, pebbles, &c., may be changed from one pocket into another
at each change of pins; or bits of leather on a cord may be slip-
ped from one side to the other; or knots tied on a string; but the
best plan is the following. Instead of ten iron pins, use nine iron
pins, and four, or eight, or ten pins of brass, or very much longer
than the rest. At the end of the tenth chain, the iron pins being
exhausted, a brass pin is put down by the leader. The follower
then comes up, and returns the nine iron pins, but retains the brass
one, with the additional advantage of having this pin to measure
from. At the end of the twentieth chain, the same operation is
repeated ; and 8o on. When the measurement of the line is com-
pleted, each brass pin held by the follower counts ten chains, and

"each iron pin one, as before.

(25) Chaining on Slopes, All the distances employed in
Land-surveying must be measured horizontally, or on a level; for
reasons to be given in chapter IV. When the ground slopes, it is
therefore necessary to make certain allowances or corrections. If
the slope be gentle, hold the up-hill end of the chain on the ground,
and raise the down-hill end till the chain is level. To ensure the
elevated end being exactly over the desired spot, raise it along a
staff kept vertical, or drop a pin held by the point with the ring
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downwards, (if you have not the heavy pointed ones shown in Fig.
10), or, which is better, use a plumbline. A person standing
beside the chain, and at a little distance from it, can best tell if it
be nearly level. If the hill be so steep that a whole chain cannot
be held up level, use only half or quarter of it at a time. Great
care is necessary in this operation. To measure down a steep hill,
stretch the whole chain in line. Hold the Fig. 11

upper end fast on the ground. Raise up
the 20 or 30 link-mark, so that that portion
of the chain is level. Drop a plumb-line or
pin. Then let the follower come fo! . -

and hold down that link on this spot, and the leader hold up ad-
other short portion, as before. Chaining down a slope is more
accurate than chaining up it, since in the latter case the follower
cannot easily place his end of the chain exactly over the pin.

(26) A more accurate, though more troublesome, method, is to
measure the angle of the slope; and make the proper allowance
by calculation, or by a table, previously prepared. The correction
being found, the chain may be drawn forward the proper number
of links, and the correct distance of the various points to be noted
will thus be obtained at once, without any subsequent calculation
or reduction. If the survey is made with the Theodolite, the slope
of the ground can be measured directly. A ¢ Tangent Scale,” for
the same purpose, may be formed on the sides of the sights of a
, Compass. It will be described when that instrument is explained. .

In the following table, the first column contains the angle which
the surface of the ground makes with the horizon; the second
column contains its slope, named by the ratio of the perpendicular
to the base ; and the third, the correction in links for each chain
measured on the slope, i. . the difference between the hypothenuse,
which is the distance measured, and the horizontal base, which is
the distance desired.
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TABLE FOR CHAINING ON SLOPES

. CORRECTION CORRECTION
ANGLE.| SLOPE. . A
IN LINKS. ANGLE.| SLOPE IN LINKS.

8 [1in19 0.14 180 |1in4} 2.56
4° |1in14 0.24 14° {1in4 2.97
50 [1in11}| 0.38 15° |1in4 8.41
6° [1in 91| 0.5 16° |1in 32 2.87

7° |1in 8 0.75 170 |1in 3} 4.37
8 |1in T 0.97 18° |1in 8} 4.89
9 [1in 6} 1.23 19° {1in3 5.456
10° (1in 6 1.53 20° |1in 23 6.03
11° |1in 5} 1.84 25° |1in2 9.37
120 |1in 43 2.19 80° |1in1% | 18.40

(27) Chaining is the fundamental operation in all kinds of Sur-
veying. It has for this reason been very minutely detailed. The
“follower” is the most responsible person, and the Surveyor will
best ensure his accuracy by taking that place himself. If he has
to employ inexperienced laborers, he will do well to cause them to
measure the distance between any two points, and then remeasure
it in the opposite direction. The difference of their two results
will impress on them the necessity of great carefulness. )

To ¢ do up” the chain, take the middle of it in the left hand,
and with the right hand take hold of the doubled chain just beyond
the second link; double up the two links between your hands,
and continue to fold up two double links at a time, laying each pair
obliquely across the others, so that when it is all folded up, the
handles will be on the outside, and the chain will have an hour-glass
shape, easy to strap up and to carry.

(28) Tape, Though the chain is most usually employed for the
principal measurements of Surveying, a tape-line, divided on one
side into links, and on the other into feet and inches, is more con-
venient for some purposes. It should be tested very frequently,
particularly after getting wet, and the correct length marked on it
at every ten feet. A ¢ Metallic Tape,” less liable to stretch, has
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been recently manufactured, in which fine wires form its warp.
‘When the tape is being wound up, it should be passed between two
fingers to prevent its twisting in the box, which would make it
necessary to unscrew its nut to take it out and untwist it. While
in use, it should be made portable by being folded up by arm’s
lengths, instead of being wound up.

(29) Substitutes for a chain or a tape, may be found in leather
driving lines, marked off with a carpenter’s rule, or in a cord knot-
ted at the length of every link. A well made rope, (such as a
‘ patent wove line,” woven circularly with the strands always
straight in the line of the strain), when once well stretched, wetted
and allowed to dry with & moderate strain, will not vary from a
chain more than one foot in two thousand, if carefully used.

(80) Rods, When unusually accurate measurements are re-
quired, rods are employed. They may be of well seasoned wood,
of glass, of iron, &c. They must be placed in line very carefully
end to end ; or made to coincide in other ways; as will be explain-
ed in Part V, under the title of “ Triangular Surveying,” in
which the peculiarly accurate measurement of one line is required,

a8 all the others are founded upon it.

(31) Pacing, Sound, and other approximate means, may be
used for measuring the length of a line. They will be discussed,
in Part IX, under the title “ Surveying without Instruments.”

(82) A Perambulator, or “ Measuring Wheel,” is sometimes
used for measuring distances, particularly Roads. It consists of a
wheel which is made to roll over the ground to be measured, and
whose motion is communicated to a series of toothed wheels within
the machine. These wheels are so proportioned, that the index
wheel registers their revolutions, and records the whole distance
passed over. If the diameter of the wheel be 81} inches, the cir-
cumference, and therefore each revolution, will be 81 feet, or half
a rod. The roughnesses of the road and the slopes necessarily
cause the registered distances to exceed the true measure.
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MEASURING ANGLES.

(88) The angle made by any two lines, that is, the difference
of their directions, is measured by various instruments, consisting
essentially of a circle divided into equal parts, with plain sights, or
telescopes, to indicate the directions of the two lines.

As the measurement of angles is not required for ¢ Chain Sur-
veying,” which is the first Method to be discussed, the considera-
tion of this kind of measurement will be postponed to Part ITI.

NOTING THE MEASUREMENTS.

(84) The measurements which have been made, whether of
lines, or of angles, require to be very carefully noted and recorded.
Clearness and brevity are the points desired. Different methods
of notation are required for each of the systems of surveying which
are to be explained, and will therefore be given in their appropriate
places.

CHAPTER IIL.

DRAWING THE MAP.

(35) A Mar of a survey represents the lines which bound the
surface surveyed, and the objects upon it, such as fences, roads,
rivers, houses, woods, hills, &c., in their true relative dimensions
and positions. It is & miniature copy of the field, farm, &e., as it
would be seen by an eye moving over it; or as it would appear, if
from every point of its irregular surface, plumb lines were dropped
to a level surface under it, forming what is called in geometrical
language, its korizontal projection.

(86) Platting, A plat of a survey is a skeleton, or outline
map. It is a figure “similar” to the original, having all its angles
equal, and its sides proportional. Every inch on it represents a
foot, a yard, a rod, a mile, or some other length, on the ground;
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all the measured distances being diminished in exactly the same
ratio.

PLATTING is repeating on paper, to a smaller scale, the mea-
surements which have been made on the ground.

Its various operations may therefore be reduced, in accordance
with the principles established in the Fig. 12.
first chapter, to two, viz: drawing ‘
a straight line in a given direction
and of a given length; and describ-
ing an arc of a circle with a radius
whose length is also given. The
only instruments absolutely necessary for this, are a straight ruler,
and a pair of ¢ dividers,” or ¢ compasses.” Others, however, are
often convenient, and will be now briefly noticed.

(87) Straight Lines, These are usually drawn by the aid of a
straight-edged ruler. But to obtain a very long straight line upon
paper, stretch a fine silk thread between any two distant points,
and mark in its line various points, near enough together to be
afterwards connected by a common ruler. The thread may also
be blackened with burnt cork, and snapped on the paper, as a
carpenter snaps his chalk line ; but this is Liable to inaccuracies,
from not raising the line vertically.

(88) Arcs, The arcs of circles used in fixing the position of a
point on paper, are usually described with compasses, one leg of
which carries a pencil point. A convenient substitute is a strip
of pasteboard, through one end of which a fine needle is thrust info
the given centre, and through a hole in which, at the desired dis-
tance, a pencil point is passed, and can thus describe a circle about
the centre, the pasteboard keeping it always at the proper distance.
A string is a still readier, but less accurate, instrument.

(89) Parallels, The readiest mode of drawing parallel lines
is by the aid of a triangular piece of wood and a ruler. Let AB
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be the line to which a parallel is to
be drawn, and C the point through
which it must pass. Place one
side of the triangle against the
line, and place the ruler against
another side of the triangle. Hold
the ruler firm and immovable, and
glide the triangle along it till the side of the triangle which had coin-
cided with the given line, passes through the given point. This
side will then be parallel to that given line, and a line drawn by
it will be the line required.

Another easy method of drawing parallels, is by means of a T
square, an instrument very valuable for many other purposes. It
is nothing but a ruler let into a thicker piece of wood, very truly
at right angles to it. For this use of it, one side of the cross-piece
must be even, or ¢ flush,” with the ruler. To use it, lay it on the
paper so that one edge of the Fig. 14.
ruler coincides with the given line
AB. Place another ruler against
the cross-piece, hold it firm, and
slide the T square along, till its
edge passes through the given
point C, as shown by the lower
part of the figure. Then draw
by this edge the desired line paral-
lel to the given line.

(40) Perpendiculars, These may be drawn by the various
problems given in Gecmetry, but more readily by a triangle which
has one right angle. Place the longest Fig. 15.
side of the triangle on the given line,
and place a ruler against a second side
of the triangle. Hold the ruler fast,
and turn the triangle so as to bring its
third side against the ruler. Then will
the long side be perpendicular to the
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given line. By sliding the triangle along the ruler, it may be
used to draw a perpendicular from any point of the line, or from
any point to the line.

(41) Anmgles, These are most easily set out with an instru-
ment called a Protractor, usually a semi-circle of brass. But the
description of its use, and of the other and more accurate modes
of laying off angles, will be postponed till they are needed in Part
III, Chapter IV.

(42) Drawing te Scale. The operation of drawing on paper
lines whose length shall be a half, a quarter, a tenth, or any other
fraction, of the lines measured on the ground, is called ¢ Drawing
to Scale.”

To set off on a line any given distance to any required scale,
determine the number of chains or links which each division of
the scale of equal parts shall represent. Divide the given distance
by this number. The quotient will be the number of equal parts
to be taken in the dividers and to be set off.

For example, suppose the scale of equal parts to be a common
carpenter’s rule, divided into inches and eighths. Let the given
distance be twelve chains, which is to be drawn to a scale of
two chains to an inch. Then six inches will be the distance to be
set off. If the given distance had been twelve chains and seventy
five links, the distance to be set off would have been six inches
and three-eighths, since each eighth of an inch represents 25 links.

If the desired scale were three chains to an inch, each
eighth of an inch would represent 87} links; and the distance
of 1275 links would be represented by thirty-four eighths of an inch,
or 4} inches.

A similar process will give the correct length to be set off- for
any distance to any scale.

If the scale used had been divided into inches and tenths, as is
much the most convenient, the above distances would have become
on the former scale 637 inches, or nearly 64; inches ; and on the
latter scale 4,%% inches, coming midway between the 2d and 8d
tenth of an inch.

.
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(48) Conversely, to find the real length of a line drawn on
paper to any known scale, reverse the preceding operation. Take
the length of the line in the dividers, apply it to the scale, and
count how many equal parts it includes. Multiply their number
by the number of chains or links which each represents, and the
product will be the desired length of the line on the ground.

This operation and the preceding one are greatly facilitated by

- the use of the scales to be described in Art. (48)

(44) Scales. The choice of the scale to which a plat should be
drawn, that is, how many times smaller its lines shall be than those
which have been measured on the ground, is determined by several
considerations. 'The chief one is, that it shall be just large enough
to express clearly all the details which it is desirable to know. A
Farm Survey would require its plat to show every field and build-
ing. A Btate Survey would show only the towns, rivers, and lead-
ing roads. The size of the paper at hand will also limit the scale
to be adopted. If the content is to be calculated from the plat,
that will forbid it to be less than 8 chains to 1 inch.

Scales are named in various ways. They should always be
expressed fractionally ; i. e. they should be so named as to indicate
what fractional part of the real line measured on the ground, the
representative line drawn on the paper, actually is. When custom
requires a different way of naming the scale, both should be given.
It would be still better, if the denominator could always be some
power of 10, or at least some mulinple of 2 and 5, such as 335,
1055 856> 3593, &c. For convenience in printing, these may be
written thus: 1:500, 1:1000, 1:2000, 1:2500, &c.

Plats of Farm Surveys are usually named as being so many
chains to an inch.

Maps of Surveys of States are generally named as being made
to & scale of so many miles to an inch.

Maps of Rail-road Surveys are said to be so many feet to an
inch, or so many inches to a mile. -

(45) Farm Surveys. If these a.re of small extent, two chains
to one inch (whch I8 = spes = g = 1:1584) is convenient.

»
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A scale of one chain to one inch (1:792) is useful for plans of build
ings. Three chains to one inch (1:2876) is suitable for larger
farms. It is the scale prescribed by the English Tithe Commis-
sioners for their first class maps.

In France, the Cadastre Surveys are lithographed on a scale
about equivalent to this, being 1:2500. The original plans are
drawn to a scale of 1:5000. Plans for the division of property
are made on the former scale. When the district exceeds 8000
acres, the scale is 1:10,000. When it exceeds 7,500 acres, the
scale is 1:20,000. A common scale in France for small surveys

i8 1:1000; about 1} chains to 1 inch.
‘Fig.16. -
ONE ACRE
ON SCALE OF 1 CHAIN TO 1 INCH.

P ARG Y0 1-INCE—
2" Y £d

T —9—

F—O—-—)’—-D—-

The choice of the most-suitable scale for the plat of a farm sur-
vey, may be facilitated by the Figure given above, which shows
the actual space occupied by one acre, (the eustomary unit of land
measure), laid out in the form of a square, on maps drawn to the
various scales named in the figure. '
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(46) State Surveys, On these surveys, smaller scales are
necessarily employed. -

On the admirable United States Coast Survey, all the scales
are expressed fractionally and decimally. ¢ The surveys are
generally platted originally on a scale of one to ten or twenty thou-
sand, but in some instances the scale is larger or smaller.

These original surveys are reduced for engraving and publica-
tion, and. when issued, are embraced in three general classes. 19,
small Harbor charts ; 2°, charts of Bays, Sounds, and 89, of the
Coast General Cha.rts

The scales of the first class vary from 1:10,000 to 1:60,000,
according to the nature of the Ha.rbor and the different objects to
be represented.

Where there are many shoals, rocks, or other objects, as in
Nantucket Harbor and Hell-Gate, or where the importance of the
harbor makes it necessary, a larger scale of 1:5,000, 1:10,000,
and 1:20,000 is used. But where, from the size of the harbor,
or its ease of access, a smaller one will point out every danger with
sufficient exactness, the scales of 1:40,000 and 1:60,000 are
used, as in the case of New-Bedford Harbor, Cat and Ship Island
Harbor, New-Haven, &c.

The scale of the second class, in consequence of the large areas
to be represented, is usually fixed at 1:80,000, as in the case of
New-York Bay, Delaware Bay and River. Preliminary charts,
however, are issued, of various scales from 1:80,000 to 1:200,000.

Of the third class, the scale is fixed at 1:400,000, for the
General Chart of the Coast from Gay Head to Cape Henlopen,
although considerations of the proximity and importance of points
on the coast, may change the scales of charts of other portions of
our extended coast.””*

The National Survey of Grreat Britain is called, from the corps
employed on it, the ¢ Ordnance Survey.”

The ¢ Ordnance Survey” of the southern counties of England
was platted on a scale of 2 inches to 1 mile, (1:81,680), and
reduced for publication to that of one inch to a mile, (1:68,860).
The scale of 6 inches to a mile (1:10,560) was adopted for the

* Communicated from the U. 8. Coast Survey office.
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northern counties of England and for the southern counties of Soot-
land. The same scale was employed for platting and engraving in
outline the ¢ Ordnance Burvey’ of Ireland. But & map on a
scale of 1 inch to 1 mile (1:68,360) is about to be published, the
former scale rendering the maps too unwieldy and cumbrous for
consultation.

The Ordnance Survey of Scotland was at first platted on a scale
of six inches to one mile, (1:10,560). That scale has since been
abandoned, and it is now platted on a scale of two inches to 1 mile,
(1:81,680), and the general mape are made to only half that scale.

The Ordnance Survey scale for the maps of London and other
large towns, is 5 feet to 1 mile, (1:1056), or 1} chains to one inch.

In the *Surveys under the Public Health act” of England,
the scale for the general plan is two feet to one mile, (1:2,640) ;
and for the detailed plan, ten feet per mile, (1:528), or two-thirds
of a chain per inch. :

The Government Survey of France is platted to a scale of
1:20,000. Copies are made to 1:40,000; and the mape are
engraved to a scale of 1:80,000, or about § inch to 1 mile.

Cassini’s famous map of France was on a scale of 1:86,400.

The French War Department employ the scales of 1:10,000;
1:20,000; 1:40,000; and 1:80,000; for the topography of
France.

(47) Raill-read Surveys. For these the New-York General
Rail-road Law of 1850 directs the scale of maps which are to be
filed in the State Engineer’s Office, to be five hundred feet to one-
tenth of a foot, (= 1:5000.) :

For the New-York Canal Maps a scale of 2 chains to 1'inch
(1:1584) is employed.

The Parliamentary ¢ standing orders” prescribe the plans of
Rail-roads, prepared for Parliamentary purposes, to be made on a
scale of not less than 4 inches to the mile, (1:15840): and the
enlarged portions (as of gardens, court-yards, &c.) to be on a scale
not emaller than 400 feet to the inch, (1:4800.) Accordingly
the practice of English Railway Engineers is to draw the whole
plan to a scale of 6 chains, or 396 feet to the inch, (1 : 4752) as
being just within the Parliamentary limits.
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- In France, the Engineers of ¢ Bridges and Roads” (Corps des
Ponts ot Chaussees) employ for the general plan of a road a scale
of 1:6000, and for appropriations 1: 500.
4

(48) In the United States Engineer service, the following scales
are prescribed :
General plans of buildings, 1 inch to 10 feet, (1;120).
Maps of ground, with horizontal curves one foot apart, 1 inch to 50 feet, (1:600).
Topographical maps, one mile and a half square, 2 feet to one mile, (1:2,640).
Do. comprising three miles square, 1 foot to one mile, (1:5,280).
Do. between four and eight miles square, 6 inches to one mile, (1:10,560).
Do. comprising nine miles square, 4 inches to one mile, (1:15,840).
Maps not exceeding 24 miles square, 2 inches to one mile, (1:31,680).
Maps comprising 50 miles square, 1 inch to one mile, (1:63,360).
Maps comprising 100 miles square, § inch to one mile, (1:126,720.)
Burveys of Roads, Canals, &e., 1 inch to 50 feet, (1: €00).

(49) The most convenient scales of equal parts are those of box-
wood, or ivory, which have a fiducial or feather edge, along which
they are divided, so that distances can be at once marked off from
this edge, without requiring to be taken off with the dividers; or
the length of a given line can be at once read off. Box-wood is
preferable to ivory as much less liable to warp, or to vary in length
with changes in the moisture in the air.

The student can, however, make for himself platting scales of

_drawing paper, or Bristol board. Cut a straight strip of this mate-
rial, about an inch wide. Draw & line through its middle, and set

Fig. 17.

1] R A

off on it a number of equal parts, each representing a chain to the
desired scale. Sub-divide the left hand division into ten equal
parts, each of which will therefore represent ten links to this scale.
Through each point of division on the central line, draw (with
the T square) perpendiculars extending to the edges, and the
scale is made. It explains itself. The above figure is a scale of
2 chains to 1inch. On it the distance 220 links would extend
3

Y

N
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between the arrow-heads above the line in the figure ; 560 links
extends between the lower arrow-heads, &c.

A paper scale has the great advantage of varying less from
s plat which has bden made by it, in consequence of changes
in the weather, than any other. The mean of many trials
showed the difference between such a scale and drawing paper,
when exposed alternately to the damp open atmosphere, and to the
air of a warm dry room, to be equal to .005, while that between
box-wood scales and the paper was .012, or nearly 2} times as
much. The difference with ivory would have been even greater.

Some of the more usual plotting scales are here given in
their actual dimensions.

In these five figures, different methods of drawing the scales
have been given, but each method may be applied to any scale.
The first and second, being the most simple, are generally the best.
In the third the subdivisions are made by a diagonal line : the
distances between the various pairs of arrow heads, beginning with
the uppermost, are, respectively, 810, 540, and 270 links.

Fig. 18. Scale of 1 chain to 1 snch.

H—“-‘-lu"? T i
» 1 [ ]

Fig. 19. Scale of 2 chains to 1 inch. ’
T

Fig. 20. Scale of 3 chains to 1 inch.
2 a3 4 5 @ y 8 9

o 1
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In the fourth figure the distances between the arrow heads are
respectively 810, 270, and 540 links.
Fig. 21. BScale of 4 chains to 1 inch.
21 2 3 4 5 e 1 8 0 10 n nmw
4 N

N




cEA». 11.] Brawing. the Map. 85

In the fifth figure the scale of 5 chains to 1 inch is subdivided
diagonally to only every quarter chain, or 25 links. The distance
between the upper pair of arrow-heads on it is 12} chains, or 12.25;
between the next pair of arrow-heads, it is 6.50 ; and between the -

lower pair, 14.75.
Fig. 22. Scale of 5 chains to 1 inch.
4 8 8 1 @ § 10
/ I I _J
[ _[ L) - ; / {
L [ / -,\1,/ . J
~=f L L [ 1 2 !

