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PREFACE.

The compilation of the following pages was undertaken,
a accordance with the School Regulations, with a view to
ringing together in one volume so much of the subject of
lopography and Sketching as may be useful to Military
Jfficers in their varied duties, and to cover the subject as
aught from a number of books, lectures, notes, etc., in the
Department of Engineering atthe U. S. Infantry and Cavalry
School. ’

The arrangement of the subjects (with slight modifications
1o adapt it to the time and instruments available at the school)
is that recommended by the best authorities, as indicated
in Chapter I., which is almost entirely made up of quotations
from said authorities. Itis also that which has been pursued
in teaching the subject at the Infantry and Cavalry School for
the past eight years.

“The subject matter is in certain parts almost a verbatim
compilation from different standard authorities, no claim being
‘made for originality, though the subject is one capable of great
development.

I wish particularly to acknowledge my indebtedness to
Professor J. B. Johnson, C.E., of Washington University, St.
Louis, author of “Theory and Practice of Surveying”; to Pro-
fessor Cady Staley, C.E., of Case School of Applied Sciences,
Cleveland, Ohio, author of *‘Gillespie’s Land Surveying”; to
Messrs. W. & L. E. Gurley, Troy, N. Y., authors of “Manual
of Surveying Instruments”; and to Col. W. H. Richards,
author of “Text-Book of Military Topography,” for their
cordial permission to make use of whatever I might find
desirable in their respective works, of which permissionI have
made very liberal use.

Iwish also to acknowledge the courtesy and assistance
received, by letters and through works published from their
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4 PREFACE.

offices, from the Superintendent U. S Coast and Geodetic
Survey, the Director U. S. Geological Survey, and the Com-
missioner of the General Land Office; also the Chief of
Engineers, U. S. Army, for the excellent contoured maps of
the battle-field of Gettysburg. )

To Messrs. W. & L. E. Gurley, Troy, N. Y., manufactur-
ers of drawing and surveying instruments, I desire to express
my obligations and thanks for their kindness in furnishing
me with their electroplates of instruments with which to so
completely illustrate the text.

T'o Captain Wm. D. Beach, 3rd Cavalry, Instructor, and
1st Lieutenant Thomas H. Slavens, 6th Cavalry, Assistant
Instructor, Department of Engineering, I wish to acknowl-
edge my thanks for assistance and encouragement during the
preparation of this work.

EpwiN A. Roor,

18t Lieutenant 19th Infantry.
V. 8. INFANTRY AND CAVALRY SCHOOL,

Port Leavenworth, Kansas,
July ¢, 1806,



PREFACE TO SECOND EDITION.

Ancther edition of ‘‘Military Topography and Sketch-
ing” having become necessary, it has been deemed wise by
the author (who has been transferred to another station)
to request the Department of Engineering of the Infantry and
Cavalry School to undertake the task.

The first edition has undergone a year’s criticism while
1t has been in use at this school, as severe and uncompromis-
ing a criterion as any to which a text-book can be subjected.
The result is set forth in this edition.

The methods laid down have been given a very thorough
and practical field test by successive classes in this institution,
where a large amount of time is devoted to the more rapid
methods of reconnaissance sketching, with considerable re-
suiting skill, as witnessed by the ability of its graduates to
map, in a single day, twenty miles of road with which they
are totally unfamiliar. It is the desire of the author, Lieu-
tenant E. A. Root, 19th Infantry, that the book be given the
benefit of criticism and experience incident to its use here,
and that, in succeeding editions, it be kept up to date by this
department of instruction.

W. D. B.

Fort Leavenworth, Kansas,
\. Beptember 30, 1808,
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CHAPTER L

GENERAL PRINCIPLES.

MiILITARY TOPOGRAPRY IS the determination and represen-
lation, by conventional signs and symbols, of such forms and
features of a limited portion of the earth’s surface as have
special reference to its adaptability for military purposes. It
includes undulations and accidents of ground, steepness of
slopes, relative heights of commanding points, and all occur-
ring incidents of water; the natural growths and character of
ground, as forests, prairies, and desert lands; the features of
culture and artificial structures of mankind, as crops, groves,
canals, railways, roads, bridges, houses, etc., the whole form-
ing a complete and useful picture.

The distinguishing characteristic of topography is the
graphical representation, on a plane surface, of relative eleva-
tions and depressions, as they would appear to an observer
looking vertically down from points above the plane.

Topography comprises so much of art that the question
of personality enters largely into the facility of expressing it,
and topographic surveys involve such varied processes, that
it is difficult to make hard-and-fast rules to govern them. It
has been said by one of the most distinguished scientists of
our country, “that while but little more could be done to per-
fect the principles of other departments of mathematical
science, topography was still susceptible of development and
improvement.” Each topographic position presents a problem
as varied and often as difficult of solution as the phases of
nature with which it has to deal.
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In topographic surveying,* as usually understood, all ob-
servations, measurements, drawings, etc., are more or less
accurately made with suitable instruments by which perfect
ideas are conveyed.

Future military operations will require reliable informa-
tion for their execution, and topographic surveys and maps
that do not meet this requirement will fail to supply a
demand becoming more and more necessary. They should
show everything that might have any influence on the result
of a battle or the conduct of a march.

Tke ordinary civil maps of the country may be useful for
such military purposes as planning campaigns and executing
strategical movements, provided they show its general forms
and features, and the locations of its principal cities, towns,
highways, etc. But in planning a battle, in regulating a
march, and in everything pertaining to minor operations of
war, civil maps will seldom suffice. Whatever information
they may contain, of a nature to be useful, will usually be
deficient in details. They are generally made on too smalla
scale to be immediately available. Much that is of no special
military value is shown, while many things that are of the
greater military importance are omitted. Such maps may
also be unreliable from changes having occurred since they
were made. A slight fold in the ground, a trail or a small
stream may be of the greatest tactical value, for a time, either
for thc offensive or defensive, and in proportion to the factical
tmportance of objects should the information concerning them
be more detailed.

To obtain and report the information especially needed for

*Surveying is a general term including all that is comprised in
the art of making the field observations and measurements for deter-
mining lengths, directions, positions, sizes, shapes, figures, areas,
volumes, or movements on the earth’s surface; accompanying it are
usually the notes of such observations and measurements, and all
necessary calculations and drawings pertaining thereto, Itis variously
divided, according to its object, etc., into City, Land, Mining, Geo-
detic, Chorographic, Geographic, Hygrographic, Hypsometric, Oro-
graphic, and Topographic Surveying, and possibly others.
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military purposes is one of the duties of military officers, and
to be able to do this they must understand the principles of
military topography, which is a most important branch of
military art.

To be an expert lopographer one must see everything as
it actually exists and be able to represent it graphically,
which requires a careful training of the senses and faculties in
the performance of the work. He must first study and have
experience with precise and accurate instruments, progress-
ing step by step, inculcating accurate methods and results in
his first efforts, thus gradually developing his faculties in
correctly interpreting and representing what is seen.

Not everyone can become an expert topographer, no
matter how diligently he tries, but much can be done toward
understanding the principles of topography and being able to
make use of the work of others.

Limit of error. It is a recognized and unavoidable fact
in surveying that no measurement of any kind can ever be
made absolutely exact. The most excellent instruments have
some defects; the most careful observers are liable to some
slight errors. The purpose of the survey determines the
greatest amount of deviation from exactness allowable, which
deviation is called the “limit of error.”

As various methods of operation and various instrum ents
upon which the exactness attainable greatly depends, may be
used in making a survey, it is necessary for one to be familiar
with all the causes of error, their relative amounts and im-
portance, and how best to eliminate them. Every point that
might arise during the progress of the work should be so
thoroughly considered in the beginning as to enable a correct
judgment in regard to it to be formed at once.

When neither time nor the necessary instruments are avail-
able for topographic surveying, then the information desired
for military purposes must be obtained by topographic sketch-
ing. Circumstances having rendered this the only method
possible to employ, it will from necessity have to suffice.
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In lopographic skeicking, which is merely a less accurate
method of lopographic surveying than referred to above, the
observations and measurements are generally made with in-
struments only approximately accurate, or they are simply
estimated, and tLe representations are usually drawn free-hand.

To record his observations in time of war the military
topographer will most frequently employ the method of
sketching, especially in reporting upon the tactical capabili-
ties of ground in anticipation of some military operation.

These may be sketches of roads previous to marching
over them, sketches of outpost lines and vicinity, or sketches
of positions contemplated to be occupied, etc.

The exigencies of service will require the work to be
performed wi h rapidity, in order that the information may
be submitted in time to be acted upon. Military character-
istics must be rapidly analyzed and omly objects of tactical
importance reported. Especially must everything that would
convey false impressions be avoided

To make an approximately accurate sketch under such
conditions is more difficult than making a topographic survey
with accurate instruments and unlimited time, and can only
be acquired by careful practice in it.

No process kas yet been devised by which one may learn to
sketch accurately without first using instruments and taking
measurements. ‘The method adopted in the following pages
is that pursued in teaching the subjects at the U. S. Infantry
and Cavalry School, and endorsed by eminent topographers
both in America and Europe. This consists in first examin-
ing the principles upon which large surveys are made and the
instruments and methods used, in which every care is taken
to obtain accurate work, before dealing with the more rapid
and necessarily less accurate sketches executed for military
or other purposes of a temporary character.

These principles are common to all methods of map or
plan drawing, and it is only by first ascertaining and seeing .
the value of them that the rougher and more hasty methods
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can be understood and successfully applied. This is due not
merely to the fact that these principles have been most ex-
haustively examined and worked out, but because they are
very simple when understood and are applicable to every case

Triangulation. In topographic surveying the relative
positions of widely separated points and the directions and
lengths of the lines joining them are determined by the
method known as 7riangulation. This consists in obtaining
a skeleton work of exact distances, directions, and elevations,
on which to hang a more detailed survey of the country, by
first dividing a portion of the earth’s surface into a number of
nearly equilateral triangles of as large size as possible, these
in turn being subdivided into smaller ones, until enough
points have been fixed by the vertices of the triangles, and
their elevations determined, to permit an accurate representa-
tion of the forms and features being made.

First, a single line forming one side of one of the triangles
is measured with extreme care. Second, the angles of the
triangles are next measured and the distances between the
connecting points computed, one from another, throughout
the successive triangles, proceéding in regular order from the
measured line, which is called the “base line.” 74ird, the
relative elevations of the points are determined by leveling.

It is usually desirable to know the latitude and longitude
of one or more of the points of the system, though they ar «
sometimes located in smaller surveys by a simple reference
to some well-known point within the area surveyed. The
azimuths of some of the lines are also determined.

Triangulation systems are of all degrees of magnitude and
accuracy, depending upon the objects they are to serve, etc,
the sole difference in the method of procedure being in the
degree of accuracy with which the base-line and angles are
measured and the location of the points determined.

In what are known as primary systems, where great areas
are covered and the highest degree of accuracy is secured, base-
lines from five to ten miles in length are accurately measured,
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and many refinements are introduced in the instruments used,
in the methods employed, and in the reductions, which would
be ‘aseless or needlessly expensive in smaller systems.

In secondary and tertiary systems the accuracy may vary
from 1 in 50,000 to 1 in 5,000, with base-lines in the former
from two to three miles in length, and in the latter from one-
half to one and a half miles in length.

The large primitive triangles are most carefully construeted
to fix the most prominent points, as any errors made at this
time would be continually repeated. The angles of the tri-
angles are measured many times and a series of most careful
means secured. A net-work of smaller triangles is then meas-
ured, elevations determined, and the details of the ground
filled in with the more portable instruments.

Until one understands the steps by which the most accu-
rate work can be done, the rapid sketches cannot be properly
made, and, if attempted, will be neither trustworthy nor
effective from want of carrying out important principles.
Hasty work implies only that the operator is sufficiently master
of the subject to know when and where he can afford, without
detriment to the work, to neglect certain points and pay more
attention to others. A draughtsman may, if he has natural
talent, produce an effective picture, but unless it isbased on a
knowledge of the principles of accurate surveying, it will be
sure to fail in some important features.

The necessity in accurate work for measuring a base-line
and for triangulation to determine principal points is equally
necessary in sketching, whenever practicable. But one must
know when he can dispense with these and trust to traversing
the offsets only. Without a knowledge of the actual value
and amount of work to be done by these methods, he cannot
tell which is the readiest way of representing on paper in a
limited time the information to be shown.

The use of accurale instrumenis trains the eye to see forms
and features in their correct relative positions, sizes, and
shapes, and to judge angles, slopes, and distances as they are.
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Plotting the notes trains both the hand and the eye in the cor-
rect graphical representation of them. The actual instrumen-
tal measurement of distances in topographic surveying will
assist one in estimating them in sketching. The practice in
actually tracing contours with instruments, by which the
shape of hill features, etc., is made evident, educates and
assists in judging them by eye.

From the constructive point of view, a map is a sketch, cor-
rected by locations. The work of making locations is geomet-
ric, that of sketching isar#istic. ‘This definition is applicable
to all maps, whatever their quality or character. However
numerous the locations may be, they form no part of the map
itself, but serve only to correct the sketch, while the sketch
supplies all the material of the map. The correctness of the
map depends upon four elements: 1lst, the accuracy of loca-
tion; 2d, the number of locations per square inch ofthe map;
3d, their distribution; 4th, the quality of the sketching. The
first element depends upon the economy of the work; the
second and third upon the character ofthe country ; the fourth
upon the artistic ability of the topographer; this latter is the
most important, and most difficult to meet.

The immediate object then in lopographic surveying is to
determine the locations of such a number of points on the
earth’s surface as will enable one to make a topographic map
representing it.

The location of a point in a plane is known when its dis-
tance and direction from one or more given points of that
plane are determined.

Tke location of a point anywhere is known when its hori-
zontal distance and direction from, and its elevation above or
depression below, one or more given points are determined.

Tke location of a straight line is known when its extreme
points are located.

Te distance of a poinl from a given point is determined
by measuring the length of the horizontal projection of the
straight line adjoining them.
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The direction of a point from a given poin! is determined
by measuring the horizountal angle between the straight linc
joining the points and a line of known direction through the
given point.

The elevation of a point above or depression below a given
point is determined by measuring the vertical distance between
the level surfaces which contain them.
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CHAPTER II.

DRAWING MATERIALS, INSTRUMENTS, AND
‘ THEIR USE.

DrAWING PAPERs.—The selection of the proper kinds of
drawing papers very materially assists one in producing good
work. Good drawing paper should be strong, be of uniform
thickness and surface, stretch evenly, neither repel nor absorb
liquids, admit of considerable erasing without detriment to its
surface, should not become either brittle or discolored by rea-
sonable exposure and age, and should not buckle when
stretched or when inks or colors areapplied to it.

Hot Pressed paper is used for fine line drawings. Not¢
Hot Pressed for water colors. Rough for bold drawings and
sketches.

Drawing paper may be obtained mounted on muslin.

Tyacing Paper and Vellum Clotk are very thin and trans-
parent, much used in copying maps and drawings, and in
making blue prints. They are made in both sheets and rolls
of various sizes and lengths.

Transfer Paper is a thin, tough paper, having one side
covered with black, blue, vermilion, or other colored material.
The colored face is laid next the paper on which the transfes
is to be made, the copy placed on the back, and the lines fol
lowed with a stylus, which produces the transfer.
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Profile Papers (Fig. 1), in sheets, rolls, or made into

FIGURE L

books, are used in plotting profiles directly to scale. The
distance apart of the horizontal line is usually from a fifth to
a tenth of that of the verticals; this is because vertical dis-
tances ar: usually small as compared to horizontal, and in
order to show small differences of elevation. It is called the
exaggeration of the vertical scale. ’

Cross-Section Papers (I'ig. 2), in sheets, rolls, or made

T 1 ITT I [l
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into books, are also used in plotting directly to scale. The
lines, both horizoatal and vertical, are the same distance apart.

Both the above papers are ruled to parts of inches or
metrically, and every fourth, fifth, or tenth line is made heavier
for convenience in counting the spaces.

INks.—Liquid indelible drawing inks are made in all
colors and putupin bottlesready for use. Waterproofdrawing
inks are useful when tinting is to be done. Indiaink is, how-
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ever, the best and most reliable. It comes in sticks (Fig. 4),

FIGURE 4.

and is prepared for use by pouring a little water in a saucer
or ink-dish and then rubbing one end of the stick in it until
a jet black is produccd.

It is the most suitable ink for brush work. For drawings
to be photographed tle irk should be dead black. For those
cn tracsparent paper, to be reproduced by the blue process, it
is recommended by some to add a few drops of crimson lake.

To erase ink lines, if still wet, first use blotting paper,
then let tlie lize dry; put the paper on a hard smooth surface
azd, with a ncedle point cr fine-pcintcd skarp knife blade,
careflully remcve the line by lightly scratching it back and
forth, disturbing the surface of the paper as little as possible;
afterwards the rubber erascr is used over it and the sur-
face of thie paper rubbed smooth with bone, ivory, cr the
thumb nail.

DRAWING INSTRUMENTS.—In the selection and purchase
of drawing instruments it is advisable to get only tl:ie best,
evert at a greater cost, although one who intends to use them
only occasionally and 1o work with them without particular
refercnce to the excellence of exccution might get along with
a cheaper grzde than one anxious to accustom himself to
doing the best and most accurate work. )

The instruments most necessary in plotting notes of a
survey are thumb tacks (Fig. b), pencils, pens, a straight-edyed

v sy T

ruler, right-angled triang.e, T-square, dividers, compasscs, tro-
traclor, and a scale of cqual parts. Besides these, there are



20 TOPOGRAPHIC SURVEYING.

many others often conveniently used but not absolutely
essential.

PENciLs.—The best for plotting are the hard kinds cor-
responding to Faber’s Siberian HHHH and HHHHHH,
especially for drawing fine lines and marking points. For
most kinds of work, a sharp-pointed pencil is used. For
drawing long straight lines, a chisel-pointed pencil should be
used to produce a line of uniform breadth. For sketching
and filling in conventional signs, softer pencils are preferable,
such as correspond to Faber’'s HB or H. To keep the points
always in good condition, one should have a piece of fine
emery- or fine sand-paper at hand for that purpose, being
careful to remove any lead dust from the point before using.
Much more depends upon the proper sharpening of a pencil,
and afterwards keeping it so, than s commonly supposcd.
Most drawings to be inked are first constructed in pencil,
the lines being made with as little pressure and as fine as is
possible to show distinctly.

In erasing lead pencil lines, first nuse bread crumbs and
then a chisel-edged piece of rubber.

PENs.—For ordinary free-hand work, common writing
pens, as Gillott’s 303 or Spencerian No. 1, may be used. For
very fine work, the small crow-quill pen is better.

I'or drawing lines with the aid of a ruler or irregular
curve, the Right Line or Drawing Pen (Fig. %) is used. This

FIGURE 7.

consists of two steel points, one of which is hinged at its base
to regulate the width of the line, and to facilitate the cleaning
of the pen. The whole is fixed in a handle. In the larger
sizes there is a needle point in the base of the handle which
can be unscrewed from the points. The points should be well
polished, of exactly the same length, rounded and moderately
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sharp, but not so much so as to cut the surface of or leave its
.impress on the paper.

To draw a straight line with a right line pen, the points
are set so that a very faint streak of light can just be seen
between them. Fill with ink by dipping a common pen or a
narrow strip of paper in the ink and inserting it between the
points, care being taken not to smear any on the outside. 7%e
pen should never be filled by dipping it into the ink. If the ink
does not flow readily from the pen, pass the edge of a piece
of paper between the points. Test the pen on a separate
piece of paper to see if the line is of the required thickness
and that the ink flows smoothly. India ink thickens very
rapidly and clogs the pen, which must be frequently cleaned.
and the edges of small pieces of paper be constantly passed
between the points to insure smooth, clean lines. Having
phced a ruler, beveled side next the paper, enough below the
position of the desired line to enable the pen being held verti-
cally on the position of the line, with the side of the pen rest-
ing lightly against the ruler, incline the pen about 30° in the
direction of the movement, and with a steady, uniform motion
draw the line, keeping both points touching the paper equally
pressiag against the ruler only hard enough to guide the pen,
care being taken not to incline the pen in a direction perpen-

- dicular to the line. If a line is to be prolonged, a slight space
should be left between the two parts, to be afterwards filled in
with a common pen. Lines should be drawn from given
points rather than towards them.

For drawing curved lines, free-hand, a curved pen (Fig. 8

FIGURE 8.

is used. It differs from the right line pen only in the points
being curved and fastened to a rod, which extends through
and turns in the handle. By a nut on top, the pen may be
fastened and used as a right line pen. In using it, the handle
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is held perpendicular to the paper and moved in the direction
of the required curve which the pen follows. This is useful in
putting in contours. When the points become dull from use,
+hey may be resharpened on a fine-grained oil-stone.

T he Border or Road / en (Fig. 9) may be used for drawing

F.GuRe 9.
a wide, heavy line by filling between the two pens with ink,
or tur drawing two lines at the same time by filling the two
peus only.
Dotting Pens (Fig. 10) consist of a set of wheels with

e =
Sayud

FI1GUEE 10.
teeth of different breadths for drawing evenly-spaced dotted
or dashed lines.
Drawing pens should be carefully cleaned before being

put away.
RuLERS.—The Straight-edged Ruley (Fig. 1i) may be

e

L1GURE 11,

made of hard wood, rubber, or steel; the edges should be per-
tectly straight and smooth. A cenvenient size is from 1310
24 inches long by 2 inches wide, preferably with one edge
beveled. Both wood and rubber warp, and their edges must
frequently be tested. The simplest way of doing this is to
draw a fine line connecting two points distance apart the
length of the ruler, then change the ruler eud for end and,
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using the same edge, draw another line connecting the two
points, . If the two lines coincide throughout, the edge is
straight; otherwise not.

For drawing a straight line between two points fartber
-apart than the length of the ruler, two rulers may be laid side
by side (Fig. 12), or a thread may be stretched between the

4 2
o Fig.l12. &___—_————g_-

two points and other points marked under the thread at a
less distance apart than the length of the ruler. A carpenter
chalks his line and then snaps it, but to do this accurately re-
‘quires the thread to be raised truly perpendicular to the sur-
4ace, then released.

In determining the point of intersection of lines, the lines

should extend a little distance each side of the point.
Irregular Curves (Fig. 18), of which there are many
forms, are used in drawing occasional
curves connecting straight lines, etc.
To produce the effect of a smooth
. continuous line, the curve must be
tangent to the line at the point of

TieuRe 15. juncture.

The Triangle (Fig. 14) may be made of the same mate-
rial as the ruler and, for convenience, should have its longest
side about 12 inches
in length, with ome
right angle and two
acute angles of 80°
and 60° respectively.
The other common
. form (Figure 15) has
both acute angles 45°.
The ruler and triangle
{
together may be used’
for drawing parallels

FIoURE 14. FIGURE 15.
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and perpendiculars. Right angles should be constructed with
compasses if the work is to be accurate.

To Draw Parallels—Let it be required to draw through
a (Fig. 16) a line parallel to BC. Place one edge of the tri-
angle on the line BC, and an edge of the ruler against the
edge DE of the triangle. Hold the ruler firmly in this posi-
tion, then slide the triangle along the ruler in the direction of
the point through which the parallel is to pass, keeping its
edge against the ruler until the edge which passed through B
and C is on the point, as ate. Hold it here and draw a line
along thisedge. This will be the required parallel. Likewise
through any number of other points, as 4 and ¢, lines may be
drawn parallel to a given line. ‘This method is much used in
the construction of scales.

To Draw Perpendiculars (Fig. 16).—Place the longest
side of the triangle on the given line BC and an edge cf the
ruler against either of the other sides of it. Hold the ruler
firmly in this
position, then
place the tri-

angle with the

third side

against the ruler \\\\\\ ' \"

and the longest NSNS

side will be per- [P o ]
pendicularto the Fia. 6. Ne

given line. Or (Fig. 17), v
place one of the shorter '
sides of the triangle against N\
the given line AB, an edge ““[\“‘\\\
of the ruler against the \M\
longest side, then the other Zo i v
shorter side will be perpen- P }
dicular to the given line.

By sliding the triangle along the ruler any number of parallel
perpendiculars may be drawn, or, through any point on or off
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the given line, a perpendicular to the given line may be drawn.
A T-Sguare (Fig. 18) consists of a straight-edge, called a

FIGUPE 18.

blade, from 15 to 48 inches long, laid into a head at right angles
to it; one face of the head being flush with the face of the
blade, and the other face of the head extending beyond the
blade. They are also madc with what are called shifting
heads (Fig. 19), so that the lower half of the head may be

FIGURE 19

fixed at any desired angle with the blade; also with protractor
head and vernier on blade (Fig. 20). ‘T-squares are much

FIGURE 20.
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used in drawing both parallels and perpendiculars, particu-
larly at distances apart which could not be conveniently done
with ruler and triangle.

To Draw Parallels (Figure 21).—Place one edge of the

blade on the given line,

then place an edge of a 7

ruler against the outside . —
of the head and, hold- P——

ing it firmly, slide the _I

T-square along the guid- s
ing ruler until the edge r: —————— —

of its blade passes T"'

through the required L]

point a. Holding it here, draw a line xlong the edge and it
will be the required parallel.

The T-square finds its greatest convenience when using a
drawing-board on which the paper is fastened, and especially
if the T-square is of the kind with the shifting head (Fig. 22).

In this case an edge of the blade
~isplaced on the given line, the
head turned until the inner eqge
of the lower half of the head
rests firmly along the edge of the
drawing-board ; then, by sliding
the T-square along the edge of
the drawing-board, lines parallel
to the given line may be drawn
along the edge of the blade. The object of one face of the
head projecting beyond the blade is to form a shoulder which
can be used against the edge of drawing-boards and tebles
while the blade lies flat on the paper. Parallels, to a line
making any angle with the edge of the drawing-board, can
thus be drawn.

FIoURk 22,

Folding Paraliel Rulers (Fig. 28) consist of two straight-
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FIGURSB 28.

edges connected near their ends by two metal strips of ejual
length, so that when the rulers are separated their edges
remain parallel.

Rolling Parallel Rulers (Figure 24) consist of a heavy

FIGURE 24.

straight-edge with rollers of equal diameter near the ends, by
means of which it can be moved parallel to itself.

A Section Liner (Figs. 25 and 28) is an arrangement of
springsandadjustable stops
for attaching to a ruler and
triangle, or a straight-edge
by which thelatter iscarried
over equally spaced inter-
vals at each movement, for
drawing parallels at equal
distances apart. With prac-
tice the eye soon becomes
accustomed to judging the
equal spaces between the

parallels, but until it does so, in the absence of a section liner,.
one can make use of a graduated straight-edge and a triangle..



as in Figs. 16 and 17, making an index on the triangle to
coincide with the graduations on the rulers.

Drvipers (Fig. 27) coasist of two legs movable about a

point, so the legs can be opened and closed. The ends of the
legs have fine points, which are used for spacing, laying off,
measuring and comparing distances. In several varieties
one point may be moved slightly toward the other for ‘more

FIGURE 28.

accurate setting, by means of a screw on the
side acting on a spring.

Spring Bow Dividers (Fig. 28) consist of a
single piece of steel shaped and bent into the
form shown.  They are used where very small
distances are in question.

Proportional Dividers (Fig 29) have both
ends of each leg poin:ed, and a movable point of
rotation, such that the distance apart of one set
of points may be in any ratio to that of the othex
set. ‘They are used in copying, transferring, and
comparing at different scales.

Consecutive distances on a line should be
laid off from a single starting-point on it, and



\
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not one distance after another from the last point determined

FIGURE .9,

Spring Bow Pens (Fig. 80) and Spring Bow Pencils
(Rig. 81) ate used for describing arcs of very small radius.
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Other forms of the same are shown in Fige. 82 and
83; in the first two, the point and pen both turn in

N

FIGURE 82. FIGURE 80. Fioure 8L FIGURE 88.
describing the arc; in Figure 82, the rod remains stationary
while the pen or pencil turns around it.

CoMmpassks (Fig. 34) are used to describe arcs of .circles.
They are made with joints in the legs so that the steel point
may be removed and a line pen, pencil holder, or dotting pen
may be inserted in its stead, and in connection with any of
these a lengthening bar may be used. It describing arcs it is
better to bend the parts at the joints until the points are per-

pendicular to the paper; then, ho'ding the top of the compass
between the thumb and forefinger, draw the curve with a contin-
uous sweep. The lengthening bar is used hetween the pen or
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pencil holder and one
leg of the compass in
describing arcs larger
than could be reached
without it.
Beam Compass (Fig.
85) consists of two
point holders for at-
taching to a bar of
some kind to describe
| arcs with radii greater
than the hand com-
pass with lengthening
bar will reach. The
Fiauxs 85. holders may be set any
distance apart, and in them may be inserted points, line pen
or pencil.
ProBLEMS WITH COMPASS.— 70 erect a perpendicular to a
given straig ht line at a given point on that line (Fig. 86). From
the given point @ to a center, with any i

convenient radius, describe arcs inter- N
secting the line at equal distances &

and ¢ cn each side of the point. From

the points of intersection of the arcs . fic.| 56, .

and line as centers, with a radius -y <t
greater than the former radius, describe two arcs intersectmg
each other at d; join this point of intersection by a straight
line with the given point, and it will be the perpendicular
required.

To erect a perpendicular lo a given straight line at the end
of the line (Fig. 87). Spread the legs of the compass to a con-
venient radius. Place the pen- (|
cil on the end of the line ¢, swing
the needle point about half the
radius length above the line to
¢. With this latter point as a
center, describe an arc passing
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through the end of the line and intersecting it in another
point, & Through this latter point and the center of the arc,
draw the diameter of the circle and from the other end of the
diameter e draw a straight line to the end a of the given line.
This will be the perpendicular required.

To draw a perpendicular to a given straight line, from a
given point without that line (Fig. 838). From the given point
a as a center with a radius greater than t
the distance to the line describe an arc
cutting the line in two points, 4 and ¢.

From these points as centers, with
a radius greater than half the distance —%¢ >
between them, describe arcs intersecting Fia.| 38.
each other at & on the opposite side of
the line from the given point; draw a
straight line from the given point to the *
point of intersection & of the arcs and it will be the perpen-
dicular required.

T}.ough a given point, to draw a straight line paraliel to
a given straight line (Fig. 89). From the given point  as

a center, with a radius greater
. ; LY
tban the Jistance tothe line, de- <
scribe an arc ¢d intersecting the ,’ ~ l
lineatc. From thisintersection * [ g,q.3s. S )/
b\ /e

as a center, with the same radius
describeanother arcintersecting
the line at & and passing through the given pointa. Take
the length of the chord of this arc from the point a to 8, in
the compass, and from the intersection ¢ of the first arc with
the line as a center, describe an arc on the same side of the
line as the given point, intersecting at 4. ‘Through the point
thus found and the given point draw a straight line ad and it
will be the parallel required.
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To draw a line
parallel lo a given line X N I
(Fig.40). Atanytwo “¥f '~
points of the line,asa ~¢ ol .
and 4, erect perpendic- Fla.s A
ulars, and on these lay sy )
O \ N4 iJ LA

off equal distances ac
and be from the line.
Through these points
draw a straight line,
and it will be a paral- X
lel to the given line;

or, with any two ~oints of the line as centers, describe arcs
on the same side wiia the same radius af,

6g, and draw r. -ig.oc line tangent to the arcs.

To bisect a yiven straight line (Fig. 41). Fia.| 41
From the extremities of the line as centers,
with = radius greater than half the length
of the line, describe arcs intersecting on both
sides of the line. Join points of intersection
by a straight line and it will bisect the given
line.

To bisect a given arc (Fig. 42). Draw a
straight line joining the extremities of the
arc, this will be its chord; then draw a perpen-
dicular bisecting this chord, which will also
bisect the arc.

To bisect a given angle (Fig. 43). With the vertex ¢ of
the given angle as a center, describe c
an arc with any convenient radius
intersecting the sides of the angle at
6 andc¢. Join the points of inter-
section by a straight line, construct *  fc. 43 I®
the perpendicular e bisecting it, which, if prolonged, will also
bisect the angle.

To construct an angle equal to a given angle (Fig. 44).

a
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e/ f With the vertex a of the
given angle as a center,
with any convenient
radius, describe an arc
intersecting its sides at
&4 and ¢ and draw its chord. Draw a straight line, and, from a
-point @ on it with the same radius, describe an arc as before,
intersecting the line at e. From this point of intersection as
-a center, with a radius equal to the chord of the first arc,
-describe an arc intersecting the last arc at £. Join this point
f and the point 4 on the line first used as a center, and the
angle between the lines will be equal to the given angle.

To divide a given straight line into equal parts (Fig. 45).
From one extremity ¢ = »
of the given line a6,draw
anindefinitestraight line
ac, making any conven-
ient acute angle with it.
Set the legs of the com- e
pass at any convenient distance apart, and from the vertex a
of the angle, on the indefinite line, lay off this distance as
many times as there are to be equal parts in the given line.
Join the last point d so found by a straight line with &, the
other extremity of the given line, and through the points of
division on the indefinite line draw parallels to 6d. These
parallels will divide the given line into the required number
of equal parts.

To divide a given straight line into parts proportional to
given straight lines (Fig. 46). From one extremity a of the
. N given straight line a4, draw

N an indefinite straight line ac,
making any convenient acute
angle with it. Beginning at
the vertex of the angle, lay
off in succession on the in-
definite line the lengths ad),

~de,ef, fg, and g7 of the given

Fia.44.

e b d le
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lines. Join the last marked point i by a straight line with 6,
.he other extremity of the given line. Through the other,
marked points draw lines parallel to 74, and these parallels
will divide the given straight line into parts proportional to
the given parts.

PROTRACTORS are used in drawing and plotting to lay
1>wn and measure angles on paper, and are made rectangular,
semi-circular, and whole circle.

HALP Size
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The rectangular protractors (Fig. 47) are made of wood,
celluloid, and ivory, for ordinary use about 8 inches long and
2 inches wide. The middle of one side, corresponding to the
diamcter of a circle, is marked as the center, and on the other
side aad two ends are the degree and half degree divisions cor-
responding to the semi-circle. The divisions are numbered
both ways from each end of the diameter from (° to I180° or
otherwise. It is nothing more than a semi-circular protractor
cut down to a rectangular shape, and is used in the same
manner as one. On some are scales of equal parts and a scale
of chords.

+ he semi-circular protractor (Fig. 4%), made usually of
German silver, bracs
or horn, has its sen:i-
circumferencedivided
into degrees and Lalf-
degreesandnumbered
bo.h ways from the
extremities of tle
diameter from €° to

- 180°. ‘The middle of
the diameter line is marked to indicate the cester.
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Some protractors are graduated from 0 to 180 around the
" outside, and from 180 to 360 inside. These are particularly
convenient in projecting angles of any size as in sketching
with the box and prismatic compasses, as will be explained.
In whole circle protractors the graduations are from 0 to
360 around the circumference, the center of the circle being
marked by a cross on a piece of horn.
Both semi-circular and whole circle protractors can be
had with movable arms (Fig. 49) extending beyond the cir-

FIGURE 49.

cumference, and aiso with verniers reading as small as 1
minute, to increase the precision of plotting.

Protractors from 6 to 14 inches in diameter, printed upon
drawing paper, are very convenient for plotting. Angles are
plotted directly from the graduated circle on the paper.

In using the protractor to lay off an angle from a point
on a straight line, lay the diameter on the line with the center
at the point; then, with a sharp pencil, needle, or pin, make
a dot on the paper opposite the required reading on the cir-
cumference. Remove the protractor and through the two
points draw a straight line, and it will make with the given
line the required angle.

To PLOT ANGLES FROM THE SCALE OF CHORDS.—From
the given point on the line as a center describe an arc with
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the chord of 60°* as a radius intersecting the line. From this
point of intersection as a center, with a radius equal to the
chord of the required angle, describe an arc intersecting the-
first arc, through which intersection and the given point draw
a straight line, and it will make the required angle with the
given line.

ScaLES Of EQUAL PARTs.—There are paper, wood, ivory,
and metal scales of equal parts manufactured for almost every-
conceivable purpose. Fig. 50 shows one style of flat ivory
scale 6 inches long.

The triangular scale (Fig. 61), made of boxwood or nick-
eled brass tubing, from 12 to 24 inches long, has six edges, all

Ficure 5L

graduated. Each edge is divided into inches, and the inches
on the various edges into 10ths, 20ths, 30ths, 40ths, 50ths, and
80ths of an inch, and so numbered at the middle of the respect-
ive scales. Such scales, however, have but a limited use, on
account of the great variety in the sizes of the scales and
units of measure. Hence, in most cases it becomes necessary
to construct the proper scale for the work in hand.

*The chord of 60° is always equal to the radius and may be taken
as b, 10, or any number of inches. The chord of an angle is equal to
twice the sine of half the angle multiplied by the assumed radius.
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CHAPTER III

SCALES OF MAPS.

A map or plot of a survey is usually a representation, on
-paper or other material, on a reduced scale, of the surface sur-
veyed. Itis necessaryto thoroughly understand in the begin-
ning the relation that is to exist between such map or plot and
“the surface, and the manner of intelligently representing such
relation. ‘This is done by what are called “scales.”

The scale of a map is the ratio which any linear dimen-
sion of the map bears to the corresponding dimension of the
surface represented.

In a topographic survey the first consideration is the pur-
Dose it is intended to subserve; knowing this, the next consid-
eration is that of the scale and, relatively, the cost.

Ia such a survey the question of scale becomes a most
‘mporiant one in the economy of the work. In its practical
operaions, material objects and definite natural features can
be more readily and accurately determined than what may
be called the vertical measurcments of the survey, for the
obvious reason that the first mentioned are visible objects that
can be observed upon, while the latter are imaginary and
indc finite lines represented by contours, unless, as in special
cases. the contour lines are “run out” by actual level sations.
For such work the scale should not be <o small as to embarrass
the topographer by too much minutize in representation, nor
sc large as to affect the accuracy of his judgment of distance,
proportion, and configuration of details that may not rcquire
.special measurem- nt,
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Eack subject of topography should be treated according to
the character of the locality, and to each assigned its appro-
priate scale and method of execution. In a country of varied
configuration and largely diversified detail, so full as to justify
all the care and refinement possible with the larger scales,
there may occur tracts of marsh, sandy waste, or woodland
barren of topographic detail. Uniformity, however, requires
a given scale, as a unit, to the whole survey. It is manifestly
better, therefore, to apply the larger scale to the simpler topog-
raphy than to jeopardize the elaboration of the more complex
features by using an inferior scale. This scale or ratio may
be expressed in one or more of three ways.

Thus, suppose a map is only one forty-eight-hundredth
frdvs) as long as the surface it represents; then it may be said
that its scale is 1 snck o 400 feet, because in 400 feet there are
4,800 inches, and 1 inch on the map represents 4,800 inches
on the ground.

Again, the ratio may be stated in the form of a fraction
in which the numerator is a certain linear measurement on
the map and the denominator the linear measurement of the
surface represented by it, both being of the same denomina-
tion. Tkis fraction reduced to the form having wunity for the
numerator is called the “‘Representative Fraction” and desig-
nated the R. F. For the scale assumed above it would be
written, R. F. ¢;5. This latter method of expressing the
relation between the map and ground may be considered the
general one, in which ohe unit of any kind on the map, as 1
inch, 1 foot, 1 yard, 1 meter, etc., represents 4,800 units of the
same kind respectively on the ground. It is by means of the
R. F. that maps are compared with each other as regards the
sizes of the scales.

T kirdly, the scale of a map may be represented graphic-
ally by a straight line divided into equal parts, and at oune
extremity of each of the parts writing the number of units on
the ground which are represented by a length on the map
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equal to the portion of the line considered. For the scale
assumed it could be Fig. 62, in which the portion of the line

w
. FIGURE 53,
to the right of the O one inch long is marked 400, as repre-
senting 400 feet; and } inch to the left of the 0 marked 100,
representing 100 feet, etc., each portion of the line having
its origin at the point marked O and its other extremity at the
number indicated.

As the inch is the common unit of measure in the United
States by which the eye is accustomed to judge distances on
paper, it is usual, when it can be so done, to state the relation
as so many inches (on the map) to so many feet, yards, miles,
etc. (on the ground). Thus, 3 inches to 1,000 yards, or 6
inches to 3 miles. Freqguently, however, maps are drawn on
2cales, the denaminators of the representative fractions of
which are multiples of 10, as R. F. ¢}y, R. F. 1447, R. F.
w5}vy, 1n which cases it is aot always possible to express it as
above.

The representative fraction for any scale expressed in the
manner first indicated, as 3 inches to 1 mile, may be found by
first writing it in the form of a fraction with the number of
units indicated on the map for the numerator, and the number
of units indicated on the ground for the denominator, thus

310%, then reducing both terms to the same demomination,

L e =i, because there are 63360 inches in 1 mile, and
then reducing the fraction having unity for the numerator,
T:o'?ﬁ = g1tg5- R. F.31lsg. So for any other scale.
When comparing maps drawn on different scales, the larger
the denominator of the R. F. the smaller the scale; that is,
any specified dimension on the ground would be represented
by a smaller dimension on the map constructed on the smailer
scale than it would be on a map constructed on a larger scale,

On a given sheet of paper a greater area of ground can
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be represented with a small scale than could be represented
with a Jarger scale.

If it is desired to construct a new scale a certain number
of times larger than some other scale, one has only to divide
the denominator of the given R. F. by the multiple of the
new scale for the denominator of the new R. F,, and con-
versely if the scale is to be reduced.

A graphical or linear scale (Fig 52), in accurate topo-
graphic work, should always be counstructed on the sheet to
contain the map, so that it may change in length with any
<hange in the size ot the map due to the effect of changes in
temperature and moisture on the paper.*

The R. F. should also be given on all maps and plans to
facilitate comparison with other maps having different scales
and units of measure. When, however, maps are to be repro-
duced by photography on a larger or smaller scale, the R. F.
should be covered so as not to show in the reproduced map, as
it would not then be true. The new R. F. could be calculated
and put on the reproduced map. The reproduced graphical
scale would, however, still be the correct one for the new map.

. The scale decided upon for any particular work will depend
upon the amount of detail to be shown and the nature of the
ground. In every case the rule governing is, ¢kat the scale
should be just large enough to express clearly all the details
‘whick it is desired to show.

The degree of accuracy to which the work of sketching is
carried on in the field depends largely upon the scale selected,
since it would be useless to attempt to avoid errors that are

*It has been found from experiment that the variation between
paper exposed alternately to damp open air and warm dry air of a
room, and a boxwood scale is .012, and between paper and ivory, even
greater. (Gillespie.) Hence, if a map is constructed on a certain scale
with a boxwood or ivory scale and afterwards changes in size due to
the weather, then all distances taken from it with the wood or
ivory gcale would be erroneous, which would not be the case if a

graphical scale had been constructed on the paper at the time of
making the map, and distances referred to it.
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too small to appear upon the map, as well as useless to at-
tempt to show details too small to be represented by the scale.
If it be assumed that 0.01 of an inch is the smallest division
appreciable to the eye, then the length applied to any scale
will determine the limit of accuracy of the field plotting or
the minimum size of objects that can be represented. Thus,
if sketching at the scale of R. F. yydyy, 0.01 inch on paper
will represent 200 inches or 163 feet on the ground; hence it
will be useless to try to represent to scale objects or independ-
ent distances of less dimensions than 18} feet. At R. F.
toboo it will be 8} feet. R. F. yxoyy, 4.16 feet. R. F. 1olyq,
10 inches. R. F. o, # inch.

CONSTRUCTION OF ScALES.—The Unit of Measure of a
scale ig the linear quantity which the primary divisions of the
scale read, as feet, yards, meters, miles, etc, ‘The primary
divisions may then be still further subdivided into other
units or into fractional parts of the unit of measure.

A scale is ordinarily drawn about 8 inches long, but may
be either longer or shorter, depending upon the size of the
map. For reasons previously stated, one inck is assumed in
ali cases as being the numerator of the R. F. for purposes of
constructing scales. 7o construct a scale: First, determine
how many of the units of measure are represented by 1 inch.
Thus, if the scale is to be R. F. y1}4 to read yards, then, be-
cause 21,120 inches are to be represented by 1 inch, as many
yards will be represented by 1 inch as 21,120 inches-30
inches=586.63. Or, if the scale is to be 8 inches to one mile 1o
read feet, then, because there are 5280 feet in a mile represented
by 8 inches, there will be as many feet represented by 1 inch
as 5280+6=880. Second, calculate how many of these units
of measure will be represented by about the length in inches
that you wish to make the scale; suppose it is desired to
make the scale about 8 inches long. In the first case above,
as 1 inch represents 586.64 yards, 8 inches will represent
6 586.68 yards=3520 yards; and in the second case, 8 inches.
will represent 8 X 880 feet=>5280 feet. Third. select the near-
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est exact number of ten, hundred, or thousand units of meas-
ure to the number found in about the length you wish the.
scale, then substitute in the following proportion and solve.
The number of units The selected number of uired:
of measure represent- ten, hundred, or thou- :(linch) ¢ len t.h scale-
ed by 1inch. ; gunduniuof measure. i { {

This gives the length of the scale (to two places of deci-
mals) in inches. In the first case, select say 8500 yards; then,
substituting and solving, one gets 586.84:3500::1:x =5.98
inches.

In the second case, selecting 5000 feet, substituting, and
solving, one gets 880:5000::1: x=>5.68 inches.

Having found the fourth term of the proportion, or x,
lay off this length on a straight line, using a scale of equal
parts of inches, and then divide this length of line into the-
number of equal parts most convenient for use.*

ExampLEs.—I. Coustruct a scale of 1 inch to 400 feet
to read yards. In this the wuni? of measure is yards. The
scale is given in feet. Now 400 feet—183.38 yards, repre-
sented by 1 inch. Assuming 6 inches as about the desired
length for the scale, it will represent 6 times 133.38 yards=
800.00 yards. 800 being an exact number of hundreds, it is-
unnecessary to use the proportion, but on a straight line (Fig.
54) lay off AB 8 inches long. From the end A of this line
draw another straight line AC a little longer than AB, making
any convenient acute angle with AB. On AC lay off 8
equal parts, 1, 2, 3, 4, 5, etc., and join the eighth one C with.
B. Now from the points on ACdraw lines parallel to BC, cut-
ting AB, when AB will be divided into 8 equal parts, each
representing 100 yards and called the primary division. From.

*The reason for selecting the nearest exact number of ten, hun-
dred, or thousand units of measure to the number of units of measure
found for about the desired length of scale, was because it is easier
to divide the length of line obtained by the proportion into a certain
number of equal parts than it would have been to attempt to divide the:
assumed length of the scale into the uneven number of units of meas-

ure that it would reprsent. - N

\‘\c
)t



‘88 ‘OIS
L W4 9 £ 4 £ z ? 0 + T ¢ 3
J \ [\M{M
1 o w0
X1
1 —
e - N
— ’
¥ ——N o
1 - — X o
B JY Y99 3 wNE/ o
%S D1
ocor ou. ‘.000f LQ\ “~ .
Soof AT opruk ) o eoydut 2492/
‘96 DId
ﬂ- —— %
PN 005% 00r% .oo&o%m e .e.»c&.....uv\ 07 sayout %%M.Q.Q Dt
‘€¢I
ophoos oo L3 2
o8

s
QEEP Yy oy [ 02 saydoul gy

M )
oof ooz

cost LY .wu,{Q&.o‘n Your) 3voo



ScALES OF MAPS. 45

A draw AD, making any convenient angle with AB. On this
lay off 4 equal parts. Join D and E and from the points y
draw lines parallel to DE, which will divide the left division
into 4 equal parts, each representing 25 yards, and called
secondary divisions. The zero of the scale is placed at E
and the primary divisions are numbered to the right from
it, while the secondary divisions are numbered to the left as
shown. R. F. gl3.