A diagonal scale for dividing an inch, or a ha.lfmch into 100
equal parts, is found on the ¢ Plain scale’” in every case of instru-
ments.

) Vernmier Scale, This is an ingenious substitute for the
diagonal scale. The one given in the following figure divides an
inch into 100 equal parts, and if each inch be supposed to represent
a chain, it gives single links.

Fig. 23.

100 [ 190 200 |

Hmllll ARRRERENERNEENENNA RN
[TETT 1] ’

8 “5544 22

Make a scale of an inch divided into tenths, as in the upper
scale of the above figure. Take in the dividers eleven of these
divisions, and set off this distance from the 0 of the scale to the
left of it. Divide the distance thus set off into 10 equal parts.
Each of them will be one tenth of eleven tenths of one inch; i. e,
eleven hundredths, or a tenth and a hundredth, and the first di-
vision on the short, or vernier scale, will overlap, or be longer than
the first division on the long scale, by just one hundredth of an
inch ; the second division will overlap two handredths, and so on.
The principle will be more fully developed in treating of ¢ Verniers,”
Part IV, Chapter Ii.

Now suppose we wish to take off from this scale 275 hundredths
of an inch. To get the last figure, we must take five divisions on
the lower scale, which will be 56 hundredths, for the reason just
given. 220 will remain which are to be taken from the upper

L
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scale, and the entire number will be obtained at once by extending
the dividers between the arrow-heads in the figure from 320 on the
upper scale (measuring along its lower side) to 66 on the lower scale,
254 would extend from 210 on the upper scale to 44 on the lower.
818 would extend from 230 on the upper scale to 88 an the lower.
Always begin then with subtracting 11 times the last figure from
the given number ; find the remainders on the upper scale, and
the number subtracted on the lower scale.

(51) A plat is sometimes made by a nominally reduced scale
in the following manner. Suppose that the scale of the plat is to
be ten chains to one inch,and that a diagonal scale of inches, divided
into tenths and hundredths, is the only one at hand. By dividing
all the distanoes by ten, this scale can then be used without any
farther reduction. But if the content is measured from the plat
to the same scale, in the manner explained in the next chaptcr, the
result must be multiplied by 10 times 10. This is called by old
Surveyors ¢ Raising the scale,” or ¢ Restoring true measure.”’

(52) Sectoral Scales, The Sector, (called by the French
¢ Compass of Proportion’”), is an instrument sometimes convenient
for obtaxmng a scale of equal parts. It is in two portions, turning
on a hinge, like a carpenter’s pocket rule. It contains a great
number of scales, but the one intended for this use is lettered at its
ends L in English instruments, and consists of two lines running
from the centre to the ends of the scale, and each divided into ten
equal parts, each of which is again subdivided into 10, so that each
leg of the scale contains 100 Fig. 24.
equal parts. To illustrate
its use, suppose that a scale
of 7 chains to 1 inch is re-
quired. Take 1 inch in the
dividers, and open the sec-
tor till this distance will just
reach from the 7 on one leg
to the 7 on the other. The
sector is then ¢ get”’ for this
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scale, and the angle of its opening must not be again changed.
Now let a distance of 580 links be required. Open the dividers
till they reach from 58 to 58 on the two legs, as in the dotted line
in the figure, and it is the required distance. Again, suppose that
a scale of 2} chains to one inch is desired. Open the sector so
that 1 inch shall extend from 25 t6 25. Any other scale may be
obtained in the same manner.

Conversely, the length of any known line to any desired scale
can thus be readily determined.

(58) Whatever scale may be adopted for platting the survey, it
should be drawn on the map, both for convenience of reference,
and in order that the contraction and expansion, caused by changes
in the quantity of moisture in the atmosphere, may afféct the scale
and the map alike. When the drawing paper has been wet and
glued to a board, and cut off when the map is completed, its con-
tractions have been found by many observations to average from
one-fourth to one-half per cent. on a scale of 8 chains to an inch,
(1:2876), which would therefore require an allowance of from
one-half perch to one perch per acre.

A scale made as directed in Art. (49), if used to make a plat
on unstretched paper, and then kept with the plat, will answer
nearly the same purpose.

Such a scale may be attached to a map, by slipping it through
two or three cuts in the lower part of the sheet, and will be a very
convenient substitute for a pair of dividers in measuring any dis-
tance upon it.

(64) Scale omitted, It may be required to find the unknown
scale to which a given map has been drawn, its superficial content
being known. Assume any convenient scale, measure the lines
of the map by it, and find the content by the methods to be given
in the next chapter, proceeding as if the assumed scale were the
true one. Then make this proportion, founded on the geometrical
principle that the areas of similar figures are as the squares of their
corresponding sides : As the content found J to the given content
S0 i8 the square of the assumed scale 7b the square of the true scale. -
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CHAPTER 1IV.

CALCULATING THE CONTENT.
(55) The CoNTENT of a piece of ground is its superficial area,
or the number of square feet, yards, acres, or miles which it
contains.

(56) Herizental Measurement, All ground, however inclined
or uneven its surface may be, should be measured horizontally, or
as if brought down to a horizontal plane, so that the surface of a
hill, thus measured, would give the same content as the level base
on which it may be supposed to stand, or as the figure which would
be formed on a level surface beneath it by dropping plumb lines
from every point of it.

This method of procedure is required for both Geeometrical and
Social reasons.

Gleometrically, it is plain that this horizontal measurement is
absolutely necessary for the purpose of obtaining a correct plat.
In Fig. 25, let ABCD, and BCEF, Fig. 25.
be two square lots of ground, platted
horizontally. Suppose the ground to
slope in all, directions from the point
C, which is the summit of a hill.
Then the lines BC, DC, measured on
the slope, are longer than if measur-
ed on a level, and the field ABCD,
of Fig. 25, platted with these long
lines, would take the shape ABGD
in Fig. 26; and the field BCEF,
of Fig. 25, would become BHEF of ~ o<t
Fig. 26. The two adjoining fields would thus overlap ea.ch other ;
and the same difficulty would occur in every case of platting any
two adjoining fields by the measurements made on the slope.
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Let us suppose another case,
more simple than would ever oc-
cur in practice, that of a three-
sided field, of equal sides and
composed of three portions each
sloping down uniformly, (at the
rate of one to one) from one point in the centre, as in Fig. 27.
Each slope being accurately platted, the three could not come
together, but would be separated as in Fig. 28.

We have here taken the most simple cases, those of uniform
slopes. But with the common irregularities of uneven ground, to
measure its actual surface would not only be improper, but impes-
sible. )

In the Social aspect of this:question, the horizontal measurement
is justified by the fact that mo more houses can be built on a hill
than could be built on its flat base ; and that no more trees, corn,
or other plants, which-shoot up vertically, can grow on it; as is
represented by the vertical lines in the Fig. 29.
Figure.* Even if a side hill should pro- m
duce more of certain creeping plants, the 7 H
increased difficulty in their cultivation. might perhaps balance this.
For this reason the surface of the soil thus measured is sometimes
called the productive base of the ground.

Again, a piece of land containing a hill and a hollow, if measured
-on: the surface would give a larger content than it would after the
hollow had been filled up by the hill, while it would yet really be
of greater value than before. '

Horizontal measurement is called the ¢ Method of Cultellation,”
and Superficial measurement, the ¢ Method of Developement.”}

An act of the State of New-York prescribes that ¢ The acre, for
land measure, shall be megsured horizontally.”

* This question is more than two thousand years old, for Polybius writes,

Some even of those who are employed in the administration of states, or placed
at the head of armies, imagine that unequal and hilly ground will contain more
houses than a surface which is flat and level. This, however, is not the truth.
For the houses being raised in a vertical line, form right anilea, not with the de-
clivity of the ground, but with the flat surface which lies below, and upon which
the hills themselves also stand.”

t The former from Cultellum, a knife, as if the hills were sliced off; the latter
so named because it strips off or unfolds, as it were, the surface.
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(57) Unit of Comtent. The Acre is the unit of land-measure-
ment. It contains 4 Roods. A Rood contains 40 Perches. A
Perch is a square Rod ; otherwise called & Perch, or Pole. A
Rod is 5} yards, or 16} feet.

Hence, 1 acre =4 Roods = 160 Perches = 4,840 square
- yards = 43,560 square feet.

One square mile = 5280 x 5280 feet == 640 acres.

Since a chain is 66 feet long, a square chain contains 4356
square feet ; and consequently ten square chains make one acre.®

In different parts of England, the acre varies greatly. The
statute acre, as in the United States, contaims 160 square perches
of 16} feet, or 48,560 square feet. The acre of Devonshire and
Somersetshire, contains 160 perches of 15 feet, or 36,000 square
feet. The acre of Cornwall is 160 perches of 18 feet, or 51,840
‘square feet. The acre of Lancashire is 160 perches of 21 feet, or
70,660 square feet. The acre of Cheshire and Staffordshire, is
160 perches of 24 feet, or 92,160 square feet. The acre of Wilt-
shire is 120 perches of 16} feet, or 82,670 square feet. The acre
in Scotland consists of 10 square chains, each of 74 feet, and there-
fore contains 54,760 square feet. The acre in Ireland is the
same a8 the Lancashire. The chain is 84 feet long.

The French units of land-measure are the .Are =100 square
Metres, =0.024T acre, = one fortieth of an acre, nearly ; and the
Hectare =100 Ares = 2.47 acres, or nearly two and a half.
Their old land-measures were the ‘ Arpent of Paris,” eontaining
86,800 square feet; and the “ Arpent of Waters and Woods,”
containing 55,000 square feet.

(58) When the content of a piece of land (obtained by any of
the methods to be explained presently) is given in square links, as
is customary, cut off four figures on the right, (i. e. divide by
10,000), to get it into square chains and decimal parts of a chain ;
cut off the right hand figure of the square chains, and the remain-
ing figures will be Acres. Multiply the remainder by 4, and the
figure, if any, outside of the new decimal point will be Roods.

* Let the young student beware of confounding 10 square chains with 10
chains square. The former make one acre; the latter space contains teu acres.
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Multiply the remainder by 40, and the outside figures will be

Perches. The nearest round number is usually taken for the

Perches ; fractions less than a half perch being disregarded.® '
Thus, 86.22 square chaing=— 8 Acres 2 Roods 20 Perches.

Also,64.1818 do. =6A. 1R. 2TP.
“ 4375664 do. =4A. 1R. 2P
“ 711056 do. =TA. OR. 18P.
“  82.50 doo. =8A. 1R. 0P.
“  8.250 doo. =0A. 3R. 12 P.
“« 0820 do. =0A. OR. 13P.

(59) The following Table gives by mere inspection the Roods
“ and Perches corresponding to the Decimal parts of an Acre. It
explains itself.

ROODS.

131|.381].631| 881
137|.387/.637| .887
144{.394|.644| .804
.150/.400(.650] .900
156/.406/.656] .906
162|.412|.662| .912
169].419.669| .919
175|.426/.675| .925
.181.431|.681| .931
187|.437/.687| .987
194| 4441 694| .944
.200/.450(.700| .950
.206|.456(.706| .956
212|.462|.712| .962
219].469{.719| .969
225|.475|.725| .975
231).4811.781( .981
237|.487.737| .987
244/.4941.744| .994
250{.500/-750(1.000

Decimal parts of an acre.
[y
S
=)
£

(60) Chain Correction, When a survey has been made, and
the plat has been drawn, and the content calculated ; and after-
* To reduce square yards to acres, instead of dividing by 4840, it is easier, and

very nearly correct, to muhi&ly by 2, cut off four figures, and add to this product
nne-third of one-tenth of itself.
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wards the chain is found to have been incorrect, too short or too
long, the true content of the land, may be found by this proportion :
As the square of the length of the standard given by the incorrect
chain Js to the square of the true length of the standard So ¢s the cal-
culated content 7% the true content. Thus, suppose that the chain
used had been so stretched that the standard distance measured by
it appears to be only 99 links long; and that a square field had
been measured by it, each side containing 10 of these long chains,
and that it had been so platted. This plat, and therefore the con-
tent calculated from it, will be smaller than it should be, and the
correct content will be found by the proportion 992 : 1002 : : 100
8q. chains :: 102.08 square chains. If the chain had been
stretched so as to be 101 ¢rue links long, as found by comparing
it with a correct chain, the content would be given by this propor-
tion: 1002 : 1012 :: 100 square chains : 102.01 square chains.
In the former case, the elongation of the chain was 175 true links;
and 100% : (10175)? :: 100 square chains : 102.08 square
chains.*

(61) Boeundary Limes, The lines which are to be considered
a8 bounding the land to be surveyed, are often very uncertain,
unless specified by the title deeds.

If the boundary be a brook, the middle of it is usually the boun-
dary line. On tide-waters, the land is usually considered to extend
to low water mark.

Where hedges and ditches are the boundaries of fields, as is
almost universally the case in England, the dividing line is gene-
rally the top edge of the ditch farthest from the hedgé, both hedge
and ditch belonging to the field on the hedge side. This varies,
however, with the customs of the locality. From three to six feet
from the roots of the quickyood of the hedges are allowed for the
ditches.



amr. 1v.] Calculating the Content. 4

METHODS OF CALCULATION.
(62) The various methods employed in calculating the content
of a piece of ground, may be reduced to four, which may be called
Arithmetical, Greometrical, Instrumental, and Trigonometrical.

(63) FIRST METHOD.—ARITHMETICALLY. From direct
measurements of the necessary lines on the ground.

The figures to be calculated by this method may be either the
shapes of the fields which are measured, or those into which the
fields can be divided by measuring various lines acrogs them.

The familiar rules of mensuration for the principal figures which
occur in practice, will be now briefly enunciated.

(64) Rectangles, If the piece of ground be rectangular in
shape, its content is found by multiplying its length by its breadth.

- (65) Triangles, When the given quantities are one side of a
triangle and the perpendicular distance to it from the opposite
angle ; the content of the triangle is equal to half the product of
the side and the perpendicular.

When the given quantities are the three sides of the triangle;
add together the three sides and divide the sum by 2; from this
half sum subtract each of the three sides in turn; multiply together
the half sum and the three remainders ; take the square root of the
product ; it is the content required. If the sides of the triangle
be designated by a, 8, ¢, and their sum by s, this rule will give its

= VI Gs—a) (3 —B) (Gs—0)]* |

® When two sides of a triangle, and the included Fig. 30.
angle are given, its content equals half the product
of its sides into the sine of the included angle. De-
signating the angles of the triangle by the capital
letters A,B,C, and the sides opposite them by tRe cor-
responding small letters a,b,c, the area = § be sin. A, A ; ¢

When one side of a triangle and the adjacent an- D
gles are given, its content equals the square of the given side multlrlied by the

sines of edch of the given angles, and divided by twice the ’il:gl. o t:’x: fum of
these angles. Using the same symbols as before, the area =a2 m

When the three angles of a triangle and its altitude are given, its ares, referring
to the above figure, = § BD? . ;07— G

\
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(06) Paralelograms; or foursided figures whose opposite
sidee are parallel. The content of s Parallelogram equals the
product of one of its sides by the perpendicular distance between it
and the side parallel to it.

(67) Trapezelds; or foursided figures, two opposite sides of
which are parallel. The content of & Trapesoid equals half the
product of the sum of the parallel sides by the perpendicular dis-
tance between them.

If the given quantities are the four sides a, 8, ¢, d, of which 3
and d are parallel ; then, making ¢ =1} (a + b + ¢c—d), the area
of the trapesoid will = > ¥ 2 [¢ (g—a) (9—0) (¢—b+ D.J*

(68) Quadrilaterals, or Trapeziumi; four-sided figures, none
of whose sides are parallel.

A very gross error, often committed as to this figure, is to take
the average, or half sum of its opposite sides, and multiply them
together for the area: thus, assuming the trapesium to be equiva-
lent to & rectangle with these averages for sides.

In practical surveying, it is usual to measure a line across it
from corner to corner, thus dividing it into two triangles, whose
sides are known, and which can therefore be calculated by Art.(85).+

* When two parallel sides, b and d, and a third side, a, are given, and also the
angle, C, which this third side makes with one of the p el sides, then the

content of the trapezoid=-b';_‘ .a.sin. C.

t When two se sides, and all the angles are géven, take one side and its ad-
jacent angles, (or their supplements, when their sam exceeds 180°), consider
them as ﬁelonging to a triangle, and find its area by the second formula in the
note on page 43. Do the same with the other side and its adjacent angles. The
difference of the $wo areas will be the area of the quadrilateral.

When three sides and their two included angles are given, multiply together the sine
of one given m:fle and its adjacent sides. Do the same with the sine of the other

iven angle and its adjacent sides. Multiply together the two opposite sides and

e sine of the supplement of the sum of the given angles. Add together the first
two products, and add also the last product, if the sum of the given angles is
more than 180°, or subtract it if this sum be less, and take half the result. Call-
ing the given sides, p, g, r ; and the angle between f and ¢ = A ; and the angle
between g and r = B ; the area of the quadrilatera

=§‘Ep.q.ﬁ;‘A +t%r.sir;‘}_3 4 p.r.sin (186° — A — B)]. ood

When four sides and sum of any two opposite angles are given, proc
thus: Take half the sum of the four given sides, and from it subtract e&h side
in tarn Multigly together the four remainders, and reserve the product. Mul-
tiply together the four sides. Take half their product, and multiply it by the
cosine of tae given sum of the angles increased by unity. Regard the sign of
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- (00) Swifaces bounded by irregularly cwrved lines. The rules
for these will be more appropriately given in connection with the
surveys which measure the necessary lines; as explained in Part
1, Chap. IIT. :

(70) SECOND METHOD.—GEOMETRICALLY. From mea-
surements of the necessary lines upon the plat.

(71) Division inte Triamgles. The plat of a piece of ground
having been drawn from the measurements made by any of the
methods which will be hereafter explained, lines may be drawn
upon the plat so as to divide it into & number of triapgles. Four

Fig. 31. Fig. 32. Fig.93.  Fig.34.

7

ways of doing this are shown in the figures: viz. by drawing lines
from one corner to the other corners; from a point in one of the
sides to the corners; from a point inside of the figure to the cor-
ners ; and from various corners to other corners. The last method
is usually the best. The lines ought to be drawn so as to make
the triangles as nearly equilateral as possible, for the reasons given
in Part V.

One side of each of these triangles, and the length of the per-
pendicular let fall upon it, being then measured, as directed in
Art. (43,) the content of these triangles can be at once obtained
‘by multiplying their base by their altitude, and dividing by two.

The easiest method of getting the length of the perpendicular,
without actually drawing it, is, to set one point of the dividers
at the angle from which a perpendicular is to be let fall, and to

the cosine. Maultiply this product by the reserved product, and take the square
root of the resulting product. It will be the area of the quadrilateral.

When the four sides, and the angle of intersection of the diagonals of the quadrila-
teral are given; square each side; add together the squares of the opposite
sides; take the difference of the two sums; maltiply it by the tangent of the
angle of intersection, and divide by four. The quotient will be the area.

W ken the diagonals of the quadrilateral, and their included angle are given, mul-
tiply together the two diagonals and the sine of their included angle, and
divide by two. The quotient will be the area.
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open and shut their legs till an arc described by the other point
will just touch the opposite side.

Otherwise ; & platting scale, (described in Art. (49) may be
placed so that the zero point of its edge coincides with the angle,
and one of its cross lines coincides with the side to which a perpen-
dicular is to be drawn. The length of the perpendicular can then
at once be read off.

The method of dividing the plat into triangles is the one most
commonly employed by surveyors for obtaining the content of &
survey, because of the simplicity of the calculations required. Its
correctness, however, is dependant on the accuracy of the plat,
and on its scale, which should be as large as possible. Three
chains to an inch is the smallest scale allowed by the English
Tithe Commissioners for plats from which the content is to be
determined. '

In calculating in this way the content of a farm, and also of its
separate fields, the sum of the latter ought to equal the former.
A difference of one three-hundredth (3}) is considered allowable.

Some surveyors measure the perpendiculars of the triangles by
a scale half of that to which the plat is8 made. Thus, if the scale
of the plat be 2 chains to the inch, the perpendiculars are mea-
sured with a scale of one chain to the inch. The product of the
base by the perpendicular thus measured, gives the area of the
triangle at once, without its requiring to be divided by two.

Another way of attaining the same end, with less danger of mis-
takes, is, to construct a new scale of equal parts, longer than those
by which the plat was made in the ratio v2:1; or 1.414:1.
When the base and perpendicular of a triangle are measured by
this new scale and then multiplied together, the product will be
the content of the triangle, without any division by two. In this
method there is the additional advantage of the greater size and
consequent greater distinctness of the scale.

When the measurement of a plat is made some time after it has
been drawn, the paper will very probably have contracted or
expanded so that the scale used will not exactly apply. In that
case & correction is necessary. Measure very precisely the present
length of some line on the plat of known length originally. Then
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make this proportion: As the square of the present length of this
line Iz to the square of its original length, So s the content obtain-
ed by the present measurement v the true content.

(12) Graphical Multiplication. Prepare a strip of drawing
paper, of a width exactly equal to two chains on the scale of the
plat; i. e. one inch wide, as in the figure, for a scale of two chains
to 1 inch; two-thirds of an inch wide for a scale of 8 chains ; half
an inch for 4 chains; and so on. Draw perpendicular lines across
the paper at distances representing one-tenth of a chain on the scale
of the triangle to be measured, thus making a platting scale. Apply -
it to the triangle so that one edge of the scale shall pass through
one corner, A, of the triangle, and the other edge through another

Fig. 35.
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corner, B; and note very precisely what divisions of the scale are
at these points. Then slide the scale in such a way that the
points of the scale which had coincided with A and B, shall always
remain on the line BA produced, till the edge arrives at the point
C. Then will A’C, that is, the distance, or number of divisions on
the scale, from the point to which the division A on the scale has
arrived, to the third corner of the triangle, express the area of the
triangle ABC in square chains.* v

*For, from C draw a parallel to AB, meeting the edge of the scale in C”; and
draw C’B. Then the given triangle ABC = ABC’. But the area of this last
triangle = AC’ multiplied by half the width of the scale, i. e. = AC’ X 1= AC'.
Bat, because of the parallels, A’'C = AC’. Therefore the area of the given trian-

gle Aﬂﬂq == A'C; i.e. itis equal in square chains to the number of linear chains
read off from the scale. This ingenious operation is due to M. Cousinery.
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(78) Divisien inte Frapeselds. A line may be drawn aeross
the field, as in Fig. 86, and perpen- Fig. 6.
diculars drawn to it. The field will ;
thus be divided into trapezoids, (ex-
cepting a triangle at each end),
and their content can be calculated
by Art. (67).