II. Construct a scale of 10 inches to 1 mile to read yards.
Here the unit of measure is yards. The scale is given in
miles.. Now 1 mile=1760 yards, represented by 10 inches;
hence 1 inch will represent as many yards as 1780-+-10=176.
If 1 inch represents 178 yards, then 8 inches (about the right
length for the scale) will represent 6 X176=1056 yards. Select
1000 yards as being the nearest exact thousand to 1056, for
use in the proportion, substituting in which gives 176:1000::
1:x=1292=5.68. Draw a straight line 5.68 inches long
(Fig. 65). Divide it into 10 equal parts (primary divisions),
and each will represent 100 yards. Divide the left primary
division into 5 equal parts (secondary divisions), each to rep-
resent 20 yards. R. F. g5
. III. Comnstruct a scale of 0.0398 inches to 1 chain

(Gunter’s) to read meters. The unit of measure is meters
of 39.37 inches each. The scale is in chains of 792 inches
each, 792+-39.37=20.12 meters. I1f0.0398 inch represents 1
chain or 20.12 meters, then 1 inch will represent as many
meters as 20.12+-0.0396=507.98. If 1 inch represents 6507.98
meters, then 8 inches will represent 6 X 507.98 meters=38047.88
meters. Take 3000 meters as the nearest exact thousand to
8047.88 and substitute in the proportion, 507.98:8000:: 1 : »
5% =9.9

Draw a straight line (Fig. 56) 5.9 inches long. Divide it
into 8 equal parts, each representing 500 meters, for primary
divisions, and the left into b equal parts for secondary divis-
jons, each representing 100 meters. Tofind the R.F. "’T“e'&—:':

— 0896 0. __ 1 1 dn, — 1
== "sea . 20000 CF Fo7.98me.— zouvuo .
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IV. Construct a scale of R. F. g7 to read feet. On
this scale 1 inch répresents 5000 inches; 5000+ 12=416.67
feet. If1 inch represents 416.87 feet, then 8 inches will rep-
resent 6x416.67 feet=2500.00 feet. Draw a straight line
(Fig. 57) 6 inches long and divide into & equal parts for
primary divisions of 500 feet, and the left division into 5 parts
for secondary divisions of 100 feet.

To find an expression for any scale given by its R. F. in
terms of any unit of measure, as miles, divide the number of
inchesin that unit of measure by the denominator of the repre-
sentative fraction, thus 63,360 inches=1 mile, then 63,360+
5000=12.672; hence, scale is 12.872 inches to 1 mile.

A diagonal scale is one constructed for reading eitherto a
smaller number of the units of measure than could be done by
the primary and secondary divisions, as feet, tenths, and hun-
dredths of feet, or for reading on one scale different units,
such as a distance given in yards, feet, and inches, or a dis-
tance in chains and links.

V. Construct a diagonal scale of R. F. ¢; to read yards,
feet, and inches.

On this scale 1 inch represents 50 inches. 50 inches=50
+36=1.39 yards. If 1 inch represents 1.89 yards, 6 inches
will represent 68X 1.39=8.34 yards. Take 8 yards and substi-
tute in proportion, 1.39:8::1:2=5.76 inches. Draw a line
(Fig. 58) 5.78 inches long and divide into 8 equal parts, each
representing 1 yard. If now the left division be divided into
8 equal parts, each will represent 1 foot. Now draw parallel
to the line already drawn 12 equally distant parallel lines.
From the points of the primary divisions already fixed, erect
perpendiculars cutting the parallel lines. Divide the left
division of the upper line into 8 equal parts and join each
lower division with the next diagonally upper one to the left.
On this scale can be taken any distance, even though it be in
yards, feet, and inches, as 4 yards, 1 foot, 10 inches; 6 yards,
@ foot, 7 inches; 5 yards, 2 feet, 2 inches.
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Had it been desired to make the scale read yards, feet, and
tenths of feet, then only 10 parallel lines would have been
drawn and the scale completed as shown.

VI. Construct a scale of 6.338 inches to 1 mile to read
paces of 81 inches each. The unit of measure is paces of
81 inches. The scale is expressed in miles. 1 mile=63,360
inches=as many paces as 68,360-31=2043.87 paces. I1f6.336
inches represent 2043.87 paces, 1 inch will represent as many
paces as 2§4%:§72=23822.67 and 6 inches will represent 8 X 322.67
paces=1935.42 paces. Take 2000 paces and substitute in
the proportion getting 822.57:2000::1 inch: x=6.20 inches.
Draw a line (Fig. 59) 6.2 inches long and divide into 10 pri-
mary divisions of 200 paces each, and the left into 4 second-
ary divisions of 50 paces each. R. F. yydyy-

VII. A horse takes 545 steps in walking 500 yards. Con-
struct a scale of 0.0072 inch to 1 yard to read the horse’s
steps. The unit of measure is the horse’s steps. The scale
is given in yards. If 0.0072 inch represents 1 yard, 1 inch
will represent as many yards as g 77 =1388.888 yards; but as
the horse takes 545 steps in 500 yards, he takes as many steps
in 1 yard as 545+-500=1.09, and in going 138.888 yards, or
the distance represented by 1 inch, he takes 138.888x1.09
steps=151.388 steps. If 1 inch represents 151.388 steps, 6
inches represent 6 151.388 steps=908.33. Take 800 steps
‘and substitute in proportion.

151.38 steps:800 steps::1 inch:x =5.28 inches. Draw

a line (Fig. 60) 5.28 inches long and complete scale as shown.

R. F.—0.0072 inches__ 0.0072 inches__ 1
: 1 yard 86 inches 5000 °

Or, first reducing all to inches, if 0.0072 inch represents
1 yard or 88 inches, 1 inch will represent 86--0.0072=5000
inches, and, as the horse takes 545 steps in 500 yards or 18,000
inches, he takes one step in 18,000+-546=383.08 inches, and in
5000 inches, which is represented by 1 inch, he will take as
many steps as 5000-+-33.03=151.38.
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VIII. A horse takes 120 strides in cantering 400 yards.
Construct a scale of R. F. gy toread strides cantering. The
unit of measure is strides cantering. 1 inch represents as
many yards as 5000+ 36=138.89 yards, and if the horse takes
120 strides in 400 yards, in 1 yard he will take as many as
120+400=0.8, and in going 138.89 yards he takes 138.89x 0.3
=41.887 strides, the number represented by 1 inch. 6 inches
would represent 6x41.867 strides==250.00 strides. Draw a
line (Fig. 61) 6 inches long, divide into b equal primary divis-
ions of 50 strides each and the left one into 10 secondary
divisions of b strides each.

Or, reducing all to inches, if the horse takes 120 strides in
400 yards or 14,400 inches, he takes 1 stride in 14,400+120=
120 inches, and in 5000 inches he takes 5000-+-120=41.66%,
the number represented by 1 inch.

IX. A horse plants his left fore foot 570 times in trotting
1 mile. Construct a scale of 8 inches to 1 mile to read strides.
The unit of measure is strides trotting. 1 inch represents
570+-3=190strides. 6 incheswould represent 8x 190 strides—=
1140 strides. T'ake 1100 strides and substitute in proportion,190
strides:1100 strides : : 1 inch : x=1399,20=5.79 inches. Draw
a line (Fig. 62) 5.79 inches'long and divide it into 11 primary
divisions of 100 strides each, and the left one into 5 secondary
divisions of 20 strides each.

X. A horse trots in 2 minutes a distance equal to 348 of
his rider’s paces of 81 inches each. Construct a scale of R. F.
sdss to read minutes and b seconds. '

The unit of measure is minutes. 348 paces of 31 inches
each=10,788 inches, over which the Lorse trots in 2 minutes;
hence in 1 minute he trots over 5394 inches. 1 inch repre-
sents 5000 inches; hence 1 inch will represent as many minutes
as $§34=0.93 minutes, and 8 inches will represent 6x0.93
minutes=5.58 minutes. Take 6'minutes and substitute in pro-
portion 0.98 minutes : 5 minutes :: 1 inch : x—y%5=5.88
inches. Draw a straight line (Fig. 03) 5.38 inches long, divide
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into 5 primary divisions of 1 minute each and the left hand
division into 12 secondary divisions of  seconds each.

XI. A sketch has no scale on it. ‘The distance between
two points measured on the sketch is 8.8 inches. It is paced
on the ground and found to be 1200 paces of 80 inches each.
Construct the scale to read yards for the map and determine
its R. F.

The unit of measure is yards. 1200 paces of 30 inches
each—36,000 inches=1000 yards, represented by 3.8 inches. 1
inch represents as many yards as 1§ $2=277.77 yards, 8 inches
would represent 8X 277.717 yards—1666.82 yards. Take 1500
yards and substitute in proportion, 277.77 yards : 1000 yards
:: 1inch : x=5.40 inches. Draw a line (Fig. 64) 5.40 inches
long and divide into 15 primary divisions of 100 yards each,
and the left-hand division into b secondary divisions or 20
yards each. To determine R. F. zf:85=1glg-

. XII. A mapisdrawnonascaleofR. F. g}y to a supposed
length of pace of 32 inches. The length of pace is afterwards
found to be only 29 inches. Construct a correct scale for the
map to read yards and determine its R. F.

In a case of this kind, while the map itself may be correct,
the scale of R. F. z}y is not the correct scale for it, since
for every pace of only 29 inches an actual representation of
82 inches on the scale of R. F. g}y was plotted, whereas but
29 inches to a scale of some other R. F., as the map stands,
should have been plotted. In other words, no distance meas-
ured on the map and applied to the scale R. F. g}5 will give
the true measured distance on the ground between the same
points. To determine the true scale it is only necessary to
remember that as every pace of 29 inches was represented as
82 inches, the map as constructed will be larger than it would
have been had the paces actually been 82 inches long, and
consequently the true scale will be larger than R. F. 5}y, or, as
we have already seen, the denominator of its R. F. will be
smaller than 500. A larger scale does not mean that more
ground has been represented on tie same size of paper than
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could be represented on a smaller scale, but that for the same
piece of ground it takes a larger sheet of paper on which to
represent it on a large scale than it would with a smaller scale.
In the above case, for every pace of 29 inches we have plotted
that pace 3 inches, to the scale of R. F. g}y, greater than we
supposed, consequently the map is that proportion .greater
than represented by the scale of R. F. s#v. To determine the
correct R. F. for the map, the proportion from the above
reasoning is 20:82:: g}y : v = g yys or 82:29::500: x =
468.125. Having found the true R. F. 15 173, the scale is con-
structed as in Ex. IV.

If the conditions of the problem had been reversed and a
20-inch pace used while the actual length was 82 inches, then
the map would have been smaller and the denominator of the
true R. F. greater than 500, the proportion being 82:29:: ¢}
1Xx=gy;,4 or 20:82::500 : x=551.724,

XIII. A map 8 inches long by 7 inches broad represents
2.2817 acres. Construct its scale to read yards and feet. -
Determine its R. F. The map being 8 inches by 7 inches,
contains 68 square inches. An acre contains 4840 square
yards; hence 2.2317 acres will contain 2.2317 times 4840 square
yards =10,801.428 square yards. If 58 square inches repre-
sents 10,801.428 square yards, 1 square inch will represent A
of 10,801.428 square yards = 192.8828 square yards, 1 linear
inch will represent as many linear yards as the square root of
192.8826 — 13.80 yards. Now if 1 inch represents 13.89 yards,
8 inches will represent 6 X 13.89 yards = 83.34 yards; take 80
yards and substitute in proportion, 13.89 yards: 80 yards:: 1

inch: x=>5.78 inches. Construct scale as shown. ‘T'0 deter-

. e ___ 3 ___
mine R. F. 1555 yas = 75736536 —— 50000

XIV. A map on a scale of 8.188 inches to 1 mile is to be
copied on a scale of .0079 inches to 1 meter. What ratio
exists between the sizes of the maps? Which is the larger?
The R. F. of the original map is 388" = 21680 — 4

The R. F. of copied map is {4y = 2018 2= . By
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an examination ofthe R. F.’s, remembering what was said above,
it is seen that the original map is to be copied on a scale four
times as large.

Comparative or Eguivalent Scales are those having the
same R. F., but constructed to read different units of measure.
Thus, on a foreign map the unit of measure might be meters
or anything else, and if the R. F. were given, a scale of yards,
feet, and inches, or chains and links, or any other familiar
unit of measure could be constructed for the purpose of
examining the map, and these scales, though of different units
of measure, but of the same R. F., would be comparative scales.
Figs. 67, 60, 61, and 63 are comparative scales of R. F. x50,
and Figs. 59 and 64 of R. F. ¢}y

Having already constructed a scale of say R. F.1y}37, and
it is desired to use it when plotting to a scale of R. F. gy,
it is only necessary to multiply each measured distance by 2
and take it from the scale and #ice verse. Thus any one
scale may conveniently be used for another having the same

-unit of measure, provided the denominator of the R. F. of
one is an exact multiple of the denominator of the R. F. of
the other.

A vernier scale is an auxiliary scale of equal parts con-
structed on the secondary divisions of another scale of equal
parts for reading and setting off fractional parts of the
secondary divisions, and is a substitute for the diagonal
scale. The principle of its construction is that each division
of the vernier scale shall be the amount of the smallest
reading desired larger than the divisions to which it is
applied. Thus, if it is desired to construct a scale to read .01
of an inch, either a diagonal scale or a vernier scale may be
used. The construction of the diagonal scale has been ex-
plained. To construct the vernier scale (Fig. 65), first draw

S \ 1 A
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the scale of inches and divide each into tenths, then from the:
0 of the scale to the left lay off a distance on the under side
equal to 11 of the tenths. Divide this into 10 equal parts and
each part will be .01 inch greater than the divisions of the scale,
or .11 inches long. Starting from the O to the left, the first
division will be distant .11 inches, the second .22 inches, etc. To
take off from the scale any number of hundredths of an inch, as-
.07 inch, the distance between the two lines numbered 7 on the
scale and vernier scale will be the required amount. If it is
desired to take off .24 inches, place the point of the dividers.
on 4 of the vernier scale and move the other point towards
the O, 2 full divisions on the main scale for the other point
of division. If desired to take off 2.85 inches, place one point
of dividers on b of the vernier scale and move the other point
in the direction of 0 over 8 full divisions of scale for the .8,
then 2 inches further to the right for the entire distance, 2.85
inckes.
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PrOBLEMS.—1. Construct a scale of 0.072 inch to 1 yard,
to read feet. R. F.?

2. Construct a scale of yg}yy toread yards. How many
inches to mile?

8. Construct a diagonal scale of 5 to read meters, deci-
meters, and b centimeters.

4. Construct a scale of yg}gg to read paces; 1 pace =381
inches.

5. Suppose a horse takes 180 strides trotting, in going
500 yards. Construct a scale of 8.168 inches to 1 mile to read
trots. R.F.?

6. Suppose a horse takes 150 strides cantering in 500
yards. Construct a scale of 0.0012 inch to 1 foot to read
canters. R F?

7. Suppose a horse takes 1920 steps per mile. Cone
struct a scale of 6.336 inches to 1 mile to read walks. R. F.?"

8. Suppose a horse walks in 2 minutes 20 seconds a dis-
tance equal to 280 of his rider’s paces (30 inches each). Con-
struct a scale of R. F. gy to read minutes and quarter-
minutes. '

9. Suppose a horse gallops in 1 minute 20 seconds a
distance equal to 400 of his rider’s paces (80 inches each).
Construct a scale of R. F. g}y to read seconds.

10. Suppose a horse trots a mile in 11 minutes 44 sec-
onds. Construct a scale of R. F. 135y to read minutes and
half-minutes. i

11. A sketch has no scale. The distance between two
points on sketch is 0.79 inch; on ground, 100 meters. Con-
struct scale. R. F.?

12. A sketch has no scale. The distance between two-
points on sketch is 1.8 inch; on ground, 1200 paces (30 inches).
Construct scale. R. F?

13. A map is supposed to be drawn on a scale of R. F.
yodss with 30-inch paces, which are afterwards found to be 33
inches. What is scale of map?

14, A map is supposed to be drawn on a scale of R. F.
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s}y with 84-inch pace, which is found to be 29 inches. What
is scale of map?

156. A map is supposed to be drawn on a scale of R. F.
rohve With horse trotting 150 yards per minute. He trots
only 130 yards per minute. What is scale of map?

16. A map is supposed to be drawn on a scale of R. F
tokoy with horse galloping 260 yards per minute. He gallops
275 yards per minute. What is scale of map?

17. A map 6 inches long by 5 broad represents 478.2
acres. Construct its scale of chains (Gunter’s). R. F.?

18. A map 20 inches long by 15 broad represents 577.898
square yards. Construct its scale of feet and inches. R. F2?

19. A plan of R. F. rgdyyis to be copied at R. F. g
Original has }-inch squares. What will be ratio for copy?

20. A plan of 8.168 inches to 1 mile is to be copied at
0079 inch to 1 meter. What sized squares or ratio to use for
original and copy?



58 TOPOGRAPHIC SURVEYING.

CHAPTER 1IV.
VERNIERS.

A VERNIER is an auxiliary scale of equal parts, movable
along the side of a main scale of equal parts (called the limb),
for reading fractional parts of the divisions of the limb. A ver-
pier is usually constructed by taking the length of a certain
number of divisions of the limb and then dividing this length
into one more or one less number of equal divisions, as a result
of which each division on tke vernier is slightly less or slightly
greater in length than a division of the limb, equal to the
value of a division on the limb divided by the number of
divisions on the vernier. This small difference between the
length of a division on the limb and the length of a division
on the vernier is called the smallest reading or least count.

Take a scale of feet which is divided into hundredths of
feet, and it is desired to construct a vernier so as to read to
Ty of the hundredths divisions, or 1#;y of a foot. The vernier
must contain 10 divisions, and its length must be equal to
either 9 or 11 of the hundredths divisions. (1) If 9 divisions
are taken and divided into 10 equal parts, each division of the
vernier will then be #;5 of a foot shorter than a division of
the limb. (2) If11 divisions are taken and divided into 10
equal parts, then each division of the vernier will be x4 of a
foot longer than a division of the limb.

A vernier of the first kind (Fig. 66) is found on leveling-

o w ¢ o 0 2
5 - o 2

Fic, 66.
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rods. The O line of the vernier marks the point on the limb-
which is to be read. If this coincides with a line on the limb,

the reading would be entirely on the limb; if it were moved
slightly, the 0 would leave the coincident line of the limb and-
the first, second, third, or some other line of the vernier would
coincide with a line of the limb (in this case the 7th) showing
that the 0 had passed on y%; of the length of one of the smallest
divisions of the limb, or .007 of a foot, which must be added to-
the reading of the last line (8.03 feet) passed on the limb by
the O of the vernier, making a total reading of 8.087 feet.

When, as in this case, the divisions on the vernier are smaller:
than the divisions of the limb, the graduations are numbered.
on both in the same direction und read in the same direction,

and the vernier is called a direct vernier.

A vernier of the second kind is shown in Fig. 67, and is
the one commonly found on mercurial barometers. The O of
the vernier as before marks the point on the limb which is to
be read. If the O of the vernier be moved forward from coin-
cidence, in the direction of the numberings on the limb, the-
- first, second, or some other line of the vernier, backwards from
the direction in which the limb is numbered, will coincide
with a line of the limb (in this case the 8th) showing that the-
0 has passed on f of the length of one of the smallest divis-
ions of the limb, or 1§ of an inch, which must be added to-
the reading of the last line on the limb (30.2 inches) passed by
the 0 of the vernier, making the total reading 30.26 inches. In
this case the divisions on the vernier, being greater in length
than the divisions on the limb, are numbered and read from
the O in a reverse direction from the numberings on the limb,
and the vernier is called a retrograde vernier.

The above verniers have been constructed on straight
lines, But the same principles apply when constructed on
curved lines. All the following verniers, on the instruments,
are curves, but are here shown greatly enlarged and on
straight lines for simplicity in explaining them.



60 ' TOPOGRAPHIC SURVEYING.

ExampLES.—I. Figure 68 is a retrograde vernier on the
Aneroid Barometer scale. This latter is for reading elevations
.and depressions in feet. ‘The smallest divisions on the limb
represent 10 feet. The length of 21 divisions of the limb is
first divided into 20 equal parts, making the smallest reading
10 feet+20==f foot. The scale being small, the lines close
together, and the smallest reading being smaller than justi-
fied, the length of each division on the vernier and the smail-

-est reading are both doubled by erasing each odd numbered

line, practically dividing 21 divisions of the limb into 10 equat
parts. Each division of the vernier thus becomes 1 fooi
greater than fwo divisions of the limb, but neither the charac-
ter of the vernier nor the method of reading it is at all changed
‘'by making the alteration. The reading being 2088 feet, the
letter C indicating the coinciding line.

II. Figure 69 shows the scale and verniers on the Abney
Clinometer. The limbis a semi-circular arc divided into
degrees and numbered both directions from O to 90°, begin-
ning at the middie. The vernier is double—i. ¢., there are two
separate verniers, the right one for reading on the right half
of the limb, and the left one for-reading on the left half of the
limb. ‘The O being the same for both verniers. T'o construct
these verniers, the length of b divisions of the limb is divided
into 6 equal parts, making the smallest reading or least count
equal to 1° or 060'+0==10". As the divisions of the verniers
are smaller than the divisions of the limb, by the amount of
the smallest reading, the verniers are direct, and the reading
is 2° 2V, the right vernier being read, since the O of the
vernier is to the right of the O of the scale and the second line
to the right of the 0 of the vernier being the coinciding line
of the vernier used; although the first line to the left of 30 on
the left vernier is also in coincidence, it is not used. ‘The
coinciding line used and the O of the vernier must both be on
the same side of the 0 of the limb.

III. Figure 70 shows the scale and verniers on the
_Architect’s Level. The scale is a full circle graduated to
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degrees, and numbered from 0 to 90° each way from the
extremities of a diameter. (Two independent sets of limb
numberings are shown in the figure for illustration only.) The
vernier is a double one, but differs slightly from the preced-
ing one. ‘The length of 11 divisions of the limb is divided
into 12 equal parts, making the smallest reading 1° or 60’
12=§'. The verniers are direct. On account of the greater
length which the verniers would have if placed side by side as
in the preceding case, they are in this case superposed and
require only one-half the space without impairing their effi-
ciency. To read them, as in the figure, it is seen that the limb
is numbered from left to right in the upper case, and that the
O of the vernier is to the right of 30°; now to find how much,
we start from the O of the vernier and go to the right, looking
for a coinciding line, but do not find any between 0 and 30;
jumping then from the 30 on the right end of the vernier to
the 30 on the left end of the vernier, proceed from there to
the right until coinciding lines are found, in this case the third
from 30, which is 45; hence 45’ must beadded to the 30°, mak-
ing the reading 80° 45. Had the vernier been on a quadrant
of the circle numbered from right to left as in the lower case,
then in finding the coinciding line of the vernier one would look
along it to the left of the O to the 30 on the left, and, if not
found there, jump to the 30 on the right and proceed to the
left towards the 60 mark above the O until a coinciding line
was found, the number of which must be added to the reading
on the limb for the total distance of the O of the vernier from
0 of the limb, in this case 74° 15'. ‘The lower row of numbers
on the right half of the vernier and upper on left half con-
stitute the right vernier, and the lower left and upper right
the left vernier.

IV. Figure 71 is the scale and vernier of the arm pro-
tractor (Fig. 49). The limb is divided into half-degrees. The
vernier is constructed by taking the length of 9 divisions of
the limb and dividing it into 10 cqual parts, the smallest read-
ing being } degree or 30’+10=3', and the vernier is direct.
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When the protractor is numbered both ways a double vernier
would be used, as in Figs. 69 or 70. The reading in the
figure being 68° b1'.

. V. Figure 72 shows a common form of direct verniers
on some Compasses, T'ransits, and other instruments. The
limb is divided to half-degrees. The length of 29 divisions
is taken and divided into 80 parts, giving a smallest reading
of 1. As shown it reads 828° 53'.