Otherwise ; a line may be drawn
outside of the figure, and per-
pendiculars to it be drawn from
each angle. In that case the
difference between the trapezoids
formed by lines drawn to the
outer angles of the .figure, and
those drawn to the inner angles,

O S ——"

H
will be the content. . .

This method is very advantageously applied to surveys by the
compass ; a8 will be explained in Part III, Chap. VI.

(74) Divisien into Squares. Two sets of parallel lines, at °
right angles to each other, Fig. 38.
one chain apart (to the scale T <]
of the plat) may be drawn = ~J
over the plat, so as to divide 7
it into squares, as in the
figure.  The number of
squares which fall within the \ ]:
plat represent so many square \\ "
chains ; and the triangles and N AN N
trapezoids which fall outside N\A
of these, may then be calcu-
lated and added to the entire square chains which have been
counted.

Instead of drawing the paralle]l lines on the plat, they may bet-
ter be drawn on a piece of transparent ¢ tracing paper,” which is
simply laid upon the plat, and the squares counted as before. The

™

N
R
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saame paper will answer for any number of plats drawn'to the shme
scale. This method is a valuablé and easy check on the results of
other calculations. o o

To calculate the fractional parts, prepare a piece of tracing
paper, or horn, by drawing on it one 8quare of the same size as g
square of the plat, and subdividing it, by two sets of ten parallels at
right angles to each other, into hundredths. This will measure the °
fractions remaining from the former measurement, as nearly as can
be desired.

(15) Divisien into Parallelograms, Draw a series of paral-
lel lines across the plat at equal distances depending on the scale.
Thus, for & plat made to a scale of 2 chains to 1 inch, the distance
between the parallels shoyld be 2} inches ; for a scale of 8 chains
to 1 inch, 1} inch; for a scale of 4 chains to 1 inch, § inch; for
& scale of 5 chains to 1 inch, y4 inch ; and for any scale, make the
distance between the parallels that fraction of an inch which would
be expressed by 10 divided by the square of the number of chains
to the inch. Then apply a common inch scale, divided on the
edge into tenths, to these parallels; and every inch in length of
the spaces included between each pair of them will be an acre, and
every tenth of an inch will be a square chain.*

To measure the triangles at the ends of the strips between the
parallels, prepare a piece of transparent horn, or stout tracing
paper, of a width equal to the width between the parallels, and
draw a line through its middle longitudinally. Apply it to the

oblique line at the end of the space between Fig. 39.

two parallels, and it will bisect the line, and S

thus reduce the triangle to an equivalent / HT—"{‘,
rectangle, as at A in the figure. When an \ \
angle occurs between two parallels, as at B \ 5
in the figure, the fractional part may be [~ \/A\/ :

measured by any of the preceding methods.

* For, calling the number of chains to the inch, == %, and making the width be-
tween the parallels i—z inoh, this width wili represent vy X n= -;g-chains ; and

aathe inch length represents £ chains, their product, -l’% X n=10 square chait'u'

= 1 acre.

4
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A somowhat similar method is much used by some surveyors,
particularly in Ireland : the plat being made on & scale of 5 chains
to 1 inch, parallel lines being drawn on it, half an inch apart, and
the distances along the parallels being measured by scale, each
large division of which i8 4% inch in length. Each division of this
scale indicates an acre ; for it represents 4 chains, and the distance
between the parallels is 2} chains. This scale is called the Scale
of Acres.”

(76) Addition of Widths, When the lines of the plat are very
irregularly curved, as in the Fig. 40.
figure, draw acroes it a num-
ber of equi-distant lines as near
together as the case may seem
to require. Take a straight-
edged piece of paper, and apply one edge of it to the middle of
the first space, and mark its length from one end ; apply the same
edge to the middle of the mext space, bringing the mark just made
to one end, and making another mark at the end of the additional
length ; so go on, adding the length of each space to the previous
ones. When all have been thus measured, the total length, mul-
tiplied by the uniform width, will give the content.

(77) THIRD METHOD.—INSTRUMENTALLY. By perform-
ing certain instrumental operations on the plat.

(18) Reduction of a many sided figure to a single equivalent
. triangle. Any plane figure bounded by straight lines may be
reduced to a single triangle, which shall have the same content.
This can be done by any instrument for drawing parallel lines
such as those described in Art. Fig. 41. '
(89). Let the trapezium, or
four sided figure, shown in Fig.
41, be required to be reduced
to a single equivalent triangle.
Produce one side of the figure,
as 4——1. Draw a line from TN

the first to the third angle of * 1 ¥

t]
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the figure. From the second angle draw a parallel to the line just

drawn, cutting the produced side in a point 1. From the point 1’

draw a Iine to the third angle. A triangle (1’—38-—4 in the

figure) will thus be formed, which will be equivalent to the original
A : : :

The content of this final triah’glé can then be found by;"measur-
ing its perpendicular, and taking half the product of this perpendi-
cular by the base, as In the first paragraph of Art. (65).

(79) Let the given figure have five sides, as in Fig. 42. For
brevity, the angles ' Fig. 42.
of the figure will be
named as numbered
in the engraving.
Produce 5—1.
Join1—38. From
2 draw a parallel to
1—38, cutting the
produced base in 1’. Join 1’—4. From 3 draw a parallel to it,
cutting the base in 2. Join 2’—4. Then will the triangle
2'—4—>5 be equivalent to the five sided figure 1 —2— 8 —4—35,
for similar reasons to those of the preceding case. :

(80) Let the given figure be 1—2—8—4—5—-6—T—8,
as shown in Fig. 48, given at the top of the following page. All
the operations are shown by dotted lines, and the finally resulting
triangle 6'—7—8, is equivalent to the original figure of eight
sides. :

It is best, in choosing the side to be produced, to take one which
has a long side adjoining it on the end not produced ; so that this
long side may form one side of the final triangle, the base of which
will therefore be shorter, and will not be cut so acutely by the
final line drawn, as to make the point of intersection too indefinite.

* For, the triangle 1—2—3 taken away from the original ﬁane is equivalent
to the triangle 1'—1—3 added to it ; because both these triangles have the same
base and also the same altitude, since the vertices of both lie in the.same live
parallel to the base.



(81) General Rule. When the given figure has many sides,
with angles sometimes salient and sometimes re-entering, the opera-
tions of reduction are very Liable to errors, if the draftsman attempts
to reason out each step. All difficulties, however, will be removed
by the following Greneral Rule : '

1. Produce one side of the figure, and call it & base. Call one
of the angles at the base the first angle, and number the rest in
regular succession around the figure.

2. Draw a line from the 1st angle to the 8d angle. Draw a
~ parallel to it from the 2d angle. Call the intersections of this
parallel with the base the 1st mark.

8. Draw a line from the 1st mark to the 4th angle. Draw a
parallel to it from the 3d angle. Its intersection with the base is
the 2d mark.

4. Draw a line from the 2d mark to the 5th angle. Draw a
parallel to it from the 4th angle. Its intersection with the base is
the 8d mark.

5. In general terms, which apply to every step after the first,
draw a line from the last mark obtained to the angle whose number
is greater by three than the number of the mark. Draw a parallel
to it through the angle whose number is greater by two than that
‘of the mark. Its intersection with the base will be a mark whose
number is greater by one than that of the preceding mark.*

.4"‘ gn thlee oo:lx)cile hnﬁmedof Algebrs, 'lixr:hw a+li;n fnlnn .t.l:z :hth mark to the
angle. Drawa to it through the » e e intersection
with the base will be the s1 mark. e
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6. Repeat this process for each angle, till you get a mark whose
number is such that the a.ngle having & number greater by three is
the last angle of the figure, i. e. the angle at the other end of the
base. Then join the last mark to the angle which precedes the
last angle in the figure, and ﬂmtnangleﬁmsfomd will be the
equivalent tm.ngle required. -

In pmtxce it is unnecessary to actually draw the lines joining
the successive angles and marks, but the parallel ruler is merely
laid on so as to pass through them, and the points where the
parallels cut the base are alone marked. -

(82) It is generally more convenient, for the reasons given at
the end of Art. (80), to reduce s Fig. 44. :
half of the figure on one side and
balf on the other, as is shown in
Fig. 44, which represents the same
field as Fig. 42. The equivalent
triangle is here 1'—8—2’,

‘When the figure has many angles,
they should not be numbered con-
secutively all the way around, but, after the numbers have gone
around as far as the angle where it is intended to have the vertex

104

of the final triangle, the numbers should be continued from tho
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other angle of the base, as is shown in Fig. 45. In it only the
intersections are marked.* '

(88) It is sometimes more convenient, not to produce one of
the sides of the figure, but to draw at one end of it, as at the point
1 in Fig. 46, an indefinite line, usually a perpendicular to a line

' Fig. 46.

s

joining two distant angles of the figure, oAnd make this line the base
of the equivalent triangle desired. The operation is shown by the
dotted lines in the figure. The same General Rule applies to it,
as to the previous figures.
(84) Special Instruments, A variety of instruments have
been invented for the purpose of determining areas rapidly and
correctly.  One of the simplest is the ¢ Computing Scale,” which
is on the same principles as the Method of Art. (75). It is repre-
sented in Fig. 47, given on the following page. It consists of a
scale divided for its whole length from the zero point into
divisions, each representing 2} chains to the scale of the plat.
The scale carries a slider, which moves along it, and has a
wire drawn across its céntre at right angles to the edges of the
goale. On each side” of this wire, & portion of the slider equal
in length to one of the primary, or 2} chain, divisions of the scale,
is laid off and difided into 40 equal parts. ‘

This instrument is used in connection with a sheet of transpa-
rent paper, ruled ‘with parallel lines at distances apart each equal
to one chain on the scale of the plat. It is plain, that when the

* A figure with curved boundaries may be reduced to a triangle in 2 similar
manner. Straight lines must be drawn about the figure, 8o as to be partly in it
and partly out, giving and taking about equal quantities, so that the figure which
these lines form, shall be about equivalent to the curved figure. This having
been done, as will be further developed in Art. (124), the equivalent straight
lined figure is reduced by the above method.
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imstrument is 1aid on this paper, with its edge on one of the Fig 47.
parallel lines, and the slider is moved over one of the divi-
sions of 2} chains, that one rood, or a quarter of an acre,
has been measured between two of the parallel lines on the
paper (since 10 square chains make one acre) ; and that
one of the smaller divisions measures one perch between
the same parallels. Four of the larger divisions give
one acre. The scale is generally made long enough to
measure at once five acres.

. To apply this to the plat of a field, or farm, lay the
transparent paper over it in such a position that two of
the ruled lines shall touch two of the exterior points of
the boundaries, as Fig. 48.
at Aand B. Lay A
the scale, with the ) o
slide set to zero, / TN

. / TN
on the paper, in a
direction parallel / 3
to the ruled lines, l

d that th
:v?re i‘; thetslid: K /

outs the lofthand N\

oblique line so as B

to make the spaces ¢ and d about equal. Hold the
scale firm, and move the slider till the wire cuts the
right hand oblique line in such a way as to equalize the |
spaces ¢ and f. Without changing the slide, move
.the scale down the width of a space, and to the left
hand end of the next space ; begin there again, and procoed as
before.

So go on, till the whole length of the scale is run out, (five acres
having been measured), and then begin at the right hand side and
work backwards to the left, reading the lower divisions, which run
up to 10 acres. By continuing this process, the content of pla.ts
of any size can be obtained.

A still simpler substitute for this is a scale similarly dmded but
without an attached slide. In place of it there is used a piece of

I I Y A I |
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horn having & line drawn across it and rivetted to the end of a
short scale of box-wood, divided like the former slide. It is used
Like the former, except that at starting, the sero of the short scale
and not the line on the horn is made to coincide with the zero of
the long scale. The slide is to be held fast to the instrument when
this is moved. ,

The Pediometer is another less simple instrument used for the
same object. It measures any quadrilateral directly.

(85) Some very complicated instruments for the same object
have been devised. One of them, Sang’s Planometer, determines
the area of any figure, by merely moving a point around the out-
line of the surface. This causes motion in & train of wheel work,
which registers the algebraic sum of the product of ordinates to
every point in that perimeter, by the increment of their abscissas,
and therefore measures the included space.

Instruments of this kind have been invented in Germany by
Ernst, Hansen, and Wetli.

A purely mechanical means of determining the area of
any surface by means of its weight, may be placed here. The plat
is cut out of paper and weighed by a delicate balance. The
weight of a rectangular piece of the same paper containing just one
acre is also found; and the “Rule of Three” gives the content.
A modification of this is to paste a tracing of the plat on thin sheet
lead, cut out the lead to the proper lines and weigh it.

(87) FOURTH METHOD.—TRIGONOMETRICALLY. By cal-
culating, from the observed angles of the boundaries of .the piece
of ground, the lengths of the lines needed for calculating the content.

This method is eniployed for surveys made with angular instru-
ments, as the compass, &c., in order to obtain the content of ‘the
land surveyed, without the necessity of previously making a plat,
thus avoiding both that trouble and the inacouracy of any calcula-
tions founded upon it. It is therefore the most accurate method;
but will be more appropriately explained in Part ITI, Chapter VI,
under the head of ¢ Compass Surveying.”



PART IL

CHAIN-SURVEYING ;
By the First and Second Methods :

OR

DIAGONAL AND PERPENDICULAR SURVEYING.

(88) The chain alone is abundantly sufficient, without the aid
of any other instrument, for making an accurate survey of any
surface, whatever its shape or size, particularly in a district tolera~
bly level and clear. Moreover, since a chain, or some substitute
for it, formed of a rope, of leather driving reins, &c., can be
obtained by any one in the most secluded place, this method of

_Surveying deserves more attention than has usually been given to
it in this country. It will, therefore, be fully developed in the
following chapters.

CHAPTER L

SURVEYING BY DIAGONALS :

OR

By the First Method.

(89) Surveying by Diagonals is an application of the First
Method of determining the position of a point, given in Art. (5,) to
which the student should again refer. Each corner of the field or
farm which is to be surveyed is ¢ determined” by measuring its
distances from two other points. The field is then ¢ platted”
by repeating this process on paper, for each corner, in a contrary
order, and the ¢ content” is obtained by some of the methods
explained in Chapter IV of Part 1.



68 CHAIN SURVEYING. [paxr m.

The lines which are measured in order to determine the corners
of the field are usually diagonals of the irregular polygon which is
to be surveyed. They therefore divide up this polygon into trian-
gles ; whence this mode of surveying is sometimes called ¢ Chain
Triangulation.”

A few examples will make the principle and practice perfectly
clear. Each will be seen to require the three operations of measur-
ing, platting, and calculating.

(90) A three-sided field ; as Fig. 49. Fig. o
Fieldwork. Measure the three sides, ]
AB, BC, and CA. Measure also, as a
proof line, the distance from one of the cor- A 5 —B
ners, as C, to some point in the opposite side, as D, at which a
mark should have been left, when measuring from A to B, at a
known distance from A. A stick or twig, with a slit in its top, to
receive & piece of paper with the distance from A marked on it,
is the most convenient mark.

Platting. Choose a suitable scale as directed in Art. (44).
Then, by Arts. (42) and (49), draw a line equal in length, on the,
. chosen scale, to one of the sides; AB for example. Take in the
compasses the length of another side as AC, to the same scale,
and with one leg in A as a centre, describe an arc of a circle.
Take the length of the third side BC, and with B as a centre,
describe another arc, intersecting the first arc in a point which will
be the third corner C. Draw the lines AC and BC; and ABC
will be the plat, or miniature copy — as explained in Art. (85)—
of the field surveyed.

Instead of describing two arcs to get the point C, two pairs of
compasses may be convenicntly used. Open them to the lengths,
respectively, of the last two sides. Put one foot of each at the
ends of the first side, and bring their other feet together, and their
point of meeting will mark the desired third point of the triangle.

To ¢ prove” the accuracy of the work, fix the point D, by setting
off from A the proper distance, and measure the length of the line
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. DC, by Art. (43). If its length on the plat corresponds to its
measurement on the ground, the work is correct.*

Calculation. 'The content of the field may now be found as
directed in Art. (63), either from the three sides, or more easily
though not so accurately, by measuring on the plat, by Art. (43),
the length of the perpendicular CE, let fall from any angle to the
opposite side, and taking half the product of these two lines.

Ezxample 1. Figure 49, is the plat, on a scale of two chains
to ‘one inch, of a field, of which the side AB is 200 links, BC is
100 links, and AC is 150 links. Its content by the rule of Art.
(€3), is 0.726 of a square chain, or 0A. OR. 12P. If the perpen-
dicular AD be accurately measured, it will be found to be 72}
links. Half the product of this perpendicular by the base will be
found to give the same content.

Ez. 2. The three sides of a triangular field are respectively
89.39, 54.08, and 45.98. Required its content.

Ans. 100A. OR. 10P.

(91) A four-sided fleld Fig. 50.
as Fig. 50. . c
* Fieldwork. Measure the
four sides. Measure also
a diagonal, as AC, thus di- .
viding the foursided field
into two triangles. Mea- & :
sure also the other diagonal, or BD, for & ¢ Proof line.”

- Platting. Draw a line, as AC, equal in length to the diagonal,
to any scale, by Arts. (42) and (49). On each side of it, con-
struct a triangle with the sides of the field, as directed in the pre-
ceding article.

To prove the accuracy of the work, measure on the plat the
length of the ¢ proof line,” BD, by Art. (43), and if it agrees
with the length of the same line measured on the ground, the field
work and platting are both proved to be correct.

* It is a universal principle in all surveying operations, that the work must be
tested by some means independent of the original process, and that the same re-
sult must be arrived at by two different methods. ~ The necessary length of this
proof line can also easily be calculated by the principles of Trigonometry.
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Caleulation. Find the content of each triangle separately, as
in the preceding case, and add them together; or, more briefly,
multiply either diagonal (the longer one is preferable) by the sum
of the two perpendiculars, and divide the product by two.

Otherwise: reduce the foursided figure to one triangle as in
Art. (78) ; or, use any of the methods of the preceding chapter.

8. In the field drawn in Fig. 50, on a scale of 8 chains
to the inch, AB = 588 links, BC = 210, CD =480, DA = 274,
the diagonal AC = 626, and the proof diagonal BD = 500. The
total content will be 1A. OR. 17P.

Ex. 4. The sides of a foursided field are AB = 12.41, BC
= 5.86, CD = 8.25, DA = 4.24 ; the diagonal BD = 11.55,
andﬂleprooflineAC=1104 Required the content.

Ans. 4A. 2R. 88P.

Ez. 5. The sides of a four-sided field are as follows: AB =
8.95, BC = 6.83, CD = 10.10, DA = 6.54 ; the diagonal from
AtoCis 11.52; ﬂmproofdizgomlfrothoDile.% Re-
quired the content. Ans.

Ez. 6. In a foursided field, AB = 7.68, BC = 4.09, CD =
10.64, DA =T7.24, AC =10.32, BD=10.74. Required the
content. Ans. .

(92) A many-sided field, as Fig. 51.
Fig. 51.
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Field-Work. Measure all the sides of the field. Measure
also diagonals enough to divide the field into triangles; of which
there will always be two less than the number of sides. Choose
such diagonals as will divide the field into triangles as nearly equi-
lateral as possible. Measure also one or more diagonals for
“ Proof lines.” It is well for the surveyor himself to place stakes
in advance at all the corners of the field, as he can then select the
best mode of division.

Platting. Begin with any diagonal and plat one triangle, as in
Art. (90). Plat a second triangle adjoining .the first one, as in
Art. (91). Plat another adjacent triangle, and so proceed, till all
have been laid down in their proper places. Measure the proof
lines as in the last article.

Caleulation. Proceed to calculate the content of the figure,
precisely as directed for the four-sided field, measuring the perpen-
diculars and calculating the content of each triangle in turn; or
taking in pairs those on opposite sides of the same diagonal; or
using some of the other methods which have been explained.

Ezample 7. The six-sided field, shown in Fig. 51, has the
lengths of its lines, in chains and links, written upon them, and is
divided into four triangles, by three diagonals. The diagonal
BE is a “ proofline.”” The Figure is drawn to a scale of 4 chains
to the inch. 'The content of the field is 5A. 3R. 22P.

Ez. 8. In a five-sided field, the length of the sides are as fol-
lows: AB=2.69, BC=1.22, CD =2.82, DE=28.55, EA =
8.23. The diagonals are AD =4.81, BD =8.33. Required its
content. Ans.

(93) A field may be divided up into triangles, not only by mea-
suring diagonals as in the last figure, but by any of the methods
shown in the four figures of Art. (71). The one which we have-
been employing, corresponds to the last of those figures.

Still another mode may be used when the angles cannot be seen
from one .another, or from any one point within. Take three or
more convenient points within the field, and measure from them to
the corners, and thus form different sets of triangles.
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KEEPING THE FIELD NOTES.

(94) By Sketch, The most simple method is to make a sketch
of the field, as nearly correct as the unassisted hand and eye can
produce, and note down on it the lengths of all the lines, as in Fig.
51. But when many other points require to be noted, such as
where fences, or roads, or streams are crossed in the measurement,
or any other additional particulars, the sketch would become con-
fused, and be likely to lead to mistakes in the subsequent platting
from it. The following is therefore the usual method of keeping
the Field-notes. A long narrow book is most convenient for it.

(95) In Coelumms. Draw two parallel lines about an inch apart
from the bottom to the top of the page of the
field-book, as in the margin. This column, or pair
of lines, may be conceived to represent the measured
line, split in two, its two halves being then separated,
an inch apart, merely for convenience, so that the
distances measured along the line, may be written be-
tween these halves. ‘

Hold the book in the direction of the measurement. At the
bottom of the page write down the name, or number, or letter,
which represents the station at which the survey is to begin.