- VI. Figure 78 shows the same vernier, but doubled for:
reading both ways, as in Fig. 70, when the limb has two sets:
of numbers. Reading 203° 53',

VII. Figure 74 shows the vernier on the Plane Table
Alidade. The limb is divided to } degreesor 20’. The length
of 19 of these is divided into 20 equal parts, giving a smallest
reading of 1’; reading 166° 29",

VIII. Figure 75 is a scale and vernier on some transits,
the divisions on the limb being 20’. ‘The length of 89 divis-
ions is divided into 40 parts, giving a smallest reading of 30”;
reading 268° 46’ 80”. ‘The numberings on this vernier, as on
those shown in Figs. 76 and 77, are given for the full minute
divisions, the number of 4 minutes or 10 seconds to be added
being found by counting.

IX. Figure 76 is the scale and vernier found on most
sextants. The divisions of the limb are 10’ each. A length
of 59 of these is divided into 60 parts, giving a smallest read-
ing of 10”; reading 74° 16’ 40”,

X. Figure 77 is the vernier also found on some sextants.
The divisions of the limb are 10’ each. A length of 119 of
these is divided into 120 equal parts, giving the smallest read-
ing 5”. This brings the lines too close together on the vesier,
g0 the length of each division of the vernier and the smallest
reading are doubled by erasing every odd numbered line,
practically dividing 119 divisions of limb into 60 equal parts,
making each division of the vernier less than two divisions of
the main scale by 10”. Reading 27° 55’ 20",




64 TOPOGRAPHIC SURVEYING.

Figures 68 and 17 are apparent exceptions to the general
rule about the divisions on verniers being less for direct, and
greater for retrograde, than the divisions on the limb but
from the manner of their construction it will be seen they are
not. For by a direct vernier is to be understood one whose
divisions are less than 1, 2, 3, or any other number of di-
visions of the limb by the amount of the smallest reading. By
a retrograde vernier is to be understood one whose divisions
are larger than 1, 2, 3, or any other number of divisions of
the limb by the amount of the smallest reading.

ARrc or Excess.—On the sextant the divisions of the
limb are carried beyond the O to the right. This is called the
Arc of Excess. When the O of the vernier is on this part and
it is desired to ascertain how far it is from the O of the limb,
count the number of divisions of the limb passed over by the
vernier 0, and to this add the fractional part of the next divis-
ion passed over, to obtain which the vernier must be read
backwards (as if it were numbered from left to right), or its
actual reading must be subtracted from the value of the small-
est divisions of the limb, for the reason that the reading of the
vernier shows how far its 0 has gone past a division line of
the scale if moving in the proper direction; and the remainder,
after subtracting the reading from the value of a division of
the limb, shows the distance forward to the next, or the amount
passed over by the zero of the vernier on the arc of excess.

RuULEs.—First. To find the ‘“‘smallest reading” of the
vernier, divide the value of the division on the limb by the num-
ber of divisions in the vernier.

Szcond. Read forward along the limb to the last gradua-
tion mark passed by the zero of the vernier; then read forward
along the vernier if divect, or backward if retrograde, until
coincident lines are found. The number of this line on the ver-
Nicr 1s the number of smallest reading units to be added to the
veading made on the liméb.
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ProBLEMS.—1. A barometic scale is divided 10 4 inches.
‘The vernier of 26 divisions covers 24 of the scale; a vernier
of 20 divisions covers 41 of scale. What are the smallest read-
ings? Are they direct or retrograde?

2. A scaleis divided to i inches. How many divisions
must a vernier have to read to 0.005 of inches? How many
divisions of scale will the vernier cover, and will it be direct
or retrograde?

8. It is desired to graduate a scale and construct its ver-
nier to obtain a smallest reading of 4y of a foot. What will
be the scale and number of divisions of the vernier? Direct
or retrograde?

4. A scaleis graduated to y}y of a foot. What will be
the least count in the following cases. 10 of scale=11 of ver-
nier? 10 of scale=9 of vernier? 11 of scale=10 of vernier? 9
of scale==10 of vernier? Which are direct and which retrograde?

3. A limb is divided to 15 minutes. Construct a vernier
to read to 20 seconds.

- 8. The least count of a vernier is 20 seconds on a limb
graduated to } of degrees. How many divisions on vernier?

7. ‘The least count of a vernier is 15 seconds. It covers
81 divisions of the limb. How many divisions on the vernies
and what is the value of a divisiun of the limb?2
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CHAPTER V.
INSTRUMENTS FOR MEASURING DISTANCES.

'MEASURING THE BASE-LINE.—This is usually the first of
the preparatory steps towards map-making. Upon the proper
selection of the site for the base-line and its correct measure-
ment depends all subsequent work of triangulation, since any
error in the base-line will be multiplied many times.

(1) The site must be reasonably level; (2) the ends must
‘be mutually visible; (3) a good view of the country mustbe
obtainable from each end; (4) the base must be so situated as
to form well-proportioned figures with the points observed.

WOODEN AND MET-

AL Rops.—Various
methodsand instruments

have been used for meas-

uring base-lines. At first

zvooden and melal rods of

various kinds were used,

but they were found ex-

pensive and they afforded many
possibilities of error, so are being
superseded by other meauns.

STEERL TAPES.—The most ac-
-curate, rapid, economical, and con-
venient method for this purpose,
and the one that has come into gen-
eral use, is with steel tapes (Fig. 78).
‘They are made of thin steel ribbon
in one piece from v to 4 inch wide
and from 3 feet to 1000 feet long.
“The usual length for Engineeriug F1G. 78 ».
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work being 100 feet, and for T'opographic work
800 feet. They may be obtained with almost
any desired graduations, and with extras, as com-
pensating handles with graduated scale for tem-
perature (Fig. 78z), pocket thermometers, and
spring balances containing a level-tube. Their
lengths will vary with the temperature, which
must be considered in very accurate work.

To oblain an accuracy of I in 5000, steel
tapes may be used at all times and in all kinds
of weather, being held and stretched by hand,
the tapeman estimating the amount of pull,
horizontal position and temperature.

7o measure a line witk an accuracy of I in
50,000, the tape should be tested under the same
couditions of supports, tension, etc., that are to
beusedinthe field. Marking-posts R ‘
“A and B” (Fig. 79) are driven
solidly into the ground, on the line,
adistance apart equal to the length
of the tape, with the tops at the
height at which the tape is to be
held. Zinc strips 1 to 2 inches
wide are tacked on the tops of
these posts, and on these the tape-
lengths are marked with a steel
point. Stakes are driven along
the line to be measured at the dis-
tance apart at which the test was
. made (say 25 feet), with the front
¥ faces of the stakes in the line. On
. the front of the stakes nails are
driven on the same level or at a
determined grade for hanging
hooks, the purpose being to sup-
¢ port the tape. The tape is placed

BaLowip'e Tape Nearvehra.

Y. 79.
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on the hooks, which should be about 2 inches long, and the
first graduation mark held at the scratch on the zinc on the
first marking-post, the pull (about 15 pounds for a 100-foot
tape) is applied at the other end of the tape, and, where the
last graduation comes, is marked with the steel point on the
zinc strip on the second post. Measure between the second
and third marking-posts in the same way, and so on to the
end of the line. The temperature should be taken at each
measurement, and if different from that at which the test was
made or the tape is standard, the proper correction should be
applied. These measurements are best made in still, cloudy
weather and when air and ground are at about the same
temperature. If measured on a grade, it must be reduced to
horizontal by multiplying by the cosine of angle of inclination.

The party should consist of a ckief, who exercises a gen-
eral supervision, marks the extremities of the tape and pro-
vides against errors; a rear-tapeman, who adjusts the rear end
of tape to the contact mark, and carries and reads a thermom-
eter; a fore-lapeman, who adjusts the forward end of the
tape, exerts tie required tension upon it, and carries and
reads a thermometer; and ¢ recorder.

The proper alignment is generally marked out before
beginning the measurement. If a railway tangent is used as
the site of the base-line, the tape is kept at a uniform distance
from one of the rails, the ties forming the supports.

For obtaining the requived temsion, a spring balance is
attached to the forward end of the tape, and a pull applied by
various devices. One devised by Mr. H. L. Baldwin, Jr., of
the Geological Survey, is very simple and easily made. Prac-
tically it is a small windlass or winch (Fig. 79a) fastened to a
post beyond the marking-posts. For holding the rear end of
the tape exactly at the contact mark, the tape is attached toa
screw-bolt in a frame fastened to a post in rear of the marking-
posts. The base should be measured at least twice, and the
ends should, if possible, be permanently marked by stone
monuments set in the ground, and the exact ends marked by
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a cross-cut in a copper bolt embedded in the head of the stones.

For greater accuracy than 1 in 50,000, other and greater
precautions must be taken. Corrections must be made, not
only for the effects of temperature, but also for elasticity, sag,
pull, and alignment, both horizontal and vertical ¥

Tke advantages of the Steel Tape, besides its accuracy, are
its convenience and constant length (not being subject to
changes of length due to wearing, stretching, and kinking
like a chain).

The disadvantages are, however, that they are liable to
break if stepped upon, or are carelessly used in high winds
and allowed to coil and then jerked taut.

CHAINS.— T ke ordinary Surveyor’s or Gunter's Chain (Fig.

s

FIGURE 80

*In Geodetic Surveying the lengths of all triangulation lines are
reduced te what they would be if projected upon a sea-level surface by
radii passing through the extremities of the lines. But in Military
Topography such reductions would seldom be made. .

After the triangulation has been carried over a large district, the
work is checked by so locating a side of a triangle or one side of the
last triangle that it can be measured with the tape, and this length then
compared with its computed length. If they agree, it proves the accu-
racy of the intermediate work., The side measured is called a dase of
verification.
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80) is 66 feet long, composed of 100 links, each 7.92 inches
long, connected with the other by 2 (or 8) rings and furnished
with tally marks at the end of every 10 links. A link in
measurement includes 1 ring at each end when joined by 2
rings (or 1} rings when joined by 3 rings). The handles are
generally of brass and each forms a part of the end links, to
which it is usually connected by a swivel and nut, by which
the length of the chain may be adjusted.

The Tallies are of brass and have 1, 2, 8, or 4 notches as
they are 10, 20, 80, or 40 links, respectively, from either end;
the tally of the 50th link or middle of the chain is round, to
distinguish 1t from the others. Z#%e /links are made of iron
-or steel wire from 2 to 4% inches in diameter. The link con-
nections are designed to avoid kinking and stretching as much
as possible.

This chain, or a steel tape correspondingly graduated, is
the one most generally used in land surveying, being conven-
ient for determining areas in acres or distances in miles, the
links being decimals of the whole chain and so entered in the
notes and so regarded in calculations. Thus 10 square chains
=1 acre, SO chain lengths=1 mile. It is the one used in the
‘Government Land Surveys and the one meant when used in-
deeds and other documents.

The Lngineer's Chain differs from Gunter's in that the
links are each 12 inches long instead of 7.92 inches. They
.are made either 50 feet or 100 feet long, with swivel handles,
tallies, etc. ‘The 50-foot chain having but 50 links, the count-
ing, by its tallies, is done from one end in a single direction
only. The degree of accuracy usually required for ordinary
work with a chain of standard length is 1 in 1000,

Testing the Charn. ‘The chain, like the tape, varies in
length with changes in temperature, and in addition it changes
in length from wear, flattening of rings, bending of links, etc.
Hence, before using a chain it should be compared with a
standard length of the United States Coast and Geodetic Sur-
~ey laid off for that purpose and the chaiu adjusted co the true
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. length, if adjustable, or, if not adjustable and too long, mark-
ing the true length with a file on one of the handles, and if too
short, noting the amount so as to apply it as a correction to all
measured lines. The necessity of this care arises from errors
being cumulative when made by using an incorrect measuring

unit.
Laying off a Standard. If no standard is at hand, one

should be laid off as follows: Two long stout stakes should
be driven in the ground, reaching below the frost line, at a
distance apart of 1 chain. In the top of these stakes should
be driven nails marking the standard length. Stones may be
sunken for the same purpose, with scratches to mark the stand-
ard length, or it may be marked on the water-table of a build-
iug, or coping of a wall.

For laying off the standard a steel tape is best, knowing
the temperature and pull at which it is United States standard;
a new chain from a reliable firm, with the same data, may also
be used.

As both iron and steel expand with heat and contract with
cold about 0.0000085 of their lengths for 1° F., if the tape or
chain is used for laying off a standard at other temperatures
than that at which it is standard, a correction must be applied
to the measured length to obtain the true length. This cor-
rection is given by the formula, C=0.0000085 (T's—Tu) L; in
which C—=the correction to be applied to the measured length
to give the true length, T's—the temperature Fahrenheit at
which the tape is standard, Tu=—the temperature at which the
tape is used, and L=the length of the tape. From the form-
ula C is negative when the thermometer is higher than at
standard or when T's<T'u, because the measuring limit is too
long (due to expansion), and positive when T's>Tu, because
the measuring unit is too short (due to contraction). This
correction should always be apphed when laying off a standard
for future reference and comparison.

Measuring lkines with an incorrect Chain. If, however,

-&ines are measured with an incorrect chain, their true lengths
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may be obtained from the following proportion, provided it is
possible to compare the chain with a standard and obtain the
error in its length.

The true length of The measured length
The standard : the chain as given HE %in terms of incorrect ¢ : True length.
he standard. chains,

If the tape or chain was longer than the standard, the
true length of the measured line will be longer than the
recorded length; thus 100 feet : 101 feet : : 10 chains : 10.1
chains.

And if the tape or chain was shorter than the standard,
vice versa; thus 100 feet : 99 feet :: 10 chains: 9.9 chains.
In measuring a given line on the ground it should be borne in
mind that if the chain is too long, the recorded distance will
be too short, and vice versa.

To obtain correct areas from those calculated with meas-
urements made with an incorrect chain, use the squares of the
first members of the above proportions, and the areas for the
second members.

All measurements with the tape or chain should be horizontal
or be reduced to the horizontal if measured on a slope.

- MARKING-PINS AND RINGS.—With each

‘ ) chain there are needed 11 marking-pins
(Fig. 81), about 14 inches long, made of

iron or steel wire, pointed at one end to
enter the ground, and formed into a ring
at the other, for convenience in handling.
They can also be had loaded with a little
mass of lead around the lower end (Fig.
814), so as to answer as a plumb when
dropped to the ground from the suspended
end of the chain. Pieces of colored cloth
should be tied in the rings, so they can be
readily seen in grass, leaves, etc. The
ma m 81"pmsa re carried on a large spring-catch ring.

T'o FoLD AND OPEN CHAIN.— T ke chain is folded by tak-
ing the two middle links in one hand and folding towards the
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two ends simultaneously, laying each pair of links obliquely
‘across those already folded, so as to give it the shape of an
hour-glass, the handles coming outside as in Figure 80.

To epen the ckain, take it by the two handles in one hand
and throw the chain out on the line with the other, at the
same time retaining the hold on both handles.

CHAINING ON LEVEL GROUND. On level ground, the ex-
tremities of the line to be measured being marked by range poles
-or otherwise, two chainmen with the chain folded, 11 pins, note-
book, etc. proceed to one extremity of the line. T'he fore-chain-
man with 11 pins, puts one pin down at the starting-point, takes
one handle and draws the chain out on the line. The chain
is then carefully examined its entire length to see that there
are no kinks in it. ‘The hind-chainman then holds the oufside
of his handle against the pin at the starting-point, and, sight-
ing over the pin in the direction of the line, puts the fore-
chainman in the line by motions of his hand or calling out
“Right” or “Left.” The fore-chainman, to facilitate this and
to enable him to draw the chain taut at the moment of setting
the pin, drops on his left knee and holds his handle in his
right hand and braces his right forearm against the inside of his
right knee. When accurately aligned, the hind-chainman calls
-out “Stick” or ‘“Down,” when the fore-chainman with his left
hand forces the pin vertically in the ground on the Znside of
his handle and calls out “Stuck” or “Down.” The hind-chain-
man then (and never until he hears this signal from the fore-
chainman) pulls up his pin, puts it on his ring preparatory to
proceeding, and picks up hishandle. The fore-chainman then
proceedsalong the line, dragging the chain after him, until the
hind-chainman, approaching the pin just set, calls out *‘Steady”
or “Halt.”

The chain is then again ‘‘lined 1n,” a pin stuck, etc., as
explained, and so on to the end of the line. Having passed
over a distance of 10 chains, the fore-chainman,after signaling
that he has stuck his pin in the ground, it being his last, calls
out “Pins.” The hind-chainman then pulls up his pin, goes
forward with the 10 pins which he has picked up, and gives
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them to the fore-chainman, who counts them to see that none
are lost and that he starts again with the right number, 10.
The hind-chainman then records the 10 chains passed over.

The eleventh pin, the last one stuck, being left in the
ground to serve as the starting-point, the fore-chainman picks
up his handle and proceeds as before. On reaching the end
of the line, the fore-chainman stops, holds his end of the
chain against it, while the hind-chainman drops his end, comes
up to the last pin stuck, counts the number of pins he has on
his ring, records them as chains, then pulls the chain taut,
notes the exact point opposite the pin, and, without removing
the pin, counts the number of links to the end of the line by
means of the tally tags, and records them as links; or all as
chains and decimals; or hundreds, tems, and units of feet,
depending on the chain used.

By the use of 11 pins, only every 10 chains need be
recorded, always leaving 1 pin in the ground for a starting-
point on the new tally. The position of hind-chainman being
the more responsible, the more skilled of the two chainmen
should take that position.

CHAINING OVER UNEVEN GROUND. In chaining over ir-
regular ground two light rods or poles about 8 feet long are
needed for aligning and to enable the elevated end of the chain
to be held vertically over the point, and to assist in pulling the
chain taut. Range poles 10 feet long are useful for ranging
out a long line.

If the forward range pole cannot be seen at any time by
the hind-chainman, then the fore-chainman must align him-
self on the pin of the hind-chainman and rear pole.

If no range poles are used and the line run by an instru-
ment, then the instrument-man lines in the fore-chainman.

As the measured lines are to be horizontal measurements,
when chaining over undulating ground the chain must be held
horizontal by raising the down-hill end. For this purpose a
staff is used (Fig. 82); the chain being raised along it until hor-
izontal, a weighted pin or plumb is dropped, when an ordinary
pin is stuck where it strikes. If the slope is very steep, a
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fraction only of the chain can
be used at one time (the chain
having been drawn out to its
full length on the slope) until
an -entire chain’s length has
been measured. On account
of it being almost impossible
for the hind-chainman, even
with a staff or plumb, to hold a point of the chain several-
feet vertically over a point on the ground, while the fore-chain-
man is pulling the chain horizontally and setting his pin,
chaining up hill is much less accurate than chaining down.

If an instrument for measuring the angles of the slopes
is at hand, the chaining may be done on the surface and the
proper corrections afterwards made in the chained distance
to reduce it to the horizontal, either by multiplying the length
by the cosine of the angle of slope or by reference to the fol-

lowing table:
TABLE OF REDUCTIONS FOR SLOPES.

A::gx.:zgx;gr;c:x SUBTRACT FOR EACH 100 FEeT, |RISE OI‘B::;%;.fAEO FEET
1° .Ulo toot. 1.75 feet.
20 081 foot. 8.49 feet.
8° 137 foot. 5.24 feet.
4° 244 foot. 6.99 feet.
5° .381 foot. 8.75 feet.
8° 548 foot. 10.61 feet.
7° 145 foot. 12.28 feet.
8° 973 foot. 14.05 feet.
9° 1.231 feet. 15.84 feet.

10° 1519 feet. 17.63 feet.
11° 1.837 feet. 19.44 feet.
12° 2.186 feet. 21.26 feet.
13° 2.563 feet. 23.09 feet.
14° 2.970 feet. 24.93 feet.
15° 8.407 feet. 26.79 feet.
16° 8.874 feet. 28.87 feet.
17° 4.870 feet. - 80.57 feet.
18° 4.894 feet. 82.49 feet.
19° 5.448 feet. 84.43 feet.
20° 6.081 feet. 36.40 feet.
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When the line to be measured lies in a sloping plain this
is more accurate than attempting to chain horizontally, on ac-
-count of the several difficulties of holding the chain exactly
horizontal, exerting. the proper pull that the stretch may
equalize the sag, and dropping the pin or plumb from the
right point at the right time. In chaining on slopes, the ele-
vated end of the chain is seldom held high enough to bring
the chain horizontal.

RANGING OuT LINES.—In the description of the methods
of measuring a line, it has been assumed as already marked
-out its entire length by range poles or otherwise. If, however,
two points of a line are given and it is desired to prolong it,
range poles are set up vertically at the two points, a man, if
alone, goes in the direction in which the line is to be pro-
longed as far as he can still see both poles plainly, then, hold-
ing a plumb-line in front of him, moves sideways until he
reaches a point where his line covers both poles, when he
plants a range pole at the point indicated by dropping the
plumb, and then proceeds to another point in. prolongation of
the line, plants a pole, and so on to the end of the line.

If the range poles are not to be left where placed, three
men are required, two being on the line; the third ranges
himself in, the first then goes beyond and ranges himself in,
and so on.

If in a killy country and it is desired to range out a line
over a hill between points A and B (Fig. 83), in opposite
valleys, neither
-of which can be TTeeee
seen from the =
other, two ob- A Fi6. 85.
servers range themselves in near the top of the hill by 4 di-
recting 2 until he is in line with the object B, then a from
his position ranges in 4 with the object .4, and so on until
both are in the line.

One observer with a long pols, rope, or chain could place
himself on the line by observing each object in succession from
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the end of the pole farthest from the object observed, and
moving the intermediate end into the line by a succession of
approximations, until viewed from both ends the alignment
is correct.

If across a valley between points 4 and B (Fig. 86), on
opposite hills, an ob-
server standing at A4
holds a plumb-line over:
it, and, bending down-
until the line is seen-
S e T2 covering the distant.

Fic. 86. point B, directs another
person to place down the slope, poles p, p', p”, etc., in the same:
line with plumb-line and distant point.

If through a wood (Fig. '18), range out a trial line AC as
near the desired line "

AR as possible, until a 3

point Cis reached from T f@ ’Q'r' &) ’
which a perpendicular Fnc 8 2 d-ar € '.‘
CB may be erected to §=~u

the line. Measure this perpendicular, then move all inter-
mediate stakes, 2, §, ¢, etc., perpendicularly over their propor-
tional amounts.

PAsSSING OBSTACLES.—In measuring lines, should objects,
as houses, woods, ponds, etc., be in the line, means must be
taken to pass them, at the same time measuring a line equal in
length to the portion of the line omitted, and then getting
on the line beyond the obstacle and proceeding as if it were
not there. .

By rectangular offsets. ‘This is done by the application of
some problem in geometry, as by rectangular offsets, or other-
wise. Thus,rangeoutthelineuptotheobject (Fig.88); then,by 2

e equal rectangular offsets
% ab and cdlong enough to
clear the obstacle, range

’ ¢ Fe.88 7 a line df past the object,
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at the same time measuring it, and by two equal rectangular
offsets fe and /g from this line, get back upon the original line
and prolong it as before.

The simplest method of constructing with the tape or
chain a perpendicular to a given straight line at its extremity
is by the 83—4-5 rule. Form a triangle, with the tape or chain,
with sides in the proportion 8, 4, and 5, as 15, 20, and 25 feet
or links; place the angle opposite the longest or 25 side at the
given point of the line, the mean or 20 side on the given
line, and the shortest side in the direction of the desired
perpendicular.

By equilateral triangle. Having prolonged the line up

to the obstacle (Fig. 89),

A A form the equilateral tri-

angle a on the line, and

prolong the side which

will pass below the ob-

stacle, measuring it; on

TFie. 89, this form another equi-

lateral triangle 4, and prolong the side to the original line pro-

longed, making it equal to the previous side; then on this form
a third triangle ¢, and re-establish the line.*

Substitutes for steel tapes and chains are linen tape-lines,
metallic tape-lines (having metal tinsel wound around strands
of the warp), rope after being well stretched, and rods of vari-
ous materials.

OpoMETERS.—When traversing is done along roads, dis-
tances may be measured by counting the revolutions of ¢

*For laying off an angle by means of a chain, the formula,
Tan. } A= r‘—l_"

1b3—a3?,
a the chord), may be used.