N\
\
‘/o

O)

In the complicated cases, which will be hereafter explained, and
in which one long base line is measured, and also many other sub-
ordinate lines, it will be well, as a help to the memory, to mark
the stations on the Base line with a triangle, and the stations on

A “sgtation” is marked with a triangle or circle, as
in the margin. The latter is more easily made.

the other lines with the ordinary circle.
The station from which the measure- ® |toB
ments are made is usually put on the left 562

of the column; and the station which is

measured to, is put on the right. FromA| ©
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But it is more compact, and avoids interfering
with the notes of ‘offsets” (to be explained here-
after) to write the name or number of the station
in the column, as in the margin.

The measurements to different points of a line are
written -above one another. The numbers all refer

to the beginning of the line, and are counted from it.

The end of a measured line is marked by a line

6562

400
250
100

drawn across the page above the numbers which
indicate the measurements which have been made.

If the chaining does not continue along the
adjoining line, but the chain-men go to some

other part of the field to begin another mea~
surement, two lines are drawn across the page.

When a line has been measured, the marks l
[ or 7] are made to show whether the follow- 9

lowing line turns to the right or to the left. |

A line is named, either by the names of the stations between
which it is measured, as the line AB; or by its length, a line
562 links long, being called the line 562 ; or it is recorded as Line
No. 1; Line No. 2, &c; or as Line on page 1, 2, &c., of the

Field-book.

When a mark is left at any point of & line, 562 |
a8 at D, in Fig. 49, with the intention of com- 200 |p.s.
ing back to it again, in order to measure to 0
some other point, the place marked is called a 562
False Station, and is marked in the Field-book
F. 8.; or has a line drawn around it, to distin-
guish it ; or has a station mark A placed outside | 0
of the column, to the right or left, according to 562
the direction in which the measurement from it is , 208 A

~ to be made. Examples of these three modes are
given in the margin. '
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A False Station is named by its position on the line where it
belongs ; a8 thus—¢ 200 on 562.”

When a gate occurs in a measured line, the distance from the
beginning of the line to the side of the gate first reached, is the
one noted.

When the measuréed line crosses a fence, brook,
road, &c., they are drawn on the field-notes in N
their true direction, as nearly as possible, but \
not in a continuous line across the column, as in
the first figure in the margin, but as in the se-
cond figure, 8o that the two parts would form &
continuous straight line, if the halves of the
¢ gplit line’ were brought together.

It is convenient to name the lines, in the margin, as being Sides,
Diagonals, Proof lines, &c.

(96) The Field-notes of the triangular field platted in Fig. 49,
are given below, according to both the methods mentioned in the
preceding Article, pages 62 and 63.

In the Field-notes in the column on the right hand, it is not abso-
lutely necessary to repeat the B and C.

lii ul
3 89 it C § 3%
[ [
. O
g_From D|F. S. §From .@ on 200
o
150 |to A ; A
§ g5 1 150
FromC| © |1 “ C 1 .
100 [to C u C
§ 8 91 100
From B| © | B
B
o 200 |to B u 200
® 80 |F.S @ )
From A} © A
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(97) The Field-notes of the survey platted in Fig. 51, are given
below. They begin at the bottom of the left hand column.

g
z E
" 770 |
F o B |}
d 532 g
e 300 |Gate. 3
E ir z A
s 1142
E 2 4+ ¢
2 662 Brook. e
s 400 \\o d 7?5
< /
D |r 2 ) 480 B
D 2 420
4 800 a 4 B
270
g __| 210 |[Pood i
A ~ :
¢ Ir o N\
o 2\ 210 {Wd-
] 708 ° A
L 150 |Gate. A
B Ir ] 270
d B s — 133 Road. .
s 562 | g IF
A

N



CHAPTER IL

SURVEYING BY TIE-LINES,

(98) Surveying by Tielines is & modification of the method
explained in the last chapter. It frequently happens that it is im-
poseible to measure the diagonals of a field of many sides, in conse-
quence of obstacles to measurements, such as woods, water, houses,
&c. In such cases, ¢ Ttelines,” (80 called because they tie the
sides together), are employed as substitutes for diagonals.

Thus, in the four-sided field shown in the Figure, the diagonals
cannot be measured because of woods inter- Fig. 52.
vening. As a substitute, measure off from
any convenient corner of the field, as B, any
distances, BE, BF, along the sides of the
field. Measure also the ¢ tieline” EF.
Measure all the sides of the field as usual.

~ To plat this field, construct the triangle BEF, as in Art. (90).
Produce the sides BE and BF, till they become respectively equal
to BA and BC, as measured on the ground. Then with A and C
as centres, and with radii respectively equal to AD and CD,
describe arcs, whose intersection will be D, the remaining corner
of the field.

(99) It thus appears that one tie-line is sufficient to determine a
four-sided field; two, a five-sided field, and so on. But, as a
check on errors, it is better to measure a tie-line for each angle,
and the agreement, in the plat, of all the measurements will prove
the accuracy of the whole work.

Since any inaccuracy in the length of a tie-line is increased in
proportion to the greater length of the sides which it fixes, the tie-
lines should be measured as far from the point of meeting of these”
‘sides as possible, that is, they should be as long as possible.

The radical defect of the system is that it is ¢ working from less
to greater,” (which is the exact converse of the true principle),
thus magnifying inaccuracies at every step.
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A tie-line may also be employed as a ¢ proof line,” in the place
of a diagonal, and tested in the same manner.

Fig. 53.

If any angle of the field is re-entering, as at
Bin the figure, measure a tieline across the
salient angle ABC. _

(100) Chain Angles, It is convenient, though not necessary,
to measure equal distances along the sides ; BE, BF, in Fig. 52,
and BA, BC, in Fig. 53. ¢ Chain Angles” are thus formed.*

(101) Inmaccessible Areas, The method of tie-lines can be
applied to measuring fields which cannot be entered.

Thus, in the Figure, ABCD is an inac- Fig. 54.
cesgible wooded field, of four sides. To
gurvey it, measure all the sides, and at
any corner, as D, measure any distance
DE, in the line.of AD produced. Mea-
sure also another distance DF in the line &
of CD produced. Measure the tie-line EF, and the figure can be
platted as in the case of the field of Fig. 52, the sides of the trian-
gle being produced in the contrary direction. ,

The same end would be attained by prolonging only one side, as
shown at the angle A of the same figure, and measuring AG, AH,
and GH. It is better in both cases to tie all the angles in a
similar manner.

This method may be applied to a figure of any number of sides
by prolonging as many of them a3 are necessary; all of them, if
nosgible. '

* Ohain angles may be reduced to angles measured 1n degrees, by observing
that the tie-lige is thg chord of the an, T:%o a radius equal to cne of the equal dis-
tances measured on the sides. Therefore, divide the length of the tie-line by the
length of this distance. The quotient will be the chord of the angle to a radius
of one. In the TaBLE or CHORDS, at the end of this volume, find this quotient, .
and the number of d and minutes comsqonding to it gives the an%le re-

uired. Otherwise; since the chord of any angle equals twice the sine of half

e angle, we have this rule; Divide half the tie-line by the measured distance ;
find in a table of nataral sines the angle corrri?ondmg to the quotient, and mul-
tiply this angle by two, to get the angle desired. .
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(102) If the sides CD and AD were prolonged by their full
length, the content of the figure could be calculated without any
plat; for the new triangle DEF would equal the triangle DAC ;
~ and the sides of the triangle ACB would then be known.

This principle may be extended stl farther. »t |
For » fivesided field, as in Fig. 55, produce .
two pairs of sides, a distance equal to their
length, forming two new triangles, as shown by
the dotted lines, and measure the sides B'DY,
and A'D”. The three sides of each of these
triangles will thus be known, and also the three
sides of the triangle BAD, since AD = A'D",
and BD=B'D".

The method of this article may be employed
for a figure of six sides as shown in Fig. 56,
(in which the dotted lines within the wooded
field have their lengths determined by the tri-
angles formed outside of it,) but not for figures
of a greater number of sides.

CHAPTER IIL

SURVEYING BY PERPENDICULARS :

oR
By the Second Method.

Tue method of Surveying by Perpendiculars is founded
on the Second Method of determining the position of a point,
explained in Art. (6). It is applied in two ways, either to
making a complete Survey by ¢ Diagonals and Perpendiculars,’
or to measuring a crooked boundary by « Off-sets.” Each will be
considered in turn.
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The best methods of getting perpendwulars on the ground must,
however, be first explained.

TO SET OUT PERPENDICULARS.

(104) Surveyor’s Cross, The simplest instrument Fig. 57.
for this purpose is the Surveyor’s Cross, or Cross-Staff, -
ghown in the figure. It consists of a block of wood, of
any shape, having in it two saw-cuts, made very precise-
ly at right angles to each other, about half an inch deep,
and with centre-bit holes made at the bottom of the cuts
to assist in finding the objects. This block is fixed on a
pointed staff, on which it can turn freely, and which
should be precisely 8 links (63} inches) long, for the
convenience of short measurements.

To use the Cross-staff to erect a perpendxcular, set it
at the point of the line at which a perpendicular is want-
ed. Turn 1ts head till, on looking through one saw-cut,
you see the ends of the line. Then will the other saw-
cut point out the direction of the perpendicular, and thus
guide the measurement desired.

To find where a perpendicular to the line, from some object, as
a corner of a field, a tree, &c., would meet the line, set up the
cross-staff at a point of the line which seems to the eye to be about
the spot. Note about how far from the object the perpendicular
gt this point strikes, and move the cross-staff that distance; and
repeat the operation till the correct spot is found.

P W O & a

(105) To test the accuracy of the in- Fig.58. B ¢ g
strument, sight through one slit to some y b i
point A, and place a stake B in the line \',f
of sight of the otherslit. Then turn its A - @g
head a quarter of the way around, so w

that the second slit looked through, points to A. Then see if the
other slit covers B again, as it will if correct. If it does not do
80, but sights to some other point, as B’, the apparent error is
double the real one, for it now points as fa.r to the nght of the true
point, C as it did before to its left.
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This test is the first example we have had of the invalusble prin-
ciple of Reversion, which is used in almost every test of the aocu-
racy of Surveying and Astronomical instruments, its peculiar merit
being that it doubles the real error, and thus makes it twice as easy
to perceive and correct it.

(108) The instrument, in its most finished form, is made of a
hollow brass cylinder, which has two pairs of slits exactly opposite
to each other, one of each pair being narrow and the other wide,
with a horse-hair stretched from the top to the bottom of the latter.
It is also, sometimes, made with eight faces, and two more pairs
of slits added, so as to set off half a right angle. Fig. 59.

Another form is a hollow brass sphere, as in the
figure. This enables the surveyor to set off perpen-
pendiculars on very steep alopes.

Another form of the surveyor’s cross consists of two pairs Fig. 60.
of plain ¢ Sights,” each shaped as in the figure, placed at
the ends of two bars at right angles to each other. The 1
slit, and the opening with a hair stretched from its top to
its bottom, are respectively at the top of one sight and at m
the bottom of the opposite sight.* This is used in the same
manner a8 the preceding form, but is less portable and more liable
to get out of order.

A temporary substitute for these instruments may be  Fig. 61.
made by sticking four pins into the corners of a square
piece of board ; and sighting across them, in the direc-
tion of the line and at right angles to it.

(107) Optical Square, The most convenient and accurate in-
strument is, however, the Optical Square. The figures give a per-
spective view of it, and also a plan with the lid removed. Itis a
small circular box, containing a strip of looking-glass, from the
upper half of which the silvering is removed. This glass is placed

* 11« French call the narrow opening ailleton, and the wide one croisée.
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g0 as to make precisely half a right

angle with the line of sight, which

passes through a slit on one side

of the box, and a vertical hair

stretched across the opening on the

other side, or a mark on the glass.

The box‘is held in the hand over

the spot where the perpendicular is

desired, (a plumb line in the hand

will give perfect accuracy) and

the observer applies his eye to the

glit A, looking through the upper

or unsilvered part of the glass, and

turns the box till he sees the other

end of the line B, through the open-

ing C. The assistant, with' a rod,

moves along in the direction where the perpendicular is desired,
being seen in the silvered parts of the glass, by reflection through
the opening D, till his rod, at E, is seen to coincide with, or to be
exactly under, the object B. Then is the line DE at right angles
to the line AB, by the optical principle of the equality of the an-
gles of incidence and reflection.

To find where a perpendicular from a distant object would strike
the line, walk along the line, with the instrument to the eye, till
the image of the object is seen, in the silvered part of the glass, to
coincide with the direction of the line seen through the umsilvered
part. ~
The instrument may be tested by sighting along the perpendicu-
lar, and fixing & point in the original line; on the principle of
¢ Reversion.”

The surveyor can make it for himself, fastening the glass in the
box by four angular pieces of cork, and adjusting it by cutting
away the cork on one side, and introducing wedges on the other
side. The box should be blackened inside.
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(168) Chain Perpendiculars, Perpendiculars may be set out
with the chain alone, by a variety of methods. These methods
generally consist in performing on the ground, the operations exe-
cuted on paper in practical geometry, the chain being used, in the
place of the compasses, to describe the necessary arcs.

As these operations, however, are less often used for the method
of surveying now to be explained, than for overcoming obstacles to
measurement, it will be more convenient to consider them in that
connection, in rV.

DIAGONALS AND PERPENDICULARS.

(169) In ChapterI, of this Part, we have seen that plats of sur-
veys made with the chain alone, have their contents most easily
determined by measuring, on the plat, the perpendiculars of each
of the triangles, into which the diagonals measured on the ground
have divided the field. In the Method of Surveying by Diagonals
and Perpendiculars, now to be explained, the perpendiculars are
measured on the ground. The content of the field can, therefore,
be found at once, (by adding together the half products of each
perpendicular by the diagonal on which it is let fall,) without the
necessity of previously making a plat, or of measuring the sides of
the field. This is, therefore, the most rapid and easy method of
surveying when the content alone is required, and is particularly
applicable to the measurement of the ground occupied by crops,
for the purpose of determining the number of bushels grown to the
acre, the amount to be paid for mowing by the acre, &c.

(110) A three-sided fleld. Measure the Fig. 63.
longest side, as AB, and the perpendicular,

CD, let fall on it from the opposite angle C.
Then the content is equal to half the product
of the side by the perpendicular. If obsta- £ — ¢
cles prevent this, find the point, where a perpendicular let fall from
an angle, as A, to the opposite side produced, as BCy would meet
it, as at E in the figure. Then half the product of AE by CBis
the content of the triangle.
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(111) A feur-sided fleld. Fig. 64.
Measure the disgonal AC. Leave 2
marks at the points on this diago-
nal at which perpendiculars from B ,.
and from D would meet it; find-
ing these points by trial, as previ-
ously directed in Arts. (104) and
(107). The best marks at these D
¢ False Stations,” have been described in Art. (90). Return to
these false stations and measure the perpendiculars. When these
perpendiculars are measured before finishing the measurement of
the diagonal, great care is necessary to avoid making mistakes in
the length of the diagonal, when the chainmen return to continue
* ita measurement. One check is to leave at the mark as many pins
as have been taken up by the hind-chainman in coming to that
point from the beginning of the line.

Ezample 9. Required the content of the field of Fig. 64.

Ans. 0A. 2R. 29P.

The field may be platted from these measurements, if desired,
but with more liability to inaccuracy than in the first method, in
which the sides are measured. The plat of the ﬁgure is 8 chains
to 1 inch.

The field-notes may be taken by writing the measurements on a
sketch, as in the figure; or in more complicated cases, by the
column method, as below. A new symbol may be employed, this
mark, j=, or =, to show the False Station, from which a perpen-
dicular is to be measured.

Ezample 10.  Calculation.

' 110 [0 B sq. lks.
EFrom 200 on 480|F. 8.|« ABC= } x 480 x 110 =26400
a 175 lto D ADC= } x 480 x 175=42000
¥ From 280 on 480(F. S.|}- 8q. chains 6.8400
3 - 1830 [to O Acres 0.684
= 280 |} It is still easier to take the two
g -{| 200 triangles together ; multiplying
a FromA| © the diagonal by the sum of the per-

pendiculars and dividing by two.
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(112) A many-sided fleld, Fig. 65, and the aceompanying
field-notes represent the field which was surveyed by the First

Method and platted in Fig. 51.
Fig. 65.

Ezample 11.  Calculation.

1.54 {to i The content of the triangles may
“From 5.07 on 7.87 | F. 8. be expregsed thus :
2.53 |0 D 8q. lks.
From 1.60 on 7.75 | F. 8. ABC = } x1142 x267=152457
193 o B AEC = }x1142x493=281503
From 5.45 on 11.42| I. 8, CDE = }x 775x258= 98087
2.67 B AEF = ;X 787 x1564= 56749
From 4.95 on 11.42) I S, T‘o sq. chains 58.8746
7.37 jto A Acres 5.88746
=] 507 T" or, 5A. 8R. 22P.
FromE © | . .
R The first two triangles might
~| 1.60 have been taken together, as in
From C| © |I° the previous field.
1142 fto C Content calculated from the
- igg F  perpendiculars will generally va-
FromAl © ry slightly from that obtained by

measuring on the plat.
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(118) A small field which has many sides, may sometimes be
conveniently surveyed by taking one diagonal and measuring the
perpendiculars let fall on it from each angle of the field, and thus
dividing the whole area into triangles and trapezoids ; as in Fig. 36,
page 48. '

The line on which the perpendiculars are to be let fall, may also
be outside of the field, as in Fig. 87, page 48. .

Such & survey can be platted very readily, but the length of the
perpendiculars renders it less accurate.

This procedure supplies a transition to the method of « Offsets,”
which is to be explained in the next article.

OFFSETS.

(114) Offsets are short perpendiculars, measured from a straight
line, to the angles of a crooked or zigzag line, near which the straight
line runs. Thus, in the figure, Fig. 66.

let ABCD be a crooked fence, 9,“ D
bounding one side of afield. Chain » 100 F o _Eeng
along the straight line AB, which runs from one end of the fence
to the other, and, when opposite each corner, note the distance
from the beginning, or the point A, and also measure and note the
perpendicular distance of each corner C and D from the line.
These corners will then be ¢ determined” by the Second Method,
Art. (6). :

The Field-notes, corresponding to Fig.
66, are as in the margin. The measure-

ments along the line are written in the 0300/ B.
column, as before, counting from the be- /
ginning of the line, and the offsets are D| 25 |250

€} 30 (100

5
written beside it, on the right or left, oppo- 180
site the distance at which they are taken. \—\
A sketch of the crooked line is also usually From A 0| Q
made in the Field-notes, though not abso-
lutely necessary in so simple a case as
this. The letters C and D would not be used in practice, but are
here inserted to show the connection between the Field-notes and
the plat.
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In taking the Field-Notee, the widths of the offsets should not
be drawn proportionally to the distances between them, but the

breadths should be greatly exaggerated in proportion to the lengths.

(115) A more extended example, with a little different notation,
is given below. In the figure, which is on a scale of 8 chains to
one inch for the distances along the line, the breadths of the offsets
are exaggerated to four times their true proportional dimensions.

Fig. 67.
B

% .
1500 | 0

1250 (20
0] 1000 | 0
30| 750
501 500
40| 250
0
A

o

A
(116) The plat and Field-notes of the position of two houses,

determined by offsets, are given below, on a scale of 2 chains to 1
inch.

| I Fig. 68.

250 |To B B
o\ 30| 185 —
% 20, 150 B

90 |10 .

50 |1oLIS

30
FromA| ©

A

(117) Double offsets are sometimes convenient; and sometimes
triple and quadruple ones. Below are given the notes and the
plat, 1 chain to 1 inch, of a road of varying width, both sides of
which are determined by double offsets. It will be seen that the
line AB crosses one side of the road at 160 links from A, and the
other side of it at 220.
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Two methods of keeping the Field-notes are given. In the first
form, the offsets to each side of the road are given separately and
connected by the sign +. In the second form, the total distance
of the second offset is given, and the two measurements connected
by the word “%.” This is easier both for measuring and platting.

B B
260 |30+-60 260 (30 ¢ 90
240 10470 240 (10 2 80
0] 220 |50 0] 220 |50 .
20| 200 |30 20| 200 |30
40, 180 (10 40, 180 (10
45| 160 | 0 45| 160 | 0
50+ 0| 140 50t 0| 140
56+ 5/ 120 60¢ 5 120
504-20{ 100 70 0 20| 100
45+15| 80 60 t0 15/ 80
50+10| 60 60 t0 10, 60
50420 40 70 t0 20| 40
66420/ 20 756t 20] 20
60+ 0l A 602 0 A

(118) These offsets may generally be taken with sufficient accura-
cy by measuring them as nearly at right angles to the base line as the
eye can estimate. The surveyor should stand by the chain, facing
the fence, at the place which he thinks opposite to the corner to
which he wishes to take an offset, and measure  square” to it by
the eye, which a little practice will enable him to do with much
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The offsets may be measured, if short, with an Qfomtqﬂ’a
Light stick, 10 or 15 links in length, and divided accordingly ; or
if they are long, with a tape. They are generally but a few links
" inlength. A chain’s length should be the extreme limit, as Iaid
down by the English “ Tithe Commissioners,” and that should be
employed only in exceptional cases. When the ¢ Cross-staff” is
in use, its divided length of 8 links, renders the offset-staff need-
less.

When offsets are to be taken, the method of chaining to the -
end of a line, described in Art. (28), page 21, is somewhat modi-
fied. » After the leader arrives at the end of the line, he should
draw on the chain till the follower, with the back end of the chain,

' reaches the last pin set. This facilitates the counting of the links
to the places at which the offsets are taken.

The offsets are to be taken to every angle of the fence or other
orooked line ; that is, to every point where it changes its direc-
tion. These angles or prominent bends can be best found by one
of the party walking along the crooked fence and directing another
at the chain what points to measure opposite to. If the line which
is to be thus determined is curved, the offsets should be taken to
points 80 near each other, that the portions of the curved line lying
between them may, without much error, be regarded as straight.
It will be most convenient, for the subsequent calculations, fo take
the offsets at equal distances apart along the straight line from
which they are measured.

In the case of a crooked brook, such as is shown in the figure
given below, offsets should be taken to the most prominent angles,
such as are marked a a a in the figure, and the intermediate bends
may be merely sketched by eye.

Fig. 70.

When offsets from lines measured around a field are taken inside
of these bounding lines, they are sometimes distinguished as Jnsets.
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(119) Platting, The most rapid method of platting the offsets,
is by the use of a Platting Scale (described in Art. 49) and an
Offset Scale, which is a short scale divided on its edges like a
platting scale, but having its zero in the middle, as in the figure.

Fig. 71
! E\/
1 i i 3
N
N * I i 1 1 J L 1 — e 1 :l‘ . !7 1
Ei 8 g 2 2 : ]

The platting scale is placed parallel to the line, with its zero
point opposite to the begihning of the line. The offset scale is
slid along the platting scale, till its edge comes to a distance on
the latter at which an offset had been taken, the length of which is
marked off with a needle point from the offset scale. This is then
slid on to the next distance, and the operation is repeated. If
one person reads off the field-notes, and another plats, the opera-
" tion will be greatly facilitated. The points thus obtained are
joined by straight lines, and a miniature copy of the curved line is
thus obtained ; all the operations of the platting being merely re-
petitions of the measurements made on the ground.

If no offset scale is at hand, make one of a strip of thick drawing
paper, or pasteboard ; or use the platting scale itself, turned cross-
ways, having previously marked off* from it the points from which-
the offsets had been taken.

In plats made on a small scale, the shorter offsets are best esti-
mated by eye.

On the Ordnance Survey of Ireland, the platting of offsets is
facilitated by the use of a combination of the offset scale and the
platting scale, the former being made to slide in a groove in the
Iatter, at right angles to it.

(120) Calculating Content, When the crooked line deter-
mined by offsets is the boundary of a field, the content, enclosed
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hetween it and the straight lime surveyed, must be determined,
that it may be added to, or subtracted from, the content of the
field bounded by the straight lines. There are various methods of
effecting this.

The area enclosed between the straight and the crooked lines is
divided up by the offsets into triangles and trapezoids, the content
of which may be calculated separately by Arts. (65) and (67),
and then added together. The content of the plat on page 75,
will, therefore, be 1500 + 4125 + 625 = 6250 square links =
0.62b square chain. The content of the plat on page 76, will in
like manner be found to be, on the left of the straight line 30,000
square links, and on its right 5,000 square links.

(121) When the offsets have been taken at equal distances, the
content may be more easily obtained by adding together half of
the first and of the last offset, and all thé intermediate ones, and
multiplying the sum by one of the equal distances between the off-
sets. This rule is merely an abbreviation of the preceding one.

Thus, in the plat of page 76, the distances being equal, the con-
tent of the offsets on the left of the straight line will be 120 x 250
= 80,000 square links, and on the right 20 x 250 = 5,000
- square links ; the same results as before.

When the line determined by the offsets is a curved line, ¢ Snnp-
son’s rule” gives the content more accurately. To employ it, an
even number of equal distances must have been measured in the
part to be calculated. Then add together the first and last offset,
four times the sum of the even offsets, (i. e. the 2d, 4th, 6th, &c.,)
and twice the sum of the odd offsets, (i. e. the 3d, 5th, Tth, &ec.,)
not including the first and the last. Multiply the sum by one of
the equal distances between the offsets, and divide by 8. The
quotient will be the area.

Ezample 12. The offsets from a straight line to a curved fence,
were 8, 9, 11, 15, 16, 14, 9, links, at equal distances of 5 links.
What was the content included between the curved fence and the
straight line ? Ans.  871.666
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(122) Many erroneous rules have been given on this part of the
subject. One rule directs the surveyor to divide the sum of all
the offsets by one less than their number, and multiply the quotient
by the whole length of the straight line ; or, what is the same thing,
to multiply the sum of all the offsets by the common distance be-
tween them. This will be correct only when the offsets at each
end of the line are nothing, i. e. when the curved line starts from
the straight line and returns to it at the beginning and end of one
of the equal distances. In all other cases it will give too much.
A second rule directs the surveyor to divide the sum of all the off
sets by their number, and then to multiply the quotient by the
whole straight line. This may give too much, or too little, accord-
ing to circumstances.

Suppose offsets of 10, 80, 20, 80, 50, 30, links, to have been
taken at,equal distances of a chain. The correct content of the
enclosed space is 200 x 100 = 2 sqyare chains. The first of the
above rules would give 2.2 square chains, and the second would
give 1.8333 chains.

(123) Reducing to one triangle the many-sided figure which is
formed by the offsets, is the method of calculation sometimes adopted.
This has been fully explained in Part I, Art. (78), &c. The
method of Art. (83) is best adapted for this purpose.

(124) Equalizing, or giving and taking, is an approximate
mode of calculation much used by practical surveyors. A crooked
line, determined by offsets, having been platted, a straight line is
drawn on the plat, across the crooked line, leaving as much space
outside of the straight line as inside of it, as nearly as can be esti-

mated by the eye, ¢ Equalizing” it, or * Giving and taking”’ equal

portions. The straight line is best determined by laying across

the irregular outline the straight edge of a piece of transparent

horn, or tracing paper, or glass, or a fine thread or horse-hair
¢
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stretched straight by a light bow of whalebone. In practical
bands, this method is sufficiently accurate in most cases. The stu-
dent will do well to try it on figures, the content of which he has
previously ascertained by perfectly accurate methods.

Sometimes this method may be advantageously combined with
the preceding; short lengths of the croooked boundary being
¢ Equalized,” and the fewer resulting zigzags reduced to one line
by the method of Art. (78), &e.

CHAPTER 1V.

SiIRVEYlNG BY THE PRECEDING METHODS COMBINED.

125) All the methods which have been explained in the three
preceding chapters— Surveying by Diagonals, by Tte-lines, and
by Perpendiculars, particularly in the form of offsets—are fre-
quently required in the same survey. The method by Diagonals
should be the leading one ; in some parts of the survey, obstacles
to the measurement of diagonals may require the use of Zte-lines ;
and if the fences are crooked, straight lines are to be measured
near them, and their crooks determined by Offsets.

(126) Offsets are necessary additions to almost every other
method of surveying. In the smallest field, surveyed by diagonals,
unless all the fences are perfectly straight lines, their bends must
be determined by offsets. The plat (scale of 1 chain to 1 inch),
and field-notes, of such a case are given below. A sufficient num-
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ber of the sides, diagonals, and proof-lines, to prove the work, should
be platted before platting the offsets.

Fig. 73.
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Ezample 13. Required the con- 30 l9
tent of the above field. Ans. C or

(127) Field-books. The difficulty and the mmportance of keep-
ing the Field-notes clearly and distinctly, increase with each new
combination of methods. For this reason, three different methods
of keeping the Field-notes of the same survey will now be given,
(from Bourns’ Surveying), and a careful comparison by the stu-
dent of the corresponding portions of each will be very profitable

to him.
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Field-Book No. 1 (Fig. T4) shews the Sketch method, explain-
od in Art. (94).
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Field-Book No. 2 (Fig.5) shews th Column method, exolam-
ed in Art. (95).
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FIELD-BOOK No. 8.

Field Book No. 8 (Fig. 76) is a convenient combination of the
two preceding methods. The bottom of the Book is at the side of
this figure, at A.

I
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(128) It will easily appear from the sketch of Field-book No. 1,
how much time and labor may be saved, or lost, by the manner of
doing the work. Thus, beginning at A, and measuring 750 links,
a pole should be left there, and the line to the right measured to
17 chains, or C, leaving a pole at 12.30 as a new starting point by
and by. Then from C measure 19 chains to A again; then mea-
sure from A to B, and from B back to the pole left at 7.50 on the
main line. '

(129) The example which will now be given shows part of the
Field-notes, the plat, (on a scale of 6 inches to 1 mile [1:10,560]),
and a partial calculation of the “ Filling up” of a large triangle,
the angular points of which are supposed to have been determined
by the methods of Geodesic Surveying. They should be well
 studied.*

* Capt. Frouz, in his ¢ Trigonometrical Survey,” from which this example
has bee;:: oondens’ed, remarks, g It may, perhaps, be thought that too much stress
is laid on forms; but method is a most essential part of an undertaking of magni-
tude: and without excellent preliminary amn(fementl to gnsure"umformxty in
all the most trifling details, the work never could go on creditably.
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In the above specimen of a field-book, (which resembles that on
page 85), all offsets, except those having relation to the boundary
lines, are purposely omitted, to prevent confusion, the example
being given solely to illustrate the method of calculating these
larger divisions. Rough diagrams are drawn in the field-book not
to any scale, but merely bearing some sort of resemblance to the
lines measured on the ground, for the purpose of showing, at any
period of the work, their directions and how they are to be connect-
ed; and also of eventually assisting in laying down the diagram
and content plat. On these rough diagrams are written the dis-
tinctive letters by which each line is marked in the field-book, and also
its length, and the distances between points marked upon it, from
which other measurements branch off to connect the interior por-
tions of the district surveyed.

(130) Calculations, The calculations of one of the figures, m,
is given belowin detail. It is composed of the triangle DPQ, with
offsets along the sides PQ; and of the triangle DWX, with offsets

. £



cuar. 1v.] Diagonals, Tie-lines and Ofisets. 89

aleng the sides PW and WX. From the content thus obtained
must be subtracted the offsets on PQ, belonging to the figure [L,,
and those on WX belonging to the figure K. When the offsets
are triangles, (right angled, of course), the base and perpendicular
are put down as two sides; when they are trapezoids, the two
parallel sides and the distance between them occupy the columns
of ¢ gides.”

TRIANGLE | 1o | op | gp | CONTENT
DIVISION. OR amg.lsms lsme IN
TRAPEZOID. * ' ‘| CHAINS.

DPQ |1680]1698|1078| 86.2650

52| 250 6500 ) |
PQ 52| 80f 80 .3280
30 216 3240

M 1.3020
Additives. | DWX (1870(1442( 770} 51.8339
PW 80 810 .4650

56| 114|  .3192

wx )| 56| 26 104] 4784
36 90|  .1620

| 9596

Total Addives,| 140.8255

50| 174 4350
PQ { 50 80; 292] 1.1680

30— 66| .0990
17020

52| 142 .3692 }

M
Pﬂubtractives. WX 52| 64] 232| 1.3456
64 88 .2816

1.9964

Total Subtractives,| 8.6984
Total Additives, | 140.8256

Dt_!ﬂ"eren!ce, 187.1271
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The other figures, comprised within the large triangle, are record-
ed and calculated in a similar manner. An abridged register of
the results is given below.

il el Gy g
DNS DWX
K and offsets. NUV 140.4893
and offseta. .
' DNO DPQ
L and offsets. and offsets. 100.1882
ANO NEM
¥ and offsets. | and ofsets. | § 1959778
HTN
D NNRUMU Offsets. 81.6307
and offsets.
CNS HTN
I and offsots. | snd offsets. 2 109.5064
DPQ
M DWX Offsots. 187.1271
and offsets. A
Total, - - - - - - 672.919

* The accuracy of the preceding calculations of the separate figures

must now be tested by comparing the sum of their areas with that
of the large triangle ACD, which comprises them all. Their area
must previously be increased by the offsets on the lines CS and CH,
which had been deducted from I, and which amount respectively
to 8.5270 and 2.8690. The total areas will then equal 679.3155
square chains. That of the triangle ACD is 679.5082; a differ-
enceoflessthana.ﬁfthofasquare chain, or a fiftieth of an acre;
or about one-fortieth of one per cent. on the total area.

(131) The six lines. In most cases, great or small, siz fun-
damental lines will need to be measured ; viz. four approximate
boundary lines, forming a quadrilateral, and its two diagonals.
Small triangles, to determine prominent points, can be formed within-
and without these main lines by the FirsT MErHOD, Art. ®,
and the lesser irregularities can be determined by offseta.
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Fig. 78.

Thus, in the above figure, two straight lines AB and CD are
measured through the entire length and breadth of the farm, or
township, which is to be surveyed. The connecting lines AC, OB,
BD and DA are also measured, uniting the extremities of the
first two lines. The last four lines thus form & quadrilateral, which
is divided into two triangles by one of the first measured lines,
while the second serves as a proofline. The distance from the
intersection of the two diagonals to the extremities of each, being
measured on the ground and on the plat, affords an additional test.

Other points of the district surveyed (as E, @, K., &c., in the
figure,) are determined by measuring the distances from them to
known points (as M, N, P, R, &c., in the figure) situated on some
of the six fundamental lines, thus forming the triangles T, T.

The intersection O of the main diagonals, and also the intersec-
tions of the various minor lines with the main lines and with each
other, should all be carefully noted, as additional checks when the
work comes to be platted.
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The larger figures are determined first, and the smaller ones
based upon them, in accordance with this important principle in
all surveying operations, always to work from the whole to the
parts, and from greater to less. The unavoidable inaccuracies are
thus subdivided and diminished. The opposite course would accu-
mulate and magnify them.

These additional lines, which form secondary triangles, should
be 8o chosen and ranged as to pass through and near as many ob-
jects as possible, in order to require as few and as short offsets as
the position of the lines will permit ; the smaller irregularities being
determined by offsets as usual. It is better to measure too many
lines than too few, and to establish unnecessary ¢ false stations,”
rather than not to have enough.

(132) Exceptional cases. The preceding arrangement of lines,
though in most cases the best, may sometimes be varied with ad-
vantage. Unless the farm surveyed be of a shape nearly as broad
as long, the two diagonals will cross each other obliquely, instead
of nearly at right angles, as is desirable.

Fig. 79.

When the farm is much
longer than it is wide, two
systems, of six lines each,
may be used with much
advantage, a8 in Fig. 79.
Several such may be com-
bined when necessary.

In a case like that in Fig.
80, five lines will be better
than six, and will tie one an-
other together, their points of
intersection being carefully
noted.
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Fig. 81.

In the farm represented in
Fig. 81, the system of lines
there shown is the best, and
they will also tie one another.

(133) Much difficulty will often be found in ranging and mea-
suring the long lines required by this method in extensive surveys.
Various contrivances for overcoming the obstacles which may be’
met with, will be explained in the following chapter. It will often
be convenient to measure the minor lines along roads, lanes,
paths, &c., although they may not lie in the most desirable direc-
tions. Steeples, chimneys, remarkable trees, and other objects of
that character, may often be sighted to, and the line measured to-
wards them, with much saving of time and labor. The point where
the measured lines cross one another should always be noted, and
they will thus form a very complete series of tie-lines.*

A view of the district to be surveyed, taken from some elevated
position, will be of much assistance in planning the general direc-
tion of the lines to be measured.

(134) Inaccessible Areas. Fig. 82.
A combination of offsets and
tie-lines supplies an easy me-
thod of surveying an inacces-
sible area, such as a pond,
swamp, forest, block of houses,
&c., as appears from the fi-
gure ; in which external bound-
ing lines are taken at will and

* To find the exact point of intersection of these lines, which are only * visual
lines,” (explained in Art. (19),) three persons are necessary: one stands at some
point of one of the lines and sights to some other point on it; a second does the
same on the second line ; by signs they direct, to riggxt or left, the movements of a
third n, who holds a rod, till he is placed in both of the lines and thus at
their mtersection, on the principle of Art. (11).
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measured, and tied by ¢ tie-lines”” measured between these lines,
prolonged when necessary, as in Art. (101), while offsets from
them determine the irregularities of the actual boundaries of the

pond, &c.

These offsets are insets, and theit content is, of course, to be
subtracted from the content of the principal figure.
Even a circular fiold might thus be approximately measured from

the outside.

If the shape of the field admits of
it,it will be preferable to measure
four lines about the field in such
directions as to enclose it in a rect-
angle, and to measure offsets from the
gides of this to the angles of the
field.

(185) When one of the lines with which
an inaccessible field is surrounded, as in
the last two figures, cuts a corner of the
field, as in Fig. 84, the triangle ABC is
to be deducted from the content of the
enclosing figure, and the triangle CDE
added to it. The triangle DEF is also
to be added, and the triangle FGH de-
ducted. To do this directly, it would be
necessary to find the points of intersection
C and F. But this may be difficult, and

can be dispensed with by obtaining the,

difference of each pair of triangles. The
difference of ABC and CDE will be ob-
tained at once by multiplying the differ-

Fig. 83.

..... demeecmem—ae

ence of the offsets AB and DE by half of BE; and the difference
of DEF and FGH by multiplying the difference of DE and GH

by half of EG.*

* For, making the triangle Dmn = ABC, then mnEC = En X CE
== (DB z AB) X 4 EB; and so with the other pair of triangles. 4 (mn + OF)
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(136) Roads. A winding Road may also be surveyed thus, as
is shown in Fig. 85; straight lines being measured in the road,
Fig. 85.

their changes in direction determined by tie-lines, tying one line to
the preceding one prolonged, as explained in Chapter II, of this
Part, and points in the road-fences, on each side of these straight
lines, being determined by offsets. '

A River may also be supposed to be represented by the above
winding lines; and the lower set of lines, tied to one another as
before, and with offsets from them to the water’s edge, will be suf-
ficient for making an accurate survey of one side of the river.

(137) Towns. A town could be surveyed and mapped in the
same manner, by measuring straight lines through all the streets,
determining their angles by tie-lines, and taking offsets from them
to the blocks of houses.
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CHAPTER V.

OBSTACLES TO MEASUREMENT IN CHAIN SURVEYING.

(188) In the practice of the various methods of surveying which
have been explained, the hills and vallies which are to be crossed,
the sheets of water which are to be passed over, the woods and
houses which are to be gone through—all these form odstacles to
the measurement of the necessary lines which are to join certain
points, or to be prolonged in the same ditection. Many special
precautions and contrivances are, therefore, rendered necessary ;
and the best methods to be employed, when the chain alone is to
be used, will be given in the present chapter. :

(139) The methods now to be given for overcoming the various
obstacles met with in practice, constitute a LAND-GEOMETRY.
Its problems are performed on the ground instead of on
paper: it compasses are a chain fixed at one end and free to swing
around with the other; its scale is the chain itself; and its ruler
is the same chain stretched tight. Its advantages are that its sin-
gle instrument, (or a substitute for it, such as a tape, a rope, &c.)
can be found anywhere; and its only auxiliaries are equally easy
to obtain, being a few straight and slender rods, and & plumb-line,
for which a pebble suspended by a thread is a sufficient substitute.

Many of these problems require the employment of perpendicu-
lar and parallel lines. For this reason we will commence with this
class of Problems.

The Demonstrations of these problems will be placed in an Ap-
pendix to this volume, which will be the most convenient arrange-
ment for the two great classes of students of surveying ; those who-
wish merely the practice without the principles, and those who wish
to secure both.

The elegant ¢ Theory of Transversals” will be an important ele-
ment in some of these demonstrations. All of them will constitute
excellent exercises for students.
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PROBLEMS ON PERPENDICULARS.*
Problem 1. 7o erect a perpendicular at any point of a line.

(140) First Method. Let A be the
point at which a perpendicular to the line ig
to be set out. Measure off equal distances
AB, AC, on each side of the point. Take
a portion of the chain not quite 1} times as
long as AB or AC, fix one end of this at B,
and describe an arc with the other end.
Do the same from C. The intersection of these arcs will fix a point
D. AD will be the perpendicular required. Repeat the operation
on the other side of the line. If that is impossible, repeat it on
the side with a different length of chain

(141) Second Method. Measure off as be- =~ Fig. 87
fore, equal distances AB, AC, but each about
only one-third of the chain. Fasten the ends
of the chain with two pinsat Band C. Stretch B
it out one side of the line and put a pin at the
middle of it, D. Do the same on the other x
side of the line, and set a pin at E. Then is DE a perpendicular
to BC. If it is impossible to perform the operation on both sides
of the line, repeat it on the same side with a different length of
chain, as shown by the lines BF and CF in the figure, so as to get
a second point.

(142) Other Methods. All the methods to be given for the
next problem may be applied to this.

* Many of these methods would seldom be required in practice, but cases some-
times occur, as every surveyor of much experience in Field-work has found to
his serious inconvenience, in which some Feculiarity of the local circumstances
forbids any of the usual methods being applied. In such cases the collection here

iven will be found of great value.

In all the figures, the given and measured lines are drawn with fine full lines,
the visual lines, or lines of sight, with broken lines, and the lines of the result
with heavy full lines. The points which are centres around which the chain is
swung, are enclosed in circles. The alphabetical order of the letters attached to
the points, shows in what order they are taken.

(f
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Problem 3. 70 erect a perpendicular to a line at a given point,
when the point is at or near the end of the line.

(148) First Method. Measure Fig. 88. ]
40 links along the line. Let one as-
gistant hold one end of the chain at

that point ; let a second hold the 20 P
link mark which is nearest the other
end, at the given point A, and leta ; 4o

third take the 50 link mark, and
tighten the chain, drawing. equally on both portions of it. Then
will the 50 link mark be in the perpendicular desired. Repeat
the operation on the other side of the line so as to test the work.

The above numbers are the most easily remembered, but the
longer the lines measured the better ; and nearly the whole chain
may be used, thus: Fix down the 86th link from one end at A,
and the 4th link from the same end on the line at B. Fix the
other end of the chain also at B. Take the 40th link mark from
this last end, and draw the chain tight, and this mark will be in
the perpendicular desired. The sides of the triangle formed by
the chain will be 24, 32 and 40.

(144) Otherwise : using a 50 feet

Fig. 89. 28
tape, hold the 16 feet mark at A;
hold the 48 feet mark and the ring-
end of the tape together on the line; s -

take the 28 feet mark of the tape, and
draw it tight; then will the 28 feet 5 “® 1§ A
mark be in the perpendicular desired. ° bl

(145) Second Method. Hold one end
of the chain at A and fix the other end at a
point B, taken at will. Swing the chain
around B as a centre, till it again meets the
line at C. Then carry the same end around
(the other end remaining at B) till it comes
in the line of CB at D. AD is the perpen-
dicular required.
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(148) Third Method. Let A be the given
“point. Choose any point B. Measure BA.
Set off, on the given line, AC = AB. On CB
produced set off from C, a distance = 2%32
This will fix the point D, and AD will be the -
perpendicular required.

(147) Fourth Method. From the
given point A set off on the given line
any distance AB. From B, in any
convenient direction, set of BC = AB. D . X
Then on the given line, set off AD =
AC. On CB prolonged, set of CE=  ©
AD. Join DE; and on DE, from D, set of DF = 2 AB. Then
will the line AF be perpendicular to the line AD at the point A.

Problem 3. To erect a perpendicular to an inaccessible line,
at a given point of it.