(in which A is the angle sought, 4 the radius, and
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wheel. For record-
ing therevolutions,
various automatic
devices have been
in use. The old
form of odometer
(Fig.88), known as
the pendulum, has
been extensively
used, but has not
proven altogether

FIGURE 83.

satisfactory. The form now in general use, devised by Mr.
E. M. Douglas of the Geological Survey, is the one known as
the Douglas Positive Motion Odometer (Fig. 84). This form

FIGURE 84.
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is the most trustworthy that has
yet been devised,* but some topog-
raphers prefer to count the revolu-
tions of the wheel directly, using
an arrangemen which rings a bell
at each revolution.

The circumference of the wagon
wheel having been measured, the
number of feet traveled can be at
once ascertained by multiplying
-the circumference of the wheel by
the number of revolutions made
by it.

The most accurate method of getting this circumference is to
divide some known distance on a road (a mile, for example),
by the number of revolutions the wheel makes in passing
over it. This practically compensates for the slip of the wheel
on roads similar to that used.

Distances may also be measured with the Gradienter, and
with the Transit and Stadia, to be explained hereafter.

*The works are contained in a solid metal case, with glass cover-
ing the fnce of the dial. On the outer rim of the dial are 100 divisions
read by an index securelyattached to an under
wheel with 1C0 cogs and carried forward one
space by every outward movement of the steel
lever shown. A wheel (Fig 84a), with 99
divisions and 99 cogs upon it, revolves under
the index and on top of the wheel with 100
cogs, and makes a complete revolution and
one division for every complete revolution of

iy the index. The Odometer is fastened to the
Fic. 84a. axle, as shown, a cam on.the hub giving the
outward motion to the steel lever.
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CHAPTER VL
EXPANSION OF A SURVEY.

The base-line having been measured, the next step is the
expansion, which consists in the selection of stations, erection
of signals, and the measurement of angles, keeping in mind the
principle fo work from the whole to a part, from greater to less,
and to enter on no small eperations early in the work.

THE SELECTION OF STATIONS.*— T ke Stations, which are

*Upon the proper selection df stations, together with the site for
the base-line, depends, in a great measure, the value of the subsequent
work. For this, experience and judgment are necessary. The recon-
noitering officer must, in locating stations, consider the effects of the
resulting triangles ; compare the relative cost of cutting out lines and
building high stations ; foresee and avoid any disturbing influences or
obstructions, etc. He usually provides himself with a pocket sextant
for measuring angles between stations, a pocket compass for determin-

Tie. O1. Tie.92. Fie. 93.
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to be the vertices of the triangles, to be observed to and from,
must be so selected as to form strong figures, in order to reduce
to a minimum the errors which will creep in. No triangle
should have an angle of less than 80°, nor more than 120°,
The stations should be located on commanding ground, if
possible, so as to be intervisible. They should be selected, as
far as consistent with accuracy, with reference to the needs of
the topographers—i. ., so as to have at least two or more fall
upon a single field sheet.

The triangulation may
be extended by continually
increasing the sides of the
triangles as in Fig. 90,
where AB is the measured
base-line, C and D are ob-
served upon giving a new
base CD, from the ends of
which E and F are observed upon giving a new base EF,
and so on.

The triangulation stations are first plotted on the sheet
that is to contain the finished map, and are usually surrounded
by a triangle, thus A\, which is read triangulation station. For

ing the direction of lines, an aneroid barometer for determining approx-
imate elevations, a pair of field-glasses, and climbers or tackle for going
up trees, Having located a station, it is temporarily marked by a flagon
a pole. Having arrived near where a station would be desirable, the
highest ground in the vicinity is ascended, and if there are trees, a
house, tower, or other high object on it, one isclimbed, and with the field-
glasses a search is made for otherstations. Ifno trees or other objects
are available, ladders may be used, being held up by ropes.

In cases where the triangulation takes the form of narrow belts
of figures, simple triangles or quadrilaterals are the most desirable.
The least expensive and most rapidly executed would be as in Fig. 91.
If the greatest attainable accuracy is desired, then Fig. 92 would be
used. If the greatest area is to be covered for a given degree of accu-
racy and cost, then Pigs. 93 or 94 would be used.

The reasons for using the above figures in different cases will be
found in Appendix No. 15, Coast Survey Report of 1876.
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“filling in” the details, the area is divided into small tracts
embracing 2, 8, or more triangulation points, which are trans-
ferred to the field sheets, and all information in regard to them
given to the one in charge of the details. '

The plotting of the triangulation points consists in locating
them to scale on the paper in their true relative positions.*

THE SIGNALS.—These should be high, conspicuous, and
so made that the instrument can be placed precisely under
them, at the same time being of the simplest and least expen-
sive form that will serve the purpose. A pyramid of three
or four timbers surmounted by a staff may be used in many
cases, or a stout post set in the ground on the side of which a
staff is held for observing upon and removed when using the
instrument there. When necessary to raise the instrument
above the ground to overlook surrounding obstacles, structures
for supporting the instrument should be combined with the
signals. ‘These should consist of an interior structure for the
support of the instrument and an outer structure with a plat-
form for the observer. The two should be separate to avoid
jarring the instrument.

T'o the signal staffis usually attached some kind of a target
to make it more conspicuous, as red and white flags if seen
‘against the ground, and red and green if seen against the sky.

*The method employed depends on the extent of the earth’s sur-
face to be represented, the purjose of the survey, and the accuracy
required. For very large areas on a single sheet, such as the U. S.
Coast, Lake, and Geodetic Surveys include, the earth’s sphericity
must be considered and the polyconic projection of meridians and
parallels be used. Points are plotted from computed latitudes and
longitudes.

For areas of not more than 100 square miles, in which the effect of
the earth’s sphericity is so mall that it may be neglected, the rectan-
gular projection of meridians and parallels may be used, and points
plotted from polar codrdina’ s (azimuth and distance) or from rectan-
gular codrdinates (latitude and departure). Of these the latter is bet-
ter, as each point is independently located and cumulative errors are
avoided.
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‘When targets of the ordinary kind would be invisible by rea-
son of distance, state of atmosphere, etc., a ‘‘heliotrope” is
used. These are of various patterns, but all working upon
the principle of projecting rays of light to a distant station by
means of mirrors, as with “heliographs.”
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CHAPTER VIIL

THE ENGINEER’S TRANSIT.

THE MEASUREMENT OF ANGLES.—Several instruments
differing only in power and degree of accuracy have been
-used for measuring the angles in triangulation.

In topographic work undertaken for military purposes,
‘the instrument most likely to be used in measuring angles is
‘the Engineer’s Transit (Fig. 95). This is the most accurate
portable field instrument for the purpose, and with its various
attachments it may be used for leveling, measuring distances,
-determining meridians, reading bearings, fixing grades, etc.

DEescripTION OF THE TrRANSIT.—The essential parts of
the Transit, as shown 1n the cut, are the felescope with its exis
and two supports or standards, the circular plates with their
attachments, the sockefs upon which the plates revolve, the
develing-head, and the tripod on which the whole instrument
stands

THE TELESCOPE is from 10 to 11 inches long, firmly
secured to a horizontal axis having its bearings nicely fitted
in the standards, and thus enabling the telescope to be moved
either up or down, or revolved completely around if desired.
The object-glass D (Fig. 96) is composed of two lenses, so as
to show objects without color or distortion, and is placed at
the end of a slide having two bearings, one at the end of the
outer tube, the other in the ring C C, suspended within the
‘tube by four screws, twc of which are shown in the cut. The
object-glass is carried out or in by a pinion working in a rack
attached to the slide, and thus adjusted to the distance of
o©bjects, either near or remote, as desired.



FIGURE 95.
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The Eye-piece is made up of four
lenses, which, beginning at the eye-
end, are called respectively ke eye,
the field, the amplifying, and the object
lenses, the whole forming a compound
microscope having its focus in the
plane of the cross-wire ring B B.
The eye-piece is brought to its proper
focus by a rack and pinion movement.
This being an adjustment to suit the
eye of the observer, when once made
needs no further notice for the same
person. Sometimes an eye-piece of
two lenses only is employed; but this
wverts the object seen and so has
generally been discarded in American
transits. Where it is desired to take
vertical angles so great that the eye
can not be placed under the telescope,
a little capon the end of the eye-pieceis
unscrewed and replaced by one con-
taining a small prism, which reflects

the image of the ob-

ject at right angles

and brings it to the

eye of the observer

(Fig. 96z). When

used on the sun, a
colored glass or darkener is interposed
between the eye and prism.

The Cross-wires (Fig. 97) are two
fibers of spider-web or very fine
platinum wire, cemented into cuts on
the surface of a metal ring, at right
angles to each other, so as to divide
the small open space in the center

87
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into quadrants. The intersection of the wires forms a very
minute point which, when it is adjusted in the axis of the
telescope, enables the observer to fix it upon an object with
the greatest precision.

This axis of the telescope (which is also the optical axis of
the objective) is usually termed the /Zine of collimation, and
the operation of bringing the inter-
section of the wires into this axis
is called the “adjustment of the line
of collimation.”

The openings in the telescope
tube are made considerably larger
than the screws used in adjusting
the cross-wires, so that, when the
screws are loosened, the whole ring

FIGURE 97. can be turned around for a short
distance in either direction. The movable ring at A A
(Fig. 96) is used to effect the centering of the eye-piece; and
the one at C C is used to effect the adjustment of the object-
glass slide.

The Stadia (Fig. 98) is a compound
cross-wire ring, as shown, having three
horizontal wires, of which the middle one
is cemented to the ring as usual, while
the others are fastened to small slides,
held apart by a slender brass spring hoop,
and actuated by independent screws, by
which the distance between the two
movable wires can be adjusted to include
a given space, as 1 foot on a rod 100 feet
distant. These wires will in the same F1GURE 8.
manner include 2 feet on a rod 200 feet distant, or } foot at a
distance of 50 feet, and so on in the same proportion, thus
furnishing a means of measuring distances.

The Supports or Standards of the Transit are firmly
attached by their expanded bases to the upper plate, one of




THE ENGINEER'S TRANSIT. 8o

them having near the top a little movable box, actuated by a
screw underneath, by which the telescope axis may be raised
or lowered and thus made truly horizontal.

ATTACHMENTS OF THE TELESCOPE.—Although the in-
strument is sometimes used with a plain telescope, oftener it
is provided with one or more attachments, as the vertical arc
or circle, level, clamp and tangent, and solar attachment.

The Vertical Arc or Circle is firmly secured to the axis.
of the telescope, and, in the instrument shown, is 6 inches in
diameter, divided on silver to degrees and half-degrees, and
with its vernier reading to 1 minute. On some instruments
the arc is replaced by a full circle.

The Level on the Telescope consists of a brass tube about
6% inches long, each end of which is held between two cap-
stan nuts connected with a screw or stem attached to the under
side of the telescope tube. The vial enclosed in the tube is a
little over b inches long and half an inch in diameter, ground
on its upper interior surface so as to insure an even and sen-
sitive bubble, the length of which is measured by the divided
scale above, and thus de-
termines when the bub.
ble is brought into the
center of its run.

The Clamp and Tan
gent cousists of an arm,
at one end encircling the
telescope axis and at the
other connected with the
tangent or slow-
motion screw;
the clamp is fast-
ened at will to
the axis of the
telescope by a
clamp-screw in-
serted at one
side of the ring,

FIGURE 99.
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-and then by turning the tangent screw the telescope is slowly
raised or lowered as desired. In the GRADIENTER, as shown
in Fig. 99, a screw is attached to the semi-circular expanded
arm of the ordinary clamp of the telescope axis. The screw
is accurately cut to a given number of threads, and passing
through a nut on one side of the arm, presses against a little
stud A fixed to the inner surface of the right-hand standard.
In the other side of the arm is inserted a hollow cylinder con-
taining a pin actuated by a strong spiral spring, the end of the
pin pressing against the side ¢ the stud opposite that in con-
tact with the screw. Care must be taken to see that the
spring presses against the stud; otherwise there will be lost
motion or a shght play. Near the other end of the screw, and
turning with it, is a wheel or micrometer, the rim of which is
plated with silver and divided into 50 or 100 equal parts. A
small silver scale, attached to the arm and just above the
wheel, is divided into spaces, each of which is just equal to
one revolution of the screw, so that by comparing the edge of
the wheel with the divisions of the scale, the number of com-
plete revolutions of the screw can be easily counted on it.

The Solar Attackment, placed upon the cross-bar of the
ordinary transit, consists essentially of a polar axis attach=d
in the same vertical plane with the line of collimation of the
telescope and perpendicular to it. Attached to the polar axis
and revolving about it is a triangular frame carrying an arc,
called the declination arc, graduated to quarter-degrees. At
the angle of the frame opposite the declination arc a movable
arm has its center of motion. On the other end of the arm
is a vernier which reads to single minutes on the arc. The
arm is moved by a tangent screw and has a clamp.

At each end of the arm is a rectangular block of brass in
which is set a small convex lens having its focus on the surface
of a little silver plate (Fig. 100) fastened by _
screws to the inside of the opposite block and ) - A
forming between them two pencils of rays; on, QD B
the surface of the plate are marked two sets  pyqume 100
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of lines intersecting each other at right angles; of these 44
are termed the hour lines, and ¢c the equatorial lines.
Surrounding the base of the polar axis is the Aour circle
graduated to 5 minutes of time and figured from I to XII.
‘This is read by a small index fixed to the triangular frame and
moving with it. When it
is desired, the attachment
can be removed from the
telescope and packed in the
case, and a protecting thin
sheath put on the polar
axis.

Saegmuller's Solar At-
tackment (Fig. 101) con-
sists essentially of a small
telescope attached to the
axis of the transit tele-
scope and, used in connec-
tion therewith, performs
the office of the solar
compass.

THE CIRCULAR PLATES
and their accompanying
sockets are shown in Fig.
102. The upper plate A
A, carrying the compass-
limb, verniers V V, levels,

telescope, etc., is sctewed fast to the flange of the interior
solid spindle, and is called the al/idade; the lower plate or
graduated limb B is fastened to the socket C, which encircles
the spindle, and is in turn fitted to and turns in the hollow
socket of the leveling head. All that portion of the instru-
ment above the leveling head and which turns in the leveling
head socket is sometimes called the kead of the instrument.
THE CoMPASS consists essentially of a circular box about
6 inches in diameter, covered by a glass to exclude dust and
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moisture, and containing a magnetic needle N (Fig. 102) of’

FIGURE 102.

best steel, pivoted upon a hardened pin in the center of the
box, allowing the needle free play in a horizontal direction.
The north end of the needle is usually marked in some way to
distinguish it, and on the south end is a coil of small brass
wire to balance it.

Under the needle is a little plate, which is raised by a
screw outside the box, lifting the needle off the pivot when
not in use and when being carried around, to avoid unneces-
sary wear on the plvot

The circular rim of the box is silvered and graduated
into degrees and half- degrees, the degree marks being extended
down on the inner edge. The graduations are figured from 0°
to 90° each way from each end of the diameter or zero line.
On the interior of the circle described on the bottom of the
box a short arc is graduated the same as the rim, and called
the declination arc. On the outside of this same circle and
opposite the declination arc is a double vernier reading to
single minutes on the declination arc.

The graduated rim and the verniers have a shght inde-
pendert circular motion, by means of a pinion, around the
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inner portion of the bottom of the box containing the declina-
tion arc, which latter remains fixed with reference to the line
of sight. This motion is for setting off the declination of the
needle, and can be clamped by a screw. One end of the zero
line is called north, and generally indicated on the box with a-
[fleur-de-lis, the other end south and marked with an S. The
letter E (east) is placed 90° to the left of north and the letter
W (west) 90° to the right of north, when looking from the .
south end of the zero line, because, at any place, the needle
remains stationary while the line of sight and graduated circle
revolve in taking bearings. Hence, if the line of sight points
towards the northeast, the north end of the needle (which is
the end always ready) will point to the quadrant between the
letters N and E indicating at once the direction of the line of
sight. Similarly for the other quadrants.

TaE CLAMP AND TANGENT movement of the two plates
or alidade has its tangent screw with opposing spring attached
to the upper plate as shown in Fig. 95. The clamp, shown
in Fig. 102, is a strong metal ring D F, moving easily around
the socket C which carries the lower plate, and to which it is
se curely fixed at will by the screw E, impinging upon a small
segment F.

By this means the two circular plates are clampe d firmy
together and moved slowly around each other, in either direc-
tion, by the tangent screw, or loosened at will and moved by
the hand, the telescope being thus easily and accurately
directed to the point of sight.

TeHE Two LEVELs OR BUBBLE-TUBES are shown placed
at right angles to each other so as to level the plate in all
directions, and adjusted by turning the capstan-head screws
at their ends by a small steel pin.

THE Two DouBLE VERNIERS V, V, attached to the upper
plate are diametrically opposite to each other and serve to
read the limb of the lower plate, around which they revolve.

TeE LOWER PLATE OR LimMB B is graduated on its upper
surface usually into degrees and half-degrees, and figured in
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two rows—viz., from 0° to 360°, and from 0° to 90° each way
or in single series from 0° to 360°, or 0° to 180° on each side,
If the vertical axis of the socket C does not pass through the
center of the lower plate B which is attached to it, then the
upper plate which revolves around it will have an eccentric
motion, and if but one vernier were used the angles read
would not be true; hence the two verniers are placed diamet-
rically opposite and the average of the angles they record is
used, which eliminates the effect of eccentricity. The verniers
themselves may not be exactly 180° apart, but taking the mean
of the two readings eliminates errors from this source also.

THE SockeTs are compound. The inner solid spindle, to
which the upper plate is attached, turns in the socket C when
an angle is taken on the limb, but when the two plates are
clamped together the socket C, and with it the whole head of
the instrument, revolves in the socket of the leveling head.

THE LEVELING HEAD consists of two plates connected
together by a socket having at its end a hemispherical nut fit-
ting into a corresponding cavity in the lower plate. These
two plates are inclined to each other or made parallel at will
by four leveling screws, three of which are shown in Fig. 5.
In leveling the instrument, diametrically opposite screws are
grasped, one in each hand between the thumb and forefinger,
and both turned at the same time either towards each other or
from each other, turning the left thumb in the direction it is
desired the bubble should move to come to the center.

THE Crampr AND TANGENT movement of the leveling-
head serves to turn ihe licad of the instrument upon its sock-
ets. Some instruments have a screw instead of the spiral
spring in this movement, aud when this is the case, care must
always be taken to see that there is no lost motion between
the two screws.

THE LOWER LEVELING PLATE is made in two pieces, of
which the upper is screwed fast to the tripod and has a large
opening in its center, in which the smaller lower one is shifted
from side to side or turned completely around. This is called
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8 “shifting center,’ and by
means of it the plummet
which hangs from P can be
set precisely over a point with-
out moving the tripod.

THE TrRIPOD consists of
three legs of wood attached
to a head by bolts. The lower
- ends of the legs are fitted with
brass shoes and iron points.

Extension tripods (Fig.
103) are very handy for use
on uneven ground, where
lengthening or shortening the
legs at will would be neces-
sary ; also for shifting the head
of the instrument over large
distances to bring the plum-
met over a point without mov-
ing the tripod.

PrecAUTIONS IN CLAMP-
ING.—The different parts of f
the instrument being made of [j
brass, bronze, and other soft §
metals, the greatest care is
necessary not to strain any FIGURE 103.
of the screws or force any of the movements. A slight tension
only is required in clamping, as in all other working of screws.
These precautions apply as well to all other instruments.

PLUMB-LINE AND BUBBLE-TUBE.—The plumb-line and
bubble-tube are at once the most simple, universal, and essen-
tial of all appliances used in surveying and astronomical work.
Without them neither the zenith nor the horizon could be
effectually determined, and the determination of altitudes and
of horizontal lines would be out of the question. Even
azimuths, bearings, and horizontal angles require that th"
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circle by which they are obtained shall be brought into a
horizontal position.

T ke plumb-line is a vertical line pointing to the center of
the earth, and a plane at right angles to this line is for tkat
point a horizontal plane. As no two plumb-lines can be
parallel, so no two planes can be parallel which are respect-
ively horizontal at two different places on the earth’s surface.
Parallel horizontal planes can only be planes at different eleva-
tions (unless on opposite sides of the earth), all horizontal for
a single point on the earth’s surface.

A level surface is a surface (not a plane) which is at every
point perpendicular to a plumb-line at that point. If the
earth were covered with a fluid in a quiescent state, the sur-
face of this fluid would be a level surface.

A bubble-tube is a round glass tube, bent or ground so
that a longitudinal section of its inside upper surface is
the arc of a circle. This tube is nearly filled with ether, the
remaining space being occupied with ether-vapor, which forms
the bubble, which latter always seeks the highest point of the
tube.

Proposition 1. 1f a bubble-tube be rigidly attached in a
frame, as in a striding level, or under the telescope of a wye
level, and if this frame be reversed end for end on the same
two points of support, and the bubble remains in the same
portion of the tube in both positions of the frame, whether it
be the center of the tube or not, the points of support are in
the same horizontal line.

The right line tangent to the inner upper surface of the
bubble-tube, at the center of the bubble, is called 24e axis of
the bubble, and is horizontal.

When the bubble is in the center of the tube, its axis is
called the axis of the bubble-tube.

Proposition I1. 1f a bubble-tube, like those on the plate
of compass, and on transits and levels, be revolved about a
supposedly vertical axis, and the bubble remains in the same
portion of the tube during the entire revolution, the axis a
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revolution wiil be vertical, and the axis of the bubble will
«describe a horizontal plane.

Cor. 1. Similarly, if a bubble-tube be revolved 180°
about a supposedly vertical axis, as in adjusting plate bubbles,
and the bubble remains in the same portion of the tube in both
positions, the axis of revolution lies in the vertical plane per-
pendicular to the axis of the bubble in the two positions.
If the same test be made for any other two horizontal posi-
tions 180° apart (preferably 90 degrees from first position)
and the bubble remains in the same portion of the tube, the
axis of revolution lies in the vertical plane perpendicular to
the two new positions of the axis of the bubble; hence it lies
in the intersection of the two vertical planes and is itself
vertical.

Cor. 2. If two bubble-tubes, preferably at right angles
to each other, be rigidly attached to a plate or frame, as the
plate bubbles of compass and transit, that revolves about a
vertical axis, and if each bubble remains in the same portion of
its tube in two positions 180° apart, the axis of revolution is
vertical.

Proposition IIl. In all cases where a bubble-tube has
been reversed 180° on the same points of support, or 180°
about an axis, the angular difference between the two posi-
tions of the bubble is Zwice the angular deviation of the points
of support from the horizontal, or of the axis from the vertical.

SENSITIVENESS OF THE BUBBLE.—A bubble is sensitive
directly as the length of the radius of curvature. The longer
the radius or flatter the curve, the more sensitive; the shorter
the radius or the greater the curvature, the less sensitive. It
is also sensitive in proportion to the length of the bubble
itself, a long bubble settling more quickly and accurately than
a short one,

ADJUSTMENTS OF THE TRANSIT.—Every instrument
should leave the hands of the maker in complete adjustment,
but all are so liable to derangement by accident or careless

use, that everyone called upon to use any instrument should
—1
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(1) be familiar with the structure and use of all its parts
(2) be able to determine when it is in exact adjustment, (3) to
locate the source of the error if not in adjustment, (4) to
discuss the effect of any error of adjustment on the work in
hand, and (5) to properly adjust all the adjustable parts, or
make the proper corrections if not adjustable.

Principle of Reversion. 'The method of testing the accu-
racy of nearly every adjustment of instruments is by the ap-
plication of the principle of “reversion,” which apparently
doubles a real error, and thus enables one to see it and more
easily correct it.

The Adjustment of the Engineer’'s Transit are such as
to cause: 1st, the head of the instrument to revolve in a hori-
zontal plane about a vertical axis; 2d, the “line of collima-
tion” to generate a vertical plane through the vertical axis
when the telescope is plunged upon its horizontal axis; 3d, the
axis of the telescope bubble-tube to be parallel to the line of
collimation, thus enabling the instrument to do leveling;
4th, the vernier on the vertical circle to be so placed that its
readings shall be the true altitude of the line of collimation.
These four results are attained by making the following five
adjustments.