(148) First Method. Get points in the direction of the inac-
cessible line prolonged, and from them set out a parallel to the line,
by methods which are given in Art. (165), &c. Find by trial the
point in which a perpendicular to this second line (and therefore to
the first line) will pass through the required point.

(149) Second Method. If the line is not only inaccessible,
but cannot have its direction prolonged, the desired perpendicular
can be obtained only by a complicated trigonometrical operation.

Problem 4, 7o let fall a perpendicular from a given point to
a given Uine.

(150) First Method. Let P be Fig. 93.
the given point, and AB the given
line. Measure some distance, a chain
or less, from C to P, and then fix one

end of the chain at P, and swing it A— -
- \' E D
around till the same distance meets °© \\.//
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the line at some point D. The middle point E of the distance CD
will be the required point, at which the perpendicular from P
would meet the line.

(151) Second Method. Stretch a chain, or a portion of it,
from the given point P, to some point,as A, of the Fig. 941;
given line. Hold the end of the distance at A, \
and swing round the other end of the chain \
from P, 80 a3 to set off the same distance along \
the given line from A to some point B. Mea-
sure BP. Then will the distance BC from B to thefootofthe

BP2
desired perpendicular = ;—--.

(152) Other Methods. All the methods given in the next
problem can be applied to this one.

Problem 5. 7o let fall a perpendicular to a line, from a point
nearly opposite to the end of the line.

(158) First Method. Stretch a chain from the given point P,
to some point, a8 A, of the given line. Fix to Fig. 95,
the ground the middle point B of the chain
AP, and swing around the end which was at /\
P, or at A, till it meets the given line in a B )
point C, which will be the foot of the re- !
quired perpendicular.

(154) Second Method. Take any point,
as A, on the given line. Measure a dis-
tance AB. Let the end of this distance
cn the chain be held at B, and swing around
the end of the chain, till it comes in the
line of AP at some point C, thus making BC = AB. Measure
AC and AP. Then the distance AD, from A to the foot of the

. . APxAC
perpendicular required = 2AB
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(155) Third Method. At any oonvenient
point, a3 A, of the given line, erect a perpen-
dicular, of any convenient length, as AB, and
mark a point C on the given line, in the line
of P and B. Measure CA, CB and CP. ;
Then the distance from C to the foot of the
CAxCP

CB °

perpendicular, i. e. CD =

Problem 6. 70 let fall a perpendicular to a lUne, from an
tnaccessible point.

(156) First Method. Let P be the given Fig. 98.
point. At any point A,on the given line, set out
a perpendicular AB of any convenient length.
Prolong it on the other side of the line the
same distance. = Mark on the given line a
point D in the line of PB; and a point E in
the line of PC. Mark the point ¥ at the in-
tersection of DC and BE prolonged. The line
FP is the line required, being perpendicular
to the given line at the point G.

(157) Second Method. Let A and B
be two points of the given line. From A
let fall a perpendicular, AC, to the visual
line BP; and from B let fall & perpendi-
cular, BD, to the visual line AP. Find
the point at which these perpendiculars
intersect, as at E (see Art.(133)), and the
Iine PE, prolonged to F, will give the
perpendicular required.

Problem 7. T let fall a perpendicular from a given point to .
on inaccessible line.
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(l‘s) First Method. Let P be ‘ Fig. 100.
the given point and AB the given A —<—
line. By the preceding problem, let =
fall perpendiculars from A to BP, at
C; and from B to AP, at D; the
line PE, passing from the given point P
to the intersection of these perpendiculars, is the desired perpendi-
cular to the inaccessible line AB. '

This method will apply when only two points of the line are
visible.

(159) Second Method. Through the given point, set ouf, by
the methods of Art. (165), &c., a line parallel to the inaccessible
line. At the given point erect a perpendicular to the parallel line,
and it will be the required perpendicular to the inaccessible line.

o ~ PROBLEMS ON PARALLELS.

Problem 1. 70 run a line, from a gwen point, parallel to a
given line. .

(160) First Method. Let fall a perpendicular from the point
to the line. At another point of the line, as far off as possible,
erect a perpendicnlar, equal in length to the one just let fall. The
line joining the end of this line to the given point will be the paral-

lel required.

(161) Second Method. Let AB be Fig. 101.
the given line, and P the given point. A D ¢ B
Take any point, a8 C, on the given line, F

and from it set off equal distances, as

long as possible, CD on the given line,

and CE, on the line CP. Measure P Cr
DE. From P set of PF = CE; and from F, with a distance =
DE, and from P, with a distance = CD, describe arcs intersect-
ingin G. PG will be the parallel required. If it is more con-
venient, PC may be prolonged, and the equal triangle, CDE; be
formed on the other side of the line AB.
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(162) Third Method. Measure from Fig. 102..
P to any point, as C, of the given line, and A—= :
put a mark at the middle point, D, of that
line. From any point, as E, of the given 2
line, measure a line to the point D, and con-
tinue it till DF — DE. Then will the line P
PF be parallel to AB.

(163) Fourth Method. Measure from Fig. 103,
P to any point C, of the given line, and D
continue the measurement till CD = CP.
From D measure to any point E of the
given line, and continue the measurement
till EF =ED. Then will the line PF
be parallel to AB. If more convenient, P F
CD may be made one-half, or any other fraction, of CP, and EF
be then made twice, &c., DE.

B

(164) Fifth Method. From any Fig. 101, * '
point, as C, of the line, set off equal A ]3\ - ,E' B
distances along the line, to D and E. ‘\::\\ ;G/'
Take a point F,in the line of PD. N N
Stake out the lines FC and FE, and o
also the line EP, crossing the line CF -

in the pomt G. Lastly, prolong the line DG, till 1t meets the
line EF in the point H. PH is the parallel required.

Problem 2. 70 run a line from a given point parallel to an
tnaccessible line. S

(165) First Method. Let AB
be the given line, and P the given §
point. Set a stake at C, in the line
of PA, and another at any conven-
ient point, D. Through P, set out,
by the preceding problem, a parallel
to DA, and set a stake at the point, ‘
a8 E, where this parallel intersects DC prolonged. Through E
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set out a parallel to BD, and set a stake at the point F, where this
parallel intersects BC prolonged. PF is the parallel required.

(168) Second Method. Set a stake Fig. 106.
at any point, C, in the line of AP, and AT
another at any convenient place, as at D.
Through P set out a parallel to AD, (not
gshewn in the figare,) intersecting CD in
E. Through E set out a parallel to DB,
intersecting CB in F. The line PF will C
be the parallel required.

(167) Alinement and Measurement. We are now prepared,
having secured a variety of methods for setting out Perpendiculars
and Parallels in every probable case, to take up the general sub-
ject of overcoming Obstacles to Measurement.

Before a line can be measured, its direction must be determined.
" This operation is called Ranging the line; or Alining it; or
Boning it.* The word Alinementt will be found very convenient
for expressing the direction of a line on the ground, whether
between two points, or in their direction prolonged.

This branch of our subject naturally divides itself into two parts,
the first of which is preliminary to the second ; viz:

1. Of Obstacles to Alinement § or how to establish the direc-
tion of a line tn any situation.

II. Of Obstacles to Measurement § or how to find the length of
a line which cannot be actually measured.

I. OBSTACLES TO ALINEMENT.

(168) All the cases which can occur under this head, may be
reduced to two ; vis:

A. To find points in a line deyond the given points, i. e. to
prolong the line.

B. To find points in & line detween two given points of it, i. e.
to interpolate points in the line. '

* This word, like many others used in Engineering, is derived from a French

word, Borner, to mark oat, or limit ; indicating that the Normans introduced the
art of Burveying into England.

t Slightly modified from the French Alignement.

a
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A. T0 PROLONG A ‘an

(169) By Ranging with reds, When two points in a line are
given, and it is desired to - Fig. 107.
prolong the line by ranging
it out with rods, three per-
sons are required, each furnished with a straight slender rod, and
with a plumb-line, or other means of keeping their rods vertical.
One holds his rod at one of the given points, A, in the figure, and
snother at B.  A: third, C, goes forward as far as he can without
losing sight of the first two rods, and then, looking back, puts him-
self “in line” with A and B, i. e. so that when his eye is placed
at C, the rod at B hides or covers the rod at A. This he can do
most accurately by holding a plumb-line before his eye, so that it
shall cover the first two rods. The lower end of the plumb-bob
will then indicate the point where the third rod should be placed ;
and so with the rest. The first man, at A, is then signalled, and
comes forward, passes both the others, and puts himself at D, ¢ in
line”” with C and B. The man at B, then goes on to E, and ¢ lines”
himself with D and C: and so they proceed, in this ¢ hand over
hand” operation, as far as is desired. Stakes are driven at each
point in the line, as soon as it is determined.

(170) The rods should be perfectly straight, either cylindrical or
polygonal, and as slender as they can be without bending. ~They
gshould be painted in alternate bands of red and white, each a foot,
or link in length. Their lower ends should be pointed with iron,
_and a projecting bolt of iron will enable them to be pressed down
by the foot into the earth, so that they can stand alone. When
this is done, one man can range out a line. A rod can be set per-
fectly vertical, by holding a plumb-line before the eye at some dis-
tance from the rod, and adjusting the rod so that the plumb-line
covers it from top to bottom ; and then repeating the operation in
a direction at right angles to the former. A stone dropped from
top to bottom of the rods will approximately attain the same end.

When the lines to be ranged are long, and great accuracy is re-
quired, the rods may have attached to them plates of tin with open-
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ings cut out of them, and black horse-hairs stretched from Fig.108.
top to bottom of the openings. A small telescope must

then be used for ranging these hairs in line. Ina hasty
survey, straight twigs, with their tope split to receive & pa-

per folded as in the figure, may be used.

(171) By Perpendiculars. Fig. 109.
The straight line, AB in the —T 2 QF—-
figure, is supposed to be stop-  C %

ped by a tree, a house, or other obstacle, and it is desired to pro-
long the line beyond this obstacle. From any two points, as A
and B, of the line, set off (by some of the methods which have been
given) equal perpendiculars, AC and BD, long enough to pass the
obstacle. Prolong this line beyond the obstacle, and from any two
points in it, as E and F, measure the perpendiculars EH and
F@, equal to the first two, but in a contrary direction. Then
will G and H be two points in the line AB prolonged, which can
be continued by the method of the last article. The points A
and B should be taken as far apart as possible, as should also
the points E and F. Three or more perpendiculars, on each
side of the obstacle, may be set off, in order to increase the accu-
racy of the operation. The same thing may also be done on the
other side of the line, as another confirmation, or test, of the accu-
racy of the prolonged line.

(172) By equilateral triangles. Fig. 110

The obstacles, noticed in the last arti- _A BEK &
cle, may also be overcome by means of \
c .

three equilateral triangles, formed by
the chain. Fix one end of the chain,
and also the end of the first link from
its other end, at B ; fix the end of the
83d link at A ; take hold of the 66th D
link, and draw the chain tight, pulling equally on each part, and
put a pin at the point thus found, C, in the figure. An equilateral
triangle will thus be formed, each side beimg 33 links. Prolong
the line AC, past the obstacle, to some point,as D. Make another
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equilateral triangle, DEF', as before, and thus fix the point F. . Pro-
long DF, to a length equal to that of AD, and thus fix a point G-
At G form a third eqmlaferal triangle GHK, and thus fix a point
K. Then will KG give the direction of AB prolonged.

(173) By symmetrical triangles. Let AB be the line to be
prolonged. Take any conve- Fig. 111
nient point, ‘as C. Range
out the line AC, to a point
A’y such that CA’=CA.
Range out CB, so that CB’
= CB. Range backwards
A'B’, to some point D, such
that DC prolonged will pass
the obstacle. Find, by ranging, the intersection, at E, of DB and
AC. From C, measure, on CA’, the distance CE' =CE. Then
range out DC and B’E’ to their intersection in P, which will be &
required point in the direction of AB prolonged. The symmetri-
cal points are marked by corresponding letters. Several other
points should be obtained in the same manner.

In this, as in all similar operations, very acute intersections
ghould be avoided as far as possible.

(174) By transversals, Let ABbe Fig. 113,
the given line. Take any two points C P
and D, such that the line CD will pass /
the obstacle. Take another point, E,
in the intersection of CA and DB. g
Measure AE, AC, OD, BD and BE. D
Then the distance from D to P, & point
in the required prolongation, will be
DP — CDxBDx AE
BExXAC—BDxXAE’

Other points in the prolongation may
be obtained in the same manner, by
merely moving the single point C, in the C
line of EA ; in which case the new distances CA and CD will
alone require to be measured.
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. D x BD
If A be made oqual to AC, then is DP = SPX 0.

. CDxAE
If BE be made equal to BD, then is DP = 125

The minus sign in the denominators must be understood as only
meaning that the difference of the two terms is to be taken, without
regard to which is the greater.

(175) By harmonic cenjugates. Fig. 118. o
Let AB be the given line. Seta , BRZR P
stake at any point C. Setstakesat - Ty,

points, D, on the line CA, and st~ B {50877
E, on the line CB; these points, Y D% E /
\‘ L .

D and E, being so chosen that the < s
line DE will pass beyond the obsta- ‘\G\{\‘ /
cle. Set a fourth stake, F, at the ., \
intersection of the lines AE and K’\\.‘.
DB. Set a fifth stake, G, any- d

where in the line CF'; a sixth stake, H, at the intersection of CB
and DG prolonged ; and a seventh, K, at the intersection of CA
and EG prolonged. Finally, range out’ the lines DE and KH,
and their intersection at P, will be in the line AB prolonged.

(176) By the complete Quadrilateral; Let AB be the given

line. Take any conven- Fig. 114
ient point C; measure ¥ C (\

from it to B,.and onward,
in the same line prolomg-
ed, an equal distance to D.
Take any other convenient
point, E, such that CE and
DE produced will clear the obstacle. Measure from E to A, and
onward, an equal distance, to F. Range out the lines FC and DE
to their intersection in G. Range out FD and CE to inter
sect in H. Measure GH. Its middle point, P, is the required
point in the line of AB prolonged. The unavoidable acute inter-
sections in this construction are objectionable.
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B. TO INTERPOLATE POINTS IN A LINE.

(177) The most distant given point of the line must be made
as conspicuous as possible, by any efficient means, such as placing
there a staff, bearing a flag; red and white, if seen against
woods, or other dark back-ground; and red and green, if seen

against the sky.
A convenient and portable signal is shown in the figure.
Fig. 115. .
Front View. St View. Back View.

| Vo
The figure represents a disc of tin, about six inches in diameter,
painted white and hinged in the middle, to make it more portable.
It is kept open by the bar, B, being turned into the catch, C. -
A screw, S, holds the disc in a slit in the top of the pole.

Another contrivance is a strip of tin, which has its ends bent
horizontally in contrary directions. As the wind will take strong-
est hold of the side which is concave towards it, the bent strip will
continually revolve, and thus be very conspicuous. Its upper half
sbould be painted red and its lower half white.

A bright tin cone set on the staff, can be seen at a great distance
when the sun is shining.

178) Ranging to a point, thus made conspicuous, is very sim-
ple when the ground is level. The surveyor places his eye at the
nearest end of the line, or stands a little behind a rod placed on it,
and by signs moves an assistant, holding & rod at some point as
nearly in the desired line as he can guess, to the right or left, till
his rod appears to cover the distant point.
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(179) Acress a Valleyy When a valley, or low spot, inter-
venes between the two ends Fig. 116.
of the line, A and Z in the
figure, a rod held in the
low place, as at B, would
seldom be high enough to
be seen, from A, to cover
the distant rod at Z. In
such a case, the surveyor at A should hold up a plumb-line over
the point, at arm’s length, and place his eye 8o that the plumb-line
covers the rod at Z. He should then direct the rod held at B to
be moved till it too is covered by the plumb-line. The point B is
then said to be ¢ in line” between A and Z. In geometrical lan-
guage, B has now been placed in the vertical plane determined by
the vertical plumb-line and the point Z. Any number of interme-
diate points can thus be ¢ interpolated,” or placed in line between
A and Z.

(180) Over a Hill, When a hill riscs between two points and

prevents one being seen from the other, as in the figure, (the upper
Fig. 117.

of which shows the hill in “ Elevation,” and the lower part in
“Plan’”), two observers, B and C, each holding & rod, may place
themselves on the ridge, in the line between the two points, as
nearly as they can guess, and so that each can at once see the other
and the point beyond him. B looks to Z, and by signals puts C
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#¢in line.” C then looks to A, and puts B in line at B’. B re-
peats his operation from B’, putting C at C’, and is then himself
moved to B”, and so they alternately ¢ line” each other, continu-
ally approximating to the straight line between A and Z, till they
at last find themselves both exactly in it, at B”” and C"”.

(181) A single person may put himself in line between two
points, on the same principle, by laying a straight stick on some
support, going to each end of it in turn, and making it point suc-
cessively to each end of the line. The ¢ Surveyor’s Cross,” Art.

" (164), is convenient for this purpose, when set up between the two
given points, and moved again and again, until, by repeated trials,
one of its slits sights to the given points when looked through in
either direction. X

(182) On Water, A simple instru- Fig. 118.
ment for the same object, is represented
in the figure. AB and CD are two
tubes, about 11 inches in diameter, con-
nected by a smaller tube EF. A piece
of looking-glass, GH, is placed in the
lower part of the tube AB, and another,
KL, in the tube CD. The planes of
the two mirrors are at right angles to
eachother. The eye is placed at A, and
the tube AB is directed to any distant
object, as X, and any other object be-
hind the observer, as Z, will be seen, ap-
parently under the first object in the mirror GH, by reﬂectlon from
the mirror KL, when the observer has succeeded in getting in line
between the two objects. M, N, are screws by which the mirror
KL may be adjusted. The distance between the two tubes will
cause a small parallax, which will, however, be insensible except
when the two objects are near together.

Bt -----==-=X
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(183) Threugh a Weed, When a wood intervenes between
any two given Fig. 119.
points,  pre- ‘
venting one
from  being
seen from.the
other, as in the figure, in which A and Z are the given points, pro-
ceed thus: Hold a rod at some point B’ as nearly in the desired
hnefromAasca.nbeguessedat and as far from A as possible.
To approximate to the proper direction, an assistant may be sent to
the other end of the line, and his shouts will indicate the direction ;
or & gun may be fired there ; or, if very distant, a rocket may be
sent up after dark. Then range out the ¢ random line” AB’, by
the method given in Art. (169), noting also the distance from A
to each point found, till you arrive at a point Z’, opposite to the
_point Z, i. e. at that point of the line from which a perpendicular
there erected would strike the point Z. Measure Z'Z. Then
move each of the stakes, perpendicularly from the line AZ’, a dis-
tance proportional to their distances from A. Thus, if AZ’ be
1000 links, and Z'Z be 10 links, then a stake B’, 200 links from
A, should be moved 2 links to a point B, which will be in the de--
sired straight line AZ; if C’ be 400 links from A, it should be
moved 4 links to C, and 8o with the rest. The line should then
be cleared, and the accuracy of the position, of these stakes tested
by ranging from A to Z.

(184) To an invisible intersection. Let AB and CD be two
lines, which, if prolong- F is 120.
ed, would meet in a \
point Z, invisible from \
either of them; and let
P be a point, from which
a line is required to be
set out, tending to this /-~
invisible intersection. ¢
Set stakes at the five given points, A, B, C, D, P. Set a sixth
stake at E, in the alinements of AD and CP; and a seventh stake
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ab F, in the alinements of BC and AP. Then set an eighth stake
at G, in the alinements of BE and DF. PG will be the required
line.

Otherwise ; Through P range out a parallel to the line BD.
Note the points where this parallel meets AB and CD, and call
these points Q and R. Then the distance from B, on the line BD,
to & point which shall be infthe required line running from P to the

invisible point, will be = @QﬁRTQE

1l. OBSTACLES TO MEASUREMENT.

(185) The cases, in which the direct measurement of a line is
prevented by various obstacles, may be reduced to three.
A. When both ends of the line are accessible.
B. When one end of it 18 inaccessible.
C. When both ends of it are inaccessible.

A. WHEN BOTH ENDS OF THE LINE ARE ACCESSIBLE.

(186) By Perpendiculars, On Fig. 121.
reaching the obstacle, as at A in A
the figure, set off a perpendicular,

AB; turn asecond right angle at B, B

and measure past the obstacle ; turn a third right angle at C and
measure to the original line at D. Then will the measured dis-
tance, BC, be equal to the desired distance, AD.

If the direction of the line is also unknown, it will be most easily
obtained by the additional perpendiculars shown in Fig. 109, of
Art. (171).

Fig. 121",

(187) By equllateral triangles, A - c
The method given in Art. (172), for \ l

determining the direction of a line

through an obstacle, will also give its c

length ; for in Fig. 121’ (Fig. 110 re-. B
peated) the desired distance A Gis equal

to the measured distances AD, or DG.

8
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(188) By symmetrical triangles. Fig. 122,
Let AB be the distance required.
Measure from A obliquely to some , . ' B
point C, past the obstacle. Mea-
sure onward, in the same line, till
CD is aslongas AC. Place stakes
at C and D. From B measure to
C, and from C measure onward, in E D
the same line, till CE is equal to CB. Measure ED, and it will
be equal to AB, the distance required. If more convenient, make
CD and CE equal, respectively, to half of AC and CB; then will
AB be equal to twice DE.

(189) By transversals, Let
AB be the required distance. Set c
a stake, C, in the line prolonged; ==
set another stake, D, so that C and
B can be seen from it ; and a third
stake, E, in the line of BD pro-
longed, and at a distance from D
equal to the distance from D to B.
Set a fourth stake, F, at the intersection of EA and CD. Measure

AC, AF and FE. Then is AB =20 (FE—AF).

Fig. 124.

(190) In a Town, Cases may occur,
in the streets of a compactly built town,
in which it is impossible to measure along
any other lines than those of the streets.
The figure represents such a case, in
which is required the distance, AB, be-
tween points situated on two streets which
meet at the point C, and between which
runs & cross-street, DE, In this case
measure AC, CE, CD, DE and CB.
Then is the required distance
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AB = \/ { (AC —BC)* + [DE2 —(CE— oDy] gg:gg

~ As this expression is somewhat complicated, an example will be
given: Let AC =100, CE = 40, CD = 30, DE — 21, and CB
= 80; then will AB = 51.7.

B. WHEN ONE END OF THE LINE IS INACCESSIBLE.

(191) By Perpendiculars, This principle Fig. 125.
may be applied in a variety of ways. In Fig, 4B
125, let AB be the required distance. At the = =1
point A, set off AC, perpendicular to AB, and of
any convenient length. At C, set off a perpen-
dicular to CB, and continue it to a point, D, in
the line of A and B. Measure DA. Then is

AQ?2 D
— E.

(192) Otherwise: At the point A, in Fig. Fig. 126.
126, set off a perpendicular, AC. At C set M
off another perpendicular, CD. Find a point,

E, in the line of AC, and BD. Measure AE

. AE x CD
and EC- Then 18 AB= T. (

If EC be made equal to AE, and D be set
in the line of BE, and also in the perpendicular
from C, then will CD be equal to AB.

If EC = } AE, then CD = } AB.

(193) Otherwise : At A, in Fig. 127, mea-
sure a perpendicular, AC, to the line AB; and
at any point, as D, in this line, set off a perpen-
dicular to DB, and continue it to a point E, in
the line of CB. Measure DE and also DA.

. AC x AD
‘Thenls AB—DE—_A—G.
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(194) By Parallels. From A measure
AQC, in any convenient direction. From a
point D, in the line,of BC, measure a line
parallel to CA, to a point E, in the line of
AB. Measure also AE.

. __AC x AE
ThenmAB—W——A_C'

(195) By a Parallelogram. Set a stake, C, Fig. 1993
in the line of A and B, and set another stake, D,
wherever convenient. With a distance equal to
CD, describe from A, an arc on the ground ; and,
with a distance equal to AC, describe another
arc from D, intersecting the first arc in E. Or, ®
take AC and CD, so that together they make |
one chain; fix the ends of the chain at A and D; n*
take hold of the chain at such a link, that one part of it equals AC,
and the other CD, and draw it tight to fix the point E. Seta
stake at F, in the intersection of AE and DB. Measure AF and

EF. Then is AB =%‘; or, CB=ACE);‘CD

(196) By Symmetrical Triangles,
Let AB be the required distance. From
‘A measure a line, in any convenient di-
rection, as AC, and measure onward, in
the same direction, till CD = AC. Take
any point E in the line of A and B.
Measure from E to C, and onward in the
same line, till CF = CE. Then find by
trial a point G, which shall be at the |.
same time in the line of C and B,and in &
the Line of D and F. Measure the distance from G to D, and it
will be equal to the required distance from A to B. If more con-
venient, make CD = } AC, and CF = } CE, as shown by the
finely dotted lines in the figure. Then will DG = } AB.

1
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(197) Otherwise: Prolong BA to Fig. 131.
some point C. Range out any con-
venient line CA’, and measare CA’' =
OA. The triangle CA’B, is now to be  § .
reproduced in a symmetrical triangle,  ___---
situated on the accessible ground. B~
For this object, take, on A C, some point
D, and measure CD’ = CD. Find the
point E, ‘at the intersection of AD’ and A’D. Find the pomt F,
at the intersection of A'B and CE. Lastly, find the point B’, at
the intersection of AF and CA’. Then will A’B’= AB. The
symmetrical points have corresponding letters affixed to them.

(198) By tramsversals, Set a stake, C, Fig. 132.
in the alinement of BA ; a second, D, at any
convenient point; a third, E, in the line CD;
and a fourth, F, at the intersection of the
alinements of DA and EB. Measure AC,
CE, ED, DF and FA. Then is
AB— AC x AF x DE
CE x DF — AF x DE’

If the point E be taken in the middle of CD, (&s it is in the

AC x AF
figure) then AB = = DF—AF
AC x DE

If the point F be taken in the middle of AD, then AB = CE—DE
The minue signs must be interpreted as in Art. (174).

(199) By harmonic division. Set Fig 133.
stakes, C and D, on each side of A, and
80 that the three are in the same straight
line. Set a third stake at any point, E,
of the line AB. Set a fourth, F, at the
intersection of CBand DE ; and a fifth,
@, at the intersection of DB and CE. /7
Set a sixth stake, H, at the intersection € “~

of AB and FG. Measure AE and EH. Thenis AB— AE X AH
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(200) To an inaccessible line. The - Fig. 134.
shortest distance, CD, from a given point, & a
C, to an inaccessible straight line AB, is
required. From C let fall a perpendicular
to AB, by the method of Art. (158).
Then set a stake at any point, E, on the
line AC; set a second, F, at the inter-
section of EB and CD; a third, G, at
the intersection of AF and CB; and a fourth, H, at the intersec-
tion of EG and CD. Measure CH and HF. Then is
CHxCF _ CH+HF _ CHxCF
CD = CE—HF’ " CD—CH’EIT——HF ; or, CD = S0H—CF
Otherwise ; When the inaccessible line is determined by the
method of Art. (205) or (206), the distance from any point to it,
can be at once measured to its symmetrical representative.

(201) To an inaccessible intersection. When two lines (as
AB,CD, in the figure) meetin a Fig. 135.
river, a building, or any other
inaccessible point, the distance
from any point of either to their &
intersection, DE, for example,
"may be found thus. From any
point B, on one line, measure ¢.
BD, and continue it, till DF = DB. From any other point, G,
of the former line, measure GD, and continue the line till DH = GD.
Continue HF to meet DC in some point K. Measure KD. KD
will be equal to the desired distance DE.
BE can be found by measuring FK, which is equal to it.
If DF and DH, be made respectively equal to one-half, or one-
third, &c., of DB and DG, then will KD and KF be respectively
equal to one-half or one-third, &c., of DE and BE.
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C. WHEN BOTH ENDS OF THE LINE ARE INACCESSIBLE.

(202) By similar triangles, Let AB - Fig. 136.
be the inaccessible distance. Set a stake at ‘s ——
any convenient point C, and find the distan- == — =
ces CA and CB, by any of the methods just
given. Set a second stake at any point, D, W

on the line CA. Measure a distance, equal

(4
to Q%C—D, from C, on the line CB, to some point E. Measure
. AC x DE 3
DE. Thenis AB = —D
Fig. 137.

If more convenient, measuré CD in the AMB
contrary direction from the river, as in Fig. TS
137, instead of towards it, and in other re-
spects proceed as before.

(203) By parallels. Let AB be the in- Fig. 138.
accessible distance. From any point, as C, :
range out a parallel to AB, as in Art. (165), ——
&c. Find the distance CA, by Art. (191),
&c. Set a stake at the point E, the inter-
section of CA and DB, and measure CE.

. _CD x (AC— CE)
Then is AB = CR . .

(204) By a parallelogram. Set .Fig. 139.
a stake at any convenient point C.
Set stakes D and E, anywhere in
the alinements CA and CB. With
D as a centre, and a length of the
chain equal to CE, describe an arc;
and with E as a centre, and a length v
of the chain equal to CD, describe another arc, mterseotmg the
former one at F. A parallelogram, CDEF, will thus be formed.
Set stakes at G and H, where the alinements DB and EA inter-
sect the sides of this parallelogram. Measure CD, DF, GF, FH,
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. D x DF x GH
and HG. The inaccessible distance AB — ol:((}_x—;ﬁ—
CD? x GH

HCD=CE,&ODAB=W.

(205) By symmetrical triangles. Take any convenient point,
a8 C. Set stakes at two other Fig. 140.
points, D and I, in the same A< LB
line, and at equal distances
from C. Take a point E, in
the line of AD; measure from
it to C, and onward till CE’
= CE. Take a point F in
the line of BD ; measure from

it to C, and onward till CF' = VA2 SN

CF. Range out the lines AC 4 \::\

and E'D’, and set a stake at L NN,
their intersection, A’. Range B “ A

out the lines BC and F'D’, and set a stake at their intersection,
B’. Measure A'B’. It will be equal to the desired distance AB.

(208) Otherwise: Take Fig. 141.
any convenient point, as C,
and set off equal distances
on each side of it, in the W
line of CA,to Dand D’. Set
off the same distances from
C, in the line of CB, to E and
E'. Through C, set out a
parallel to DE, or D'E’, and
set stakes at the points F
and F' where this parallel
intersects AE’ and BD'.
Range out the lines AD’ and EF, and set a stake at their inter-
section A’. Range out the lines BE’ and DF, and set a stake at
their intersection B’. Measure A’B’,and it will be equal to the
desired distance AB.
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The easiest method of setting out the parallel in the above case,
is to fix the middle of the chain at the point C, and its ends on the
lines CD, CE’; then carry the middle of the chain from C towards
F, and mark the point to which it reaches ; and repeat this on the
other side of C, as shown by the finely dotted lines in the figure.

INACCESSIBLE AREAS.

(207) Triangles, In the case of a triangular field, in which
ene side cannot be measured, or determined by any of the methods
just given, the two accessible sides may be prolonged to their full
length, and an equal symmetrical triangle formed, all of whose sides
can be measured. Thus in Fig. 102, page 103, if CDE be the
original triangle, of which the side EC is inaccessible, DFP will be
equal toit. Butif this also be impossible, por- Fig.142.
tions of the sides may be measured,asAD, AE, B
in the figure in the margin, and also DE, and
the area of this triangle found by any of the
methods which have been given. Then is the
desired area of the triangle ABC = area of

AB x AC T
ADE X I % im

(208) Quadrilaterals. In the case Fig. 143.
of a foursided field, whose sides cannot
be measured, or prolonged, but whose
diagonals can be measured, the area
may be obtained thus. Measure the
diagonals AC and BD; and also the
portions AE, EC, into which one of
them is divided by the other. Calcu-
late the area of the triangle BCE, by the preceding method, or any
of those heretofore given. Then the area of the quadrilateral
v AC x BD
ABCD = area of BCE x BE x OF"
(209) Polygoms, Methods for obtaining the areas of inac-
cessible fields of more than four sides, have been given in Arts.
(101,) &c.



PART III.

COMPASS SURVEYING;

OR

* By the Third Method

CHAPTER L

ANGULAR SURVEYING IN GENERAL.

(210) Angular Surveying determines the relative positions of
points, and therefore of lines, on the THIRD PRINCIPLE, as ex-
plained in Art. (7), which should now be referred to.

(211) When the two lines which form an angle lie in the same
. horizontal or level plane, the angle is called a horizontal angle.*

‘When these lines lie in a plane perpendicular to the former, the
angle i8 called a vertical angle.

When one of the lines is horizontal and the other line from the
eye of the observer passes above the former,and in the same ver-
tical plane, the angle is called an angle of elevation.

When the latter line passes below the horizontal line, and in the
same vertical plane, the angle is called an angle of depression.

When the two lines which form an angle, lie in other planes
which make oblique angles with each of the former planes, the

* angle is called an odlique angle.

Horizontal angles are the only angles employed in common land
surveying. '

* A plane is said to be horizontal, or level, when it is parallel to the surface of

standing water, or perpendicular to a plumb-line. A line is horizontal when it
lies in a horizontal plane.
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(?12) The angles between the directions of two lines, which it
is necessary to measure, may be obtained by a great variety of in-
struments. All of them are in substance mere modifications of the
very simple one which will now be described, and which any one
can make for himself. -

(213) Provide a circular piece of
wood, and divide its circumference
(by any of the methods of Geometri-
cal Drafting) into three hundred and
sixty equal parts, or ¢ Degrees,” and
number them as in the figure. The
divisions will be like those of a watch
face, but six times as many. These
divisions are termed graduations.
The figure shows only every fifteenth
one. In the centre of the circle,
fix a needle, or sharp-pointed wire, and upon this fix a straight
stick, or thin ruler placed edge-wise, (called an alidade), so that
it may turn freely on this point and nearly touch the graduations
of the circle. Fasten the circle on a staff, pointed at the other end,
and long enough to bring the alidade to the height of the eyes.
The instrument is now complete. It may be called a Gloniometer,
or Angle-measurer.

(214) Now let it be required to measure Fig. 145.
the angle between the lines AB and AC. Fix
the staff in the ground, so that its centre shall
be exactly over the intersection of the two
lines. Turn the alidade, so that it points, (as
determined by sighting along it) to a rod, or
other mark at B, a point on one of the lines, and note what degree
it covers, i. e. ¢ The Reading.” Then, without disturbing the
circle, turn the alidade till it points to C, a point on the other line.
Note the new reading. The difference of these readings, (in the
figure, 45 degrees), is the difference in the directions of the two
lines, or is the angle which one makes with the other. If the dis-
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tance from A to C be now measured, the point C is ¢ determined,”
with respect to the points A and B, on the T'hird Principle. Any
number of points may be thus determined.

(215) Instead of the very simple and rude alidade, which has
been supposed to be used, needles may be fixed on each end of the
alidade ; or sights may be added, such as those described in Art.
(168) ; or a emall straight tube may be used, one end being cover-
ed with a piece of pasteboard in which a very small eye hole is
pierced, and threads, called ¢ cross-hairs,” being stretch- Fig. 146.
ed across the other end of it, as in the figure ; so that () P
their intersection may give a more precise line for determining the
direction of any point.

(216) When a telescope is substituted for this tube, and sup-
ported in such a way that it can turn over, so as to look both back-
wards and forwards, the instrument (with various other additions,
which however do not affect the principle), is called the Engineer’s
Transit.

With the addition of a level, and a vertical circle, for measuring
vertical angles, the instrument becomes a T'heodolite ; in which,
however, the telescope does not usually admit of being turned over.

(217) The Compass differs from the instruments which have
been described, in the following respect. They all measure the
angle which one line makes with another. The compass measures
the angle which each of these lines makes with a third line, viz:
that shown by the magnetic needle, which always points (appron-
mately) in the same direction, i. e. North and South,
in the Magnetic Meridian. 'Thus, in the figure, the
line AB makes an angle of 30 degrees with the line
AN, and the line AC makes an angle of 75 de-
grees with AN. The difference of these angles,
or 45 degrees, is the angle which AC makes
with AB, agreeing with the result obtained in
Art. (214).
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(218) Surveying with the compass is, therefore, a less direct
operation than surveying with the Transit or Theodolite. But as"
the use of the compass is much more rapid and easy (only one sight
and reading at each station being necessary, instead of two, as in
the former case), for this reason, as well as for its smaller cost, it
is the instrument most commonly employed in land surveying in
this country, in spite of its imperfections and inaccuracies.

As many may wish to learn ¢ Surveying with the Compass,”
without being obliged to previously learn ¢ Surveying with the
Transit,” (which properly, being more simple in principle, though
less 80 in practice, should precede it, but which will be considered
in Part IV), we will first take up CoMpass SurvEeYING.

(219) Angular Surveying in general, and therefore Compass
Surveying, may employ either of the 3d, 4th and 5th methods of
determining the position of a point, given in Part I; that is, any
instrument which measures angles may be employed for Polar,
Triangular, or Trilinear Surveying. The first of these, Polar
Surveying, is the one most commonly adopted for the compass, and
is therefore the one which will be specially explained in this part.

The same method, as employed with the Transit and Theodolite,
will be explained in the following part. ‘

The 4th and 5th methods will be explained in the next two parts.

(220) The method of Polar Surveying embraces two minor
methods. The most usual one consists in going around the field
with the instrument, setting it at each corner and measuring there
the angle which each side makes with its neighbor, as well as the
length of each side. This method is called by the French the me-
thod of Cheminement. It has no special name in English, but may
be called (from the American verb, To progress), the Method of
Progression. The other system, the Method of Radiation, con-
gists in setting the instrument at one point, and thence measuring
the direction and distance of each corner of the field, or other
object. The corresponding name of what we have called Triangu-
lar Surveying is the Method of Intersections ; since it determines
points by the intersections of straight lines.
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CHAPTER II.

THE COMPASS.

(221) The Needle. The most essential part of the compass is
the magnetic needle. It is a slender bar of steel, usually five or
six inches long, strongly magnetized, and balanced on a pivot, so
that it may turn freely, and thus be enabled to continue pointing
in the same direction (that of the ¢ Magnetic Meridian,” approxi-
mately North and South) however much the ¢ Compass Box,” to
which the pivot is attached, may be turned around.

As it is important that the needle should move with the least
possible friction, the pivot should be of the hardest steel ground to
a very sharp point ; and in the centre of the needle, which is to
rest on the pivot, should be inserted a cap of agate, or other hard
material. Iridium for the pivot, and ruby for the cap, are stlll ,
better.

If the needle be balanced on its pivot before being magnetized,
one end will sink, or ¢ Dip,” after the needle is magnetized. To
bring it to a level, several coils of wire are wound around the nee-
dle so that they can be slid along'it, to adjust the weight of its two
ends, and balance it more perfectly

The North end of the needle is usually cut into a more orna-
mental form than the South end, for the sake of distinction.

The principal requisites of a compass needle are, intensity of di-
rective force and susceptibility. ¢ Shear steel” was found by
Capt. Kater to be the kind capable of receiving the greatest mag-
netic force. The best form is that of a rhomboid, Fig. 149.
or lozenge, cut out in the middle, so as to dimi- *
nish the extent of surface in proportion to the
mass, as it is the latter on which the directive force depends. Be-
yond a certain limit, say five inches, no additional power is gained
by increasing the length of the needle. On the contrary, longer
ones are apt to have their strength diminished by several consecu-
tive poles being formed. Short needles, made very hard, are
therefore to be preferred.
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The needle should not come to rest very quickly. If it does, it
indicates either that it is weakly magnetized, or that the friction on
the pivot is great. Its sensitiveness is indicated by the number of
vibrations which it makes in a small space before coming to rest.

A screw, with a milled head, on the under side of the plate
which supports the pivot, is used to raise the needle off this pivot,
when the instrument is carried about, to prevent the point being
dulled by unnecessary friction.

(222) The Sights. Next after the needle, which gives the di-
rection of the fixed line, whose angles with the lines to be survey-
ed, are to be measured, should be noticed the Sights, which show
the directions of these last lines. At each end of a line passing
through the pivot is placed a ¢ Sight,” consisting of an upright bar
of brass, with openings in it of various forms; usually either slits,
with a circular aperture at their top and bottom*; or of the form
described in Art. (106); all these arrangements being intended to
enable the line of slght to be directed to any desired object, with
precision.

(223) A Telescope which can move up and down in a vertical
plane, i. e. a plunging telescope, or one which can turn completely
over, is sometimes substituted for the sights. It has the great
advantage of giving more distinct vision at long distances, and of
admitting of sights up and down very steep slopes. Its accuracy
of vision is however rendered nugatory by the want of precision in
the readings of the needle. If a telescope is applied to the com
pass, a graduated scale and index should also be added, thus cen-
verting the compass into a ¢ Transit.”” The Telescope will be
found minutely described in Part IV, ¢ Transit Surveying.”

(224) The divided circle, We now have the ‘'means of indi-
cating the directions of the two lines whose angle is to be measur-
ed. The number of degrees contained in it is to be read from a
circle, divided into degrees, in the centre of which is fixed the

* An inside and an outside view, or * Elevation,” of such sights, are given on
each side of the ﬁ;ure of the Compm, on page 126. It is itself drawn in * Mili-

tary Perspective.’
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pivot bearing the needle. The graduations are usually made to
half a degree, and a quarter of a degree or less can then be * esti-
mated.” The pivot and needle are sunk in a circular box, so that
its top may be on a level with the needle. The graduations are
usually made on the top of the surrounding rim of the box, but
should also be continued downl'its inside circumference so that it may
be easier to see with what division the ends of the needle coincide.

The degrees are not numbered consecutively from 0° around to
860°; but run from 0° to 90°, both ways from the two diametri-
cally opposite points at which a ling, passing through the slits.in the
middle of the sights, would meet the divided circle.

The lettering of" the Surveyor’s Compass has one important dif-
ference from that of the Mariner’s Compass.

When we stand facing the North, the East is on our right hand,
and the West on our left. The graduated card of the Mariner’s
Compass which is fastened to the needle, and turns with it, is
marked accordingly. But, in the Surveyor’s compass, one of the
0 points ,being marked N, or North, (or indicated by a fleur-de-
lis,) and the opposite one S, or South, the 90-degrees-point on the
right of this line, as you stand at the S end and look towards the
N, is marked W, or West; and the l¢ft hand 90-degrees-point is
marked E, or East. The reason of this will be seen when the
method of using the compass comes to be explained in the following
chapter.

(225) The Points. In or-
dinary land surveying, only four
points of the compass have
names, viz: North, South, East
and West; the direction of a
line being described by the an-
gle which it makes with a North
and South line, to its East or to
its West. But for nautical pur-
poses, the circle of the compass
is divided into 32 points, the
names of which are shown in
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the figure. Two rules embrace all the cases. 1° When the
letters indicating two points are joined together, the point half way
between the two is meant ; thus, N. E. is half way between North
and East; and N. N. E. is half way between North and North
East. 2° When the letters of two points are joined together
with the intermediate word Jy, it indicates the point which comes
next after the first, in going towards the second ; thus, N. by E, is
the point which follows North in going towards the East; S. E. by
8. is the next point from South East, going towards the South.

(226) Eccentricity. The centre-pin, or pivot of the needle,
ought to be exactly in the centre of the graduated circle ; the nee-
dle ought to be straight; and the line of the sights ought to pass
exactly through this centre and through the 0 points of the circle.
If this is not the case, there will be an error in every observation.
This is called the error of eccentricity.

When the maker of a compass is about to fix the pivot in place,
he is in doubt of two things ; whether the needle is perfectly straight,
and whether the pivot is exactly in the cen- Fig. 151.
tre. Infigures 151 and 152, both of these
are represented as being excessively in
error. \

Firstly, to examine if the needle be
straight. Fix the pivot temporarily, so
that the ends of the needle may cut oppo-
site degrees, i. e. degrees differing by
180°. The condition of things at this
stage of progress, will be represented by
Fig. 151. Then turn the compass-box
half way around. The error will now be
doubled, as is shown by Fig. 162, in which
the former position of the needle is indi-
cated by a dotted line.* Now bend the
needle, as in Fig. 158, till it cuts divi-
sions midway between those cut by it in

Fig 152.