1st ADJUSTMENT.— 70 adjust the levels—i. e., to make
the plane of the plate-bubbles perpendicular to the vertical
axis. Set up the instrument upon its tripod, as nearly level
as possible, and, having unclamped the plates, tura the upper
one until the levels are brought into positions parallel to the
directions of diametrically opposite leveling screws; then with
the thumb and first finger of each hand clasp the heads of
two diametrically opposite screws, and, turning both thumbs
in or both thumbs out, as may be required, turning the left
thumb in the direction it is desired the bubble to move, bring
the bubble to the center of the opening. Without moving
the instrument, proceed in the same manner with the other
pair of leveling screws to bring the other bubble to its center;
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if in doing this the level first corrected be thrown out a little,
bring it in again; when both are in place, turn the upper plate
half-way around—i. e., 180°; if the bubbles both come to the
center, they would need no co:rection; but if not, with the
adjusting pin turn the small screws at the end of the levels
until the bubbles are brought back one-half of their displace-
ment;¥ then bring the bubbles again into the centers with
leveling screws, as at first, and repeat the operations until the
bubbles will remain in the center during a complete revolution
of the instrument, when the adjustment will be complete.

Sometimes the bubble-tube rests on a knife-edge under
the middle, in which case the screw at one end must be
loosened before the other is tightened.

This adjustment is important in measuring all horizontal
and vertical angles. In the latter case the error may be equal
to the amount of the inclination of the vertical axis, while in
the former case it will be less if objects are nearly in same
horizontal plane.

In all the following adjustments the first step is to set up

*To show that turning the upper plate half-way around apparently
doubles the errors of adjustment of the bubble-tubes, or that the angle
between the two positionsof a bubble-
tube (direct and reversed) is double
the angle made by theaxis of thebub-
ble-tube withtheupperplate, to which
it should be parallel when in adjust-
ment, assume the bubble-tube, drawn
full in Fig. 104, asleveled in the orig-
inal position, and that drawn broken
as having been revolved 180°about the
axis }] then @=inclination of axis—=a’
—=a’/=a’"’ ; b=angle between direct
and reversed positionsof bubble tube;

b4-c=a”’+a’” rc;

.. b=a"+4a"""=2a.

Correcting half the displacement

of the bubble by means of the bubble-
tube adjusting screws corrects the
whole error of adjustment, but, by
reversing the instrument, the amount
the vertical axis was inclined was made to appear as an error of the
bubble-tube; hence the necessity for releveling.
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the instrument firmly and level carefully; hence it will not be
repeated.

2D ADJUSTMENT.— 70 Adjust the line of collimation—i. e.,
to make it perpendicular to the horizontal axis of the tele-
scope. Bring the cross-wires into the focus of the eye-piece
with the telescope turned towards the sky; determine if the
vertical wire is plumb, by clamping the instrument firmly and
applying the wire to the vertical edge of a building or plumb-
line; should any deviation be manifested, loosen the cross-
wire screws and by the pressure of the hands outside the tube
_move the ring around until the error is corrected.

Fix the point of intersection upon some well-defined
point several hundred feet away, clamp the alidade and head,
and assure the bisection by either tangent screw; plunge the
telescope on its horizontal axis, and find or set some point in
the opposite direction and at about the same distance from the
instrument as the first object observed.

Great care should be taken in plunging the telescope
that the position of the instrument upon the spindle is not in
the slightest degree disturbed. Unclamp the alidade, turn the
telescope around, and again direct it on the first object selected;
clamp, and, having bisected this again, plunge the telescope
on its horizontal axis and note if the vertical wire again bisects
the second object observed. Should this happen, it will indi-
cate that the wires are in adjustment and that the two points
bisected and the center of the instrument are in the same
straight line.

If not, the space which separates the wires from the
second point observed will be double the deviation of t4at
point from a true straight line through the first point and
center of the instrument, or four times the real error of the
wire from the optical axis of the telescope, since four observa-
tions have in reality been made, introducing the error at each
pbservation. Figure 105 shows this; the line XV repre-
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] senting the horizontal axis of telescope
}; é, during first two observations, o’ and a”
“\4 the position of the optical axis, and the
Y £ points marked 1 and 2 the points ob-

1 served, the line X' Y’ the position of
the horizontal axis during the third, and

X fourth observations after turning nearly
F16.105. half way around the vertical axis, "’ and
- " the positions of the optical axis and

the points marked 3 and 4 the points
observed. The real error of the wire,
constant during the observations, is the
deviation of 1 from &, or 2 from a”, and hence 4 from 2"”, which
is one-fourth of the distance from 2 to 4, while the straight
line through 1 and the center of the instrument is midway
between 2 and 4 at K; hence, in order to correct it, use the
two capstan-head screws on the side of the telescope, these
being the ones which affect the position of the vertical wire.
Remember that if the eye-piece gives an erect image,
an inversion has taken place between the wires and eye,
and therefore, in loosening one of the screws and tightening
the other on the opposite side, the operator must proceed as if
he were going to increase the error observed. Having in this
manner moved back the vertical wire until by estimation one-
quarter of the distance between 2 and 4 has been passed over,
turn the instrument upon the first point observed, plunge the
telescope, and, if the correction has been carefully made, the
wires will now bisect the point K midway between 2 and 4;
if not, repeat and continue correcting until the instrument
will stand the test,
In figure 108, if ¢ be on the axis of the telescope, and

,

& o —

Tre. 106. A
the intersection of the cross-wires be at a, above ¢, when «, is
directed upon the point A of the arrow its image will be seen
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at a below the axis. The telescope in this case gives an erect
image. On revolving the telescope on its own axis the inter-
section of the cross-wires will go to a, below ¢, while its image
will be at a’ above the axis. In thxs latter position of the
telescope the true displacement of the intersection of the
cross-wires is below ¢, but apparently above it; hence, to cor-
rect it the cross-wire ring must be moved upward % ¢, ¢, in
the direction of the apparent displacement.

In Fig. 107, if ¢ be on the axis of the telescope, and the

A
Fic. 107.
intersection of the cross-wires be at 2 above ¢, when a is directed
upon the point A of the arrow its image will be seen at a
above the axis. ‘The telescope in this case gives an inverted
image. On revolving the telescope on its own axis the inter-
section of the cross-wires will go to &’ below ¢, as also its image.
The apparent and true displacement in this case are in the
same direction; hence, to correct it move the cross-wire ring
up 4 @ a’, in -the opposite direction from the apparent dis-
placement.

The importance of this adjustment appears in the meas-
urement of horizontal angles between objects not in the same
horizontal plane, but more particularly in prolonging a straight
line by plunging the telescope; any error being doubled with
each revolution.

3D ADJUSTMENT.— 70 adjust the standards—i. e., to make
the horizontal axis of the telescope perpendicular to the
vertical axis of the instrument. In order that the intersection
of the wires may trace a vertical line as the telescope is
moved up or down, it is necessary that both the standards of
the telescope should be of precisely the same height.

Having the line of collimation previously adjusted, set up
the instrument in a position where points of observation, such
as the top and base of a lofty spire or chimney, can be selected,
glving a long range in a vertical direction.
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. Fix the intersection of the wires on the top of the object
and clamp the plates and head, then bring the telescope down
until the wires bisect some good point, either found or marked,
at the base; unclamp the plates, turn the instrument half
sround, plunge the telescope, and fix the wires on the lower
point; again clamp, and raise the telescope to the top object.
If the wires intersect it, the vertical adjustment is correct; if
they are thrown to either side, this would prove that the
standard oppecite that side was the higher, the apparent error
being double that actually due to this cause. To correct it,
where one of the bearings of the horizontal axis is movable,
loosen the screws which hold on the cap of the standard, and
raise or lower the block by the screw underneach the sliding-
piece, bringing back the wire one-half its displacement from
the Srst point observed, then tightening the cap screws.
Repeat for a test.

If this method is not convenient, suspend a plumb-line
20 or 30 feet long, some 15 or 20 feet from the instrument;
the weight suspended in a pail of water, and line hung from
a rigid support; should be no wind; cord small and smooth.
Set the line of sight on the cord at bottom. Clamp plates and
head and turn up the telescope on the top of the cord. If
the line of sight does not now strike the cord, raise or lower
the adjustable end of the axis until it does. Repeat for a test.
No reversion having taken place in this case, the apparent is
the whole error. The importance of this adjustment is in the
measurement of horizontal angles between points not in the
same horizontal plane.

415 ADJUSTMENT.—70 make the axis of the telescope
bubble-tube paraliel to the line of collimation.

15t method.* 'This consists in adjusting the bubble directly
to the line of sight after the latter has been made hor-
izontal. Drive two pegs on nearly level ground about 200
feet apart. Set the instrument so near one of them that when
the rod is held upon it in a vertical position the eye end of

$Peg Adjustment.




104 TOPOGRAPHIC SUKVEYING.

the telescope will swing about half an inch from its face.
Turn the eye end of the telescope upon the graduated face of
the rod, the bubble being in the middle of its tube; look
through the object end and set a pencil point on the rod at
the center of the small field of view. Read the elevation of
this point and call it a. Hold the rod on the distant peg and,
with the bubble in the middle, set the target on the line of
sight and call this reading 4. Now carry the instrument to
the distant peg, set it near it, read the elevation of the instru-
ment as before, which reading call a; carry the rod to the
first peg and set the target on the line of sight, giving the
reading &'. If the line of sight had been parallel to the axis
of the bubble in each case, it would have been horizontal when
the bubble was in the middle of the tube, and hence the differ-
ence between the 2 and & readings in each case would have
been the difference in elevation of the pegs, and hence equal
to each other—iz. e.,
a—b=48—a'=p (Fig. 108).

If the line of sight was
not parallel to the axis of the o
bubble, however, then the Fic. 108.
differences of elevation of the two pegs as obtained by the
two sets of observations, are not equal, and

(a—b)—(¥'—<)=d (Fig.109);
for b=x+(d'—9)s
¥=x+aty;
a—b=a—(x+d—y);
=a—x—d+y;
¥—a'=x+aty—d;
o (@8 —(§—a)=(a—x—d' +y)—(x+a+y—a);
=a—x—d+y—xr—a—y+d;
=—2x;
=d.
Now d is twice the deviation of the line of sight from the
bubble axis for the given distance. If therefore the target be
moved up or down, as the case may be, a distance equalto §

]
aff- avecesersestasniesoees .
Bilf oo e reesnereanaenes
‘
[} 5 | O P TR
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d, or x, then the line of sight may be brought to this position
either by the leveling screws or the vertical tangent screw,
and the bubble adjusted to bring it to the middle. The sig-
nificant fact is that by moving the target 4 4 from its last posi-
tion a truly horizontal line is established, and either the bub-
ble or the line of sight can be adjusted to it after the other
has been brought into a horizontal position.

The above equation may be written (a+a")—(6+8)=d,
from which it may be seen at once that the line of sight in-
clines down when d is positive and up when negative.

Henge, add together the two heights of tnstrument and the
two rod readings, sublract the latler from the former, and lake
§ the remainder. Move the target by this amount from the &
reading, up when positive and down when negative.

After adjusting, return to first peg, read height of instru-
ment again, and the rod held on second peg, for a check, see
if this new value of (¢—&) agrees with the adjusted value of
(¥—d). If not, adjust again.

2d method: First level the mstrument carefully, and
with the clamp and tangent movement to the axis, make the
telescope horizontal, as nearly as possible, by eye; then, hav-
ing the line of collimation previously adjusted, drive a stake
at a convenient distance, say from 100 to 300 feet, and note the
height cut by the horizontal wire, upon a rod set on top of the
stake. Set another stake in the opposite direction and at the
same distance from the instrument, and without disturbing the
telescope, turn the instrument upon its spindle, set the rod
upon the stake, and drive it in the ground, until the same
height is indicated as in the first observation.

The tops of the two stakes will then be in the same hori-
zontal line, however much the telescope may be out of level.
Now remove the instrument from 50 to 100 feet beyond either
of the stakes, but in line with both; again level the instrument,
clamp the telescope as nearly horizontal as possible, and note
the heights indicated upon the red placed first upon the
nearer and then upon the most distant stake. If both are the
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same, the telescope is level; if not, then with the tangent screw
move the wire in the direction to decrease the error, as shown
at the distant stake, until the two readings are the same, when
the telescope will be horizontal. Being in this position, tak-
ing care not to disturb it, bring the bubble into the center
by the little leveling nuts at the end of the tube, when the
adjustment will be completed.

5TH ADJUSTMENT.— 70 adjust the vertical circle—i. e., to
make the vernier read zero when the line of sight is horizontal.

1st method: Having made the previous adjustment, bring
the bubble to the center of the tube, and if the vernier does
not read zero, loosen the capstan-head screws which fasten the
vernier, and move the zero of the vernier to the zero of the
circle. If the vernier is not adjustable, its reading will be the
index error.

2d method: Thezeros being placed together, the line of sight
may be. brought horizontal with the peg adjustment, by moving
the horizontal wire by means of the screws on the telescope,
and the bubble afterwards brought to the center of its tube. If
the wires are moved after making the second adjustment, it
must be tested to see if disturbed.

3d method: 'The zeros being placed together, with the
telescope find or place some well-defined point from 10V to
500 feet distant, which is cut by the horizontal wire. ‘Turn
the instrument half-way round on its spindle, revolve the tele-
scope on its axis, and, fixing the wire upon the same point as
before, note if the zeros are again in line. If not, move the
vernier over half the error, bring the zeros again into coinci-
dence by the tangent screw, and proceed precisely as at first,
until the error is entirely corrected, when the adjustment will
be complete. This last method is only applicable with the
full circle.

The last two adjustments are important in leveling
operations and in measuring vertical angles.

To center the object-slide. 'The adjustments described are
all that will ordinarily be required, though sometimes it may
be necessary to center the object-siide.
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The line of collimation being adjusted for objects from
800 to 500 feet distant, clamp the plates securely, and fix the
vertical wire upon an object as distant as may be distinctly
seen; then, without disturbing the instrument, move out the
object-glass so as to bring the vertical wire upon an object as
near as the range of the telescope will allow. Having this
clearly in mind, unclamp the limb, turn the instrument half-
way around, plunge the telescope, clamp the limb, and with
the tangent-screw bring the vertical wire again upon the néar
object; then draw in the object-glass slide until the distant
object first sighted upon is brought into distinct vision. If
the vertical wire strikes the same line as at first, the slide is
correct for both near and remote objects, and, being itself
straight, for all intermediate distances.

If in .error, proceed as follows: First, with the thumb
and forefinger twist off the thin brass tube that covers the
screws C, C. Next, with the screw-driver turn the two
opposite screws C, C, loosening one and tightening the other,
so as apparently to increase the error, making by estimation
one-half the displacement. This done, readjust the line of
collimation, then repeat the centering again, and so on until
it will stand the test.

To center the ey e-piece—i. e., to make the intersection of
the cross-wires appear in the center of its field of view. This
is accomplished by means of the four small screws at A, A,
loosening one and tightening its opposite until the intersec-
tion of the cross-wires is seen in the center of the field of view.

Putting in new cross-wirves. If a cross-wire becomes
broken, the time required and the expense involved in send-
ing the telescope to an instrument-maker to have it replaced
may be saved to the operator if he can do it himself, and it is
really a very simple thing to do. Having provided some kind
of gum, wax, or varnish, and a piece of stiff wire 12 or 15 inches
long, bend the latter in the shape of letter U with the
prongs a couple of inches apart, or use a forked stick. Catch
a spider, attach the end of his web to one prong, and while
making him spin, wind up the web on the fork.
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At each crossing fasten the wire to the fork with the wax
or varnish, thus providing a large supply. Afterdrying a few
minutes they will be ready to use. The eye-piece is removed
from the telescope, and two opposite screws from the cross-
wire ring. The ring is turned 90°, a stick inserted in the
screw-hole in its edge, the two remaining screws removed, and
the ring taken out. ‘The broken wire is removed, a new wire
is laid across the ring in the scratches made for it, and
stretched taut, then fastened with a drop of varnish or gum or
piece of wax, care being taken not to get the wire out of the
scratch by a side movement.

The eye-piece will answer for a magnifying glass for
placing the wire, which latter should be small, round, and
opaque. If old wiresare used, they should be slightly steamed
to restore their elasticity. Wires may be unwound from a
cocoon, and shellac dissolved in alcohol makes a good varnish.

To adjust the compass. One or more of the following
causes of error may exist in the compass. The point of the
pivot not in the center of the graduated circle, the needle not
straight, the zero line not in the vertical plane of sight.

To adjust the pivot. Find the position of the needle
which gives the maximum difference of end readings, remove
the needle, and bend the pivot at right angles to this position
by one-half the difference in the extreme variation of end
readings.

7o straighten the needle. Set the north end exactly at.
some graduation mark and read the south end. If not 180°
apart, bend the needle until they are. ‘This assumes that the
point of the pivot is in adjustment.

To delermine whether the zero line lies in the plane of
sight. Direct the telescope on an object and read the north
end of the needle; then revolve 180° and sight to the same
object and read. If the number of degrees read is the same
as before, this will show that the line of sight passes through
the center; otherwise, half the sum of the two readings will be
the correct one.
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The test of the delicacy of a needle is the number of
horizontal vibrations which it will make in a certain arc before
coming to rest.

To Usk THE TRANSIT.—It should be sef up firmly by press-
ing the tripod legs into the ground.

The center must be brought exactly over the desired
point by means of the plumb-line. The precision of centering
an instrument over the point increases in importance inversely
as the length of the triangulation lines; thus,

1 inch is equivalent to about 8 minutes of arc at 100 feet.

1 inch is equivalent to about 3 seconds of arc at one mile.

-The plates should be brought as nearly horizontal as pos-
sible in setting up the transit, and afterwards made truly hori-
zontal by means of the leveling screws and plate bubbles.
The horizontal plate verniers should be lettered A and B.

The objective end of the telescope, in its normal position,
is usually placed over the north end of the zero line of the
compass; hence some engincers read azimuths, using vernier
A starting with 0° at the north, and vernier B with 0° at the
south; while others use vernier A starting with 0° at the
south, and vernier B with 0° at the north, Whichever method
is used should always be distinctly stated in the heading of
.the notes, so that no misunderstanding may occur.

Before beginning to take observations the eye-piece of the
delescope should be moved in or out until the cross-wires
appear distinct to the operator. The object-glass is focused
byturning the pinion-head until the object sighted is seen clear
and well defined, and the wires appear as if fastencd to its
surface. If, on moving the eye about, the wires appear to
-move on the object, the focusing of the objective is not exact
-and must be repeated until no such movement appears. This
.is particularly necessary in reading distances thh the stadia
rod and in leveling.

Needle check. The needle is used, as will be described
under the compass, to give the hearings of lines, and as a rough
check upon the angles obtained by the vernier and limb, but
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its employment is only subsidiary to the general purposes of
the transit.

To measure a horizontal angle. Set up and leyel the
transit exactly over the apex of the desired angle—iz. e,
over the intersection of the lines whose difference of direction
is desired. Turn the telescope upon one of the objects, pref-
erably the left-hand, and clamp both horizontal movements
By either tangent screw make the intersection of the cross-
wires bisect the object, and read bota verniers. Record the
readings seperately as Reading Vernier A, Reading Vernier B.
Unclamp the plates, deing careful not to disturd the lower clamp,
turn the telescope upon the other object, clamp the plates, and
by the upper or alidade tangent screw make the intersection
of the cross-wires bisect this object, and again read both ver-
niers and record. The difference of the two vernier A read-
ings should equal the difference of the two vernier B readings
and be the value of the angle measured; but if these differ-
ences are not equal, then § their sum is taken as the value of
the angle. .

After setting up the transit and before pointing to the
first object, many observers set vernier A to read zero and
clamp it there, then make their pointing and bisection on the
first object by the lower tangent movement, being careful not
to disturb the alidade tangent screw until they are ready to
anclamp the plates and turn upon the second object. This
though in a way convenient, is not essential.

Should either vernier have passed the 860 degree mark in
turning, then, before finding the difference of its readings, 360
must be added to its last reading.

Where great accuracy is necessary, the measurements are
repeated on different portions of the graduated circle; thus,
after measuring the angle as above, the head is unclamped
below, the telescope turned back upon the first object, clamped
and bisected by the lower tangent screw, without disturbing
the first readings; then, unclamping the plates, the telescope
again directed upon the second object and the angle deter-
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mined as at first; having now measured the angle twice, } the
sum thus found may be taken; or, finding the differences
between the first and last readings of each vernier, take § of
the mean for the angle, which should be the same as the
other. This repetition may be continued any number of times,
taking the mean of the differences of the first and last read-
ings of each vernier and dividing by the number of times the
angle has been observed for the measure of the angle,

When repeating angle measurements, better results are
obtained by making about five pointings on each of the two
objects, as follows: Point the telescope at the left-hand object,
read both verniers; then by the upper motion bisect the right-
hand object; unclamp lower motion and again bisect left-hand
object, using lower motion only; again, by upper motion bisect
right-hand object; keep on thus until five pointings on each
object are had. At the fi/t4 on the rigkt-hand object, the
verniers are read; one-fifth of the resulting angle will be the
angle sought. After the fifth pointing on the right-hand
object the work may be checked by reversing the operation,
moving the telescope from right to left by the upper motion,
and from left to right by lower motion; the fifth pointing at
the left-hand object should give readings the same as those
first recorded.

Objects not in same horizontal plane. If the objects be-
tween which the horizontal angle is desired are not in the
same horizontal plane, they are reached by raising or lowering
the telescope, which should move in a vertical plane. If the
plate-bubbles are not in adjustment or do not show a vertical
instrument axis, then the telescope will not revolve in verti-
cal planes and the horizontal angle will be in error.

The angles of a triangle having been measured, their sum
should equal 180°, If it does not, then they should be cor-
rected. If all were measured with equal care, then } the dif-
ference between their sum and 180° is added to or subtracted
from each, according as their sum was less or greater than
180°,
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If each angle is the mean of a number of observations,
the correction to be applied to each is inversely as the num-
ber of observations in obtaining the mean.

If the triangles have sides of 12 to 15 miles or more in
length, there will be a slight spherical excess, which, how-
ever, may be neglected unless the greatest precision is re-
quired, as it amounts to only about 1” for a triangle of 76
square miles and about 1’ for a triangle of 4600 square miles.

7o measure vertical angles. If the vernier of the vertical
arc or circle has been adjusted to read zero when the line of
sight iIs horizontal, then the wertical angle of any object re-
ferred to the horizontal plane or its altitude will be determined
by pointing the telescope to it and taking the reading. If
the vernier has not been adjusted, then its index error must
be determined and applied. '

If the vertical angle subtended by two objects above the
horizon be required the difference of the two readings will be
the angle; but if one be above and the other below, then the
sum will be the required angle.

The plate-bubbles must be watched to see that they
indicate a vertical axis. If the vertical limb is a complete
circle, then by taking the mean of readings with the telescope
direct and revolved, errors of adjustment of the plate-bubble
parallel to the telescope and of the vernier will be eliminated;
otherwise, the exactness of the adjustments must be depended
upon.

REFRACTION.—A ray of light in passing obliquely from a
higher to a lower level through the air, the density of which
increases towards the lower level, does not follow a right line,
but a constantly increasing curve downward. The object
reflecting the light is therefore not seen in its exact position.
but on the Zangent to the curved ray where the latter enters
the eye or instrument, the effect of which is to make all
distant objects appear higher than they really are. The nearer
the object is to the horizon the greater the refraction, while
an object in the zenith has no refraction.
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Thus an object at S, as the sun (Fig. 173), viewed from
' A, would be seen in its true position on the
f 4 ¥ right line AS if there were no refraction, but
H as soon as the ray enters the outer stratum of
! air at 4 it begins to curve downward and
strikes the earth at B. Some other ray strik-
ing the outer stratum of air at a curves down-
, ward, striking the earth at A. It is along the
Fl10.173. tangent to this ray at A that the sun is seen,
and appears to be situated at S’ instead of S.

Temperature, moisture, wind, etc., which affect the density
of the air, being variable, no exact rules for correcting refrac-
tion have been deduced, but tables have been prepared giving
the mean refraction for the different degrees of elevation from
the horizon in a vertical plane.

To clear an observation from refraction, it must be added
to zenith distances and subtracted from altitudes.

To prepare data for setting off on an instrument to make
an observation, refraction must be subtracted from true zenith
distances to give apparent zenith distances and added to true
altitudes to give apparent altitudes.

CURVATURE OF THE EARTH.— Tke horizontal lines ob-
served with the spirit level are tangent lines to the earth’s
surface at the points of observation, being perpendicular to
the plumb-line of the instrument, while a frue level surface is
a curve like the suriace of a body of water. Points equally
distant from the center of the earth are said to be on the same
level. In Figure 174, BO, the apparent difference of leve,
between L and O, is called “curvature” and is
equal to the excess of the secant of the arc LO
over the radius CO of the earth. From geome-
try AB:LB::LB: BO, hence LB’:BOXAB or

BO (BO+2CO) and BO—M_| 200, BO, being so
small cozmpared to 2CO, may be neglected, and A.
BO=7=.. If LB=I mile, BO=21mile__ "0 fcet

Fic. 174,
7916 miles™ 7916

0.667 feet—g-mg—:f:bﬂ_S 004 inches. If LB=2 miles, BO=
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4ollee—40.867 feet=2.667, feet—4x8.004 inches=32.018
inches. If LB=10 miles, BO="%37'¢*—066.7 feet, from which
it is seen that curvature is equal to the square of the distance
between the places in miles divided by the diameter of the
earth in miles. And that curvature in feet is equal to § the
square of the distance between the places in miles.

Curvature is always positive, and for angles of elevation
apparent height is positive, tor angles of depression apparent
depression is negative.

Sighting on C (Fig. 175) from A, we say it is BC higher

¢ than A, whereas it is4+BC+ BE (curvature)
=+ EC. Sighting on D, we say it is —BD
lower than A, whereas it is —BD+BE=
+DE higher than A. On E we say it is
—BE lower; it is —BE+BE=0 or on the
same level. On F we say it is—BF lower
it is —BF+BE——EF lower.

In leveling operations, an approximation is to deduct } of
curvature from itself before adding it, to clear it of refraction.

PROLONGING A STRAIGHT LINE.—The operationsat each
setting of the instrument are nearly the same as those in
adjusting the line of collimation, and are made to eliminate
any errors in the adjustments. Having two points of the line
established:

1. Set up accurately over the forward point, putting one
pair of leveling screws in the line.

Clamp the horizontal limb or head.
8. Level carefully and turn the telescope upon the rear
point.

4. Re-level for the bubble that lies across the line.

6. Clamp the alidade and make the bisection on the rear
point, plunge the telescope, aud set a point in advance.

6. Unclamp the alidade and revolve it about the vertical
axis till the telescope comes again on the rear point.

7. Re-level for the bubble across the line.

F1c.176.
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8. Clamp alidade, make bisection on rear point, plunge
telescope again, and set a second point in advance beside the
first one.

From what has already been stated, the point midway
between these two should be in the same straight line as the
rear point and instrument. Errors of adjustment are thus
eliminated.

To RUN A TRUE EAST-AND-WEST LINE—. ¢., PARALLEL
OF LATITUDE.—A true east-and-west line is one which is at
every point at right angles to a meridian passing through
that point. It is, therefore, a constantly curving line, being
always deflected toward the north in the northern hemisphere.
A right line prolonged will be a great circle.

When using a transit without solar attachments, to run a

P true east-and-west line, starting at A, on

a true east-and-west line (Fig. 176), run
out a.straight line by prolongation for
some twelve miles’ distance to B, mak-
ing intermediate corrections northward
N for the points on the true parallel, and
B then offset the proper distance to C; set

Flc. 176. the transit again on the parallel at C, and
either make a new observation for azimuth or carry the old
azimuth forward, correcting it to agree with the new merid-
ian, and run another line to D, making intermediate cor-
rections northward, and then offset to E, etc.

For this two tables are required: one to give the proper
offset BC and DE from the prolonged right line AB to the
parallel tangent to it at the initial meridians PA and PC, and
the other to give the change in azimuth necessary to prolong
the line from a new meridian when no new observation for
azimuth can be obtained. The two tables—Appendix, Table
VIIL.—are combined in one. The angles there given are
measured from the north point towards the point of tangency
of the straight line with the parallel, which is the initial point

o

-
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from which the distances given in the table
are measured (Fig. 177). The convergence
of the meridians for the corresponding dis-
tances is 90° minus the angles given in this
table. The offsets are always to be meas-
ured to the north from the tangent line in A
the northern hemisphere and south from it Flc. 177
in the southern hemisphere. B

Having started from A (Fig. 177) due east in latitude 40°
and run out a straight line for six miles to B, we find from the
table that the true meridian is obtained by turning off from
east to south or west to north, the angle 89° 55’ 88", and the
true position of the parrallel C at this point is 20.1 feet north.
When 12 miles has been run out, the angle with the meridian
is 89° 51’ 17”, and the position of the parallel Cis 80.5 feet
north.

T'o MEASURE ANGLES OF DEFLECTION.—The supplement
of the angle made by two lines, or the angle between a line pro-
longed and another, is called the angle of deflection, and is
measured by setting up the instrument at the vertex of the
angle, sighting the telescope upon one line, plunging the tele-
scope on its horizontal axis, and then turning it upon the
other line and readmg the angle through which the telescope

A , i has been moved. Thus, in Fig.

110, set the transit at B, turn
the telescope on A and read the
verniers; plunge it, then turn on .
>.> C and read; the difference of the
readings will be the deflection
angle. Move to C, D, etc., and
go through similar operations.
If the lengths of each course
have been measured, they may be plotfed by drawing a straight
line and laying off to scale the distance from A to B. Place
the center of a protractor at B, the diameter along AB and

Fr0.110.
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from the produced end mark the deflection angle for the
direction to C, etc.

TRAVERSING.—In level country, if covered with forest,
etc., triangulation is expensive and often impossible, and the
control for maps must be obtained by traversing. A fraverse
consists of a series of consecutive straight lines—z. ¢., a broken
line, closing or not upon itself. They are largely used in
topographic work proper for making miner locations, and in
“filling in” details. Z77aversing consists in obhserving the
directions and measuring the lengths of the comsecutive
straight lines forming the traverse. In observing the direc-
tions of the lines they may all be referred to the true merid-
ian, in which case the angles are called the azimutks of the
lines with respect to the meridian line, to distinguish them
from the dearings as would be given by the compass. The
direction line may also be the first line measured, or any
other line desired, in which case the deviation of the different
lines from it are simply referred to as angles of deviation.
The stations at the ends of the linesare, when plotted, usually
surrounded by a circle, thus (.

If the direction line is the true meridian, one may begin
to count all angles from 0° at the north around to the east
90°, south 180°, west 270°, to 360° at the north; or, starting
with 0° at the south, around to the west 90°, north 180°, east
270°, south 360°. Different methods are employed for ac-
complishing practically the same results.

In all of them, however, the 0-180° line of the hori-
zontal limb is first brought, at each station, into a line paralle/
to the position it occupied at the first station, with the zero end
pointing in the same direction, and then the azimuth of the
line observed.

The azimuth of a line taken from one end will differ from
that taken from the other end by 180° plus or minus the con-
vergence of the meridians at the extremities. In ordinary
military requirements the convergence will be so small that
no account will be taken of it. When taken looking in the
direction in which the traverse proceeds or towards its for.
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ward end, it is called its forward azimuth or forward angle,
and when taken looking back in the direction from which the
traverse has proceeded, or towards the back end, it is called
its back azimutk or back angle.

1st method: Starting at O 1
(Fig. 111) of the traverse, if the
direction of the north-and-south
line through it is known, the
instrument is set up over the
station, the zeros of vernier A
and limb are made to coincide,
and the plates clamped; the tele-
scope is brought into the merid-
ian pointing north, by the lower tangent screw. The plates
are then unclamped, the telescope sighted down the traverse
line to (©2, and vernier A read, 88°.

Move the instrument to ()2, being careful not to disturb
alidade clamp, set up, and, plunging the telescope upon its
horizontal axis, sight back upon (1, using lower tangent
screw; or, calculate the back azimuth of the line by adding
180° if the forward reading is less than 180°, or subtracting
180° if greater, then unclamp the plates, set the vernier to
read this angle, 218°, clamp, and then direct the telescope in
its normal position upon the back station by the lower tangent
screw. ‘The 0-180° line of horizontal limb will now be in a
position parallel to what it was at (D1 and the O end of that
line pointing in the same direction. That is, if the plates
were now unclamped and the telescope pointed north, vernier
A would read O on the limb. The instrument is now said
to be oriented. If the telescope has been plunged upon its
horizontal axis to orient, it is now plunged back to its normal
position, the plates unclamped and the telescope directed upon
(O3 by the plate tangent screw, and vernier A read, 74°. The
instrument is moved to (O3 and the operations just described
for (2 repeated.

2d method: 1f the azimuths are counted from 0 looking
south, around to the west 90°, etc., the steps are exactly sim-




Tur ENGINEER'S TRANSIT. 119

ilar; thus, set vernier A to read zero, clamp the plates, turn
the head of the instrument until the telescope points south
and clamp below, then unclamp above and direct telescope on
©?2, etc. .

3d method: If referred to the first line of the traverse, it
will be the direction of the line from (D1 to (2. In this case
the instrument is set up at(92, vernier A set at zero and the
plates clamped. The telescope is then plunged upon its hori-
zontal axis and sighted upon (©1 by the lower tangent motion,
then plunged back to its normal position, the plates unclamped
and the telescope sighted upon the next station and the angle
read, which will be the angle between the first line produced
and the second line. The remainder of the operations at this
and other stations are the same as already described.

The needle as a check. In traversing with the transit it
is advisable to use the needle as a rough check. To do this, cut
and graduate a ring half an inch wide, the size of the circular
rim of the compass box. Number the graduations from 0° to
860° in the opposite direction to the numberings of the grad-
uations on the horizontal limb. Paste this ring on the glass
cover so the north end of the needle will be under its 0° when
the telescope is pointed in the direction of 0° azimuth. With
changes in the declination of the needle the ring must be
reset. By freeing the needle at each setting of the instru-
ment it should read the same as vernier A.

The notes should contain as a heading a general descrip-
tion of the line runm, together with the date, name of party,
etc.

- Transit Traverse from———to

Observer. Right-Eand
Recorder. for sketching.

Date——

STATION. | AZIMUTH. DISTANCE. | REMARKS,
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To PrLoT THR TRAVERSE.—Assume a point on the draw-
ing paper for ©1. Through this draw a line to represent the
meridian or direction line. Place the protractor with its 0-180°
diameter on this line, its center at (D1. Mark on the paper
by a fine dot or pin-point the azimuth of (D2, 88°. From (1
through this point draw a straight line and on it lay off from
(1 the distance to (2. Through (O2 draw a line parallel to
the direction line through (D1 and lay off the azimuth to (O3,
and so on to the end of the traverse (Fig. 111). Ifthe traverse
closes upon itself, the last line plotted should pass through (Ol
if the work has been accurate.

If the traverse has been run from one /£, to another
A\, the end of the last course should be at the second A..
Since a higher degree of accuracy is possible in the field-work
than in the plotting, extreme care should be taken in the latter,
so that any failure to check within limits may not be in the
plotting. If the discrepancy is too large, the traverse must be
replotted. If from one /\ to another A\, recompute and replot
the line joining them also. Compare the plot and notes and see
if any probable error can be discovered, and if so, where and
of what kind. If found, with the instrument in the field,
obtain the correct information. If it does not appear that any
error can be located further than the kind, as in azimuths, or
in distances, then the traverse must be rerun for this alone.
In traversing, ckeck azimuths should be taken at each station
to some one object which can be seen from all, and then, if the
plotting does not close within limits, these check readings.
should be plotted. If some pass through one point and the
remainder through another point, it is probable that the azi-
muth or distance of the course joining the two sets is in error.

T'o DETERMINE THE TRUE MERIDIAN.—Polaris, popularly
called the North Star, is not situated exactly in the North Pole
of the heavens, but revolves around it at a distance of about
1° 16’ therefrom (Fig. 115). A complete revolution is made
once in 23 hrs. 58 min. 4.09 sec. Hence it will appear on the
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true meridian once above the Pole (at 3)
and once below (at 1), and also once at
its extreme eastern position (at 2), and
once at its extreme western position (at®,
4) every day. Any one of these fonrpo-t
sitions that is most convenient may there- *
fore be used. Let it be when east or west
of the Pole. The angular distance of Po-
laris from the North Pole when at its Fie. 115
extreme eastern or western position is called the Azimuth of
Polaris at elongation. When at elongation, the star appar-
ently remains stationary for a short time, then begins to move
backward, which is of advantage in using that position, since
it is then not moving in azimuth. .
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" If, when facing north, the above diagram be held up with
the Great Bear on the left, it will represent the configuration
of the constellations, with Polaris near eastern elongation at
midnight about July 10th; with the Greaf Bear below, it will
show Zeta (Mizar) of the Great Bear, Della of Cassiopeia and
Polaris on the meridian, Polaris at upper culmination, at mid-
night about October 10th; with the Grea? Bear on the right,
it will show Polaris near western elongation at midnight about
January 10th; with the Great Bear above, it will show Polaris
near lower culmination at midnight about April 10th.

Upper culmination occurs 6 h. 564.8 m. after eastern or
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before western elongation, and 11 h. 58 m. before or after lower
culmination.

Lower culmination occurs 6 h, 3.256 m. after western or
before eastern elongation.

Eastern elongation occurs 11 h. 49.8 m. before or 12 h.
6.6 m. after western elongation.

DETERMINING THE TRUE MERIDIAN WITH THE TRAN-
s1t.—From Table III., Appendix, find the watch time of the
most convenient elongation. From April to September, in-
clusive, eastern elongations occur at night and western elon.
gations in the day time, and from October to March, inclusive,
visa versa. Also from the Table of Azimuths of Polaris,
when at elongation, Appendix, find his azimuth for the year
and latitude of place of observation.

Having selected a piece of ground as level as possible,
several hundred feet long, in the direction of the meridian,
drive a stake at the south end, in the top of which drive a
tack. About 15 or 20 minutes before the Pole-star isto reach
its greatest eastern (or western) elongation, as found from the
table, set the transit up exactly over the tack in the stake,
and level carefully. Some arrangement must have been made
for lighting the cross-wires during the observation by having
an assistant hold a dark lantern so as to shine down the tele-
scope withont obstructing the view, or some kind of a reflec-
tor of light must be used as in Fig. 112, or a bright piece of tin,

FIGURE 113

or board covered with white paper, having in the center @
hole smaller than'the end of the telescope, but so large that
the star can be seen through it when placed several inches in
front of the telescope and illuminated.
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Then bring the vertical wire upon the star and follow it
by the tangent motion until it ceases to move laterally. Keep-
ing the wire at this position, the star will soon appear to de-
part from it in the direction from which it came. Without
disturbing any horizontal motion of the instrument, carefully
lower the object end of the telescope and have an assistant
drive a stake some 200 or 300 feet forward, “lining him in"”
with the telescope, sighting on a plumb-line. The assistant
has a board with a hole in it, across which he holds the plumb-
line and behind a lamp or lantern.

Being aligned, he drives a stake, in the top of which he
drives a tack. Or a narrow slit, in a board covered with tissue
paper, behind which a light is held, may be used by the assist-
ant. The line passing through the tack & under the instru-
ment and the tack 4 set in the forward stake makes with the
true meridian an angle equal to the azimuth of the North Star
at elongation.

Now multiply the natural tangent of the azimuth by the
distance between the two stakes and lay off this result from 4
to ¢, on a perpendicnlar to aé on the side of the true meridian.

Or, turn off the azimuth on the horizontal limb to the
west if an eastern elongation, or to the east if a western elon-
gation, and the telescope will be in the true meridian, Have
the assistant put a stake ¢ in this line, and ac will mark the
true meridian. The two may be used for a check.
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CHAPTER VIIIL
THE COMPASS.

DEescripTION.—Figure 113 shows the ordinary compass,
like the one on the transit, mounted on a graduated horizontal
limb, with the vernier reading to minutes, and accompanying
clamp and tangent movement; it is also provided with a line
of sight, which consists of two vertical slits in flat brass bars,
with large circular apertures at intervals for more readily
finding objects sighted.

One of these bars is attached to each end of the plate, the
slit in it being in the vertical plane containing the needle
pivot and the zero line. At the bottom and top of the “S”
end sight are small eye-pieces for reading vertical angles on
tangent scales on the edges of the “N” end sight. On the
plate are two bubbles placed at right angles for leveling. A
small round disk figured from 1 to 16, with an index turned
by a milled head, is used for keeping tally in chaining. etc.

The whole is suitably mounted by being fitted to a slightly
conical spindle and having on its outer end a ball confined in
a socket so that it can be moved in any direction in leveling.
The compass may be supported on a single pole, called a
Jacob-staff, with proper mountings on top and a pointed iron
shoe on the bottom for setting it firmly in the ground; or it
may be supported on a tripod, with or without the usual
leveling screws.

The compass in some form is one of the most valuable
instruments used in military topography. It is simple in con-
struction, convenient, and easy to use. Itmeasures angles fairly
reliably, although never exactly. Its needle always points
in a known direction, to which the bearing of any line may
be referred. This direction is, in a few places, true north and
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south. In most places, however, the needle makes an angle
with the true north and south line, called t4e declination of the
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FIGURE 118.
@ecdle, which can be easily determined for any particular place.
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It is customary to refer the direction of the line to the
sorth or south point, according to which is less than 90°
from it.

If the line of sight and needle have the same direction,
the reading will be zero, north and south. If now the north
end of the zero line be turned towards the east, from either
north or south, the north end of the needle, remaining station-
ary, will point to divisions to the left of N or S, as seen from
the observer’s position, in the direction of the letter E. Like-
wise if the line of sight be turned from the north or south
towards the west, the north end of the needle will point to a
division in the direction of the letter W. Hence the letter E
or W which is nearest to the north end of the needle indicates
on which side of the magnetic meridian lies the object that is

sighted.

The direction of a line referred to the position of the needle
or magnetic meridian is called ils magnetic bearing. When
referred to the ¢{rue meridian, by correcting the magnetic bear-
ing for the declination, it is called its true bearing.

In using the ordinary compass, always keep the nortk end of
the zero line pointing in the direction of the line or object whose
bearing is to be taken, and vead the north end of the needle.

ADJUSTMENTS OF THE COMPASS.— The levels. 'This is
the same as described for adjusting the plate bubbles on the
transit.

The verticality of the sights. This may be tested by observ-
ing through the slits a fine plumb-line, after the compass is
leveled. Should the plumb-line appear to cross the slit ob*
liquely, the sight may be adjusted by filing off on its under
surface on that side which seems the higher; or strips of
paper may be inserted under the lower side until the slit fol-
lows the plumb-line.

To straighten the needle. Same as in Transit.

To straighten the pivot. Same as in Transit.

To determine whether the zero line lies in the plane of sight.
8tretch a hair vertically in the middle of the slit of each sight
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and see if the hairs and the zero graduations of the circle lie
in the same plane. The declination vernier must be set at
zero in making this test.

Toremagnetize the needle. It sometxm&s happens that the
needle has lost its polarity or magnetism and will be sluggish
in its movementsand settle quickly. Then it must be remag.
netized. This is done by holding an ordinary permanent
magnet before one, and passing with a gentle pressure each
end of the needle from the center to the extremity over that
magnetic pole which attracts it, describing before each pass a
circle of a foot or more, drawing the needle towards him.
If the pivot becomes dulled, which will also cause the needle
to be apparently sluggish, it must be unscrewed and sharp
ened on an oilstone by being placed in the end of a small stem
of wood or a pin-vise and delicately twirling it with the fingers
as it is moved back and forth at an angle of about 30° to the
surface of the stone. When the point has been made so fine
as to be invisible to the eye, it should be smoothed by rubbmg
it on the surface of a clean soft piece of leather.

Causes oF ERRORS IN THE Compass.—The attraction of
the needle by foreign bodies, loss of magnetism, blunting of
pivot, lack of means for reading the angles exactly, and vari-
ation of the position of the needle are causes of errors.

Local attraction. 'This may be discovered by taking both
fore and back sights upon every line. If the bearings agree,
they are assumed as correct; but if they do not agree, the fore
sight must be taken over again. Ifthe discrepancy still exists,
it is probably due to the attraction of the needle at one of the
stations by some foreign body, as iron, etc.

T'o determine which bearing is incorrect, or at which sta-
tion the attraction exists, take the compass to some distant
point and get the bearing of each of the stations, then go to
each of these latter and get the bearing of the distant poirt,
and see at which the fore and back sights disagree. Knowing
this and the amount of the attraction, bearings taken from
bere can be corrected. Or, by taking the bearings of a line
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from intermediate points and others in prolongation of it
some may be found to agree, which will be taken as the cor-
rect bearings. In traversing, if it is found that local attraction
exists at a station, the angle made by the two courses with
each other can be measured, and from the bearing of the back
course that of the forward one can be determined. The local
attraction will not affect the determination of this latter angle.

The presence of iron or steel on the observer, or near the
instrument, or a chain near it, may cause local attractions.
Rubbing the glass cover may magnetize it and attract the
needle, which may be dissipated by touching it with the wet
finger. Reading-glasses with covers of magnetic properties
are to be avoided. Observations near railway tracks, water
and gas pipes, electric wires, etc., are to be avoided if possible,
or means taken to neutralize their effects, if unavoidable.

The end of the needle does not quite touch the divided
circle and is of appreciable thickness; hence it is impossible to
read its pointings precisely, and especially as the smallest
divisions of the circle are half-degrees. Any intermediate
position must be guessed and so be a source of error, nor does
the vernier materially remove this source of error.

The declination of the compass is called wes? when the
north end of the needle pointsto the west of the true meridian,
and it is called eas? when the north end points to the east of the
true meridian. The true meridian- for any place is always
the same fixed line, while the magnetic meridian is ever
changing.

Variations of the declination. The direction in which the
needle points with reference to the magnetic meridian is in a
continuous, though very slight, state of change.

Daily variation. This is owing to the influence of the
sun, which will, in summer, cause the needle to vary 10 or 16
minutes in a few hours when exposed to its fullest influence.

At about 10:30 A. M. and about 7 p. M. the needle has its
true or mean declination, or is in the mean magnetic meridian,
At about 8 A. M. it reaches its extreme eastern position from
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t . .
he mean, and at about 1:30 p. M. it reaches its extreme western
position from the mean. The angle between its positions at
8 A. M. and 1:30 p. M. varies from b’ to 15/, depending upon
the seasons of the year. A similar but smaller movement
™ takes place during the night (Fig. 114). Hence,
gk not only the year and month in which important
/ bearings are taken should be known, but also the
§ hour of the daj.

The mean of the extreme easterly and westerly
positions in any one day approaches within halfa
minute of the mean position of the day. Since

Tis. 116 corrections to observed declinations to refer them
. to the mean of the day are generally very unsatisfactory, it is
recommended to observe the declination for any one day at
the epochs of the extreme easterly and westerly positions as
given above, and to take the mean position as representing
the declinations for that day.

Secular variations. It frequently becomes necessary to
retrace old magnetic courses; to do this effectively one must
know not only the magnetic declination at present and at the
place in question, but ke must also possess an accurate knowl-
edge of the secular change of the declination in order to make
proper allowance for its effect during the interval between the
two epochs of the survey. The secular variation is the con-
tinuous increase or decrease of the mean declination ata place
for a series of years. ‘Thus at Paris in 1541 the declination
was 7° E., and continued to increase until 1580, when it was
114° E. It then began to decrease, and in 1666 was 0°, and
in 1814 was 22° 34’ W., when it again began to return east,
being between 16° and 17° W. in 1880.