Ar‘;’l?ﬂ)a;)s' another example of the fruitful princiole of Reverson, first noticed in
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its present and in its former position Fig 153.
This makes it certain that the needle is
straight, or that its two ends and its cen-
tre lie in the same straight line.
" Secondly, to put the pivot in the cen-
tre. Move it till the straightened needle
euts opposite divisions. It is then certain
that the direction of the needle passes
through the centre. Turn the compass
box one-quarter around, and if the needle does not then cut oppo-
site divisions, move the pivot till it does. Repeat the operation in
various positions of the box. It will be a sufficient test if it cuts
the opposite divisions of 0°, 45° and 90°.
To fix the sights precisely in line, draw a hair through their slits
and move them till the hair passes over the 0 points on the circle.
The surveyor can also examine for himself, by the principle of
Reversion, whether the line of the sights passes through the centre
or not. Sight to any very near object. Read off the number of
“degrees indicated by one end of the needle. Then turn the com-
pass half around, and sight to the same object. If the two read-
ings do not agree, there is an error of eccentricity, and the arith-
metical mean, or half sum of the two readings is the correct one.
Fig. 154. Fig. 155.

-

In Fig. 154, the line of sight AB is represented as passing to
one side of the centre, and the needle as pointing to 46°. In Fig.
155, the compass is supposed to have been turned half around and
the other end of the sights to be directed to the same object.
Suppose that the needle would have pointed to 45°, if the line of .
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sight had passed through the centre. The needle will now point
to 440, the error being doubled by the reversion, and the true
reading being the mean.

This does not, however, make it certain that the line of the
sights passes through the 0 points, which can only be tested by the
hair, as mentioned above.

(227) Levels., On the compass plate are two small spirit levels.
They consist of glass tubes, slightly curved upwards, and nearly
filled with alcohol, leaving a bubble of air within them. They
are so adjusted that when the bubbles are in the centres of the
tubes, the plate of the compass shall be level. One of them lies in
the direction of the sights, and the other at right angles to this
direction.

(228) Tanmgent Scaie. This is a convenient, though not essen-
tial, addition to the compass, for the purpose of measuring the
slopes of ground, so that the proper allowance in chaining may be
made. In the figure of the compass, page 126, may be seen, on
the edge of the left hand sight, a small projection of brass with a
hole through it. On the edge of the other sight are engraved
lines numbered from 0° to 20°, the 0° being of the same height
above the compass plate that the eye-hole is. To use this, set the
compass at the bottom of a slope, and at the top set a signal of
exactly the height of the eye-hole from the ground. Level the
compass very carefully, particularly by the level which lies length-
wise, and, with the eye at the eye-hole, look to the signal and note
the number of the division on the farther sight which is cut by the
visual ray. That will be the angle of the slope ; the distances of
the engraved lines from the 0° line being tangents (for the radius
equal to the distance between the sights) of the angles correspond-
ing to the numbers of the lines.

(229) Vermier, The compass box is connected with the plate,
which carries it and the sights, so that it can turn around on this
plate. This motion is given to it by a screw, (called a slow-mo-
tion, or Tangent screw), the head of which is the nearest one in
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the figure on page 126. If two marks be made opposite to each
other, one on the projecting part of the compass box, and the other
on the plate to which the sights are fastened, these marks will sepa-
rate when the slow-motion screw is turned. Their distance apart
(in angular measurement, i. e. fractions of a circle), in any posi-
tion, is measured by a contrivance called a Vernier, which is the
minutely divided arc of a circle seen between the left hand sight
and the compass box. It will be better to defer explaining the
mode of reading the vernier for the present, since it is rarely used
with the compass, and an entire chapter will be given to it in Part
IV. Its principle is similar to that of the Vernier Scale, described
in Art. (50). Its applications in ¢ Field-work” will be noticed
under that head.

(230) Tripod. The compass, like most surveying instruments, -
is usually supported on a Tripod, consisting of three legs, shod with
iron, and so connected at top as to be movable in any direction.
There are many forms
of these. Lightness Fig. 156. Fig. 157.
and stiffness are the
qualities desired. The
most usual form is
shewn in the figures
of the Transit and the
Theodolite, at the be-
ginning of Part,IV.
Of the two represent-
ed in Figs. 156 and
157, the first has the
advantage of being ve-
ry easily and cheaply
made ; and the second
that of being light and
yet capable of very firmly resisting horizontal torsion.

The joints, by which the instrument is connected with the triped,
are also various. Fig. 158 is the ¢ Ball-and-socket joint,” most
usual in this country. It takes its name from the ball, in which
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Fig. 158. Fig. 159.

terminates the covered spindle which enters a corresponding cavity
under the compass plate, and the socket in which this ball turns.
It admits of motion in any direction, and can be tightened or loos-
ened by turning the upper half of the hollow piece enclosing it,
which is screwed on the lower half. Fig. 159 is called the ¢ Shell*
joint.” In it the two shell-shaped pieces enclosing the ball are
tightened by a thumb-screw. Fig. 160, is ¢ Cugnot’s joint.” It
consists of two cylinders, placed at right angles to each other, and
through the axes of which pass bolts, which turn freely in the cylin-
der and can be tightened or loosened by thumb-screws at their
ends. The combination of the two motions which this joint permits,
enables the instrument which it carries, to be placed in any desired
position. This joint is much the most stable of the three.

(231) Jacob’s Staff, A single leg, called a ¢ Jacob’s Staff,”
has some advantages, as it is lighter to carry in the field, and can
be made of any wood, on the spot where it is to be used, thus sav-
ing the expense of a tripod and the trouble of its transportation.
Its upper end is fitted into the lower end of a brass head which has
a ball and socket joint, and axis above. Its lower end should be
shod with iron, and a spike running through it is useful for pressing
it into the ground with the foot. Of course it cannot be conven-
iently used on frozen ground, or on pavements. It may, however,
be set before or behind the spot at which the angle is to be mea-
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sured, provided that it is placed very precisely in the line of direc-
tion from that station to the one to which a sight is to be taken.

(232) The Prismatic Compass, The peculiarity of this instru-
ment (often called Schmalcalder’s) is that a glass triangular prism
is substituted for one of the sights. Such a prism has this peculiar
property that at the same time, it can be seen through, so that a
sight can be taken through it, and that its upper surface reflects
like a mirror, so that the numbers of the degrees immediately under
it, can be read off at the same time that a sight to any object is
taken. Another peculiarity, necessary for profiting by the last
one, is, that the divided circle is not fixed, but is a card fastened
to the needle and moving around with it, as in the Mariner’s Com-
pass. The minute description, which follows, is condensed from

In the figure, A repre- Fig. 161.
sents the compass box, and
B the card, which, being
attached to the magnetic
needle, moves as it moves,
around the agate centre,
a, on which it is suspend-
ed. The circumference
of the card is usually di-
vided to } or } of ade-
gree. Cisa prism, which
the observer looks through.
The perpendicular thread
of the sight-vane, E, and
the divisions on the card, appear together on looking through the
prism, and the division with which the thread coincides, when the
needle is at rest, is the ¢ Bearing” of whatever object the thread
may bisect, i. e. is the angle which the line of sight makes with the
direction of the needle. The prism is mounted with a hinge joint,
D. The sight-vane has a fine thread stretched along its opening,
in the direction of its length, which is brought to bisect any object,
by turning the box around horizontally. F is a mirror, made to
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slide on or off the sight-vane, E; and it may be reversed at plea-
sure, that is, tarned face downwards ; it can also be inclined at
any angle, by means of its joint, d ; and it will remain stationary
on any part of the vane, by the friction of its slides. Its use is to
reflect the image of an object to the eye of an observer when the
object is much above or below the horizontal plane. The colored
glasses represented at G, are intended for observing the sun. At
e, is shown a spring, which being pressed by the finger at the time
of observation, and then released, checks the vibrations of the card,
and brings it more speedily to Pest. A stop is likewise fixed to
the other side of the box, by which the needle may be thrown off
its centre.

The method of using this instrument i8 very simple. First raise
the prism in its socket, b, until you obtain a distinct view of the
divisions on the card. Then, standing over the point where the
angles are to be taken, hold the instrument to the eye, and, looking
through the slit, C, turn around till the thread in the sight-vane
bisects one of the objects whose bearing is required ; then by touch-
ing the spring, e, bring the needle to rest, and the division on the
card which coincides with the thread on the vane, will be the bear-
ing of the object from the north or south points of the magmetic
meridian. Then turn to any other object, and repeat the opera-
tion ; the difference between the bearing of this object and that of
the former, will be the angular distance of the objects in question.
Thus, suppose the former bearing to be 40° 80’, and the latter
100 157, both east, or both west, Fig. 162.
from the north or south, the angle
will be 80°15’. The divisions are
generally numbered 5°, 10°, 159,
&c. around the circle to 360°.

The figures on the compass card
are reversed, or written upside
down, as in the figure (in which
only every fifteenth degree is mark-
ed), because they are again re-
versed by the prism.
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(283) The prismatic compass is generally held in the hand, the
bearing being caught, as it were, in passing ; but more accurate
readings would of course be obtained if it rested on a support, such
as a stake cut flat on its top. '

In the former mode, the needle never comes completely to rest,
perticularly in the wind. In such cases, observe the extreme di-
visions between which the needle vibrates, and take their arith-
metical mean, '

(234) Defects of compass. The compass is deficient in both
precision and correctness.”

The former defect arises from the indefiniteness of its mode of
indicating the part of the circle to which it points. The point of
the needle has considerable thickness; it cannot quite touch the
divided circle ; and these divisions are made only to whole or half
degrees, though a fraction of a division may be estimated, or guessed
at. The Vernier does not mich better this, as we shall see when
explaining its use. Now an inaccuracy of dne quarter of a degree
in an angle, i. e. in. the difference of the directions of two lines,
causes them to separate from each other 51 inches at the end of
100 feet ; at the end of 1000 feet nearly 4} feet; and at the end
of a mile, 23 feet. A difference of only one-tenth of a degree, or
gix minutes, would produce a difference of 1% feet at the end of
1000 feet ; and 9} feet at the distance of a mile. Such are the
differences which may result from the want of precision in the m-
dications of the compass.

But a more serious defect is the want of correctness in the com-
pass. Its not pointing exactly to the true north does not indeed
affect the correctness of the angles measured by it. But it does not
point in the same or in a parallel direction, during even the same
day, but changes its direction between sunrise and noon nearly a
quarter of a degree, as will be fully explained in Chapter VIII.

The effect of such a difference we have just-seen. This direction.
i

* The student must not confound these two qualities. To say that the sun a]
pears to rise in the eastern quarter of the heavens and to set in the western, is
correct, but not precise. A watch with a second hand indicates the time of day.
precisely, but not always correctly.} The statement that two and two make five,
18 precise, but is not usually regarded as correct.

’
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may also be greatly altered in a moment, without the knowledge
of the surveyor, by a piece of iron being brought near to the com-
pass, or by some other local attraction, as will be noticed hereafter.
This is the weak point in the compass.

Notwithstanding these defects, the compass is a very valuable
instrument, from its simplicity, rapidity and convenience in use ;
and though never precise, and seldom correct, it is generally not
very wrong.

CHAPTER IIL

THE FIELD WORK.

(285) Taking Bearings. The “ Bearing” of a line is the an-
gle which it makes with the direction of the needle. Thus, in Fig.
147, page 124, the angle NAB is the Bearing of the line AB, and
NAC is the Bearing of AC. The Bearing and length of a line are
named collectively the Course.

To take the Bearing of any line, set the compass exactly over
any point of it by a plumb-line suspended from beneath the cen-
tre of the compass, or, approximately, by dropping a stone. Level
the compass by bringing the air bubbles to the middle of the level
tubes. Direct the sights to a rod held truly vertical, or ¢ plumb,”
at another point of the line, the more distant the better. The two
ends are usually taken. Sight to the lowest visible point of the
rod. When the needle comes to rest, note what division on the
circle it points to; taking the one indicated by the North end of
the needle, if the North point on the circle is farthest from you,
and vice versa.

In reading the division to which one end of the needle points,
the eye should be placed over the other end, to avoid the error
which might result from the  parallax,” or apparent change of
Jiace, of the end read from, when looked at obliquely.
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The bearing is read and recorded by noting between what letters
the end of the needle comes, and to what number; naming, or
writing down, firstly, that letter, N or S, which is at the 0° point
nearest to that end of the needle from which you are reading;
secondly, the number of degrees to which it points, and thirdly,
the letter, E.or W, of the 90° point which is nearest to the same
end of the needle. Thus, in the figure, if when the sights were
directed along a line, (the North Fig. 163.
point of the compass being most
distant from the observer), the
North end of the needle was at the
point A, the bearing of the line
sighted on, would be North 46°
East ; if the end of the needle was
at. B, the bearing would be East ; if
at C, S. 30° E; if at D, South; if
at E, S. 60° W; if at F, West; if
at G, N. 60° W; if at H, North.

(236) We can now understand why W is on the right hand of
the compass-box, and E on the left. Let the direction fromr the
centre of the compass to the point Fig. 164.

B in the figure, be required, and
suppose the sights in the first place
to be pointing in the-direction of the
needle, S N, and the North sight |
to be ahead. When the sights (and
the circle to which they are fasten-
ed) have been turned so as to point
in the direction of B, the point of
the circle marked E, will have come round to the North end of the
needle, (since the needle remains tmmovable,) and the reading will
therefore be ¢ East,” as it should be. The effect on the reading
is the same as if the needle had moved to the left the same quantity
which the sights have moved to the right, and the left side is there-
fore properly marked ¢ East,” and vice versa. So, too, if the
bearing of the line to C be desired, half-way between North and
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East, i. e. N. 45° E.; when the sights and the circle have
turned 45 degrees to the right, the needle, really standing still,
has apparently arrived at the point half-way between N. and E.,
i. e. N. 45° E. '

Some surveyors’ compasses are marked the reverse of this, the
E on the right and the W on the left. These letters must then be
reversed in the mind before the bearing is noted down.

(287) Reading with Vernler. When the needle does niot point
precisely to one of the division marks on the circle, the fractional
part of the smallest space is usually estimated by the eye, as has
been explained. But this fractional part may be measured by the
Vernier, described in Art. (229), as follows. Suppose the needle
to point between N. 81° E. and N. 31}° E. Turn the tangent
screw, which moves the compass-box, till the smaller division (in
this case 81°) has come round to the needle. The Vernier will
then indicate through what space the compass-box has moved, and
therefore how much must be added to the reading of the needle.
Suppose it indicates 10 minutes of a degree. Then the bearing is
N. 81°10' E. It is, however, so difficult to move the Vernier
without disturbing the whole instrument, that this is seldom resorted
to in practice. The chief use of the Vernier is to set the instru-

"ment for running lines and making an allowance for the variation
of the needle, as will be explained in the proper place. A Vernier-
arc is sometimes attached to one end of the needle and carried
around by it.

(238) Practical Hints, Mark every station, or spot, at which
the compass is set, by driving a stake, or digging up a sod, or piling
up stones, or otherwise, so that it can be found if any error, or other
cause, makes it necessary to repeat the survey.

Very often when the line of which the bearing is required, is a
fence, &c., the compass cannot be set upon it. In such cases, set
the compass 8o that its centre is a foot or two from the line, and
set the flag-staff at precisely the same distance from the line at the
other end of it. The bearing of the flag-staff’ from the compass
will be the same as that of the fence, the two lines being parallel.
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The distances should be measured on the real line. If ‘more con-
venient the compass may be set at some point on the line prolong-
ed, or at some intermediate point of the line, ¢ in line”” between its
extremities.

In setting the compads level, it is more important to have it level
crossways of the sights than in their direction ; since if it be not so,
on looking up or down hill through the upper part of one sight and
the lower part of the other, the line of sight will not be parallel to
the N and 8, or zero line, on the compass, and an incorrect bear-
ing will therefore be obtained.

The compass should not be levelled by the needle, as some books
recommend, i. e. 80 levelled that the ends of the needle shall be at
equal distances below the glass. The needle should be brought so
originally by the maker, but if so adjusted in the morning, it will
not be so at noon, owing to the daily variation in the dip. If
then the compass be levelled by it, the lines of sight will generally
be more or less oblique, and therefore erroneous. If the needle
touches the glass, when the compass is levelled, balance it by slid-
ing the coil of wire along it.

The same end of the compass should always go ahead. The
North end is preferable. The South end will then be nearest to
the observer. Attention to this and to the caution in the next
paragraph, will prevent any confusion in the bearings.

Always take the readings from the same end of the needle;
from the North end, if the North end of the compass goes ahead ;
and vice versa. This is necessary, because the two ends will not
always cut opposite degrees. With this precaution, however, the
angle of two meeting lines can be obtained correctly from either
end, provided the same one is used in taking the bearings of both
the lines.

Guard against a very frequent source Fig. 165.
of error with beginners, in reading from
the wrong number of the two between
which the needle points, such as reading
840 for 26°, in & case like that in the
figure.
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Check the vibrations of the needle by gently raising it off the
pivot 80 as to touch the glass, and letting it down again, by the screw
on the under side of the box.

The compass should be smartly tapped after the needle has
settled, to destroy the effect of any adhesion to the pivot, or fric-
tion of dust upon it.

All iron, such as the chain, &c., must be kept at a distance from
the compass, or it will attract the needle, and cause it to deviate
from its proper direction.

The surveyor is sometimes troubled by the needle refusing to
traverse and adhering to the glass of the compass, after he has
briskly wiped this off with a silk handkerchief, or it has been car-
ried 80 as to rub against his clothes. The cause is the electricity
excited by the friction. It is at once discharged by applying a
wet finger to the glass.

A compass should be carried with its face resting against the
side of the surveyor, and one of the sights hooked over his arm.

In distant surveys an extra centre pin should be carried, (as it
is very liable to injury, and its perfection is most essential), and,
also, an extra needle. When two such are carried, they should
be placed so that the north pole of one rests against the south pole
of the other.

(289) When the magnetism of the needle is lessened or destroy-
ed by time, it may be renewed as follows. Obtain two bar mag-
nets. Provide a board with a hole to admit of the axis, so that its
collar may fit fairly, and that the needle may rest flat on it, with-
out bearing at the centre. Place the board before you, with the
north end of the needle to your right. Take a magnet in each
hand, the left holding the North end of the bar, or that which has
the mark across, downwards; and the right holding the same mark
upwards. Bring the bars over the axis, about a foot above it,
without approaching each other within two inches : —bring them
down vertically on the needle, (the marks as directed) about
an inch on each side of its axis ; slide them outwards to its ends
with slight pressure ; raise them up; bring them to their former
position, and repeat this a number of times.
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(240) Back Sights, To test the accuracy of the bearing of a
line, taken at one end of it, set up the compass at the other end,
or point sighted to, and look back to a rod held at the first station,
or point where the compass had been placed originally. The read-
ing of the needle should now be the same as before.

If the position of the sights had been reversed, the reading
would be the Reverse Bearing ; a former bearing of N. 30° E.
would then be S. 80° W., and so on.

(241) Lecal attractien, If the Back-sight does not agree
with the first or forward sight, this latter must be taken over again.
If the same difference is again found, this shows that there is local
attraction at one of the stations; i. e. some influence, such as a
mass of iron ore, ferruginous rocks, &c., under the surface, which
attracts the needle, and makes it deviate from its usual direction.
Any high object, such as a house, a tree, &c., has recently been
found to produce a similar effect. :

To discover at which station the attraction exists, set the com-
pass at several intermediate points in the line which joins the two
stations, and at points in the line. prolonged, and take the bearing
of the line at each of these points. The agreement of several of
these bearings, taken at distant points, will prove their correctness.
Otherwise, set the compass at a third station ; sight to each of the
two doubtful ones, and then from them back fo this third station.
This will show which is correct.

When the difference occurs in & series of lines, such as around a
field, or along a road, proceed Fig. 166.
thus. Let C be the station at c D
which the back-sight o B dif- g~\/"“
fers from the foresight from %

Bto C. Since the back-sight from B to A is supposed to have
agreed with the foresight from A to B, the local attraction must be
at C, and the forward bearing must be corrected by the difference
just found between the fore and back sights, adding or subtracting
.it, according to circumstances. An easy method is to draw a
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figure for the case, as in Fig. 167. In Fig. 107.

it, suppose the true bearing of BC, a3 Ny A
given by a fore-sight from B to C, to be /
N. 40° E., but that there is local at-

traction at C, so that the needle is drawn
aside 10°, and points in the direction
S'N’, instead of SN. The back-sight
from C to B will then give a bearing
of N. 50° E.; a difference, or correc- <¢°
tion for the next fore-sight, of 10°. If the next fore-sight, from C
to D, be N. 700 E, this 10° must be subtracted from it, making
the true fore-sight N. 600 E. o

A general rule may also be given. When the dack-stght is
greater than the fore-sight, as in this case, subtract the difference
from the next fore-sight, if that course and the preceding one have
both their letters the same (as in this case, both being N. and E.),
or both their letters different; or add the difference if either the
first or last letters of the two courses are different. When the
back-sight is less than the fore-sight, add the difference in the case
in which it has just been directed to subtract it, and subtract it
where it was before directed to add it.

1\
1
\
\f
8

(242) Angles of deflection. When the compass indicates
much local attraction, the difference between the directions of
two meeting lines, (or the * angle of deflection” of one from the
other), can still be correctly measured, by taking the difference of
the bearings of the two lines, as observed at the same point. For,
the error caused by the local attraction, whatever it may be, affects
both bearings equally, inasmuch as a ¢ Bearing’> is the angle
which a line makes with the direction of the needle, and that here
remains fixed in some one direction, no matter what, during the
taking of the two bearings. Thus, in Fig. 167, let the true bear-
ing of BC, i. e. the angle which it makes with the line SN, be, as
before, N. 40° E., and that of CD N. 60° E. The true ‘ angle
of deflection” of these lines, or the angle B'CD, is therefore 20°.
Now, if local attraction at C causes the needle to point in the direc’
§/N’, 100 to the left of its proper direction, BC will bear N. 50°
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E., and CD N. T0° E., and the difference of these bearings, i. e.

the angle of deflection, will be the same as before.
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(243) Angles between Courses. To determine the anglo of
deflection of two courses meeting at any point, the following simple
rules, the reasons of which will appear from the accompanying

figures, are sufficient.

. Case 1. When the first letters of the
bearing are alike, (i. e. both N. or both
8.), and the last letters also alike, (i. e.
both E. or both W.), take the difference
of the bearings. Ezample. If AB bears
N. 80° E. and BC bears N. 10° E., the
angle of deflection CBB’ is 20°.

Casge 2. When the first letters are
alike and the last letters different; take
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