In a greater part of the United States, since about 1800,
all western declinations have been increasing and all eastern
declinations decreasing, but at very different rates at different
places. In a belt through the extreme northern part of Maine
and New Brunswick the change, if any at all, isscarcely percep-
tible; asalsoinabelt through central Arizona, Nevada, western
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Idaho, across Washingtor: to Vancouver Island. To the west
of this latter belt eastern declinations are increasing. ,

Tur AGONIC LINE.—Between those places where the
declination is west and those where it is east is a line of no
declination—that is, the true and magnetic meridians coincide.
Such a line in 1885 passed just east of Charleston, S. C.,
through-central Ohio, west of Detroit, Mich., and near Mack-
inac Island. This is called the Agonic Line. Lines joining
those places having the same declination are called Zsogonic
Lines. It is to be remembered that the north end of the needle
always inclines towards this line of no declination, which is
itself moving westward quite rapidly.

In the United States Coast and Geodetic Survey Report
for 1882 are given formulee expressing the Magnetic Declina-
tion at various places at any time, and a table of computed
annual changes in declination for various places. These may
be found in most standard works on surveying. All such are
only approximate, however, and at the time and place of using
a magnetic needle the true meridian should be first determined,
and from this the declination.

The change in declination as one moves east or west from
a place is about 1’ per mile.

It also happens sometimes that different compasses in
perfect adjustment show different declinations at the same
time and place, so that the declination as indicated by the
compass to be used should be adopted.

To DETERMINE THE TRUE MERIDIAN WITH THE CoM-
PASS.—Select a site, on which to make the observation, thatis
level for several hundred feet to the north. Suspend a plumb-
line about 15 or 20 feet long from a point of support, with a
heavy weight attached swinging freely in a pail of water to
prevent vibrating. At about 12 feet fromthe line and directly
to the south of it, drive two posts about 6 feet apart into the
ground in an east-and-west direction. On the sides of these
posts about 4 feet above the ground nail two boards with their
top edges smooth, at the same height and level. The com-
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pass may be fastened in a box support so as to be level when
placed on the boards, or fastened by means of a Jacob-staff
head to a weighted board so that it can be leveled in the usual
manner; in both cases with its plumb-bob swinging below.

From the tables find the watch time of elongation, and
the azimuth of Polaris for the year and latitude of place of
observation, as previously described.

About 20 minutes before the time of elongation, place
the compass on the boards and bring the fwo sights, plumb-
line, and star into the same plane, by first bringing the rear-
sight, plumb-line, and star into coincidence, then the rear-
sight, front-sight and plumb-line. The star will be seen to be
moving laterally and constantly getting out of the plane of the
sights and plumb-line, and the compass must be moved ac-
cordingly, so as to keep all four in the same plane until the
star ceases its lateral motion and appears to rise or descend
on the plumb-line. At this instant the compass is made truly
level and the positions of the sights, plumb-line, and star in
the same plane is assured, after which the compass must not
be disturbed. During the observation the plumb-line must
be lighted by having an assistant hold a candle or lantern
near it. The relative positions of the compass and plumb-
line should be such as to have the star seen as near the point
of support of the line as possible.

Drive a stake under the compass and put a tack in it
under the plumb. Have a stake and tack set in line several
hundred feet north, and another put in the true meridian as
described for the transit. About 10:00 A. M. the next day set
up the compass over the south stake and take the bearing of
the true meridian, which will be the declination. If, as is the
case in June and December, when the elongations occur
between 1 and 3 oclock in the morning and afternoon, it is
inconvenient to make the observations at those times, then
add 5 hours 54.8 minutes to the time of eastern elongation for
upper culmination, or 6 hours 03.25 minutes to western elon-
gation for lower culmination and determine the meridian at
those times.
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At culmination the star is moving in azimuth at the rate
of almost 1’ of arc in 1 minute of time, so the observation, to
be even aproximately correct, must be made within a couple
of minutes of its exact time of crossing the meridian, which
is difficult to do.

DETERMINING MERIDIAN BY SUN AND PLUMB-LINE.—On
a level surface raise a pole inclining northward. From its
upper end suspend a plumb-line. From the point under the
plumb-bob describe a number of arcs of circles of different
radii on the north side. A couple of hours before noon watch
the extremity of the
shadow of the pole, and
as it cuts the different
arcs mark those points
(Fig. 116).

After noon the shad-
ow will again cut the
arcs on the opposite
side of the meridian;
mark these points also.
Bisect the portion of
each arc between the
points marked, and take the mean of all. The line passing
through the point under the plumb-bob and the middle of the
arcs will be a true north-and-south line, and may be used for
determining the declination. ’

To Ser OFF THE DECLINATION.—Place the compass
with the south end of the zero line nearest the person as it
would be used, and the zero of the declination arc and vernier
coinciding. If the line of sight be brought into the true
meridian pointing north, and if the declination of the place is
east, the north end of the needle will lie to the east or right
of the true meridian. Pay ro attention to the position of the
needle, but assume that the line of cight is in the true meridian,
pointing north and looking at the 0° graduation of the circle
at the north end of the zero line, turn the circle so that its
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zero graduation will move to the right or east of the line
through the sights. If the declination is west, turn the circle
so that its 0° graduation shall move to the left or west of the
line through the sights. Or, if the declination is east, turn
the 0° of venier towards the letter E, in the direction of the
movement of the hands of a watch; if west, turn the 0° of the
vernier towards the letter W, opposite to the movement of
the bands of a watch. The declination having been set off,
all bearings taken with compass are true bearings (neglecting
the effects of diurnal variations of declination).

Use or THE Compass.—The compass is used for deter-
mining the bearings of lines in traversing and the positions of
objects in filling in details. If true bearings are to be used,
either the declination should be set off or corrections made to
all magnetic bearings to reduce them to true bearings. This
can easily be done by first drawing a true and magnetic merid-
ian in their relative positions and determinimg from them how
the correction in any quadrant is to be applied.

To establisk lines of given true bearings. To do this,
either the declination must be set off or the magnetic bearing
computed. Having turned the compass until the needle in-
dicates the bearing, the line of sight will then be in the re-
quired direction.

Toretrace old lines. 1In retracing old lines from bearings,
allowance must be made for the secular variation of the
declination during the interval of time between the former
establishment and the retracing.

If the declination at the time of the former establishment
and when retraced is £rown, the bearmgs for retracing can be
computed and the line retraced.

If the former declination is #of Anown, but the exact date
of tracing is, then the declination can beascertained by formula.

If the direction of the line is known, then the declination
to be used in retracing can be determined by sighting on the
line and turning the circle until the needle shows the given
bearing.
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If neither the direction of the line nor the former declination
is known, then the declination to be used must be determined
by running out a line of the given bearing and length, or until
a point of the old line is seen on a perpendicular to the trial-
line, and then determining the angle between the two lines
for the declination. Measure on the trial-line the distance
from the point of starting to the perpendicular, then the length
of the perpendicular, and divide the latter by the former.
With the quotient obtained, look in a table of natural tan-
gents for the angle corresponding, which will be the amount
of the declination to be used. If the trial-line lay to the right
of the old line, then at the point of beginning, having the line
of sight on the trial-line and the needle reading the given bear-
ing, turn the line of sight to the left through the angle found
between the two lines, then move the graduated cirele until the
needle reads the bearing of the line again, using the vernier of
the declination arc to make the amount axact. If the trial-line
lay to the left, then turn the line of sight to the right through
the angle between the two lines, and move the graduated circle
until the needle reads the bearing.

If the compass has no declination arc and it is desired to
retrace old lines which were run when the declination was
considerably different, the present bearings may be found by the

- following rules: When the nortk end of the needle has been mov-
“ing west, the present N. E. & S. W. bearings will be the change
in declination plus the old N. E. & S. W. bearings; and the pres-
ent N. W. & S. E. bearings will be the difference between the
change and the old N.W. &

n - S. E. bearings. Thus (Fig.
N 117a) true bearing of M=N
o, 45° E, old bearing with de-
clination 15° E=N 30° E,
change in declination 5° west-
N &30\ A ward, hence present bearing—
2= wTFE-e | 5°+4-30°=N 35° E; true bear-
a Tesnr b ing of P=S 45° W, old bear-
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ing S 30° W, present bearing=5°+30°=S 35° W; true bear- -
ing of O=S 45° E, old bearing S 60° E, present bearing=60°
—5°=S8 65° E; true bearing of Q=N 45° W, old bearing N
60° W, present bearing 60°—5°=N 55° W.

When the north end of the needle has been moving east, then
the converse of the above oblains. In Fig. 1174 true bearing of
R=N 45° E, old bearing with declination 15° W=N 60° E,
change in declination 5° eastward, hence present bearing—
60°—5°=N 55° E; true bearing of U=S 45° W, old S 60°
W, present—60°—5°—=S 55° W; true bearing of T=S 45° E,
old bearing S 80° E, present bearing=30°4-5°=S 35° E;
true bearing of V=N 45° W, old bearing N 80° W, present
bearing=30°+5°=N 35° W.

If the compass has no declination arc and it is desired ¢
reduce the bearings of lines to azimuths from the north, proceed
as follows: If the declination is E., with N. E. bearings add
the declination; with S. E. bearings subtract the bearings
from 180° + the declination
(Fig. 1184). Using present
bearings of same point as jn
Figs. 117, azimuth of M=35°
+10°=45°;, azimuth of O=
(180°4-10°)—55=135°; with
S. W. bearings add the decli-

a Tsts. b nation and 180°;, with N. W.
bearings subtract the bearings from 360°4-the declination.
(Fig. 118 8) azimuth of P=35°4180°410°=225°; azimuth
of Q=(360°410°)—55°=315°. If the declination is W.,
with N. E. bearings subtract the declination; with S. E. bear-
ings subtract from 180° the
sum of bearings and declina-
tion. (Fig.118¢) azimuth of R
=56°—10°=45° azimuth of

=180° —(356°+10°)=135°;
with S. W. bearings add 180°
—the declination; with N. W,
bearings subtract from 360°
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the sum of bearings and declination. (Fig. 118 ¢) azimuth of
U=55°+4(180°—10°)=226°; azimuth of V=3860°—(85°+410°)

=8156°.

The following is a convenient form for the notes of a
compass survey:

COMPASS SURVEY.

..................... ...........lm...
OBSERVER c¢ cocvveonee sonnnns eeeenn
CHAINMEN «cveeevgaes
STATION. POINT. |BACKSIGHT.| FORESIGHT.| DISTANCR.
------ IR esveeee-sveosflececnonsns o te e s 0e seee - cgete
------- ®e 0o 0o X R R I R Ry Y N R P R R U R 0 e0000
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CHAPTER IX.

THE PLANE TABLE.

DESCRIPTION.— 7 %e plane lable (Fig. 119) consists of a
drawing-board about 20x30 inches, mounted upon a tripod. It
should admit of deing leveled, of being turned in azimuth,
and of being clamped in any position. On the drawing-poard

FIGURE 119.

is fastened a sheet of drawing paper. Upon this paper is
plotted in miniature a representatiop of the country. Direc-
tions are notl read off in degrees and minutes, but ploltea
directly; the instrument used being t4e alidade, which consists
of a bevel-edged ruler, to which is attached for rough work fwo
vaised sights, as on the ordinary compass, and for the higher

<
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class of work a Zelescope which may be turned on a horizontal
axis. The line of sight is usually, though not necessarily,
parallel to the edge of the ruler.

The felescope carries a delicate level and has a vertical arc
for measuring angles in the vertical plane, but has no hori-
zontal motion independent of the ruler. Italso has stadia
wires for reading distances.

On the ruler are two levels at right angles, or one round
one, for leveling the table.

With the instrumental outfit is usually a declinator con-
sisting of a compass needle, swinging about 10° each side of
the zero line, encased in a long narrow box, the longer sides
of which are parallel to the zero line. By means of the
declinator the magnetic meridian may be marked upon
the paper and then the bearing of any line determined with
a protractor. Instead of a declinator, a compass, set on a
heavy base with two edges parallel to the zero line, is some-
times used, and on this base are usually two level tubes at
right angles.

The papex used should be such as does not expand and
contsact differently in different directions under varying con-
ditions of moisture. This is especially important in inter-
section work. If it expands and contracts uniformly in all
directions, and the scale of the map is constructed upon
the paper, it matters very little. To counteract unequal ex-

; pansion, etc., two sheets may be mounted with cloth between
' them and with the grain at right angles. The paper may be

i attached in a variety of ways, as with thumb-tacks, with
I screws, or clamps for that purpose, with springs, or on rollers

at each end of the table.

THE ADJUSTMENT OF THE TELESCOPIC ALIDADE are
similar to those of the transit, and are:

(1)--For plate bubbles.

(3)—For line of collimation.

(8)—For telescope level.

(4)—For vertical circle.
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Usks oF THE PLANE TABLE.—The plane table, in some
of its various forms, is the principal instrument used in “filling
in” the detaiis of a survey, when the principle points have
been determined by the more precise method of triangulation.

All distances are plotted as soon as determined; hence no
elaborate system of notes is kept.

From the primary triangulation sheet two or three points
are located upon each plane-table sheet. Within these and
depending upon them are thenlocated a large number of points
either by intersection, by traverse, or by both methods, form-
ing a geometric framework upon which the sketching of the
map depends. The work of making secondary and tertiary.
locations by intersection isdone mainly by plane table. Loca-
tions by intersection should be carried as far as practicable;
that is, all points which can be well located in this manner
should be so located, in order to afford the most ample con-
trol for the traversing by which the intervening areasare to be
filled in, since locations by intersection are more accurate,
rapid, and economic. :

Much misapprehension exists regarding the character and
application of the plane table, from its being so little known
For map-making it is the universal instrument. It is appli-
cable to all kinds of country, to all methods of work, and’
to all scales. Itis the most simple, direct, and economic of
instruments.

SETTING UP THE PLANE TABLE.—The table is set over a
point by grasping the nearest two legs of tripod, and with the
knee extending the third until its foot reaches the ground at
the proper distance from the point, then the other two feet are
set in position. To bring a point on the paper exactly over
the station on the ground, use is made of a U-shaped spring,
or of a frame as shown in cut. The point 6f one leg is placed
on the point on the paper and a plumb-line is suspended from
the other end.

In taking up the table the nearest two legs are grasped,
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the table raised on the third leg, upon which the other two are
closed, and the table placed on the shoulder.

THE SELECTION OF A Base.—In using the plane table
for determining points by intersection, a base-line must be
accurately measured between two points over which the table
may be set, and this base-line must be plotted to scale on the
paper in practioally the same relative position it occupies on
the ground to be plotted. The selection of the site for the
plane-table base-line should be governed by the following
cousiderations, in addition to those for base-lines in general
given in Chapter V: First, its position should be a central
one. Second, it should be of a length proportioned to the
area to be surveyed.

If the nature of the country is such that a base-line of a
length proportioned to the extent of the survey cannot be
found, the intersections may be extended as described under
triangulation. ’

In triangulation work, several of the triangulation points
are plotted to scale on the table sheet, the distances between
them having been computed. These points and computed
distances constitute stations and base-lines for beginning work
with the plane table Any errors in measuring or plotting the
base-line produce proportional errorsin all other lines plotted.

ORIENTATION.—The chief and controlling condition in
work with the plane table, and without which no accurate
work can be done, is that it shall be oriented; that is, that at
every station all lines joiniug peints on the paper shall be par-
allel to the corresponding lin>s on the ground, or, that the
table shall have at every station a position parallel to those it
had at all others. :

LocATIONS BY INTERSECTION. — This consists in the loca-
tion on the map or plot of points not occupied, by pointings
from known and plotted points after the table has been ori-
ented at each known point.
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“\ 40 The base-line, or the
L 3T n »%s  stations A and B at its
4 < / extremities (Fig. 120),

. having been plotted to

scale on the paper in &
A and §,the table is set up
over one of them, as A,

-, \ approximately oriented
4 Py F«_ \  with the plotted point &
’ 4 I} <~ N . .
' LN So N\ directly over the point A
,,' % T . ;. 120. ‘ﬁ- on the ground, and then
¥ G leveled.

The beveled edge of the ruler is placed on the two plots
ted points @ and 4 and the table revolved until B is bisected
by the line of sight, with the point 4 towards it, then the
table is clamped. The table is now said to be oriented, and it
must be brought parallel to this position at every setting for
this survey.

The ruler, with its beveled edge pivoted on a, is now
revolved around towards the points C, D, E, F, G, H, and all
other points the location of whose positions it is desired to fix by
intersection, and a short line is drawn at the estimated distance
of the point each time, and marked with a letter or number so
as to distinguish it, keeping a note of the same for reference.

A pin or needle is sometimes stuck in the plotted station,
against which the ruler is pivoted in taking sights, but this
defaces the paper if many stations are occupied.

The table is then carried to B and set up approximately
oriented with the point 4 over B, the end 4 of the plotted line
ab pointing towards A, and then leveled. The beveled edge
of the ruler is now placed on éa, and the table revolved until
A is bisected by the line of sight, then clamped. Inthisposi-
tion the table is oriented. The ruler, with its beveled edge
pivoted on 4, is now revolved around towards each of the points
sighted from A, and the intersection of the two pointings on
the same object marked, thus locating the true position, on
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the plot, of the point with reference to the base-line. Other
points, seen from B, on which it is desired to intersect from
subsequent stations, are now sighted and lines drawn, as at A.
If the table be now taken to any of the points intersected from
A and B, as C, and there set up and orlented by sighting back
on A or B, and then sights be taken on the other points D, E,
etc., and lines drawn, these lines should pass through the
points already determined. By this means the previous work
is ckecked, and this check should not be omitted for important
points.,

Precautions to be observed. When the ruler is directed
upon an object, the extreme ends should be marked by ckeck
dots, so that it may be replaced with greater certainty by these
than it could on the short line between the objects, if it should
be desired to use such lines subsequently to orient the table-
Angles of intersection less than 80° or greater than 150°
should be avoided, if possible, or checked from other points,
Preferably they should be between 80° and 120°, 90° being
the best. ‘T'o obtain such angles, the pointsintersected should
not be at a much greater distance from either of the viewing
stations than the distance between the latter; nor should the
angle between the line joining the two viewing stations and
the line joining either viewing station with the point sighted
upon, be much greater than 90°.

Points unsuitably situated for intersecting from the ends
of the base-line may be sighted from one end, with a view to
intersection from more favorably situated points later. As
soon as a point is determined, the details surrounding it should
be drawn in.

UsE oF THE TELESCOPIC ALIDADE WITH STADIA WIRES,
—If the telescopic alidade with stadia wires is used and dis-
tances are read on the stadia rod, the distances so read are
plotted to scale on the lines drawn towards the objects, thus
fixing their positions at once. This is the usual method in
filling in details,

While making the horizontal locatlons of points, their
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heights may also be measured, relative to the point eccupied, by
means of the vertical arc of the alidade and the telescope level.
The telescope bubble is brought to the center and the index
error determined. A sight is then taken on a point of the
object as high above the ground as the telescope, the angle
read, index error applied, and the elevation determined by
solving a right-angled triangle by the formula /=d tan. g, in
which Z=height, d=distance, and a=angle of elevation or
depression.

The above determination of index error must be made for
each point, as the table cannot be leveled, nor so maintained,
with sufficient accuracy to dispense with it.

TRAVERSING WITH THE PLANE TABLE.—As previovsly
stated, a traverse consists of a series of consecutive direction
and distance measurements depending upon one another.

These lines should be connected wherever possible with
triangulation points in order to check up accumulated errors,
The relative extent to which triangulation and traversing can
be applied depends principally upon the amount of relief of
the surface and the prevalence of fcrests,

In Figure 121, suppose A and B to be two triangulation

W P Tia 129,

points plotted to scale on the paper, and it is desired to trav-
erse from A to B by way of W, X,and Y, closingon B. The
plane table is set up and leveled at A, the beveled edge of the
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ruler placed on @ and 4, the table turned until B is sighted,
then clamped, thus orienting the table. The deckinator or
compass is now placed on the sheet and turned until the
needle reads zero, then a line is drawn along an edge parallel
to the zero line. T‘he north end of this line, which is the mag-
petic meridian, is marked with a half arrow-head. The ruler,
pivoted on a, is turned until W is bisected, then a line is
drawn towards it. All details (omitted in figure) in the imme-
diate vicinity, such as houses, fences, roads, etc., are sketched
in to scale, their directions being determined with a ruler,
and their distances measured with the tape, chain, or stadia,
by pacing, or by estimation, according to circumstances.
This completed, the measurement of the distance to W is
commenced by whatever method has been previously decided
upon, care being taken to follow the straight line AW.
The details between A and W are sketehed in by the topog-
rapher, who stops, from time to time, as he arrives opposite
these details. The distance he has traversed from A is laid
off to scale on the line from a, the table oriented by sighting
back on A, or by placing the side of the declinator on the
- meridian drawn and turning the table until the needle reads
zero.
On reaching W, its distance from A is laid off to scale on
the line drawn, thus locating W. The plane table is here
set up, leveled, oriented by a back-sight on A, and clamped.
The surrounding details are sketched in, and the direction
from W to X determined. The topographer then proceeds to
X, stopping from time to time to sketch in the details.

In traversing, ¢e distances are measured continuously from
one station to another,as from A to W, W to X, etc., and so plot.
ted; thus, if an error is made in laying off any intermediate
distance where one stops to sketch details, such error will not
enter into the plotting of distances between stations. The
measurements begin anew only at each change of direction.

Before leaving any station, a visible mark should be left to
sight back upon from the forward station.
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If, arriving at any station, any other station already
located is visible, a ckeck on the work may be had by sighting
upon it after orienting the table. Thus, after arriving at B
and orienting the table on YV, if the ruler is placed on éand 4,
and the line of sight passes through A, it proves the work is
correct; but if not, the amount and direction of deviation show
the amount of error introduced in the traverse, which may be
here thrown out by orienting on A instead of V, if the traverse
is to continue from B.

Orienting by the needle. When traversing through woods,
or along winding roads, or over undulating ground, it may
often be more convenient to orient the table by means of the
declinator or compass; hence the value of the magnetic merid-
ian which was marked on the paper when beginning work.

The table might even be oriented at each station by the
compass, instead of back-sighting, but this method would not
be so accurate on account of magnetic disturbances of the
needle, and the shortness of the needle line compared to the
distance between check dots. Any single inaccuracy in orient-
ing the table with the compass in a series of settings would
produce less effect in the end, however, than a like error of
the same amount at the same place made in orienting by
back-sights. This will be understood by reference to the fol-
lowing figures:

In Fig. 122, by using the compass to orient the table each
time, no reference is had to the line 1-2; therefore the only

-
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error, if subsequent settings are correct, will be the first one
made.

In Fig. 123, to orient the table at 2, reference must be
had to the line 1-2, which being in error, the setting here will
also be in error, as also at all the other points, not in them-
selves, perhaps, but because of an indirect reference back
to 1-2.

LocaTtioN BY RESECTION.—This consists in finding the
point on the map or plot which corresponds to the point on
the ground over which the table is set, and is done by point-
ing to known and plotted points, after the table has been
oriented. All problems under Resection consist of two parts—
viz., the orientation and the resection.

In this determination the difficulty that arises is, Zow fo
orient the table

1st method: By use of the magnetic needle.

Orientation. 1f the magnetic meridian has been marked
on the plot, then by using the compass the table may be
oriented at any place where it may be set up, as described
under 7raversing.

Resection. 'The point occupied may be plotted by select-
ing two points (already plotted) about 90° apart, pivoting the
ruler ou the plotted position of one, sighting the object, and
drawing a line back; then pivoting the ruler on the plotted
position of the second object, sighting it, and drawing a line
back, intersecting the previous line drawn; this intersection
will be the plotted position of the point occupied.

Magnetic disturbances of the needle will, of course, affect
the accuracy of this method, which may be tested by sighting,
as before, on any other visible plotted point and seeing if the
line passes through the point found. If not, it proves that
the table was not exactly oriented.

2d method: By use of one known and plotied point and a
line drawn from a plotted sta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>